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Continuity of change, preservation of the past in
the present, real duration—the living being seems,
then, to share these attributes with consciousness.
Can we go further and say that life, like conscious
activity, is invenlion, 15 mcreasing creation?
—Henri Bergson, Creative Evolulion

Introduction E

“My purpose,” wrote Ovid two thousand years ago, “is to tell of bodies
which have been transformed into shapes of a different kind.”! My
purpose is to tell of shapes that have been transformed into bodies of
a different kind; it is to study the role of ideology in shaping change in
international relations and, more specifically, in the international po-
litical economy.

Despite many years of inquiry into and theorizing about interna-
tional relations, we know little and agree on less about the nature,
roots, and modes of change.? This situation owes in part to a method-
ological inclination in favor of positivism/behaviorism—which made
us forget history—and to the paradigmatic dominance of neoreal-
ism—which too often emphasized structural change.® As a result,
international relations theories of the past forty years have been static
and mechanistic, aimed at explaining stability, efficiency, and hier-
archy rather than the emergent and new in social systems.

Most of these theories have also been deterministic, in at least iwo
senses. They have tended either to deduce and predict political behav-
tor from national and international political-economic structures (for
example, contemporary behavioral international political economy
theories, which are strongly influenced by neoclassical economic im-
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ages) or to state that structural change occurs, and in fact history
develops, in one direction only (for example, Marxist theories). Al-
though international relations theories ditfer profoundly according
to which determinisiic view is being advanced, both explain and pre-
dict change as resuliing from “structures.”

From a paradigmatic and epistemological perspective, structural
determinist international relations theories, mainly of the first type,
are still considered state-of-the-art.* Whether these theories deal with
pational security or with international political economy, the argu-
ment is generally the same: power and econornic structures constrain
and determine behavior. Causality is assumed to be linear, cybernetic
processes are disregarded, and reflection, learning, and adaptation
are considered irrelevant.

The determinist character of these theories has led political scien-
tists and economists to aim at prediction and to assume that the falli-
bility of the theories has less to do with new or emerging couditions
and unintended or unexpected events than with the lack of complete
information. To be sure, some successes in prediction have been
achieved in studies of security and international systems where mili-
tary power plays a major determining role.” But even in security af-
fairs, structural determinisis have been unable to deal with the unex-
pected results of force or threat, because these are shaped at the
process'level. Futhermore, the insufficiency of structural theories 1s
nowhere betier demonstrated than in the political-economic area, mn
which power is only one, albeit an important, variable and in which
processes such as policy making and economic development play a
fundamenial role.

The inability of the discipline to face the shortcomings of struc-
turalism and determinism even in the presence of so much unex-
plained change and so many prediction failures has to do, [ believe,
with the very epistemological and metaphysical basis of these theo-
ries—which I call “Being.” The imagc of Being looks for the recur-
rent, treats human beings as calculators possessing a single system of
preferred responses to incentives and constraints, and assumes that
the physical and social realms are subject to quasi-mathematical uni-
versal laws.

This study will instead be based on the image of “Becoming,” which
takes everything in nature and society to be in a permanent process of
change and emergence, even that which appears to be stable and
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static, Accordingly, international relations must be understood as a
human endeavor, based not only on mechanistic and structural *“re-
alities” such as gross national product (GNP) growth and military
power but also on knowledge, information, ideas, ideologies, creaiiv-
ity, and will.

“The reason that human politics, economics, and warfare present
such a mixed group of behaviors,” writes Robert North, “is simple, but
fundamental: people are not robots, countries are not merely big ma-
chines, and neither domestic nor international affairs are mechanistic.
Politics, economics, warfare, and all other essentially social activities
are moved by human beings who have minds, emotions, values, pref-
erences, ambitions, and expectations and are thus partly rational,
partly irrational—and always subject to change.”® As we learn about
what we consider reality, our perceptions and—most important—our
images of the future change. It follows, then, that human beings and
itheir actions will frequently surprise us.

Butchange is also conditioned by our environment. To quote North,

“The growth, expanston, competitions and conflicts of society are all
human undertakings which would not take place if people did not
make them take place. But it is also true that changes in both the natu-
ral and social environment affect the way people think, feel, and act,
just as the way people think, feel, and act affects the natural and social
environment.”” Therefore, social understanding requires both that
human beings be placed at center stage in the drama of international
political-economic change and that we “come to terms with the devel-
oping relationship between Hurnan Ideas and a Natural World, nei-
ther of which 1s invariant.”?

A clarnification is warranted 1o close these epistemological remarks.
The growth of knowledge in our discipline, the “state of the art,”
can be seen as gradual and continuous® or as revolutionary." Thus,
the structuralist social scientist, whether Marxist or non-Marxist,
tollows the mathematician in dealing with a “world that dies and is
reborn at every instant.” "' Evolutionists, however, have a sense of du-
ration, a sense that T, doesn't merely replace T, a sense of “real per-
sistence of the past in the present, a duration which is, as it were, a
hyphen, a connecting link.”'* Scientific revolutions do not take place
when a group of “radical scientists” one day sits down in a smoke-
filled room and decides to “overthrow” the old paradigm. A paradigm
emerges gradually, usually very slowly, and evolves into maturity. New



4 'T'he Power of Ideology

ideas overlap and eventually supersede the old, which in turn simply
fade away.

Paradigms and theories viewed in this way “are not ‘true’ or ‘false,’
in any naive sense. Rather they take us farther {or less far) and are
theoretically more or less fruitful” " Unless they are completely use-
less, they will leave a mark, and the evolution of knowledge will be af-
fected, even if only in an insignificant way. In more practical terms,
the philosophy of science from which my indeterministic theoretical
ideas take their cue overcomes the naiveté of fogical positivism and
behaviorism by assuming that no fully demonstrable “truth” of a the-
ory exists. Rather, a theory should be able to be falsified, should be
plausible and based on common sense, should definitely advance the
knowledge of the field, and the data used should be subject to scien-
tific verification. Finally, when theories are based on metaphysical
claims, as they usually are, these claims should be subject to rational
criticism. It is because of such metaphysical bases as Being and Be-
coming that we cannot entirely disprove structural determinist theo-
ries any more than we can prove the truth of indeterminist anes.

There is an asymmetry, though, between structural determinist
and process-based indeterminist theories. If structural determinists
believe their theories 1o be true, they should be able 1o explain and
anticipate political behavior and to demonstrate how in fact structures
are immune to learning and creativity, to sudden changes of mind,
and to the combination of factors thai can lead to uniniended conse-
quences. In the words of Karl Popper: “He who proposes the stronger
theory accepts the burden of proof: he must produce arguments in
favor of his theory—mainly by exhibiting its explanatory power.” "

The Problem

A basic epistemological premise of this study, borrowed from Popper,
is that human beings in gencral, and political decisionmakers in par-
ticular, are problem solvers. Humans constantly anticipate the future
in order to meet desired goals, attempting to close the gap between
what they perceive as reality and what they want to be or achneve. Not
only do they react to conditions, but they also continually change po-
litical and economic interests through their knowledge, imagination,
and beliefs. From this perspective, decision making does not mean
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simply making choices; it is “essentially an integrative action, . . . it re-
Jates the behaviour at different instances of time to expectations; or in
other words, it relates present behaviour to impending or future be-
haviour. And it directs attention, by selecting what are relevani objects,
and what is to be ignored.”®

The problem I have chosen to study has been commonly defined in-
terms of “journeys toward progress,”'® as Albert Hirschman calis the
process leading to material progress, scientific and technological de-
velopment, and modernization. Social science so far has ireated the
technological and industrial development of the less developed coun-
tries mainly from a microeconomic technological perspective'” or
from the point of view of scientific and technological dependency.®
Few, though, have linked scientific and technological development to
ideas and ideologies of progress, development, and modernization.

The countries under scrutiny are the two largest in Latin America,
Argentina and Brazil, whose journeys toward progress in the last two
decades have contrasted dramatically. Specifically, I will examine the
choices these countries made between a strategy of foreign tech-
nological acquisition—mamly from mulinational corporations——and
one of selected technological autonomy. I will look also at some of
their successes and failures in overcoming technological dependency.
My analysis of the science and technology policies of Argentina and
Brazil in the last twenty years and their development of cdmputer and
nuclear energy industries will raise what seems, at least at first, to be
a paradox: technological development has occurred in those cases
where structural indicators would have shown only a small potential
for it.

In explaining this apparent paradox, I will illustrate how the deci-
sion o follow the road of sclected technological autonomy and the
successes achieved are related to the ideologies of the actors inveolved
and to their perceptions of their country’s ability to set its own eco-
nomic and technological objectives. I will then study the role played by
ideologically motivated intellectuals—scientsts, technologists, and
economists, whom T call the pragmatic antidependency guerrillas—
and their institutions in establishing viable goals, raising public aware-
ness, and influencing the policymakers.

Case studies showing the achievement of some measure of tech-
nological autonemy neither prove its desirability or inevitability nor
offer a formula for achieving it. But they might shed some light
on how the change occurred: where the ideas came from, how they
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evolved, how they penetrated the politcal realm, how and why it
happened.

Coguitive change in Latin America, not among the sellers of tech-
nology, is my concern; I will Jook in depth at the national actor and
then at the adaptive (or nonadaptive) behavior of the foreign tech-
nology suppliers. Ideas and ideologies of progress and development
matier not only because their evolution means changing policies, in-
stitutions, and power at the domestic leve] but because they may lead
to changes at the international level as well. Therefore, 1 will attemnpt
to trace a causal chain starting from idealogical and institutional inno-
vations at the domestic level and ending in new and different relations
between domestic buyers and foreign sellers of technology. The latter
pount will be specifically illustrated by the Brazilian computer develop-
ment case.

The Case Studies

Argentina reached a high level of both scientific and institutional de-
velopment by the late 1950s. At thae eime Argentine science was held
in high esteem. The scientific and technological communities had
some influence on what resources were to be devoted to research ac-
tivities and considerable influence on where they were to be invested.
But Argentina has failed, with a few-—though relevant—exceptions,
to turn scientific and technological development and its linkages to in-
dustrialization into a national goal. Brazil, in contrast, has done so,
even though it started much later and at a considerable disadvaniage.

Why has Brazil supported a consistent science and technology pol-
icy in the last {ilteen years and increasingly applied its growing scien-
tific and 1technological potential to industrial production? And why
has Argentina not been able to do the same? Afler all, as of the mid-
1960s, when our description of these two countries begins, Argentina
was significantly more developed scientifically than was Brazil. Its per
capita GNP was almost three times that of Brazil,” and its manufac-
turing share of the gross domestic product {GDP) was substantially
higher ®

It could be argued that although the above is true, Brazil since the
late 1960s has had much higher levels of GDP growth than Argentina,
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and while it more than quadrupled its manufacturing value added be-
tween 1960 and 1977, Argenlina’s only slightly more than doubled *
Furthermore, whereas afier 1964 Brazil experienced relative politi-
cal stability, Argentina suffered continuous economic and politicat
turmoil.

These are unquesuonably important and valid arguments, but they
are insufficient. Argentina’s manufacturing share of the GDP in 1978
was still substantially higher than Brazils.®® And even though the
poiitical-economic emphasis in Argentina after 1976 was on finance
and agricultural exports, stll Argentina did not cease to be a modern-
izing and semi-industrialized country.

Dependency arguments, which I will review in depth later, are not
only insufhcient but also inappropriate, because Brazil as a later in-
dustrializer became more dependent on multinational corporations in
its industrialization process than did Argentina. Even if we were to
agree that both countries were dependent, using mostly foreign tech-
nology, dependency theory could not explain the differences between
these two countries, only their similarities.

Clearly something else must be involved, for why has Argentina
had a consistent and successful nuclear policy since the 1950s and de-
veloped its nuclear power potential into a somewhar self-sufficient en-
terprise, while Brazil has failed to do so? Certainly budget allocations
cannot explain this contrast, in view of the mammoth Brazilian invest-
ments in nuclear energy in the mid-1970s. And how do we account
for the successes of the National Atomic Energy Commission (CNEA)
in Argentina at a time of extreme domestic turmoil, when most other
scientific and technological enterprises were being suffocated by neg-
hgence and inadequate action? And why, although the two countries
both became interested in developing computer technology at 2 time
when Argentina was more advanced than Brazil in sophisticated elec-
tronics technology, did Brazil end up with a growing domestic com-
puter industry and Argentina with none?

Why has Brazil been able to maintain its science and technology
policy course in spite of the economic and financial crises of the late
1970s and early 1980s, while Argentina could not develop a system-
atic policy even in the years when it was growing at relatively high
rates and was involved in advanced processes of industrialization and
import substitution? The answers to these questions are not unique
and unidimensional, as we will see.
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Summary of Findings

Argentina’s leaders in the years under study disagreed about what
pr(;gress is and what the means to achieve it should be. Whereas a few
aimed at eventual technological autonomy through industrialization
and scientific and technological development, others concentrated
on commaodity exports, ireating science as a cultural enterprise and
hoping for economic development without economic planning and
modernization without application of science and technology to in-
dustrial production.

Brazil's nationalist ideology of development and industrialization
together with its quest for international status became the engine for
certain groups, among them many intellectuals and military officers,
to put Brazil on the road to modernization. Brazilian planning was
much more systematic than was Argentine planning, and although
they were only indicative and were not fully implemented, Brazlian
plans nevertheless did become part of the learning and policy-making
processes. In Argentina, on the contrary, the plans were just docu-
ments, formal policy that affected hardly anyone or anything beyond
their authors. Although consensus in Brazil about autonomous scien-
tific and technological development was not total, it was neverthcless
much stronger than in Argentina. And more important, active lobby-
ing by groups of technocrats and intellectuals succeeded m convine-
ing policymakers and then creating the bureaucratic apparatus and
the financial devices to enable the idea to survive.

In Argentina the group that fought to bring about scientific and
technological development was only temporarily in government. Ideo-
logical and political conflicts did not allow any one group enough
time to bring about an irreversible change. While Argentina empha-
sized basic science, Brazil emphasized technology. While Argentina
stressed research as a career and let the rescarcher follow his own sci-
entific instincts, Brazil stressed engineering graduate studies and,
increasingly, a link between research and the industrial productve
sector. Similarly, information management and data banks were in-
dispensable to achieving Brazil's goals, but in Argentina the few at-
tempts to set up an information system between 1970 and 1974 were
unsuccessful.

In Brazil the state guided development by means of indicative plan-
ning and a growing budget for science and technology. Planning cre-
ated an awareness of and a basic set of expectations about the national
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role of science and technology. In Argentina, in contrast, the state
changed its approach four times in fifieen years.

To sum up the marked difference between the science and wechnol-
ogy policies of tlie two countries: Brazil opened doors and pur-
sued choices between alternative policies along the interdependence/
autonomy spectrum, whereas Argentina opened and closed them.

In the computer field, Brazil made some improbable chotices. In
fact, anaiysts considered that the Brazilian domestic computer indus-
try arose at least in part by chance and wrote its obituary before it ac-
nally was born. Nevertheless, today it represents approximately one
billion dollars in sales, thousands of jobs and substantial domestic
benefits in Lerms of both scientific and technological development and
national security. And it mmaterialized in part from the imagination, in-
genuity, and voluntanism of some political actors who succeeded in
creating irreversible processes that led to political and economic adap-
tations and initiatives, in spite of the “rational” implausibilities of the
industry. In Argentina, meanwhile, 2 group of scientists in a rapidly
growing domestic private indusiry developed a micro- and a mini-
computer. Bat the venture lacked the support necessary 10 become
competitive and so did not prosper. When the managers of the enter-
prise were replaced, because of changing political and ideological con-
ditions, the new management considered the operation inefficient
and dismantled it.

Nuclear power policy in Argentina was centered in the CNEA,
where de facto all the political, as well as scientific and technological,
decisions relating to nuclear power were concentrated. These pro-
cesses were influenced by an ideology that satisfied the military and
conservative—as well as the populist nationalist—sectors and thus
allowed the institution to sail across the murky waters of political and
economic turmoil. But in Brazil something went wrong in the evolu-
tion of nuclear power. Despite the large investments in the 1970s,
Brazil still has no nuclear plant working at full capacity, and the do-
mestic technological and industrial capacity of the sector has not been
developed, to the annoyance of both the military leaders, who want
military capabilities, and the scientists, who seek the development of
an autonomous technological capacity.

'To summarize, domestic and international economic and political
constraints and opporturities played a very important role in the pro-
cesses to be described in this study. But these alone are not suflicient
1o explain scientific and technological policy, actions, and outcomes,
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which sometimes did not follow a structuralist-determinist logic. Some-
thing was mediating and catalytically intervening in the process. That
something I have found to be related to institutions, and to ideologies
of progress and development.

Ideology and Change:
Are Ideologies Real?

“It is one of the minor ironies of modern intellectual history,” wrote
Clitford Geertz, “that the term ‘ideology’ has itsell become thoroughly
ideologized.”” The confusion and, I believe, misinterpretation of
ideology owes a great deal to Karl Mannheim and his sociology ol
knowledge. Mannheim’s principal thesis was that “there are modes
of thought which cannot be adequately understood as long as their
social origins are obscured.”* Thus he distinguished between ide-
ologies, as defensive intellectual justifications for the existing social
order, and utopias, erected by social progressives to critique and at-
tack the status quo.* The sociclogy of knowledge thus became a rela-
tivist enterprise ol differentiating the social facts that lead o truth
from the cynical ideas, or ideology, used to cover up for the status quo
and its interests.

This naive interpretation of ideology as some obscure force op-
posed to social reality is typically a given in structural determinist
Marxist and non-Marxist theories of internationzl relations. From the
structurat determinist point of view, the “battlefield image of society,”
as Geertz called it, takes ideology as part of the “strategy” of dealing
with the enemy in the universai struggle for advantage. Thus, a clash
of principles is nothing but a disguise for a clash of interesis.® For
Marxists, ideology, as an object of the superstructure, usually means
“false consciousness.” Marx even turned mental processes into “ide-
ology.” For him, “the notion that ideas as such govern the history of
mankind and direct its evolution appeared an aberration—a pro-
fessorial construction.”* Thus, ideology has come to represent every-
thing at the “wrong” end of the spectrum, and all beliefs and prefer-
ences have been robbed of any legitimate explanatory role. I argue,
rather, that ideas and ideologies, which are specific types of ideas, do
matter, that they are real and causally relevant because they have real
consequences. As they change, both attention to problems and sectors
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and the allocation of resources change as well, in turn causing policies
to change and institutional developments to occur. However, ideolo-
gies are only one powerful factor influencing the policy of techno-
logical development and the management of relations with foreign
technology producers. Our task will be to understand how this factor
interacts with structural constraints and opportunities to produce
particular cutcomes.

ldeologies are powertul because they tell actors, including institu-
tions and groups within institutions, whar their goals are, how impor-
tant these goals are compared to others, and how to seek them, as well
as who their friends and enemies are and why. Ideologies are impor-
tant for political-economic behavior because they “have origins that
cannot be reduced to material developments, . . . [they] can have sub-
stantial and independent effects,”” and they can have the “obvious
potential to develop into potent political forces. This happens when a
set of political doctrines is adopted by a group of people, assumes a
critical position 1n their belief systems, and then becomes a guiding
force behind their actions.”®

A cognitive explanation here should by no means be seen as the
alternative to an institutional explanation, for the actors I describe
succeeded or failed within and through institutions. Indeed, since in-
stitutions are carriers for certain ideologies, constellations of collective
understanding or consciousness cannot help but become integrated
into institutional designs, thereby becoming preconditions for institu-
uonal change, even if the institutions later cease to depend directly on
the original constellations or if the constellations continue in new or
different institutional designs.

An explanation based on ideas and ideoclogies may involve signifi-
cant epistemological dangers. For example, the claim that ideas matter
may be taken as obvious, or, if stated too strongly, it can become a
truism.™ Therefore, I must first explain the theory and logic behind
my assertions. In the rest of this chapter I will explain why ideology
should be considered one important causal social variable and how
some international political-economic change can be traced to domes-
tic ideological and institutional innovation. This discussion is philo-
sophical and theorctical in nature and may be of lesser interest to
those concerned primarily with the empirical material and the ap-
plication of the most general aspects of the theory to case studies.
Nevertheless, I believe that the theoretical discussion is essential to
an understanding of the assumptions behind the catalytic, process-



1z The Power of Ideology

oriented, and indeterminist nature of international political-economic
change. The remaining three theoretical chapters will describe and
explain the choices, ideologies, and actors invelved in the processes
under scrutiny.

In the empirical portion of the study, parts H and {11, I wili exam-
ine whether ideology indeed was or was not applied in the subject
cases.

Indetermivism

Yehuda Elkana has likened determinism to Greek tragedy, where fate
is identified with the order ol nature, events are seen as inevitable,*
and human beings have only minor influence. Indeterminism is
likened instead to Epic theater. “It [the event] can happen this way,
but it can also happen quite a different way.” The historical question
“is not what were the sufficient and necessary conditions for an event
that took place, but rather, what were the necessary conditions for the
way things happened, although they could have happened other-
wise.” % In social life, certain events may well have happened differ-
ently or not at all. This can certainly be said about Brazil’s surprising
achievement in establishing its own computer industry and about Ar-
gentina’s success with nuclear energy, both against great odds.

Popper dismisses determinism on three grounds: scientific knowl-
edge, he argues, is not absolute but approximate; there is an asymme-
try of past and future; and the effects of knowledge cannot be antici-
pated. With regard to the asymmetry of past and future, Popper
draws a paralilel between scientific determinism and a motion picture
film: The “picture or still which is just being projected 1s the present,
Those parts of the film which have already been shown constitute the
past. And those which have not yet been shown constitute the future.”*
This analogy indicates a belief by scientific determinists that future re-
ality already exists somehow and that it can be unveiled by means of
scientific methods. This belief, according to Popper, destroys a funda-
mental asymmetry in our experiences and is in striking conflict with
common sense. “All our lives, all our activities are occupied by at-
tempts to affect the future. . . . In contrast to the past which is closed,
as it were, the future is still open to influence; it is not yet completely
determined.” Thus Popper’s third argument for dismissing determin-
ism: we cannot predict scientifically results that we will obtain in the
course of the growth of our own knowledge.™
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Popper’s propensity theory, though insufhcient and coniroversial,*
most nearly satisfies the needs of indeterminism and provides us with
a research program in which change is the object of study. The main
thrust of the propensity theory is that chunge consists of the realiza-
tion of some actual propensities; such realizations in turn consist of
new, and ditferent, potentialities.* I distinguish, as Popper did in the
realm of science, between propensity and potential or probability in
order to drive home the distinction belween determinism and inde-
terminism. While the determinist sees the future as already deter-
mined in a structural reality (to which actors react), the lack of perfect
knowledge compels him to make predictions zbout future events in
terms of a range of probabilities. The indeterminist, however, sees the
future as actively created and discovered, and this can happen only at
the process level.

The premises of indeterminism and propensity support the view
that what happens at the level of process is of fundamental impor-
tance. Furthermore, these premises help to explain that this study is
not merely irying to substitute one determinism for another. Ideo-
logical resources are taken not as determinants of change but as real
propensities for change, whether or not it occurs. Realization of
change is not necessary but depends, among other things, on the exis-
tence or absence of other resources-—political, institutional, or eco-
nomic—and on their interaction at the process level. It is this interac-
tion and buman intervention in these processes that make outcomes
so difficult to predict, even when using statistical probabilities.

Body and Mind: Popper’s Worlds 1, 2, and 3

A theory that holds ideologies to be real and that tzkes them as causal
variables requires that we raise the “"body—mind” question. Is ide-
ology just a mental factor, and if so, why should we consider it as real?
Can ideology or other cognitive factors such as scientific knowledge
have consequences that weve not iheught or perceived by the individu-
als who devised and sustained them?

The body—mind dilemma has not been solved by Lhe greatest phi-
losophers, and 1 make no claim to have solved it. Rather, I intend to
show that social scientists cannot keep apart the “body” and “mind”
that Descartes so artificially separated centuries ago and that integrat-
ing them does not require us to reduce social phenomena to behay-



14 The Power of ldeology

ioral psychology or psychoanalysis. I study the beliefs and perceptions
of political actors not to assess their mental health but because they
have real, sometimes intended and other times unintended, conse-
quences and are thus an inseparable part of the social phenomena
we explore. The human mind has the capacity not only to adapt itself
to a structural situation but also to change it by affecting the future
through choices, policies, and institutions that result from awareness
and reflection. “The self-reflective human mind,” as Erich Jantsch
wrote, “is capable of conceiving many visions of reality and even of
inventing the tools for the corresponding transformations of reality.”

About twenty years ago, o tackle the body—mind dilemma, Popper
introduced a theory that divided the universe into what he called
World 1, World 2, and World 3. Popper’s theory is useful for my ana-
lytical account at this point because World 3 helps explain how 1deolo-
gies, in interaction with institutions, create propensities for change.

World 1 is the world of physical objects, forces, organisms, brains,
rocks, and trees. World 2 is the psychological world—the subjective
realm of our minds. “Tt is the world of {eelings, of fear and hope, of
dispositions to act, and of all kinds of subjective experiences, includ-
ing subconscious and unconscious experiences.” * Beliefs and percep-
tions are thus an intrinsic part of World 2. World 3 encompasses the
products of the human mind, such as language, books, theories, poli-
cies, and plans, and is to a remarkable extent autonomous.*

Books are one example of World 3 objects. The thoughts contained
in a book transcend the physical reality (World 1) of the paper on
which they are printed, and because a book can convey information
and formulate and communicate a theory, it also transcends the sub-
jective (World 2) mind of the author. Thus a World 3 book can have an
autonomous eflect on the physical environment and its inhabitants
{which are World 1 objects) well beyond the physical death of the indi-
vidual whao conceived it.

What is Popper’s philosophical basis for accepting the real existence
of World 3? He argues after Alfred Landé that something is real if it
can be kicked and can, in principle, kick back.*® According to Popper,
World 3 kicks back. Its objects are abstract, but real, because they have
real intended and unintended consequences. When World 2—subjec-
tive—beliefs or interpretations of reality are communicated and affect
or effect some action, they can acquire a World 3 status and kick
back—that is, they can have real consequences. This frequently hap-
pens within institutional frameworks.
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Social institutions can therefore be seen as World 3 objects. Al-
though institutions belong to the physical world (they are composed
of people and can be found in the telephone book) as much as to the
subjective worlds of individuals who devise and constitute them, their
essence lies also in the formulated and communicated outcomes of
thought, such as institutional ideologies, roles, and functions. Once
these are created, they may have a life of their own. They may not be
visible, but they are intelligible and may have important real conse-
quences. For example, as institutional ideologies become the collective
consciousness of a group, they help select the goals and means for so-
cial action and may even help produce the means. In this case, institu-
tions are but “carriers” for a particular collective understanding that
has consequences of its own.

Social theories may play an important role in producing collective
understandings within a group, community, or institution and in this
way shape the social reality they come to explain. While theories may
not be reality itself, as long as they are believed to be true they may
become instruments for social action that identify the problems and
their solutions.

Therefore, social theories, when used as models for something
rather than of something, may become reasons for behavior—ideo-
logical mind products in the World 3 sense whose consequences may
not be foreseen at the time of their conception. Such a transformation
happened with dependency theory, especially with what I call prag-
matic antidependency. The theory was a “descriptive model of” truth,
but it also became a strategy, or “model for,” the shaping of reality and
thus had real social and material consequences. As for the scientists,
engineers, and economists who became involved in the policy-making
processes, they provided their institutions with not only the know-how
and “know-what” but also the “know-where-to”; in other words, they
provided the beliefs, expectations, and goals that showed the way.

Ideology as Collective Understanding

"To end this section, 1 should explain how I have arrived ar a World 3
definition of ideology. But first we must go back to the World 2 classifi-
cation. [ define ideology at the individual, and thus subjective, level as
a set of beliefs and expectations about politics, economics, and society.
Beliefs and expectations are based on the perception of reality, not on
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reality itself. Because people have different ways of understanding,
evaluating, decoding, and giving meaning to their surroundings, their
reaclions, experience, and knowledge will be characteristically differ-
ent.” From the individual viewpoint, then, the actor attaches the
siigrma “real” to social situations that are both perceived and interpreted,
and these situations are then real in their consequences for what
people do.*

The above subjective definition ol ideology is consistent with Peter
Berger’s “reality constructionist” approach. Reality, Berger believes, 1s
socially constructed, meaning that “real” experiences—for example,
economic dependency—occur in socially allocated situations and are
perceived and interpreted in terms of socially derived, validated, and
differentiated meanings.* Thus, certain belefs of what reality is may
with the passage of time be accepted as objective reality.”

When defining ideology in its World 3 meaning, we have to deal
with the concept of collective consciousness. My use of this concept
should be distinguished from Emile Durkheim’s, which described how
a structure, or “whole,” constrains the individual and argued that in-
dividual mentality is a reflection of collective modes of thought.*" {
argue the opposite: that actors socially and institutionally coordinate
their beliefs for some purpose.

1 take collective consciousness to be collective understanding, More
formally, I use Stephen Toulmin’s fourth meaning of consciousness, or
con-scientia {etymologically: joint [con] knowing [sci]). Beyond “sensi-
bility, attentiveness, and articulateness of individuals [the latter mean-
ing the translation of attentiveness into an explicit motive or inten-
tion], we should have recognized that the concerted plans of multiple
agents manifest yet another, fourth aspect of consciousness. Agents
who act as partners in a shared project, carried out jointly, with the
intention of collaborating, and with each having full knowledge of the
other’s role in the project, are engaged in a ‘conscious’ collaboration,
They act as they do ‘consciously’—i.e., in the light of their mutual
understandings.” '

From this perspective, ideology transcends the subjective world by
becoming part of a collective set of group behiefs. Applying this fourth
aspect of consciousness to ideological, political, and economic change,
joint understanding can occur only between individuals who are in di-
rect interaction and are aware of each other’s roles. Therefore, again
foliowing Toulmin, we can say that political-ideological change occurs
not in the opinions of individuals but in the collectivity of beliefs, tra-
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ditions, and concepts that are responsible for the concentrated action
of an institution.”

I thus arrive at my World 3 definition of ideology. Political ideology
is not a justification, or even an explanation, of political behavior.
Rather, it is the collective understanding of individuals who, being
conscious of each others roles, beliefs, expectations, and purposes,
offer strategies for action or solutions to problems that can be used to
change reality. Ideology thus ceases to be a mental phenomenon and
becomes a collective product of the mind, a real blueprint for action
that anybody can use, that tells people something should be done, and
that can have real consequences.

The Idea and Ideclogy of Progress

Progress as Ideology

The idea of progress is ideological. A particular set of beliefs leads
some people to believe in technology as a precondition for improve-
ment of human conditions; ancther set of beliefs leads others to ask:
improvement for whom? what kind of improvement?

The ideology of material progress has caught the attention of both
the elites and the masses for over two centuries in Europe and the
United States, and for much of this century in the rest of the world. Its
carriers, mainly bureaucratic, technocratic, and intellectual elites, ac-
tively nourish it with scientific and technological knowledge, Political
leaders take the ideology for granted and work hard to cultivate it,
pulled by its magnetic force. The masses also take the ideology for
granted. They may not be aware of the ideological content of prog-
ress, but they do know what it means to them personally, and they put
pressure on political elites to further the ideology. In these ways the
ideology of progress affects action and becomes a political legicimizing
criterion.

The material and physical world interacts with the ideology as fol-
lows: objective physical factors, such as energy, pollution, scientific
discovery, raw materials, and military strength, establish the parame-
ters of the possible; but at the same time, within these parameters the
kind, scope, and pace of progress are a matter of choice. Choices, n
turn, will tend to affect the physical world and subsequent choices.
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While the developed countries are beginning to experience the
costs and risks of the “journeys toward progress,” developing coun-
tries are still actively pursuing material progress. Progress from their
perspective means only going forward, and anyone in the rich coun-
tries who suggests that such movement should be slowed down or re-
detined is accused of wanting to prevent the developing countries
from achieving a measure of equality. Thus progress is viewed by the
developing countries not only as modernization and economic and
technological development but as a matter of autonomy and equality
as well. This is why their nationalist ideology is so strongly linked to
development and equality. Liberation, cultural self-affirmation, devel-
opment, science and technology: these are the core dimensions of the
idea of progress in the Third World.*

Progress as Modernization

Many Third World countries have tried to follow the journeys toward
progress through modernization. These nations’ leaders have per-
ceived modernization as something the European countries and later
the United States and Japan achieved through rationalization. The
aim, according to Edward Shils, has been

to “mobilize” resources, including the labor of their subjects

or citizens, to bring them into a national economy which would
preduce tor national and international markets, to increase pro-
ductivity by rational technology in industry and agriculture, o
arrange the educational system so that it would be rationally artic-
ulated wich the economic system, inculcating the knowledge and
skills necessary for the rationalized economy. The promotion of
the sense of nationality was intended to foster attitudes of law-
abidingness, respect for national authority, and other dispositions
necessary for pardcipation in the grand effort of the rationaliza-
tion of society. Science was to be developed because it was central
in the conception of rationalization; it was to be directed toward
“use.” In a few instances, the idiom of “planned science” was in-
troduced. Regardless of whether the political elite was demo-
cratically elected or a self-selected elite of a regime of a single
party, its instrument was to be primarily a rationalized and ra-
tionralizing bureaucracy which would saturate the society, control,
plan, regulate, and initiate in a rational way the activities and or-
ganizational arrangements requisite for a modern society.*

Iatroduction 1 Q

What does it take for a society, or, sharpening our focus, for certain
elites and groups of individuals within the society, to become identi-
fied with this rationalist conception? Those closely involved with tech-
nological development know that although technology belongs to the
realm of the material, perceiving a task for it is an act of imaginatior.
Thus it takes imagination and knowledge to use or to reproduce a
technological artifact—a tool or machine-——especially if it is based on
science.” Lo the same way, modernization based on science and tech-
nology is not only an economic and social act but also an act at the
level of ideas, scientific theories, and social institutions. However,
the identification with rationalist theories and philosophies and the
understanding of scientific and technological development and of its
connection with economic development are not immanent in Third
World societies. Awareness of these factors has rather been created
through the diffusion of ideas, models, theories, and ideologies from
Europe and the United States to the Third World, and in the past
forty years through the experience of Third World countries with
transnationalism—that is, the muitinational corporations.

Two fundamental questions therefore present themselves: First,
who becomes the carrier of these ideas and ideologies, the force be-
hind the change? Not private industry, because in most cases it is too
weak—agiven its level of development and the poor support it gets—to
consider taking on an “implicit policy” of indigenous science and tech-
nology development. If they are interested in profits, foreign tech-
nologtes are preferred. The alternative, then, lies at the public level.

Second, how does polincal change take place, how do political elites
become aware of these things, how do they come to accept and sup-
port a science and technology policy, either implicidy or explicitly? A
preliminary answer to these questions can be found in remarks made
by Leo Hameon, a French professor and politician:

Innovation and reception are furthermore encouraged by the
action decided on by energetic groups, even when these are mi-
nority ones and the speed of progress then depends on the orga-
nization of these groups and also on the resistance they encoun-
ter. After a certain tme, it is true, science and technology acquire
what is called their independence and what could be more aptly

named their autonomy. . . . It is, however, only when a specific
way of thinking has been reached in intellectual evolution that the
way is clear for progress. . . . In any event it is not possible for

other societies to attain [and for governments to become aware
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of ] a similar technological boom without undergoing the chunge

in mental outlook—or at least its essential features—which has in
fact permitted the success of their forebearers.”

Catalytic Interdependence

The catalytic inierdependence concept is not meant to describe a
new phenomenon or a new kind of interdependence. 1t does not have
the status of law, nor does it represent a {ixed or unchanging condi-
tion. I am also not reifying my personal preferences. Instead, it por-
trays cybernetic processes that take place in international political
economy and that reflect the nature of the present international
political-economic interactions: characterized by sovereign states and
nenstate actors such as multinational corporations, acting without a
supranational authority or an enforceable set of norms equally ap-
plied to all actors, and interacting in what appears to be an increas-
ingly interdependent and complex situation.

I call these processes catalytic because their distinctive origin lies in
creative ideological and institutional acts that have the propensity of
affecting international interactions and bargaining positions. The aim
is to show processes that continually and historically change without
predetermined direction, teleology, or ultimate reason. Instead, the
direction of change emerges from the purposive and adaptive behav-
ior of actors-—which can be limited but not totaily determined by
political and -econemic environments—and the unintended conse-
quences of their interaction.

International interaction itself, then, follows a historical pattern of
changes and adaptations to changes rather than an ahistorical homeo-
static pattern of equilibrium or stability maintenance. From a catalytic
interdependence perspective, what needs to be described and ex-
plained are not the functional requirements of a system or the struc-
wural constraints leading to systemic stability or instability but the
changes and adaptations themselves.” A new idea, scientific knowl-
edge, and a preference may be catalytic for bringing about economic
adaptations and for affecting other actors’ adaptive moves. Thus, it is
in the process and by the process that political and economic “struc-
tures” are changed.
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What makes this approach different from others, structuralist and
nonstructuralist, 18 my retiance on propensites rather than on deter-
minants for change and my insistence on the relevance of ideological
and institutional creativity in the interaction process.”* But purposive
actjons aimed specifically at changing something are not the only cre-
ative actions; adaptations can be creative as well. Adaptations shouid
be seen, therefore, not only as responses to constraints, or as func-
tional requirements ol sorme sort, but also as ¢reative propensities for
more change.

Creative adaptations transcend the structuralist view of human be-
ings as calculators. As Popper put it, “We are not merely calculators.
.. . But we are constructors of calculators. We make them because we
are interested in problems whose solutions are beyond our limited cal-
culating powers.”* Hence, from a catalytic interdependence perspec-
iive actors do not merely react to structures like machines, rather,
they act purposetully according 1o what they believe to be rational and
in their interest. A move that may seem very irrational to a multina-
tional corporation or to a developed country’s government, then, may
be rational from the perspective of Argentina or Brazil.

A change provoked by actor A and affecting actor B has the pro-
pensity of eliciting a response by B; but the response and its nature
are not predetermined. B may decide not to react, may also change
and adapt, or may refuse to adapt and try to reverse the change. The
actors’ induced changes are thus dynamic catalysts in a sitcuation of in-
terdependence. Structural factors are very important, for they set
the parameters of the possible, but while they may generate the need
for adapration, they may not be able alone to determine the type and
nature of the adaptive move. The cognitive factors define the prob-
lem-—thar is, they define and interpret reality-—and inject into the
processes the actors’ beliefs, meanings, imagination, preferences, and
expectations.

From this point of view, bargaining in the international political-
economic context is nothing more than the process of each of rhe
actors adapting to some changes, which engenders propensities for
further changes. Its outcome, therefore, cannot be accurately pre-
dicted. What one group of people may perceive as resources for bar-
gaining, others may overlook; what one group of people may consider
worth fighuing for, others may not. A well-timed, creative, adaptive
move that because of its improbability catches the other actors by
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surprise can change the power balance of the bargaining situation
significantly.

Once even partial success is achieved, lessons will be drawn from it.
‘I'he actors involved in the bargaining process, as well as interested ob-
servers, may learn from the outcome or from its unexpected results,
The partial success of a weak actor may lead to imitation by other
weak actors and to more interaction changes.

Complexity is another reason why bargaining outcomes cannot
be predicted. As policymakers focus on a particular constellation of
facts that they call reality and as groups develop a collective image of
that reality, other facts are being disregarded. This nonvoluntary
selection-among-variables process is, of course, relative o how com-
plex an international situation is perceived to be. The more actors in-
volved in a political-economic international situation and the more
differentiated and interdependent they are, the more complexity
they will perceive. As complexity increases, choices may become more
difficult as more events and alternatives are left out and predictability
of choices and subsequent outcomes decreases.

&

I conclude this section with an imaginary conversation between
myself and two experts on multinational corporations whose “state-
ments” are taken from some of their writings. This conversation illus-
trates the nature and type of some catalyric changes that have taken
place between nation-states and multinational corporations.

Adler (A): My study of change in international political economy
started, in.part, as a reaction to the determinist arguments and
theories that assume that muitinational corporations are either
absolutely good or absolutely bad for developing countries. I
wanted to show that the relations between these countries and the
transnationals are basicatly open, indeterministic, and continually
changing; also that the changes originating within the nation-
state have to do with both economic and political conditions {con-
straints) and their interaction with ideas, ideologies, institutions,
and choices.

At the ideological level my intention is to show that the coming
of the multinational corporations to Latin America triggered or
enhanced ideological goals of reduced dependency. The “discov-
ery” of science and technology came about with the realization
that knowledge was increasingly important for economic devel-
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opment and that the multinational corporations almost entirely
controlled that knowledge. The developing countries challenged
the multinationals and then took measures to acquire decision
power over their own science and technology and indusirializa-
tion processes.

Vernon (V): It “appears that the numerous threats to the multina-
tionals that were launched in the 1970s—the spate of nationaliza-
tions, the codes of conduct, the U.S. legislation against bribery,
the demands and resolutions of the General Assembly—were
fueled by . . . a pervasive revulsion in much of the world against
the effects of industrialization, against the symbols of entrenched
authority, and against the impersonal tyranny of big bureau-

cracies.” ™’

A: The threat that Latin Americans {elt about not having control

over multinationals in general, and science and technology in
particular, was not related to the [act that the multinationals were
corporations or that they were identified with indusirialization,
but to the fact that they were foreign. Once dependency began to
be perceived as coercive, an attempt to reduce or eliminate it fol-
lowed. It is only at the level of nationalist images that we can
understand the threat posed by multnational corporations.

V: Anti-multinational feelings “of those eager to develop a strong

national identity free of outside influence, those repelled by the
costs of industrialization, those at war with capitalism as a system,
and those distrustful of the politics of the rich industrialized states,
especially the United States . . . [have} been strongest among those
to whom these issues are most important—the leaders of various
national groups. . . . At the upper levels, this shared teeling has
created a common cause in which government and business lead-
ers in the developing countries can join with the philosophers
and revolutionartes.” **

A: Precisely. This feeling is what made the work of the pragmatic

antidependency guerrillas possible and made room for a science
and technology policy of autonomy. We cannot understand what
has been achieved in countries like Brazil without focusing on the
strong nationalist zutonomy-bound ideological elements within
intellectual and political elites.

Now, I know that you consider the drive toward autonomy as



24 The Power of Ideology

an old phenomenen. But isn't there anything new in this phe-
nomenon as related to the present and to the Third World?

: “What is new . . . is the drastic change in the degree of exposure
of the developing countries both to the opportunities and to the
threats of the outside world. A country determined to shape its
own future no longer has much opportunity for choosing a splen-
did isolation, except at a cost most countries would reject. All the
forces of contact have grown more powerful than they were a few
decades ago: examples are the power of multinational enterprises
to thrust their way into a developing country on the basis of a
unique technology or mastery of scale or capacity for research;
and the power of some developing countries to slough off a mul-
tinational enterprise by reaching out to an alternative source of
capital or technology or customers.”*

: True, the degree of interdependence has increased, but its nature
is aiso changing. These changes arise, in part, because of the
persistent search by elites in developing countries for autonomy
and choice, which leads to development of domestic industry and
to discovery of alternative sources of technology. In Brazil it led
to the discovery that scientific and technological knowledge is a
key element of autonomy, an engine toward modernization and
equality at the international level. In Argentinaitled to the CNEA's
success. A question that follows from the dynamic characteristic
of these processes is, What happens when countries such as Brazil
cross the science and technology threshold and are able to gener-
ate industrial growth and industrial exports? Do they abandon
the nattonalist and egalitarian drive toward autonomy?

: “Some countries that currently place themselves in the developing
category—Brazil, Mexico, . . . India and a half dozen others—are
changing rapidly. They may find themselves supporting in their
national interest policies not unlike those of the industrialized na-
tions. That shift will begin as local entrepreneurs in such coun-
tries increase their capacity for assembling capital and technology
and for building up effective access to foreign markets.”*

: I think this is already occurring in Brazil. But in the science and
technology field there is such a long way 1o go and so much to
catch up on that the goal of autonomy is not going o be dropped.
It will gradually change according to the circumstances.
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Frank (F): “As developing countries experience rapid economic

growth, they gradually become aware of their increased power in
bargaining with multinationals, Indigenous firms may master the
existing standard technology and thereby undermine the basis
for the ncentives and priorities accorded to foreign firms. . . .
{However,] high-technology manufacturing firms serving the
local market are likely to retain their bargaining power longer
than firms using standard technology because the contribution
of high-technology companies depends on a continuing inAow
of resources from the parent in the form of new technology.”"

: The awareness you speak of can arise from expectations and so

precede rather than follow rapid economic growth, as was the
case in Brazil. Furthermore, whereas the view that access to high-
technology sectors is almost closed to industrializing countries is
widely accepted,™ I hope to be able to show that even in such
high-technology sectors as computers there are no deterministic
conditions. The Brazilian computer industry was developed not
because it had to happen but because there were individuals and
institutions with the determination to make it happen. Thus,
many of the models and theories that portray multinationals as
evils or as benefactors, the obsolescing bargain excluded,® are in-
sufficient and often misleading, because in most cases they dis-
regard both the pattern of change and adaptation to change that
takes place between nation-states and multinationals and the
ideological commitment ot actors in developing countries to in-
crease the rate of change.

: Yes, the “added evidence [in Storm over the Multinationals) . . .

went some way to confirm the fact that simpleminded proposi-
tons about the effects of muitinational enterprises were as a rule
highly vulnerabie.”®

: It “is apparent . . . that an important evolution has taken place in

the attitude of transnationals toward the growth process in the
developing countries and toward their relationship to that pro-
cess. To a much greater extent than in the fifties and sixties, the
corporations recognize both the diversity of circumstances in the
Third World and their own need for flexibility in their approach
to individual countries. . . . With this new perspective on the de-
velopment process has come a greater willingness on the part
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of many multinational corporations to accept some of the con-
straints imposed on their activities and mode of operation in the
countries of the Third World. Moreover, they have discovered
that the consequences for the firm have rarely been catastrophic
and in some instances have indeed been beneficial.”®

V: This seems to be true; “U.S.—based enterprises as a class have
grown somewhat less relucrant to enter into joint-ventures with
foreign partners than had been the case in earlier decades. Mul-
tinational enterprises from all countries have proved increasingly
flexible in iaking on management contracts, acceding to so-calied
fade-out clauses, entering into partnerships with state-owned
enterprises, and involving themselves in other ambiguous

arrangements.”®

F: Furthermore, just “as transnationals have been increasingly ac-

- commodating to the changing relations in the Third World, a
significant evolution has been taking place in the atritudes of gov-
ernments of developing countries. Longer contact and experi-
ence with multinationals have given host-country governmenis a
better understanding of how the corporations operate and an ap-
preciation that the relationship need not be of the zero-sum vari-
ety, but can be one of mutual gain. In many developing countries,
stronger economies and better-trained individuals have led to
greater competence and confidence in dealing with the mulana-
tionals and a growing tendency to take a pragmatic approach to
the relationship.””

A: You are right about multinational corporations becoming more
flexible and willing to enter into joint ventures with local com-
panies, as was the case with multinational participation in the
Brazilian computer sector. 1 am also glad you recognize that the
attitudes of developing countries have evolved. The Brazilian
government now has a better understanding of the multinationals
and of mutual benefits in the computer sector.

Not all individuals and organizations in developing countries
have come to believe in a pragmatic course, but you are right:
with more knowledge comes more confidence in the use of capa-
bilities. Third World countries can understand the multinationals
beiter, fear them less, and come to a close working relationship.
But in order for all this to happen both sides must continue to
adapt to the changing conditions.
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Political Science and Historical Processes:
Toward Integration

In the course of historical processes people and ideas die, as do in-
stitutions, pelicies, and industries. But new people are born, and as-
pirations, traditions, ideologies, and plans for action are constantly
heing introduced into the process and selectively maintained and
passed from one generation to the next. Given enough time, all politi-
cal institutions will be transformed into something else.

The changes, processes, outcomes, and situations that arise from
the selection of a perceived reality and from creative adaptation at the
national and international level are time-bound and concern not only
individuals burt also social groups—collectivities of individuals sharing
ideologies, knowledge, and plans for action. In other words, they are
historical and social at the same time.

Innovations, for example, are not only signs of adaptation but also
historical criteria by which to compare the actions of national actors in
the context of changing political-economic conditions.® It is therefore
imperative te introduce to international political economy the study
of “how institutional . . . variants make their appearance in the first
place; how they show their merits as solutions to ouistanding social
problems; and how they succeed—given favorable conditions—in
spreading and establishing themselves more widely.”*

When focusing on change, one can see each political institution
within a nation as developing somewhat autonomously and having its
own history, Institutions do not work necessarily and solely for some
common “good” or against some common “ill,” but rather as their his-
tories and their standard operating procedures dictate. Their interac-
tion is neither “functional” nor “dysfunctional.” Even when we con-
sider these institutions as belonging to some hierarchical notion of
state, each would have come into existence at a different point in his-
tory to meet some particular set of needs or demands and would be
subject to variation at different times for different motives.

To understand change and the sources of creative behavior in po-
litical economy, we must therefore disaggregate the concept of state.
A traditional argument of “state intervention” or some kind of “statist
model” to compare and explain the differences between Argentina
and Brazil in the areas of science and technology, compuier develop-
ment, and nuclear energy will not do. Both countries have had strong
interventionist states but took very different journeys toward prog-
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ress. Only when we lock at the processes themselves—the creative im-
pact of ideologies and institutions, the causal interaction between
them and with physical and human resources, and most of all the
human choices that emerged from a varied range of interpretations
of reality—can we arrive at a satisfactory answer for the differences
highlighted above.

Institutional innovations, creative adaptations, catalytic interde-
pendencemin suml, an approach that integrates systemadc scientific
with historical analyses—must aim at understanding, and explaining,
ihe dynamic interactions beiween changing material conditions and
the evolution of ideas, ideologies, and institutions.

Domestic and
International Choices 2

Science, Technology,
and Modernization

For most of the post—World War Il period, when Latin American
countries were engaged in policies leading to industrialization—
mainly of the import substitution type—science and technology were
not seen as real problems. Acquisition of Western knowledge pro-
ceeded without concern about the source of the technology, how the
iransfer was made, who made it and toward what sectors, and so on.
The fruits of the resulting economic development would, it was as-
sumed, trickle down and eventually be enjoyed by ali the population.
‘The literature of the 1950s and 1960s reflected this belief, encourag-
ing rational economic decisions about technological purchases and
applications as well as tariff agreements and integration etforts among
Latin American countries to bring about increased wealth.' Interde-
pendence was perceived as beneficial, and its costs were either ig-
nored or downgraded.

Studies during the last twenty years, however, have increasingly
criticized Latin American development programs. Domestic factors

29
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emphasized in the literature of the 1950s and early 1960s were now
minimized, and dependency on the industrialized world became an
all-encompassing theory explaining Latin American development
ills.? Some writers singled out scientific and technological dependency
as the cause of unemployment and the lack of wealth redistribution
and basic human well-being—in short, of the failure to achieve “inte-
gral development.”* The inappropriateness of Western technology, its
high price, the foreign values it implies, the alicnation that accom-
panies it, and the underdevelopment of a scientific and technological
infrastructure are just some of the problems caused by dependent
development.

The critics have therefore concluded that only a strategy of self-
reliance can lead 1o indigenous scientific and technological devel-
opmeni—and this means autonomy: to be in control of whatever
technology is introduced and to depend as much as possible on do-
mestically developed and culturally appropriate technology. Third
World organizations such as the United Nations Conference for Trade
and Development (UNCTAD) have adopted this view and, through
the New International Economic Order (NIEQ)—a package of de-
mands by the 'Third World—they are advancing these goals in the
international arena.

Some of the authors and policymakers who adhere to the depen-
dency theory are less prone to dogmatically single out structural prob-
lems. Instead, they think better results can be achieved by altering the
processes at work. Although they see dependency as a real problem,
they also believe that scientific and technological “self-determinanon”
can be achieved and dependency reduced through technological
planning, appropriate controls of foreign investment and technology
iransfer, and constructive development of the indigenous research
infrastructure. Because this would not require dispensing with the
benefits of modern Western Lechnology, the positive aspects of inter-
dependence would remain.

At the heart of these matters lie fundamental questions about the
evolution of scientific and technological knowledge, the process of
modernization and the ideologies it triggered, the social mechanisms
for the allocation of vatues, and the nature of interdependence.

The scientific, and later the industrial, revolution grew hand in
hand with the idea and then the reality of the nation-state. 1t would
not be difficult for a student of modernization and political economy
to realize that these two historical developments are in fact related.
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But so are day and night, and neither is the cause of the other. Did the
slowly growing awareness that the application of scientific knowledge
to the organization, utilization, and manufacturing of materials con-
dirion and make possible the rise and growth of the nation-state? Or
did the nationalist ideals, and later the reality of the nation-state, bol-
ster scientific discovery and technological development for applica-
tion to production?

The causal linkage, 1 suspect, has been a two-way, mutual-influence
process, the one reinforcing the other. To see these related devel-
opments clearly we have to turn to the period between 1650 and
1700, when the scientific revolution began to take shape. As Geof-
frey Barraclough put it, the then-greatest scientific discovery was
science itsel.* The scientific method that resulted is based on factual
observation as a means of corroborating abstractions about the sur-
rounding world—physical phenomena were linked with theories and
philosophies.

Philosophers began to worry ahout machines, systematic astro-
nomical observations helped navigation, and the renewed respect
for manual labor . .. reached its culmination with the works of
great artists such as da Vincl. The contributions of Copernicus
and Galileo on the celestial order led to the triumph of reason
over dogma, and constituted a milestone in the transition from
religion to science as a way of explaining natural phenomena. Fi-
naily, the contribution of Newton, who introduced the idea that
the universe was predictable and obeyed certain laws that could
be known and tested, radically changed man’s conception of the
world, giving sense to the Baconian staternent that man can mas-
ter and controi nature through understanding.®

The impact of this realization cannot be underrated: the history of
Europe, and later, through spillover effects, of the whole world, was
to be different. 'This was definitively a turning point in the evolution
of world history.®

Human awareness that nature can be controlled, together with de-
velopment of the scientific method, led o the industrial revolution.
Materials were meshed and know-how and energy (mechanical and
human) applied to the invention of tools and machines. These devel-
opments led to a new awareness: on the one hand, individuals realized
that the domination of nature and its laws made possible the domina-
tion of other societies by force. The linkage of these processes with
the idea of nationalism and the nation-state is relevant but will not be
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studied here. On the other hand, it also became clear that the human
capacity 10 dominale nature meant that nature itself’ could be ex-
ploited to improve the human condition, welfare, and well-being.
This is the line to be pursued in ihis study: the idea of production and
growth of productivity.

When people began to realize that there was a link between the or-
ganization of knowledge (science and technology) and their welfare,
the modernization process was set in motion. Today there is hardly
any nation-state or culture that is immune to the modernization pro-
cess of putting science and technology to work for production, for
growth and progress, or immune 0o the insight that through the
utilization of knowledge for produciion human welfare can be im-
proved.” But this process would not have occurred the way it did with-
out the parallel development of the nation-state and nationalism.

Nationalism as we know it today is related 1o the questions of who
gets the fruits of progress and modernization, and at what cost, and
whether the route to progress forces one nation-state to stand against
others in the anarchical international society, or whether progress can
be achieved faster and more securely if many states collaborate. The
questions are ideological, and as such they influence policy and action.

Three ideological branches sprang from the awareness of the
human capacity to control nature and the onset of the modernization
process: fiberalism, Marxism, and nationalism. A fourth, evolved from
these three, 1 call egalitarian nationalism. The first iwo are internation-
alist in nature; the latter two are based on the belief that the route to
progress is a struggle among nation-states. The evolution of these ide-
ologies has led actors to encourage or to curtail interaction, o trade or
to protect domestic industry, to call for international cooperat.on or
for collective self-reliance. As the three parent ideoclogies have been
widely defined, described, and explained,” I will describe them only
briefly.

Progress Without the State: Liberalism

Liberalism was the answer to mercantilism-—the dominant pelitical-
economic ideology of the seventeenth and eighteenth centuries that
induced nations to augment their power by accumulating precious
metals. At the heart of the liberal critique was the argument that mer-
cantilism was the road not to progress but to wars and domination.
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Libéralisin proposed instead a system based on the freedom of the in-
dividual. As Adam Smith argued, “The system of individual liberty in
a free market would enable the society as a whole to achieve a higher
level of national benefit than could be achieved under the system of
mercantilism.”® In further contrast to mercantilism, liberalism was
based on the separation of political and economic matters, and the
conviction that their affiliation led to power-seeking activities, war,
and lack of progress. An awareness of the connection between science
and technology and welfare led liberais to the conclusion that the
international society was not zero-sum: wealth could be increased and
everybody could have more of it, but only through the creation of free
markets, not only within societies but also among them. This idea
about progress is fundamentally diffevent from the one that results
from stocking precious metals.

More practically, liberals argued that patterns of domestic con-
sumption and production differ and that in the absence of trade, do-
mestic relative prices would differ from country to country. The lib-
eral solution, then, was for countries to exchange commodities. No
country’s condition would be made worse by trade, and all would
benefit if goods were exchanged at some intermediate price ratio, ™

Progress Without Classes and States:
Marxism

Marxism, like liberalism, sprang from the spark of the modernization
process and reacted with disdain to the static mercantilist idea of gold
accumulation. But Marxism criticized liberalism even more sirongly,
and, because it developed later, it reflected the evolution of ideas
throughout another century. In contrast to liberalism, the problem
for Marxism was not one of fixed wealth versus growing wealth but
one of the uneven distribution of wealth, which in turn was seen as
the cause of domestic and international conflicts.”! Marxism’s unit of
analysis was the social class, as opposed to liberalism’s individual.
When perceiving social phenomena as stemming from class inequali-
ties, the natural conclusion was class conflict. At the heart of Marxism
was the idea that these conflicts would lead through a dialectic process
to a renewal of the society, as happened with the evolution from feu-
dalism to capitalism. ‘The next evolution, then, would be the triumph
of the working class, which would eliminate all classes and lead to
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progress without classes. For Marxism, progress meant doing away
with inequality.

Industrialization was the key to the Marxist idea, for it would allow
progressive Improvement of bad conditions, liberate workers physi-
cally and psychologically, and lead eventually to a classless society. Be-
cause of class conflict the state would fulfill a role until a classless so-
ciety was established, but after that there would be no need for a state.

Progress Without I nterdependence:
Nationalism

A nation, wrote Haas, is “a socially mobilized body of individuals, be-
lieving themselves to be united by some set of characteristics that dif-
ferentiate them (in their own minds) from ‘outsiders,” and striving 1o
create or maintain their own state. ‘Nationalism’ is the body of beliefs
held by these people as legitimating their search for uniqueness and
autonomy; nationalism is the myth of the successful nation.” 2

Modern nationalism is not only a development of but also an alter-
native to liberalism and Marxism. At the core of the modern national-
ist idea is a perception of threat and vulnerability within an inter-
national society, which prevents the nation from achieving power and
wealth. Moreover, industrialization is seen as creating new stakes in
the struggle for power and wealth: as technology confers new means
of domination and production, it influences the staging and the inren-
sity of the conflict. Nationalism can thus be defined as the mechanism
by which those who perceive themselves as a nation deal with the con-
sequences of industrialization and internationalization that are so
damaging to the natiors-state. Nationalists, then, like the mercantilists
hefore them, see the reinforcement of the connections between the
cconomic and political realms as the key 1o the development of a
S[T()Ilg state.

Progress Without Interdependence and Inequality:
Egalitarian Nationalism
A variant of the nationalist idea is a mixture of the nationalist rejec-

tion of Internationalism, both liberal and Marxist, with the Marxist be-
liefs about equality. The result is a kind of nationalism based not just
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on the search for unigueness and autonomy but also on the belief thag
a nation is inevitably imperfect and unequal, to a great extent because
of international factors. Interdependence thus not only constitutes a
roadblock to progress for the nation as a whole but also is the cause of
inequalities both among and within nations.

Egalitarian nationalism takes uniqueness and autonomy as allowing
maodernization, which in turn is nurtured by an equitable distribution
of its fruits. The linkage between modernization and the nation-state
is axiomatic: nationhood derives from the common development to-
ward progress {modernization), where progress necessarily involves
the values of equality.

Science and Technology
for Development: Domestic Choices

The ideas of development and progress are linked. Development is a
process: it is the evolution toward progress and our way of reaching it.
Thus development may include an increase in power and economic
growth; it may include the ability to choose and change goals and the
capacity for adaptation through organization."” But it also includes
the price we are willing to pay for progress.

From this point of view, it is ideological economic and political
choices—beliefs and values—that determine the kind and amount of
productivity and the pace of development toward progress and that
lead to a modernization process. The questions then become, why de-
velop a scientific and technological capacity, and how?

Figure 1 provides a taxonomy to order and illustrate the linkages
that determine the modernization process, some of whose elements I
have already referred to, and some of which I will deal with next.™

The ideology of progress creates an image of the future that in-
spires decisionmakers to start the modernization process at different
points. 1t is progress itself (not its image) that brings about more edu-
cation and the development of a scientific and technological infra-
structure, and these then lead to the adaptation and production of
technology, to productivity, and thus to more progress.

Most “late late industrializers”'® entered the process of moderniza-
tion at point D. Because they lacked the necessary infrastructure and
productivity was low, they bought foreign technology in order to in-
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crease productivity, which was supposed to lead to progress, which in
turn would lead to more education, to a scientific and technological
infrastructure, and to more technology. But with it they also bought
the disadvantages of foreign technology and the uneasiness and soine-
vmes damaging effects that excessive dependency on foreign tech-
nology may bring. The liberal idea of interdependence favors this
choice, but in many cases there was no alternative for developing
countries.

Nationalists and egalitarian nationalists offer the alternative of get-
ting into the process at points C and D while technology is under the
control of the state. Thus they call for strengthening education and
building a national scientific and technological infrastructure that will
lead to development of domestic technologies, to increased produc-
tion and productivity, to progress as desired by the “nation-state,” and
SO Oil.

Marxists, aithough few have shown how this could be done in prac-
tice, advocate getting in at point F—that is, by changing the owner-
ship of the means of production and therefore the way values are allo-
cated to the society. From this point of view, a social revolution, or at
least a broad structural change of the society and its economy, would
“guarantee” a ticket on the journey toward progress and thus to the
“right” kind of education, the “appropriate” scientific and technologi-
cal infrastructure, and the socially relevant and culturally suitable
technology.

Figure I.  The Modernization Process
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Several choices are involved at each ol the above links in the mod-
ernization process chain. The first involves the kind of progress
desired; ail the others depend on this one. The second concerns
the kind of education and scientific/technelogicat infrastructure the
nation-state would have. For some, scientific inquiry is something to be
left to the free choice of the scientists.'® For others, scientific inquiry
has to meet the developmental goals of the nation-state, because sci-
ence is considered to have a social function: and to be connected to
social structures and processes. 'LThe third choice is about technology
and is multiple: one aiternative is between foreign and domestic tech-
nology, another between “modern” and “appropriate” technology,
which usually but not always coincides with the question of capital-
mtensive versus labor-intensive technology. The question here is,
Who will benefit from the technology, and will it fit the culture and
the values of the society? 'The other alternative is between technology
and no technology at all. 'The rapid pace of industrialization and its
environmental effects, such as pollution, nuclear accidents, and the
depletion of natural resources, have led different schools to argue for
the halting of technological development, an idea that envisions the
suspension of growth and development, or even a regression to lower
levels of production.™

The fourth and last choice involves production: who decides on
what production to help whom and why? There are three basic alier-
natives: leaving it to the market to decide automatically the questions
and allocations of society’s values; letting the state decide in the inter-
est of society through planning; or, the most common today, a mix-
ture of market and planning.

Indeed, this last question transcends production, for all other
elemenis in the taxonomy pose the same question and alternatives:
should the problems be solved by individuals, who “know” what is best
for themselves, or by the state, which “knows” what is best for the na-
tion? It is the basic question of the free market versus planning.

The Market

The market is based on the principles of barter and exchange and de-
veloped naturally from people’s tendency to exchange things they have
for things they do not have.”® A market economy is a self-reguiating
systemn that seeks to maintain order in the production and the distri-
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bution of goods based on the expectation that human beings seek to
maximize money gains. Liberalism is the ideology that calls for a mar-
ket economy: freedom, the individual as the focus of analysis, and the
market are all elements of one essenal idea about modernization.

Planning

Planning is not based on just one political philosophy, perhaps be-
cause in contrast to the market it is a less ingenuous and more common
mechanism for dealing with complex matters and with the allocation
of values in the society. Marxism, nationalism, and egalitarian na-
tionalism all advocate planning but differ on their reasons for prefer-
ring it and on the comprehensiveness of planning.

For Marxists, the state is responsible for allocating values 1o the so-
clety, but because it must be of proletarian direction, it creates plans io
facilitate the apportionment of gains and losses equally throughout
the society. For nationalists, competition with other states for power
and wealth requires a clear set of priorities in the goals and means,
and only the state is believed to be able to perform this-—through
planning. Egalitarian nationalists advocate planning for reasons that
combine Marxist and nationalist motives.

Nationalists, like mercantilists before the modernization era, accept
the market as a domestic mechanism and in many cases even encour-
age it. However, they resent the tendency toward free barter among
states and the linkages between domestic and international markets.
in contrast, égajitarian nationalists, because they are also moved
by the value of equality, oppose not only a free international market
but also a free domesiic market, which is believed to be a source
of inequalities in the society. Moreover, the linkages between the
two markets are seen as a source of all national and international
inequalities.

The common denominators of nationalism, egalitarian national-
ism, and Marxism are the beliefs that a free market left unregulated
will hurt some important values {(a nation, equality, a class), that only a
body representing all straia in the society can know best, and that
regulation and planning are much older and more dependable than
the market.

Although both pluralist and centrally managed {or communist} so-
cieties utilize planning, the former are involved in indicative planning
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and in “strategic planning”-—which, as defined by Charles E. Lind-
hlom, means incremental and piecemcal—whereas the latter are in-
volved in some degree of synoptic planning.” Lindblom treated with
skill and insight the differences in incremental and central planning,
But he left out the developing countries, some of which are neither
pluralist nor communist. To fill in this omission I will introduce a sec-
ond taxonomy, which deals both with what I believe are more suitable
models of state intervention in different kinds of societies and with
their objectives.

For the sake of simplicity I will use two kinds of societies; the first I
call bargaining societies, which operate on a consensus built through
threats and promises.” A bargaining society thus includes not only
democratic “polyvarchies”?' but also other types ol semidemocratic
and not-so-democratic societies, sach as corporatist societies with a
bureaucratic and authoritarian state, where bargaining takes place
and where the state, although prominent, responds to the pressures
of different groups. I call the second compellence societies, which in-
clude not only the cenirally managed societies of the Soviet bloc but
also any other society, to the right or left of the political-ideological
spectrum, where a state-—military or not—forces its values on the so-
cicty and where almost no bargaining takes place.

The objectives of a state’s intervention are stabilization, equality, de-
velopment, security, and “postindustrial corrections.” A state can plan to
achieve more than one objective, but occasionally some of these objec-
tives are incompatible, so that the maximization of one may require
abandonment or disregard of another. These five objectives are briefly
described as follows:

Stabilization: economic goals that have to do with disequilibrium in
an economy, sich as inflation, negative balances of payments, and
sa forth, where the aim i1s not to have more of someLhing or better
distribution, but to avoid furiher deterioration in the trouble
areus.

Equality: intervention aimed at redistributing income equally to all
members of a society, which previous or present economic and/or
social mechanisms failed to do. Two basic ways are considered:

(1) set up a system that would distribute the fruits of growth
equally; or (2) raise the standard of living of the poor.

Deuvelopment: economic growth.



40 The Power of 1deology

Security: self-preservation of the nation-state, both physically
within its borders and culturally in terms of its values.

« Postindustrial corrections”; the attempt to alleviate and correct
problems caused by industnalization and indiscriminate growth.
Addressed are ecological problems such as pollution, the search
for new and renewable resources, the planning of cities and trans-
portation, guidelines for the use of the sea and space, the preven-
tion of nuclear proliferation and nuclear accidents, and so on.”

By juxtaposing the type of society with the planning objectives, we
get a taxonomy of planning activities, illustrated in Table 1.

This exercise reveals that what differentiates nations with incre-
mental and central planning is not only the type of political system,
but also whether or not there is room for bargaining. This differentia-
tion facilitates the inclusion of the developing countries into the plan-
ning taxonomy. In a bargaining society, whether democratic/pluralist
or authoritarian, we do find the trend toward control, regulation, and
planning, but bargaining imposes a limit on what the state can decide
by itself. When various actors in a noncompellence society hold differ-
ent ideas and ideologies about, for example, equality or postindustrial
corrections, the highest decisionmakers of the state have to compro-
mise and only partially decide for the society.

In a compelience society the state has more powerful means to plan
than in a bargaining society. For example, it can siabilize an economy
or spend disproportionate amounts of money on security by compel-
ling the raasses to.earn less and by stifling dissent. The price of achiev-
ing a goal thus becomes coercion and repression.

Not only are the differences between bargaining and compellence
societies in this taxonomy evident, but the number of activities held in
common also demonstrates how far some bargaining societies have
gone into regulation and planning.

Market and Planning
in Science and Technology

There is no such thing as a free market in science and technology. At
the national level governments regulate, plan, centralize, or engage
in many of the activities concerned with the development of science
and its application to production. This includes government- and
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public sector—sponsored research and development, government
regu]ation of inrnovation, government identification of sectors to
be developed, and, of course, scientific and technological planning.
Some countries, mainly Northern ones like the United States and Ger-
many, have reached a high level of technological development without
plans, but they have nevertheless regulated and sometimes planned
some activities relating to specific sectors, for instance, energy. Other
countries have formal science and technology plans or are involved in
economic development planning with some relevant parts dedicated
to science and technology.

Nor does a free market operate in the transfer of technology from
developed to developing countries. Here, muldtinationals oligopolisti-
cally dominate markets, imposing resirictions an the uses of the tech-
nology and its commercialization in the present and the future. This
domination has led developing countries to punch more holes in the
free market with their attempts o regulate foreign investrnent and
technology transfer.

Interdependence and Self-Reliance:
International Choices

The consistent development of knowledge and its applications, the
need to increase capabilities for production and domination, have
generated a system of relationships hased on trade, exchange, com-
munication, movement, and diffusion, The journeys toward progress
are thus not only linked, they meet at mtersections; and some argue
that they have been waiting too long for a green light. The problems
and the soluiions have transcended the realm of the nation-state: they
have become international. Interdependence means many of the bene-
fits the liberal philosophy has promised, but it also means problems
and conflicts.

The conflicts have created winners and losers. [t took a surprisingly
long time for developing countries to realize who the losers were. The
1950s and 1960s were filled with the excitement of new countries join-
ing the “club” and the expectation that ali of them were, to a greater
or lesser degree, on the road to modernization. But disenchantment
led to despair, and the 1973 energy crisis engineered by OPEC heated
the blood. Nationalist, egalitarian-nationalist, and Marxist intellec-
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tuals of the developing countries had seldom favored interdepen-
dence, but not until the 1970s did its negative aspects at both the na-
tienal and international levels become so clear to them. For some, the
journeys toward progress meant regulation and management of these
problems and conflicts: “If you can't fight "em, join 'em.” For others it
meant autonomy and self-reliance: “If you can'’t fight ’em, and joining
them is no good, then dump 'em.”

Interdependence

Delinitions of interdependence in the literature vary according to
their focus. Robert Keohane and Joseph Nye stress asymmetry and
dependence as important analytical variables, and so the simplest
definition of interdependence becomes “mutual dependence,” which
can be symmetrical or asymmetrical.® In most cases interdependen-
cies are perceived as asymmetrical, for no two countries in the world
have the same amount and kind of capabilities. Others, who focus on
outcomes, define interdependence as “the outcome of specified ac-
tions of two or more parties (in our case, of governments) when the
outcomes of these actions are mutually contingent.”* Haas, Keohane,
and Nye also define interdependence in terms of sensitivity and vul-
nerability, two elements that relate it to power and make it more intel-
ligible. “‘Sensitivity interdependence’ connotes actor responsiveness
to market forces in shifting their resources from one country or re-
gion to another; a highly interdependent actor perceives the need
to shift readily. ‘Vulnerability interdependence’ means actor depen-
aence on the ability of another actor to change the basic rules of the
game which apply to the particular group of events; a highly interde-
pendent actor is one who feels completely at the mercy of others.”#
Following Haas I would like to make the point that interdepen-
dence is not something we reach out and grab; rather, it is perceived.®
This characteristic is what makes it so important to decisionmakers at
any level and a paramount factor in the perceptions of complexity,
uncertainty, and change both within nations and in international rela-
tions. Some, such as Waltz, have tried to demonstrate through the use
of trade figures that in fact there is less interdependence now than
there was before World War L. He argues that as long as a country has
paramount capabilities, its vulnerability will be small, and the more a
system tends toward bipolarity, the less vulnerabilicy the major powers
will perceive,” Waltz’s conclusion about diminished interdependence
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is arguable,™ but in any case he misses the point, because interdepen-
dence does not pertain only to the reaim of trade—it pertains to any
single issue generated by scientific and technological development
and the process of modernization that makes the actors themselves
perceive that they are interdependent.

From an approach concerned with change, interdependence means
the reciprocal effects of change on the international actors. Thus the
type, amount, scope, nature, and direction of change that will occur
both within and between nation-states and other actors will differ ac-
cording to whether these actors are interdependent or autonomotis.

The multinational corporations, as one of the most important by-
products of interdependence,” are linked to the developing coun-
iries’ journeys toward progress. The involvement of multinationals in
the transfer of technology—their goals, methods, bargaining, learn-
ing, and, most important, the evolution of the interaction with the
technology buyers—will be substantiated in subsequent chapters.
This section will be limited to some general remarks about multina-
tionals and interdependence.

Simon Kuznets believes that the foundation of a transnational so-
ciety lies in the transnational nature of knowledge: “No matter where
these technological innovations emerge . . . the economic groweh of
any given nation depends upon their adoption. In that sense, what-
ever the nanonal afhhation of resources used, any single nation’s eco-
nomic growth has its base somewhere ouiside its boundaries—with
the single exception of the pioneering nation, and no nation remains
the pioneer for long.”* Whether it was the steam engine in the past
or the computer in the present, technological knowledge has always
given risc o images of growth and modernization, and the multina-
tionals became the means of its diffusion across nations. They grew
because of a great demand in the developing countries for knowledge
as a commodity—not only its purchase but its production as well.

Science and technology., modermization and interdependence,
therefore, are intrinsically linked to the evolution of the multina-
tionals. “Trarisnational processes and international interdependence
refer, in effect, to overlapping sets of phenomena. . . . By and large
.. . as transnational processes increase in number and in scope for a
specified set of states, the level of interdependence among them simi-
larly increases.”*' The multinationals in the last quarter of this cen-
tury have become important in the manufacturing sectors of many
developing countries, not to mention the main and almost only source
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of technology, which through “packaging” techniques also includes
the related activities of marketing, distribution, servicing, and A-
nancing. These techmques, plus the high prices of technologies and
services, the import of foreign values, the demonstration effect prob-
lem,* and the underdevelopment of a national research and develop-
ment capacity, have led developing countries (o become suspicious
and try 1o steer their “growth machine” in the dircction of their own
interests instead of those of the multinationals. Thus the relationship
between the multinational corporations and the developing countries
has become one of love/hate, although the ratio of love to hate varies
by country and regime. Some examples will illustrate this fluctuating,
schizophrenic relationship.

The multinational corporation is a source of growth in developing
countries, but at the same time it is partially responsibie for the ineq-
uitable distribution of 1the fruiis of growth. A source of much-needed
investment capital, the transnational also causes loss of capital through
the high prices demanded for imported technology and a loss of con-
trol on the part of the host country over its own industrial sectors. It is
the source of technology, but in many cases this technology does not
fit the values of the host country and may lead to the underdevelop-
ment of a scientific and technological infrastructure. Contracts also
usually include restrictions on commercialization and other uses. The
multinational may produce jobs, but highly capital-intensive technolo-
gies may also cause unemployment. It may bring to the developing
countries modernization, rational thinking, and managerial capabili-
ties, but with them may come alienation and pollution.

Self-Reliance

Self-reliance is a reaction of the leaders and inteltectuals of some de-
veloping countries against what they consider to be the inequality,
frustration, and sense of degradation that an interdependent eco-
noreic and political systcm has imposed on them. I believe the follow-
ing words of Mahbub ul-Haq, director of the World Bank’s Policy
Planning and Program Review Department, express these sentiments
and show us that, as with the other phenomena described in this chap-
ter, self-reliance i1s a perception—a cognition of a past and a present,
and a set of expectations about the future.
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History has taught us at least one lesson: that the poor and the
weak always gt exploited unless they get organized. Our present
world is no exception. We have ofien seen our poverty and our
weakness exploited in the name of grand-sounding principles.

When we protested against deteriorating terms of trade for
our countries, we were quietly informed that this was merely the
workings of a free international market mechanism, and we were
left 1o puzzle for ourselves why, by some curious coincidence,
market mechanisms always worked to the detriment of the poor
nations.

When we embarked on our economic development we were
taught to worship the goddess of GNP growth. . . . We were left
to discover for ourselves through our own sad experience that the
character of growth and distribution of its benefits was as impor-
tant as growth itself. . . .

At the beginning of a programme of international assistance,
we were assured that there would be a true partnership in devel-
opment and a genuine transfer of real resources. We found out
later that there can be no true partnership between unequals. . . .

It is rather an unpleasant truth that peor countries in the
Third World have often been swindled out of decent return from
their produce in the name of market mechanism, deprived of
their economic independence in the name of world interdepen-
dence, seduced by imported life styles, foreign value systems,
irrelevant rescarch designs—all in these name of freedom of
choice, And we have also seen the same grand-sounding prin-
ciples change with an amazing suddenness when the shoe was on
the other fool.

No expleitation can continue for long except with the tacit co-
operation of the exploited. . . .

Afier all, what have we done to change the realm of ideas, to
fashion more relevant strategies for our societies, to equip our
political negotiations in international conferences with powerful
ideas and concrete briefs which could become a rallying cry for
the Third World?*

It seems that something was done, in some cases in the realm of ac-
tion, but fundamentally—as ul-Haq remarked—in the realm of ideas,
ideas that have to do with self-reliance. Thus, argues Carlos F. Diaz-
Alejandro, the frequently lamented hypersensitivity of Southern
countries about transnational and direct foreign investment—the sym-
bols of dependence—has placed “the transnationals and direct invest-
ment firmly on the agenda of economists, political scientists, and gov-
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ernmental leaders. This is no mean achievement.”* Sel-reliance is
eroding some assumptions that before seemed inevitable, such as the
necessity of trade. It is seen as the solution 10 dependency, following
the ideology of egalitarian nationalism: allowing for some nuances,
self-reliance calls for autonomy of decision or seif-determination (na-
tionalism) on the one hand, and the redistribution of wealth (equality)
on the other. Concerning equality, many analysts think mainly in
terms of the strategy of basic human needs and the provision of mini-
mum services and well-being to the world population that lacks them.
In Latin America, although the question of basic human needs is
stressed, there is also a concern about direct redistribuiion of wealth.

We can learn a great deal about self-reliance and its definition and
scope from the Pugwash Sympesium, which met in Dar es Salaam in
June 1975 to deal with “the role of self-reliance in alternative strate-
gies for development.” According to the symposium, self-reliance can
be dealt with (1) as a concept, (2) as a strategy in national devel-
opment, and {3) as a possible focus of assistance and muitinational co-
operation in furthering the self-reliant development of developing
countries.

1. As a concept, self-reliance “is to be understood in the light of the
harsh realities which prompt such exhortation and may be viewed
as an indication of strong motivation on the part of the develop-
ing countries to use the concept of ‘liberation’ to provide at least
a part of the emotional force needed to bring about the political,
social and economic transformation of their society. It reflects the
attitude of wanting to start a ‘war’ against poverty and oppression.”*

2. In operational terms, self-reliance “is to be understood at the na-
tional level of each developing country as the will to build up the
capacity for autonomous decision-making and implementation on
all aspects of the development process including science and tech-
nology. The character, content, direction and pace of social and
economic change—whether in rural areas or in urban areas,
whether in industries or in education--has to be defined and
executed with reference to national needs and aspirations.”*’

3. “This approach to [seli-reliance] is reflected internationally as
opposition to all forms of dependence. It calls for changing the
mode of incorporation of the developing countries into the inter-
national potitical, economic, and cultural system. . . . This may
call, in ceriain cases, for developing countries o detach themselves
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temporarily from the present world sysiem and then recouple
with that system on a new basis at a later date.”* The symposium
emphasized that delinking does not mean the end of interdepen-
dence and that self-reliance “should not imply autarky. . . . {It]
does not imply a lessening of interest in international cooperation
but a desire to make the relations, between industrialized and de-
veloping countries, reflect genuine interdependence and complete
international economic justice.”*

I must stress several points, however. First, many Third World
ieaders do not necessarily think along these lines. Although most of
them are very nationalistic, they are concerned about gains in their
term of office or their lifetime, and so they seek short-term rather
than long-term results. A self-reliance strategy involves a change that
will bear fruit far in the future. Interdependence, trade, and technol-
ogy transfer promise short-term solutions, so polticians favor them.
Intellectuals do not adhere to these “polincal rules,” and many of
them favor self-reliance. But, at times, intellectuals are able to influ-
ence politicians to favor selective self-reliance strategies. Second, self-
reliance does not necessarily mean stopping growth. On the contrary,
it means growth—once pride has been regained and some inequali-
ties are redressed.*® Third, according to Sagasti, a self-reliant or au-
tonomous development strategy is one that leads to an endogenous
scientific and technological base, that is, the utilization of scientific
knowledge for production, in contradistinetion to the exogenous base
that Sagasti sces as typical of Latin America and the rest of the Third
World." Sagasti also believes that developing countries should aspire
to become not scientifically but only technologically sel-reliant.

The conduct of scientific activities is necessary to maintain an au-
tonomous dedsion capacity in the majority of technological fields,
particularly in those developing at a rapid pace. Without a base of
active scientists and professionals it 1s almost impossible to follow
the evolution of technology and to have a clear perception of
avatluble alternatives and options. . . . However, it s clear thae the
concept of self-reliance does not apply to the conduct of scientific
inquiry as such. Science, considered as a process for generating
knowledge, is an international activity, and, in this sense no coun-
try can be selt-reliant in science. The reasonable approach s to
consider the development of scientific capabilities that provide a
hasis for technological scif-reliance.
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What actions would be invoived in technological self-reliant devel-
opment? According to the Pugwash Symposium, such actions would
include selecting through an autonomous decision-making process
those elements of scientific investigation and technological know-how
that could be domestically generated and used; identilying and ac-
quiring, on the best possible terms (financial, institutional, and tech-
nical), those elements for foreign supply; blending the two compo-
nents in such a way that continuous increases in productivity take
place; and harmonizing technologies of different “vintages” and
capital/resource intensities to make the best possible use of all avail-
able damestic resources, including human resources.”

This last point is significant, for it underlines the fact that there
would not likely be one single approach to scientific and technological
development; the variety that will inevitably flow from the diversity of
heritages and predicaments of developing countries is itself an aspect
of seif-reliance, and this variety would also mean walking on many
legs—the rural and the urban, the small-scale and the large-scale,
labor-intensive and capital-intensive, technologically sophisticated
and unsophisticated.”!

Chotce: What Are the Implications of
Science and Technology Interdependence?

» Continuation of the flow of scientific knowledge and technology
across national borders without barriers.

o Attempis to regulate the transfers so as to compensate the devel-
oping countries for the inequalities and other problems of the past
thai resulted from the nnregulated interdependence processes
and/or to make it possible for them to learn more about tech-
nology and o have more access to information; thus, both their
scientific and technological infrastructure and their bargaining
position with technology suppliers would be improved.

= Rapid transmission of advanced technologies deveioped in rich
countries to Third World countries; contacts at the educational
level, fellowships, instruction abroad, and participation in inter-
national forums where knowledge is produced, evaluated, and
iransmitted.
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o The possibility of using knowledge cooperatively to solve domestic
and international problems.

» Fconomtic conflicts between the developing countries and the mul-
tinational corporations, including protection of markets, obstruc-
tion, retaliations, nationalizations.

e The possibility of some technologies needed by developing coun-
tries for strategic reasons being withheld in the event of political
conflicts, especially if interdependence is strikingly asymmetrical.

» Difficulties experienced by elites in developing couniries in al-
locating social values through the state because their freedom of
movement in dealing with problems of development, establishing
priorities, pursuing goals through local means, and so forth, is
constrained by the mechanisms of technology transfer and the
“intrusion” of the mutinationals into the domestic economy and
political life.

o Loss of maneuverability, creating difficuliies for a developing
country committed to distributing the fruits of production more
equitably among all the population.

Chowce: What Ave the Implications of
Science and Technology Self-Reliance?

o The capacity for autonomous decision making in matters of
technology.

» The capacity 10 generale mndependently the technical knowledge
required for a particular product or process.

» The autonomous potential for domestic production of the goods
and services considered essential in the development strategy.

o The possibility of building appropriate technologies scaled to fit
the developing countries.

« The possible loss of capital needed for industrialization if the
multinationals were to be directly antagonized with the issue of
technology and retaliated by drying up capital flows and other
non-technology-related investments.
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o A decrease in the amount and quality of the technologies available
as the developing countries fail to keep pace with the rapid tech-
nological change in the rich countries.

» Possible redundancy and loss of efficiency.

» Possible reduction in academic interaction, exchange ol students,
opportunity to study abroad, etc.

¢+ Possible siowdown of development, industrialization, and exports
and a concomitant increase in the amount of manufactured im-
ports, balance of payments problems, and inflation.

As with everything else concerning science and technology, there is
no free lunch in the choice between scientific and technological inter-
dependence and self-reliance. The processes of modernization—all
the stages of the circular taxonomy developed in this chapter—would
take various directions toward progress, depending on the choices
made between interdependence and self-reliance. Self-reliance is
popular and appeals to nationalist actors who perceive the inequalities
both within and ameong nations, because it means more effective con-
trol of the continuous process of change in which they are involved. It
is a way 1o deal not only with inequality but also with complexity. In-
terdependent scientific and technological development means that
even if some of the inequality and nationalist feelings could be settled,
the development of new knowledge in one country {which implies
change) will induce change in other countries as well. [t means, thus, a
more complex world. Tt follows that the choice between interdepen-
dence and self-reliance implies a choice between two courses of action
and interaction that would lead every nation in particular, and the
community of nations in general, in a different direction. For some,
the “reinvention of the wheel” for the sake of “calming overreacting
nationalist feelings” and the “haste to solve in one blow the problems
of inequality” seem ill-advised and wastetul. For others, without au-
tonomy and equality there seems to be nothing to lose.



Three Strategies
for Managing Science
and Technology

Goals, Means, Information, and the State

Goals

That the free market should not determine the implantation of new
technologies is generally agreed. But what should? “Planning” implies
the setting of priorities; but what intellectual magic tells the planner
what has precedence? Alternatives can be arranged on a scale of socio-
political complexity, [rom the simplest to the most demanding. The
principles involved in this scaling imply other goals, at a higher level
of policy, where decisionmakers supposedly weigh the alternatives for
economic development in general, and scientific and technological de-
velopment in particular, in terms of growth and economic stabiliza-
tion or in terms of equality, auconomy, and sclf-determination. Thus,
the principles used in planning are the means of achieving these
higher goals; but they are also goals in their own right.

The simplest goal is the creation of rules prohibiting practices
that are considered abusive. Foreign invesiors should abide by the

h2
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taw of the land, observe tax and foreign exchange rules, obey labor
and land regulatiens, and not resort to bribery. These expectations
amount to little more than the subjection of foreign firms o rules of
conduct customarily observed in industrialiced countries but flouted
in many underdeveloped states unable or unwilling to enforce their
own legislation.

A more ambitious goal calls [or the subordinaticn of foreign and
domestic investors to the overriding goal of national economic devel-
opment. Because often there is no national development plan with ap-
propriate guidelines for investment conduct, enirepreneurs are not
forced to invest in given sectors or abstain from others. But they are
expected to make use of tax incentives, tariff legislation, and other
measures designed to attract new industry, Somehow it is expected
that incomes and demand will rise as a result, but the amount and
kind of change is not worked out in advance.

A still more ambitious goal does involve a national plan and is di-
rected explicitly at the foreign investor. The government has a sense
of priority, which may involve stressing capital-goods growth at the
expense of consumption, or the reverse, and it thus specifies a growth
strategy by individual sectors. The sense of priority may be populist or
elitist, bur it is clearly articulated, and the foreign investor is expected
to act in accordance with the rewards worked out by the state. In this
way the national plan governs innovative activity.

Some Latin Americans, however, go beyond this objective in speci-
fying their future goals: they think in terms of technological self-
determination. Channeling of investments and innovations into
economic development—simple purchase or transfer of plant and
intermediate capital equipment—is not enough. Latin Americans
may wish to participate not only in choosing but also in designing and
adapting the technology for the future they desire zo create. This goal
implies a judgment about the kind of technology to be fostered, not
just its quantity; and it implies a critical political objective: the ability
to control decisions concerning technology transfers,

Finally, a fifth, even more ambitious, goal can underlie the regula-
tion of technology transfers: the creation of a national or regional cul-
tural capacity to innovate. At stake is not just the fruit of innovation—
locally made products and a higher standard of living—but also the
knowledge that one is no longer dependent on foreigners for these
vafues. If a nation has its “own technology,” it can determine its own
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future. This goal amounts to a cultural renaissance, with all that im-
plies for building new institutions and habits.

All goals are systematically related. Planning the implantation of
new technology according to a principle of global income redistribu-
tion requires national planning priorities that take advaniage of the
global rules. Opting for national development also requires awareness
of the existing extranational constraints and demands. Both require
that investors adhere to the incentive structure of national rules and
guidelines and that they abstain from common abuses of their power.
But the reverse is not the case. The goals of eliminating abuses and
making the investors adhere to minimal rules can be attained without
national or global planning. Technological self-determination thus
implies a command of all the techniques and types of information that
go with the lesser goals. Cultural autonomy, in turn, presupposes the
ability to make all the crucial decisions without having to defer to for-
eign ideas.

Technology Transfer: Means

The attainment of these goals requires that specific actors be assigned
roles. Who is to invest? Who is to train or employ engineers and scien-
tists Who is to provide backward and forward linkages? The actors
include local entrepreneurs, foreign firms, agencies of national gov-
ernment, and international organizations.

Modes of action must also be specified. For example, producing
under foreign license or renting patent rights is less complicated than
designing a new plant, port, or satellite communications system, and
borrowing from private banks or the World Bank and using technical
assistance from abroad less demanding than using one’s own funds
and personnel.

Sevenn modes of technology can be distinguished.' Three stress the
transfer of knowledge, three deal with capital, and one is explicitly de-
signed to combine knowledge and capital.

1. The simplest mode ol technology transfer 1s by way of technical
assistance. Such assistance may involve a regular program of as-
signing foreign experts to local enterprises and sending local ex-
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perts abroad on fellowships. It can be provided by private firms as
part of licensing, direct investment, or participation in joint ven-
tures, Technical assistance is often inanced by the U.N. Develop-
ment Program, the World Bank, and by bilateral and regional aid
agencies, either as separate programs or in the context of invest-
ments. Finally, private foundations extend technical aid in the im-
plantation of new technologies, especially in agriculture and
population control.

2. Knowledge-generating capital equipment purchases constitute a
more complex mode of technology transfer. When a developing
couniry imports automobiles or sewing machines, it acquires the
products of technology but not the knowledge required for pro-
duction. This is not quite the case with respect to a large range of
capital goods imported whole. The purchase and installation of
new telecommunications systems, a port, or a shipyard usually
builds technological knowledge even if the equipment is designed,
manufactured, and installed entirely by foreign firms. Knowledge
is diffused simply because maintenance and operation of the equip-
ment is in local hands, although no immediate capacity to produce
is acquired.

3. When local entrepreneurs acquire rights to a foreign patent, they
gain the technical knowledge needed to manufacture the patented
product, but they use their own capital. Similarly, when a licens-
ing agreement is concluded between a local entrepreneur and a
foreign firm, the indigenous enterprise acquires the necessary
knowledge and bas to pay for this right in a number of ways. Fi-
nancing for the patent and for licensing operations can be pro-
vided by the entrepreneur’s own government, a foreign bank, or
an international organization.

Transferring technology through the introduction of new capital is
primarily the role of multinational corporations. Three types of direct
mvestment can be distinguished.

4. The foreign firm may simply assemble its product locally using
imported parts. This practice may create employment and spur
demand for new products, but very little technological knowledge
is transferred in the process. The Latin American automobtle
and mining equipment industries originated in this way.
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%. Direct investinent in mixed operations is more common now, with
some of the parts manufactured locally by a subsidiary of the for-
eign firm and some imported. The transter of engineering and
manufacturing processes thus begins to tie in with local educa-
tionzl and research and development (R & D) activities, although
the impetus is still provided by the multinationals’ global experi-
ence and plans.

6. The multinationals may opt for complete local manufacture of the
product, in which case the backward linkage with indigenous in-
stitutions and patierns is much more extensive. However, because
the capital for doing this remains predominantly foreign and the
planning underlying the activity remains rooted in the global
strategy of the firm, the operation does not enter the nexus of
national development planning.

Latin Americans complain that even direct investments featuring
mixed or totally local manufacturing processes—irrespective of the
extent to which minority domestic capital participates in the opera-
tion—do not trigger “real” technology transfer and the full range of
desired backward and forward linkages with the cconomy and society,
They blame the “technological packages” in which multinationals
wrap their operations, overreliance on plants and products designed
abroad for a global market, inflexible production routines, multina-
tional control over intermediate processes, and imported marketing
techniques and possible restrictions on sales (o third countries and
on patents and trademarks. In other words, although capital is being
transferred, knowledge is not.

7. The last mode of transfer is labeled “joint venture,” which is an
agreement between a local entity—public or private—and 2 for-
eign investor to install new productive capacity. Formulas for doing
this differ: sometimes the foreign firm must “fade out” after a
certain period; there may be licensing of foreign processes; or the
capital may be entirely indigenous, but the foreign firm is given a
management contract to run the enterprise at firse. Voting for-
muias for assuring management control vary, but all give the local
entity a predominant role. Specific means for the transier of knowl-
edge—of research, manufacturing processes, and marketing—
are usually included in such agreements, as are understandings
about the market in which the product is to be sold. Joint venture
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need not involve foreign multinationals only—organization of
Laiin American multinationals under the same formula of shared
power is now being atlempied.

Organizing Knowledge

Modes for domestic scientific and technological innovation and for
the organization and storage of knowledge—which are distinct from
the modes of technology transfer—must also be specified. These
means [ call generically the organization of scientific and technological
knowledge,

In a simpler world of free markets and unplanned scientific in-
quiry, the very notion of “organizing knowledge” would be incongru-
ous. The fact that most Latin Americans reject the free market, how-
ever, highlights their commitment to some form of planning and
information management and provides another illustration of their
impatience with the older modes of technology transfer. Organizing
knowledge refers to ali institutions and routines designed to improve
domestic innovation, to bring the producers and the consumers of sci-
entific and technological knowledge into systematic contact with one
another, and to store information and channel it to the productive
system. To the extent that it succeeds, the organization supersedes the
“free market” in ideas; innovation is not triggered by random contact
among foreign scientists, engineers, and domestic investors but by
one or several organizations. As in the case of our goals, the more
complex ways of organizing knowledge subsume and require the
simpler ones.

The simplest way of organizing knowledge is to channel talent into
predetermined directions by training experts. The organization of
higher education is therefore crucial: a decision 1o stress one branch
of engineering or medicine over another in university curricalum de-
sign may foreclose one group of experts and create a new one. The
commen complaint in Latin America is that no such direction has
been provided and that too much of a free market for young talent
prevails—a sitnation linked to the extraordinary brain drain of uni-
versity graduates. One way of organizing knowledge, rherefore, is 10
establish policies regarding the branches of higher learning to be en-
couraged and discouraged.
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Another way is to set up and maintain institutions capable of con-
ducting R & D activities in those areas of applied science considered
important to economic development. The present dependence on
R & D conducted elsewhere and for different purposes, both tech-
nological and economic, could thus be mitigated.

Once knowledge has been produced by the university faculties and
research institutes, it must be made available to the productive system.
Hence, the organization of knowledge has taken the form of retrieval
systems and data banks, which exist at the national, regional, and

global levels. The purpose of such systems is to provide the users of

information with a wide range of choices, thus expanding technology
diffusion beyond established contacts between foreign suppliers and
domestic users.” However, while debate about the characteristics of
the “optimal” retrieval system is lively, no final options have been
exercised.

Once established, these repositories of information can be used for
systematic forecasting. In the past in Latin America, market estima-
tions for new products have been erratic and have sometimes resulted
in misinvestments. Forecasting as practiced by large Western firms is a
possible corrective, Moreover, commercial forecasting can be im-
proved by including the social and economic benefits and costs associ-
ated with various possible patterns of technological innovation.

Finally, new experts, data banks, and models can be used for plan-
ning cntire ¢conomies, or at least significant sectors of economies.
The mosL ambitious way of organizing knowledge is to put these tal-
enis and 1echniques at the service of the state—when and if the state
opts for the systematic planning of the nation’s future.?

Role of the State

There is a general consensus in Latin America that the seleciion of
means of technology transfer and the organization of the appropriate
knowledge should invalve the state as a core actor. This consensus is
symbolized by the wide acceptance of the so-called Sabato Triangle as
an almost mystic metaphor informing contemporary discussion. The
triangle, conceived by Jorge Sabato, is composed of the Scientific and
Technological Infrastructure, the Productive Structure, and Govern-
ment. Local development of technology requires a developed scien-
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tific and technological infrastructure that includes highly skilted sci-
entists, basic and applied research in institutes and universities, and
budget allocations adequate to the maintenance and deveiopment of
this potential. It aiso requires a modernizing industry willing to take
the risk in the creation of demand for local technology (that is, willing
to invest in local R & D). The government must also play a central role
in the planning and management of scientific-technological policies.*

I summarize the possible roles of the state by asking this question:
if a particular method of technology implantation is desired, which
mode of organizing knowledge should the state sponsor and/or fi-
nance? Put slightly differently, which method of public intervention in
society and the private economy will the state adopt, given a prefer-
ence for one or several means of technology transfer? The following
spectrum of possibilities then results:

¢ If the state wishes to aid private entrepreneurs in the purchase of
foreign patents and licenses, it must help train national technical
personnel to select and use the innovation. This requires appro-
priate funding of facilities in higher education and the creation of
data banks and other information retrieval systems containing sys-
tematic information on foreign production processes and their
applicability. The state, in this setting, merely plays an educational/
[facilitative role.

o If the state wishes to help private entrepreneurs or public enter-
prises by contracting for the presence of foreign expert advisers,
orT to assure training abroad for indigenous technical personnel,
through its own funds or with the help of an international tech-
nical assistance program, it must use systematic means to evaluate
the available options. This calls for dependence on data banks
and information retrieval systems, whether operated locally or by
international organizations. In this case the state plays a coopera-
tive facilitative role together with an international organization.

o If the state wishes to promote industrialization by setting up new
manufacturing facilities supported by direct foreign investments
but is not concerned with improving or adapting the imporied
technology, it will promote forecasts of demand for the new prod-
ucts. Typically this activity involves encouragement of forecasts
made by the investing firms, often in conjunction with such inter-
national organizations as the Economic Commission for Latin
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Armerica (ECLA). The state must also design fiscal policies to
make the market attractive for the investor. The state here plays
a fommstf ‘promotion role.

o If the state concludes that the private sector will not or cannot
produce goods considered essential for the economy, it will oper-
ate plants and services directly, creating a “public sector” to per-
form the tasks lefi undone by domestically owned private plants
or by foreign-owned facilities. This choice should also depend on
forecasts of demand for goods, which can be made by state agen-
cies or by international organizations.

+ If the state wishes to promote industrialization and a gradual pro-
cess of technological self-sufficiency by capturing zew technology
for its private or public sectors, instead of merely assembling com-
ponents imported from the industrialized countries, it must guide
direct foreign investrents so that some components or the en-
tire product 1s manufactured locally, This task requires a more
extensive set of knowledge-generating activities. Local technical
personnel must be available, hence university training is involved.
Indigenous R & D capacity and information retrieval systems
must be available to help the foreign investor work out appropri-
ate local adaptations of the technology. Research institutes and
centers are publicly funded, though financing may depend on
contributions from international organizations. And forecasting
of demand tor the new product remains critical, although the
forecasts must not necessarily be made by public institutions. In
this instance; since the state intervenes more widely in the tech-
nology transfer and domestic innovation processes, it plays a guid-
g role.

s If the state wishes to implant new technology in the context of an
overall program of coherent modernization—which may involve
concern for a balance between rural/agricultural and urban/in-
dustrial activity, employment, housing, sanitation, or income dis-
trnibution—it must have a plan. Planning involves forecasting, not
merely of demand for a single line of products but also of many
macroeconomic variables. Forecasting must theretore become the
dornain of a public agency: a systematic data base and a retrieval
system become imperative, and R & D institutions and the neces-
sary backup in university curricula become matters of priority.
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The state must ensure the viability of all these knowledge-
generating activities for joint venture agreements with foreign
investors o be fully effective. In this case, then, the state ac-
tively assumes the role of planner.

How does the state “know” which mode ol transfer to selecty The
choice depends on the predominant ideclogy of devciopiment. Before
any single option can be chosen, goals must be reasonably explicit,
which presumes a national consensus on the kind and direction of de-
velopment. 'The scale of goals can be matched with the various means
and ways of technology transfer and of knowledge management to
clarify the state’s possible roles in development.

A state plays an autonomous educational and facilitative role if the
national goal secks, not Lo resirict freedom of choice in the domestic
market, but simply to ensure that forcigners obey the law and to guide
investors into development priorities through fiscal and monetary in-
centives. The role is "autonomous”™ because the means emploved do
nol require cooperation with or dependence on international organi-
zations or regimes. There is rather reliance on technical assistance in
the form of end items and complete systems, and on patented foreign
technology to encourage domestic manufacturing. Proper utilization
and adaptation of the patenis, however, requires the creation of local
R & D centers and the reorganization of higher education to siimu-
late the training of ¢ngineers.

A ditferent role is played once the government twrns to inter-
naiional organizalions for technical and financial support. Its role is
still largely educational and facalitative of the private sector, but it is
no longer autonomous. Kuowledge will continue to be sought and
managed as before, but reliance on farger bodies of information en-
compassig additional economic sectors becomes necessary. Organi-
zations such as ECLA now enter the game as sources of information.

The state becomes a promoter and forecaster once the planned
economic development of the nation becomes the official goal, requir-
ing tight control over investments. Foreign firms are no longer wooed
indiscriminately but are compelled to adhere to the government's pri-
orives. The earlier means now give way to elaborate rules governing
the kind and extent of domestic participation in foreign-owned enter-
prises, including controls over the kinds of technology to be imported.
Economic forecasting, though rudimentary, becomes necessary to es-
tablish guidelines that will encourage the private sector.
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The state as guide 1s a stiil more elaborate role. As a significans por-
tion of the productive scctor becomes publicly owned or operated, the
rematning privaie sector must compete with the public sector (state
as producer) or work within the rules set by the government (state as
regulator). A vital new goal now takes precedence over earlier ones:
technological sel{-determination. The means nccessary to play the
role include national control over foreign-ownced enlerprises and ex-
clusive reliance on joint ventures to attract new foreign capitai. Joint
venture arrangements with other Latin American governments are
also promoted. The success of these measures clearly requires sophis-
ticated ways of obtaining, organizing, and retrieving technical infor-
mation for use in elaborate development forecasts.

The state as planner is an even more ambitious role. The goal of
technological and culiural autonomy now joins the more modest ob-
jective of delermining one’s own technological future. The array of
means reimains the same as before, bue the demand for knowledge
and the organizations managing it becomes more insistent. Formal
plantning calls for a large varicty of specialized institutions and com-
plex bureaucratic links between miniseries, research institutes, and
production unies.

Goals, means, and ways of managing knowledge, however, are
embedded in the ideas peopie usce to conceptualize the future. Tech-
nology, in addition to all its other properties, is an essential part of

“ideologies of development. We cannot understand how Latin Ameri-
cans choose goals and means without first understanding their ideolo-
gies of development. '

Strategies and Ideologies

Goals emerge from images in policymakers’ minds of what the future
should be like. The meshing of goals with means, the management of
knowledge, and the definition of the proper role of the state combine
to form a “strategy” of technological development. Strategies consti-
tute a patterned rationality for achieving change, embodying a con-
sentsus on causes and effects, antecedent conditions, and preferred
oulcomes.

The least demanding of these strategies, one historically linked to

Managing Science and Technology 63

fmport substitution industrialization (I8I), is that of “technological
laissez-faire.” It is based on the idea that technology should be pro-
duced or acquired according to market, laissez-faire conditions. From
this perspective thie choice is not between national and foreign tech-
nology but between the best, most efficient, and least costly technolo-
gies. 151, or the policy of protecting infant industries by temporarily
opting out of a liberal, low-tariff world trading system, accepts the basic
premises of economic liberalism but simply suspends them temporarily
to enable latecomers to catch up. Made famous by Raul Prebisch and
ECLA around 1950, ISI dominated Latin America for a decade and
continues to be in vogue in some countries. Liberalism also informs
technological laissez-fatre science and technology policies when the
ISI strategies are challenged and partially replaced by export-led
strategies.

However, the underlying liberal premises were increasingly chal-
lenged during the 1960s and 1970s by Marxists and egalitarian-
nationalists. They argued that overcoming dependency required
more elaborate measures for opting out of a liberal world economy,
for creating the basis for a technological autonomy that would lead
1o integral development. I call the two alternative strategies of eco-
nomic and technological development they proposed “structural” and
“pragmatic.”

Figure 2 summarizes the ingredients of goals, means, information
and knowledge, and the role of the state that are involved in the shap-
ing of science and technology strategies. A rough correspondence of
these ingredients to the three science and technology strategies to be
described and explained in this chapter is suggested.

At the root of the choice between technological laissez-faire and
structural and pragmatic antidependency lies an attitude about inter-
national, dependency-generating relationships. We can thus distin-
guish between “communal” and “coercive” dependence.® Communal
dependence has been described as a relation of support and fulfillment:
B depends on A because such dependence fulfills, enables, or protects
B in some respect. The relationship of communal dependence is also
one of mutual trust. This attitude is inherent in the technological
Iaissez-faire strategy and in fact translates as liberalism in the science
and technology field: A may be dependent, but A does not see any-
thing wrong with that as long as the relationship protects, enables,
allows for growth, and so on. Communal dependence seems to be
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linked to the idea of the well-being ol a community as a whole, in
which any cxisting inequalities would be eliminated by a trickle-down
PTOCESS as Prosperily increases.

Coercive dependence, however, is based on a power relationship that
is “bud,” “wrong,” and “damaging.” It 1s a zero-sum situation. For B to
depend on A means that it is controlled by A and subject to A's coer-
cive powcer. This coercion can be direct, in the control of key resources
and of scieniific and technological knowledge. In a mutually coercive-
dependent relationship, A and B may coerce each other symmetri-
cally or asymmetrically, with equal or unequal amounts of intensity. In
any case, a feeling of distance from others and of lack of community is
inherent in a coercive-dependence relationship. Seructural and prag-
matic antidependency strategies derive from the view that depen-
dency is necessarily coercive.

Technological Laissez-Faire

The liberai underpinnings of the import substitution industrialization
(IS1) strategy predict a great deal of its ideological content. Latin
America is viewed as a part of the West, a participant—albeit an
underprivileged one—in the heritage of material progress associated
with free and unguided scientific research and iechnological innova-
tion. The nationalism associated with the ideology does not seek to set
apart any “Latin American culture”; it sees individual Latin American
states as _societies ithat have not yet attained the starus of developed
nations and wishes to push them into the accepted Eurepean modet.
Even though the cconomic policies preferred by advocates of the
strategy stress departurces from free-trade liberalism, no parallel guid-
ance for science and technology is provided. Scientific progress is
assumed to lead automatically to technological applications and to im-
provements in welfare. Therefore, the issue of whether the technology
is indigenous or imported is beside the point. Planning is not consid-
ered desirable because wealth is thought to increase by the “trickling
down” into society of the gains from overall economic growth. Em-
phasis is on an increase in the national product, not on the clistri-
bution of the increase among segments ol the population. The state 15
therefore not called on to guide entrepreneurs and investors or to €n-
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courage research. Nor does it seem to matter whether the imported
technology is in forcign or national hands.

The antitude of ISI advocates woward imporied technology is indis-
criminate: the more the better, provided a market for the product is
tikely 1o develop. The “prestige of local invention” is irrelevant. In
short, developing countries need not emphasize national innovation
and leave aside foreign technology, because forcign technology is
there, waiting to be purchased, waiting to help developing countries
progress at much faster rates than the already-developed countries
did. “The new countries,” writes Nuno Fideline de Figuciredo, “can
obtain licenses for the manutacture of products or for the application
ol new processes for the development of certain products, all coming
with designs, global and detailed, all coming with manufacture in-
structions, with detailed instructions about process machinery and
raw materials.”®

I cannot improve on this description of 151 in operation:

One of the fundamental characteristics of the import substitution
process, which was to have an immediate and longer term effect
on the stimulus to science and the development of technological
innovation in our countries, was the considerable protectionistic
action undertaken by the State, which aided this process through
strong tariff and exchange rate barriers to protect industry from
[oreign competition and to assure profits to national entrepre-
neurs, even in the cases when they operated at low levels of pro-
ductivity. This strong protectionism contributed to the formation
of an entrepreneur with a mercantile mentality, who, without a
clear awareness of his social goals and, at the same time, enjoying
an exaggerated “laissez-faire,” has not felt the strong need in most
cases to look toward science to improve the results of production
and 1o increase his efficiency. On the other hand, most Latin
American governments have granted almost unconditional terms
for importing technology in the form of patents, equipment,
semi-finished products and technical personnel, with the advan-
tages Lhese importations imply for enterprises in terms of rapid
dectsion-making and mounting of operations. If to this we add
ignorance and lack of confidence in the internal capacity to sup-
ply technology, it s casy to understand how the industrialise’s gen-
eral tendency has been to purchase foreign technology almost
indiscriminately by any of the ways mentioned, and that their de-
mand has been altmost exclusively in that direction. As the process
of import substitution advances reaches the stage of manufactur-
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ing intermediate goods and equipment increasing technical com-
plexity, it gencrates the direct participation of [oreign enterprises
because of the capital and “know how” needed. This is the sce-
nario for the establishment of subsidiaries of large multinational
enterprises who have a natural source of technological supply in
their home offices and who orient their decisions exclusively in
function of the over-all interests of these companies, interests
which in many cases are contrary to the social benefit of the Latin
American economies in which they operate. In this way the inter-
vention of these multinational corporations in the productive sec-
tors of Latin America weakens even further the precarious internal
demand for technology, giving rise, among other consequences, to
an even greater estrangement between the scientilic and industrial
sectors.’

One result of the import substitution process and its corollary, the
intervention of multinationals in productive sectors, has been heavy
migration of Latin American scientists and engineers to the industri-
alized countries, where they can hope to find employment in firms
committed o R & D. Another is the employment of the remaining
technical elite in basic research unrelated to technological innovation.
Local entrepreneurs, quite rationally, prefer to license imported pat-
ents, thus contributing further to the stagnation of local R & D. State
intervention is confined to maintaining a high protective tariff; even
state enterprises import technology without a clear strategy. There is
no deliberate macroeconomic policy of technological development;
innovation results from the discrete decisions of individual enter-
prises, each motivated by its own short-run economic rationality.

I51 s not the only development strategy linked to technological
faissez-faire. In an outward-oriented liberal economy, the eechno-
togical laissez-faire science and technology strategy remains as stroug,
if not stronger. Under an export-led strategy, tariffs are slashed, do-
mestic markets are opened to foreign products, production is geared
for export, and foreign investment is welcomed. Technological laissez-
faire follows as an almost automatic extension of all these actions.

In summary, technological laissez-faire looks like this: its underly-
ing goals are economic growth, stability, and efficiency, without trig-
gering a major change in the structure of society and the economy;
equality 1s not usually a stated objective. There may be no explicit sci-
ence and technology goals, other than the prohibition of abusive prac-
tices; therefore, foreign investors are not subordinated to a more rig-
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orous sct of controls and guidance. The means toward these ends
stress the importation of finished technology by way of patents and
licenses. Local manufacture of intermediate products generally re-
quires direct investments by foreign firms, and these are likely to be
capital-intensive and to shun the establishment of backward linkages
with the local economy. No systematic steps are taken for the organi-
zation and management of knowledge and information; it is up to the im-
porters of the technology to find their own foreign counterparts.
Some training may take place, and efforts, although sporadic and de-
centralized, are made to seek out the appropriate suppliers of tech-
nology through small research institutes and government agencies
{uncoordinated as they are). The importers must abide by licensing
contracts with clauses restricting the use of the technology and its re-
exportationr. The role of the state is educational and facilitative. In the
18I case it 1s confined to maintaining a very high tariff, whose rates,
again, are not determined according to a clear set of priorities or
aims, and to allocating the amount of foreign exchange to be devoted
to imporis. But the state may inadvertently stimuiate the importation
ol the “wrong” 1echnology by its administration of import quotas and
cxchange controls. There is little evidence of the links Sabato sketched
as necessary and desirable. Only when import substitution is found to
be lagging at the national level 1s the state called on to consider some
iniernational stimulant 1o kead state policy into a regional free trade
strategy. In the export-led case the role of the state is to encourage
toreign investment and lechnology transfers to the leading sectors
through incentives.

Structural and Pragmatic
Antidependency

The critique of the liberal system in the Latin American contexi was
conceived in terms ol the dependency argument. Because of the vari-
ety of ideological “parents” and analytical concepts, dependency be-
came an ideology in its own right: a theory of stagnation, a critique of
capitalism, a structural condition, and a process. Gabriel Palma, for
example, has classilied the dependency literature according to three
distinct approaches, all of them deterministic.®
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The firs¢ approach takes dependency as a “theory” that describes
and explains underdevelopment and stagnation. 'T'his approach was
first articulated by scholars such as Paul Baran and André Gunter
Frank.? [t continues “the central line of Marxist thought regarding the
contradictory character of the needs of imperialism and the process
of industrialization and general economic development of the back-
ward nations” and argues that because “economic development in
underdeveloped countries is profoundly nimical to the dominant in-
terests in the advanced capitalist countries,” these interests will form
alliances with precapitalist domestic elites to inhibit such transfor-
mations. The approach concludes that the possibilities of economic
growth in dependent countries are extremely limited; any surpius is
expropriated in large part by foreign capital and otherwise squan-
dered on luxury consumption by traditional elites.'®

A second approach, based on the Latin American disenchantment
with 1S, also arrives at the deterministic conclusion that dependency
can only bring about stagnation.” Advocates of this approach do not
pay attention to growth rates'* but make an “ethical distinction be-
tween ‘economic growth’ and ‘economic development.”” Development
dees not take place when growth is accompanied by *(1) increased in-
equality in the distribution of its benefits; () a failure to increase
social welfare . .. ; (iil) the failure to create unemployment. .. ;
and {iv) a growing loss of national contral over economic, political, so-
cial, and cultural life.” ™ Studies by Maria de Conceicio Tavares and
Osvaldo Sunkel, for example," are characteristic of this position.

"T'he third approach is a critique of dependency as a theory of stag-
nation and underdevelopment. It considers that development can
take place in a context of dependency but that this development is
determined by changes in the world capitalist system. For example,
Fernando H. Cardoso believes that “associated dependent development”
is possible because of the

transformations which are occurring and have occurred in the
world capitalist system, and in particular the changes which be-
came significant towards the end of the 1950s in the rhythm and
the form of capital movement, and in the international division of
labour. The emergence of the so-called multinational corpora-
tions progressively transformed centre-periphery relationships,
and relationships between the countries of the centre. As for-
eign capital has increasingly been directed lowards manufactur-
ing industry in the periphery, the struggle for industrialization,
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which was previously scen as an anti-imperialist struggle, has be-
come increasingly the gozl of foreign capital. Thus dependency
and industrialization cease to be contradictory, and a path of “de-
pendent development” becomes possible.”

This approach is not a dependency “theory”; rather, it considers de-
pendency an outcome of a peculiar historical situation in which coun-
tries are linked to the international capitalist system and thus need to
be studied only in concrete terms, in specific countries, and according
to the conditions ol each country’s class relations and class structure.

Palina deals only with approaches based on classical and, especially,
neo-Marxist deterministic ideologies. But the intellectual map is more
complicated, because dependency ideas are not only arrived at from
a Marxist and neo-Marxist set of beliefs; they are aiso informed by
egalitarian-nationalist ideologies. Thus, those who, as in the case of
the approaches described by Palma, see the issue as total and global
and who find the solution in structural change should be difterenu-
ated from others who wish to decouple the components of the issue
and who advocate serious less-than-total policies that we can charac-
terize as reformist. I call the first group structural and the second prag-
malic dependentistas. The pragmatists do not wish to wait for broad
structural changes; they believe that important changes can be made
now. Dependency for them, then, is not totally determined in a struc-
tural reality. Moreover, although they also use the term structural, they
seem to mean something slightly different from their opponents. To a
neo-Marxist, “structures” are rigid and long-lasang global property
and class relations typical of late capitalism that “deform” the pattern
of modernization in Latin America. But the pragmatists, in their
search for immediate reforms, wish to identify weaknesses in these re-
lations and hence downplay their rigidity; they refer to typical institu-
tions—such as universities, R & D institutes, legal codes, and types of
business and industrial organization—as “structures.”

Structural Antidependency

The ideology of the structural antidependency approach to science
and technology in Latin America is a restatement of Marxist theories
of economic imperialism as applied to the relations between devel-
oped and developing countries. However, siructural antidependency
transcends classical theories of economic imperialism by arguing that
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the expansion of capitalism places the developing countries in the pe-
riphery of world economic relations, thus causing them to be under-
developed and poor.*¢

The structural antidependency school contends chat technological
knowledge is the main instrument in the maintenance of relations of
domination. Amilcar Herrera argues that “the new dependency does
not require that the big powers resort to the direct system of political-
military domination that was the most visible characteristic of imperi-
alism in the last century. The new instrument of domination, more
subtle but no less effective, is the scientific and technological superi-
ority of the developed couniries.” " Three major propositions follow
from this line of analysis. First, IS} distorts developmentally progres-
sive technological innovation by encouraging the wrong technologies,
Second, technological dependency resules, which in turn aggravaces a
large number of other conditions that also inhibit socially progressive
change. Finally, technological dependency is responsible for the “mar-
ginalization of science” in Latin America. This situation must be re-
versed by making science and technology socially progressive and
useful.

The argument is that under import substitution policies the urban
middle and upper classes demand the same kinds of goods as con-
sumers in the industrialized countries, so they import technology 1o
manufacture these goods, technology that usually is highly inappro-
priate. New enterprises are set up through direct foreign investment,
or even if enterprises are independent of foreign capital, local firms
purchase foreign technology through license agreements or other
contractual methods. Thus foreign technology tends to substitute for
technologies that might be developed by local R & D. Even where
local laboratories come up with some type of local technology, the ten-
dency is to use the foreign version instead, on the grounds that what is
fareign is “good.” Local science and technology are therefore “alien-
ated” from the productive forces,'™ and “market forces operate so that
there are very limited opportunities for ‘learning-by-doing,’ both in
innovative activities (like applied R & D) and in project construction
{engineering). . . . The linkages between R & D laboratories, engi-
neering, and machine-building, which have played an important part
in relating science to production in the advanced countries, hardly de-
velop—or develop very slowly. This is sometimes referved to as the
“‘self-perpetuating tendency in technological dependence.’” "

Consequently, the structural antidependency approach rejects the



72 The Power of 1deology

theory that scientific underdevelopment in Laiin America is a resuli
of cultural and institutional obstacles. The causes are much more pro-
found; they are structural: “scientific underdevelopment is not simply
the result of some great lack or of some failure in the system which
can be corrected with external aid; it is e consequence of economic and
secial structure” (emphasis added).” Thus the problems of develop-
ment in general and of technological dependency in particular cannot
b solved until the “real” causes are removed: “the structural center-
periphery dependency and the internal contradictions in those coun-
tries that have a deformed capital formation because of the historical
process of subordination within the world capitalist system.”*'

Technological dependency, it is argued, ultimately leads to a long
series of additional ills that, taken together, inhibit socially progressive
change. Where there is technological innovation, change is biased in 2
capital-using direction. Latin America, however, with its excess of
cheap labor and its lack of capital, needs labor-intensive technologies.
The importation of capital-intensive technology results in consump-
tion policies biased toward the needs of the middle and upper classes,
disadvantaging the lower classes in terms of goods available to them
while boosting high-income groups by generating skilled job oppor-
tunities. It is further argued that too much foreign exchange, already
in critically short supply in Latin America, is spent in the acquisition
of foreign technology, especially where tight controls are lacking, and
in this way technological dependency only aggravates balance of pay-
ments crises. Developing countries then have almost no bargaining
power because téchnology gives a monopolistic advaniage to the de-
veloped countries. One example is the patent system. According o
Constantine Vailsos, patent licensing does not transfer technology,
since the patented products are not produced nor are the patented
processes themselves used in productive activities in the patent-
importing developing country. If the developing country does not
profit from it, the developed one docs, because “monopoly privileges
granted by patents are basically exercised through the creation of
secure import markets for the patented products in developing
countries.” *

One of the pillars of the structural antidependency approach is its
theory of the “marginalization of science,” which argues that under-
development is a historically unique form of economic organization.®
This form cannot be identified with the early period of development
in the advanced countries because it is a product of interaction be-
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tween “precapitalistic cconomic forms” and industrial capitalism it-
self.?* This theory——as exemplified by Furtado—calls for the creation
of autonomous science 1o prevent the alicnation of local scientific in-
stitutions and to cnd their dependency. Science in underdeveloped
countries, according to this view, is largely a “consumption item,”
whereas in industrialized countries it is an “iavestment item.”

The same structural conditions are again held responsible for this
state of affairs. “In contrast to the concept of scientific autonomy
stands that ol science as a social phenomenon, like something that
adapts to its ‘environment,’ i.e., that vast economic, soaal, cultural,
and political web that we call society. The starting point for this idea of
science is found in historical materialism.”

Nor is science an absolute good. Science and technology have usually
been considered a “magic cure,” but according to structural antidepen-
dency they are not: science is rather merely a prestigious fagade, a wol
governments use to soive urgent national problems; ii is not a panacea
capable of curing the ills of underdevelopment. “There are some fun-
damental fields of technology,” Herrera argues, “in which the re-
search carried out in the industrialized countries is not only not useful
to the developing countries, but it is even prejudicial 1o their economic
interest, at least in the short and middle range.”*

Herrera maintains that Latin America must therefore recapture
technology as an integral part of its culture, turning it from an ex-
ogenous conditioning element into a legitimate mode of expression of
its own values and aspirations.” How can this goal be achieved? The
principal method must be the creation of an autonomous scientific
capabhility in all fields of knowledge, which “means the capacity to
make decisions based on the local necessities and objectives of all the
fields of soctal activity, using both indigenous and foreign scientific
research.”**

Structural dependentistas believe that this cannot be done in a capi-
talist sysiem, implying that it could be achieved only through a revo-
lutionary structural change. Some wish to learn from the Chinese;
others evoke the catalog of “alternative technology” approaches:
worker control, demystification of expertise, reform of work rules,
low specialization, development under the condition of low capital,
local or regional self-sutficiency, balanced economic development, re-
source conservation, low energy use, reduced technological risks. Al-
though there is little specificity, and no consensus, on what is meant,
minimally the argument holds out for labor-intensive technology that

rn
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is easier for people with a low level of technological capaciry to master
and that offers cheaper equipment and operates on a low scale of
production.”

In summary, the structural approach of the critics of dependency is
as follows: the goal of the strategy is to change the “structure of de-
pendency” so that the pattern of development that relies on liberal
economic policies can be redesigned to become “integral deveiop-
ment.” This change requires the severance of many—but not all—of
the chains that link Latin America to the mdustrialized world, inclod-
ing the ISI-sanctioned pattern of technology transfer. Put positively,
the goal of the structural dependentistas is technological self-reliance
and cultural autonomy. Integral development substitutes the entire
array of social advancement, education, working class participation in
decision making, employment, and the economic objective of re-
ducing disparities in income and welfare for the ISI-associated goal
of gradual improvement in living standards through reliance on un-
planned industrialization. But integral development presupposes a
smashing of the existing structures that are held responsible for the
sluggish pace of change. Attainment of the goal of technological self-
determination would break the hold of the center on the periphery.

The means found appropriate for this strategy, of course, stress
the role of the state, once it is no longer under the control of the
“lumpenbourgeoisie.” The economy would be centrally managed,
and the important economic activities would be state-owned. The re-
maining private sector would be permisted to function only within the
goals and targeis set by the state. Technologies appropriate to integral
development would be developed locally, with emphasis on labor-
intensive and employment-creating innovations. Consumer demand
would cease to determine productive paiterns. The importation of
technology is not ruled out, but it would have to conform to the socio-
economic goals of the state, particularly the priority of producing
goods needed by the poorer population. All private investment is sus-
pect, but joint ventures with other Latin American firms are desirable.

The organization and management of knowledge and information would
also be centralized, with all scientific and technological mstitutions
linked to the state, either through central coordinanon of the existing
institutions or through their direct subordination to an appropriate
ministry. Local R & D mstitutions would abandon their reliance on
foreign models of research and foreign industrial routines. A central
council of science and technology would coordinate the government
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with the scientific and technological institutes, developing techno-
logical alternatives and presenting them to the government in matters
where scientific and technological knowledge is required to facilitate
decision making. Once the decisions were made, the councit would
transmit them to the appropriate institutions. It would also have some
functions of oversight and control in the implementation of these
decisions.

The role of the state is the core of the strategy, not just an aspect,
cspecially as the exerciser of rigorous conirol. Centralized control,
through a science and technology council as well as through laws,
must assure that private industry acts within the framework imposed
by the government; that the scientific and technological infrastructure
innovates technologies that are in accordance with the government’s
socioeconomic and cultural goals; and most itnportant, that the im-
portation of foreign technology fits the state’s goals of integral devel-
opment. Direct foreign investment, especially by multinationai corpo-
rations, and other means by which technology is introduced would be
tightly controlled as to quantity and kind.

Pragmatic Antidependency

Basically, pragmatic dependentistas say that dependency is a real prob-
lem: while Latin American nations must learn tw produce their own
technology, they should not cut the links with the external world **—to
question the validity of science and the importance of technology
under rigid ideological canons is not only impractical but also self-
deleating. Thus Luis Carbonell argues that

many social scientists, especially economists and sociologists of
the structurat school, believe that real scientific and technological
change in a developing society can only be achieved after the
prior iransformation of its basic structures. . . . We believe, how-
ever, that currently it is feastble and necessary to design and initi-
ate the progressive execution of programs aimed at effectively
incorporating technology into the productive process.™

Francisco Sagasti, one of the main advocates of this approach, has
conceptualized the principles on which a technology policy of prag-
matic antidependency in Latin America should be based. 1 will sum-
marize his argument before analyzing the approach further.*
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Technological progress is the “continuous and cumulative process
of creation, diffusion, and utilization of knowledge.” Because the pro-
cess is now dominated by foreign interests in Latin America, an indig-
enous technological capacity must be created. This goal calls for a
plan linking the educational, industrial, labor, and R & D sectors.
The more complex the actual interrelationships between these sectors
become, the more sophisticated the plan must be, inspired by eco-
nomic, rather than purely technological-industrial, objectives. “‘Mar-
ket forces” are not enough to promote by themselves technological
development and insure its correspondence with socio-economic ob-
jectives.” The state must help compensate for the disadvantage at
which Latin American importers of technology find themselves vis-a-
vis their foreign suppliers. Latin America’s international bargaining
position must be dramatically improved, so as to obtain the most appro-
priate new technology, not stop the inflow ot technology. “The devel-
opment of an indigenous technological capacity must be guided by a
strategy ol selective interdependence, choosing research fields according
to the possibility and feasibility of importing technology, local com-
parative advantage, the specific needs of the country and the possibil-
ity of exporting the technelogy.” The demand for technology is as im-
portant as the supply; hence policies aimed essentially at improving
the supply through education and promotion are inadequate.

How does this formulation differ from the analysis of the structural
antidependency school? After all, many ot the specifics sound much
the same. What is missing is the structuralists’ universal solvent: the
internal coniradictions produced by class interests and class struggle.

The center is still pitted against the periphery, but the sharpness of

that contradiction is weakened—class conflict within and between na-
tions is no longer an all-or-nothing game. Consequently, the prag-
matists see possibilities for accommaodations that the structuralists dis-
miss as utopian.

A number of practical conclusions follow from this position. Tech-
nological dependency on the industriatized world can be reduced
without a global revolution, and a new symbiosis with the North can
be worked out. Because technology is not conceived of as embedded in
the structural givens (Herrera's “implicit” setting) of Latin American
society, technology can be considered a marketable merchandise whose
utility, given certain economic priorities, can be evaluated in its own
right, Technology, in short, is relatively autonomous. Therefore, who
owns the technology is no longer the sole criterion underfying policy,
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though it remains central. Since “structures” do not determine “func-
tions,” foreign ownership can be tolerated under appropriate controls.

Because in this approach no zero-sum conflict situation exists, a
simple reassessincut of the relations of the developed and the devel-
oping countries will allow Latin Americans 1o achieve more control
and independence in their development deasions, making them mas-
ters of their own destiny.®® In the very short yun, pragmatic anti-
dependency may inply some conllict between Latin American gov-
ernments and foreign sources of wechnology, but after a period of
readjustment “ways of doing business” beneficial to both sides will be
found, especially in the form of joint ventures, If foreign enterprises
could gain the confidence of the Latin American governments and
the latter could have conlidence in themselves, it is believed, a mutua-
ally supportive relationship could develop.

Pragmatists believe that science and technology are important to
economic and social development, and the aim is to create the proper
conditions for them to fulfill their role. At the same ume, the “nega-
tive” effects—that 1s, dependency on technology—must be mim-
mized, and now, because 1t is impractical to wait untl] drastic socio-
economic structural change occurs.

Pragmatists do not deny that technology is embedded in culture.
But they take for granted that Latin American culture requires tech-
nology and should assimiiate it. They are relauvely indifferent to the
cultural critiques of technology of some structuralists; hence ques-
tions of ownership are less important than considerations of design,
production, and inclusion in policies of overall modernization. What
matters is functional control over technological innovation.

The attainment of this objective requires a well-constructed scien-
tific and technological policy properly integrated into the nation’s de-
velopment plan. As Wionczek puts it, “In operative terms this means
the creation of an assemblage of direct science and technology instru-
ments and the readjustment of many instruments of other policies
that, indirectly, have an influence on the functioning and the develop-
ment of national science and technology.”*

The foreign presence in a local economy thus fulfilis an indispens-
able function for the achievement of national development policies.
Pragmatists agree with structuralists in preferring indigenous to im-
ported technology, but they admit that foreign firms, if properly
guided, can furnish the necessary knowledge and capital much more
rapidly than could a policy of complete self-reltance. Foreign tech-
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nology is not to be rejected; it must be mastered and subjected to a
national development plan. Pragmatists take for granted the con-
tinuation of a considerable technology gap between the industrialized
and the developing countries. However, they believe that a policy of
guided imporiation would nevertheless give Latin America the ability
eventually to disaggregate the multinationals’ “packages” and adapt
the compeonents to tocally devised priorities, “There is, thus, a genera-
tive relationship between the import and the generation of tech-
nelogy; through an intelligent handling of the former, we can supply
‘work’ to the system of generating technology, providing for its sup-
port and for its expansion.”*

In contrast with the haphazard practices of ISI, the marriage of im-
ported with indigenously developed technology demands an active
Latin American R & D policy of deliberate innovation, geared to
meeting the economic and social priorities shared by the pragmatists
and the structuralists. But the pragmatists, uniike the seructuralists,
believe that this can be done now, even in the absence of social revolu-
tion, by strengthening the scientific and technological infrastructure,
thereby weakening dependence on foreign research. This calls for
systematic coordination of the state, the private sector, and the educa-
vonal-research system, as urged so elogquently by Sabato. But the
pragmatists differ from the structuralists here again by arguing for a
full-fledged national technology “regime,” perhaps even an inter-
national one: a systein for coordinating the separate parts rather than
for centralizing all power in the state. '

The state thus plays a central role in this approach, but industry
enjoys considerable independence. Under the broad framework of
control and restrictions imposed by the government, industry is free
to buy foreign technology. Government and industry together stimu-
late technological innovation and the diffusion of both imported and
nationally developed technology. Scientists must act within the frame-
work of the scientific and technological plan, which reflects the de-
velopment plan of the country but which permits much indepen-
dence—more than under the structural antidependency approach.
The state intervenes, but not too much; industry acts within govern-
mental guidelines, but not exclusively; a free market is retained, but
only to a certain extent; the scientific establishment remains indepen-
dent, but only under the framework imposed by the state’s science and
technology plan.*

An insightful comment by Charles Anderson summarizes the be-
liefs of the pragmatic antidependency school:
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Rather than true believers, Latin America has been more apt to
produce maddeningly eclectic political ideologists. Although this
ideological heterodoxy is the despair of sterner folk who like to
keep their doctrines in good order, it may be one of the greatest
assets of Latin American politics. The Latin American inteili-
gentsia has, by and large, remained skeptical, open to experience.
Seldom has an alien philosophy been accepted nationally as defin-
ing the “right way” to change. The dominant theme in much of
Latin American social thought seems to be that it is a bit peculiar
and impractical to anathematize either the Marxists or the British
udlitarians, to consider either as the prime enemy of the social
order.”

Although pragmatic dependentistas sometimes refer to techno-
logical autonomy as their ultimate goal, their immediate goal is tech-
nological self-determination. This goal is instrumental: its basic pur-
pose 1s the achievement of socioeconomic development, defined as
growth and programmed domestic income redistribution. 1t differs
from the goal of the technological laissez-faire strategists in stressing
the nonautomatic nature of welfare improvement; and it differs from
that of the structuralists in accepting as necessary some intermediary
steps that would lead 10 technological self-reliance and not consider-
ing dependency derivative of the international class system. Because
the pragmatists postulate no single cause of dependency, they see no
need to sever technological links with the North. Instead, techno-
logical self-determination means simply the creation of an autono-
mous capacity to innovate and adapt, implying the ability to channel,
control, and subordinate the foreign investor to overriding national
economic development goals and plans. The pragmatists do not find
it necessary to define their chjective as the creation of a Latin Ameri-
can cultural identity that equates imported technology with Western
cultural exploitation.

These goals call for the creation of technology regimes: “the assem-
bly of dispositions that regulate the production, trade, distribution,
and utilization of the technology necessary for the achievement of the
goals of industrial policies.”*® Such a regime includes both a tech-
nology plan, which serves as the “knowledge component” of the over-
all economic plan, and an ambitious informational infrastructure, to
be discussed below. In gearing technology to economic planning,
Sagasti distinguishes between horizontal and vertical policies. Hori-
zontal pelicies formulate technological rules applicable to all eco-
nomic sectors, whereas vertical policies are careful to distinguish
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between the productive entities to be influenced. Contrary to the
structuralists, Sagasti advocates policies that allow for differences in
size and number of factories and in patterns of ownership. No single

technology policy is then possible, and planning becomes much less

monolithic—though perhaps not less demanding. Technology is seen
to possess some attributes related to economics and engineering, not
simply cnes derivable from historical materialismm. The notion of re-
gimes thus acts as a conceptual roof over more detailed considerations
of means, the management of knowiedge, and the role of the state.

The aims of coordinating the activities of domestic and foreign in-
vestors and of guiding technological innovation and diffusion make
the means for guiding and controlling invesiments the core of the
pragmatic approach. Pragrnatists want to motivate dorestic entrepre-
neurs to mnovate; therefore means must be found to subsidize risk
taking. Because they wish to encourage learning-by-doing, direct tor-
eign investments featuring “technology packages” must be discour-
aged. Multinational operations that depend on {oreign-controlled
subsidiaries are suspect. Uncoordinated licensing of foreign patents is
undesirable. Joint ventures defined and controlled by Latin American
authorities are the preferred means of encouraging transfers.

Learning-by-doing requires that enterprises perform the key tech-
nological activities themselves, including product-design, marker re-
search, and marketing. Pragmatists therefore cali for disaggregation
of the technological package. This disaggregation—the lack of which
is most vividly typified by the use of “turn-key” plants {{ave en mano)—
allows the national enterprise to differentiate between the necessary
and the superfluous and to identify the componenis of technical
knowledge that will enable it to master imported technology. Other-
wise, buying a “black box” package might lead to the unnecessary pur-
chase of many components that could easily be preduced locally. The
disaggregated technology is called a “white box.” Because it is not easy
10 jump from a black box to a white box, a “gray-box” stage has been
suggested in which one turn-key project at a time is disaggregated.
When the white-box stage is reached, technology and capital goods
can even be exported.”

Obviously, none of these means can be deployed effectively without
vast improvement in the management of knowledge and information. The
pragmaitists’ list of things to be better understood is long and exacting.
Information and coordination systems must be created to effectively
link demand for technology-—redefined according to forecasts, not
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the free market—with the supply to be produced—again, in onon-
market terms. This demand for technical knowledge involves many
new actors, including, for example, the ministries of industry, econom-
ics, agriculture, and mining; industrial credit organizations; chambers
of commerce; professional associations; and Lrade unions.

A new network of institutional interconnectuons must be created,
one clearly different in organizational structure from traditional sci-
ence, which was supported maialy by small research centers and edu-
cational enuties. This network serves an informational function of
“systematic forecasting.” It requires the reorganization of higher edu-
cation to train iechnical personnel in foreign technology and its adap-
tation to local needs, as well as the enlargement and further cen-
tralization of existing R & D institutions. Patents cannot be selected
wisely without information retrieval systems, and 1echnology cannot
be selected unless the machinery is understood as part of 4 productive
process divected at the social and economic objectives of income re-
distribution. Bul without systematic forecasting of trends and possi-
bilities throughout the economy, there would be no way of estimating
the task of the R & D centers, the need for techmical manpower, the
credits and fiscal incentives needed 10 motivate the private sector, or
the kind and type of joint ventures to be contracted for with foreign
firms.

‘The role of the state and its agencies is most important in the prag-
maltic approach. The main forecasting role is assumed by the national
councils of technology, which give orientation in selecting scientific
and technological alternatives, coordinate the components of the na-
tional technological regime, and stimulate the government, private in-
stitutions, and universities to be active members of the regime. These
councils straddle the public, private, and educational sectors. In addi-
tion, interministerial councils coordinate the scientific and techno-
logical activities of governmental agencies proper, and there is room
also for private independent councils, either geographical or func-
tional in form.

The main task of the councils is the preparation of an indicative
national plan for science and technology. The plan should explicitly
enunciate the guidelines for science and technology’s contribution to
the broader goals of national development. It should deline the prin-
ciples, goals, means, institutional framework, budgets, and regional
and international arrangemenis by which national science and tech-
nology policies could be pursued.
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T'he state must also issue the regulations that determine what kinds
of foreign enterprises may establish themselves, the percentage of
foreign capital allowed m foreign-owned plants and banks, the condi-
tions goveruing the repatration or reinvestment of profits, and the
rate at which multinationals must “fade out” from their subsidiaries.
International collaboration may become desirable if such regulation
has the effect of merely encouraging muliinationals to move from one
country to another. In short, part of the state’s role is to elaborate a
comprehensive code of conduct for technology transfer. So is partici-
pation in regional investment allocation schemes and in the explora-
tion of possible joint ventures among Latin American enterprises,
leading to the formation of Latin American multinationals.*

Moreover, the state is itself an actor in the process of industrializa-
tion. In Latin America some manufacturing enterprises and many
public utilities are state-owned and -operated, and state selection and
purchase of new technical processes and equipment for extractive en-
terprises that have been nationalized in past years also has a major im-
pact on overall technological development. The state is also able to in-
sist on the modification of patent agreements thought to be averly
restrictive for their local licenses. There is arising

a gradual consciousness in different Latin American countries
that state purchases can be used as a powerful instrument for
technological development. . . . The state is the most important
customer of the production of goods and services in the majority
of ihe developing countries, and it underiakes . . . large invest-
ments that incorporate complex technologies. Thus, it can
broaden the market for the national products through orderly,
vet increasingly complex, programs for the purchase of goods
and services, which allows it to impose technical requirements to
enhance quality, to reduce costs, and to establish strict terms of
delivery, thus promoting the technological progress of the pro-
ductive sector.”'

These constitute the universe of ideologies and strategies that have
informed scientific and technological policy in Latin America. No
single one is expressed perfectly in actual government policies. Each
ideclogy, however, acts as a cognitive simplifier in policy making. Each
suggests what nations can be expected to achieve and what behavior
vis-a-vis foreign actors should be.

The Policy-Making Process
and the “Subversive Elites” 4

Science and Technology Policy Making

Policy-Making Level of Analysis

Many of the studies on science and technology in Latin America over-
look policy-making questions. Most of them are written by economists
who rarely pay attention to political processes. The study of public ad-
ministration and policy making in developing countries, and in Latin
America in particular, is a very small field, and few attempts have
been made to link 1t with political economy in that setting.'

The policy-rnaking process in science and technology can be seen
in the context of Graham Allison’s seminal study of decision making
during the 1962 Cuban missile crisis. Allison distinguishes three con-
ceptual models of decision making and its implementation—rational,
organizational process, and bureaucratic politics—which he then ex-
emplifies with particular cvents of the crisis from the U.S. point of
view.? Each mode! represents a different cognitive map on which
knowledge is arranged and explained. My concern is with the con-
ceptual approach of each model, rather than with the way Allison ap-
plied them.

83
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The rational model is the one most commonly applied to the sub-
ject of science and technology. Thus the major portion ol the litera-
‘ture focuses on what the state has done or should do with regard to
science and technology policy, dependency, and foreign investment
and the mulénatonal corporations. This tradition 1s rooted in both
economics and comparative politics.

But viewing the state as an actor when we do deal with policy, espe-
cially with policy change, has merit only if we recognize the other two
models. The reason is simple. People within the government, state or-
ganizations and bureaus, interest groups, and private asscciations
may have ideological differences over an issue. Thus only through the
organizational-process and bureaucratic-politics models, which dis-
aggregate the actors in a policy-making process, can we become aware
of the various ideologies and how their differences affect policy. That
is why when we study what the state has done, is doing, or should do
we are in fact “covering up” for all that happens among individ-
uals and organizations, and although we may well be able to describe a
set of polictes and actions, it is unlikely that we could explain them
or the reasons why they change. The organizational-process and
bureaucratic-politics approaches in particular allow us to look for
piecemeal, incremental changes—"“old-boy” networks, special ad hoc
relations, informal relationships—that otherwise remain out of sight.

Because policy is made by people with differing perceptions, when
a change in political regime occurs, not only do the individuals change
but so do the criteria for evaluation, the orientation toward policy and
bureaucracy, and the relative weight given to industrial development
and science and technology. Similar changes occur within state institu-
tions, where some may share the ideas and ideology of the new regime
while others may disagree but will nevertheless stay in their jobs.

Public Policy Making in Latin America

We can best characterize Latin American bureaucracies by what Fred
Riggs calls overlapping: “The new formal apparatus, like the admin-
istrative bureau, gives an illusory impression of autonomousness,
whereas in fact it is deeply enmeshed in, and cross-influenced by, rem-
nants of older traditional social, economic, religious, and political
systems.”?

Overlapping is linked to what Riggs terms formalism, which can be
explained through the metaphor of a map that is supposed to repre-
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sent reality but, because it is poorly drawn, does not. “A law which is
formalistic séts forth a policy or goal which is not, adminsstratively,
put into practice. Social behavior does not conform to the prescribed
norm. Thus legalistic administration is a particular kind of formalistic
systern.”* Formalism leads to ambiguity, which allows for a variety of
personatized choices by the enforcement officials.

In Latin America there is frequently no separation between the poli-
tics of an issue and its public administration. Where the distinction is
made, it is blurred in the policy-making and policy-implementation
processes.® This has its consequences. For example, entrepreneurs
must rely on political “tricks” to circumvent rules and regulations 1o
get what they need or even ro get information about current science
and technology regulation to really understand it. Because these regu-
lations change frequently, uncertainty is high and only the political tie
or mfluence confers some siabilily on the process. As one Argentine
industrialist said: “The government is very inefficient. Once some-
thing has been introduced and approved, in our favor and at a favor-
able time, we need to take advantage of it immediately. Otherwise one
becomes a victim, for the legislation has no ideological consensus and
no unifying plans.”

In contrast to the tight operating procedures of bureaucracies in
developed countries, oral communication, family ties, and friendship
often form the basis of Latin American decision making. It may also
happen that actions are 1aken even in the absence of policies, laws, or
regulations-—they may be carried out in the spirit of the ideology of
the political regime in power. Several Argentinians who participated
in the Peronist government between 1973 and 1976 said that restric-
tions on foreign capital and technology transfer were applied before
the new regime had time to consider a new law and enact it. They de-
scribed such actual changes instituted prior to any formal legislaiive
changes as “the regime’s spirit.”

An additional feature of Latin American policy making is that
governmental decisionmakers become “bureaucratic entrepreneurs”®
themselves when the government sets up state enterprises to promote
some sectors or Lo compete with foreign enterprises. And because

development administration implies change and major change
implies the need for political support, it is not surprising that
development administrators and bureaucratic entrepreneurs
tend to diagnose the possibilities close to the seats of power: the
office of the president, an important minister, or the head of an
agency. . . . It provides the reason, of course, for proposals to at-
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tach national planning agencies to the office of the president or to
the cabinet, or to relate them, at the very least, 10 a very powerful
ministry, such as Finance. In order for a new service or organiza-
tion, or a wransforming old one, to be effective, however, there
must be the awareness of need, at political levels, and continuing
commirments of support by political elements.”

Latin American bureaucracies deal with science and 1echnology
tssues in a compartmentalized way. Each ministry, institution, or group
is staffed by people of differing ideologies and therefore acquires its
own organization ideology, which leads to conflict and confrontations
with other organizations involved in the process. Sometimes these
conflicts are solved in the give-and-take fashion characteristic of bu-
reaucratic politics. Ctten, though, agreement cannot be reached, and
ministries and institutions continue to work at cross-purposes, each
using 2ll the means at its disposal to further its own position and ide-
ology and even to obstruct action on the part of its colleagues.

Military governments sometimes introduce expediency and some
discipline to the bureaucracy. Although under strict military rule non-
state institutions, and even state insticutions, might have only very re-
stricted leverage, there are often good reasons for technocrais and the
military to work together (see n. 15, below). Because the military is
interested not only in authority but also in legitimation, in many cases
the desire for the latter dilutes the impact of the former.

The high level of centralization in Latin American governments
makes influencing the decsionmaking process difficult. Thus the
arena for change, either by influence or by obstruction, is the imple-
mentation procéss itself, especially when the state does not possess the
necessary penalty and reward mechanisms to elicit compliance with
laws and regulations. As Merilee Grindle remarked:

Political elites, by choice or by inability to change the situation,
may regard the implementation process as a political one in which
a considerable amount of adjustment must occur. Flexibility in
policy execution may even be part of a polity-wide accommoda-
tion and conflict resolution system used by political elites to main-
tain the often tenuous cohesion of the political community

itself. . . . Given the concentration of political activity on the im-
plementation process, it is likely that policies and programs will be
even more difhicult to manage and predict and even more subject
to alteration in the Third World than elsewhere.”

Laws and regulations are thus only the tip of the iceberg.
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Planring and Policy Making

In mixed economies such as those of Argentina and Brazil, planning
is policy making. Once a plan has been approved by the political
actors it becomes a command for action—action that sometimes does
not occur. Robert Daland, in a study on Brazilian planning, has found
that the preparation of a narnional development plan tends to have
positive values for the maintenance and survival of the regime, while
the implementation of such a plan tends to have the opposite effect.”
On the one hand a plan, as a declaration that a regime knows what it
warts, serves to legitimate the regime and build consensus; but on the
other hand the plan hecomes a divisive factor owing to the conflict
and lack of consensus in the implementation process. Thus planning
remains the very personal product of its immediate sponsors,'® be
they the ministry of planning, the president, or a bureau. Given that
the planner is usually an economist who might react to short-range
considerations, and in view of the vagueness of and conflict over goals,
the implementation of saence and technology plans (in contrast to
their enactment) tends 1o depend on the degree of ideological consen-
sus within the bureaucracy. Where competing interests, low consen-
sus, conllicts, and stalemates characterize the bureaucracy, we could
expect enacted pians to belong to the formalistic gallery of laws and
regulations. :

To illustrate this point we can use the bargaining and compellence
types of societies discussed in Chapter 2. The results of their jux-
taposition with a low and a high ideological consensus are shown in

Table 2.

The “Weathermakers”:
Intellectuals and Political Action

In his old age [Hermann] Hesse wrote a lengthy novel, The Game
of the Glass Beads, which deals very much with the subject being
discussed here. He described a utopian state, Castalia, ruled by
philosophers whose pastime is a difficult and sophisticated game
played with glass beads. Hesse has woven into the novel a story
about a weather maker of olden days. After learning the trade
from the preceding weather maker of the tribe, this man had
acquired, following a lifetime of observation and experience, the
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Table 2.  Planning, Type of Society, and Ideology

Bargaining

Ideology

Low Conscnsus

High Consensus

Planning interferes with

Bureaucracy helps to imple-
societies hureaucracy and leads to ment plan. Input of dif-
bureaucratic conflict. Plans  ferent groups is added to
remain formal, and cnly preparation and implemen-
bits and parts are imple- tation of the plan. Plan has
mented. Very little resem- greater chance of influenc-
blance between plan and ing policy.
action.
Compellence  Either the plan fails to in- The political leaders de-
societies Huence action because the mand, the bureaucracy goes

compelling actors have no
mechanisms for producing

aleng, and planning is
turned into action.

and implementing it, or the
plan is imposed on burean-
cracy through repression
and purge, without bright
prospecis ol success.

ability to sense the course of the weather, to predict it, in some
cases even to change it. He was the medicine man, the sheman of
his tribe, not its chief, But, in his way, he was just as important to
the tribe, for the chief ruled within the climare the weather maker
predicted and shaped."

In their role as producers and diffusers of ideas, intellectuals can
be seen as weathermakers who shape political events and change.’?
The weathermakers predict and shape the political climate in the fol-
lowing ways: Intellectuals create the assumptions, preconceptions,
and presuppositions that people “absorb almost by osmosis from their
mental environment, of which they are frequently not fully aware, or
in any case seldom mention since they take them for granted.” * intel-
lectuals are bearers of ideology and creators of uiopias, and by their
role, usually indirect, in the policy-making process they are also partly
responsible for turning utopias into reality.

Intellectuals create and mediate new values. Because they usually
go abroad to study, intellectuals are exposed not only to information
but also to new values, and these they transmit to their own societies
and see integrated into the traditional system to form new hierarchies
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of values. Intellectuals are also instrumental in the creation of devel-
oping countries’ self-images, both about themselves and about theni-
selves vis-a-vis other peoples. Images that incorporate nationalist and
indigenous cultural notions, such as “autonomous technology” and
“culturally relevant technology,” are representative.

Intellectuals are involved in and have an effect on the policy-making
process in their role as advisers to policymakers and as policymakers
themselves, and by creating and contributing to ideas that “stay
around” in books, articles, and other communication media, they in-
fuence other actors. But one of the most common, and most signifi-
cani, ways the intellectual affects the policy-making process is by be-
coining a technocrat.

As Aloysio Biondi remarks:

But, who are these technocrats, really? And who are the human-
ists, these beings with a long political vision, really? It is simple.
The economist who teaches in the university, and takes a position
critical of the process, is 2 humanist. The same econormst, when
he accepts a position as a state official, automatically should be
talled a technocrat—even if in his position he applies his human-
ist viston to the administration. A socielogist who spends his life
studying the world of the shanty-town dwellers ( favelados) is a hu-
manist. The same sociologist, when he accepts work with Housing
Planning (Plano Habitacional), automatically is downgraded 1o a
technocrat, even if, in his position, he will apply the experience
he gained in the “humanist” phase.™

Whereas technocracy exists under all kinds of political regimes, the
military-authoritarian type of government tends to upgrade its im-
portance.”® For example, in Latin America the técnico economista, or
economist-technician, has “become an integral element in the decision-
making process.”' Economists themselves agree that “the days are
over when politicians made arbitrary decisions independently of tech-
nical considerations. Today, if the President says do this or do that, he
usualiy says it in view of some studies or advice he has received from
technicians. It is 2 changing situation, a gradual involvement of tech-
nicians into the political discourse, it is a going process.”” Many Mexi-
can econonsts feel they have insullicient access to power, and this
may be partly true; but as Daniel Cosio Villegas has pointed out, al-
though these professionals come to their positions as technicians, and
never in a political role, “us long as they enjoy the confidence of the

president, their secondary or dertved power is considerable” {emphasis
added)."
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Subverstve Elites

We can find in different societies individuals whose aggregation 1 call
a subversive elite," Their ideclogy about the nature of politics and eco-
nomics differs from that of the established elite, nevertheless, because
they have some access to the decision-making channels and structures,
they succeed in geiting their tdeas through to the decisionmakers.
This ability to mfluence policy and action, either overtly or indirectly,
is what makes them an “elite.”

Who are the individuals who qualify for membership in this sub-
versive elite, this group capable of the subtle penetration of ideas, ide-
ologies, beliefs, and expectations? Only those who deal with such
things professionally, those in charge of producing and propagating
ideas: intellectuals—professionals in the arts and the humanities and
social sciences as well as scientists and technicians. They all share a
very valuable resource: knowledge, which can be used both for pro-

duction and for domination. The subversive elite 1s thus composed of

experts: economists, sociologists, political scientisis, and historians,
physicists, engineers, and chemists.

If intellectuals agree with the main precepts of the established
elite’s ideological positions and actions and are involved in the policy-
making process, then we can say that they are part of the elite—the
cultural elite, as some would call them.™ If they disagree with the
ruling elite ideologically but still influence, at least somewhat, the evo-
lution of ideas and the decision-making process, they are part of the
subversive elite. As the state’s strength increases many technocrat-
intellectuals respond to the call to “serve the state,” producing a clear
channel for the Aow of subversive-clite ideas.

Egalitanian-Nationalist
Weathermakers 1n Latin America

Intellectual Naﬁonalﬁm and the Philosophical
Roots of Dependency and Self-Reliance

At any given time there are philosophical conceptions that charac-
terize a nation or a group of nations. They influence intellectuals and
their aspirations; therefore they also influence planning, policy, and
change. Adrien Taymans asked:
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Is it not remarkable that both Marx and Schumpeter developed a
theory of economic change, precisely at a time when scholars in
almost all scienices were interested in eveolution and progress? And
is 1t not more noteworthy that Marx worked along a determinisac
line, at a time when determinism was favored, while Schumpeter
exalted personal initiative and responsibiiity? . . . This is only one
instance to show how far economic theory is engaged in the ideas
of the time.”

The ideology of egalitarian nationalism as expressed in Latin Amer-
ica and the ideas of dependency and self-reliance it generates are cen-
eral to this study, being representative of the ideas “pushed up” to the
circles of power by subversive elites. I will therefore attempt to pro-
vide some clues as to why egalitarian nationalism is so strong among
intellectuals in Latin America and why Latin Americans have been
pioneers in conceiving the ideas of dependency and self-reliance and
then diffusing them to the Third World, to the point where today they
figure in the agenda of international deliberations between North and
South. The following paragraphs do not pretend to be a philosophical
study of the Latin American intelligentsia; it has too rich a history to
be dealt with in such a simplistic way.

These ideas are most deeply rooted in the concern of many Latin
American intellectuals over questions such as, “Who are we and in
what way are we different from others, especially North Americans?”
This Is, in the words of Francisco Miro Quesada, a very real “crisis of
identity.”* On the one hand, egalilarian-nationalist intellectuals, edu-
cated in the European or American tradition, embrace the goal of
modernization. Thus they take from other cultures scientific and
technological concepts, devices, and knowledge that they believe will
help in the process of modernization and economic development. On
the other hand, they are imbued with traditional values and a belief in
the culture of their people. They want their nation to be recognized
and they resent those who consider it inferior.

The egalitarian-nationalist intellectuals also suffer from a crisis of
confidence that reflects present and, even more, past differences
in administrative, managerial, educative, and scientific approaches.
These intellectuals resent the fact that the tools of modernization can-
not be acquired within their own nation-state, and they experience the
“nationalistic pain” of not being able to “catch up.”

Because of these crises of identity and confidence, the egalitarian-
nationalist intellectuals perceive dependence as coercive. They do not
experience inferiority complexes, at least not always, but they do feel
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that as long as something native is not created to compete with the
foreign, the native society is not vindicated. ‘1 he type of nationalism
involved is in part an “effort to find self-respect, and to overcome
the inferiority of the self in the face of the . . . power of the foreign
metropolis.”*

The egalitarian part of the ideology has its roots in Marxist theory,
on the huwmanist rather than the historical-determinist or “scientific”
side. These Marxist-humanist ideas have a symbiotic relation with na-
tionalism. The politics of egalitarian-nationalist intellectuals contain
both socialist and populist elements, but these are “secondary to and
derivative from their nationalistic preoccupations and aspirations.
Economic policies have their legitimation in their capacity to raise the
country on the scale of the nations of the world. The populace is
transfigured in order to demonstrate the uniqueness of its ‘collective
personality.” The ancient culture is exhumed and renewed in order to
demonsirate, especially to those who once denied it, the high value of
the nation.”* "T'his accounts for the intellectuals’ advocacy of state in-
terveniion in eConomic matters,

The humanist-idealist orientation does not conflict with the Latin
American intellectuals’ modern educational background and ideas of
progress; it is merely added to it. The combination produces the eclec-
tic mixture of philosophies that 1 described in the last chapter as “prag-
matic antidependency.” Thus, when these intellectuals make “choices”
about desired goals and means for national progress, they apply the
maodernist, rational, and utilitarian tradition (so much resented in
José Enrique Rodo’s Ariel}* of their Northern counterparts as well as
a measure of European humanism and idealism. In this way they are
able to look at the future without losing sight of the past.

The egalitarian-nationalist intellectuals cannot separate the two
craditions: they cannot simply look back to humanism and tradition
and cut the links with modern symbois and sources of knowledge, nor
can they remain indifferent to their perception of nations “working
for other nations” and “human beings remaining outside the benefits
of modernization.” They are thus pragmatic; they do not want to get
rid of the foreign investor and foreign technology, but they are em-
phatic about the terms they want and they look forward to the day
when their country will no longer need the foreigner.

For example, egalitarian-nationalist intellectuals who study in for-
eign universities bring back new methods, values, and ideas about
how to connect bits of information and about physical causes and
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effects. Systems analysis is a case in point. But when applied to local
problems, these tools often prove inadequate to the task, While they
may Or may not acquire a new meaning to fit the new circumstances,
these imported techniques certainly validate the nations desire and
need (o create something, different if possible, by itself.

Dependence is seen as coercive because it huris the intcllectuals’ na-
donal as well as humanistic, idealistic, and egalitarian conscience. The
solution for all these conflicts thus becomes self-reliance. If Rodé were
living today, that is what he would advise: fulfillment and self-creation.
The reduction of coercive dependence and the achievementi of na-
tional or regional self-reliance is thus the “affirmation of man through
his own creation,”* through his own science and technology.

Egalitarian-nationalist ideas in Latin America are not confined to
the last part of this century—the Mexican Revolution may have been
the first large event influenced by them. But it is possible that too
much post—World War II optimism about the prospects for rapid de-
velopment hindered the maturation of ideas and theories of depen-
dency and self-reliance. “Magic” solutions such as ISI were thought to
be the trick, and egalitarian-nationalist aims were thus “externalized”
or put on hold. But when solutions proved o be not so magic, frustra-
tion touched the most vulnerable areas of the egalitarian-nationalist
sensibility; the result was a cry for reform embedded in a theory of
dependency: for “sch-determination” and “self-reliance.”

The Pragmatic Antidependency Guerrillas

“Immediately after the end of the war,” writes Edward Shils, “T met
Leo Szilard through some old Weimar friends. For a short time we
formed a two-member alliance; Szilard conducted and tried to contrel
a vast network of such two-member alliances. He was a wonderful
man but he was a conspirator, a benevolent conspirator, . . . benign
and warmhearted . . ., but a conspirator nonetheless. He regarded
politicians as instruments, not as collaborators.”® Conspirators, as
Shils cails Szilard, the famous nuclear physicist, are “subversive”; they
use guerriila tactics, with ideas as their weapons.

In the first country I visited during one of my research trips 1
talked with an energetic intellectual who specializes in science and
technology questions for his government and for regional and inter-
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national organizations. Today he is considered a major Latin Ameri-
can authority. As I asked about the story of science and technology in
his country and how policies were born and evolved, he began to talk
about the role he and others played, which in the 1970s was quite con-
siderable. “You see,” he said, “we were all the time trying to influence
these people to accept our ideas. In fact, I am going tomorrow to meet
with government officials to discuss what our strategy should be and
how we can preserve our achievements. We cannot let them rest, we
work like a guerrilla, creating a space for maneuver. . . . We need to create
a new ideoclogy, to provide a4 reinterpretation of the role of science
and technology in the condition of underdevelopment.” Another
bureaucrat-intellectual, working for the Andean Pact, added: “Once
we are in the administration we make heroic decisions.”*

These ewo gentlemen, like many others I came to know, are part of
what [ call the Latin American pragmatic antidependency guerrillas.®
They use ideas as weapons in their studies, in their work for and
within the government, in their formal and informal linkages with
politicians and other high administration officials, always trying to in-
fluence policy with varied degrees of success. What makes the prag-
matic antidependency guerrillas a subversive elite to the full extent of
the term, and what makes them powerful, is the authority these intel-
lectuals can acquire in their own countries and in regional and inter-
national forums where they represent their countries. “Because of
this authority,” writes Hirschman, “the process that in the realm of sci-
ence and technology is known as the protracted sequence from inven-
tion to innovation often takes remarkably little time in Latin America
with respect to economic, social, and political ideas.”* In Latin Amer-
ica, then, cognitive change occurs rapidly and creates the conditions
under which the pragmatic antidependency guerrilta operates,

The pragmatic antidependency guerrillas are not a monolithic
group. Each individual has his or her point of view and gives different
advice to policymakers. Policymakers, as will be shown in the empirical
section, tend to look to intellectuals for help that fits not only their
ideological perspectives but also their political interests. And in many
cases policymakers are good at setting one intellectual against another.
Nevertheless, {rom a broad ideological perspective, the pragmatic anti-
dependency guerrillas stand as a distinctive dependency-conscious
group that has driven and probably will continue to drive the policy-
making process toward scientific and technological autonomy.

These intellectuals were not always understood or accepted by their

Policy Making and the “Subversive Elites” g5

governmentis, but through their publications and their work as tech-
nocrats they often succeeded in influencing the policy-making pro-
cess, both directly and indirectly. They helped in the creation of new
institutions and became part of the planning process and decision
making. Although their impact has been haphazard, their influence
on the consciousness of other actors and on the process of cognitive
change, that important prerequisite for political change, has in some
cases been extensive.

An organization that has actively and passively influenced policy
through the transmission of ideas and ideology and from which prag-
matic antidependency has drawn abundant inspiration is the Eco-
nomic Commission for Latin America (ECLA: Spanish, CEPAL). In
all the subject countries there was general agreement that ECLA was
very often the catalyst in the process of cognitive change. “In a certain
way,” said a former Argentine minister of economy, speaking of the
change in economic policies in Latin America, “they [ECLA] were
the baby’s parents.” This influence was twofold: ECLA influenced the
Latin American intellectuals, who later influenced politicians; and it
also influenced politicians directly. For example, José Peliicio of Brazil,
an economist who s regarded as the major promoter of science and
technology in Brazil during the 1970s and who strongly influenced
Joio Paulo dos Reis Velloso, former Brazilian minister of planning for
ten years, admitted that ECLA's effect on him had been considerable.
At the same time, Velloso said that he too had felt an impact from ideas
cepalinas. In effect, ECLA succeeded in turning itself into a “focus of
Latin American identification . . . of autonomous, creative, and new
thinking,” because it bad the capacity to “recruit the best people . . .
and . . . provide them with adequate financial support for their stud-
ies, their geographical mobility, and their standard of living.”*'

Ramon H. Schulczewski, deputy director of the science and tech-
nology division of the ministry of planning in Bolivia, said: “Nobody
knew what development was until the first CEPAL. They conquered
Chile, and Chile with its ideas conquered Bolivia. Development be-
came fashionable. These ideas were taken up by a group of engineers
and economists with influence in the government. What they did was
conceive a ministry of planning.”

Figure 3 graphically portrays the ways intellectuals affect the policy-
making process with the aim of bringing about economic change. One
important means by which a subversive elite such as the pragmatic
antidependency guerrillas can influence policy making, given that in
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Figure 3. Imtellectuals and the Policy-Making Process
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most cases the politicians have other ideological views, do not under-
stand many of the problems involved, or even care little about science
and technology questions, is what we may call the émplicit ad hoc alliance,
by which the king rules and the intellectual “makes the weather.”*
Such allisnces are based on mutual needs, mutual interests, and the
short-term objectives of the decisionmakers.” I will review some of
the elements that describe the creation and workings of such an al-
liance and that allow the pragmatic antidependency guerrillas to place
their ideas at the center of power and to implement them. (The fol-
lowing points should be viewed as hypotheses, not as facts; there may
also be significant differences between countries. )
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I. When dealing with economic development, with its complex
political-economic issues, both national and international, the
decisionmakers rely on the tcnicos and their expertise to explain
the available alternatives. The “strength of the technicians,” wrote
Raymond Vernon, describing the Mexican téenicos, “lies not so
much in their powers to shape policy directly as in their capacity
to choose the technical alternatives which are presented to their
political masters. But this is a very potent force in itself. And when
the instructions from above are ambiguous or when the situation
calls for technical action in the absence of insiructions, the power
of the technician is enhanced even further.”*

2. Decisionmakers often lack knowledge and understanding of sci-
ence and technology and of their implications for economic devel-
opment and, even more, for society. Intellectuals may then not
only serve as technical advisers, but they also may be the first to
confront the decisionmakers with the problems involved in devel-
opment; they become the “eye openers” and only source of knowl-
edge for the political elites.

3. There is often a sense of urgency in the actions of decisionmakers,
whao are keenly concerned with the question of legitimation. This
is especially true when leaders have come to power through un-
democratic means and must demonstrate their superiority over
the vanquished regime. Thus they turn to intellectuals for quick
solutions. But this urgency often does not allow them time to
choose among plans or even among intellectuals: they grab what
is available.

4. Many top decisionmakers, whether civilian or military, were long

ago sold on stale planning as a strategy to achieve economic goals
and to allocate values and resources to society. Other adminis-
trators gained an appreciation ol planning through cducation at
home and abroad, and still others may have been receptive to
planning because they saw it as a wrend.® As planning becomes
more fashionable—and we have seen this happen in Latin
America—more planners enter the ranks of technocracy to staff
planning ministries and other ministries and agencies. The affinity
of pragmatic antidependency ideas with planning also increases
their infiliration into the governmental processes.
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5. Decisionmakers may feel comfortable with pragmatic antidepen-
dency policies for their own ad hoc reasons:

a. The nationalist side of these policies is very appealing to many
Latin American (especially military) leaders.

b. Decisionmakers, particularly if they belong to the military, per-
ceive a close link between science and technology and military
power. Military leaders, concerned primarily with national
security, are therefore often quite receptive to the ideas of
bureaucrat-intellectuals, who may desire to implement a nation-
alist policy for very different reasons of economic development
and equality.

c. Political leaders are also motivated by national prestige. They
may want to go along with a self-reliant project—such as setting
up an autonomous nuclear program, capital goods sector, or
electronics industry—because of its potential to boost their
country’s prestige.

d. Some pragmatic antidependency policies may address short-
range economic problems; the most typical and most frequent
example is a balance of payments deficit. A decisionmaker who
places a high priority on this problem may decide to favor in-
digenous technological projects and control the remitiances
that the subsidiaries of multinationals send abroad.

¢. Finally, decisionmakers may be unaware of the ideology of the
pragmatic antidependency intellectuals. '1'here might occasion-
ally be stricily technical cases where these intellectuals would
separate their personal views and their jobs, but very often
when intellectuals choose 1o work for a regime thart they do not
accept and may even resent, it is because they desire 1o try to
influence it from within.

Two ancedotes from Brazil provide good examples of this last
point. In a state technological institution I interviewed a high state
official responsible for domestic technological production. His depen-
dency outlook became clear 1o me during our conversation, and at the
end of the session T asked whether he had published his views. He
replied, “Do you think if T had published anything I would have this
position?” The second event occurred during a visit with a technocrat-
intellectual working for a state institution. I had learned that he was
part of a group responsible for the creation of a certain sector’s self-
reliant capability, and T was almost positive he would be a pragmatic
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dependentista. He received me in his office, where another man was
working. We spoke for ten minutes or 5o, and 1 was very surprised at
the tone and content of his answers t0 my questions. Suddenly the
other man left the room, and my interviewee said, “Now we can talk; [
could not talk while that man was around because 1 do not want him
to know my position.” He then explained that many of his colleagues
had left the government because of their disappointment with the
policies but that he preferred 1o stay and influcnce policy from within.

Is the objective of influencing policy from wichin the only reason
these intellectuals become technocratsy It is certainly a significant one.
But military governments may also create an incentive by what Di Tella
called “technocratic Nasserism.” That is, rnilitary regimes make it pos-
sible for intellectuals to influence military officers or groups and serve
as their advisers for as long as these military are in power or in favor.®
Another motivation is 2 negative one: lack of opportunity and poor
remuneration for technical jobs, with the only immediate aliernative
being to leave the country. Some intellectuals prefer to stay and fight
the system from a technocratic position in the hope of getting a more
intellectually rewarding position if things change. Furthermore, as
part of their job they may even create an institution, which rmight later
recruit them as directors, high ofticials, or scientists. And of course,
personal motivations such as financial security cannot be discounted.

How are the intellectuals who make up the pragmatic antidepen-
dency guerrillas recruited? From what we have seen so far, it appears
that recognition of their work—their technical expertise—is the pri-
mary factor. 'They may be prominent in a certain field at a national
university or have publicarions on the subject, or they may have be-
come internationally known through their work in regional organiza-
tions such as the Organization of American States (OAS) and the An-
dean Pact or an international organization such as the United Nations.
The guerrilia gains access to the center of power as a result of the
compartmentalization and conflict among bureaus and minisiries of
the government. A minister can bring his intellectual “pal” into the
system, whereupon this intellectual becomes a fighter against policies
that are at odds wiih the views of his recruiter—from whom he gets
his power and to whom he reports directly. Usually his bureaucratic
life will last only as long as that of his recruiter.

The guerrilia also gains access to the system through friendship or
camaraderie, an important aspect of public administration in Latin
America. Some positions may be offered to repay a favor, with the re-
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cruiter unaware of the intellectnal’s ideology. But one of the most, if
not the most, important means of access is what Rafael Kohanoff,
Argentina’s chief adviser for science and technology in the second
Peronist gevernment, calls the “confidence channel”: one or more ex-
perts get into the power circle, get some political clout, and open the
doors to colleagues in their primary ideoclogical group, seeking ad-
visers and planners among people they know and trust. As Kohanoff
stated, “Without the ‘confidence channel’ the experts’ influence would
be but secondary.” When Kohanoff became assistant to José Gelbard,
minister of economy in the Peronist government, he called on ex-
perts whose ideas followed his own, such as pragmatic dependentistas
Alberto Ardoz and Carlos Martinez Vidal. When Isalas Flit was named
director of the Institute of Industrial Technology and Technical Norms
in Peru (the institution in charge of technological development and
technology transfer in the early 1970s), he brought along Gustavo
Flores, Francisco Sagasti, and others. Once inside the government,
bureaucrat-intellectuals have at their disposal the existing bureau-
cratic organizational apparatus. But they can also devise new institu-
tions, new linkages among institutions, and their own “innovations” to
facilitate transmission of their ideas.
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Two Ways to Travel

One way societies differ, Hirschman has argued, is in the kind of
problems their policymakers decide to take seriously. Furthermore,
he says, in Latin America, where attention to the ideologies behind
the problem is a common feature of problem solving, elaborate theo-
ries are sometimes needed to forge a causal link between a privileged
problem, such as economic development, and a stepchild problem,
such as technological development. Such theories therefore fre-
quently have a strong ideclogical component.'

Both Argentina and Brazil identified the same problem, but they
chose contrasting roads to its solution. An ideological consensus about
modernization allowed the Brazilians to overcome feelings of failure,
form positive expectations about the future, and develop a science
and technology policy that accorded with that image of the future.
The Argentinians, however, were continually hounded by visions of
failure and by the lack of a national consensus with regard to the fu-
ture. Hirschman has appropriately called this behavior fracasomania.

Fracasomania is “the habit of interpreting as utter failure policy ex-
periences that actually contain elements of both fallure and success.
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The very tendency toward systematic fracasomania is, of course, an
important ingredient of the subsequent real fracasos.”* Fracasomania
leads to the perception that everything has to start from scratch over
and over again.

Fracasomania also means “to shut oneself off from newly emerging
cues and insights as well as from the increased confidence in one’s ca-
pabilities which should otherwise arise.”* This partly explains the
great puzzle of how a country with large physical and human re-
sources could have failed so dramarically in its “journey toward prog-
ress” over the past thirty years. Hirschman, writing in general, de-
scribed the Argentine situation precisely: “When there are special
difficultics in perceiving ongoing change, many opportunities for ac-
celerating that change and for taking advantage of newly arising op-
portunities for change will surely be missed.”*

I call Brazil's behavior generative, where the present is regarded as
being influenced #s much by the past as by images of a brighter fu-
ture. In the case of Brazil these mimages have been nurtured by na-
tionalism, by visions of power and equality at the international level,
and by the expectation of becoming a2 modernized and technologically
advanced country.

Generative behavior differs from fracasomania mainly in that de-
velopment is not undertaken as a reaction against the past or to parts
of the society, and it does not start from scratch every time. Rather, a
present stage of development represents continuity and purpose,
having evolved on a highway broad enough to hold many differing
positions, but with definite, agreed-upon borders.

Argentina’s Science
and Technology Policy

Argentina’s journey toward progress is a peculiar case of stalemate and
“reverse development” in contemporary political economic history.
‘T'he reasons are ideological, for Argentina has been a split nation, har-
boring two conflicting ideas of progress. One has been represented by
a loose coalition of conservative, laissez-faire—oriented landowners,
industrialists, and financiers, supported by a significant segment of
the armed forces. This coalition {inds inspiration in the {pleasant) past;
it sees Argentina’s role in the international economic system o be that
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of provider for a hungry worid and believes that industrialization is
economically “bad” because it goes against Argentina’s comparative
advantages in cereals and meat and politically “bad” because it nur-
tures nationalist and pepulist movements, mainly Peronism. The
other idea of progress has been represented by entrepreneurs of
middle and small enterprises, labor leaders, some members of the ur-
ban middle class, the nationalists among the military, and the bulk of
the Peronist movement, ali of whom believe that Argentina’s future
lies only in industrialization and autonomy.

Argentina’s scientific and technological development, mainly as ap-
plied to production, should be understood, at Jeast in part, in light of
the above. Whereas one group with its particular ideas of progress has
taken science and technology to be part of a cultural and educational
endeavor linked to the prestige of the nation and the health of its cit-
zens, the other group has tried to develop a technological system to
serve the needs of economic development, industrialization, and eco-
nomic independence.

Historical Summary

From the end of the nineteenth century, economic development was
led by the expansion of cereals and meat production. Beiween 1900
and 1930 the economy grew at a yearly average of b percent, and ex-
ports and imports remained in balance.* Foreign investment in the
growth areas was large, and machinery and equipment and other
technology, mainly for transporiation and refrigeration, were im-
ported. Ar the beginning of the 1930s the world economic collapse
forced Argentina to abandon this bonanza and turn to industrializa-
tion, more specifically to import substitution industrialization (IS1), to
generate growth and employment. Owing to strong state support, by
1946 there were approximately 85,000 industrial establishments with
almost 900,000 workers.® In 1958 industry represented approximately
one-third of the gruss domestic product (GDP).” By then the manu-
facturing industry had become the main purchaser of technology.
Easy manufacturing needs could be met by domestic technology, but
most capital goods and core technologies had to be imported.
Whereas the export stage of Argentine economic history estab-
lished vested interests in the export sectors and left memories of a
model that worked, industrialization created an economic and social
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reality that encouraged nationalist feelings, especially in the domestic
capitalist sector, as well as egalitarian demands for redistribution. As
the economic bases for growth changed, so did ideologies, politicaj
actors, and the industrial capability of the country. One of the unex-
pected results was the creation of a working class that later embraced
Perén and his movement of descamisados (“shirtless ones™), which
eventually led to the creation of a national private entrepreneur.

These two stages of export- and industry-based growth, arising
from contrasting ideas and ideologies, could not but affect insticu-
tional development in science and technology or the focus of scientific
activities. In the first thirty years of the twentieth century not much
happened beyond the previously mentioned developments in trans-
portation and refrigeration. “At the time, no one spoke of scientific
policies or of industrial research. State action encouraged and shel-
tered scientific work as a function of culture, tollowing the old Euro-
pean tradition of the Academies of the eighteenth century.”* This
situation changed considerably in the 1930s and 1940s with the crea-
tion of several scientific and technological institutes such as the Ar-
gentine Association for the Advancement of Science in 1935, the In-
stitute of Biology and Experimental Medicine and the Technological
Institute of the Department of Industry and Commerce in 1945,
the Institute of Biological Research in 1947 and the National Atomic
Energy Commission (CNEA) in 1850. This institutional building pro-
cess continued and was even enhanced during the 1950s. In 1951 the
Argentine Antarctic Institute was created, followed by the Armed
Forces Center for Scientific and Technical Research three years later.

The decade that followed can be called the “golden age” of Ar-
gentina’s scientific institutionaf development. Public institutions were
established to promote scientific research, and scientists, on personal
initiative, created several private scientific institutes, The National
Institute of Agricultural Technology (INTA}) was set up in 1956, the
National Institute of Industrial Technology (INTI) in 1957, and the
National Council of Scientific and Technical Research (CONICET)
in 1958.

CONICET was created by an act of the president to coordinate,
ortent, and promote scientific and technological research and to ad-
vise the national government on such matters. It fulfilled only the role
of scientific promoter. It failed as an advisory body because the gov-
ernment at the high decision-making level had not established objec-
tives as to the role of science and technology in social and economic
enterprises. In the end, research policy was based on the needs and
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objectives of the scientists themselves, the interest of the armed forces
in security-oriented research, and goals of the ministry of education.

CONICE1"s most important activities were the awarding of fellow-
ships for training in Argentina and abroad; the institution in 1961 of
a new career, scientific researcher (investigador cientifico); grant sub-
sidization; participation in cooperation agreements, mainly with the
universities; and creation of research institutes. By 1967 CONICET
had already supported 349 scienufic researchers.’

INTA was created to promote and coordinate research in the agri-
cultural sector through a complex network of research stations. It was
financed by a tax of 1.5 percent on agricultural exports. INTI pro-
vided technological services to industry through laboratories and a
network of research centers (in cooperation with industry and univer-
sittes). Financed by a .25 percent tax applicable to all baonk credits to
industry, INTI was also supposed to provide industry with financial
aid. It did not, however, have any planning power for the industrial
$eCtor.

Although there was a large increase in the number of researchers
{with a growth rate of ahout 60 percent between 1961 and 1966, well
beyond the overall population growth rate) and university students
(from approximately 142,000 in 1958 to 235,000 in 1965), the devel-
opments in science and technology (besides the CNEA) reflected a
clear lack of concern with domestic research and development. Thus
between 1961 and 1966 the sharve of R & D in the GDP fluctuated be-
tween “extremes” of .31 and .33 percent. Only small fractions of pub-
lic expenditures for R & D were devoted to the industrial sector, and
these decreased with time.'

Even in the late 1950s, when the state sought to fuel the substitu-
tion process by actively promoting capital goods, domestic technology
was not an issue. Industries in the dynamic consumer goods sectors,
such as electrical machinery, automobiles, and petrochemieals, grew
much faster than the national technological capacity to supply indus-
try’s demands. These developments coincided with the period of
internationalization of big American companies. So Argentina called
on the multinationals, and they responded—at least for some years.

Importation of technology was considered the best and even the
“natural” option, given the lack of trained personnel, R & D incen-
tives, and technology transfer controls. Technological laissez-faire was
embraced by decisionmakers at high levels of government and indus-
try, not for ideological reasons, but rather because the linkages be-
tween technological and economic development simply were not rec-
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ognized. In short, there seemed to be no choice between foreign and
national technology or between technological laissez-faire and self-
reliance. This situation had direct bureaucratic implications.

Public science and technology institutions, facilitative rather than
normative and guiding, were the outcome of personal initiative, as
were the private institutions that proliferated in those years. Funding
caine from the overall science and technology budget, but the institu-
tons remained relatively autonomous, deciding on programs and
their implementation based on their own prerogatives. Thus the lack
of coordination was almost complete. For example, because CONICET
was founded on the personal initiative of Bernardo Houssay, a Nobel
Prize scientist, it stressed the natural sciences, his field of research.

In 1966 military repression of universities and scientists had a dev-
astating impact on the national capacity to develop an effective science
and technology policy. From this event onward {mainly after 1969),
the ideological, political, and institutional struggle was set. Those who
wanted to define a science and technology policy, establish technology
transfer controls, and develop the Argentine capability to innovate
pitted themselves against those who opposed all this for ideological
reasons OrF even sometimes because of indifference. The result has
been a science and technology system characterized by inadequate
university training, which has prevented graduates from grasping the
importance and peculiarities of science and technology; insuflicient
traiming and information lor managers, both in industry and in the
universities; lack of classification regimes adequate to each type of ac-
tivity for technological researchers; scarce communication between
sectors; Iitle interest on the part of researchers in the necessities and
problems of industry; no state industrial policy to guide the develop-
ment of science and technology; very litite research by productive en-
terprises, which ignore national capabilities and fail to have an open
mind toward science and technology; anomalies in the field of indus-
trial norms; and tack of economic incentives for national technological
innovation.'

The Evolution. of
Science and Technology Policy, 1966 — 1982
We can distinguish four periods in the erratic evolution of science and

technology policy in Argentina between 1966 and 1982. The Frst,
from the 1966 military coup that overthrew the government of Arturo
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Iilia to the revolt by workers and students in Cérdoba in May 1969
(known as the “Cordobazo”), was characterized by a technological latssez-
[faire strategy.

The second period covers 1969 through 1972, during which a
strategy of pragmatic antidependency was attemnpted. Goals and policies
for domestic scientific and technological development were expliciity
formulated, and normative, institutionai, and administrative mea-
sures were set to provide some foundation for its achievement.

But because of bureaucratic rigidities, the fact that the process in-
volved other ideological groups opposed to pragmatic antidepen-
dency, and previous policies and measures that were slow to radically
change, the pragmatic antidependency approach was applied only in
part. Between 1969 and 1973, then, we see an overlap of a pragmatic
antidependency approach with technological laissez-faire.

The third period, characterized by a mixture of pragmatic and struc-
tural antidependency, ranged between March 1973, when the Peronists
regained power, and the military coup of March 1976, although from
a practical point of view it may well have ended by late 1974, when
TJuan Perdn died (1975 was so politically and economically chaotic that
science and technology policy-making was almost nonexistent). Dur-
ing this period strong measures were taken against foreign invest-
ment and technology transfer to keep the multinationals, who were
seen as a coercive and threatening element, in check, There were
no significant changes regarding domestic technological innovation,
however. The strategy was more radically egalitarian-nationalist than
that of 1969-1973 and was set to counter practices perceived as lead-
ing to “a system that distorts the economy of developing countries and
increases social inequalities; the transfer of technelogy is thus one of
the main instruments of the so-called neocolonialism.”'* But in spite
of a high level of rhetorical attack against multinationals, foreigners,
monopolies, and foreign technologies, many key decisionmakers still
behieved that foreign technology could be important and necessary
for national economic deveiopment.

The last period {and swing) encompasses March 1976 to 1982 and
was characterized by a strong attempt to counter nationalist anti-
dependency policies and to restore technological laissez-faire, with
only partial success. Once again the result was neither the former nor
the latter—there was an overlap. The persistence of some technology
transfer controls and the maintenance of a science and technology law
and a policy of contract registry reflected both bureaucratic inertia to-
ward the adoption of the new strategy and, most fundamentally, the



110

The Power of Ideology

impossibility of retreating to an unequivocal technological laissez-faire
serategy like that of the 1950s and 1960s. Nevertheless, the commit-
ment to liquidate any vestiges of the former government’s antidepen-
dency policy was enough to set the fracasomania pattern of behavior

in motion. By 1981 a new technology law and de facto elimination of

registry led the science and technology strategy as close to techno-
logical laissez-faire as it had been since the 1960s.

Technology Transfer

1970

1971

1973

1974

1976

National purchase law (18.875) subjects state enterprises and
other entities to the utilization of goods and services that can
be produced by national industry. '

Industrial promotion law (18.587) encourages technology
assistance for national industry.

First technology transfer law (19.231) creates the National
Registry of Contracts, Licenses, and Technology Transfer,
under INTIs jurisdiction, to control foreign technology and
conditions of purchase in accordance with the development
goals of Argentina.

Foreign invesument law (19.151) replaces the foreign invest-
ment regime in place since the end of the 1950s. Authoriza-
tion for invesuments is tied to the incorporation of modern
technology and participation of Argentine professionals.
Law 19.135 passed to control foreign technology transfer
in the automotive sector.

Law 20.545 restricts the importation of foreign technology
in the machinery and intermediary goods sectors,

New foreign investment law (20.577) severely restricts for-
eign investment and defines enterprises of foreign capital

as those in which national capital participation is less than

51 percent.

Second technology transter law (20.794), even more stringent
than the previous one, fixes ceilings for payments and con-
siders technology payments of multinational corporations as
payments for regular investments.

Still another foreign investment law (21.382) takes a 180-
degree turn, revising the foreign enterprises definition and
eliminating limits on dividends and profits remittances.

1977

1981
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Third technology transfer law (21.617) eliminates many of
the previous restrictions, while maintaining effective conirol
of licensing agreements and payments. The Registry 1s placed
under a subsecretary of the ministry of industry.

Fourth technology transfer law (22.426), described as “among
the most liberal in Latin America,” does away de facto with
most restrictions and the Registry, which is transferred back
to INTT as a powerless institution.

Science and Technology Innovation

1966

1967

1968

1969

1970

1971

Fstablishment of national planning system and creation of
National Development Councit (CONADE) and National Se-
curity Council (CONASE).

American chiefs of state, meeting in Punta del Este, Uruguay,
decide to promote science and technology for development.

Creation of National Council of Science and Technology
(CONACYT) as the third leg of the national planning system
o formulate, promote, and coordinate state science and
technology policy.

CONACYT produces the first science and technology census
in Argentina.
Creation of National Commission for Geoheliophysics Stud-
ies (CNEGH).

Law 18.587 encourages the creation of R & D and technical
assistance organizations.

National policies decree (46) encourages state promotion of
R & D and development of new technologies.

National purchase law (18.875) further promotes national
industry and domestic technological development.

INTI promotes domestic research by linking domestic enire-
preneurs with the scientific and technological infrastructure
(its institutions and centers).

National Plan for Development and Security 19711975 calls
for autonomous science and technology development.
Formulation of science and technology national plan, “Objec-
tives, Goals, and Action Guidelines 1971-1975."

Creation of Finalidad 8, a special item for science and tech-
nology in the national budget.
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1972

1973

1974

1976

1977

1978
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Law 19.276 merges CONADE, CONASE, and CONACYT
into a planning and government action secretariat, under
which CONACYT becomes a subsecretariat known as
SUBCYT.

Creation of Institute of Biophysics Research.

Establishmeni of Argentina’s legal metric system, with INT1
responsible for its scientific aspects.

Creation of laboratories for sensory research and for embryo-
logical research.

SUBCYT becomes Secretariat of Science and Technology
(SECYT), under the ministry of culture and education. ‘l'rans-
fer of CONICET from the presidency to the same ministry.
Three-Year Plan for Reconstruction and Nationai Liberation,
“National Science and Technology Policy: Operative Plan
19737 establishes 22 priorities, research objectives, and na-
tional research programs in the priority R & D sectors.
Formulation of the first four national science and technology
programs {Food, Electronics, Endemic Diseases, and
Housing).

Industrial promotion law (20.560) creates incentives for
100-percent-national-capital enterprises.

Creation of a national system of scientific research institutes
and centers; it doesn’t work. Same fate for the National Sci-
entific and Technological Advisory Center and the National
System of Scientific and Technological Information.

Creation of planning ministry.

Creation of Center of Science and Technology Information
(CAICYT) under the aegis of CONICET.

CONICET, following indications of the “Initial Measures”
plan, establishes a system of regional centers to help develop
science and technology.

Formuiation of a {itth science and technology national pro-
gram: Nonconventional Energy.

Planning ministry is scrapped.

INTT creates the Technological Development Program re-
gime (a risk-sharing venture between INTI and enterprises)
to promole technological purchase.
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1979  The Interamerican Development Bank (IDB) lends $66 mil-
lion to Argentina for science and technology. §42 miltion
goes to CONICET.

1980  Flimination of the .25 percent tax out of bank credits o indus-
try, which constituted the bulk of INTT’ financial support.

——  Resolution SECYT 341/80 establishes the CONICET Devel-
opment Program 1982/1985.

———  Formulation of three additional national programs: Radio
Transmission, Renewable National Resources, and
Petrochemicals.

1981 INTI, instructed by Law 22.426, creates means to provide
industry with computerized science and technology
informarion.

——  Reestablishment of SECYT as Subsecretariat of Science and
Technology (SUBCY'T).

1982 Transfer of SUBCYT to the planning secretariat; creation
of science and technology consulting commission (CAGYT)
to help SUBCYT.

Goals

Unitil 1968 the Argentinian state had not formulated explicit goals for
scientific and technological development. While the overall goal of the
vegime headed by Gen. Jusn Carlos Ongania (1966—1970) was to
achicve economic growth through backward linkages of industrialization
and export of manufactured goods, technological development was
not perceived as explicitly linked to that goal. In fact, foreign invest-
ment was wooed intensively, which may have contributed to the un-
restricted technology transfer practices of the Ongania administration.

The creavion of CONACYT heralded the beginning of the govern-
ment’s preoccupation with science and technology for development.
The new goal of enhancing state control over technological innova-
tion and adaptation was established, but this goal was still not con-
nected to industrial policy, or to specific industrial sectors, and the ori-
gin of the technology to be used for development was of no concern.

Between 1969 and March 1973 science and technology policy goals



114 The Power of Ideology

reflected a concern ol the new leaders with domestic innovation for
ihe benefit of national enterprises. These new goals were subordination
of foreign and domestic investors to the objectives of national economic
development and achievement of self-determination or freedom of de-
cision in scientific and technological matters. Subordinate objectives
included: providing a plausible alternative technological supply for
national industry, reinforcing the country’s science and technology in-
frastructure, raising the bargaining power of the state and of private
entrepreneuts with respect to foreign capital, working toward a solu-
tion to the balance of payments problems, and helping to create an
industrial structure capable of sustaining healthy GNP growth rates.
According to Aldo Ferrer, the objectives were “not intended to close
the door to private foreign direct investment, but to place it in 2 new
framework in which the development leadership would be in the
hands of national interests. These instruments constitute, in the final
analysis, a new bargaining position vis-a-vis foreign interests. They ac-
cept the latter’s participation but on different terms than in the past.”
Thus “the treatment of foreign capital and technology transfer was
based on pragmatic and bargaining criteria.” '*

In March 1973 the goals of self-determination in science and tech-
nology and development of the national cultural capacity to innovate
were promoted. These goals were attuned to Peronism’s objectives of
achieving economic independence, enhancing national sovereignty,
strengthening national industry in relation to foreign enterprises, and
redistributing welfare.

Three years later when the military took power the goals of the
Peronist government became heresy, and once again the goals were
changed. This time they focused on preventing abiuses and mildly subor-
dinating foreign and domestic investors to the objectives of national eco-
nomic development, especially modernization and increased indus-
trial efficiency. Modernization was preferred over expansion and
growth; and because modernization was equated with foreign tech-
nology, foreign technology was preferred over domestic. On this
point the government refused to compromise. In addition, a tightly
restrictive science and technology policy such us existed before 1976
was seen as a roadblock for foreign investment that had to be re-
moved, and so science and technology objectives became subordi-
nated to and dependent on foreign investnent goals. José Alfredo
Martinez de Hoz, then minister of economy, summarized the policy of
objectives as “having the smallest possible participation of the State in
the contracts and, instead of restricting the transfer of technology
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with whai muy be called an inferiority complex, the State will use all its re-
sources to aid the business sector to update their activities also with
regard to technology” {emphasis added)."

Means

Knowledge-Generating Capital Equipment

Capital goods purchases during the first period were governed by a
special regime created at the end of the 1950s by President Arturo
Frondizi. Among other things, the regime promoted free importation
of entire production-line processes and of assembled pieces of ma-
chinery and equipment, such that by 1969 an estimated two-thirds of
imported machinery was duty free."

In 1971 animport licensing system went into effect by which capital
goods imports could be dented if equivalent goods were available do-
mestically. In late 1973, during the third science and technoltogy pol-
icy period, capital goods imports were further restricted by the im-
position of quotas and the elimination of all concessions of reduced
tax Tates or lax exemptions. Approximately $2.25 billion worth of
capital goods were imported between 1971 and 1975.

During the first part of the fourth period, capital goods still required
prior authorization and #n import license, but financing and payment
conditions were eased. By mid-1978 most of the restrictions on the
import of capital goods werc eliminated to ease the way o moderniza-
tion. Imports of machinery and equipment totaled $1.020 billion in
1978, and in 1979 an estimated $1.737 billion. Between 1976 and 1980
some $6.584 billion in capital goods were imported, almost three times
as much as between 1971 and 1975.'¢

Technology Assistance,
Foreign Patents, and Know-How

Argentina’s first technology transfer law (19.231) was enacted on Sep-
temnber 10, 1971, 1t created the National Registry of Contracts, Li-
censes, and Technology Transfer—under the jurisdiction of INTI—
which required the registration of contracts governing transfers of
trademarks, patents, industrial designs and models, detailed engi-
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neering, and technical know-how and assistance. Registration could
be denied when the contract did not involve technology wansfer, as is
the case with many trademark contracts, or:

s When the coniract’s objective would include the import of tech-
nology that can be proved to be domestically available.

o When the price or compensation would not be related to the
contracted license or the transferred technology.

o When the rights to be awarded would allow direct or indirect
regulation or influencing of national production, distribution,
commercialization, investment, research, or technological
development.

o When an obligation to purchase equipment and raw materials
from a specific and foreign source would be established.

o When a prohibition to export, or to sell with the aim of exporting,
national products would be established, as weli as when the selling
rights would be subordinated to foreign authorization or when
exports would be limited or regulated, by whatever means.

o When the requirement to give up patents, trademarks, innova-
tions, or improvements that could have been achieved through
the contracted license or the transferred technology would be
established on onerous or gratuitous pretense.

o When sale or resale prices for national production would be
imposed.

o When the hearing and resolution of cases would be deferred o
foreign courts rather than submiited to a national court having
jurisdiction in the particular matter.”

A few months earlier, Law 19.135, on the reconversion of the au-
tomaobile industry, had set sumnilar regulations: “It made mandatory
the presentation of all contracts related 1o technology imports and
permitted only the registration of those which did not impose license
restrictions. . . . The law established that royalties could be calcu-
lated only as a percentage of net profits generated by the corre-
sponding licensees. It also set a ceiling of 2 percent of net sales on
such royalties.” '

A new technology transfer law (20.794), enacted on September 27,
1974, required prior official approval of any agreement having trans-
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fers of forcign technology as its principal or accessory object. Agree-
ments were not approved if the technology was “opposed to national
policies,” had a negative consumption or distribution effect, or did not
promoie progress; if the technology was locally available or could
hamper nationat technological development; if there were not enough
guarantees that licensees’ capabilities to use the technology would be
maintained; if the technology’s price exceeded its benefits; if the prod-
uct was not disaggregated into its component parts; if the price was
undetermined; if there were mandatory joint licenses; or if the con-
Lracts imposed foreign courts in the case of conflicts.

In addition, the Registry could fix ceilings—generaily related to
net sales—on amounts and terms of technology transfer payments for
any sector, activity, or specific goods. Unul ceilings were fixed, contracts
either with prices higher than 5 percent of net sales or with terms
longer than five years required special approval. For multinational
{irms and their local subsidiaries, technology payments were consid-
ered invesimenls; approval was required for remittances abroad.’”

On Aungust 12, 1977, the peadulum swung again with the enact-
ment of a new technology transfer law (21.617) that eliminated many
of the previous restrictions while maimaining effective control of li-
censing agreements and payments. The new legislation was generally
more flexible, recognizing Argentina’s need for foreign technology.
It gave officials more latitude in exercising control, and it spectfied
which agreements required registration and approval and which did
not.* For example, the entry of foreign technicians to install or start
up a plant, repair equipment, or engage in basic engineering work or
gratuitous iransfers of licensing and trademarks would require no ap-
proval. The law was also stipulated that approval could be denied if
the contract carried restrictive clauses; but this did not happen fre-
quently.? The legislation allowed technelogy payments between a sub-
sidiary and a parent company, but it did not permit prepayment of
royalties to parent firms, lump-sum payments, or trademark royalty-
payments between parent and subsidiary companies. Royalties were
limited to b percent of net sales, but in case of high technology the
limit could be exceeded.”

On paper, the law was more restrictive than the policymakers were
claiming. But on March 12, 1981, the government of Gen. Jorge
Rafael Videla, before turning its mandate over to Gen. Roberto Viola,
enacted a new technology transfer law (22.426). Described as “among
the most liberal in Latin America,” this law eliminated percentage ceil-
ings on royalty fees, and it no longer required state approval for con-
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tracts between unrelated firms, while those between related firms
were judged acceptable if the fees fell within the going market rates
for equivalent technology.” 1t also stipulated that registration of tech-
nology contracts (besides those between affiliates and demestic com-
paniés) was for information purposes only and that technology con-
tracts were legally binding whether or not they had been registered or
approved by the state, although companies that failed to register their
agreements were liable to certain penalties. The new law omined
clauses to prevent abuses and avoided imposing restrictions on the
terms allowable in a licensing contract. Thus, for example, it did not
prohibit the licensor from setting resale prices or limiting exports.®

Tuble3.  Argentina. Technical Assistance, Foreign Patents, and Know-How,
1968-1981

Number of Authorized
Authorized Technology

Technology T'ransfer Remittances
Transfer Payments Abroad Technology
Agreements (% million) (% miltion) Transfer Law
1968 64.%°
1969 127.7
1970 70.5
1971 79.8 19.231 (September)
1972 1,706 81.6 54.3
1973 129 5320
1974 125 100.9 20.794 (November)
1975 111 b4 .4 66.7
1976 116 32.0 38.7
1977 120 34.0 53.7 21.617 {August)
1978 323 157.0 169.6
1679 510 3210 129.6
1980 495 582.0
1981 528 579.0 22.426 (March)

Sources; SECONACYT, El sistema cientifico-técnico y su velucton en el sistema socin-econdmico
{Buenus Aires: National Planning Directorate, Dec. 1970, 32; internal memorandurn
of the Technical Subsecretariat of the Secretariat of Industrial Development; drafi
dacuments supplied by INTI; UNCTAD, Legislation and Regulations on Technology
Transfer: Empirical Analysis of Their Effects in Selected Countries TIWB/C.6/55 (Geneva:
Uniled Nations, Aug. 1980}, G, 24.

*Licenses and patents only.
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Technology transter payments grew at an average annual rale of
26.9 percent between 1965 and 1970, but only at 9.6 percent between
1970 and 1978.% These rates reflect the restrictive measures of the
second and third periods. Table 3 shows an overview ot authorized
technology transfer agreements, payments, and remittances abroad
for accrued royalties and other fees. This information is far from
complete, but it is clear that there was some reduction in these activi-
ties starting in 1973 and then an increase after passage of Law 21,617,

It is likely that either the antidependency strategy of technology
transfer was not adequately implemented or the time available to each
set of regulations was insufficient to bring about a significant change.
Thus, for example, the ratio between technology transfer payments
and R & D expenditures climbed from 2:1 in 1969 to more than 3:1
in 1972, And according to an INTI study on 1,408 contracts regis-
tered between March 1 and December 31, 1972, only one-fourth of
the contracts placed no export restrictions.*

Control was similarly lacking in the area of patents. Even during
the years of the most stringent legislation, the number of patents pre-
sented by foreigners and granted by the patents registry was far
higher than for nationals {(at an annual average of approximately two-
thirds of the total number of patents applied for and granted).”

Direct Foreign Investment

‘The foreign investment and industrial promotion laws {(i4.780 and
14.781, respectively) enacted by the Frondizi government in 1958 and
1959 remained in place throughout the 1960s, indirectly affecting sci-
ence and technology. The foreign investment law aimed very liberally
at attracting foreign capital through various mcentives, such as tax ex-
emptions. [t provided unlimited official bank guarantees for credits
obtained abroad as well as free importation of entire production-line
processes and many individual pieces of machinery and equipment.
In 1970 and 1971 new industrial promotion (18.587) and foreign
investment (19.151) laws were passed, expressing a preference for de-
veloping national technology and for improving the conditions for re-
ception of foreign technology. Incentives were created for foreign
capital investment concerns to associate with nationals, with autho-
rization dependent not only on the potential contribution to national
economic development, balance of payments, and export considera-
tions but also on the extent to which modern technology and the
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participation of Argentine technicians and protessionals would be
furthered.™

When the Peronists came to power they expressed thetr antipathy
for foreign investment through a new and very restrictive law. It de-
fined enterprises of national capital as those in which national capital
represented 80 percent or more of the total. Article 2 of the law stipu-
lated that in the case of associations between foreign and national
capital, the technical, admimstrative, financial, and commercal direc-
tion of the enterprises would be n national hands. Other important
clauses stated that all foreign investment contracis required approvai
of the executive power; no ventures would be approved that restricred
export possibilities or that could not be submitied ta Argentine courts
in case of conflicts. The law mentioned some “strategic” sectors in
which foreign investment was banned: public services, insurance, fi-
nancial activities, public information means, and agricultural produc-
don and commerciatization. Also, foreign enterprises were forbidden
to repatriate earnings in the first five years of operation. The lid on
profit remittances was placed at 12.5 percent, or the interest rate in
the currency in which the investment was registered plus 4 percent.®

The tide changed again in August 1976 with the enactment of a
new, strikingly different foreign investment law (21.382). 1t reduced
the amouni of capital that an enterprise had to own to be considered
“national” from 80 percent to a simple majority, and it eliminated the
limits on dividends and profts remittance but imposed an excess
profits tax {(over 12 percent of the registered capital). Capital could be
repatriated after three years. The government retained some control
of approval, particularly with regard to contract registration. No areas
were off limits, but investments in defense, public services, mass me-
dia, energy, education, and banks, insurance, and other fAnancial in-
sti[u{ions-requircd previous approval.® Foreign firms and national
firms were now considered cquals where incentives and atlempts Lo
invest In certain geographical areas were concerned.”

The liberal laws toward foreign invesunent during the late 1950s
and the 1960s allowed multinational subsidiaries 1o establish them-
selves firmly in the chemical and petrochemical, automotive, agricul-
tural machinery, and mining sectors as well as in pharmaceuticals,
food, and 1obacco.® “By the late 1960s foreign-controlied enterprises
are estimated to have controlled from 25 to 30 percent of the Argen-
tine market for domestically produced manufactured goods; and out
of the ren largest firms in Argentina, which together account for
about 10 percent of total industrial output, seven are subsidiaries
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of foreign companies. Foreign firms also tend to be concentrated in
technology-intensive induseries.” *

A look at the technology transter contracts registered in 1972 reils
us that 100-percent-national-capital enterprises represented less than
half of contracts and only 19 percent of the technology transfer pay-
ments. Of the remaining 81 percent of the payments, roughly 19 per-
cent were attributed 0 100-percent-foreign capital enterprises and
62 percent to joint ventures between foreign and national enterprises.
Firms with 50 percent or more of foreign capital amounted to 43 per-
cent of the contracts and 64 percent of the payments. A very high per-
centage of sales were under license: almost 100 percent for wholly
foreign-owned enterprises and more than 60 percent for enterprises
of 50 percent or more foreign capital.*

Table 4 illustrates the ups and downs of foreign investment in Ar-
gentina between 1959 and 1980. It is clear that foreign investment re-
acted faithfully 10 enacted legislation and thus to the goals of the pol-
icymakers in power. When the Ongania government created incentives

Tuble 4,  Argentina. Foreign Direct
[nvestment, 19591980

Investment
Year (in § million)
1959 209.5
1966 2.5
1967 153.1
1968 315
1569 56.1
1870 9.8
1971 20.3
1972 8.9
1973-1975 *
Mar. 1977—Sept. 30, 1980 2,200.0

Sources: BIC, Investing, Licensing and Trading
Conditions Abroad: Argenting (New York), Ocl. 1975, 3,
and June 1831, 2; Guillermo O'Donnell, 19661977
Iof estade burverdlico-autoritario {Buenos Ajres:
Belgrano, 1982), 424; Juan V. Sourrouille, “La
presencia y el comportamiento de lus empresas
cxtranjeras en el seclor industrial argentino,”
Estudios CEDES 1, no. 2 (1978): 59,

"Virtually nenexistent.
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to bring multinationals to Argentina, significant increases in foreign
investment resulted between 1967 and 1969 (although well under the
amount of investment registered at the height of the Frondizi devel-
opmentalist actions in 1959).

After 1970 foreign investment once again decreased, and it aimost
stopped during the Peronist period. But still, in contrast to the almost
complete ack of foreign investment in the four years preceding the
March 1976 military coup, $2.2 billion poured in to Argentina from
1977 to the third quarter of 1980. This amount is especially im-
pressive if we consider that the total direct investment to Argentina
up to 1974 was approximately $2.5 billion.*

Management of Knowledge
and Information

Education, training of experts, and R & I have been the most signifi-
cant activities in knowledge and information management in Argen-
tina, mainly during the last three periods under scrutiny. There were
a lew attempts to set up information retrieval systems during the lase
two periods, but with no significant results. No substantive forecasting
was ever undertaken and there was only minimal planning during the
second and third periods.

Science and Technology
Traiming and Research

Civilian research activities were ceniralized in the National Council of
Scientific and Technical Research (CONICET) until the creation of
the National Council of Science and Technology (CONACYT) in
1968, when the task of coordinating research became shared. Most
scientific investigation was undertaken at the other large institutions,
such as CNEA, INTA, INTT, and the universities. Very little contract
research was performed by industry-—industrial firms were seldom
willing to pay for technological services provided by local organiza-
tions, and most research activities were not oriented toward industry.

Higher education. Argentina has had a highly developed, relatively
efficient educational system with a large number of higher education
institutes in the basic sctences and engineering. But the total number
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of university stundents per 100,000 inhabitants declined from 2,352
in 1975 to 1,811 in 1978 and 1,867 in 1979, Total expenditures for
higher education, 2.6 percent of the GNP in 1975, decreased in 1977
to 2.4 percent bui then rose to 3.2 percent in 1979

A few institutional measures were taken to improve the level of
technical expertise at the universities, such as the creation of the sec-
retariats or departments of Science and Technology and Scientific Re-
search within the universites (for the design and implementation of
policies to promaote research in specific fields of study) and the setting
up of university extension courses, often organized via interuniversity
agreements.

Higher education suffered greatly from the politicization of the
universities. The military crackdown on the universities in 1966 caused
irreparable damage, leading to a massive brain drain and the waste of
much potential technical skill. The repression reached its height dur-
ing the third period, especially after 1974. Even more harmful to
higher education, though, was the reaction against Peronism after the
1976 coup, when the universities became the stage for violent struggle
with the students suffering high casualties. By 1979 the number of
university students had decreased 27 percent from 1976 levels.”

R & D. R & D indicators for the periods under study show that al-
though there has been some improvement, levels are still well behind
Argentina’s possibilities. Table 5 gives the total personnel and the

Table 5. Argentina. Personnel Involved in Science and Technology
Activities, 1969— 1980

Personnel {per 16,000 population)

Scientists Ré&D Per- -
and Engineers Technicians sonael as
Percentage
Total R&D Total R&D of Total

1969 106.1 1.9 625.5 2.5 .6
1972 159.2 3.0 763.0 4.1 8
1976 165.2 3.1 894.2 4.3 v
1980 — 3.5 — 4.9 —

Sources: UNESCO Statistical Yearbooks: 1971, 650-51; 1974, 642 -45; 19781575,
84445, 1982, V-126--27; Economic Information on Avgenting, no. 124 (Sept.fOce.
1982): 41.
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Tuble 6. Argentina. Percentage of Total Personnel Engaged
in Research and Development, by Sector, 19761980

Productive Sector

— Higher General

Integrated Non- Education Services

R&D integrated 1otal Sector Sector
1976 4.0 1.4 5.4 37.4 57.2
1978 4.6 1.8 6.4 382 55.4
1980 3.7 17.8 215 485 30.0

Sources: UNESCO Statistical Yearhooks: 19781979, 751; 1980, 787, 1982, v-41.

R & D personnel involved m science and technology activities. The
total number of scientists and engineers, and the number of scientists
and engineers involved in R & D, increased incrementally during
the 1970s, with the largest increases occurring during the second
and third periods. At the same time, 1t 1s significant that, as shown in
Table 5, less than 1 percent of the total scientific and technological
personne] was involved in R & D during the 1970s. Furthermore, the
number of scientists and engineers working in engineering and tech-
nology, as a share of lotal R & D scientists and engineers, was histori-
cally low; in 1978 the figure was 14.3 percent.”® As shown in Table 6,
only a small percentage of R & D personnel worked in productive en-
terprises and integrated R & D; more than half were in the general
services sector and over a thard in lagher educauon, except in 1980
when the latier category gained appreciably over general services.

The manufacturing industry employed only 245 scientists and engi-
neersin 1976. (Comparable 1980 figures for Japan, Korea, and Canada
were 163,867, 4,644, and 7,746 respectively.) Of the R & D scientists
and enginecrs in productive enterprise in Argentina, 54.4 percent
were in manufaciuring, and they constituted 3 percent of the total
number of R & I¥ scientists and enginecrs.®

R & D expenditure indicators do not show a Jarge improvement ci-
ther. The percentage of GDTP devoted to R & D averaged .31 between
1961 and 1966, went down during the late 1960s to .28, and increased
during the second and third periods to reach .40 in 1975 and .45 per-
cent by 1980 (see Figure 4).

Most R & D expenditures were current rather than capital expen-
ditures. The latter reflect improverments in the science and technology
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infrastructure; these amounted 1o only 15 percent of the total in
1968, 21 percent in 1972, 11.5 percent in 1974, and 28 percent in
1980.% There was no change in R & D expenditures according to
type of research. in 1976, experimental research remained almost as
low as it had been in 1968 (23.6 percent), and basic and applied re-
search accounted for the rest (26.4 percent and 50 percent, respec-
tively). The share of R & D) expenditures for industrial purposes also
remained at a fow 11.5 percent."*

Information Retrieval Systems

No significant efforts were made to create information retrieval sys-
tems during the first period, and most attempts during the second
and third periods were unsuccesstul, although data systems were in-
stituted within some national programs, such as the National Sysiem
of Information and Agricultural Sciences within the National Pro-
gram of Food and Natural Resources, and the Program of Endemic
Diseascs.

INTTs new role (as of 1971) of registering contracts and looking

Figuwre 4. Argentina. Research and Development Expenditure
as Percentage of Gross IDomestic Product,
19611980 {averages for muliiyear periods)

% .
R
5
4 -
3 (40 -
9 - (31 (.28) (.25)
A
1 § | I i
19611966 1968 1970 1975 1980

Swwrces: CONICET, Programa de centvos regionales de investigacion cientifica y tecnoligica
(Buenos Aires, Scpt. 1977), vol. 2, chap. 2, 44, Alberto Arioz and Carlos Martinez
Vidal, "Ciencia e industria: Un caso argenting,” Estudios sobre el desarrollo clentifica y
tecnoliigica, OAS, Regional Pragram of Scientilic and Technological Development,

no. 19 (Washington, D.C.: OAS, 1974), 21, Economic Information on Argenting, no. 124
(Sept./Oct. 1982}, 42,
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for available national technologies created the potential for its labora-
tories and centers to be linked to national industry, thus making it a
useful source of information for domestic entrepreneurs. That hap-
pened only sporadically, however. After 1976, INTI emphasized for-
eign information sources, acting as adviser (through procedures Jaid
down by Law 22.426) to companies wishing to incorporate new im-
ported technologies into their production processes, The means used
were to develop and maintain permanent contacts with organizations
abroad that could provide information on technology, such as UNIDG
(United Nations Industrial Development Organization), foreign cham-
bers of industry, and public offices of the developed couniries con-
cerned with technological developments; to encourage subscription to
publications on technology; to increase Argentina’s participation in
fairs, exhibitions, and conferences held in developed countries; to
gain access to data banks in the United States and Furope; and to
maintain contacts with leading foreign firms and brokers of the pri-
vate technology markets.

Planning

The 1973 science and technology plan identified 22 research pri-
orities and proposed that national programs be instituted for their
consummation.”® Four national programs were instituted in 1973:
Food, Endemic Diseases, Electronics, and Housing. Nonconventional
Energy and Radio Transmission programs were set up in 1977, and
Renewable Natural Resources and Petrochemicals in 1980,

Role of the State

The state’s role in science and technology between 1966 and 1982 was
mainly educational and facilitative, and mostly autonomous, aithough
with some reliance on international organizations. From 1969 10 1976
it attempted to play an additional promotional role without engaging
in systematic forecasting, but the plans from those years, with the pos-
sible exception of the 1973 science and technology plan, had no long-
lasting effects.

The role of the state changed with successive regimes, and hence as
ideologies changed, but at no time did the state coordinate, let alone
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guide or plan, scientific and technological development. As Sagasti ar-
gued, because the government’s admumistrative decisions lacked unify-
ing guidelines, they served merely to accentuate the ambiguous and
contradictory character of the policy instruments, all of which were
passive, thus leaving the initiative to the private sector. Not a single
policy was coercive, and the state had no means to weat enterprises
differentially, to define pricrities in technological development, or to
affect the key technological decisions of industry.®

State Financing of Science and Technology

Finalidad 8 {the science and technology item of the national budget)
has been only a very small fraction of the total budget and an even
smaller part of the GDP. Its share of the total budget decreased signifi-
cantly during the third period, increased slightly in 1977 and 1978,
and from 1979 10 1981 maintained a level close to that of 1972 and to
the ten-year average (1972-1981) of 1.83 percent (see Figure 5). Its
share of the GDP grew hetween 1972 and 1975, went down slightly in
1976, then increased at somewhat higher rates, reaching .37 percent
by 1980—still a far cry from a solid invesunent in science and tech-
nology.* The average for 19721980 was .28 percent.

The relative amounts alfocated to state institutions in Finalidad 8
indicate quite clearly the state’s implicit priorities in science and tech-
nology (see Table 7). For example, the share of Finalidad 8 funds to
CNEA and CONICET increased significanily, but funding for INTA
and the ministry of education declined. Most striking is the almost
nonexistent allocation to industry.

The universities fared poorly, especially after 1975. Their relative
share of Finalidad 8 dropped from a 19721975 average of 24.1 per-
cent to an average of 7.8 percent between 1976 and 1931.* What
the universities lost over the years, CONICET gained. Nevertheless,
much of CONICET"s support goes to the universities: over 70 percent
of its fellowship recipients and 74 percent of the 900 CONICET-
trained scientific researchers work at universities.*

CONICET's relative share of resources dropped during the third
period (CONICE'T did not count among the Peronists’ priorities), but
increased surongly after 1976: the average relative share for 1976—
1981 was almost double that of 1972. This increase is due in part
to the establishment of research institutes and regional centers. By
mid-1979 CONICET had already established 75 institutes, of which
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Table 7. Argentina. Allocation of Finalidad 8, 1972-1981 (in %)
1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
Presidency {(CNEA) 9.9% 4.3% 53% 7.2% 13.3% 8.9% 9.5% 15.0% 21.0% 23.1%
Defense 5.5 11.9 6.3 8.3 12.5 19.0 19.6 19.6 1.2 10.2
INTI 3.6 0.9 0.6 0.7 0.3 0.5 0.3 0.3 6.2 0.1
INTA 37.0 35.8 43.9 38.] 29.6 29.2 34.6 26.7 26.3 24.8
CONICET 2.5 10.2 10.2 12.8 254 15.9 19.1 23.5 3t4 31.5
Universities 27.9 19.6 231 26.0 8.0 5.8 8.0 9.5 8.2 8.3
Others 3.6 17.3 0.6 6.9 10.9 20.7 B.6 5.4 1.7 20
Total 100.0 100.0 100.0 100.0 i00.0 100.0 164.0 100.0 100.0 1006.0

Sources: CONICET, Progvama de centros regionales de investigaciom cientifica y tecnoligica (Buenos Aires, Sept. 1977), vol. 2, chap. 2, 48; and Lic.

Maria Lujan Marcon {(CONICET).

da9 1o 2feuasiag
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16 are in the technological areas and 38 in the natural and medical
sciences.”” A sysiem of regional centers to promote science and tech-
nology in various areas of the country was endorsed in August 1976,
to be organized by CONICET and parually financed by an IDB loan.

INTTs share of Finalidad 8 was 3.6 percent in 1972, very low for a
country whose manufacturing sector was more than a third of the GNP,
even taking into account INTTs independent revenues, the .25 per-
cent tax on bank loans to industry. The portion decreased Lo an aver-
age of .5 percent during the third period and to .25 percent during
the fourth. In 1980 this already critical situation was exacerbated
when the bank loan tax was eliminated; INTT’s 1981 share of Finalidad
8 sunk 1o .1 percent. In spite of this tight financial situation, however,
INTI managed to increase the number of professionals and techni-
cians working in its laboratories and centers.*

INTA received the greatest share of Finalidad 8 through 1979—an
average of 32.6 percent between 1972 and 1981-——and also enjoyed
considerable independent financial resources. During the periods

under consideration, agriculture accounted for a large proportion of

both Argentina’s national product and its exports. The elites there-
fore had a substantial interest in agriculture, which translated to
strong state backing for agricultural technology. In addition, since de-
veloped countries undertook R & D and training in the agricultural
areas most necessary to Argentina at only minimal levels, the Argen-
unians were forced to do it themselves.

Educational and Facilitative Role

During the four periods the state has mainly played an autonomous
educational and facilitative role. Thus it has supported universities,
research institutes and centers, and individual scientists. In the fourth
period it also helped enterprises (private and public) to have easier
and wider access to foreign technology sources—it saw this as support
for the “young blood that would revive the system.” And through
INTI it tried to help private industry make its own technological deci-
sions, based on the belief that the national entrepreneur needs help to
abandon the system of protection and adjust itself to a competitive
free market.

Regarding the reliance on international organizations, Argentina
followed an QAS suggestion that international cooperation must com-
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plement a national effort oriented by the country’s own priorities and
necessities. Among the programs in which the staie took an active part
were the following:

1. The U.N. Development Program (UNDP}. During the second pe-
riod one UNDP contract financed experts (66.2 percent), fellow-
ships (13.5 percent), equipment (12 percent), and subcontracting
(9.3 percent); 17 percent of the total was planned to go to industry.

2. UNESCO. Argentina is a member of the Programs of the Bio-
sphere, International Hydrology, and International Oceanog-
raphy, the International Program of Geological Correlation, and
the General Information Program.

3. OAS. The Argentine state contributed to the OAS’s Regional Pro-
gram of Scientific and Technological Development, and it is also a
recipient of various programs. These programs are divided into
ordinary and special projects and are carried out within the con-
text of the Interamerican Council for Education, Science, and
Culture. Several institutions such as CNEA, INTI, INTA, severat
universities, and CONACY'T became part of the projects.*

4. IDB. In 1979 the government secured a bulky loan of $66 million
from the IDB, of which $42 million went to CONICET and
$24 million to the National Institute of Hydric Science and
Technology.*®

5. Technical Cooperation between Developing Countries. With the
purpose of complying with the Buenos Aires Plan of Action
adopted in 1978, Argentina sought to strengthen its science and
technology links with developing countries outside the American
continent.

Promotional Role

The state has been the largest source of R & D funds, accounting for
87 percent during the 1970s, with the rest coming from produc-
tive enterprises (7.2 percent), foreign sources (3 percent), and other
sources {2.8 percent).” During the second period the state promotional
role became prominent, as exemplified by the creation of Finalidad 8.
Legislative documents encouraged the development of the domestic
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science and technelogy infrastructure, promoted vesearch “in the na-
vonal interest,” provided tax incentives for public industrial enter-
prises engaged in R & D, and instituted a tariff reduction for mate-
rials imported for use in sdentific and technological research. The
beneficiaries of these actions were official national, provincial, and
municipal institutions and civil associations. CONACY'L' also insti-
tuted a program to promote R & D in foundations, civil associations,
and private entities for the public good, including special support
for R & D programs attaining financial self-sufficiency of at least
50 percent,

The state also required its own enterprises to use goods and ser-
vices that could be provided or developed by national industries (Law
18.875 of December 1970, known as National Purchase Law). One of
its most important dispositions was that “engineering and consulting
services will be contracted with local firms and professionals,” and it
prohibited the receipt of credits from foreign consulting firms.* An-
other regulaton (Decree 46 of june 1970, called National Policies) en-
couraged state involvement in and promotion of R & D, the devel-
opment of new technologies, especially those not being developed
elsewhere, and adaptation of complex technologies. It also urged that
R & D focus on the adaptation of imported processes and equipment
to national conditions and on the nuclear area. The sectors to be pro-
moted “with the objective of increasing national autonomy” were non-
ferrous metals, capital goods, chemical industrial products, cellulose
and paper, and the activities linked to the needs of the armed forces.”

The establishment of specific national R & D priorities and guiding
programs in 1973, during the third period, provided the state—
mainly SECYT—with additional means to promote the sectors and
technologies it considered important for the national interest. Also
during this period, the National Development Bank opened a special
line of credits to promote the manufacture of capital goods with local
technology, and executive power was used to give credits or other in-
centives for the acquisition, study, and perfecting of manufactured
product prototypes.

A new regime for industrial promotion was approved in November
1973 (Law 20.560), giving direct benefits in the form of tax relief,
credits and guaraniees for credits abroad, and tax deferments to
100-percent-national-capital enterprises only. Law 20.852 of Septem-
ber 1974 stipulated further that national industry would be given
preterence and tax benefits in international bidding on IDB-financed
projects.
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Among the main industries promoted during this period were
mining, steel, and petrochemicals. A national petrochemical program
was instituted in December 1973. The state also promoted techno-
logicat exports through reimbursement benefits of 40 percent for the
export of industrial production and transtormation plants that fell
under the modes of complete plant or turn-key plant.*

In the fourth period this reimbursement was reduced to 25 per-
cent, and a special third-period credit to Cuba for industrial tech-
nological export promotion was canceled. Between 1973 and 1980
Argentina exported teri infrastructure projects for a total of $247 mil-
lion and 61 industrial plant projects, some of them turn-key, valued at
$160 million.* The active promotional role of the state in this last pe-
riod was focused mainly on the purchase of foreign technology. How-
ever, the 22 priorities set in 1973 were maintained, four new national
programs were created after 1977, and an important additional pro-
motional role was undertaken: INTIs Regime for the Promotion of
Technological Development, by which INTI participates in an enter-
prise’s venture into technological innovation, sharing the risks.”

Planning

Although several economic and science and technology development
plans were issued, especially between 1970 and 1976, they were only
indicative and had littie eftect on policy. Political and economic in-
stability forced policy making to be based on very short-term consid-
erations that plans could not take into account. Thus, planning and
economic and industrial policies coexisted almost without engaging
each other.

CONADE prepared the National Development Plan 1970-1974,
which had only a formalistic role, and the National Plan for Develop-
ment and Security 19711975, which called for the development of
autonomy in scientific and technological development to reduce what
it saw as a “strong cultural and economic dependency.” It set out to
achieve a growth rate for private investment in R & D higher than
that of the national product; to achieve that by 1975, not less than
50 percent of the investment in science and techunology had to support
research relevant to the various priority economic sectors. Legislation,
the Registry, and improvement of industrial research were high-
lighted as possible channels to achieving these objectives.”®
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The 1973 science and technology plan’s main goals were to assure
the exercise of national sovereignty by raising the self-reliant decision-
making capacity based on a solid national science and technology sys-
tem; to raise the system’s efficiency by way of better use of human and
material resources; and to promote efficient interconnection between
the science and technology system and the productive system to achieve
“a more dignified and integral human development and a regional
structuring of scientific and technological development that would be
more just, harmonic, and equilibrated.”® The plan was indicative and
did not set allocations, but it did initiate three types of programs: pri-
ority, oriented, and free.

The three-year economic development plan issued in 1973% at-
tempted to guide science and technology activities by setting objec-
tives for the various research institutions; however, these objectives
were very general and gave only rhetorical support to science and
technology.

The military government that came to power in 1976 created a
ministry of planning, but no development or science and technology
plan was issued. The Initial Measures Plan of 1976 endorsed the de-
velopment of regional research centers. In December 1979 the mili-
tary junta released a document entitled “Armed Forces Political Bases
for the National Reorganization Process,” which called for an active
role by the state in science and technology and no bias regarding the
source of the technology or expertise; it added that the productive
sectors could be treated in terms of “efficiency and comparative ad-
vantage.” As a sequel to the document, SECYT in its Resolution 341/80
established the CONICET Development Program for 19821985,
The document called for decentralization, equilibrated development
of different science and technology disciplines, improvement of higher
education and human resources, and the establishment of informa-
tion retrieval systems.®

Ideology and Policy Making:
Fracasomania 6

Technological Laissez-Faire

When the military came to power in Argentina in 1966, they set up a
government under the presidency of Gen. Juan Carlos Ongania. Soon
they moved against the universities, which they regarded as the focus
of subversive activity, and purged faculty members and students, thus
irducing hundreds of teachers and scientists to leave the country.
This onslaught, known since as the “night of the long clubs,” dealt the
universities and scientific research a blow from which they have not
yel recovered.

The coup was supposedly not the result of a loss of faith in liberal
democracy but rather a measure taken to solve an economic crisis and
foster rapid economic growth.! To cure some of the country’s eco-
nomic ills, such as irregular growth in real production, significant an-
nual price increases, low international reserves, and an appreciable
and recurring fiscal deficit, Adalbert Krieger Vasena, who became
minister of economy in January 1967, instituted a comprehensive pro-
gram to coordinate price, exchange, wage, agricultural, and industrial
objectives. According to Robert Kautman, the immediate purpose of
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these measures was to contain inflation, but they were also devised as
the groundwork for three larger developmental goals: expansion and
diversification of exports; development of the ecenomic infrastruc-
ture; and promotion of massive private-sector investment in heavy in-
dusery, primarily with the aid of multinational capital.* Export diver-
sification was to emphasize manufaciured products (which by 1966
accounted for a third of the GI)P) and be fueled by the invesiment in
heavy indusery. The policy to expand exports of manufactured prod-
ucts, initiated by Arturo Frondizi's government in 1959, was particu-
larly stressed in this period and, indeed, was regarded as the main en-
gine of growth up to 1976. It is significant for science and technology
that inflation was in fact partially controlled, allowing the state wo con-
sider more long-range objectives; but at the same time the balance of
payments problem was aggravated, a condition the next political re-
gime inherited.

Industrial production grew in 1967 and 1968 by over b percent and
in 1969 by approximately 11 percent. Manufacturing exports ex-
panded by an average of 169 percent annually between 1966 and 1970,
as compared to an average 10 percent annually between 1960 and
1966. In 1972 manufacturing represented 23 percent of all exports;
in 1965, 6 percent.® This last figure indicates that the policy to stimu-
late manufacturing exports was working. Also, because Argentina was
exporting more sophisticated products, its industries’ technological
needs were growing. Foreign firms were already heavily invelved in
export-oriented manufacruring, and many national entrepreneurs
supported this participation and called for its continnation.

‘T'his economic situation created the propensity for change in sci-
ence and technology, but it was not enough; explicit choices needed to
be made—choices informed by ideologies not to the taste of Ongania
and Vasena. The main actors in the policy-making process were
Ongania; his assistants; Vasena, who fulfilled the role of economic
tearn leader, supervising the acuvities of the other "economic” minis-
tries; a group of Argentine technocrats, most of them economists;
and the National Development Council (CONADE) and the National
Security Council (CONASE). (CONADE, however, had only a mar-
ginal role in science and technology planning, concentrating on hu-
AN IESOUTCES.)

Also involved in the policy-making process were the Argentine In-
dustrial Union (UIA), representing the largest industries and, usually,
the fiberal-minded industrialists; and the General Economic Con-
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federation {CGE), “a middle-class organization of smaller, newer, and
provincial firms established in 1951 by entrepreneurs from the inte-
rior and others excluded from or opposed to the older industriai
and commercial groups. . . . Generally, the CGE has favored a statist-
nationalist approach including limitations on foreign firms and foreign
investments, strict regulation of the transfer of technology, greaier
arifi protection and creation of a self-contained heavy industrial
base.”? Scientific and technological institutes such as CONICET,
CNEA, INTA, and INTT also played a role in the process.

The initiation and formulation of economic and indusirial policy
were in the hands of Vasena and his economic team. Consultation was
limited to the small circle of liberal economists; policy was sanctioned
by the president and executed by a mix of bureaucratic controls and
market incentives. Vasena’s policies received the enthusiastic endorse-
memt of the UIA but were opposed by the CGE, which saw in them a
great threai to national industry. Unable to influence policy, the CGE
“devoted itself instead to 2 campaign directed at embarrassing the
government by drawing public attention to what it claimed was the
‘denationalization’ of Argeatine industry and finance through in-
creasing foreign takeovers of weakened industrial firms.”?

The institutes determined science policy, and there was no tech-
nology policy as yet. Several science and technology institutions, such
as CONICET and INTI, acted rnore or less independently in re-
sponse to their own needs—but of course, within the resource alloca-
tion framework set by Vasena’s policy to control inflation.

The creation of CONACYT in 1968 was largely divorced from
the economic policy-making process described above; it occurred
rather on the initiative of one of Ongania’s advisers, who proposed
that CONICET’ legally defined scientific and political tasks be sepa-
rated. This adviser wanted CONICET to continue with its basic re-
search activities, which its direcior, Bernardo Houssay, strongly sup-
ported, but preferred that the policy-making function be placed in
different hands. And so CONACYT came into being. But a clash soon
developed between this new policy-oriented organization and the sci-
entists, headed by Houssay. The disagreement was ideological, involv-
ing the question of whether science should be managed by the state,
and it was also understandably political, a question of power. The
1970s saw no easing of the conflict.

CONACYT's main functions were the drafting of a national science
and technology policy “to be based fundamentally on the objectives
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formufated in the General Plan of Development and Security”; integra-
tion of the domestic and internadonal security policies on all matters
that concerned science and technology; coordination of its activities
with CONADE and CONASE “so as to achieve the joint objectives of
development and security”; coordination and stimulation of research;
formulation and premotion of the science and technology plans as-
signing special resources and distributing them in accordance with
national objectives and the demands of balanced development; assign-
ment of resources for science and technology according to develop-
ment and security needs; evaluation of the scientific and technological
activities undertaken by the public sector; adaptation or creation of
new organizations to reinforce and complement CONACYT; and in-
tervention in all other matiers concerning science and technology.®

The Quest for
Technological Self-Determination

The May 1969 revolt of students and workers in Cérdoba shook the
stability of Ongania’s regime and made the top decisionmakers aware
that important groups of the population could not cope with the orien-
tation and results of the regime’s economic policies. The “Cordobazo™
led to Vasena’s resignation and his replacement by a slightly more na-
tionalist intellectual, Dr. José Maria Dagnino Pastore. For all practical
purposes, then, the “Cordobazo” became the breaking peint between
the technological laissez-faire policy and that which replaced it. But
although some mild pronationalist legislation was enacted at the end of
1969 and in February 1970, the major changes occurred after June 8,
1970, when the Ongania regime came to an end. Among the factors
that contributed to the fall of the Onganfa government was the reac-
tion of nationalist groups such as the CGE and the nationalists within
the armed forces to its pro—foreign investment attitudes.

The new president was Gen, Roberto M. Levingston, but he was
replaced within a year by Gen. Alejandro Lanusse, who held the presi-
dency until the elections of 1973. Policymakers under both regimes
firmly believed in a national development strategy, and although this
had happened belore in Argentina, in 1970 it made a large differ-
ence. Ideas raised by intellectuals about a strong national scientific
and technological infrastructure and about controlling technology
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transfer were embraced by segments of the military and by other po-
litical actors. And because they were the “right ideas” for the “right
time,” they were taken to the center of power and implemented.

The strength of these ideas at the time stemmed in part from the
April 1967 decision of the American chiefs of state, gathered in Punta
del Este, Uruguay, to “put science and technology at the service of cur
people. Science and technology must be given an unprecedented im-
petus at this time . . . their organization and implementation in each
country cannot be effected without a properly planned scientific and
technological policy within the general framework of development.”?

Prior to the Punta del Este conference Latin American intellectuals
met 1o discuss the science and technology project that the United
States was to propose at the conference. As it stood originally, the
project envisioned the establishment of two or three large techno-
logical institutes in Brazil, Mexico, and/or Peru. This proposal did not
satisfy the intellectuals, however; their aim was a comprehensive pro-
gram. Thus they decided to lobby the Argentine, Chilean, and Uru-
guayan delegations to submit a program that had been formulated by
the OAS with the help of a group of intellectuals, including Emilio
Rosenblatt, |. Arias, Maximo Halti Carrére, and Jorge Sabato. The
Punta del Este resolution and the subsequent OAS program were the
culmination of a decade of eftorts by intellectuals who in national and
international forums had been creating an awareness of the linkages
between scientific and technological development and the ills of tech-
nological dependency.

During the 1960s seminars and discussions kept these ideas alive
and nurtured them, and economists and technologists began to ac-
tively initeract. Then, according to Sabato, came the idea to link for-
eign investment and technology transter. The result was Decision 24,
the Andean Common Market's foreign investment cede, which sub-
Jjected direct foreign investment and technology transfer from abroad
to the harshest control measures yet enacted by a regional forum.

Aldo Ferrer, an Argentine economist, was heavily influenced by
Sabato’s ideas. An outspoken advocate of national industry, Ferrer
called for controt of foreign investment and technology transter and
advocated an aggressive policy airned at adapting foreign technology
and producing domestic technology. This would probably have been
politically irrelevant had he not become minister of public works and
later minister of economy during the science and technology policy’s
second period, Years later, Ferrer acknowledged the effect of the prin-
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ciples and legislation of the Andean Pact on Argentina's actions: “The
inspiring principles of Decision 24 and of Argentina’s policy in this pe-
riod are convergent. . . . In the Argentine case a series of dispositions
were adopted along the same line as Decision 24.”* Ferrer’s economic
program consisted basicaily of an approach opposite to that of his
predecessors: economic expansion and stimulation of domestic indus-
try. However, one important clement of the previous economic strat-
egy, the commitment to manufactured exports, remained unchanged.

'The GDP did fairly well during these years. The manufacturing
sector grew to almost 38 percent in 1972, and there was significant
growth in manufactured goods exports.? Sophisticated industrial ex-
ports (with a hgh-technology component), in turn, grew from 9.7
percent of total exports in 1969 to 16 percent in 1973.'° Capital goods,
which 1n 1969 were 28.7 percent of manufactures production, in-
creased to 34.2 percent in 1971, and investment in machinery and
equipment as a percentage of gross domestic investment also showed
some growth, Machinery’s share of total manufacturing, which during
1965--1969 averaged 33.9 percent, grew to 35.9 percent in 1970, 37.3
percent in 1971, and 41.9 percent in 19731

A strong trend toward heavy and more sophisticated industrializa-
tion 1s thus apparent, with an increase in export manufactures. How-
ever, although the emphasis on industrialization created a greater
need for sophisticated technology, it did not necessarily induce a pol-
icy of technological autonomy. Nor was the development of a nation-
alist science and technology policy linked solely 1o economic dis-
equilibrium, even though the negative balance of paymenis may have
intensified the drive toward control of foreign investment and foreign
enterprises. Indeed, the nationalist technological policy of the second
period can only be understood if we take into account the importance
of technological seif-determination ideas, so popular ut the time.
Aided by favorable circumstances such as Argentina’s two mild nation-
alist presidents; a reaction, shared by some senior members of the
military, against Vasena’s pro—foreign investment policies; and a bal-
ance of payments crisis at a time when heavy industrialization pro-
cesses were generating the need for more and new technologies, these
ideas were placed on the polirical agenda and found—mainty, though
not exclusively, via Ferrer—an avenue to political power,

‘The major actors in science and technology policy making were the
two presidents; Ferrer; the CGE, headed by José Gelbard, who in
1973 became the minister of economy; the Regisiry; CONACYT; and
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the sciendfic and technological institutions, such as CONICET, INTA,
INTI, and CNEA. Levingston favored national development, a fact
that Ferrer considers important in the overail shift in policy during
these years. Lanusse, although more liberal-minded than Levingston,
continued the nationalist approach. A former secretary of industry
said that Lanusse was one of the most “civilian” among the military,
that he was in favor of national industry from the start, and that
he used to consult with Gelbard on industrial and science and technol-
ogy matters.

Other interviewees pointed out Ferrer’s relative importance in this
process. An industrialist said it was not by chance that Ferrer was
called on to make economic and industrial policy, because the idea was
to react against the liberal policies of Vasena. Another said that Ferrer
was able to change science and technology policies in the nationalist
direction because therc were conditions that from an economic point
of view justified the actions: the productive system was functioning
with good results; it was the right moment. Sabato, in turn, said that
what happened in 1970— 1971 was “purely ideological.” Asked why in
his opinion Ferrer and others with the same ideological position were
able to impose their views, Sabato identificd two basic reasons: Ferrer’s
intellectual power and confusion within the military on the subject,
with many ofhficers finally taking the nationalist stand.

Ferrer represents a typical pragmatic antidependency position. He
accepted dependency as a fact but believed that “there are options to
change the course of events and break dependency linkages.” The
choice, he argued, “is not imposed from outside. It is immanent in
each country. The options between dependency and national develop-
ment Jie, then, on domestic political decisions.” He added that “in the
transnational context, the claim of each society, its aspirations, and iis
political system’s maturity decisively affect the course of events.”

Ferver gives the subversive elite credit for the political change:
“The role played by such researchers as Vaitsos, Sabato, Wionczec
[sic], and others in this process constitutes one of the most notable
contemporary examples of the application of imagination and talent
to the management of our countries’ econemic policy.” ** Marcelo Dia-
mangd, indusirialist and economist, agrees that the ECLA literature
and scholars such as Katz and Wionczek were influential. Juan Val-
eiras, {ormer director of the Registry, argued moreover that national-
ist policies, laws, and regulations derived from a self-reinforcing pro-
cess by which past successes (for example, CNEA and Sabato’s work in
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SEGBA [Electrical Services of Greater Buenos Aires]) encouraged
efforts to achieve more argenfinizacidn and independence.

However, Argentina’s industrialists, as a group, did not support the
new technological policy, mainly because they, too, were divided along
ideological hnes. Whereas in the main the CGE approved the nation-
alist measures, private entreprencurs not affiliated with this institu-
tion continued to back foreign capital and laissez-faire policies.”

The creation of the science and technology registry and its place-
ment under INTT jurisdiction consolidated for the first time the tasks
of domestic technological development and those of technology trans-
fer control, revealing to all concerned the nature of the contracts,
their Aaws, and the opportunities available to national industry to sub-
stitute for foreign technology. The final decision of the reviewing pro-
cess rested nominally with the secretariat of industry, on which INT]
institutionally depended, but in practice, said Valeiras, the Registry
made the decisions. Financial questions related directly to balance of
payments were the concern of the central bank, which created some
bureaucratic links with the other organizations to coordinate policy.

In 1971 CONADE, CONASE, and CONACYT were combined into
a national planning systemn, and CONACYT became the subsecre-
tariat SUBCYT. Conflict between SUBCYT and CONICET and its
scientists continued; the latter objected to the moves toward national-
ization and planning in science and technology and resented the fact
that SUBCY'T took control of Finalidad 8. The disagreement led 1o
increasing implementation problems and Registry delays; troubled
relations with the central bank, whose policies did not always coincide
with those of other state organizations; and worker unrest, which led
to delays in technological decision making by national private entre-
preneurs. SUBCY'T could wield little influence through economic
sanctions because some institutions, such as INTI, had functional
budget autonomy thanks to the .25 percent tax applicable to all bank
credits to industry.

From Pragmatic
Antidependency to Chaos

Free elections held in March 1973 saw the Peronists reemnerge with the
upper hand. Not only were they more nationalist than Levingston and
Lanusse, they were egalitarian as well. The regime’s first president,
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Héctor Campora, held power temporarily until Juan Perén assumed
leadership at the end of 1973. But even Perén could not solve the
movement’s toughest problem—internal conflict.

There were clearly two regimes within this pertod. The first, lasting
until October 1974, was egalitarian-nationalist, represented by mod-
erate egalitarian and extreme nauonalist forces such as CGE and CGT
(General Confederation of Workers). The mainstream ideology of
many Argentine intellectuals merged with that of the government on
science and technology maters. There was no need for a pragmatic
ad hoc alliance: what in other regimes wus a subversive elite became in
this regime part of the elite. The government sought iis advice, and its
members gave it willingly.

This situation came to an end in October 1974 when Perédn died
and his wife, Isabel, replaced him. She was faced with a choice be-
tween two courses of action: she could continue to support the uneasy
alliance beiween the CGE and the CGT, or she could shift to a position
favoring José Lépez Rega’s conservative faction by breaking with the
CGE and repressing CGT dissidenis and antigovernment guerrillas.'®
She chose the latter. Gelbard, the former CGE president and firsg
minister of economy, was dismissed, and the “Social Contraci,” cre-
ated to seal the bonds of the government with industry and labor, was
broken. From then on, under the guidance of Lépez Rega, the presi-
dent repressed Peronists and non-Peronists alike.

Economic and political chaos followed. In the year and a half be-
fore the Peronist regime fell in March 1976, there was practically no
economic or science and technology pelicy making, only political in-
trigites and emergency economic measures to save the country from
complete bankruptcy. ‘Three ministers of economy walked out on the
government. Nevertheless, the events of this period were of utmost
significance because they influenced the policies and actions of the
military, who when they regained power in 1976 set out to deliver
what was to be the finat blow to what they perceived as a “bunch of
terrorists that ruined the country.”

The basis of economic policy between March 1973 and October
1974 had been the Social Contract, a wide range of strategies intended
to achieve price stability, progressive income redistribution, and na-
tional economic independence.'® When this contract was broken, eco-
nomic indicators changed dramatically. GDP growth was over 6 per-
cent in 1973 and 1974, but the minus signs for 1975 and 1976 (—1.3
percent and —3 percent, respectively) tell an opposite story. With re-
gard to the productive system, the manufacturing share of the GDP
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remained approximately constant over the period. In 1873-1974 in-
dustrial production showed some growth, but then it declined (—2.8
percent and ~4.5 percent). High technology sectors experienced
negative growth in 1975—1976: machinery and equipment (—7.9 per-
cent and —3.8 percent), basic metal industries (—1.9 percent and
—24.1 percent), and automobile production (- 6.1 percent and —19
percent}."”’

Science and technology policy between March 1973 and October
1974 was similar to the nationalist economic policy, with a trend to-
ward heavy industrialization, industrial exports, and reduced foreign
investment. (The productive sector crisis of 1975—1976 had very little
to do with industrial changes, however, and much to do with political
changes and the consequent economic mismanagement.) ‘The main
political actors in the period were the two presidents, Campora and
Perén, and the “economic tsar,” Gelbard. Key players in the tech-
nelogy area were Gelbard'’s cabinet assistane, Kohanoff, who was presi-
dent of the commission to draft a new technology transfer law, and
Secretary of Industry Alberto Davie.

When the ministry of economy was reorganized in October 1973,
nine secretariats were created, among them two directly connected 1o
the science and technology issue: coordination and industry and eco-
nomic planning. Through this reorganization Gelbard gained direct
control over economic and industrial policy and acquired jurisdiction
over the promotion, coordination, orientation, and cvaluation of sci-
entific and technological research in the industrial, mining, forestry,
and fisheries sectors and over foreign technology controls. Centers
for the study of technology transfer and administration were created
in most of the ministry’s secretariats, each with the task of proposing a
technology policy adjusted to the needs of its particular sector.’®

Technology transfer policy was initiated by Gelbard and his ad-
visers, who were responsible for the formulation of the new foreign
investment and technology transfer laws. Also involved were INTI,
headed by Jorge L. Albertoni, and its dependency, the Registry, headed
by Valeiras. With the technical advice of the INTI centers and labora-
tories, the Registry suggested what to approve or reject, although
INTT had the last word. {The formal final decision was that of the sec-
retariat of industry, but in most cases this was merely a formality.)

Concurrently, a comrmission was established by the central bank to
make sure that technology transfer policy met the requirements of
the balance of payments policy. With the participation of several bu-
reaus involved in the making of the aforementioned policies, this

Ideology and Policy Making: Fracasomania 145,

commission oversaw the Registry’s activity. In practice, though, the
comrmission, following the policy criteria set by Gelbard and his CGE
associates, generally simply supported the Registry's decisions.

The CGE during these years was the main source of ideology for
the formulation of technological policy. The small and middle-sized
{(and nationalist) entrepreneurs organized by the CGE found in the
Peronist movement an open avenue to political power. The Peronists,
at least while Cidmpora and Perdon were in office, did not object to
this—they shared a basic ideological athinity with the entrepreneurs,
and besides, they needed CGE support as much as they needed the
CGT.

That the CGE had moved so quickly and convincingly prior to
the election is not surprising. Since its creation . . . it had enjoyed
access to the Peronist leadership, and during the 1960s had devel-
oped the kind of technical expertise which the Peronists them-
schves were not prepared 1o mobilize immediately before the 1973
elections. In the short run then, the Peronists needed the exper-
tise of the CGE, and the CGE the political power of the Peronists
if the GGE was finaily to have an impact on economic policy. Yet,
in accepting the CGE proposal, the CGT and Perén were also
conceding a great deal, for it tied them to moderate short-term
measures to combat inflation and postponed the adoption of the
more radical, redistributive measures they had long promised
their constituents."

An outgrowth of the CGE was COPIME, the Small and Middle-Sized
Enterprises Corporation, dominated by the same personalities as the
CGE and sharing its ideas and ideology.

There was a general consensus among the CGE, the ministry of
cconomy and its secretariais, and many Argentine intellectuals on
technology, and this proved instrumentat in the making of techno-
logical policy. Where egalitarian-nationalist intellectuals used both the
CGE and the Peronist movement as vehicles to turn ideas into reality,
the national entreprencurs and the CGE used the Peronist movement
alone—it was a situation of double access to power. During these eigh-
teen months, then, a close cooperation developed between the deci-
sionmakers and intellectuals such as Ardoz, Chudnovsky, Mario Kame-
netzky, Katz, Sabato, and Vidal. As Kohanotf remarked, Gelbard called
Ardoz, Kamenetzky, and Vidal and asked for opinions. He was their
friend and trusted them. Their help was important—they pointed the
way, which saved the politicians some embarrassment.

Meanwhile, in the realm of general scientific and technological re-
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search policy an innovation took place. The subsecretariat of science
and technology (SUBCYT) was taken out of the planning secretariat’s
orbit, turned into a secretariat (SECYT), and, together with the Na-
tional Council of Scientific and Technical Research (CONICET),
placed under the aegis of the ministry of education. Although one of
the aims of this move was to end past institutional and personal con-
flicts and thereby rationalize science and technology policy making,
the education ministry's newly acquired power and jurisdiction arose
largely from strong political pressures within Peronism. One of the
consequences of this change was to emphasize the divorce between
scientific and technological research, on the ane hand, and Gelbard’s
industrial technology and technology transfer policies, on the other.
Gelbard met on several occasions with senior officials of the ministry
of education o discuss some administrative way to coordinate political
action, but to no avail. Nor did the feud between CONICET and
SECYT stop, for both agencies continued to dispute jurisdictions and
the type of research to be promoted.

While CONICET continued with its traditional role of supporting
research n its institutes and at the universities, SECYT’s mandate was
to statistically analyze science and technology activities; to establish
budget needs and then distribute the budget among the various in-
stitutions by means of Finalidad 8; with the foreign ministry, to coor-
dinate scientific and technelogical cooperation with international or-
ganizations; with the ministry of economy, to coordinate the use of
international financing for science and technology: to coordinate and
promote research; to organize the training of scientific researchers
and technical personnel; to draw up fellowship plans and postgradu-
ate programs; and to organize services such as information and data
centers. SECYT had to make the decisions about scientific and tech-
nological capabilities, which were then to be sanctioned by the cabinet.
SECY'T" was also entrusted with the national programs as well as a spe-
cial budget allocation, called “Reinforcement Actions,” of which up to
50 percent went to the national programs.

In January 1974 a national system of scientific research institutes
and centers was created to coordinate scientific research, but the sys-
tem never really worked.™ An attempt to establish an advisory center
to identify scientific and technological developments as part of the na-
tional productive activity met likewise with little success. The larger
and older science and technology organizations were too independent,
the conflicts between institutions such as SECYT and CONICET too

Ideology and Policy Making: Fracasomania 147
pronounced, and one year—the duration of this experiment—too

short a time to change the entire infrastructure. So at the end of 1974
the experiment was over.

Erasing the Peronists’ Legacy

By late 1975 the only open question about a military coup was when it
would occur. It happened in March 1976, and a new military regime
was set up under the presidency of Gen. Jorge Videla. The political
change conid not have been more drastic, representing the shift once
again from a civiliun democracy to a military dictatorship. But it also
reflected a radical ideological change away from populist and national-
ist ideas and toward policies favoring laissez-faire, landowners, financ-
ing interests, foreign investment, and imported technology, brought
on in part by the revulsion the military and its supporters fel for Per-
onism and the economic and political chaos. However, the Peronists
and some leftist groups refused to retreat without a fight, and an
armed conflict followed the coup (which uself was bloodless) that left
thousands of Argentinians dead or “missing.” Most of what happened
in the realm of economic and science and technology policy must be
appraised in the light of these events. As an Argentine economist put
it, the 1976 economic reforms were

more suited to the condition of Argentina in 1960, before the oc-
currence of substantial growth both in industrial productivity and
in agricultural output and before the surge of manufactured ex-
ports, etc., rather than to the conditions of the 1970s. The revival
of this diagnosis, and of all the associated prescriptions derived
from economic liberalism, must be attributed to the political crisis
of the first half of the decade, a crisis which both the Armed
Forees and the private sector perceived as threatening to destroy
the prevailing social systern.™

"T'he new economic cutlook represented a dramatic cognitive shift
from an ideology that stressed equality and economic development
through industrialization, with the state playing an active role in the
development process, to 2 laissez-faire ideology mixed with a politi-
cal commitment to halting and even reversing the industrialization
process.



148 The Power of ldeology

Events after 1976 emphasized the financing side of the economy; it
was believed that capital markets should be free to function without
interference and that efficiency and the allocation of resources should
become the main economic goal.** The fight against inflation became
the most important short-range objective.

The Videla government had claimed to have a clear industrial
policy based on opening up the economy and instituting Jaissez-
faire measures to bring a high degree of efficiency to the “aling,”
“overprotected” industrial sector. The post-1976 economic strategists
thought it would be better for one-third of existing industry to survive
and become efficient, productive, and mternationally competitive
than to continue with the old system of protection. With this goal in
mind, modernization was imperative, and free technology transfer
became the means to achieve it,

This period was therefore particularly bad for mdustry. With the
hiberal policy on imports and tarifls, national industries lost large mar-
kets to imports, resulting in an increasing number ol bankruptcies
among industrial firms. Thus, while in 1976 the percentage of the
GNP represented by manufacturing was 36.7, in 1980 it was only
25.4.%° Other signs of distress included the dismantling of R & D and
export departments, migration of skilled labor and even of managers
and firm owners, reduction of the domestic market, and stalemate of
investment.*

The main actors in the policy-making system were President Videla
and the minister of economy, José¢ Alfredo Martinez de Hoz. In-
asmuch as all the issues concerning industrial policy and technology
transfer depended on the minisiry of economy and its secretariat of
industrial development, Martinez de Hoz was the real architect of the
new policies. His liberal economic policy with regard to industry was
formulated and implemented by the secretariat of industrial develop-
ment, which was under the direction of Pablo Benedit. In 1978 a tech-
nical subsecretariat was pui in charge of science and technology pol-
icy; it became the authority for the application of the liberal new
technology transfer law of 1977 and was also responsible for the
drafting of the 1931 technology transfer law in accordance with the
liberal economic policy.

INTTs policy role was much reduced from what it had been prior
to 1976. It no longer had charge of the Registry, played no policy-
making role with regard to technology transfer legislation, and was
not a factor in industrial policy. The 1981 technology transfer law
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eliminated the Regisery and invested in IN'IT the authority to register
contracts, which from then on would be done primarily for statistical
reasons.

SECYT was alienated, turned into a passive element in the science
and technology policy-making system and relegated to a secondary
role. It still had the power to perform budget appropriations, but this
was not very significant politically, given the independence of many of
the scientific and technological institutions. Because emphasis was
now on short-range economic goals, the education ministry’s concerns
were perceived as low-key and routine compared to the “relevant”
concerns of inflation and economic efficiency. In April 1981, SECYT,
continuing its historical instability, was once again made a subsecre-
tariat (SUBCYT), within the ministry of education.

As if this were not enough, Argentina “lost” hundreds of scientists
and teachers who were persecuted, had to leave the COUILLLTY, OF were
killed for their ideas or simply for being part of an educational system
considered to be part of the “subversive” network. The ideas of a
strong science and technology policy, of self-determination, of autono-
mous development were placed on hold, and the science and tech-
nology institutions, with the exception of the CNEA, languished into
oblivion, at least until the realization in 1982 that Martinez de Hoz's
policies had brought a curse on Argentina. The feelings of desperation
and the “rediscovery” of science and technology were also spurred by
the Malvinas (Falkland Islands) debacle. {Sabato summarized the feel-
ings of those committed to a strong science and technology system,
saying that in 1976 Argentina entered an ahistorical period.) In Janu-
ary 1982 SUBCYT was transferred to the planning secretariat of the
presidency, and once again science and technology planning and do-
mestic technology became part of the decisionmakers’ rhetoric. The
pendulum was swinging again.

Summary and Conclusions

Science and technology policy between 1966 and 1982 developed in
zigzags, faithful Lo fracasomania. The fast pace at which the educa-
tional and research activities had been progressing up to 1966 was
halted by the “night of the long clubs.” Technological laissez-faire had
meant small progress toward the achievement of some measure of sci-
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entific and technological autonomy until 1968—1970. The mild prag-
matic antidependency policies of 19701973 attempted o bridge in-
terdependence and national development by creating both controls
and incentives for domestic production. But this policy was succeeded
too quickly by a strong rhetorical, almost structural, antidependency
policy of the Peronists, which in turn gave way after March 1976 to an
attempt to bring back technological laissez-faire.

Throughout all this, institutional instability was a clear reflection
of ideclogical instability. For example, CONACYT was turned into
SUBCYT, then into SECYT, and then back again into SUBCY'T” And
since the roles of CONACYT and CONICET were never clearly dif-
ferentiated, political quarrels among them have been the rule. IN'T1
was given political control power in 1971 but lost it in 1977. lech-
nology transfer and foreign mvestment laws changed every couple of
years, adding to the uncertainty and often actually preventing real
technology transfer. Whatever steps were taken in one period were
almost certain to be undone in the next. Dependency, perceived as co-
ercive by policymakers of the first half of the 1970s, was explicitly seen
as communal in 1976.

Argentina’s ideological, political, and institutional zigzags provided
no opportunity for the intellectual pragmatic antidependency guer-
rillas to have a lasting effect on puolitical processes and policy imple-
mentation, as in Brazil. The clearest case of ideologically motivated
intellectual action in science and technology started at the beginning
of the 1970s and reached its peak when the CGE was dictating eco-
nomic policy. But the intellectuals and the policy fell victim to the
ideological polarization and struggles of the period and had too little
time to achieve a more lasting effect before the ideological tide turned
in the opposite direction.

Argentina’s science and technology development process has been
hampered not so much by lack of akility or resources as by economic
and political instability, on the one hand, and lack of consistency,
awareness, and broad support for domestic technological develop-
ment, on the other. And while Argentina was locked into fracaso-
mania, the world would not stand still . . . and neither would Brazil.

Science and Technology
in Brazil, 1962—-1982 7

The development of a science and technology policy in Brazil is the
history of an idea; it started with an image of the future, which fl-
tered through the political power structure and emerged as alter-
natives for action. Since the early 1960s, but especially after 1968, the
Brazilians have been involved in a strong and unprecedented effort to
create an institutional structure and an explicit policy for science and
technology, to direct investment toward specific goals, to promote do-
mestic innovation, and to improve the management of knowledge and
information. Most science and technology policymakers have defined
the aim as being technological autonomy. This objective will probably
not be achieved. But in the search for it Brazil’s technological develop-
ment has changed significantly, and both the government and entre-
preneurs—foreign and national—have adapted to the new situation.

Many factors account for what has happened. A new political re-
gime came 1o power in 1964 and proposed new economic develop-
ment and industrialization polices. Bul there were also ideological
and institutional factors—ideas that “burned” in the minds of some
people and influenced institutional and political events.

The aspirations that fueled this progress were rooted in nationalism
and, increasingly, in egalitarian nationalism with its ideas of autono-
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mous development and greater equality at the international level. The
two ideologies shared a growing, and mutually reinforcing, awareness
of the linkage between scientific and technological development and
technological dependency. Structural dependentistas, constrained by
their own ideology, had little influence on policy. But pragmatists
were offering a different “merchandise,” a differcnt set of ideas, be-
liefs, and values that had the potential of fulfilling the aspirations of
both the political elites and the egalitarian nationalists. These ideas
had enough political, institutional, bureaucratic, scientific, and tech-
nological impact that they ultimately defined a state policy that has be-
come, at least partially, irreversible.

Brazil's Pragmatic Antidependency
Science and Technology Strategy

Industrialization: The Main Eveni

The main eveni in Brazil’s twenticth-century history has been the
growth of industry. In contrast to Argentina, the determination to
industrialize was not hampered by alternative models of progress
based on the export of primary commodities. Even matters related to
national security were then, as they are even more today, linked to
industrialization, giving rise to the set of beliefs that became so im-
portant alter the 1964 revolution—seguranca e desenvolvimento (secu-
rity and development)—and that in turn fueled more and “deeper”
mdustrialization.

Alihough the industrialization process started early in the twen-
tieth century, Brazil was clearly a coffee export economy until the
1920s. When the Great Depression brought the collapse of the coffee
economy, however, industrialization began to grow—not as a result of
design or planning, but [rom a need to adapt to a situation beyond
Brazil's control.! Events after 1929 were related to the foreign crisis
and also te the Estado Nove, an authoritarian, corporatist state insti-
tuied by Getdlio Vargas in 1937 and lasting until 1945.

The Estado Novo had enduring effects, not only on ¢conomic
development policy but also on ideological and political attitudes

Science and Technology in Brazil 153

about the roles of the state, the military, and the bureaucracy. Re-
gardless of the factors that led to the Estado Novo, I want to empha-
size its legacy: the centralized political machinery, the political power
of the military, the personal power of the president, and, most intpor-
tant of all from my point of view, the image it presented of the fu-
ture—Brazil as 4 military and economic power.

To promote industrialization the state relied mainly on import sub-
stitution industrialization (ESI). Among the measures taken to contro}
imports were the Law of Similars, which restricted the importation
of products sinilar to those produced in Brazil, and a multiple ex-
change system. Effective tariffs averaged over 250 percent for manu-
factured goods.®

The results of this strategy in the 1940s and 1950s were impressive
from the point of view of industrial growth.” This success reinforced
the idea embraced by intellectuals and politicians from the begin-
ning of the century, that Brazil could develop not simply into a self-
sufficient economic entity but, even more, into an economic power.
This idea, in turn, further fueled the industrial growth process.

As a resuit of the developmentalist drive to industrialization of
President Juscelino Kubitschek’s administration in the late 1950s, in-
dustry became more mature, with a diversified capital goods sector.
These transformations again bad a self-reinforcing cffect. In “the
course of the industrialization process, as the forces which stood be-
hind industrial dynamism gained in importance and influence, a
growing insight into the nation’s problems was acquired. . . . This re-
flected a political urge, a nationwide endorsement of the idea that the
couniry must develop, which provided an explicit frame of reference
for Brazil's economic policy.”*

Shipbuilding was born of these elforts, and industries such as
paper and pulp, heavy mechanical and electrical equipment, stecl,
and tractor production were expanded. Another major development
was the birth and growth of an automobile industry in which by 1962
ten firms were already producing 190,000 automobiles and trucks
with about 90 percent of the parts domestically manufactured.® But as
in the course of the industrialization drive the functions of the state
broadened,® so did the role of foreign investment. It is estimated that
between 1949 and 1962 the total growth produced by foreign firms
amounted to 33.5 percent of the expansion in manufacturing and 42
percent of the import substitution industry growth.’
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Industrialization and
Technological Laissez-Faire

Advancement of the ISI process required technological expertise and
training in order to operate industrial plants and to produce tech-
nology on the basis of foreign know-how and engineering. T'he gov-
ernment did not interfere with capital goods and technology pur-
chases or with the contracting of national and foreign firms for the
acquisition of licenses, patents, and trademarks. Thus aithough up to
the beginning of the 1950s the Brazilian state was involved in mild
control of foreign investment, and from the 1950s with efforts to en-
courage local capital goods production, these measures were not con-
cerned at all with science and technology. Before 1962 almost no at-
tention was paid to the commercialization of technology, with the
possible exception of Income Law 3470, which will be reviewed later.

Brazil was a newcomer to both science and higher education. Its
first professional schools in law and medicine date from the nine-
teenth century, its first university was established in 1920, and science
as an organized activity barely existed before the 1930s.*

The Brazilian Scientific Society was created in 1916, and in 1922 it
was transformed into the Brazilian Academy of Science, which, like
most Latin American academies, had a cultural and intellectual rather
than a scientific role. Sao Paulo University, years later to play a role in
training scientists in biology, physics, and chemistry, and the Technol-
ogy Research Institute (IPT), to become one of Brazil’s most success-
ful technological institutions, were created in 1934.° Between 1930
and 1949, 160 institutes of higher education were created, among
them the Federal University of Rio de Janeiro. In 1949 the Brazihan
Center for Physics Research (CBPF) was set up under the direction of
César Lattes and José Leite Lopes; it later became a base for physicists
who wanted to master the new nuclear genie. One year later the Bra-
zilian Society for the Progress of Science (SBPC), similar to the Ameri-
can Association for the Advancement of Science, was created, which is
now a forum for scientific exchange and for political discussion and
ideological development and confrontation.'

CBPF and SBPC were created on the mitiative of scientists. There
was no formal scientific policy, and research nuclei were the fruit of
isolated individual efforts. The higher education system was limited
to a few schools with training in careers indispensable for the society,
such as engineering and medicine."!
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Whereas many scientists in the early 1950s still continued 1o regard
technology as “science—patrimony of all mankind”—an increasing
number of scientists began to link scientific and technological devel-
opment with the mastery of nuclear energy. A growing awareness on
the part of policymakers about this linkage and a desire to be second
to nene in Latin America’s nuclear power development led the Bra-
zilian state in 1951 to create the National Research Council (CNPgq)
and the Company for the Improvement of Higher Education Person-
nel (CAPES).

CNPq was to become a leading institution for science and tech-
nology development in Brazil. In its first years, its concerns were (1)
maintaining contacts with researchers and research institutes, (2)
granting aid for research and (3) fellowships for professional train-
ing, (4) support for national and international scientific meetings, (5)
for scientific exchange both within the country and with foreign and
international institutions, and (6) for atomic energy research, and (7)
other activities in support of scientific and technological research.'?

The early 1960s saw new institutional developments. At the end of
1960 the ministry of education created the Supervisory Commission
of the Institutes’ Plan (COSUPI) for the support of technological edu-
cation, and in 1963 the Program for the Expansion of Technologi-
cal Education {(PROTEC) was set up.”® Both were incorporated into
CAPES in 1964. The 5ao Paulo Foundation for the Support of Re-
search (FAPESP) and the University of Brasilia were created in 1960
and 1961, respectively.

The Evolution of Braxl’s
Science and Technology Policy

The initiation of an explicit science and technology policy in Brazil
cannot be dated, per se; it concerns nol formal guidelines and bold
actions, but rather a perception on the parl of decisionmakers and ana-
lysts that certain actions in the aggregate constituted a science and
technology policy. The Programa Estratégico de Desenvolvimento
1968—1970 (Strategic Development Program), issued in 1968, is gen-
erally regarded as the “breaking point.” I share this view, but only in-
sofar as arguing that what occurred in 1968 and after was more accu-
rately the culmination of a process of events that took place between
1962 and 1968. Thus it seems reasonable to locate the policy origins



156  The Power of Ideology

in the mid-1960s, even if the lirst explicit document reflecting the new
policy was issued mn 1968.

"T'here were four stages in the development of the science and tech-
nology policy. The first (1962—1968) 1 call the policy formatien stage.
Here the ideas regarding policy evolved into science and technology
ideologies, which penetrated the political system. The key Strategic
Development Program was issued, containing an explicit statement
about science and technology autonomy.

The creative stage (1969—1975) involved a proliferation of mea-
sures aimed at the formulation and implementation of a science and
technology policy. An institutional “system” was created that inciuded
partially self-sufhcient financial institutions in charge of promoting
autonomous scientific and technological development, and norms to
regulate technology transfer were 1ssued. This “creativity” was not un-
related to the economic miracle Brazl experienced during those
years, but it should be pointed out that the two maost creative years
were 1974 and 1975—after the miracle was over.

During the third stage of stebilization {1976—1978), new normative,
planning, and institutional measures gave more coherence and teeth
to the previous policy developrnents.

I call the period from 1979 to 1982 the drought stage: because of
recession and a financial crisis, resources became scarce and the build-
up process slowed down. Nevertheless, the science and technology
system continued to grow, albeit at 2 slower pace, and it retained its
irnportance and financial backing.

The following 15 a chronological description of the highlights of
science and technology policy from the early 1960s to 1982, This de-
scription, divided zecording to the policy’s basic elements, the regula-
tion of technology transfer and the creation and support of a domes-
tic capacity to innovate, also serves as an introductory summary of the
rest of this chapter.

Technology Transfer

1962 Law 4131, basically concerned with foreign investment, also
controls technology transfer contracts {or the first time, re-
stricting the remittance of earnings abroad, {ostering the ab-
sorption of technology, and prohibiting the remittance of
earnings between multinationals and their affiliates for tech-
nology transfer.

1964

1965

1970

1971

1973

1975

1978
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Law 4137 creates the normative means to control abuses in
technology transfer contracts.

Law 4390 and Decree 55762 (10 regulate the law) repeal
some of the restrictions instituted by Law 4131 but maintain
the registration of contracts, the control of real transfer, and
the prohibition of remittances between multinationals and
their afhliates.

Creation of SUMOC (Superintendency of Money and Credit)
to regulate the operations of machinery and equipment
IMpOores,

Creation of National Institute of Industrial Property (INPI)
to administer the technology transfer system, the patents and
trademarks systems, and the linkages between domestic in-
dustrial technology supply and demand.

Industrial Property Code institutes some modifications o
systematic regulations of technology transfer aimed at speed-
ing up the “real” transfer and increasing the bargaining
power of the government vis-a-vis technology suppliers,
Contract approval by the Central Bank requires INPI's
endorsement.

Creation of Indusirial Technology Commission to analyze
technology transfer contracts.

Normative Act 15 divides technical know-how into five cate-
gories: patents, trademarks, supply of industrial technology
agreements, technical-industrial cooperation agreements,
and specialized technical services agreements; and requires
separate contracts or agreements on each so as o open the
“technological package.”

Brazil becomes a member of the World Intellectual Patents
Organization.

Normative Act 30 bars payments by automotive subsidiaries
to their parent companies for R & D on new models.
Normative Act 32 establishes a consulting stage in which
companies must pass along to INPI all details of a negotia-
tion before INPI will decide on the contract.
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1979 'The Law of Similars is placed under temporary review and

then repealed.

1981 Reinstatement of the Law of Similars.

Science and Technology Innovation

1964

1965

1967

1968

1969

Creation of Saentific and Technical Development Fund
(FUNTEC) within the National Economic Development Bank
(BNDE) to support research geared to increasing both do-
mestic supply of technology and demand by national enter-
prises, for which it finances the purchase of national
equipmenit.

Creation of Special Agency tor Indusirial Investment
(FINAME) within BNDE.

Law 4506 regulates the capitalization of research costs.
CNPq broadens its role to include the programming of
science and technology activities.

Creation of Studies and Projects Financing Agency (FINEP),
which would become prominent only in the 1970s.

Creation of GOPPE (Coordination of Graduate Programs

in Engineering).

Establishment of Fund for the Support of Technology
(FUNAT), to train industrial technicians, under the ministry
of industry and commerce (MIC).

Formulation of Strategic Development Program for
1968—1970, the {irst document of an explicit science

and technology policy. The main ideas of pragmatic anti-
dependency appear in this document: incorporation of
science und technology into the productive system through
“real” technology transfer and through development of
the Brazilian capacity to innovate.

CNPq issues a Five-Year Plan, mostly unknown outside
CNPyq, as a result of which an Experimental Graduate
Program of Research and Education is set up.

Creation of National Science and Technology Development
Fund (FNDCT), which became the principal instrument for
the support of science and technology in Brazil.

1971

1972

1973

1974
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Publication of T PND (first National Development Plan) iden-
tifying science and technology as one of the grand national
objectives, outlining a policy of autonomy, and instituting the
Basic Plan of Scientific and Technological Development
(PBDCT), which became the main policy instrument.
Establishment of Minas Gerais Technological Center
(CTMG).

Decree 70553 creates the National System for the Develop-
ment of Science and Technology {SNDCT) to formulate and
execute policy, with CNPq in charge of scientific and tech-
nological matters and the ministry of planning and BNDE in
charge of financial matters. These actions formalize the rela-
tions that already existed between CNPq and the planning
system.

Creation of Industrial Technology Secretariat (STT) as an
agency of MIC to develop and implement industrial tech-
nology policy. INPI and the National Institute of Technology
(INT) are integrated under the MIC/STT hierarchy.
Creation of National System of Science and Technology In-
formarion (SNICT), a network of data banks covering eco-
nemic and social sectors,

1 PBDCT issued for 1973—1974, describing science and tech-
nology as the most dynamic element of Brazils development.
Its stated aims: to accelerate technology transfer and to
strengthen the national capacity to innovate.

Program for the Support of Technological Development of
the National Enterprise (ADTEN) begins to provide funds
for equipment purchases.

1l PND issued, setting in motion a major reorganization of
the science and technology apparatus. It continues to em-
brace the goals of the past plans, placing strong emphasis on
the energy sector and industrial technology, especially basic
industries with a high technological content such as comput-
ers, capital goods, petrochemicals, steel, and aeronautics.
Ministry of planning becomes the planning secretariat
(SEPLAN), with broader powers and attached to the
presidency.
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1975

CNPq becomes National Council of Scientific and Tech-
nological Development and the central organ for planning,
coordinating, and implementing science and technology pol-
icy; placed under SEPLAN. FINEP is subordinated to CNPq.
CAPES is restructured and its powers enlarged.

National Council for Metrology, Norms, and Indusirial
Quality (CONMETRO) 15 restructured and placed under
STT’s jurisdiction with the name National Institute for Me-
trology, Standardization, and Industrial Quality
(INMETRO).

Creation of subprograms for the Demand and Utilization of
Technology and the Creation of Technology Supply under
BNDE/FUNTEC to provide incentives for R & D projects.
Creation of three additional BNDE institutions with the aim
of strengthening the domestic machinery and equipment sec-
tor: Brazilian investments, Inc. (IBRASA), to invest in Bra-
ziltan enterprises; Brazilian Mechanics, Inc. (EMBRAMEQ),
e provide capital for national capital ventures in the capital
goods sector; and Basic Goods, Inc. (FIBASE), to provide
capital for basic goods.

Creatioi of Scientific and Technological Council {GCT) under
CNPq, for which it becomes the central policy-making body.
Establishment of Scienlific Consulting Group (CCI) under
CNPq. A consulung body of sciemists, many of them egali-
tarian nationalists responsible in one way or another for the
ideas that have been turned into policy, it institutionalizes the
role of the pragmatic antidependency guerrillas.

Creation of Superintendency for International Cooperation
(8CI) under CNPq to coordinate the Brazilian international
aclivities related to science and technology.

Restructuring of SNDCT, Sectoral organsms called tech-
nology secretariats are placed in every ministry, all integrated
to the SNDCT.

Creation of Nudlei of Articulation with Tndustry (NAT) for
the benefit of public enterprises; in charge of promoting the
purchase and development of national manufactured equip-
ment, they serve as a “buy national capital goods”
instrument.

1976

1977
1978

1979
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Creation of Coordinating Commission of Articulation with
Industry (CGCNAT) under FINEP jurisdiction.

Enacement of National Plan of Graduate Studies.

Creation of National Alcohol Program, in which IPT and
INT assume major research tasks.

Signing of formal agreement between CNPq and SBPC,
enlarging support for the latter institution.

i1 PBDCT issued for 1975—1977. Like the previous PBDCT,
it emphasizes the role of science and technology as a force of
dynamism and transformation, upholding the autonomy ob-
jectives and budgeting almost $2.5 billion for the plan’s
implementation.

Establishment of Scientific and Technological Research In-
centives Fund (FIPEC) within the Bank of Brazil to promote
scientific and technological research.

Creation of Program of Research Administrators (PROTAP)
within FINEP with the aim of strengthening human re-
sources for the development of science and technology in na-
tional enterprise.

Creation of Brazilian Institute for Scientific and Tech-
nological Information (IBICT) under CNPq to manage
science and technology information.

Establishment of Industrial Technology Foundation (FTT).

Industrial Development Council (CDI) issues incentives for
the modernization and technological development of the
chemical-pharmaceutical sector.

Creation of Center for the Study of Technology and Engi-
neering {CETE) in Sao Paulo.

Creation of Industrial Technology Company {CTI) by the
INT to transfer the technologies produced by the institute
to the productive system.

IIT PND issued. Because of uncertainty created by the eco-
nomic Crisis, no quaniitative targets are inciuded in the plan,
which emphasizes the explicit goal of reducing science and
technology dependence.

Reorganization of SEPLAN. BNDE is placed under MIC
jurisdiction,
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1380 Il PBDCT issued, stressing the same goals as {11 PND and
likewise sector-oriented, emphasizing in particular energy
and capital goods.

—~  Creation of Superintendency of Institutional Programs (SP1)
under CNPq to promote scientific development and the
training of researchers.

——  Greation of Science and Technology Policy Advisory Group
(GAPCT), a forum of mostly pragmatic antidependency in-
tellectuals who serve as policy consultants, under CNPy.

Policy Making:
Structure and Process (to 1979)

The top Brazilian policymaker is the president. It is likely that the in-
stitutions closest to him, the National Security Council, the National
Intelligence Service, and the Armed Forces General Staff, have played
an informal part in the policy-making process. The heads of the presi-
dent’s civilian and military cabinets have also been key policymakers.

The presidential agency for formulation of policy on economic de-
velopment and science and technology at the highest level was the
planning secretariat, SEPLAN. SEPL.AN's chief was the president’s as-
sistant and adviser on economic policy. He also functioned as secre-
tary, general of the Economic Development Council (CDE), the top
forum for economic development decisions, comprising the secre-
taries of linance, agriculture, interior, industry and commerce, works,
and planning and presided over by the president. The council set over-
all economic policies and as such strongly affected the actions of institu-
tions such as the National Economic Development Bank (BNDE),

At the top of the industrial policy hierarchy was the minisiry of in-
dustry and commerce (MIC) and its Industrial Development Council
(CDI). CDI was responsible for defining the industrial development
policy, selecting the priority sectors in accordance with the general
economnic policies and plans, and setting fscal incentives.’ Formula-
tion and implementation of industrial technology and technology
transfer policy was centered in MIC’s industrial technology secretariat
(S8TT), which acted in accordance with directives of SEPLAN, the
CDE, and the presidency. Directly dependent on the secretariat were
the National Institute of Technology (INT), which performed R & D
acuvities and has been increasingly integrated into the productive

Science and Technology in Brazil 163

system; the Fund for the Support of Technology (FUNAT}; and
INMETRO, the industrial quality and standards organ.

Formulation of guidelines and creation and implementation of
specific instrumenis of technology transfer were in the hands of the
Naticnal Institute of Industrial Property (EINPI), which was adminis-
iratively divided into four bureaus: patents, trademarks, technol-
ogy transfer, and technological information. In practice, INPI was
responsible for renegotiating technology contracts, which were re-
viewed by advisory engineering enterprises and by INPI's council,
with occasional consultations with the National Councit of Scientific
and Technological Development (CNPq) and such institutes as INT
and the Technological Research Institute (IPT) to acquire technical
information.

Implementation of technology transfer policy has not been solely
in the hands of the MIC/STI/INPI system. For example, CACEX, the
Department of Foreign Commerce of the Bank of Brazil, granted im-
port licenses following the guidelines of the ministry of finance. With
key decisions on technology transfer made by INPI, once it approved
a contract, registration with the bank was practically automatic.” (Be-
fore INPI was created, the central bank was the ultimate authority
over technology transfer contracts.)

SEPLAN presided over most of the institutions that formulated
and implemented scientific and technological development policy
(SNDCT), the key ones being CNPq, the Studies and Projects Financ-
ing Agency (FINEP), and BNDE. Since 1974 CNPq has had the role
of formulating science and technology policy and executing it through
long- and shorl-range planning; coordinating science and technology
matters with the ministries and other government orgamzations; pro-
moting research and training; and coordinating and centralizing sci-
entific and technological information systems. Since 1980 it has ar-
ticulated science and technology activities through the Programmed
Actions, which mobilize resources, people, and institutions in pursutit
of a specific science and technology goal.

CNPq's Scientific and Technolegical Council (CCT) comprised 30
members from all branches of the science and technology system and
included 15 scientists and invited members from the national en-
terprises; CNPq'’s president presided. CNPqs vice president served
as president of FINEP as well and coordinated the commission that
prepared the science and technology plan. The commmssion, with ba-
sically the same representation as the council, was subdivided into
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subcommissions for industry, infrastructure, agriculture, social devel-
opment, and scientific development.

FINEP administered the National Science and Technology Devel-
opment Fund (FNDCT) as well as several programs for scientific and
technological development of national enterprise, promotion of na-
tional consulting, and support to consumers of consulting services
programs. It also functioned as the executive secretariat of the Na-
uonal Program of Executives Training and administered Lhe training
programn of the Administration of Scientific and Technological Re-
search and the Coordinating Commission of Articulation with Indus-
try (CCNAI), which in turn oversaw the Nuclei of Articulation with
Industry (NAT) in promoting the purchase and development of na-
tional capital goods by public enterprises. FINEP contained a Center
of Studies and Research, participated in commissions of various min-
istries, noted technological needs, searched the national infrastruc-
ture for suitable national suppliers, and then decided what is worth
hinancing. It received funds from SEPLAN, and additionally from
business establishments for services rendered, allowing it o maintain
a certain independence from federal budget fluctuations caused by
changing economic conditions.

BNDE, also institutionally linked to SEPLAN up to 1979 through
its Scientific and Technical Development Fund (FUNTEC), financed
the promotion of national R & D and of national demand for domes-
tically developed technology, as well as national production of capi-
tal goods.

SNDCT also included the Economic and Social Planning Institute
(IPEA) and the Brazilian Institute of Geography and Statistics (IBGE).
The main policy instrument of SNDCT, the science and technology
plan (PBDCT), adhered to the guidelines set by its “senior counter-
part,” the economic development plan (PND). Through the planning
process, SEPLAN connected the loose parts of the science and tech-
nology policy system, including those under MIC hierarchy such
as STI/INPL Until the restructuring of the science and technology
policy-making system in 1974, the planning ministry was directly re-
sponsible for formulating PBDCT, with data and information from
IPEA. Subsequently, CNPy formulated the plan.

The planning process consisted mainly of demarcating the areas to
be considered for institution of the plan. This was based on the assess-
ment of proposals from the ministries for their respective sectors,
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consisting of political directives, goals, priority programs and projects,
activities, and budgets.'

Several ministries have had relevant roles regarding science and
technology policy iormulation in their own sectors, such as agricul-
ture, mining and energy, comimunications, transportation, and the
military ministries. In 1975 technology secretariats were placed in
every ministry, all integrated to SNDCT.Y Figure 6 summarizes the
policy-making system.

The pragmatic antidependency approach implemented by Brazil lent
itself to various interpretations and to a broad spectrum of values and
beliefs, rejecting the free market on one hand and full autarky on the
other. For the majority of the policymakers concerned, the explicit
goal was self-determination or autonomy in science and technology.
The so-called autonomy policy enjoyed a bandwagon effect as actors
joined to fulfill some of their own political and bureaucratic needs.
The military, for example, emphasized the nation value (even the “su-
perpower-nation” value). For SEPLAN the central element was 1o
produce Brazilian technology relevant to the Brazilian image and
model of development. MIC/INPI stressed the “reality” of increased
interdependence and the need to catch up through the absorption of
foreign knowledge, or “real” technology transfer, while at the same
time improving the halance of payments. And even the finance minis-
try, which has tradidonally supported efficiency and growth over
more nationalistic goals, acknowledged the importance of the strate-
gic, economic, and socal priorities that a natienal indicative plan
would establish.

For many of the policymakers, autonomy meant the recognition, or
as [ PBDCT stated, the awareness, that economic and social transfor-
mation in modern soctety has come to depend on science and tech-
nelogy to such an extent that technological mastery is nowadays a
basic factor in establishing the relative competiuveness of the various
countries; or as II PND peinted out: “S & T [science and technology]
in the present stage of Brazilian society represents a driving force, the
channel par excellence of the idea of progress and modernization.” **



Figure 6.  Brazil. The Science and Technelogy
Policy-Making System {to 1979)
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Some technocrats and influendal intellectuals, members of the
pragmatic antidependency guerrilla group, were driven to the self-
determination goal as well by the desire to create a national and cul-
tural capaaity o innovate. Bue this desire was, in most cases, not
expressed in such 2 straightforward manner, and because the policy-
makers with power to effect change were mostly econemists and engi-
neets, objectives were presented in economic and technical rather
than in cultural terms.

Behind the objective of sclf-determination was the fundamental
drive to know more for the sake of producidon. As the distinctive Bra-
zilian ideology of development evolved in the late 1960s and 1970s,
policymakers such as Velloso, Pelicio, and others came to regard de-
velopment as a higher capacity of knowing, perceiving, and under-
standing. The science and technology policy, by alming at increasing
“national knowledge” and “national understanding,” was expected to
bring about a new stage of development, defined mainly in cognitive
terms. Thus while many “felt” it but only a few explicitly recognized it,
development became direcily #nd intrinsically linked to consciousness,
because development required that attention be placed on certain
physical processes, on understanding and knowing and the choices
these processes revealed.

The Brarilian national paper presented at the United Nations Con-
ference on Science and Technology Development in 1979 reflected
these feelings:

[Brazil] rejecis the definition of development which points only
to the developed countries as the target to reach, the state to
achieve; the idea that developed countries exemplify the goals to-
ward which to strive. The document proposes a definition which
states that development implies a high capacity of knowing, per-
ceiving, and understanding, in order to interpret the realities of
the country, in order to maximize the achievement of the nation's
objectives through the human and physical resources available.
... This cognitive capability is the common element, the means
of identification of advanced and developed countries. This is
precisely what the nondeveloped countries lack. The cognitive
capability will be equivalent to a concept of science and tech-
nology for development. The document underscores this cog-
nitive capability, the idea of a critical mass, the idea of a platform
of knowledge as 2 conditional element to the possibilities of
development.'®
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Means

According to most Brazilian science and technology policymakers,
more than the invisible hand was needed to guide the country to the
goals outlined above, That is why control over the means of technol-
ogy transfer has been steadily and incrementally increasing.

Knowledge-Generating Capital Equipment

Over the years the Brazilian industrialization process has generated
large amounts of technology transfer through the purchase of capi-
tal equipment, such as machinery. Furthermore, the large presence of
Brazilian engineering firms in the technology market and increasing
government incentives for locals to handie the maintenance and op-
eration of equipment have allowed for considerable effectiveness in
technology transfer. At the same time, as the domestic capital goods
mdustry developed, a desire to reduce embodied technology transfer
and to acquire know-how became evident,

The policy with regard to imports in general and capital goods in
particular has been directly linked to the balance of payments ques-
tion. Thus, for example, in the high-growth period the complex and
confusing imports controls were simplified, but with the balance of
payments worsening again by 1974, they were progressively reinsti-
tuted. “The measures included steeply increased duties on a wide ar-
ray of products, the remtroduction . . . of prior deposits . . . , and the
extension of the requirement for a gui [in effect, a hcense to import]
for vireually all imports.” Among the new measures, a previous maxi-
mum permissible financing period of eight years for imports of capi-
tal goods was abolished ®

Also, tariffs that had decreased between 1966 and 1978 —for ex-
ample, machinery, from 48 to 38 percent, and electrical equipment,
from 114 to 56 percent—began an upward trend, notably on steel,
paper, and certain petrochemicals.”" In March 1980 Brazil increased
duties on some two thousand items, mostly chemicals and capital
equipment. At the same time other nontariff measures were instituted,
such as a requirement that governmental and quasi-governmental
agencies purchase as much of their needs from local services as pos-
sible.®® At the end of 1979 the Law of Similars suffered a setback when
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it began to be applied only to companies seeking any of the sull-
available concession incentives such as those offered under the Export
Benefits Program (BEFIEX). But one year later the law was reinstated
in its original form. And a central bank resolution (#638) in Septem-
ber 1980 making virtually ail imports of capital equipment, including
components and spare parts, contingent on obtaining foreign financ-
ing created one more roadblock for capital goods imports.*

The share of imported capital goods in the projects approved by
ihe Industrial Development Council (CDI) for the industrial sector in
general and the capital goods sector in particular went down dras-
tically. For example, the 197 share of 68.1 percent for the industrial
sector and 76,0 percent for the capital goods projects decreased in
1979 to 28.9 percent and 38.7 percent, respectively. In 1973, under
the participation agreementis approved by the Department of Foreign
Commerce of the Bank of Brazil {CACEX), 52.7 percent of the capital
goods were bought in the domestic market, in contrast to 82.4 percent
in 1979.*

Brazil also instituted stiff local-content rules. Thus, the automobile
has achieved a national content. close to 100 percent by weight, and
local-content tequirements for such capital goods sectors as steel
making, railroads, and electrical energy have been increased to as
much as 80—-90 percent. Table 8 shows the nationalization index of

Table 8. Brazil. Nationalization Index of Equipment
in Projects Financed by BNDE (in %)

19791980

Sector 1974-1975
Steel 22% 70--80%
Hydroelectric 50 B -9}
Cement b0 95
Petrochernical 60 7080
Paper and cellulose 50-60 820—85
Nitrogen fertilizers 60 70
Phasphate fertilizers 70 90
Mining 50-60 80-90
Railroad equipment 60 9095

Source: José Serra, Working document presented to ECLA (84c Paulo, 1981), table 53.
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equipment as reflected in payments financed by the National Eco-
nomic Development Bank (BNDE). We see that the nationalization in-
dex went up radically between 1974 and 1980,

Technical Assistance,
Industrial Property, and Know-How

In the realm of technical assistance, patents, licenses, and trademarks,
technology transfer policy since the beginning of the 1960s has aimed
at the “real” transfer of technology. The steps taken have been delib-
erate and consistent, beginning as early as 1958 with Law 3470, which
limited to 5 percent the amount of royalties for trademarks, patents,
and technical assistance that could be deducted for tax purposes.

But it was Law 4131 of 1962 that produced the first set of strict
technology transfer controls. Its basic concern was to restrict the re-
mittance of earnings abroad, but at the same time it attempted to fos-
ter the absorption of technology, creating a structure of incentives dif-
ferentiated according to industrial sectors.”® As a result of this law,
those who wished to make remittances abroad for any technological
activity bad to submit the contracts to the Superintendency of Money
and Credit (SUMOC), which would verify, if necessary, whether tech-
nical assistance reaily took place. Those who made the transfer had to
furnish some proof that their privileges abroad were still standing,
Article 14 of the law prohibited remittances between subsidiaries and
their home companies or between an enterprise whose capital was in
the hands of the royalties recipients abroad. Any transfer remittances
above 5 percent In a five-year term were considered taxable earnings.
Article 14 was to remain unalterable across all legislations and politi-
cal changes, as were disincentives for the registration of patents with-
out property and for the use of a foreign trademark.

The antitrusi faw (4137), also of 1962, considered abusive all prac-
tices that tended to take over national markets or tried, totally or par-
tially, 10 eliminate competition. This law has been interpreted as the
normative mechanism for the prevention of abuses in technology
transfer contracts.

Decree 53451, which regulated Law 4131, limited to five years the
period in which contracts with foreign patents could be allowed to
generate remittances and restricted the total remittance to 2 percent
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of the manufactured product cost or of the product’s gross earnings,
Law 4390 of August 1964 (regulated by Decree 53762/1965) removed
these restrictions but retained the other provisions of T.aw 4131 and
also added to the 1962 provisions a supplementary income tax on
remittances.

After two shori-lived Industrial Property Codes, the one instituted
in 1971 introduced modifications to the rules regarding technology
transfer registration: technology agreements (technical assistance, li-
cense for patents and trademarks) had 1o be approved and registered
with the National Institute of Industrial Property (INPI), and docu-
mentadon had to be provided justifying the acquisition of technology
from ocutside the country, siating the advantages for the contractee
and the national economy, estimating time of absorption, and describ-
ing the technology.® INPI wanted such information as the value of
the technology to be transferred, method and duration of transfer,
whether the licensor would train employees of the licensed firm at its
own plants, whether the licensee planned to set up its own R & D fa-
cilities or use existing ones in Brazil, and whether the licensee would
be entitled to the technology and techniques it developed from the
technology being acquired. INP1 would not accept licensing agree-
menis restricting or controlling the licensee’s exports or stipulating
the sources of materials or components to be imported for the manu-
facture of the licensed product.® According to the code, no minimum
royalties were to be accepted, but it was possible o include minimum
production and sales figures upon which the royalties would be based.
Fixed payments were accepted for technical, engineering, and con-
sulting services, but the maximum payment for technical person-
nel entering Brazil to render technical services was set at $6,000
per month.*

The Industrial Property Code set a patent duration limit of fifteen
years from the date of filing the application. Except for priority rights
under international conventions, companies would have to file a pa-
tent in Brazil within one year of obtaining rights abroad. Pharma-
ceutical, medical, and food products and processes; chemical prod-
ucts; metailic mixtures and alloys; and atomic materials and the alloys
used in producing them were declared unpatentabie. If a patent was
not worked in Brazil within three years of issuance or work was inter-
rupted for more than a year or was not considered sufficient to supply
demand, INPI might release it from compulsory licensing to inter-
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ested parties, who had to begin to work it within tweive months. Pa-
tent rights were forfeited automatically if not worked in the first four
years by the patent holder or the first five years if licensed.

Remittability of royalties and fees to unrclated foreign licensors
was limited to between 1 and 5 percent of gross sales, depending on
the essentiality of the product. Pavments for technical assistance were
not deductible expenses for multinational corporation subsidiaries,
and the remittance of patent and trademark royalties by the subsidi-
aries to their parent companies was prohibited.” “The 1971 Brazilian
Patent Law,” one source concluded, was considered “the toughest and
most sophisticated piece of legislation for the control of technology in
existence in the hemisphere.”™

In 1973 a regulation was instituted to the effect that {oreign tech-
nical service companies in the fields of engineering, architecture, and
agriculture could work in Brazil only if they formed consortiums with
Brazilian firms. This regulation came on top of a 1969 decree restrict-
ing governmental technical service contracts to companies with at
least 51 percent Brazilian ownership and technical staff.>

Normative Act 15, enacted in 1975, dassified {with the purpose
of registration) technology transfer agreements into five categories
according to their purpose: (1) license contracts for patent rights;
{2) license contracts for the use of a rademark; (3} contracts for the
supply of industrial technology; (4) contracts for technical-industrial
cooperation; and {5) coniracts for specialized technical services. It
stipulated that “the provisions that apply to each purpose are quite
distinct and must correspond specifically o one single coniract in the
respective category.”*® For the first time a government document
identified know-how as being separate from other technology trans-
fer means, implying the opening of the “technological package.”** Act
15 also differentiated among three types of dealings between capital-
linked parties—total control, majoriiy participation, and minority par-
ticipation—which opened a path for the distinction between technol-
ogy transfer to fully foreign-owned enterprises and to joint ventures.

In 1978 INPI issued Normative Act 30, which barred payments by
automotive subsidiaries to foreign parent companies for R & D on
new models and for administrative or marketing assistance. Nor-
mative Act 32, enacted the same year, stipulated that a drafc of the
technology transfer agreement (in Portuguese and in a second lan-
guage chosen by the foreign party} must be submitted to INPI for
study. This act was aimed directy at increasing the bargaining power
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of the Brazilian parties. Three years later, other important directives
were approved: Normative Act 53 established procedures for review
and control of contracts in the area of data processing, eriented to de-
fend domestic production; Act 55 made consultation on matters con-
cerning lechnical assistance and contracts for specialized technical
services compulsory; and Act 60 regulated the acquisition of special-
ized technical services abroad.

INPI officials reviewed contracts according to the following prin-
ciples: veto purchases of technology that the country already pos-
sesses; know the technical needs of national industry; and link na-
tional enterprises (demand) with national research institutes (supply}.
The policy criteria used varied according to the nature of the enter-
prise involved. Oflicials have been very “liberal” with national enter-
prise in approving technology contracts, but they have been careful to
see that the technology was indeed transferred. The policy has been
moie exacting with regard to joint ventures, even those with national
capital majority, because if the foreign company in the venture (in
spite of its minority capital status) provides the technology without the
transfer, the “control” is assumed to be foreign. Thus INPI compelled
renegotiation when there was no transfer. With regard to foreign en-
terprises, INPI flatly prohibited remittances between subsidiaries and
their home companies.

1 will now review some data on technology transfer since the Bra-
zilian science and technology policy began w take shape. However,
because data collection mechamisms are deficient, the following fig-
ures must be regarded as merely suggestive.

‘The number of authorized technological agreements did increase
in the 1970s as compared to the second half of the 1960s. Between
1963 and 1970, 2,429 contracts were regisiered, compared to 9,600
between 1972 and 1979, The last few vears of the 1970s, however, saw
a decrease in the number of contracts registered annually {see Fig-
ure 7}

Technology payments of $221 million were authorized in 1972,
$282 miilion in 1973, $375 million in 1974, and $225 million in 1975,
In 1978 and 1979 the figures mncreased to $402 million and $519 mil-
lion, respectively. But the next two years saw a sharp decrease (to $294
million and $282 million), probably reflecting an improvement in the
control machinery and the worsening of the balance of payments crisis.

The average growth of technology payments was 20.9 percent in
the second half of the 1960s but declined to an average 16.7 percent
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Figure 7.
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Table 9.
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Brazil, foreign capital was to be accorded the same legal treatment as
domestic capital. Foreign investment was prohibited in the areas of oil
exploration, extraction, and refining; domestic airlines; communi-
cations; publishing; and coastal shipping; and it was permiited on a
partial-participation basis in mining, fishing, hydroelectric power,
banking, and insurance,

Foreign investment had to be registered in the centrai bank, and
profit remittances abroad were limited to 12 percent (16 percent
when not counting 25 percent withholding tax on the temittance) of
registered investment. Beyond that limit, a supplementary income tax
up to 60 percent was to be levied on the remittance. At the same time,
“a foreign subsidiary cannot obtain long-term local {inancing from
government sources and government guarantees against international
loans, unless the investment is considered by the CDI . . . as high pri-
ority for the national economy.”*

The Economic Development Council (CDE) passed guidelines for
priority areas, namely capital goods, raw materials, and mining indus-
tries, in which preference was to go to local enterprises. If the locals
could not do the entire job, then foreign investment could be called in
10 associate as a minority partner.*® According to the Business Inter-
national Corporation, multinarional corporations were “finding it all
but impossible to obtain [CDI] fiscal incentives for projects in areas
that local companies have staked out as their own preserve, especially
in capital goods.” ' The government has likewise heen pressuring for-
eign firms to take in local partners when contemplating new ventures
or new product lines. Indeed, foreign-owned engineering firms have
not been able Lo get government business unless they merged on a mi-
nority basis with local companies. After 1976 the Special Agency for
Industrial Investment (FINAME) no longer financed the sale of capi-
tal goods produced by foreign-owned firms. The CDI was given veto
power over all proposed foreign investment, whether incentives were
being sought or not, and the access of foreign firms to local credit was
limited.*

Foreign investment increased quite dramatically. As of December
31, 1979, the central bank tallied $15.9 billion in direct foreign invest-
ments, with new investments reaching $1.42 billion, up from $1.36
billion in 1978.* In fact, foreign investment grew faster than the GNP.
“The average annual growth rates between 1970 and 1973 [were] 99.7
percent for foreign investment, 16.3 percent for gross total capital
formation and 12.5 percent for GNP respectively in real terms.”*
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The lon’s share (about 75 percent) of foreign investment has been in
manufacturing, with the heaviest concentrations in chemicals, trans-
portation, metallurgy, and mechanical, electrical, and communica-
tions equipment. Of the top two hundred companies in Brazil in
terms of sales, 39 percent were majority foreign-controlled, account-
ing for 32 percent of total sales, although foreign sources accounted
for only 8.3 percent of total investments.*

A study undertzken on the financial impact of multinationals in
Brazil between 1965 and 1975, using eleven of the top two hundred
companies as examples, showed that their $298.8 million capital invest-
ment was turned into a $1.467 billion surplus generated in Brazil. Of
this, $774.5 million was remitted abroad, $272.1 million, an amount
roughly similar to the original investment, in payment for technology.
One multinational, Volkswagen, accounted for 76.7 percent of the
technology remittances; its own technology remittances in turn were
75 percent of its total. The eleven companies studied remitted an
average of 35.1 percent for technology matters. *

Joint ventures.  Associate investment of foreign enterpriscs with na-
tional—state or private—enterprises is not new, as there were similar
cases before World War 1. But only after the 1960s did the Brazilian
government establish it as policy for achieving a real transfer of tech-
nology: “The government encourages joint ventures between foreign
and local investors as a means of transferring technelogy into Bra-
zilian hands. It therefore wants the local partners to be capable of ab-
sorbing the technology.” Foreign companies are thus under pressure
to establish joint ventures, especially in the manufacturing sector such
as in communications equipment. Standard Electric, I'TT, Ericssom,
NEC do Brasil, Siemens, and Olivetti have done so in communica-
tions, and General Electric in heavy electrical equipment.”” Govern-
ment enforcement of joint venture investment has been particularly
strict in the petrochemical sector, In 1980, for example, the govern-
ment blocked Dow Chemical from going ahead with a large project of
its own, reminding Dow and other enterprises in the sector that the
Joint venture policy was still in effect. A study found that among 315
sampled foreign enterprises, 61 percent were wholly owned (95 per-
cent or more), while the rest were joint ventures, of which 27 percent
were foreign majority owned (50-94 percent) and 12 percent were
foreign minority owned (649 percent).*
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Management of Knowledge
and Information

The management of knowledge and information became the cor-
nerstone of the Brazilian science and technology policy as planned in-
novation and adaptation superseded the idea of a free market of
ideas. No longer was random coniact between foreign and Brazilian
scientists and engineers to be counted on to rigger innevation and set
wends. Scientists and engineers remained iree to pursue their scien-
tific instincts, but the financial rewards and other Lypes of incentives
were such that many scientists and engineers chose to serve the ideas of
cconomic development and industrialization. Thus training and edu-
cation became a means of cultivating what was considered one of the
most valuable components of Brazilian progress: human resources—
bearers of the scientific, technological, and managerial know-how.

Traming and Education

In 1967 the government undertook what was called Operation Re-
turn to bring back to Brazil scientists working abroad and to integrate
them into the process of building an autonomous science and tech-
nology capability. Duties for returning scientists were reduced in 1969
and wages were increased significantly.

One of the key measures taken to improve the level of education
and to train experts was the 1968 university system reform.

According to the new legislation, central institutes and depart-
ments were to be established in all universities, abrogating their
traditional structure as federations of independent professional
schools, and providing a place for research. A common basic _
course was created for broad areas of knowledge, thus postponing
the students’ decisions about their professional careers; entrance
examinations for the universities ceased to be administered by each
school and became unified for each geographical region and field
of knowledge, in an approximation of the Yrench baccalouréat; ‘
the courses ceased to be organized around a rigid succession ol
“years” and were replaced by a system of “course credies.” At

the same time, the universities lost their freedom to refuse un-
qualified students if they had places for them, and the number of
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university enrollments increased pronouncedly. . . . The decision
to open the gates of higher education to a much larger propor-
ton of the applicants, withoul waiting for the effects of univer-
sity reform, was carried on mostly through the new, separate and
privately owned professional schools which were aliowed to be
created. From 1968 to 1969, first year enrollment in these schools
more than doubled, rising from 39,000 to 85,000, In conse-
quence, in 1971 more than half of all university students were
enrolled in private institutions, compared to a third in 1964.*

In 1964 a total of 142,386 students were enrolled in undergraduate
studies, of which roughly 40 percent were frsi-year studenis; in 1977
these figures were an estimated 1,117,000 and 41.5 percent.”

Significant measures were also taken by the government in coordi-
nation with faculty and scientists to build a national system of gradu-
ate studies. “The new graduate programmes, established very often in
isolation from the undergraduate schools, appeared to be alternative
places where some serious educational and research activities could be
carried on: they started to command a growing amount of funds and
to attract the best of the available talent in Brazilian higher educa-
tion.”' From 1969 to 1973, 18,777 students participated in the gradu-
ate programs {of which onty 17 percent graduated).” Between 1975
and 1981 the number of graduate students increased from 22,245 w
40,209, and graduate courses increased 60 percent.” By 1974, 2,451
master’s degrees and 1,910 doctorates had been awarded, and 335 in-
dividuals held graduate degrees in the biosciences. More than 40 per-
cent of all master’s degrees were in engineering,” but at the doctorate
level engineering represented only 11.5 percent. The largest percent-
ages of doctorates were in physics, the social sciences, and the humani-
ties. In 1975 a national Graduate Studies Plan was approved with the
goal of awarding 16,800 new masier’s degrees and 1,400 doclorates
between 1975 and 1979.

Worthy of note among the graduate studies programs is COPPE
(Coordination of Graduate Programs in Engineering), created in
1965 on 2 BNDE/FUNTEC initiative and by 1978 the largest engi-
neers’ training program in Latin America® COPPE is a fine example
of the connection between economic development and the idea of
building human resources for the sake of technological autonomy:
note that a national development bank promoted and supported
what becamne the largest graduate engineering school in Latin Amer-
ica. COPPE’s programs cover eleven fields of specialization, including
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nuclear. systems, biochemical, and chemical engineering and comput-
ers, with approximately 100 faculty members and 1,500 graduate
students.*

Oune of the most important tasks of the National Research Counctl
(CNPq) in the area of human resources has been the awarding of
fellowships, a traditional activity since its beginning in the early 1950s;
41,117 were awarded between 1972 and 1978, The value of fellow-
ships and grants for the training of human resources increased 50
percent between 1974 and 1975. An even larger increase—127 per-
cent—occurred between 1975 and 1976; and there was a 66 percent
increment per year from 1976 to 1978.%

The organization of knowledge for training experis was given spe-
cial emphasis by the first and second science and technology plans
(I and 11 PBDCT). Pian I allocated approximately 22.3 percent of
the 1973 budget and 21 percent of the 1974 budget for the develop-
rment of scientific personnel, graduate training, and scientific develop-
ment—or approximately $72 million and $80 million, respectively.
Plan II allocated 27.3 percent of the budget for scientific and tech-
nological training in 1975, 26.2 percent in 1976, and 25.6 percent
in 1977, totaling about $185, 201, and $211 million, respectively.*
IT PBDCT was very explicit in this area: among the principal concreie
objectives were contracting of foreign proftessors and creation of
fellowship programs; participation of Brarilian professors and re-
searchers in scientific meetings in Brazil and abroad; supplying of
laboratory material; and financing of fundamental research and
graduate studies.™

Between 1970 and 1978, 41 percent of the funds of the National
Sctence and Technology Development Fund (FNDCT) were released
for scientific development and training. The funds were processed
through CNPq, BNDE/FUNTEC, MEC/Department of Education,
and the Brazilian Academy of Sciences, all for graduate courses at
home and abroad. Physies received almost 40 percent of the financial
resources, which the Studies and Projects Financing Agency (FINEP)
attributed to the heavy emphasis on nuclear research.

Research and Development

Brazilians are constantly expressing concern and frustration about
the transmission of the fruits of the R & D process to the productive
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system. But R & D has to be seen in the perspective of long-range,
incremental progress. In fact, notwithstanding the complaints, a rela-
tionship between R & D and industrial development has evolved,
which cannot be said about Argentina or the other Latin American
countries.

An idea of the tremendous task that had to be performed can be
gained by looking at the supply-and-demand situation of domestic re-
search at the beginning stages of the explicit science and technology
policy. An Economic and Social Planning Institute (IPEA) study car-
ried out berween 1967 and 1969 concluded that of the 46 research
mstitutions investigated, only those with the largest number of tech-
nological activities were involved in real innovation and that the bulk
of work was in technology adaptaton.® Only a quarter of these in-
stitutions had an active relattonship with the industrial sector, and
only one-third of their activities were initiated by it.*'

A Studies and Projects Financing Agency (FINEP) study, which
looked at enterprises with some need for the work of research insti-
tutes, found that over 55 percent of the research jobs performed in
these institutes were of the applied and of the development and adap-
tation kinds, and not merely rouiine—an indication of some, but still
precarious, technological progressive endeavor.® Since the jate 1960s
the advance toward science and technology policy objectives has been
steady, if slow, although it is on the whole still too early to assess the
activities and the results of the programs being implemented.

One means of linking R & I} and the productive sector is through
the creation of foundations and companies that sell research services.
For example, COPPE’s taculty members creaied the Foundation for the
Coordination of Graduate Programs in Engineering (COPPETEC)
with the aim of providing services to private and public enterprises.
“COPPETEC was officially described as an entity destined o intensify
the linkage between the program and the enterprises, allowing the
participation of COPPE’s professors and students in the development
of Brazilian technology and thus attracting to the wniversity projecis
of value for the progress of the nation. COPPETEC is COPPE's scien-
tific unit oriented toward the [solution of] technology problems.”*

Other examples of such research institutes include the Technologi-
cal Development Company (CODETEC; University of Campinas),
created to transfer the results of R & D (up to the level of prototype
construction) to the market. The University of Sic Paulo possesses
several foundations, such as the Carlos Alberto Vanzolini Foundation,
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part of the Production Engineering Department of the Polytechnical
School, and the Foundation [or Engineering Technological Develop-
ment (FD'L'E), an evolution of the Library of Digital Systems (I1SD),
The University of Minas Gerais created a Development Rescarch
Foundation (FUNDEP) to work on contracted research anel technical
assistance.™

Two research institutes of major importance for the development
and adaptation of technology in Brazil are the Technological Re-
search Lnstitute (IPT} in Sao Paulo and the Natonal Institute of Tech-
rology (INT) in Rio de Janeiro. IPT is one of the largest Brazilian
research institutes: it has ane laboratory devoted solely to the produc-
tion of capital goods and another for metallurgical physics; it con-
ducts research in such areas as solar energy, coal, hydrogasificadon,
and alcohol; provides technical assistance to infrastructure works and
to industry; participaies in engineering; holds more than one hun-
dred contracts with state and private indusines; consults with and
trains experls for research; performs tests and chemical analyses; and
is involved in indusirial metrology and pilot plan experimentation.

INT, with a foundation that has set up a company to sell services,
also commercializes the products of its laboratories. Although the
INT central laboratory is i Rio de Janeiro, it works in several regions
and states as well. Iis research concentrations are paper and ceilulose,
chemistry (technology), food, construction technology, pharmaceuti-
cals, and industrial developments for small and middle-sized indus-
tries. The INT also undertook the task of developing alcohol out
of hiomass as part of the Pro-Alcool Program. In addition, it holds
agreements with many national and international institutions such as
UNIDG, OAS, the Canadian Research Council, and the Denver Re-
search Insutute of the United States.™

Other important institutions are the Minas Gerais Technological
Center, which emphasizes metallurgy, minerals, and transportation;
the Bahia Research and Development Center {CEPED), working on
the control of metals, oil derivatives, pollution, and minerals; the Rio
Grande Foundation, working in the areas of minerals and coal; and
the Aerospace Technical Center in 820 José dos Campos, which devel-
ops technologies in the conversion of engines to alcohol, aeronauntical
engines and equipment, and solar and wind energy.*

FINEP has been stimulating R & D since the beginning of the
19%70s, which has resuited in the intensification and diversification of
applied research. It has acted according to the sectoral priorities of
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the economic and science and technology plans, financing R & D for
basic research and up to product development by the nationat enter-
prise, in such sectors as energy, chemistry and pharmaceuticals, fer-
tilizers, oceanography, material science, computers, and biophysics
and health sciences. It supported the development of new technolo-
gies {including nuclear and space technologies, acean resources, and
alternative energy); industrial technology; agricultural technology;
environment, health, and education; human resources training for
R & Dj; and support activities for scientific and technological develop-
ment. FINEP is thus a major instrument in Brazil's quest for tech-
nological self-determination, linking technology and the industriai
sector (the latter accounted for 56.5 percent of the value of the opera-
tions contracted by FINEP in 1980}. FINEP’s Industrial Technology
Program covers applied research aimed at generating technologies in
the direct interest of the productive sector: “FINEP’s activity is di-
rected toward the expansion and strengthening of a network of tech-
nology production centers, in its aspects of physical infrastructure
and of human rescurces.”® As a corollary of these measures, several
regional industrial technology centers were set up between 1970 and
1973 in Rio Grande do Sul, Sao Paulo, and Bahia. FINEP has also co-
operated with INT and the Aerospace Technical Center.

CNPq has supported research activities through fellowships and
grants, offering sectoral, regional, and institutional programs consid-
ered important for science and technology and for economic and so-
cial development. Beginning in 1970, the Integrated Programs—
multi-institutional scientific endeavors coordinated by CNPg—have
dealt with endemic diseases, genetics, oceanography, the continental
shelf, computation, semt-arid and humid tropics, flora, urban and
housing development, and nitrogen fixation in the tropics.

Later, CNPq created the so-called Technological Innovation Nuclei
(NITs), units implanted in research institutions and universities to
link research with industry. The NITs ofler help to interested parties
in obtaining R & D project hnancing, technology transfer or commer-
cialization, or intercourse with other state science and technology in-
stitutions. Between 1972 and 1978 CNPq awarded 8,848 fellowships
for research, and it has several dependent institutions performing
R & D, including the National Institute of Amazonian Research
{INPA), the Tnstitute of Space Rescarch (INPE), and the Brazilian
Center for Physics Research (CBPF).5

Duata comparing R & D performance show a significant change
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during the last decade. The number of saentists and engineers en-
gaged in R & D almost iripled between 1974 and 1978, from 0.8 to
2.1 per 10,000 population, as did R & D expenditures as a percentage
of GNP between 1971 and 1979 (from (.24 to 0.65).8 In 1979 R & D
expenditures on basic rescarch amounted to 16 percent of the total,
on applied research 31.9 percent, and on experimental development
52.2 percent. Thas last figure is very impressive, given comparable fig-
ures for France and Japan of 44.5 and 58.4 percent, respectively. Also
particularly significant is the {act that 52.2 percent of the science and
technology expenditures is accounted for by the productive sector
(public and private).”

In 1977, 18.8 percent of Brazil’s scientists and engineers were en-
gaged in engineering and technology, which, although not remark-
able, is higher than Argentina’s 14.3 percent in 1976. Brazil spent 14.4
percent of its total R & D expenditures for 1977 on industrial devel-
opment and 26.9 percent on the advancement of knowledge. Corre-
sponding figures for Argentina in 1976 werc 11.5 and 10.0 percent,
respectively. In 1978, 35.4 percent of Brazil's 24,015 scientists and en-
gineers engaged in R & ) were involved in integrated and noninte-
grated R & D and 64.6 percent were in higher education. In the same
year, 31.0 percent of the expenditures went for integrated and nonin-
tegrated research, 26.7 percent for higher education, and 42.3 per-
cent for general services. The differences between these data and
those for Argentina in 1976 are striking: 7.7 percent for integrated
and nonintegrated R & D, 31.5 percent for higher education, and
60.8 percent for general services.”

Retrieval Systems and Data Banks

Since the beginning of its explicit science and technology policy, Brazil
has placed heavy emphasis on the development of information re-
trieval systems and data banks. Some early steps were taken by Pe-
trobris, which had a Documentation and Patent Division. In 1970 the
‘Targets and Bases Economic Plan suggested a national technological
information network, and in 1973 that idea was incorporated into the
new Natonal Science and Technology Information System (SNICT),
under CNPq’s jurisdiction.” The initial components of the SNICT as
specified by 1 PBDCT were the subsystems ol Scientific Information,
Free 1ndustrial Information, Patented Technical Information, Patent
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Bank, Information of the Infrastructure and Services, Agricultural
Information, Social and Economic Information, and Collection and
Distribution of Information from Abroad. T PBDCT appropriated
approximately 1.5 percent of the 19751977 science and technology
budgei for the information system.”™ IIT PBDCT did not include
quantitative targets, but SNICT"s share of the science und 1echnology
budget in 1981 was 1.43 percent.™

A strong belief in the importance ol information systems and data
banks led in 1976 to the creation of the Brazilian Instivute For Science
and Technology Information {IBICT), evolved trom the Brazilian In-
stitute of Bibliography and Documentation {IBBD) attached to CNPq.
IBICT collects data about information transfers between Brazilian
and {oreign instituiions; archives scientific and technological informa-
tion in Brazil, allowing access to the documents; records the Brazilian
scientific and technological literature; trains researchers in infor-
mation science; provides individual researchers direct access to the in-
ternational data bases, and provides information for science and
technology decston making. It also supports the information and
documentation centers, providing compiete sets of published material
and facilitating regional distribution. IBICT is thus truly an informa-
tion retrieval and dissemination institution,

A Document Center of 'lechnological Information was created in
1978 in INPI, the first such center in Latin America; it includes a pa-
tent bank open to the public. By 1980 the patent bank comprised
more than 14 million items, derived mostly from patent documenta-
tion—an increase of 22 percent since 1978.7 A network of computer
terminals with access to a central source of information was being
considered. IPT and IN'T also have their own information retrieval
systems,

Role of the State

Brazil's economy has been a mixture of market mechanisms, state in-
tervention, and planning; the productive sector has combined private
(domestic and foreign) and state enterprises. The state has played an
important economic role through guidelines and planning, incentives
and controls—establishing the objectives and the means to achieve
progress. It has increased public spending; its development banks
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have financed education and production; and some of its enterprises
are among the largest in Brazil, It follows, then, that decision making,
hoth public and private, is affected directly and indirectly by 2 govern-
ment that allows independent action, but only within the limits of ob-
jectives aimed at maximizing the nation’s worth: this is the Brazilian
mechanism for the allocation of values.™

In 1979 federal and state governments accounted for 48.6 percent
of expenditures for science and technology, and 42.3 percent came
from universities and financing agencies, many of which are also state-
owned. The productive sector spent another 6.1 percent, and foreign
sources 3 percent. From a sample of 46 research institutions that in
the late 1960s worked on industrial technology, 82.6 percent were
public (federal and state government); by 1977, 97.5 percent of R & D
activities were performed by the state.”

The main role of the Brarilian state in science and technology has
been one of guidance, in which planning mechanisms such as the eco-
nomic development and science and technology plans play a part.
This role also encompasses others, however, such as educating and fa-
cilitating, and promoting.

Educational and Facilitative Role

As 2 corollary of its expliat policy, the state performs many educa-
tional and facilitative functions. It has aided both private and state en-
terprises in acquiring foreign licenses and patents when the required
knowledge was not available domestically. It has supported private en-
terprises in bargaining situations to assure that “real” technology
transfer took place. It has worked to strengthen human resources
and the scientific and technological infrastructure simultaneously in
order to facilitate sefection and use ol foreign inmnovations, which
policymakers view as a prerequisile [or the achievement of self-
determination. FINEP’s efforts to improve the domestic technological
capacity, together with the work of INT and IPT, for example, were
consistent with this educational and facilitative role.

The state has not been entirely autonomous in these aclivities, how-
ever. Although the bulk of funds for science and technology bas come
from domestic sources, some are provided by international organiza-
tions such as the United Naiions, QAS, the Interamerican Develop-
ment Bank {IDB), and the World Bank. Relations with these entities
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and with other countries are managed through CNPgs Superinten-
dency for International Cooperation (5CI), SEPLAN's International
Economic and Technical Cooperation Secretariat, and a science and
technology information agency of the foreign ministry. [ PBDCT
stated, for example, thac the science and technology “contribution
made under official international and foreign programs should attain
annual values on the order of $25 million. Of outstanding importance
within this program, on account of the volume involved, are the United
States, the cooperation provided by the USAID, and the contribution
of the United Nations Development Program (UNDDP), which totaled
$14 million in 1972.77

One way to see how international assistance and the domestic edu-
cational and facilitative effort cooperate is to focus on a program such
as the ‘Iraining Program for Scientific and Technological Research
Administration, created by II PBDCT to promote the creation of
technical groups to oversee or coordinate R & D activities, both public
and private. Between 1974 and 1978, with the participation of 90
technicians from |5 Latin American countries, about 720 technicians
were trained and 20 fellowships for study abroad were awarded.
UNESCO supported the program with $330,000 in technical assis-
tance budgeted through the UNDE, and the OAS also contributed.
Related to the program were various seminars on science and technol-
ogy questions—for example, one on technology transfer in which Ar-
gentina, France, Japan, the United Kingdom, and the United States
participated.™

CNPq has also had a close cooperative relationship with UNESCO,
the Organization of Economic Cooperation and Development (OECD),
the International Council of Scientific Unions, the International Cen-
ter for Theoretical Physics, and the Latin Amencan Association of
Physiological Sciences.® The World Bank has aided scientific and
technological development, assisting the National Institute of Amazo-
nian Research (INPA) in initiating research m the fields of ecology,
medicine, and climatology and at the same time sponsoring several
priority projects in the Amazon.”

IDB has also had extensive relations with Brazilian state institu-
tions, such as BNDE and FINEP. For example, a program of industrial
technology known as PROGRAM MINIPLAN/CNPqg/BID, set up in
1971, involved an estimated first-stage expenditure of $58 million, of
which IDB agreed to finance 55.2 percent (832 million). The con-

Science and Technolegy in Brazil 18¢

tracts between FNDCT and IDB were signed in 1973. IDB also par-
ricipated in FINEDs beginnings in 1965 with a $5 million loan, repre-
senting 45.1 percent of FINEP' ipitial resources.®

The State as Promoier

The Brazilian government has fulhilled its role as promoter in several
ways. Having set broad priorities for industrialization, it first identi-
fied the sectors that would be closed to foreign investment (see p. 177)
and invited foreign companies to contribute o the development of se-
lected industrial sectors, especially manufacturing. At the same time,
the state managed its own enterprises in development projects and
devised fiscal incentives to encourage investment in this development.
All this was done with the greatest discrimination, according to the
needs and capabilities of individual and of national indusiry as a
whole.

Many of these incentives were managed by CDI, who determined
which sectors were eligibie for exemptions. In 1975 there were eighe
sectors, covering hundreds of products; the list was constantly revised
as priorities and econcmic conditions changed. When a sector ap-
proached full development, new projects were no longer covered by
incentives.® Decree 1137, which created the CDI, also stipulated that
the tax exemption would apply only to imported capital goods with-
out national counterparts. Decree 77065/1976 introduced new fiscal
incentives, such as a b0-percent tax reduction on industrial products
necessary for the manufacture of machinery and instruments not do-
mestically available.® The incentive scheme was extended in 1977 to
include components for capital goods made by foreign companies
that join a CDI program for increasing the “nationalization index.”®
CDE also passed a resolution in 1977 establishing priority investment
areas, namely the capital goods, raw materials, and mining industries.
Local capital would be favored, with foreign investment invited only if
no domestic company could do the job.* In 1979 the investment in-
centive program was severely curtailed, however, mainly to increase
tax revenue.

With regard to R & D incentives, Decree 76063/1975 exempted
capital and consumer goods purchased abroad for research from im-
port tariffs; Law 4506 of 1964 and Decree 76185/1975 allowed ex-
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penditures for R & D to be deducted as operatienal; and the finance
minisiry further allowed R & D expenditures to be deducted from
taxable income on a case-by-case basis. The CDI policy was to provide
incentives when technological processes adequate for regional and
sectoral development were used or when foreign capital was willing to
contribute to local R & D. Dow Chemical, for example, built a2 $5.2
million R & D system as a supplement to its $500 million investment in
Brazil.* Incentives did not always work, however. When a 1974 CDI
resolution singled out the pharmaceutical sector to encourage tech-
nological research, giving preference to studies using available do-
mestic resources,” Johnson and Johnson invested $2 million in its cen-
ter for the study of endemic diseases, and American Cyanide and the
Beecham group coniributed some to Brazilian R & I); but all in all the
response was very poor.*

Technology exports have also benefited from tax incentives. The
Bank of Brazil has issued bonds to cover the loss of contract bids and
failure to fulfill operation specifications for exported projecis. The
bank has also occasionally granted pre-export financing. Available
data on technological exports estimate that between 1966 and 1980
Brazil built close to 60 infrastructure projects abroad, 36 of which to-
taled $3.049 billion, and 88 industrial projects, 12 of which amounted
to $110.9 million; and that 10 out of 29 consulting services have
rendered $8.4 million. Brazil’s direct foreign investment between
1971 and 1978 amounted to approximately $400 million. Among the
infrastructure projects have been oil pipelines, ports, airport expan-
sions, and hydroelectric plants, and industrial projects have included
plants and processes for the production of steel, food products, ma-
chinery and equipment, chemical products, paper, consumer du-
rables, and aicohol (the latier almost 30 percent of the total). Some-
times the sale abroad of turnkey plants was accompanied by direct
foreign investment. ™

The state has also played a significant role in the technology mar-
ket, mainly through its enterprises, which between 1972 and 1975
accounted for 33.9 percent of all agreements and 75.9 percent of all
approved payments. Petrobras alone had all the agreements in the
oil sector, with approved payments of $290.7 million, about 26.3 per-
cent of total approved payments. The Brazilian government held
94.2 percent of the extractive sector payments, 46.3 percent of manu-
facturing, and 89.3 percent of service. (The majority of the payments
by the government were for technical assistance and engineering ser-
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vices.) The government share of agreements, as opposed to payments,
was less during this period, but still impressive at 33.9 pereent.® In
1977, 67 percent of the value of technology contracts was in nuclear
energy.” However, although state enterprises have played a velevant
role in the technology market, ihey have been exercising more inde-
pendence with regard to technological purchases, payments, and ser-
vices than some policymakers deem appropriate.

The State as Guide

In its role as guide, the state assumed a position at the center of a host
of complex relationships and interrelationships (see Figure 8). To
guide science and technology policy into the capture of new foreign
techuology and the creation of a national capacity to innovate, the
state (1) attempted to control multinational corporations through
guidelines for technology transfer and payments; (2) reinforced the
science and technology infrastructure, focusing on the education sys-
tem and technological adaptation and innovation; (3} created the
mechanisms to promote national industry, both private and state-
owned, identilying priority sectors directly connected with science

Figure 8. Brazil. The Science and Technology Triangle:
The State as Guide

Multinationat Corporations

Science and Technology National Industry
Infrastructure {public and private)
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and technology autonomy, such as capital goods, and providing h-
nancial assistance to firms for R & D and technical, consulting and
engineering services; (4) guided the relationship between the multi-
national cerporations and natienal industry by encouraging joint ven-
tures; {5) guided the relationship between the science and technology
infrastructure and national industry by creating mechanisms, mainly
through FINEP, STI, and BNDF, to link domestic supply and de-
mand for science and technology and by centralizing science and
technology information services; and (6) promoted multinational in-
vestment in local R & D operations (with little success).

It is interesting to compare this set of relatonships with the Sabato
triangle. Whereas the latter prescribed a dependency-reducing re-
gime that deliberately ignored the multinational corporations {(see
pp. 58—59), in the Brazilian case a science and technology policy was
designed to reduce dependency given the very market presence of the
multinationals with their capital and technology. The staie therefore
placed itsclf in the triangle’s center, guiding not only each of the ele-
ments involved bul their relationships as well. Indicative plans estab-
lished public fund allocations for science and technology within well-
defined industrial and social priorities. Information retrieval systems
were set up o allow informed choices on Jocal adaptations to be made
and to increase the bargaining power of the state and of Brazilian
private enterpeises—this was largely the domain of INPI from the
mid-1970s. In addition, the state set priorities regarding the training
of human resources and the creation ol an indigenous R & D capacity
and indicated methods by which to achieve them.

I have already described state actions in the areas of technology
transfer and the national capacity to innovate. Thus I will conclude
with a description of the financial part of the state’s guidance and in-
dicative planning role,

Science and technology as a share of the total national budget {(cre-
ated as an explicit budget item only in 1976) has been steadily increas-
ing, at well over the rate of inflation: from 0.84 percent in 1970, to
2.20 percent in 1979, 2.11 percent in 1980, 2.31 percent in 1981, and
3.64 percent in 1982.%° Between 1973 and 1977 the total programmed
expenditures for science and technology (I and II PBDCT) according
t0 large sectors approached $3 billion. Moreover, it is worth noting
that the roughly $700 million appropriated by 1 PBDCT was more
than twice the financial aid granted by the United Nations to all devel-
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oping countries for science and technology development ($320 mil-
lion).* 11 PBDCT alone allocated $2.27 billion for 1975-1977, an un-
precedented expenditure on science and technology in a developing
country. III PBDCT did not have fnancial commitments, but the
1981 budget was approximately $500 million. Furthermore, the fact
that 33.6 percent of this amount was for technological research, about
20 percent for graduate studies, 8.5 percent for nuclear power, and
only 5.1 percent for scientific research demonstrates Brazil’s desire for
quick results in the technology area.”

FNDCT has financed all the stages of scientific and technological
knowledge creation and assimilation. Between 970 and 1980 it chan-
neled Cr 87.6 billion (1980 prices), or approximately $1.52 billion,
into science and technology development (see Table 10). Although
only 8 operations were approved by FNDCT for financing in 1970, 53
were approved in 1974, 72 in 1976, and 141 in 1978. Table 10 shows
the value of FNDCT operations in three basic items: higher educa-
gon, research institutions, and national enterprises. Although the
1979 value of operations was 60 times larger than that of 1970, the
1980 figure was almost 40 percent less than the 1979 value.

In real terms, the value of operations, increasing up to the mid-
1970s, began a downturn in 1976. Thus FNDCT's share of the GDP
quadrupled between 1971 and 1975, from 0.052 percent to 0.128 per-
cent, but in 1976 it went down to 0.074 percent and continued o de-
crease to 0.06 percent in 1979 and 0.04 percent in 1980. FNDCT's
share of the resources allacated to science and technology in the na-
tional budget declined as well, from 35 percent in 1978 to 32.2 per-
cent in 1979 and 30 percent in 1980.% Table 10 shows also that the
share of contracts with national enterprises grew markedly up to
1978, when it represented almost 50 percent of the value of opera-
tions; then a downéurn began.

FINEP, the industrial technology secretartat (STI), and BNDE/
FUNTEC (Scientific and Technical Development Fund) have financed
programs oriented toward linking the supply of domestic technology
with the demand. “The financial assistance provided by FINEP has
been directed largely toward priority areas within the capital goods
industries. Programs funded have involved activities such as new
product development, the testing of prototypes, and the construction
of pilot installations. FINEP has traditionally funded preinvestment
studies which have allowed industry groups to study potential projects
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Source: FINEP/CEP, Internal Mermo CEPO24/81 (May 19, 1981).
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before taking fmmal action.”* FINEP has also been providing substan-
tial support for national consulting, especially in the technology arca.
For example,

FINEP and FINAME signed an Agreement of Financial Collabo-
ration to support those enterprises which develop their own prod-
uct engineering, thereby benefiting the capital goods industry.
FINAME will give financial aid 1o enterprises on special condi-
tions, and establish the index of nationalization o be attained.
The funds allocated to the Agreement will come from the Pro-
gram of Support for Technological Development of National En-
terprises generated by FINEP (interest 2 percent to 4 percent
annually, inflation adjustment of 10 percent annually, under

3 years, amortization over 9 years) and the Special Program of
FINAME.*

FINEP's expenditures for technological development of national
enterprises and for domestic consulting can be seen in Table 11. For
example, it financed 83 percent of the total support cost for tech-
nological development of national enterprises in 1973 and 86 per-
cent in 1978. Its share of total capital support for 244 operations in
1978 was over 76 percent. Industry in general received 54 percent of
FINEP total contribution.*

Following its creation in 1964, BENDE/FUNTEC funded education
and applied and technological research (of which almost 50 percent
was for engineering). Since 1974 it has concentrated on promoting
and guiding autonomous industrial technological development at the
company level.

FUNTEC operates in this manner from two subprograms: . . .
Demand and Utilization of Technology, “which seeks to establish
attractive conditions for Brazilian industry to make good use of
technological innovations as a factor of modernization, progress,
productivity, and competition,” the object being to substitute the
importation of technology; [and] . . . Generation and Supply of
"Technology, which “has as its objectives 1o enlist research institu-
tions and universities and to participate directly in the technologi-
cal efforts of enterprises to search for innovations appropriate to
the realities of the national economy.”!*

Also—parallel to FUNTEC—the Special Agency for Industrial
Investment (FINAMLE), Brazilian Mechanics, Inc. (EMBRAMECQ),
Basic Goods, Inc. (FIBASE), and Brazilian Investments (IBRASA),
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have been channeling resources for domestic capital goods and re-
lated high-technology programs. BNDE appropriated aimost Cr 75
billion through these four institutions hetween 1974 and 1977; the
FINAME share, which supports domestic manufacture of machinery,
was 88 percent of that amount and represented 37.6 percent of the
total BNDE operations.™

Indicative planwing. The main priorities for I PBDC1—as part of
the guidance role of the state—were new technologies, such as nu-
clear energy, space activities, and oceanography; infrastructure tech-
nologies such as electricity, oil, ransportation, and communication;
and industrial technology. The latter specified 27 priorities, including
nonferrous metals, electronics, capital goods, petrochemicals, and
food industries, and the minicomputer industry was singled out for
special development.

11 PBDCT emphasized cnergy, especially alternative sources, agri-
cultural technology, and regional and social development. In the in-
dustrial sector it followed its II PND counterpart’s focus on metal-
lurgy, chemicals, electronics, mechanical agriculture, and food. I11
PBDCT"s priorities were energy, agriculture, education, and welfare,
and since energy and agriculture require a large input of capital
goods, this determined the special emphasis in the industrial sector.

The State of Sdo Paulo

To conclude this description and analysis of the Brazilian science and
technology policy I should add that Sao Paulo, Brazil's most industrial-
ized state, possesses something close to a science and technology pol-
icy of its own. The Science and Technology Program developed by the
State Council of Technology (later replaced by the secretariat of cul-
ture, science, and technology), involves various projects in the areas
of science and technology policy, technology marketing, research ad-
ministration, technological information, mctallurgy, guality certifica-
tion, and food technology. The Sio Paulo State Development Bank, m
charge of the program’s execution, finances the operations with re-
sources from the state and from FINEP and FUNTEC, and the State
Fund for Science and Technology Development coordinates the fi-
nancing enterprise with the State Council of Technology.

The Science and Technology Program includes a system designed
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to orient and develop the capacity of technological research institu-
tions, create extension services and financial incentives 10 encourage
the use of existing Brazilian technology, establish new technologi-
cal services, and develop the technology that is supported by public
funds. Thus the Sao Paulo science and technology system has become,
in a way, 2 microcosm of the federal system.'*®

An Image of
the Future Takes Hold o)

The key to Brazil's success in conceiving and implementing a science
and technology policy and in building the bureaucratic machinery to
serve it lies in part in the country’s post-1964 political stability and the
economic miracle that produced the resources to be invested in devel-
opment. But it also, and in interaction with that, lies in the existence
of a general ideological consensus about industrialization as the way
to progress, in the proliferation of anitidependency ideas during the
19505 and 1960s in places of intellectual and political influence, in the
basic nationalist view of scientists, and in the ad hoc alliance hetween
the military and technocrats in pursuit of a common nationalist goal.

Actions might not have happened at all or might have taken a very
different course had it not been for some of the actors and processes |
will review in this chapter. The success of those who made the policy
possible, who conceived and then built the science and technology
“system,” is more significant than meets the eye. Their main accom-
plishment has been to infuse a political systern characterized by differ-
ent and sometimes conflicting political and economic objectives with
the awareness that science and technology are important for progress
(as defined by most of the Brazilian actors) and that technological in-
novation and the control of technology transfer are linked to the de-
velopment of industry, employment, welfare, and security. The major

199
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achievement of the guerrillas has been in turning their image of the
future into something taken almost for granted.

Ideological Background:
Ideas, Sources, and Carriers

Continuaty of the Ideology of Development

Any outside observer of postwar Brazilian economic policy-
making cannot fail to be struck by the special way in which many
issues were approached. Important assumptions, attitudes, and
even “data” were taken so much for granted that there was little
discussion of such “self-evident” truths. This is perhaps the best
indication for the prevalence of a widely held ideology.'

Among the most important elements of the ideology of develop-
ment and the consensus built on it was the perception that Brazil had
a bright future but that it would only come about through industriali-
zation and modernization, to be achieved by developing basic indus-
tries to provide a domestic supply of steel, oil, and chemicals® and a
capital goods industry to provide domestic machinery and equip-
ment. In this sense national achievement and economic moderniza-
tion were more important than simply raising per capita income,

Another element was the belief that the Brazilian state and capi-
talist economic planning had to play a strong role.? It can be argued
that from the cognitive point of view industrialization and moderniza-
tion undertaken in a changing international environment would only
create more complexity and uncertainty. But it was understood that
the state would deal with these problems by formulating plans and di-
recting market forces toward national objectives. Still another element
of this ideology was pragmalism. As Leff (quoting Bonilla) pointed
out: “‘Brazil is a nation of pragrmatists. Unembarrassed by rigid com-
mitment to ideas or principles.’ This pragmatic approach, however,
operated only within the framework of the ideology. There it was pos-
sible only because of the consensus and the consequent delimitation of
issues and solutions.”* The decline of traditional export producers in
national politics permitted the growth of such an ideoclogical consen-
sus on economic development. Its statist nature was aided by the fail-
ure of national private entrepreneurs to develop an independent
ideology.’
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After 1964, however, the consensus suffered a major setback.
Whereas some advocated the achievement of Brazilian objectives
through opening the economy to the international economic system,
dependentistas advocated just the opposite: that the ISI process to-
ward self-sufhciency be continued. The rift has been large, but both
groups still shared the broad objectives of national development
with heavy reliance on state intervention, and both have been very
nationalistic.

Even Maria da Conceicac Tavares, well known for her outbursts
against Brazil's “selling out” to the multinationals, believes that “Brazil
has been Latin America’s most nationalist country, even during a ‘sell-
out’ period such as that of the previous [Médici] government.” She ar-
gues that it is unquestionably

one of those countries which, in spite of its liberal rhetoric and its
rhetoric in favor of foreign capital, has systematically used its bar-
gaining power, i.e., the bargaining power of its dominant classes,
of its government technocracy, and of its national entrepreneurs,
to resist. I have not been informed thar in this country any large
national capital, big national bank, large national landowner, or
big national technocrat has been liquidated. Even if the natdonal
technocrats consider themselves transatlantic, consider themselves
liberals, in practice they have increased State intervention, have
increased the strength of State énterprises augmenting Brazil’s po-
litical control.®

The Intellectual Carrier and
the Brazilian Subversive Elite

Leff has argued that intellectuals became prominent in the political
system because of the political leaders’ perceived nced for specialized
technical knowledge following the collapse of the coffee economy
in the Great Depression and the desire to achieve the high levels of
administrative practice (development, rationalization, and practice)
being developed in the advanced countries.” It can also be argued that
Brazil has been strongly influenced by positivistic, mainly Comtian,
philosophical thinking, which created a fertile ground for intellectual
scientific elites. “Positivisn was taken more seviously in Brazil than
practically anywhere else. Even at the end of the nineteenth century,
most of the teachers of the Escola Politécnica in Rio were positivists, #s
were those of the Escola de Medicina. Comtian positivism was per-
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vasive in the Brazilian army and was the outlook of a substantial pari
of the political leadership in the states of Rio de Janeiro and Rio
Grande do Sul.”® This positivistic mentality was probably linked with
the desire for higher levels of administrative management practice,
modernization, and, later on, technological development,

The egalitarian nationalist intellectuals, through their scudies and
their work as technocrats, became carriers of the development ide-
ology. From this point of view, the 1964 “burcaucratic-authoritarian”
coup? had a reinforcing function, because it brought intellectuals,
technocrats, and planners to the service of the state, which in turn
bred groups of young subversive-elite intellectuals. At the same time,
the expansion of the public sector provided the opportunity for pat-
ronage appointments to the policy-making circle—but through knowl-
edge, not politics or class. After 1964 reliance on the intellectual rather
than on the “politico” was the consensus among the ruling elites. Key
policymakers such as Roberto Campos, Mario Henrique Simonsen,
and Jodo dos Reis Velloso publicly expressed their conviction that
technocrats rather than politicians were best suited to make the Bra-
zilian productive machinery work.'®

Postwar institution building created the physical environment for
these carriers, and for their ideas o develop and “grow” to political
relevance. The Gemilio Vargas Foundation became not only a center
for economic problem solving but also an ideological factory. Later
the Economic and Social Planning Institute (IPEA) would fulfill a
similar, and crucial, role, and the Superintendency of Money and
Credit (SUMOC) and the National Economic Development Bank
(BNDE) would also become “strategic places within the government
where these individuals could develop their careers and their influ-
ence on policy.”"

Many of the Brazilian technocrats working in the science and tech-
nology area seem to have shared the basic belief that coercive depen-
dence should be reduced or eliminated and that more autonomous
policies should be implemented. They have differed sigmificantly
about how to do this, usually along the lines of the pragmatic versus
structural antidependency debate. However, few structural depen-
dentistas have worked for government institutions, most being em-
ployed at the universities. The majority of technocrats, then, have
been pragmatic dependentistas, favoring a capitalist solution to Bra-
zil's economic development and equality problems. They have strongly
advocated strengthening nationat entrepreneurship, with active state
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involvement. Although they favored redistribution, they opted to join
forces with & government that was overwhelmingly concerned with
stabilization. For even though the pragmatic dependentistas opposed
the strong military government, what it stood for, its repressions and
its Orwellian connotations, they knew that its services were necessary
in the interests ol national economic development and equality, when
the objective was to reduce dependency and increase their nation’s
self-reliant potential.

The Scientific Commumaty
and the “Other” Community

One of the distinctive ideological origins of the movement for a sci-
ence and technology policy came from among the scientists them-
selves, mainly the physicists. As one prominent scientist put it, the

development of physics in Brazil in the last period was a cuitural
event of major transcendence. . . . The cultural importance of
the physicists’ work—especially that of César Lattes, which had
a large international repercussion—is something that needs to
be analyzed in more depth. Even in areas that were not directly
linked to physics, it represented a certain sense of self-confidence
about Brazilian capabilities. . . . Thus even if this cultural move-
ment did not accomplish much, it ended up exerting a strong
ideological influence. In gencral, the Brazilian scientists of that
period, not only because of the relevance of research, acquired

a high national prestige and were always linked to nationalist
positions.

I believe also that Oswaldo Cruz [a famous biologist] and the
scientists of the past were nationalists, yet without a conscious na-
tionalist ideology. Let’s say they were patriots. But contemporary
scientists have a nationalist ideclogy. They were linked, for ex-
ample, to the oil campaign and other campaigns that defended
the national wealth. . . . We cannot adopt an excessively tech-
nologist point of view: we have to take into account the large in-
teraction between the technologist and the ideologist. From this
point of view, the most eminent Brazilian scientists of the period
always provided strong ideological contributions.'

One major difference between the nationalism of the scientists and
that of the economists and engineers is that the scientists have usually
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opposed short-range solutions. They view Brazlian science from a
long-term, global perspective of Brazilian development in all areas of
human endeavor. Said a hiologist, “The conception behind financing
research in Brazil cannot be subordinated to a pragmatic ideology of
the immediate. . . . it is essential to include the perspectives of imime-
diate and long-range problems within a certain ideeclogical concep-
tion. This applies to any area, such as energy, transportation, housing,
heaith, and so forth.” " At least some scientists did not share the prag-
matism of other intellectuals; we will encounier the sequel to this dis-
agreement in the making of science and technology policy after 1968.

The engmeers have been ideologically closer to the economists
than to the scientists. One reason for this is their academic back-
ground: “Concerning the prominent role of engineers in econormic
policy formation, we should add that the Brazilian engineering schools
always taught some economics. The professional self-definition of
Brazilian engineers aiso tends to be much broader than, for example,
is the case with engineers in the United States. In the discussion for-
ums of their professional clubs and in their journals, general issues of
national cconomic pelicy are often raised.” Morcover, engineers,
like economists, believe in the state.'® Whereas scientists tend to be
cognitively detached from production, from policy making, and from
the multinationals and their activities in Brazil, engineers are in direct
contact with the multinationals, learning and copying. And working
for the state, it is the engineers who, together with the economists,
think about how to control them. Their point of view was to be crucial
for the future development of science and technology policy, as
Schwartzman elaborated:

Alongside the scientific community in Brazil there exists an-
other community, historically and currently important, which we
can call the “technical-scientific and planming community.” His-
torically, this community can be linked to the tradition of engi-
neers graduated from the Polytechnic School of Rio de Janeiro,
the School of Minas de Ouro Préto, and some other institutions,
as well as to the Armed Forces. It has to do with an elite group of
rmen of action, concerned with practical results, inked to public
administration. . . . Since the 1950s, the banks and the develop-
ment and economic planning agencies have been organized and
stirnulated by this community. It is in this environment that ideas
have been generated for economic and secial planning, for the
implementation of comprehensive regulations, and for the ad-
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ministration of the public sector. . . . For this commusity, scientific
activity has meaning only when it is integrated with a planning
project of broader scope. This type of scientific poiicy 1s upheld
principally by big government corporations, starting with the
Armed Forces. . .. Itis superimposed then, in part, on the technical-
scientific and planning community, but deals with a sector of this
community endowed with strong organizational structure and siz-
able administrative economic resources. The object is the acqui-
sition of operational autonomy and national and institutional
control of technical strategic resources.'

ISEB: “Fdbrica de Ideologias”

Among the social science institutions created in the 1950s we will
focus on the Higher Institute of Brazilian Studies (ISEB), whose
strong ideological legacy was described in Caio Navarro de Toledo’s
ISEB: Fabrica de ideologias (Factory of 1dcologies)."” ISEB's impact lay
not only in the ideas it produced before the military government shut
it down in 1964, but also in the influence of those ideas on subsequent
political action, inciuding the developrent of a nationalist science and
technology policy.

ISEB, created in 1955 by President Jodo Café Filho, became in-
ternationally known through the work of such intellectuals as Hélio
Jaguaribe and Céandido Mendes. It was characterized by two clearly
defined nationalist currenis: a moderately egalitarian one repre-
sented by Mendes and Jaguaribe and a more radical one represented,
for example, by Alvaro Vieira Pinto and Wanderley Guilherme, '

The common cognitive ideological elementin all of ISEB’s “strands”
of thought was nationalism. The differences that arose had to do with
the intensity of the egalitarian dimension, with opinions about depen-
dency generally divided along the structural and pragmatic lines.

The radical intellectuals could not conceive that foreign investment
would promote development in Brazil. So structural dependentistas
saw no aliernative but emancipation from foreign capital. As Vieira
Pinto put it:

It is no longer a question of promoting development per se, but
of bringing about national emancipation based on development. . . .
The old nationalism could be identified with simple development
needs; the new one . . . demands more, demands that develop-
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ment should be understood not only as quantitative progress but
above all as a transformation of the essence of the objective pro-
cess, which would have o be free from any foreign influence."

For the more moderate Candido Mendes, foreign capital had to be
disciplined and controlled but not repressed or dispensed with if the
national development objectives were to be achieved. Mendes (and
later Cardoso) believed that dependency and development could
occur simultaneously—the key objective was autonomous national
capitalism. He and other pragmatic ISEBians were firmly convinced
that capitalist development could be achieved on a strictly autono-
mous basis, Thus,

1t was believed that significant sectors of the industrial bourgeoisie
were motivated by national or “native” interests. An ideology,
upon being formulated, would respond to the function of inform-
ing and organizing these sectors . . . and of convincing other
segments of the dominant class of their objective interests in pro-
moting economic and political policies that would be more
rational and clear.?

These ideas of the pragmatists with regard to foreign investment, au-
toromy, and capitalism versus socialism had a direct impact on state
officials as they began to formalize a conception of autonomous tech-
nological developtent.

Escola Superior de Guerra (ESG)

The development and functions of the Higher War College (ESG)
have been treated elsewhere.”” My aim is to explore its effect—in
terms of ideas and ideology—on the military officers who took power
in 1964, who had a significant role in supporting a national science
and technology policy. Stepan credits the ESG, created in 1949 by
President Dutra, with the development of a “new professionalism”
within the armed forces, involving increased military intervention in
the polity. In 1963 the ESG announced that its rission was “preparing
civilians and the military to perform executive and advisory func-
tions especially in those organs responsible for the formulation, devel-
opment, planning, and execution of the policies of national secu-
rity.”* Furthermore, the ESG was developing a world view, known as
seguranga ¢ desenvolvimento, that included both the role of the military
and ideas about development and security.
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It was no coincidence that the ideas of the military government
were also those of one of the main ESG ideologucs——Col. Golbery de
Couto e Silva, who until 1981 steod behind five presidents as the
strongman ot Brazil. Other top policymakers who actively partici-
pated in the ESG were former presidents Humberto Castello Branco
and Ernesto Geise! and his brother Orlando Geisel. In the early days
of the ESG the critiques of Brazilian society by military intellectuals
seemed academic. But by the 1960s these critiques had evolved into
calls for action and change, made imperious by the perceived threat
of communist aggression.” Economic development was thus con-
ceived as 4 means to enhance national security, and later, when the
threat did not materialize and following the economic miracle, it be-
came the means, through industrialization and scentfic and 1ech-
nological development, to achieving an “ultimate” goal: the status of
superpower—security and developrment, seguranca ¢ desenvolvimento,
had become inseparable.

This brings us to the science and technology issue. The military
have generally regarded both development and technological inde-
pendence as necessary to Brazil’s becoming a major military power—
thus the drive for a policy ot autonomy in science and technology.
What ESG publications euphemistically called “national objectives”
could be achieved only by such a policy. As a high-ranking military
officer, trained as an engineer and serving also as a high official in a
technological institution, explained:

It is today an uncontested fact that Brazil exhibits a sum of highly
favorable Factors that permit the country to aspire to the status of
world power. It is also recognized that one of the main obstacles
to this achievement is its dependence on external sources for tech-
nological material. Were the flow of imported technology to cease,
the Brazilian industrial park would rapidly become incapable of
competing in the outside market, for lack of the internal capacity
to prevent technological obsolescence. . . . Consequently, it would
be desirable to have a national consciousness of these arcum-
stances, which civilian and military leaders should take into care-
ful consideration. With respect to military power specifically, it
can be affirmed that to this day-history has not recorded a single
nation of global impaort whose military industrial park was sup-
ported by foreign enterprise and by the importation of tech-
nology. On the contrary, history shows that just the reverse has
happened: the great powers rarely admit external parters in
their military induscry.™
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The Evolution of an Idea

The 1dea of technological autonomy evolved as part of the more gen-
cral concept of dependency, which became a stage in political con-
stiousness—a perception and a cognition of social causes and effects
in domestic and international relations. In other words, science and
technology and dependency became linked issues in Brazil once po-
litically relevant individuals were alerted to underdevelopment and
inequalily at the international level and to the ascendancy of certain
preduction models and ways of life,

It is impossible to trace all the ideological connections between the
individuals and institutions that over the years contributed o the
idea’s evolution. Ideas are shared, copied, and passed along from indi-
vidual (o individual and from institution to institution; their origins
and paths of development become lost. However, it is possible Lo point
to certain key individuals and organizations that have had a noticeable
and strong impzct on the way the idea of technological autonomy
evolved. These actors fought for their ideas, created institutions, and:
inlluenced olher actors, sometimes even inducing them to change
their ideologicul stance. As Dionisio Dias Carneiro, 2 former high offi-
cial in the science and technology system, said, “What they did is in-
vent a system.” Also, as we will see, because of them the evolution of
the idea proceeded in spite of the fact that economic development
policy took an apparently different ideological direction. Two of these
institutional actors weve the National Economic Development Bank
{BNDE) and the Economic and Social Planning Institute (IPEA); two
of the individual actors were José Peliicio and Jodo dos Reis Velloso.

BNDE, Pelucio, Velloso, and IPEA

From the science and technology point of view BNDE is the institu-
tional embryo, the place where many of the ideas regarding develop-
ment were conceived and found a reinforcing environment. It was
established in June 1852 as a federal autarquia, “a type of indepen-
dent agency with the characleristics of a government corporation,””
with the objective of linancing the development of the Brazilian in-
frastructure, and later of financing industrial development, by giving
help to private investors and thus guiding and controlling the indus-

An Image of the Future Takes Hold 209

trial development of Brazil. “BNDE performed a useful function in
reconciling decisions and establishing orders of priority, as well as in
connection with the execution of the projects Ainanced.”* BNDE also
became a tacit center for the analysis of governmental programs.

In the 1950s BNDE devoted most of its financial resources to the
development of the infrastructure and heavy basic industry. As a
corollary of the Target Plan {covering the years 1956—1960; see be-
low), BNDE became very much involved in financing the develop-
ment of the capital goods industry, granting loans, and guaranieeing
loans from abroad. Its share in the gross formation of capital grew
from an initial 1.78 percent to 7.29 percent in 1967, During the first
year of its existence 100 percent of its funds went to utilities services in
the public sector, but the disiribution gradually shufted; in 1965 pro-
ductive industry (both public and private) received 95.8 percent, and
by 1972 78.2 percent was going to the private sector.”

It is relevan from our point ef view that besides playing & inancial
role, BNDE became a mechanism for seiting development priorities
and for judging and controlling industrial development. Even more
relevant is the fact that it also became an institutional source of nation-
alisi and egalitarian-nationalist economic ideas and plans. Its Depart-
ment of Econoimics was in charge of research, undertaking studies of
monetary policy, the balance of payments, and national income. “I'hat
this planning role of the Bank is a conscious one is indicated in its offi-
cial reports: “T'he relationships of the Bank with the government re-
quire, obviously, a direct participation in planning and in the execu-
tion of the governmental policy in the area of economic development.’
It is apparent, then, that the Bank has developed not only as a con-
tinuing mechanism for the execution of plans but also as a planning
agency proper.” It is significant that BNDE signed an agreement with
the Economic Commission for Latin America {ECLA) in 1953 “which
provided that a joint team of economists from the Bank and from
ECLA would make a complete study of the Brazilian economy”—
from which the larger Plan was drawn.*

José Pelucio’s going to work for BNDE in 1963 was a fundamental
eventin the evolution of the idea of scientific and technological auton-
omy. Pelicio acted as a “carrier,” giving the idea access to political
power and changing the minds of policymakers; ultimately in 1968 a
policy with the goal of technological self-determination and autonomy
was formulated—the idea’s day had come.

In 1964 a Brazilian physicist, J. Leite Lopes, published Ciéncia ¢ des-
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envolvimento (Science and Development),® which presented the thests
of scientific dependency and the “myth” of technology transfer as a
disguise for new forms of dependency. In the preface of a second
book, Ciéncia e ltberiacae (Science and Liberation), he wrote:

Many of us had the privilege of getting specialized scientific train-
ing abroad. Upon returning to our country we were impelled to
participate in the so-called economic development efforts. Little
by litile, we were confronted with obstacles that prevented us
from doing our work: insufficient financial support {or scientiflic
inquiry, the absence of a national policy to seimulate science and
technology, universities lacking adequate structures. We thus dis-
covered the absence of a national technology that could be the
basis for our industrics, the absence of projects for the develop-
ment of diverse branches of applied science, necessary for tech-
nological research, and most of all, the lack of access, or impeded
access, to health and education for the majority of our popula-
tioni. We discovered then that these problems are part of what is
called underdevelopment and result from historical and internal
{actors, among them the primary factor that the economy and
culture of Laiin American countries were and continue to be
dominated, dependent.®®

Pehicio admitted that he was greatly influenced by Leite Lopes’s first
book, which was published at about the time Peltcio began his associa-
tion with BNDE. “The physicists,” he said, “were the first to become
conscious of dependency; later came the economists.”? He said that
although the physicists and economists developed their ideas sepa-
rately, by the middle of the 1960s the ideas had converged to create an
awareness of science and technology dependency. The economists’
emphasis on the linkages between technology and economic develop-
ment was particularly important. Peliicio also acknowledged that both
ideas cepalinas and ISEB had considerable effect on his subsequent
work in the science and technology field.

When Peliicio started with BNDE, his ideas were pragmatic; he
looked toward self-determination but remained aware of the need for
real technology transfer. Together with his friend Alberto L. Galvao
Coimbra he devised the idea of graduate studies in engineering in
Brazil, which BNDE adopied as its “petl program”; in 1965 COPPE
was created. Coimbra became its director and until his resignation in
1973 was its guiding force. Also as a resuit of Pelilcio’s efforts, BNDE
set up FUNTEC te linance science and technology development.®
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Pelicio’s and BNDE's ideas were incorporated into the science and
technology section of the Strategic Development Plun of 1968, “From
that date,” said Peliicio, “the question of science and technology de-
velopment became routine.” Peltecio remained active in the policy-
raking process until 1979, as presidemt of the Studies and Projects
Financing Agency (FINEP) and vice-president of the National Coun-
cil of Scientific and Technological Development (CNPq). {He returned
to activity in science and technology, after a six-year hiatus, in 1985.)
He was also credited with conceiving of the economic and political
“trick” of keeping science and technology funds independent from
the national budget, which provided the scientific and technological
community with a partal, but nonetheless important, shield {rom eco-
nomic and political pressures. The following exchange between Sao
Paulo scientists Z. Vaz and Rogério C. Leite shows how scientists felt
about Peldcio:

Vaz: When Rogério and others went to Campinas [a university
near Sio Paulo) they knew they had nothing, no buildings,
no equipment, not even tables to sit around.

Leite: We had Pelucio, at FINEPR.®®

Peliicio exerted his influence not only on the scientific community
but also on one man who in the 1970s would become a strong figure in
the Brazilian political system— Jodo dos Reis Velloso. Velloso founded
IPEA and was its president; in 1968 he became general secretary of
the ministry of planning, and in 1969 minister of planning; and he
served as minister-in-chief of SEPLAN from its creation in 1974 until
1979, It was mainly through Velloso that Pelucio diffused his ideas into
the policy-making and implementation processes. Fabio Stefano Erber,
a well-known economist who specializes in science and technology, put
it this way: “Velioso was in the business of buying ideas; Peliicio was in
the business of seiling them. . . . Behind Velloso and his actions, there
were many ideas.”*

When Veiloso became mimster of planning, he invited Pelicio to
create a group to work on science and technology policy for a govern-
ment development plan. Pelticio believes that he and his coworkers
were invited because of BNDE's influence in creating favorable condi-
tions for industrialization and economic development, and because
the military, propelled to power in 1964, understood the importance
of science and technology. According to Carlos Lessa, another econo-
mist and 2 colleague of Peliicio and Erber, the military, too, were in
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the business of buying ideas. Many of Pelticio’s and Velloso's ideas were
especially attractive because at the time they fit the military strategy of
development.” Ln addition, the military were influenced by certain
publications that reinforced their nationalistic and proindustrializa-
tion views. Lessa cited two books in particular: jean-Jacques Servan-
Schreiber’s The American Challenge, which stressed the relevance of
mastering production techniques; and the controversial Toward the
Year 2000 by Herman Kahn and A. J. Wiener,” which o the conster-
nation of the military and other political leaders predicted that in the
year 2000 Brazil would have only a $500 per capita income (this efic-
ited a direct response from Velloso and a challenge in the form of the
book Brasi 2002, by Mario Henrique Simonsen).

Velloso was fascinated by the role of knowledge in the development
process, envisioning intensive technological industries aided by uni-
versities and research centers—which only the state could promote.™
But Velloso was critical of dependentistas and had strong ideas about
Brazil strengthening its relations with the rest of the world. “lt is natu-
ral,” he said, “that 4 market economy would actively maintain its rela-
tionship with the external world. . . . A certain degree of econcmic
interdependence is also natural, mzinly among the countries of the
West.” ™

Therefore, Velloso and Pelacio, for their own reasons, favored giv-
ing a push to Brazilian industrial strength and domestic science and
technology capabilities. Velloso had the political power needed 10
make decisions and turn them into action; Pelucio was his right hand
on science and technology matters, the organizer and executor. In ad-
dition to giving explicit credit to Pelicio and other economists for
having influenced his thinking about science and technology, Velloso
cited a sertes of Organization of Economic Coaperation and Develop-
ment (OECD) studies published in the late 1960s dealing with the
technological gap and vartous Organization of American States (OAS)
studies on development in Latin America, most of which were pre-
sented from the pragmaiic antidependency perspective.® He also
mentioned ECLA' studies and books on the brain drain, but said, “It
was only when the economists started becoming interested in the area
of science and technology that 1 realized the importance of having a
clearly defined policy to accelerate scientific and technological devel-
opment in certain areas.” As an example he referred to Pelicio’s work
in BNDE: “BNDFE was a pioneer in this area. [ learned a great deal via
Peltcio. The economists started thinking about science and tech-
nology—that was the main point.”
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Other Actors

'The development of science and technology policy after 1968 was
the work of huidreds of individuals employed in public institu-
tions. For example, between 1970 and 1972 Francisco Biato and other
egalitarian-nationalist IPEA technocrats carried out a series of studies
about science and technology, including one on the problems of tech-
nology transfer and another on Brazil's technical research potential *°
The studies, “squeezing” an ideology into their arguments, illumi-
nated the deficiencies and problems arising from not having an ex-
plicit science and technology policy.

Another guerrilla sironghold has been FINEP's Center of Study
and Research. Under its first director, Erber, the center published
many policy-oriented studies on science and technology. Erber him-
self is credited with two of the most influential, one on the demand for
nattonal scientific and technological services, which complemented
the two IPEA studies, the other on the absorption of technology into
the capital goods sector.*' Before these studies were published there
was no clear idea about technological supply and demand or about
concrete problems of technology transfer,

The pragmatic antidependency guerrillas have certainly penetrated
CNPq, with Pelticio as its vice-president until 1979 and several scien-
tists in the Scientific Consulting Group expressing pragmatic anti-
dependency views. In 1980 a new organ, the Science and Technology
Policy Advisory Group, was created Lo advise CNPq on the elaboration
of policy and to strengthen its programs of education and research.*
The group’s first participants were Amilcar Herrera, Eugenio Lerner,
Fabio Erber, Fernando Garcia, Fraucisco Biato, Federico Gomes,
Gabriel Cohn, José Tavares, and Sergio Baptista Zacarelli, many of
whom have been the “elite” of the science and technology subversive
elite in Brazil.

Policy Continuity: Seizing Opportunities
and Overcoming Obstacles

Implementation Hurdles

The pragmatic antidependency guerrillas had to fight to change the
minds of politicians, industrialists, and scientists in favor of a policy
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of autonomy—in short, they had to create new awareness. They also
had ko bargain, compromise, and coalesce with other agencies and
contend with groups irmly opposed to the policy. Thus many bureau-
cratic and political obstacles hindered the policy-making process, its
coherence, and sometimes its efficiency, but despite setbacks, the main
policy thrust was maintained.

Science and technology actors, and particularly the pragmatic anti-
dependency guerrillas, had to overcome strong opposttion from vari-
ous political sectors. Some saw the science and technology policy as
one more attempt by the state to flex its muscles and dominate socio-
cultural and economic affairs; others, because of either liberal ideo-
logical viewpoints or political and business ties to multinational corpo-
rations, saw it as threatening Brazil's economic progress. Resistance
could be found all over the burcaucracy, but it was especially ewi-
dent within the ministries of finance and of industry and commerce
{MIC)—mainly within the Industrial Developmeni Council (CDI)—
and even within the National Institute of Industrial Property (INPI)
and CNPq.

When Antdnio Delfim Netto became head of the planning sec-
retariat (SEPLAN) in 1979, bringing his own people with him, the
science and technology system had to contend with a new planning
philosophy, one very different from Velloso’s. But although Netto de-
emphasized the importance of planning and eliminated quantitative
targets, the commitment to science and technology planning was too
deep for even Netto to extinguish completely. Neither did he reverse
the main thrust of the policy, autonomy: by 1979 technological auton-
omy was not just an idea in the minds of some individuals as in 1964;
it was a full-blown ideology, espoused by powerful governmental
agencies, institutes, research centers, the armed forces, and influen-
tial individuals—{forces to be reckoned with.

Part of the policy’s difficulties have had to do with the less-than-total
success of science and technology institutions in centralizing the policy-
making process. For example, a narrow sectorial preference of for-
eign goods over national on the part of a few ministers could be
enough to block specific efforts toward technological autonomy. This
bottlenecking was aided by the fact that part of the science and tech-
nology budget went direcily to the ministries, which were in full con-
trol of the funds.

An additional hindrance to implementation has been the opposi-
tion of some national enterprises to INPI regulations involving the re-
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negotiation ot contracts to effect actual technology transfer. Because
smalt and middle-sized enterprises were unable to equip themselves to
absorb and adapt imported technology, they saw science and tech-
nology policy as a threat to their existence. To overcome the problem,
INPI created working groups to coordinate private enterprise and
government institutions. For example, during 1981 a capital goods
working group was formed with the participation of the Brazilian As-
sociation for the Development of Basic Industry, the Coordinating
Comimnission of Articulation with Tndustry (CCNALI), the Department
of Foereign Commerce of the Bank of Brazil (CACEX), BNDE, and
FINEP. Morcover, consuliation between TNPI and research institu-
gions and engineering associations has increased in recent years, also
easing some of the irnplementation hurdles.

State enterprises have hindered implementation as well. Being
relatively independent from other government structures, and conse-
quently from the poliey formulation and implemerntation process,
and in spite of having greal recognized potential for autonomous
technological developmenl, these enterprises (particularly the larger
ones such as Petrobras and Eletrobras) have not always tollowed the
SEPLAN and CNPq directives. For example, state enterprises have
gone against policy by contracting with foreign instead of national
consulting and engineering firms: a 1975 FINEP study found incon-
sistency in contracting in the electrical sector and a predominance of
foreign consulting firms in the metallurgy sector.* Petrobras set regu-
lations to encourage the use of Brazilian engineering firms, but usu-
ally the national firms were employed as minor parties to the foreign
ones. Inasmuch 2s state enterprises have been generating 70 percent
of the national demand for capital goods, their behavior could create
a large implementation obstacle.

Another political obstacle has been the basic disagreement of scien-
tists, mainly pure scientists, regarding the increasing preponderance
of the technologisis and planners in the policy-making process and in
policy outcomes. This disagreement concerns not the main thrust of
the autonomy policy but rather the definition of its objectives and
means. Scientists have been troubled by what they considered the pol-
icy’s large bias toward economic development and planning, tech-
nology and production, ignoring the questions of basic science. They
have also argued that they are being alienated more and more from
CNPq as the economists and engineers become more prominent.
Bath groups, the scientists on the one hand and the technologists and
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economists on the other, have heen engaged in a continuous process
of bargaining and copromise, but none has been totally satistied with
the end result. This was particularly true after SEPLAN proposed a
new teorganization of the science and technology system in 1981,
which most of the scientists deplored. Schwartzman has proposed that
“the most important government action to support scientific activity in
Brazil would be to give science the conditions for its development in
all its pienitude according to its own logic of growth, and not to pay
direct attention to the dernands by the educational, technological, eco-
nomic, or military sectors.”*

The growth of the policy-making system to unmanageable, even ri-
diculous, proportions has further aggravated the policy implementa-
tion problem since 1968, leading to deficient coordination between
the apparatus that regulates technology transfer and the one in charge
of technological innovation and adaptation and to increased separa-
tion and redundancy of the BNDE/FUNTEC and the SEPLAN hier-
archies. The size of the bureaucracy has likewise negatively affected
the chances for ideological cohesion. But differences have been linked
more to msiiutional ideological or personal considerations than to
basic disagreernents about progress, economics, and/or scientific and
technological development per se. The science and technology plans
(PBDCT) attempted to overcome some of the bureaucratic obstruc-
tions by granting all sectors representation and accomrmodating vari-
ous interests in advisory groups. But the plans did not overcome po-
litical conflicts over who should get what and how much. For example,
I PBDCT, originally conceived as a means to aggregate and match

forces in diverse sectorial levels of government, wound up because of

conflicts as a large indicative program with a global budget.*

In sum, the making of a science and technology policy of autonomy
and its battle for survival have not been easy . . . which makes it all the
more remarkable that the policy has come as far as it has.

The Political Environment

President Jodo Goulart’s regime, hounded by economic crisis, do-
mestic opposition, and outside forces, coilapsed in March 1964. The
military regime instituted to replace it remained in power for the
entire period covered by this study, during which time Brazil had
five presidents. The regimes of the first three—IHumberto Castello
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Branco (1964—-1967), Artur Costa e Silva {1967—-1969}, and FEmilio
Garrastazi Medict (1969—1974)—were authoritarian and repressive.
However, it is significant that Médici used the “ablest manpower from
the earlier military administrations, and thus provided for maximum
continuity in the work of the economic planning technocrats. In addi-
tion, new talent uninvolved in the rivalry between followers of Cas-
tello Branco and Costa ¢ Silva was brought into the government and
its communication with the public greatly improved.”* Thus, there
was considerable stability and continuity in the key ministries in the
following years, which contributed to the “stable” evolution of science
and technelogy policy.

A new government under Ernesto Geisel was installed in 1974.
Velloso carried over {from the Médici administration, and Mairio
Henrique Simonsen was brought to the finance ministry to replace
Netto. President Geisel started to gradually open up the political sys-
tem, allowing it to organize itself. The process came to be known as
ebertura (opening) and was taken up even more strongly by the fifth
president, Jodo Baptista Figueiredo, who ook office in March 1979,

Abertura has had an effect on science and technology policy. As the
political systemn was freed, as dissident voices began 10 be heard and
opponents of the military government returned 1o Brazil, the national-
ist rhetoric and the egalitarian-nationalist and Marxist attacks against
foreign investment increased, pressuring elites and government agen-
cies to take a more nationalistic stand,

The Economic Environment

Policy for science and technology was made explicit at the end of the
1960s. By then the economy was experiencing its “economic miracle,”
with growth ar a very high rate and resources available for investment
in the future. The GDP, the industrial growth rate, exports, capital
goods production, growth of manufacturing industry, all reached im-
pressive levels. For example, between 1968 and 1973 GDP grew at an
average yearly rate of 10.1 perceni. Industrial production growth
rates were even higher, with consumer durables and the construction
industry at the top.** By 1975 the Brazilian manufactured value-
added represented almost 20 percent of that of all the developing
countries combined, and it was about 25 percent of Brazil's GDP.* But
even more remarkable was the real growth of capital goods output, at
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a 1968—-1973 average of 20.8 percent.” Not only did the value of total
exports rise dramatically, more than quadrupling between 1968 and
1974, but the share of manufactured exports rose from 10.5 percent
to 28.5 percent, with the share of all industrial exports climbing from
20.2 10 40.7 percent during the same years.*

This period of relative financial bonanza generated confidence
amoung domestic and foreign investors and international financal in-
stiLutions, reinforcing the image of a bright future. The economic en-
vironment thus aided and promoted the ideas of the pragmatic anti-
dependency guerrillas. Growth was good for science and technology
policy, and the policy was perceived to be good for growth.

In 1974 the oil crisis hit oil-dependent Brazil. 1t was aggravated by
the fact that thanks to the "miracle,” Brazil was living beyond its
means, spending on consumption and investment some 7.8 percent
more than its domestic production at current prices. By 1975 the for-
eign debt had exceeded $21 billion, and inflation was approximately
30 percent. Oil as a share of total imports rose dramatically, and the
value of total imports went up as well, owing not only to price in-
creases, which accounted for 51 percent of the rise, but also to a
34 percent increase in the quantity of goods imported. Indeed, the
FOB (free on hoard) value of capital goods imports almost doubled
between 1972 and 1974

Exports, which increased from an FOB value of $6,199 billion in
1973 to $8,670 billion in 1975, were not enough to level either the bal-
ance of trade or the overall balance of payments, which was $936 mil-
lion in the red in 1974, $950 million in 1975. Industry continued to
grow at an average rate of 9 percent between 1974 and 1976, manu-
facturing industry at 7.8 percent. Capital goods production grew at
jower levels than in previous years, and munufactured exports as a
share of rotal exports, after rising in 1974 and 1975, came down
slightly in 1976.%

As a response to these economic developments, the policymakers
decided to put the blame on external factors,* in other words, to con-
tinue the process of development, industrialization, and diversifica-
tion; this of course reinforced pragmatic antidependency in science
and technology in the mid-1970s. Emphasis was placed on the energy
sector, primarily oil, with the objective of becoming energy indepen-
dent. An import substitution policy for a number of basic and capital
goods products was established to decrease dependence on imports
such as, for example, machinery and equipment. Whereas in 1973 na-
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tional industry supphied 36 percent of the machinery and equipment
for projects approved by CDI, in 1977 it supplied 67 percent.”® Ac-
cording to Velloso, the stimulation of national industry in these sec-
tors was directly linked to the capacity to assimilate and adapt foreign
technology and to the strengthening of national technology. At the
same time, an outward-oriented policy featured a new line of manu-
tactured exports, among them computers and microprocessors, farm
machinery, vehicles and parts, roadbuilding equipment, steel prod-
ucts, and power tools.*

Since 1977 an economic crisis caused by domestic and foreign
events has made long-range investment more difficult. Between 1976
and 1979 the GDP went up at an average rate of approximately
6.4 percent, although 1977 was a particularly bad year for both the
GDP and industrial growth. Imports and exports continued to rise,
being almost equal in 1977 but with imports outnumbering exports in
the next two years. However, exports increased more than 30 percent
in 1980. The balance of payments—positive in 1976 and 1977 —was
well in the red in 1979 and 1980, and inflation rose to 55.6 percent in
1979 and to 100.3 percent in 1980. Manufacturing industry grew only
2.3 percent in 1977, but manufactured exports as a share of total
exports rose o 40.4 percent in 1979. In 1980 the GDP grew at a
“healthy” 8.0 percent, but it dropped dramatically in 1981 because of
recession, as did industrial growth.™

Notwithstanding this uneven economic growth, the capital goods
sector accounted for 25 percent of the industrial cutput in 1981 and
8 percent of the GDP. Its 1otal production was $3.6 biliton in 1979, as
compared to $350 million in 1970. Also while in 1970 national and
foreign capital goods production (in dollar value) had been about the
same, in 1980 national was double foreign.” The balance of payments
deficit persisted, the energy independence goal was upheld, and gov-
ernment pursuance ol a policy aimed at strengthening both private
and state entrepreneurship and promoting the establishment of a
self-suflicient basic goods industry also strengthened the science and
technology policy. Thus, in spite of the internationalization of the
economy since 1964, Brazilian economic developments have pro-
moted the survival of the pragmatic antidependency policy.

Many Brazilian economists have complained that there is no con-
ceptual coherence between Brazilian economic policy, which has in-
creasingly been outward-oriented and pro-—foreign investment, and
the promotion of technological autonomy. They have argued that
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without an economic policy explicitly attuned to technological auton-
omy (that is, inward-oriented and anti—foreign investrnent) the at-
tempt to achieve such autonomy is futile. They therefore want not
only a'self-reliant science and technology policy but also a more com-
prehensive self-reliant economic development policy.” The argument
has its merits, for muttinational corporations have been dominant in
Brazils indusirialization drive, but it is important that the “inter-
nationalization” of the Brazilian economy be kept in the right perspec-
tive. Despite the expansion of exports, Brazil, relatively speaking, is
still to a great extent producing for a domestic market. Whereas in
1973 Kovea’s ratio of manutaciured exports to manufaciured value-
added was 82.46 (a country that makes its living from exports) and
India and Mexico’s ratios were 18.5 and 14.84, respectively, Brazit's
ratio that year was 7.64; it rose to 13.4 in 1978.% True, this situation is
rore Lhan some nationalists and egalilarian nationalists would want,
but it is a far cry from “hard-core” interdependence.

Also, [rom the point of view ol the ruling elites, the mixiure of ex-
ports and {oreign investment incentives on the one hand and the sup-
port for national entrepreneurs, national basic and capital goods, and
national technology on the oither, made sense. Both maximized their
desire that Brazil become a developed and industrial nation and a
world power. Because the elites understood that they could not achieve
their goals without the multinationals, at least for the time being, they
increased Brazils interdependence; at the same time, however, they
invested in a future based on an efficient domestic capitalism and on
scientific and technological knowledge applied to production-—in
short, in an independent future.




Argentina’s Aborted

Venture into Computers
in the Mid-1970s 9

The following two chapters are ambitious: they attempt to clarify fur-
ther the cognitive and ideological elements involved in the develop-
ment of policy and to shed more light on the groups that through
their influence and access to the power structure succeeded in effect-
ing political and economic changes. Involved is a single choice—
whether to develop a national computer industry or continue to rely
on foreign suppliers of data-processing equipment—that is intrin-
sically related to the linkages between scientific and technological de-
velopment and economic development and to the need to manage
interdependence and reduce technological dependency.

Given that the developed countries such as the United States and
Japan indisputably dominate the computer field, the choice for Brazil
and Argentina in the 1970s was not between dependency and abso-
lute self-reliance. Rather, it was between dependency and starting the
natione! manufacture of micro- and minicomputers, technologically
and economically much easier to substitute than the medium-sized and
large computers, thus paving the way to increased self-reliance and
managed interdependent relations. Those who favored the latter
course knew that it was the only realistic alternative and that the tech-
nological and economic, managerial, and political learning to be ex-
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tracted from the experience could positively influence the develop-
ment of larger and more sophisticated computers in the future.

The decision to set up a national computer industry grew from
technological developments in the international computer industry!
and the trend away from large, expensive systems toward smaller and
cheaper ones. The availability of relatively inexpensive integrated cir-
cuits, along with the possibility of obtaining technology under license,
helped Brazil shifi its technological dependence from the older com-
puter hardware market dominated by inarket glants? to the dynamic
semiconductor market, and the foreign components and software
know-how available from small new compames. Joseph M. Grieco, ina
rich study of the Indian computer industry, found such developments
to be crucial to the Indian decision 1o set up a domestic indusiry.® He
also identified key state institutions in assertive countries, such as
India, that promoted the compuler projects agsinst both opposing
domestic interests and the mulinationals. As he pointed out, the es-
tablishroent of such an institution in Brazil, maiching the experience
of India, was critical to the relative success of subsequent choices.

But as the cases ol Argentina and Brazil will demonstrate, much
nore than technological change and the creation of state institutions
is involved in the establishment of a new industry. To {ind oul how
these and other factors affected the Latin American experience, we
must disaggregate the notion of state, even institutions, and explore
the development and evolution of ideologies and their impact on the
actors involved in the political and economic processes. We must study
the actions of ideological groups such as the pragmatic antidepen-
dency guerrillas and their influence, or lack of it, over political power.
And we must look at the relationships between science and technology
in general on the one hand and the development of the national com-
puters on the other.

'The cases [ will present have a clear comparative appeal, especially
because Brazil and Argentina met, at approximately the same time,
such different fates in their attempts to establish a domestic computer
industry. Argentina, after a prototype had already been built, decided
to halt the experiment and rely on the market’s “efficiency” —which
meant dependence on foreign computers. Brazil, after a process of
conscipusness-raising and political give-and-take, proceeded with the
state-promoted and state-supported computer industry, reckoning on
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some inefliciency in its beginning stages, because they saw that they
could not afford to remain dependent on multinational corporations
for computers.

What has happened in the 1970s and early 1980s in Argentina and
Brazil is not the end of the story; itis just part of these countries’ “jour-
neys toward progress,” one sequence of choices and changes, one
frame of 2 motion picture. From a long-range perspective, an Argen-
tine computer industry can still be developed and flourish, and that of
Brazil can fail or succeed. The two countries can also choose to coop-
erate and share their expertise in order to develop and strengthen
their potentialities in the computer ficld. But the future, whatever
happens, will be affected by the choices made in the 1970s. These
choices and their timing have not only irreversibly altered the direc-
tion these couniries will take toward progress, but they have also al-
tered the nations’ relative capabilities and atticudes.

These choices have aiso affected the multinationals, their markets,
and their strategies. Brazil learned that the multinationals were adapt-
able, and the multinationals learned that those who do not adapt pay a
price. And other countries and actors may have learned from these
interactions and experiences, broadening the elfect of the choices
even more. By incrementally changing the images and perceptions
national actors have about multinationals and, more important, about
themselves and their ability to develop in the context of international
dependency, bold national choices may have the propensity to trans-
form the relative capabilities of national and muitinational actors and
their relative bargaining power vis-a-vis each other, thus leading to
change at the level of international interactions.

The story of the Argentine computer concerns an idea that did not
hecome reality—not much can be said about something that did not
actually occur. The data are sketchy. They are based on studies of the
electronics industry;* on an article written by Eugenio Lahera Parada
in 1976 on FATE (Argentine Tire Mfg. Co.), the enterprise that was to
produce the computers and finally decided not to;® substantally on
interviews with past and present members of the firm and wich per-
sons from the science and technology establishment, government offi-
cials, and business figures close to FATE; and on events surrounding
the decision to commercially develop a national computer.
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Electronics and the Computer Market

Electronics in Argentina

To illustrate the background of the decision we must first look at Ar-
gentina’s electronics industry, focusing on the first half of the 1970s,
when the major developments took place.® In the 1950s and 1960s the
industry had grown at high levels in terms of the physical value of
production, higher than the growth rates for the manufacturing sec-
tor as a whole.” Production concentrated at {irst in consumer goods
for the domestic market, but started to change slowly at the end of the
1960s, when the field of electronic instruments and components be-
gan to acquire some dynamism. But the importation of active and pas-
sive components remained dominant. Many factories just assembled
products for the domestic market, relying on a large amount of im-
ported materials.

In 1973 and 1974, surveys of the majority of electronics industry
enterprises (the remainder were too small and insignificant to affect
statistics) found 285 enterprises in 1973, with a total of 21,392 em-
ployees, of whom 1,869 were technical personnel and 683 profes-
sionals. Labor in this industry was highly qualified compared to other
developing countries such as Korea.

Total production value in 1973 was approximately $285 million.
One year later it was higher; the United Nations Conference for
Trade and Development {UNCTAD) figure is $593 million. During
1974 the electronics industry’s per capita gross product was 41 per-
cent higher than that of the manufacturing sector as a whole. Signifi-
cant drops in production, though, occurred in 1975 and 1976, with a
drop of 18 percent in 1975 alone.® One study concluded that although
Argentina’s electronics production lagged behind Brazils, it was far
more advanced in technologically sophisticated equipment.®

Among the components manufactured in Argentina were elec-
tronic tubes, integrated circuits, and semiconductor manufacturing
equipment. The foreign firms involved in this subsector were 1BM,
Texas Instruments, and Olivetti. In 1974 mulunationals controlled
about 30 percent of the electronics sector production and accounted
for 90 percent of the exports,'® most of it in data-processing equip-
mertt and parts,

In 1973 the electronics industry exported less than it imported;
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among the exports were ceramic and plastic capacitors, transistors,
cathode ray tubes, and magnetic ceramics.® Electronic products ex-
ports enjoyed some benehits, such as drawbacks, reimbursements,
fiscal benelits, and special financing systems, but in 1974 these were
reduced to enly reimbursements of up to 15 percent according to the
type of product, with 5 percent additional reimbursement in the case
of opening ol a new export market. The oricntation was clearly to
supply the internal market.

Because production was geared largely toward domestic consump-
tion and was mostly in the consumer electronics sector, it required a
relatively low technical level. Most of the capital goods and technolo-
gies for the professional sector were imported. But technological
backwardness was not the main [actor hampering dynamism of the
national enterprises. Indeed, one study has shown thatin 1978 R & D
expenditures in the electronics industry amounted to 9.3 percent of
total production value, with data-processing and office equipment ac-
counting for one-third of those expenditures.*?

Between 1971 and 1974 the industrial electronic instruments sub-
sector (worth $10 million), with only 10 percent of the firms produc-
ing through foreign license, achieved product quality and a price
structure competitive with imports from the United States. Something
similar happened with medical electronic instruments, where produc-
tion was based on local design and engineering without the use of li-
censes.” Furthermaore, several laboratories and research centers were
working on silicon crystals and the implantation of ions in semicon-
ductors,"” and it was believed that by 1976 prototypes could be built,
with manufacture soon to follow. At the universities teams were work-
ing on compater hardware and software. Petrocolla et al. have shown
the constant effort taken to adapt designs to both local conditions and
the new components entering the market. They concluded that this
type of technological modification and adaptation effectively broad-
ened the market, either because of lower prices or because new prod-
ucts increased demand.'® Thus, while in general the industry could by
no means maich IBM and Olivetti technologically, there was some
local production and adaptation, mainly in the industrial and medical
electronic instruments subsectors, with computer technology only 2
few steps ahead.

But there were other problems, and they were not technological.
Argentina was in a state of economic and political crisis, and the elec-
tronics sector did not receive the government’s actention and support
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as a future leading sector. According to the Argentine Association of
Electronic Industries (CADIE), the difliculties the industry encoun-
tered in the first half of the 1970s were due primarily to the following
factors: price control instituted between 1973 and 1976; a delay in
infrastructure work that led 1o divestment and the flight of human re-
sources; the use of personnel in nonproductive jobs; a strong contrac-
tion in demand since the end of 1975; and an increase in the real cost
of domestic and foreign components. After the Videla government
came to power, the main problem was the lack of protection for the
indusury.t®

The Computer Market

The office machine and data-processing equipment subsector showed
a consistent rate of growth compared to the electronics sector as a
whole. Production increased steadily between 1970 and 1976 (the
period when the domestic computer idea was born and partially
implemented), from $14.1 million to $117.9 million (1978 dollars).”
Also, this subsector accounted for a majority of the electronics indus-
try exports (over 60 percent in 1973) and, in contrast to the over-
all electronics sector, enjoyed a positive trade balance between 1970
and 1974.%

There were an estimated 356 computers in Argentina at the end of
1969; 20 percent were used by the government, 27 percent by heavy
industry and manufacturing, 17 percent by banking and finance,
10 percent by data service business, 7 percent by education and re-
search, with the rest scattered among other users. By 1973 there were
about 500 computers, worth $130 million.” Some 70 percent of the
computers in use were installed in the second half of the 1960s; virtu-
ally all of this equipment had been imported and most of the hard-
ware supplied by the muitinational corporations. Immports of com-
puter hardware in 1969 reached $5.3 million, and that of peripherals
$2.9 million. By the end of 1969 IBM held 65.9 percent of the mar-
ket, while NCR had 15.1 percent, Bull/GE 10.1 percent, Burroughs
6.7 percent, Univac 2.1 percent, and others 0.1 percent. Seventy-five
percent of the computer installations were leases, preferred over pur-
chase because of expected support from the leasing firms and a belief
that the equipment was subject to rapid obsolescence.® Prior to 1974
three companies were producing data-processing and office machine
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equipment: IBM, Olivetti, and FATE. They employed 1,340 individu-
als, mcluding 145 technical personnel and 142 prolessionals.

IBM Argentina, which started its activities in 1923, manufacrured
computer hardwiare. In 1975 it was the thirty-second-largest Argen-
tine firm working 10 full capacity, with 2 total of 610 employees, of
whom 140 were technicians and professionals. All but 5 percent of its
production was for export, hall of which went to the United States,
Canada, the United Kingdom, japan, and Sweden and the rest all
over the world.®' IBM exports increased from an FOB value of ap-
proximately $22 million in 1974 to $29 million in 1975, but dropped
back to $22 rnillion in 1976. In 1980 and 1981 exports were approxi-
mately $57 million and $97 million, respectively.”

Olivetti Argentina was ranked thirty-Afth among the largest Ar-
gentine companies in 1973, when it employed 230 people and worked
to only 30 percent of capacity. It operated under a foreign license, as-
sembiing electric accounting machines since 1962, electronic calcu-
fators since 1969. In 1973 it produced 8,000 “Logos” calculators.

Texas Instruments produced transistors. In 1974 it began to mar-
ket pocket calculators (imported from Brazil), selling 70,000 in six
months, a 60 percent market share for that year. But then import re-
strictions lowered that share to 20 percent during the first semester
of 1975, and Texas Instruments decided to strike a bargain with the
Argentine government: in exchange for lifting the restrictions, the
American company offered domestic production of calculators. Ar-
gentina accepted, and Texas Instruments began to produce 5,000 cal-
culartors a2 month.*

FATE, a private, 100-percent-Argentine-capital company, was set
up as 2 tire manufacturing company in the 1940s, but by the end of
the 1960s it began to diversify into electronics, more precisely elec-
tronic calculators and printed and integrated circuits, and into an
aluminum venture with a company named Aluar. FATE soon rose to
the “big league” in Argentina (ranked forty-second), owing at least
partially to its technology policy. After some successful technical assis-
tance contracts with General Tire in the United States, FATE became
more interested in technological assimilation, training technicians and
engineers, providing space for university researchers, and getting in-
volved in the production of R & D—intensive products. The creation
of an elecironics division and the manufacture of desk calculators be-
ginning in the early 1970s fit this pattern.™
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FATE Electronics and
the National Computer That Never Was

The history of FATE’s computer starts with the production between
1956 and 1959 of Argentina’s first experimental compulter, known as
CEFIBA,” and with the work of scientsts in the early 1960s at the
University of Buenos Aires, which had a Mercury-Ferranti computer
that was used for research in the components, digital technigues, au-
tomation, and industrial electronics areas. These activities produced a
cadre of qualified scientists in the computer field, who later were re-
cruited by FATE. _

Three groups of scientists in the engineering department of the
University of Buenos Aires, specializing in computation, semicon-
ductors, and process control, were the seed for what was about to
come. '['hey were under the supervision, and intellectual guidance, of
Humberto Giancaglini and Alberto Bilotti, the latter an expert in
microelectronics and solid states. Roberto Zubieta was an engineer
who worked at the department’s semiconductors laboratory and who
became the leading intellectual and active force in the development of
an Argentine computer. Other scientists involved in electionics R & D
during the “golden age” of Argentine science, and who would become
part of the FATE team, were Hector Abrales, Carlos Duro, Horacto
Serebrinsky, and Pedro Joselevich, director of the department’s elec-
ironics application laboratory. But all these efforts at the university
stopped in 1966 with the “night of the long clubs.” Many scientists left
the universities, some leaving the country and others going to work
for the multinationals; Zubieta went to Texas Instruments. )

Oscar Varsavsky, a physicist, became the other key actor, with Zubi-
eta, in FATE’s development of electronics and the computer, Varsavsky
strongly favored technological autonomy in Third World countries in
general, and Argentina in particular, and wrote extensively on the
subject.”® One of the most renowned Argentine scientists of his time,
he was listened to with respect. It was Varsavsky who, at the end of the

1960s, convinced Manuel Madanes, FATE’s owner and a strong na-.

tionalist, of the benefits of developing electronics within FATE. At that
time FATE was in excellent financial condition owing to its production
of tires and its diversification into aluminum with Aluar, which had
taken the company into more capital-intensive and technologically so-
phisticated investment. In the venture with Aluar, Madanes had ex-
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plicitly set out to acquire some measure of technological indepen-
dence by creating an exccllently trained scientific group within the
company. Now, Varsavsky suggested, with money avallable, the tme
had come for intelligence-intensive enterprises.

We should remmember that this was 1the time when Ongania was on
the way out, nationalisra was growing, and the mild antidependency
science and technology policy was already under way. It was also quite
relevant for FATE that Gelbard held a signilicant amount of Aluar’s
shares, so that the General Economic Confederation (CGE}, and after
1973 the ministry ol economy, were very supportive of FATE and its
enterprise. This “link” would later be one of the causes of FATE Elec-
eronics” downlall,

Madanes accepted the idea of vertical rather than horizontal di-
versilication, getting involved in digital electronics first with the pro-
duction of calculators, then “going up” toward computers. Varsavsky
approached Zubieta, and both started to “look for people with tech-
nological autonomy consciousness.” Zubieta brought in the core of the
university groups: Bilotti, Joselevich, Abrales, Duro, Serebrinsky, and
many more; Zubieta and Bilotti were placed at the head of the tech-
nological operation. According to several sources, Varsavsky brought
to FATE the best Argentine minds in the electronics of his ime.

In July 1969 Zubieta and Bilotti began to organize the techno-
logical structure, the heart of FATE Electronics. Zubieta was given al-
most total autonomy to make allocation decisions, and he became the
operation’s spearhead, selecting goals and usirntg the means at his dis-
posal to achieve them. His colleagues admitted that he was an excel-
lent leader, with a good deal of political sensibilily and a spirit of
opportunism, His core ideas were basically three: technological self-
reliance is possible, it should be the goal, and the state should help in
bringing it about.

Now Zubieta was in command of a group of antidependency-
minded scientists within 2 company headed by someone close to the
Peronists, to Gelbard, and to the CGE, when all were on the rise. He
envisioned FATE as an “island” and example of iechnological self-
reliance. According to one of the highest-ranking scientists of the
FATE group, “there was a challenge kind of attitude.” As long as FATE
was financially solvent, and its political contacis among the very best,
the picture looked bright.

The engineering department at FATE Elecironics became the en-
terprise’s most dynamic element, the engineers by far ontnumbering
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the employees in commercialization. Fifteen percent of the personnel
were involved in R & D, all in engineering and development, as there
was no bhasic or applied research.

FATE's strategy was to develop, copy, and adapt technology. Al-
though some components, such as chips, had to be imported, FATE
Electronics used no foreign licenses or any other trademark. It
searched aggressively for nonproprietary technological information,
such as that available in journals (it subscribed to 80), and visited for-
eign plants and international fairs; it sent technicians to study at MIT;
and sometimes it consulted foreign experts and bought foreign ma-
chinery, equipment, and components to train domestic personnel.
FATEstechnological style clearly matched a pragmaticantidependency
ideology. This is also why it spent 7 percent of its gross saleson R & D
(fixed cost), a good share for such an endeavor in Argentina. FATE
also received direct help in R & I mainly from the National Atomic
Energy Commission (CNEA}, the National Institute ol Indusirial Tech-
nology (INTI), and La Plata University.*

FATE Electronics received operational financial aid from the World
Bank, and their position in the marketplace was boosted when Presi-
dent Lanusse fixed a high sartff for the importation of electronic cal-
cularors and a somewhai lower (but sull high) tariff for mechanical-
electronic calculators, of the kind Olivetti was producing in Argentina.
FATE also received import exemptions and, as did the muldnationals,
draw-backs and subsidies to encourage exports.

FATE developed a new line of products almost every year. lt pro-
duced four calculator models in direct competition with Olivetti, with
the brand name CIFRA: #311 (1150 integrated circuits [1C]); #2114
(7 1C); #121 (3 IC); and 100/13 (1 LC). The calculators were of FAT'E’s
own design; circuits were first purchased in foreign markets, then
built abroad according to FATE’s specifications. Finaily in 1974 FA1E
itself began to produce about 15—20 percent of its demand for in-
tegrated circuits. The first calculator took fifteen months o buiid.
Production grew considerably between 1971 and 1975, from 500 to
134,000,” and FATE’s share of the market rose from } percent o
50--55 percent (helped by protection). Importation of components
decreased from 70 percent in 1971 to 40 percent in 1975.* FATE’
success led to the building of a semiconductor manufacturing piant
with capacity for 1,400 workers, and some in the company began to
counsider establishiny plants in Mexico and Brazil. By 1972 FATE Elec-
tronics was making money.
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These developments had a clear positive-teedback impact. Zubieta
was confident that technological change was nota problem: FATE Flec-
tronics was meeting all challenges, and it had practically put Olivetti
out of business. As one ex-member of the Zubieta group put it, this
was “a period of delirium.”

The next stage, the computer, came right along. Madanes had been
approached by the military, who told him how important computers
were for the armed forces. The scientists at FATE told him the enter-
prise was viable. Madanes then advised the military that he needed
government support, which the military promised o provide. The
computer idea branched into two: a2 medium computer (which some
said would be similar to the IBM 3560; others, to the IBM 3703 —in
any case, it would be simpler and faster than either of these), to be
called Serie 1000; and a microcomputer, Sistema 75.

Sistema 75, the second project, was built under the supervision of
Bilotti and successfully commercialized. With a memory of up to 16K,
it was designed for cards and later for disks. Manufacture began in
1974, and a considerabie pumber were reportedly sold.

Development of the Serie 1000 started in 1972, and by December
1973 its specifications were complete. According to one report, Serie
1060 was to have a microprogrammable processor, with up to 2 mega-
bytes memory capacity. Memory and microprocessors were to be
MOS/LS, designed with the help of an American company, Macro-
Systems. The peripherals included disk units, magnetic tapes, a linear
printer, a CRT terminal, and a data-entry terminal. Serie 1000 was to
work with an advanced operating system, multiprogrammuable and
with realttime extension, and be compatible with COBOL, FORTRAN,
BCPL, and other languages. The system was designed to diminish
costs, using a “spooling system” {impresion diferida) for printing and a
low-cost terminal with direct-to-disk data entry. It was also designed to
wterface with larger systems.

Building of Serie 1000 began in 1974. The hardware was assembled
with mostly foreign parts, with the intention of adding Argentine com-
ponents as soon as they were developed. By the end of 1975 a proto-
type, basically different from the IBM 360, was complele and work-
ing. Software development proceeded at 2 much slower pace; it turned
out to be one of the computer’s major obstacles.

FATE’ technicians believed that Serie 1000 would be o1 the market
by 1977, competitive with foreign {irms in terms of price; others
doubted the capacity to produce it commercially. Although one engi-
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neer involved in marketing argued that the problems ahead had to do
mainly with production, the consensus was that marketing was being
disregarded and would become another major bottleneck.

A CNEA scienust with close links to the project argued that it was
workable. The problem, he felt, was that “there was no awareness
within the government about computers. The effort being made was
not institutional or governmental, but personal.” Some of the military,
especially air force personnel, expressed interest in the development
of domestic computers, but they were not then in power, and the mili-
tary who came to power in 1976 had a completely different, pro-
liberal ideology. FATE did receive political support from the Armed
Forces Center for Scientific and Technical Research, the CGE, and
Gelbard, but the latter two lost political power ai the end of 1974
(when Isabel Perén and Loépez Rega took control of the Peronise
movement}, and soon thereafter the import exemptions and export
incentives were ended.

FATE?’ electronics venture prompted contrasting responses from
IBM and Olivetti. IBM did not pressure the government against FATE
Electronics computers because it did not feel threatened. Most of
its Argentine market was in large machines for the public sector.
Furthermere, its disbelief in the Argentine capacity to produce do-
mestic computers led it to take a wait-and-see attitude during the
Peronist period, preparing itself not to sell its products if things should
turn sour.

Olivettz, however, had lost much of its calculator market to FATE,
Skeptical in the beginning about FATE's chances, Oliverti decided o
put up a fight when FATE Electronics began to grow. At the head of
this effort was Edgar C. Bustos, an engineer who became the main
lobbyist agamnst FATE’s venture. He said that since FATE was copying
technology and using imported elements, the “self-reliance” policy
was in fuct a fake—a very inefficient fake—and that without high pro-
tection the project was doomed. He applied the most pressure on the
technical staffs of the ministries, but other companies were also put-
ting pressure on the government not to continue to protect FATE. As
the head of the Chamber of Office Machines Manufacturers, Bustos
also helped push entrepreneurs against FATE'’s venture. The argu-
ment was efficiency. As Bustos saw it, FATE, by failing to influence the
armed forces and the bureaucracy sufficiently, finally lost to the lobby
campaign waged against it.

During 1975 FATE's financial situation was bad. Zubieta's critics ar-
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gue that although the goals were viable and the engincering depart-
ment a success, he failed in management, specifically in the allocation
of funds and in marketing. In the same year FATE and its owners be-
came involved in an economic scandal concerning Aluar, which at-
tracted public attention because of Gelbard’s association with Aluar.

The process of deciding to terminate calculator and computer pro-
duction took place between November 1975 and August 1976, at the
peak of the political and economic chaos of the Peronist interlude. The
timing could hardly have been worse for FAT'E Electronics. Madanes,
by then burdened by the national turmeil, the financial difficulties of
the company, the Aluar scandal, and the lack of government support,
decided to bring a new general manager to FATE, R. Bargagna, whose
business background and liberal outlook were a signal that the end
was near.,

As Bargagna said, “Madanes under these conditions would not
think of investing even more on the computer.” The end came late in
1975, and Bargagna was the “key” decisionmaker with power dele-
gated by Madanes. According to Bargagna, the nationalists among the
military and the government were consulted and told, *‘If you want a
national computer show me the purchase orders.’” Up to that moment
we had spent $2.5 million, and we needed another $2.5 million to con-
tinue with the project. They did not respond positively and the deci-
sion was simple.”*" Bargagna felt that the ISI process had already
been exhausted and that a new approach was needed. It was time, he
said, that industrialists understand that they have to modernize and
compete rather than rely on overprotection. Bargagna's concerns
were efficiency and market considerations; he deplored inefficient
and overprotected IST projects and saw technological change in the
international computer ficld as being so rapid that the Argentine
computer would be obsolete by the time it was marketed. In Brazil,
however, this same change was a decisive motive for embarking on the
manufacture of national minicomputers, with the ultimate goal of
autonomous technological development. In pure market terms, of
course, Bargagna was right.

The timing of the decision— before the Peronists were ousted by the
military—was not directly connected with a political regime change,
but the decision was anticipatory. “Everybody knew there was going to
be a coup and that the Peronists would be out; the question was when.”

Bargaining continued in the first months of 1976, but Zubieta was
in no position to make deals. He and his collaborators were identified
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as militant Peronists and classified by military intelligence as a focus of

subversion. When he and his group left FAT'E Electronics, the Serie
1000, the microcomputer, the international venture, the semiconduc-
tor plant, the calculators, were all terminated. FATE FElectronics be-
came an assernbler of foreign products and the Argentine represen-
tative of Nippon Electronics Company. And as Laherz wrote in a
postscript to his article (and a postmortem to the computer idea), “the
enterprise decided to concentrate in the sector it knows best—tires
. . which presented the best options.”*

Some time later, Zubieta fled to Brazil, where he became a manager
of one of the most important Brazilian microelectronic enterprises,
Elebra, a subsidiary of Docas de Santos. The insight gained from time
and experience brought him to the conclusion that a country can re-
duce dependency, as Brazil had in computers and Argentina in nu-
clear technology, only with almost full government support and free-
dom to develop a self-sufficiency strategy—-the lack of which had
doomed the Argentine computer industry to failure.

FATE siarted the electronics project on the premise that selt-reliant
development was possible and that the company could benefit from it,
but Argentina lacked a systematic science and technology policy, in-
stitutions to support the development of an electronics technology,
and government awareness of the industrial relevance of computers;
and so it failed. FATE also suffered from the political and economic
turmoil of the time, which personally involved its shareholders and
led Madanes to reject any further investments, Madanes then named
a general manager whose ideology was totally different from that of
the group that had developed the computer. Bargagna knew that the
military was returning to power; he believed that efficiency and the
market, not protection, were the answer for Argentine industry; and
he was convinced that technological change in semiconductors would
make FATE’s project inviable—so he decided to kili it.

In the last analysis, the computer project succumbed to bad timing;
the disintegrating Peronist government lacked the means to success-
fully pursue it, and the new military government set goals of efficiency
and modernization that led to the dismantling of much of Argentina’s
industrial capabilities. As Marcelo Diamand commented, FATE and
the computer became the first victims of the change of government.
They also fell prey to a lack of awareness of the dynamics of develop-
ment, of the fact that a successful technelogical project might, despite
short-term inefficiencies, have more important national payoffs.
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In 1980 the Argentine government started to show some interest in
microelectronics, which was intensified after the Falklands {Malvinas)
war. An informatics subsecretariat within the planning secretariat was
set up and an Informatics National Commission planned. But political
repression had led to mistrust and a considerable brain drain. Mean-
while, Argentina has asked Brazil, which has acquired significant ex-
pertise in the last decade, for assistance in developing its computer
industry.

Whether the Argentine computer experience was “good” or “bad”
for Argentina’s development in general is an ideological question. S0
is the subject of the “right” strategy for scientific, technological, and
economic development. Nationalists view the loss of capacity to inno-
vate and to adapt to what is becoming a crucial technology as a failure;
from a market perspective there was no failure—efficiency decided
what had to be done.

Interviewees were asked what happened to the knowledge and
experience generated within FATE: where have all the scientisis gone?
“Gone to IBM and other multinationals, every one,” was the response,
and implicit in this answer was the question, when will they ever learn,
when will they ever learn?



Brazil’s Domestic
Computer Industry E@

The Data-Processing
Market, 1970—1982

Data-processing systems, ever more complex and comprehensive,
are turning into the nervous system of modern societies. Master-
ing their technology will be increasingly essential for a nation will-
ng to know itself and consequently to maintain or to develop its
own decision power in order to exercise its political indepen-
dence, setting by itself its degree of economic interdependence
with other nations. For Brazil, abstaining from this effort of na-
tional technology creation means at a minimum to give up having
in our territory—more precisely in the minds of our technical
teamns—the key element for setting up a data-processing industry
based on national interests, and not just on the interests of com-
panies linked to foreign powers, which rarely fit Brazil’s interests
in the international political-economic game.'

Many Brazikans involved in the development of the computer in-
dustry saw control by a few international giants, such as IBM, as a
threat to Brazilian independence. This perception grew from an
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awareness—as Simon Nora and Alain Minc put it so graphically in
their report to the French president—of “the computerization of so-
ciety,” an awareness that not only is the computer a technological in-
novation of recent years, but it also constitutes “the common factor
that speeds the development of all the others [and that] will alter the
entire nervous system of social organization.”* This chapter describes
how the cognitions and ideas of a small group of scientists and tech-
nocrats, while at work for assertive political and professional institu-
tons, ended up generating broad political consciousness and irrever-
stbly affecting industrial policy and industry.

In the early 1970s the Brazilian computer market was already the
twelfth largest in the world and, behind Japan, the second fastest
growing with annual growth rates of 30—-40 percent (compared with a
world rate of about 20 percent). Growth rates were still high, at 20-30
percent, in the mid-1970s. By 1975 Brazil's data-processing equip-
meni market had cimbed o tenth place, and one vear later it was
worth about $1.4 billion, or approximately 1 percent of the GDP.?

The value of installed computers in Brazil was $2.8 billion by 1982.4
In dollar terms the computer industry grew 64 percent between 1979
and 1980, 26 percent hetween 1980 and 1981, and 51 percent be-
tween 1981 and 1982 (ihe latter afier adjusting for 100 percent infla-
tion). While the 19791980 growth reflected the entrance of new do-
mestic enterprises to the market, the 19811982 figure rellected a
real growth in sales. It was expected that the market would reach $5
billion by 1985.°

Growth in quantity of installed computers between 1970 and 1982
is shown in ‘Table 12, broken down into the six. categories used by the
Brazilian Special Secretariat of Informatics (SEI), which has been in
charge of computer policy since 1979.°

Between 1970 and 1978, the number of compuiers in the country
grew almost fourteenfold. Even discounting micros, they increased by
270 percent between 1973 and 1978 and by 673 percent between
1973 and 1982—71 percent in the 1981-1982 period alone.

The market changed dramatically between 1970, when small and
medium-sized computers accounted for 99 percent of the total, and
1978, when micros and minis made up 71 percent. By 1982 this latter
figure had jumped to 87 percent. Because micros and minis were now
doing what small and medium-sized computers had done in the past,
and because large and very large computers were stll unmatched,
the medium-sized computer market was compressed whereas the
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Table 12.

1977 1978 1979 1980 1981 1982
3,846 4200 4,791

1976

1975

1974
2,145

1973

1972

1970 1971

17,702

8,756

4,722

3,131

1,514

586

Micro

h4 56 f0) 64 62 60 55 61 73

38

% of yearly total

3,671

2,719

i)
[l

1,6

1,015

31 173 265 356 656

19

Mini

14

13

10

% of yearly rotal

1,067 1,309 1,206 1,378 1494 1688 1,858 1,950

775

=3

403 4b4

378

Small

13

18 19

20

70 68 40 27 27 25
288

75
122

% of yearly total

377 388 408 400

370

327

250

184

163

Medium

o

16 11

28 28

24

% of yearly total

226 248 374 B4

166

45 72 32 99

10

Large

0

% of vearly total

33 42 61 72 87 93 97 123 134 172

19

10

Very large

[

i

% of vearly total

Total excluding

6,637

5,498

3,209 4,122

1,258 1,700 2,083 2214 2,663

986

578 667

578

506

micros

14,249 243390

8,844

3,843 5214 6,060 6,953

2,772

1,572

667

506

Overall total

8,000

Sewrces: SEX, Boletim imformative, no. 5 (Aug/Sept./Oct. 1981): 9; no. 8 (July 1982): 4; no. 11 (June/Scpt. 1983} b.

* Available information unreliable.
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extremes grew significanily: minis at 903 percent {rom 1977 to 1982
(combined rates) and micros at 128 percent, and large compuiers at
346 percent (51 percent in 19801981 alone). The “slow growers”
were small, medium, and very large computers, which increased at
combined rates of 51, 14, and 98 percent, respectively, between 1977
and 19827

Before the Brazilian computer policy was formuiated and began to
be implemented during 1975, Brazil's computer requirements were
met by multinational corporations such as IBM, Burroughs, Hewlett-
Packard (H-P), Honeywell Bull, Data General, Digttal, and Olivetti.
Imports increased from $13.3 million in 1969 to $99.8 million in
1974, and to $111.9 million in 1975.° IBM, Burroughs, and H-P also
manufactured in Brazil, to meet domestic needs as well as their global
production requirements, By 1980, IBM do Brasil, the largest com-
puter company in the country, held 53.8 percent of installed comput-
ers value and was IBM’s fastesi-growing subsidiary, generating about
50 percent of the company’s business in Latin America.® [t produced
medium and large computers, tape drives, CRT displays, printers,
and data-entry equipment in its Sumaré plant. Burroughs, the second-
largest company, with approximately 15 percent of installed comput-
ers value in 1980, manufactured medium, large, and very large com-
puters in Brazil."

Once Brazil decided to enter the domestic computer market, the
industry developed rapidly. Within only two years domestic com-
panies were producing hardware and software systems, peripherals,
terminals, modems, and special terminals {hanking and lottery). The
dotlar value of installed domestic computers grew from 2 percent of
the total in I978 to 19 percent in 1982, by which tume 67 percent
of installed computers had been produced by domestic companies
(see Figure 9).

By 1983 about one hundred domestic computer companies, with
18,000 employees and sales of $687 millior, existed, most of them
founded after 1976 under the guidance of the computer policy.” In
1982 they accounted for 67, 91, 13, and 1 percent, respectively, of in-
stalled micro, mini, small, and medium computer value.'”® Cobra SA,
the largest, and the only state company, ranked third in sales by June
1982, with 36.2 percent of installed minicomputers. The other impor-
tant large national minicomputer manufacturers by that time were
Labo, with 18.4 percent of the market; SID, with 7.6 percent; Edisa,
23.3 percent; and Sisco, 5.0 percent. Cobra, Dismac, Edisa, and Pro-
légica held approximately 72 percent of installed microcomputers.*
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Brazil's main goal in developing its own computer industry was to
achieve a measure of self-sufficiency in this high-technology secior.
The contribution of domestic R & D toward this end was considerable,

Domestic computer companies invest a relatively high share of
their sales in R & D. In 1980 those using indigenous technology spent
an average of 14.4 percent of their sales on R & T, and those working
under foreign licenses spent 7.9 percent. The total industry’s R & D
average was 8.7 perceni—2.6 percent more than the American com-
puter industry spent during the same year.'

The pragmatic antidependency policy, with its emphasis on R & I,
has been especially successful in increasing the use of domestic tech-
nology and reducing imports in the data-processing equipment in-
dustry. Between 1979 and 1981, the industry’s share in sales of prod-

Figure 9. Brazil. Domestic Computers, as Percentage
of All Installed Computers, 1980—1982

1980 1981 1982
Quantity  Value Quantity  Value Quantity  Value
L | i
33%
58%
8%.1% _ 86%
Y3 %

Total Total Total Total Total Total
8,844 1,649,190 14,249 2,140,230 24,339 2,776,600
(% thousand) (% thousand) {$ thousand)

£l Domestic Computers

Source: SEI, Boletim Informative, no. 11 { June/Sept. 1983): 0.
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Table 12, Brazil. Technolegical Dependence Reduction by
National Dlata-Processing Corporations, 1979—1981

1979 1980 1981
Local Local Local
Tech- Tech- Tech-
Equipment nology* Imports® nology® Imporis® nology’ Imports®
Systems (hard-  28% 29% 41% 18% 60% 7%
ware and
software)
Peripherals -— 111 4 48 & 36
Terminals 100 8 100 8 100G 3
Modems 10 21 37 22 50 13
Spetial
terrninals 100 § 106G 22 10¢ 14
Total
Equipment 31 29 30 20 b3 B

Source: United Nations Center on Transnational Corporations, Transberder Data Flows
and Brazil (New York: United Nations, 1983), 22525,

Npte: Total sales figures include exports.

“Equipment producsd with local technology as percentage of total dollar sales for a
given year.

*lmports as percentage of total dollar sales for a given year. Because corporations may
import to increase inventories, percentages may be higher than 100,

ucts based on domestic technology (technology not obtained under
licensing agreements or only slightly adapted from recently expired
licenses) rose from 31 percent to 53 percent, whereas that based on
imports fell by a factor of almost four (see Table 13). The shift toward
computer products based on local technology is evident in the case of
four of the industry’s products: terminals, special terminals, systems,
and modems. Terminals and special terminals are now entirely do-
mestic, and between 1979 and 1981 the share in sales of systems based
on local technology rose from 28 percent to 60 percent, and that of
maodems rose from 10 percens 1o 50 percent. During the same period,
the share in sales of imports in these last two arcas fell from 29 1o 7
percent and from 21 to 13 percent, respectively. However, in 1981 pe-
ripherals were still being produced almost entirely with foreign tech-
nalogy. Impaorts as percentage of sales accounted for by foreign cor-
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porations rose from 28 percent to 40 percent between 1979 and
1981.%

Some domestic computer companies have now reached a level of
technological sophistication and economic efficiency that allows them
to produce for export. Cobra, Microdigital, Prolégica, and Elebra
have been the domestic export leaders, with the most popular items
being central processing units {CPUs), printers, magnetic disks, and
video terminals. Cobra has exported micros and minis to Argentina,
and Elebra components to the United States. Logus Computadores
Lida. has sold microcomputers to the United States that can run up to
fifteen separate programs at once, something that previously only
large computers were able to do. At least one domestic software firm
hassold its merchandise to West Germany, and a sale of two thousand
microcomputers to China was under negotiation throughout 1984.

Development of the
Brazilian Computer Industry

Cobra: The Early Days

The first attempt to build a Brazilian computer was made in 1961
when a group of four engineers developed a prototype, known affec-
tionately as “Zezinho.” Mario Ripper, one of the engineers and later
an important actor in the development of the Brazilian computer in-
dustry, said, “While we were in Paris in 1961 visiting Machines Bull,
we were struck by their effort roward developing their own tech-
nology. . . . The fact that today we know that Bull failed is irrelevant
for the history of Zezinho. What is important is that the idea of devel-
oping our own technology impressed us. If France could do it, why
not Brazil?” '

With help from the National Research Council (CNPg) and from
several Brazilian companies, the computer was built and tested for 60
days. Ripper indicated that it was a success, but “we failed, apparently,
in our naive objective of impacting the electronics industry in Brazit.
A decade had w go by before the idea of a national computer could be
taken up again, and then this effort was not a consequence of Zezinho.
Why? Maybe, really, the idea was premature because in 1961 there
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were no technological conditions, nor was there a market for a com-
puter industry. . . . Was the effort worthless? Certainly not,” 7

Ouly at the end of the 19605 did National Economic Development
Bank (BNDE) planners identify the minicomputer field as a promis-
ing one for developing a Brazilian industry based on domestic tech-
nological capabiiities. The technology was more accessible, invest-
ments were not as large as for the big computers, and there were no
minicorsputer manufacturers in the Brazilian domestic market. At
the same time, the Brazilian navy was modernizing its ships and buy-
ing new ones, which had to be equipped with electronic gear, includ-
ing computers. The navy’s communication and electronics directorate
concluded that the navy could not depend on foreign sources for a
security-sensitive technology such as that required by computers.
Therefore, early in 1971, when the navy decided to equip its vessels
with English Ferranu FM 1600-B computers, it also initiated a proj-
ect for the planning, development, and manufacture of a computer
prototype suttable for naval operations, preferably in association with
Ferranti."

Naval officer José Luis Guaranys became maore involved in this
project than anyone else. First he contacted Peliicio at BNDE, and
in February 1971 what came to be called the Guaranys Project was
institutionalized by a special commission, Special Working Group
(GIEYFUNTEC 111. The Scientific and Technical Development
Fund (FUNTEC) represented BNDE and financed the project, which
was to start with a 60 percent contribution from BNDE and 40 per-
cent from the navy.

The GTE decided to follow two courses of action: to promote and
finance the development of 2 domestic minicomputer prototype; and
to set up a company with both state and private pariicipation and the
participation of a foreign partner that would not impose technological
restrictions and would be willing to transfer its technology to the com-
pany—in other words, tripé, a three-member partnership of the state,
private industry, and muitinationals. In 1972 E. E. Eletrénica was se-
lecied as the private domestic firm, which then with GTE looked for a
foreign partner to complete the wipé. The most serious candidates
were Ferranti, preferred by the navy, and Fujitsu, preferred by BNDE.

In April 1973, with capital from BNDE, Petrobras, Telebras, and
the finance ministry, a holding company, Eletrdnica Digital Brasileira,
was created, which was then to create two computer companies, one in
association with Ferranti for the military market and the other with
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Fujitsu for the civihan market. The former was called Digibras (Bra-
zilian Digital Enterprise); the latter did not materiatize. In July 1974
Digibras became Cobra SA, to cover both the civilian and the military
markets, and Eletrénica Digital Brazileira soon changed its name to
Digibras.

When the GTE was eliminated in 1975, Digibras assumed full re-
sponsibility for the national computer project, thereby becoming an
industrial promotion agency to approve projects and set up research
centers and companies to develop the sector. Dhgibras concentrated
on three areas: (a) the market—studying the market and assessing its
change as computer technology changed; (b} incentives and state in-
volvement—developing production lines and incentive means to help
the participating national enterprises and providing consulting ser-
vices and support for the incipient industries; and (c) technology—
identifying R & D priority sectors, evaluating Brazilian potential, and
promoting R & DB.

Cobra became one of Brazil's main instruments for developing the
minicomputer industry. Investment in the company was a tripé ven-
ture involving the Brazilian siate, E. E. Eletronica, and Ferranti, al-
though the latter was allowed very limited participation, being relied
on mainly 10 provide only the technology for Cobra’s first computer.
This arrangement reflected a pragmatic position. Those involved
thought that domestic technology would progress most rapidly if
Cobra used foreign technology to develop the national computer, but
only if the foreign firms committed to full technology transfer, with
technology then to be absorbed by Cobra.

Ferranti was chosen because of its positive response to Cobra's de-
mand for technology transfer, rather than because of the perfor-
mance of its products. Cobra’s experience in shopping for com-
puter technology showed that international market leaders are
seldom willing to sell experuise without linking it to investment or
to other mechanisms of control. Digital, the world’s largest mini-
computer manufacturer . . . was involved in licensing negotiations
with Cobra, but no agreement was reached because the U.S. firm
insisted on taking a majority share in the Brazilian computer com-
pany. Negotiations with Data General, the world’s second largest
independent minicomputer manufacturer, broke down because
Data General would not transfer its ownership rights to the tech-
nology to Cobra.’
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Ferranti was also chosen, of course, hecause the Brazilian navy was
using Ferranti computers for its ships’ control system. From this ven-
ture resulted the first Brazilian-assembled minicomputer, the 700
series.

Digibras had initally planned to produce and commercialize a
business computer for commerce and industry that was domestically
manufactured with minority foreign investment. Data General secemed
the best candidate to transfer minicomputer technology tw Cobra un-
til it proved unwilling 1o accept Brazil’s condition that patents, blue-
prints, and other know-how be transferred to Cobra at the end of the
license period. Attempts to bring in Fujitsu and Nixdorf {West Ger-
many) also failed. Instead, Digibris studied the technology market
and finally, in 1976, chose a relatively small American company, Sycor,
Inc., that agreed to technology transfer. This effor1 produced the
smatler 400 series minicompauter for business and accounting, with a
64K main memory and a 20 megabyte disk memory. The use of for-
eign technology for the two series was relatively successful because it
“substantially reduced the time required to begin local production of
minicomputers and helped io avoid mistakes both in product and
process designs that would probably have occurred had Cobra relied
mitially on local technological sources only.”*

Meanwhile, the hardware for Brazif's first domestic computer, the
G-10, affectionately called “patinho feo” (ugly duckling}, was being de-
veloped at the Digital Systems Laboratory (LSD) of the Polytechnic
School of Sao Paulo University, and the software at the Pontifical
Catholic University of Rio de Janeiro (PUC/R]). First planned as a sci-
entific computer, when patinho feo was transferred to Cobra it be-
came more of a general-applications computer.” The work itself at
LSD and PUC/R] had a payoft beyond the G-10: the project em-
ployed two hundred technicians and professionals and provided an
important learning experience for all of them.*

The G-10 got help too from Serpro (Federal Service for Data-
processing), created in 1970 as a public enterprise under the super-
vision of the finance ministry. Its manufacturing unit developed the
STV-1600, a2 video terminal known as the “ielinhae” and used in the
maodel that Cobra later commercialized, and a terminal remote con-
trol (intefligent terminal) called the “telao.” The telao and a computer
terminal developed at the Federal University of Rio de Janeiro (UFR])
were transferred 10 Cobra. The result was the G-11 minicomputer,
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which had greater speed and capacity and accepted more peripherals
than the Cobra 400. L. Pereira, Cobra’s hardware manager, said the
many improvements made on the original model resulted 1n “a prod-
uct at the tevel of the other computers in the marker, the difference
being that this one has been totally conceived and designed in Brazil,
by Brazilian technicians.”*

Cobra products inchided TR-100 and TR-200 terminals, TD-100
and TD-200 data-entry terminals, and the SC-300 microcomputer. It
supplied computer equipment and peripherals to the army and navy,
and a small group worked on military computer applications in its so-
called military systems division, consisting of three technical groups:
software, products, and analysis. Although it was not 2 sound invest-
ment, this project was politically necessary.*

Cobra’s financial situation contrasted sharply with its relative suc-
cess in R & IJ and technology transfer. Despite the fact that its capital
increased more than tenfold in three years (from Cr 30 million wo Cr
350 million), Cobra was usually in financial distress. By 1976 things
were not going well for the company, which, since there were no pur-
chase requests from the private market, was selling only to govern-
ment institutions such as Digibrds and Embratel, and of course o the
armed forces. [t was discovering the difficulty of competing with
multinationals, with their fremendous advantage in technology, access
to supply, economies of scale, and overall finances. Pressure mournted
when it became clear that IBM was planning to introduce its mini-
computer, Systern 32. Planners began to fear that the Brazilian mini-
compuier indusiry would disappear even before it was born,

But in mid-1977 a consortium of eleven banks, including some of
the largest, such as Bradesco and Ttad, realized a need for electronic
automation and decided to invest in the national venture, acquiring 39
percent of Cobra stock.® BNDE invested approximately $3.3 miilion
and gave Cobra guarantees for foreign loans valued at approximately
$1.3 million,* and Digibras and Ferranti each invested $1.5 million.

With the help of the banks, Cobra was able by 1980 to issue its new-
est line of computers, the Cobra 500 series, replacing the 400 series.
These descendants of the G-10 and G-11 were the first computers to
be designed totally in Brazil, using 92 percent locally developed com-
ponents. The Cobra 530, for example, had a 500K memory, about the
same as the lowest-powered 1BM 433}. The two other models were
the Cobra 520 (128K) and Cobra 540 (up to 1M). Cobra phased out its
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TD-100 and TD-200 terminals, replacing them with the Cobra 305
microcompuier, which is faster than the terminals for about the same
price.

Computer Policy and CAPRE—
The Institution Behind the Change

The Commission for the Coordination of Electronic Data-Processing
Activities (CAPRE} was created by presidential decree (Média) un
April 5, 1972, in response to an exposition by Velloso concerning
heavy imports of computers, the increasing national scientific and
technological capabilities in the sector, and the need to create govern-
ment incentives for the computer indusiry. “CAPRE was given the
1ask of managing data processing within the federal government,
maintaining statistics on the naiional market, and develo-ping a strat-
egy to encourage a local indusiry. However, at its inception CAPRE
did not have the power Lo regulate computer imports or to control the
Brazilian manufacturing activities of foreign computer firms.”# Its
main policy-making body, the council, had representatives from the
armed forces, the minisiry of finance, BNDE, the Brazilian Institute
of Geography and Statistics (IBGE}, the Modernization and Adminis-
trative Reform Secretary, and CAPRE’s executive secretary, although
this composition was later changed.™

CAPREs first decision, on January 12, 1973, was to create a Perma-
nent Working Group, with BNDE, CNPq, the Studies and Projects Fi-
nancing Agency (FINEP), and the ministry of education participating,
that would be responsible for a National Program of Data-processing
Centers. Headed by Ricardo A. C. Saur, CAPRE's executive secretary,
its explicit objectives were to achieve economies of scale, reduce im-
ports, promote the development of a national industry, prolong the
lite of equipment, and help in the process of technology transfer
among research and education centers.” In 1973 CAPRE identified
what it considered to be the sector’s liabilities in terms of scientific and
lechnological potential and as a remedy created a National Program
for Computer Training with the help of the ministry of industry and
commerce (MIC).»

As time went by, it became increasingly clear that the balance of
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payments deficit was growing and future prospects worsening. In
1974 the Geisel government maoved to limit imports of consumer
goods by federal agencies, and computers came to the attention of the
high decision-making level during 1975. As a result CAPRE acquired
additional financial support® and new power that allowed it 10 act on
four fronts: to limit imports, foster domestic supply, attempl to re-
serve the minicomputer market for Brazilian firms, and continue to
develop its activities for generating awareness within the government,
the science and technology infrastructure, and domestic industry of
the importance of developing a national computer industry. With the
aim of reducing imports, CAPRE was “able to raise import duties on
computers and to require that foreign computer firms deposit the
value of imported systems with the Bank of Brazil for one year with-
out interest; these two actions raised Brazilian prices for U.S. comput-
ers from about 140 percent of U.S. prices to about 190 percenl.”*

But CAPRE also achieved something more precious: it became the
“guardian of the gate.” Decree 104 of the National Foreign Trade
Council {CONCEX) in December 1975 commissioned CAPRE to re-
view all contracts for data-processing equipment that involved im-
ports. CAPRE set the following import limits: $110 million in 1976,
$100 million in 1977, $130 million in 1978, $150 million in 1979, and
$180 miltion in 1980.* According to Saur, CAPRE examined two
thousand requests in 1976 and, of the $250 million requested, granted
$115 million. Decree 105 of March 1976 expanded CAPRE’s import
control power.

Another major development came with Decree 77.118 of Febru-
ary 9, 1976, which gave CAPRE the task of studying and proposing a
national informatics policy. It also delineated CAPRE’s formal struc-
ture: an executive secretariat in charge of day-to-day policy and pro-
cedure, and a council whose function was to propose the national
data-processing policy and draw up a plan of informatics, examine
the executive secretariat’s major policy decisions, and rule on certain
specific cases. The council’s members were, serving as president, the
sceretary general of the planning secretariat (SEPLAN), at that rime
Elcio Costa Couto; CNPq’s president, then José Dion De Melo Teles;
and represcntatives of the armed forces and the ministries of commu-
nications, education and culture, finance, and industry and com-
merce. A consulting commission created to assist the executive secre-
tariat consisted of scientists and technologists from private and public
institutions.
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By mid-1976, IBM senscd where things were heading and decided
to announce the manufacture of its System 32 minicomputer at its
Brazilian plant at Sumauré, o be assembled from paris introduced as
part of IBM’ import quota. A blitz advertising campaign aitracted
nearly four hundred potential buyers.”!

CAPRE’s council Decision 01 of July 15, 1976, created the basis for
reserving the micro/mint computer market to Brazilian companies. It
came not only as a continuation of the policy initiated in the early
1970s but also as a response to IBM’s challenge. Deciding to divide the
market and industry in two, the council recommended that “the na-
tional informatics policy for the medium and large machines com-
puter market should be based on investment rationalization and op-
timization of Installed resources [i.e., on the market or, in effect, on
foreign industry].” But it recommended that

the national informatics policy for the minicomputer and micro-
computer market, their peripherals, modern transcription and
transmission equipment, and terminals should be oriented in such
a way as to allow the control of initiatives aiming at achieving con-
ditions for the consolidation of an industrial park with total con-
trol of technology and decision within the country, while trying to
prevent investment overlapping, waste, and losses [i.e., state inter-
vention and market reserve].®

Decision 02, also of July 15, 1976, gave CAPRE the power to control
the purchase of software and data-processing services by government
agencies and enterprises.

Another indication that Brazilian high-level government was more
responsive to domestic than to international pressure was the Lco-
nomic Development Council’s (CDE) Decision 05/77 of January 12,
1977, which established five criteria for fiscal incentives in the data-
processing industry: degree of nationalization, export potential, ex-
tent of technology transfer, viability of the enterprises already in the
market, and domestic capital majority.

In June 1977 CAPRE’s council Decision 01/77 invited domestic and
foreign companies to submit bids for producing minicomputers in
Brazil, with proposals to be presented within 90 days and selections to
be made according to the above criteria.®®* Among the sixteen com-
panies that entered the race were seven multinationals and only two
joint ventures (see Table 14). This made the decision to favor the na-
tionals easier.



252  The Power of Ideology

Tablz 4.  Braal Minicomputer Projects
Under CAPRIs Examination

Technology

Bidding Company Leading Enterprise  Nationality Source
Sharp/Inepar/ Sharp Equipamentas Brazilian  Logabax
Datasery
Edisa SA Procergs Braziian  Fujitsu
Iidroservice/]. C. Mello  Hidroservice Lida. Brazilian  |. C. Mello
Elebra SA Elebra SA Brazilian =~ Honeywell
1lema SA Ifema 5A Brazilian  Ifema SA
Protondata/Isdra Isdra SA Brazilian  Philips
Docas de Sanlos Docas de Santos Brazilian NEC
Labo Elecrénica Lida. Grupo [orsa Brazilian ~ Nixdor{
Maico Lida. Grupo Lucas Nogueira  Brazilian  Basic Four
Garcez
IBM Lida. IBM American  Own
Burroughs Ltda. Burroughs American  Own
Hewlett-Packard Hewletr-Packard American  Own
NCR NCR American  Own
Olivetti Olivetti Italian Own
Four Phase Four Phase J American  Own
TRW TRW American  Qwn

Source: Silvia Helena, “A indistria de computadores: Evolugio das decisoes governa-
mentals,” Revista de administracdo publica 14, no. 4 (Gct/Dec, 1980): 98.

CAPRE’s blow to the multinationals came at the end of 1977 when
it chose four companies: the government Cobra and three domestic
CONSoTLiums.

1. Sistemas de Informdtica Distribuida SA (SID) was to be created in
January 1978 with participation of Sharp (51 percent), Inepar/
Dataserv (39 percent), and Digibris (10 percent). With technology
supplied by Logabax of France they planned to produce 1,760
units for the domestic market within five years. Their system was

to be called SID 5200, with a memory capacity of 64—96K, or 128K.

2. Labo Eletronica Ltda. was founded in 1961 and composed of two
consortiums, Grupo Forsa (75 percent) and Brasilinvest {25 per-
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cent). It was set up to produce the Labe 8870/1 and Labo 8870/2
with 64K and 96K of memory, respectively, both with Nixdorf
technology, and turn out 260 units in the first year. {t also
planned to expoit.

3. Edisa Eletronica Digital {(Edisa) was organized in November 1977
with private invesiments from Rio Grande do Sul’s firms and banks.
1t decided to acquire Fujitsu’s technology and produce the ED 301
with two memory capacities-—8K to 48K and 16K to 64K. It
planned to produce a minitnum of 60 units per year up to the
third year and then 100 units annually to the fifth year.”

Later CAPRE approved a ffth company to produce minicomputers:
Sistemas ¢ Computadores Lida. (8isco), 1 new fArm created out of the
Hidroservice/]. €. Mcllo enterprise.

Under the terms agreed to by the approved companies, technology
transfer had to be complete by 1982, and payments could not exceed
3 percent of net sales. The policy then was to allow only a few com-
panies per market segmment; the local firm could buy the technology of
the foreign company only once, and the next model had to be devel-
oped locally. The minicomputer firms were to concentrate on CPUs to
allow other companies (o manufaciure peripherals, with standard
interfaces.

The minicomputer battle was only the prelude for the next: filling
the slot between the mini and larger systems like the IBM 376/148.*
The question became in part one of definitions. Was the 370/148 a
large or a medium computer? IBM called it a large system, but it was
defined worldwide as medium. Nevertheless, it was beyond the reach
of the newborn Brazilian computer industry. Therefore, in November
1978 CAPRE approved a new version of the 370/148, as well as
Burroughs’ large system, the B-6800. :

CAPRL feared that if the multinationals were allowed to produce
medium-sized computers, they might later be down-powered and
used to compete with the Brazilian minicomputers, and that the do-
mestic industry might not have a chance to compete In the medium
market once it was ready to. Thus the strategy was to defend what had
been achieved and 1o fight for the next slot. There were then reports
that Brazil was aiming at the production of medium-sized computers
in three years,” substantiated by the fact that the Physics Institute
of 530 Paulo* and Computer Nuclei of UFR] were already at work
on one.
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In December 1978 CAPRE issued new criteria for the manufacture
of CPUs and peripherals beyond the minicomputer range, including
the need for assurances that the projects would not interfere with
the minis and micros, local decision making, possibility of technol-
ogy transfer, growing nationalization index, and export potential.’
CAPRE thereby prohibited IBM and Burroughs from manufacturing
medium computers in Brazil. “Capre charged that IBM’s proposal to
manufacture its 4331 and System 38 midicomputer models and Bur-
roughs’ plan io produce its 2800 medium-sized computers did not
provide for either sufficient national content or effective transfer of
technology to Brazilian companies.” *

Then on October 8, 1979, a major political development trans-
formed data-processing policy in Brazil. By Decree 84067, CAPRE
was abolished and replaced by the Special Secretariat of Informatics
(SEI}), attached to the National Security Council, with the aim of cen-
tralizing computer policy. This move followed the change of the presi-
dential guard in 1979, but as we will see later, there were other and
more profound reasons for the change.

SEI and the Strengthering
of the Domestic Market Reserve

SEI became Brazil's new normative instrument of computer policy.
Octavio Gennari Netto, a former CAPRE executive, was its general
secretary, and Decree 84266 of December 5, 1979, regulated its struc-
ture and attributes. Its main task was to advise the National Security
Council on the formulation and imuplementation of a national infor-
matics policy and plan. It was also charged with stimulating and par-
ticipating in the development and absorption of technology, com-
ponenis, equipment, programs, and services; with promoting and
protecting the technical and comrmercial viability of domestic manu-
facturers of computer systems and components;* and with coordinat-
ing realtime control systems, microelectronics, and national software
policies.

Among SETs various bureaus, the informatics commission (CND),
which met every two months, corresponded most closely to CAPRE's
council. It was composed of SEI's general secretary, representatives of
the ministries and agencies involved in informatics, and the joint
chiefs of staff. An informatics activities fund was created to finance
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SEI activities, having a budget of Cr 250 million: in 1980, about $4 mil-
lion at that time.

SEI's new authority allowed it to coordinate all the activities in the
field of informatics, which, according to Gennari, CAPRE failed to
do. Gennari claimed that SEI not only would maintain the domestic
minicomputer market reserve but in the mid-range would approve
only projects that guaranteed technology transfer. He also assured
that the import restrictions would continue, that computers with Bra-
zilian counterparts would not be granted import permission, and that
SEI would try to match national and multinational interests. Thus, he
said, the muliinationals would concentrate their investments on the
large computers for which Brazil lacked the technology.™

SEI’s first actions showed its determination to maintain the market
reserve, control the data-processing sector, and deal with the muilti-
nationals in a tough yet pragmatic manner. Its first normative act, of
March 1980, set criteria to guide the approval of data-processing im-
ports, stipulating that the analysis of requests would take into account
availability of domestically produced hardware and software. SEI
would approve imports only for priority sectors as determined by the
economic development plans; equipment destined for state agencies;
equipment for private use (for planning and production); equipment
for independent services; intelligent terminals that would avoid the
use of large equipment; and inexpensive peripherals. The act stipu-
lated that once a decision on imports was made there would be no sec-
ond consideration.*

Additional nermative acts during the same year ordered that all
data-processing equipment be registered with SEI, required that any
domestic and foreign equipment purchases by the federal govern-
ment receive SEI's previous permission, and called on the federal
government to prefer national alternatives when purchasing data-
processing services, a condition of SEI's approval of imports and tech-
nology transfer contracts.*®

SEI also stated that new projects aimed at manufacturing data-
processing equipment and imports of parts and components, includ-
ing process control equipment, would be authorized only if Brazilian
nationals guaranteed effective control and direction of manufactur-
ing ventures and if domestically developed technology was used. It
further required all government agencies to submit to SEI annually
the so-called informatics directive plans, which account for all the de-
velopments and transactions in the informatics sector. These plans
had to be formulated in the spirit of SEI's policy of promoting domes-
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tic technology, strengthening the national enterprise, and reducing
imports.”

The first major test for the new policy arose in August 1980, when
SEI gave 1BM permission to manufacture in Brazil its medium-sized
4331 MG2 in limited guantiiies. At that time the midicomputer mar-
ket was growing by 10 percent a year and demand could be met only
with imports, which SEI would not allow. To make sure the 4331 re-
mained a medium-sized computer, SE! restricted the minimum mem-
ory capacity to 2 megabytes. It also decreed that the nationalization
index would have to be 85 percent, the level required by the Indus-
trial Development Council {(CIM} for the issuance of nationalization
certificates.® Furthermore, SEI determined that the manufacrured
computers should be mostly for export but that for every three uniis
exported, two could be sold in the domesiic market—with restric-
tions: a maximurn limit of 242 units in the next four years was im-
posed, and this only tor the substitution of old IBM models and by
permit from SEL This meant that IBM was allowed to manufacture a
maximum of 8065 umits during four years, although SEI also allowed
IBM to produce magnetic disks for export, which would provide esti-
mated revenues of $60 million a year.*

The approval of the two operations at the same time was the out-
come of active bargaining between SEI and IBM. SEI approved the
4331 on the condition that IBM would produce its disks in Brazil,
generating crucial savings of $30 million per year. With that added o
the 4351 exports and the expected $60 million m disk exports, the
deal was very good from the balance of payments perspective,

Burroughs was also given permission to produce 50 units of their
farge B6900 computer annually. H-P, by what it considered a loophole
in the Brazilian controls of the micro- and minicomputer markets,
gained authorization to produce a deskiop microcomputer specifically
for scientific applications, with 1,950 units targeted for the domestic
market up to 1984 provided 6,020 units would be exported.

During 1981, SEI tightened its control and strengthened the do-
mestic market reserve. Normative Act 16 made it more difficult to get
approval for ventures to manufacture the reserved products. {1 reiter-
ated the domestic control and technology conditions and added that
in considering approval of manufacturing ventures SEI would take
into account the enterprise’s technological experience and whether
the company intended to use domesticaily developed sofiware, adapt
products to the domestic market, and—in an open waiver of the do-
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mestic technology rule—absorb the technology. Another decree de-
veloped criteria for products not included in Act 16, namely, those on
which, in principle, foreign companies conld make a bid. The many
criteria included preferences for Brazilian control, management, and
technology; Brazihian-developed software; a high narionalization in-
dex; use ol local suppliers and components; expori potential; and
total openness of patented and unpatented technology.®

A more recent pronouncement instructed that all R & D performed
in the informatics sector receive SEI approval, and another allowed
the federal government (40 percent of the computer market} to con-
tract services from foreign firms only when no national company was
qualified to render the service. The market reserve was broadened 10
include digital machinery used for testing and measurement as well
as digital biomedical machinery, and a Software Registry was estab-
lished within SEI for the registration of all domestically and foreign-
developed software programs available in the domestic marker. Al-
though registry is not obligatory, SEI would not approve equipment
imports or manufacturing projects whose software had not been reg-
istered in the Software Registry. Furthermore, failure to register
might lead the National Insiitute of Industrial Property {INPI) to con-
sider software imports as technology transfer. No enterprise not reg-
istered with SET would be able io remit payments accrued from soft-
ware sales.® SEI also decided to strengthen the software policy by
denying permits to microcomputer projects that did not use locally
developed software.

When SEI was slightly restructured in 1981 and an advisory coun-
cil created consisting of both private and pubiic sector representatives,
data processing controls were extended to process control, teleinfor-
matics, data banks, transborder data flows, and microelectronics. With
the goal of decreasing Brazilian dependency on imported micro-
electronics devices and/or on the ones manufactured in Brazil by for-
eign firms, SEI established a component import control pelicy and be-
gan to coordinate the R & D activities of various institutions. To this
end it created the Microelectronics Consulting Group and called for
the establishment of a specialized research center, the acquisition of
semiconductor technology, and the creation of a microelectronics
market reserve. The resultant Informatics Technological Center was
inaugurated in May 1984 in Campinas, near Sao Paulo. SEI selected
two domestic private firms, Itaii and Docas de Santos, to set up plants
nearby for the manufacture of microelectronics products. The center
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became one of SEI's highest priorities, with full support from Presi-
dent Figueiredo and particularly from Gen. Danilo Venturini, who as
secretary-general of the National Security Council was the key policy-
maker on these matters. He called the institute “one of our most vivid
aspirations.” **

During 1984 SEI decided to move the market reserve “up” into the
32-bit “supermini” computers—minicomputers with the power and
speed of a mainframe. Eight domestic companies answered the call,
three of which-—Labo, SID, and Cobra-—committed themselves to de-
veloping the supermini with local technology; the other five—Edisa,
Elebra, Itautec, Sisco/Hidroservice, and ABC Sistemas—requested
permission to manufacture superminis with imported technology. All
eight companies pledged to effect technology transfer and a high na-
tionalization index when their proposals were accepted. SEI deaded
first to accept the domestic technology projects, hoping some of the
others would merge, but when they had not done so by June 1984, it
approved all five supermini projects using foreign technology. Labo,
SID, and Cobra, unable to compete, then had to halt their projects
and buy foreign technology.

In October 1984 Brazils computer policy was further protected
from domestic and international pressure when the Brazilian con-
gress, strengthened after the 1982 congressional elections and the im-
minent return to full democracy, enacted a National Informatics Law.
This legislation gave the domestic computer industry eight more
years’ protection from foreign competition, provided fiscal incentives
to sumulate local firms, and established a National Council on Infor-
matics and Automation (CONIN), attached to the presidency. The
18-member council will be on an equal footing with the National Secu-
rity Council and will take over from the security council control of
SEF's policies. Multinational corporations aiready producing comput-
ers in Brazil will be allowed to continue their operations, but new for-
eign investment will be restricted to products for export.

The Pragmatic Antidependency
Guerrillas at Work

Why and how has Brazil succeeded in implementing a computer pol-
icy with the explicit aim of reducing technological dependency on
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outside sources? And why and how did it establish a domestic com-
puter industry and begin taking control of national needs by exclud-
ing international giants such as IBM from Brazil’s tucrative micro- and
minicomputer markets?

Many factors were involved, starting with the growing demand for
computers in Brazil in the early 1970s following the “economic mir-
acle,” when much of the capital necessary for technological develop-
ment became available, Also, technological changes in microelectronics
and computer hurdware gave developing countries the opportunity
to develop and produce nearly state-of-the-art computer hardware.
Thus, a domestic industry in conjunction with the ongoing indus-
trialization and capital goods substitution processes would allow Brazil
to reduce 1ts dependence on international companies and thereby its
imports, which were causing a sericus balance of payments problem.
The country’s political siability and continuity since the 1964 military
coup, the cooperation of the iechnocratic leadership with the military
in setting economic and lechnological goals for Brazil’s development,
and heavy state intervention in the economy all contributed to Brazil’s
ultimate success in establishung its computer enterprise.

But these factors by themsclves are not sufficient explanation. The
growing Brazilian computer market, the large multinational involve-
ment in that market, and the change toward smaller machines did not
necessarily have to work in favor of indigenous computers. The grow-
ing demand could have been met with imported compaters or com-
puters manufactured in Brazil by multinationals. In fact, the tech-
nological changes favored the multinationals, with their advanced
technology and larger capital assets. Furthermore, the balance of pay-
ments crisis was neither at the root of the development nor the main
consideration at the ministry of planning, the Natonat Economic De-
velopment Bank (BNDE), and the navy: when the computer initiative
started, Brazil, in the midst of the economic miracle was experiencing
a balance of payments surplus.

To gain a full understanding of the development of Brazil’s com-
puter industry we must look at processes, at choices that cannot be
taken for granted; and we must look at those who made the choices,
the organizations they represented, their ideologies, and the impact
of ideology over choices. Although cognitive and institutional re-
sources were not single or sufhcient causal factors, they nevertheless
were crucial in turning an economic, technological, and political pro-
pensity into a technological and industrial reality.
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Development of Local Scientific and
Technological Data-Processing Potential

Mario Ripper, the engineer involved in the development of the first
Brazilian computer {Zezinho, in 1961} and who later became executive
director of the Federal Service for Data-Processing {Serpvo), rightly
suggested that the Zezinho effort was premature. Ten years later
BNDE/FUNTEC (Scientific and Technical Development Fund) and
FINEP (Studies and Projects Financing Agency) were established; not
only was DBrazil experiencing the economic miracte, but a carcfully de-
signed science and technology policy was already strengthening the
Brazilian capability to adapt technology and innovate. As Velloso said,
computers were not just industry, they were industry and technology
policy both-—and technology transfer was the goal.

Pelucio (first at BNDE, then at FINEP and CNPq), BNDE, and the
other autonomy-oriented institutions and planners not only devel-
oped (in conjunction with the navy} the idea and reality of the domes-
tic computer industry, but they also established the scientific and tech-
nological system and its financial support, provided the means to
educate and train cadres of professionals in computer science, and
gave them the resources necessary to accomplish their work. The im-
provements in the computer industry’s scientific and technological in-
frastructure produced a critical mass of experts adequate for "the
government to adopt an aggressive policy of technological indepen-
dence in the sector aimed at setting up a minicomputer industry,
based on national firms with the commitment to absorb technology
and create the bases for a national technology.” >

FINEP supported hardware, software, and process control devel-
opment; it also helped finance several university projects, including
the development of the first computers at Brazilian universities. 'The
National Council of Scientific and Technological Development (CNPq)
organized a special commission of experts to produce computer sci-
ence research guidelines. This resulted in the Integrated Program of
Computation Technology, which provides fellowships and research
support Lo institutions, assists a microelectronics project, and has or-
ganized a task force that coordinates the policy planning of future
data-processing technology.

Graduate studies in computer science were instituted at universities
in Sdo Paulo, Minas Gerais, and Rio Grande do Sul. By the mid-1970s,
when the computer policy began to take shape, students who had
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gone abroad to study were beginning to return, sirengthening their
institutions and universities. Although prior to 1972 professional
training depended heavily on “free courses” offered by the multina-
tionals by 1977, 40 undergraduate and graduate university courses
were being offered.*

Brazil has 19 universities, 450 research scientists organized into 74
groups, and 12 government research centers working on computer
technology. In 1981 the data-processing equipment industry work-
force numbered 14,646, of whom 31.5 percent were university gradu-
ates. [t has been estimated that in 1985 there will be 87,000 technical
personnel: 30,000 operators, 32,000 programmers, and 25,000 sys-
tems analysts—certainly adequate to satisfy Brazils data-processing
needs.*

Ideology and the Policy-Making Process

While the ministry of planning and BNDE were pursuing plans for a
domestic computer for reasons of economic development, the navy
wanted it for strategic reasons; an ad hoc alliance for the development
of a national computer resulted. According to a former high govern-
ment official, Saur and BNDE used the navy and the navy used BNDE,
each to achieve its own objectives. Also, the fact that BNDE was work-
ing together with the navy helped Saur convince the high polidcal
echelons to go along with the domestic computer project.

Organized pressure began with the creation of the Commission for
the Coordination of Electronic Data-Processing Activities (CAPRE) in
1972. CAPRE became not only an organization for a particular sec-
tor’s indusirial development but also the home of an ideologically as-
sertive group—a veritable guerrilla headquarters. Thus, in addition
to discharging the duties entrusted to it by presidentiai decree, CAPRE
{more explicitly, its executive secretariat) became involved in the sell-
ing of ideas and consciousness raising—that is, guerrilla work. Ac-
cording to one CAPRE official, the institution developed according to
Saur’s initiative. Saur himself argued that they sought consistently to
raise consciousness and o find additional uses for computers in all
sectors of the society and the economy.” '

The pragmatic antidependency guerrilla members within and out-
side CAPRE, known in Brazil as “the group” (among them Saur, Ivan
da Costa Marques, Mirio Ripper, Arthur Pereira Nunes, and Claudio



262  The Power of Ideology

Zamitti Mammana), formulated an implicit doctrine, known as “the
model,” which would later be adopted by SEI as well. “The model”
had two key features: wholly domestically owned companies, 2nd one-
time purchase of foreign technology. “The group,” working as teach-
ers at the umversities and as technocrats at the government agencies,
also infused the science and technology community and the political
system with optimism that “the thing can be done.” According to some
members, the positive results achieved in scientific and technological
activities had strong positive reinforcement for their work. With the
creation of the Seminars of Computation at the University {(Secomu),
which became another forum for airing guerrilla ideas, computers,
industry, politics, and the university became interwoven.

For example, Secomu IV in 1974 explicitly called for the develop-
ment of national computer technology and exhorted the government
to actively protect the market. Secomu VII, held in Floriandpolis in
1977, concluded that “real technological autonomy was dependent on
the existence of 100-percent-national capital enterprises with the ca-
pacity to develop appropriate technology,” and recommended that
CAFRE not let foreign companies into the market and not approve
projects that would involve foreign technology.® Secomu VII and its
successors called on the government repeatedly to maintain and nour-
ish the incipient computer industry and to continue with support for
the development of domestic technology. Secomu thus became a real-
istic pressure group to which the government had to listen.

The Brazilian science and technology community found another
valuable forum in the First Technology Transfer Seminar, held in
1975 in Rio de Janeiro, when particular critical attention was focused
on the Digibras proposal of a tripé venture with Fujitsu and/or Nix-
dorf. As the governmenlt began to consider giving Nixdorf permission
to produce minicomputers, the seminar decided to call for improve-
ment of local technology's capacity for development, especially in small
computers, and it urged the government to actively participate in this
development, to formulate an “informatics™ policy, and to pass legis-
lation that would protect local technology., Pressure also came in
monthly doses through the pages of Dados ¢ Idéias, a data-processing
magazine issued by Serpro, which readily adopted “the group’s” prag-
matic antidependency position and became a valuable source of ideas,
criticism, and consciousness raising.

The active search for a foreign partner undertaken by Special
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Working Group (GTEYFUNTEC 111 and Digibras, and the mini-
computer project description in the first Basic Plan for Scientific and
Technological Development (I PBDCT) show that Velloso and other
high policymakers were not at the time considering a totally national
computer industry, but rather had tripé in mind. The government
wanted the multinationals in to provide technology, and science and
technology policy (institutions and regulations) was merely to ensure
that technology transfer would take piace. Private investment was to
be encouraged under the shield of governmental protection. But alas,
the multinationals were not interested in tripé. As Saur said, and
Velloso later confirmed, “The multinationals here, including the big-
gest, IBM, declared their lack of interest in this effort.”™

CAPRE acquired new power at the end of 1975, mainly through
the pressure of computer imports on the balance of payments, which
had taken a rurn for the worse in 1974, and through the efforts of
nationalist institutions to implement a market reserve and start do-
mestic production of minicomputers. At the same time, the programs
devised to improve the capabilities of Brazilian computer technology
were bearing fruit, and the development of Cobra’s computers and
Serpro’s terminals was proceeding as expected. The process thus had
a life of its own, which affected the political process.

According to an ex-CAPRE member, CAPRE evolved an “inside
policy” of support for maintenance projects but rejection of new ones,
and it started to play a “very subtle game.” It presented the enterprise
involved in a transaction with a situation it was not prepared for, forc-
ing the enterprise to provide new plans, data, specific actions, and
objectives in very short order; many failed and so could not pass
through “CAPRE’s gate.” The fact that this was policy developed at
the third level (firsti—president; second—minister/secretary; third—
CAPRE/Saur) is important: CAPRE’s power derived from the very
fact that the chird level was able to set guidelines and policies without
much interference from above, thereby presenting the higher eche-
lons with faiis accomplis.

CAPRE’s Decisions 01 and 02 of July 1976 creating the bases for
reserving the mini/micro market to Brarilian enterprises refected the
government’s praginatism in attempting to protect a weak national in-
dustry without giving the multinationals the impression that the pol-
icy was still protectionist. Also, the high levels of government con-
tinued to hope that IBM and other foreign companics would accept
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joint ventures with domestic companies. A decision to protect the
mini/micro market for the sole benefit of domestic companies had not yet
been made, and ministers were still divided on this issue.

CAPRE’ executive secretariat’s strategy had two lines of “contain-
ment”: the first was to choose 100-percent-Brazilian companies to
produce domestic computers; the second was to accept joint ventures
or trip¢ with the multinationals. It must be emphasized that this was
not a CAPRE counal decision, and the high levels of government
knew nothing about it. It was strictly guerrilla strategy.

As the time for a final decision approached, Velloso was under
heavy fire frorn both camnps. The guerrillas gained an advantage when
the media ook the case to the front pages. The multinationals, tradi-
donally a subject of hot debate in Brazil, had generated considerable
outrage with the tough line they—especially IBM—took, and once
the matter went public it became more difficult for the government to
accept IBM’s position without appearing to be bending under their
pressure. CAPRE was further aided by the fact that the powerful
banking consortiums, with large investments in Cobra, were pushing
for the domestic alternative. Velloso was also under pressure from
several key military Aigures who favored domestic companies and mar-
ket closure. One such individual, representing a large group of the
military, reportedly suggested that CAPRE’s council meet in Veiloso's
home with the ministers involved, directly and indirectly, in the data-
processing sector.

The discussions at this meeting concentrated on the guestion of
how to say no to [BM without actually saying it. The ministers, fearing
that the movement toward a national computer industry was based on
enthusiasm alone, tended to prefer joint ventures but decided never-
theless to invile interested companies to present a bid for CAPRE’s
council decision according to the conditions specified by ihe Eco-
nomic Development Council (CDE) in January (see p. 251). Although
all the ministers supported the action, same had misgivings: Finance
Minister Simonsen came out of the meeting saying, “Eu no hacho que
ou négdcio va dar certo [1 don't believe this is going to work].”

The ministers’ decision was subtle. They told CAPRE'’s president
that if the national bids were good the nationals should be preferred;
if not, then IBM’s project would be approved. But since one of the
CDE conditions for investment in computers was joint venture with
national capital, the rejection of IBM's bid was almost assured. Therefore,
CAPRE’s council decision of June 1977 calling for minicomputer bids
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from domestic and foreign firms was in fact a cover for a high-level
policy decision that had already been reached. For CAPRE and Saur
this was a strategic vigtory, opening the door for the domestic market
reserve. For the high policymaker it was a way of saying, “We went ac-
cording to the rules—we asked for bids, and we let the best win.”

Velloso plaved his cards very diplomatically. He explained to 1BM
that the joint venture condition was neither mandatory nor the only
criterion by which proposals would be judged. The multinationals
took Velloso's words as a genuine indication that the door was effec-
tively open to them, interpreting the government’s policy to mean that
although Brazil would preter to have local equity—even control—it
was prepared to waive this condition if other factors assumed greater
weight.®

However, while Velloso was saying to IBM, “Everything 15 OK,”
CAPRE was telling IBM a different story. At one point when Velloso
asked CAPRE for the iBM proposal, “the group” thought that Velloso
had yvielded io the multinationals’ pressure and was going to approve
it, a belief reinforced by the fact that an IBM vice-president had met
with Velloso and Geisel. But no approval was granted. And fortu-
nately for Saur and his pragmatic dependentistas, the second contain-
ment line was not needed, because domestic companies were among
the bidders. Some of them were not yet in operation, but the minis-
ters’ decision together with CAPREs own strong delermination to
leave the multinationals out encouraged CAPRE to go with the do-
mestic bids.

A fundamensal landmark in the evolution of Brazil's computer pol-
icy was CAPRE'’s replacement by SEI shorily after CAPRE’s responsi-
bilities had heen increased to meet the needs of a growing domestic
computer market and manufacturing potential. Playing a major role
in this change was the military, which except for the navy had so far
shown no particular interest in computer policy. However, when the
country successfully challenged IBM and set up its own compuier
companies and developed its own technology, the military took notice.
By the end of 1978 they realized that the data-processing sector was
too strategically important to be left in the hands of 2 planning secre-
tartat that might, after the 1979 elections, be led by “internationalists”
(as actually happened under first Simonsen and then Delfim Netto}
who might retreat from the antidependency policy and again “fall
prey” to the multinationals.

Heading the military’s interests was the National Intelligence Ser-
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vice, from whose ranks came Figueiredo, Branl's president since March
1979. In Japuary 1979 it initiated an inquiry commission, known
as the Cotrim Commission (headed by Ambassador Paulo Cotrim),
which comprised members from the Service, the foreign ministry, and
CNPq. The commission findings were critical of CAPRE and its per-
formance, especially for not having placed enough emphasis on soft-
ware and microelectronics, which were thought to be crucial to com-
puter autonomy. Autonomy would never be achieved, the argument
went, if the chips were still being purchased abroad.

But the truth behind the commmssion’s findings was that, with the
new Figueiredo government about to take office, CAPRE was losing
its power base. This was partly because of the National Intelligence
Service’s unexpectedly strong interest in the computer sector and its
mistrust of the technocrats of the “left” who were managing CAPRE,
Also important were changes in the planning secretariat and the sci-
ence and technology institutions. With Velloso, Pelicio, and most of
the architecis of the technological antonomy policy on their way out,
CAPRE had become significantly weakened, and the cooperation be-
tween government technocrats and the scientific community that had
characterized the mid-1970s was eroded.

At the initiative of one minister, the ad hoc Cotrim Commission
was turned into a presidential committee to decide the fate of the Bra-
zitian computer industry and informatics policy.™ On May 10, 1979, a
working group composed of the National Security Council, the Na-
tional Intelligence Service, the foreign ministry, the planning secre-
tariat (SEPLAN), and the Armed Forces Chiefs of Staff was set up to
study and suggest policy for the sector within 120 days.

This commitiee followed the Cotrim Commission’s guidelines closely
and began work on the hasis of 1ts conclusions. One month later the
president, by Decree 117, invested in it the authority (and a name:
GTE-1 Special Working Group} to study and propose a global infor-
matics policy. The move immediately drew fire from CAPRE and
Digibras as well as some members of the armed forces chiefs of staff
who feared the move might result in giving up the market reserve and
all the other gains achieved by CAPRE. CNPq, CAPRE, the ministry
of industry and commerce (MIC), and Digibras asked to become mem-
bers of the GTE-1:Special Working Group but were rebuffed. The
show was being run by the National Intelligence Service. Nevertheless,
SEPLAN had an official representative: Moacyr A. Fioravante, an ex-
president of Serpro. And Saur was his assistant—the pragmatic anti-
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dependency guerrillas had penetrated the National Intelligence Ses-
vice’s show.

The G1E-1 worked from May 17 o September 14, 1979. 1ts main
decisions were to abolish CAPRE and to place data-processing policy
under the jurisdiction of the National Security Council. It recom-
mended the creztion of SEL. Implicit in its recommendations and di-
rections were the following principles: data processing could not be
linked only to industry; the sector required incentives for techno-
logical development; and policy needed to be coordinated, with spe-
cial attention given to semiconductors.

The 1979 institutional and political changes were not intended to
reverse the achievements of CAPRE’s autonomy policy. On the con-
trary, SEI had adopted de facto “the group’s” model and wanted to
place the policy on firmer ground. The changes were nevertheless
drastic, for they were informed by nationalist strategic considerations
rather than by the goals of economic industrial development and
equality that had guided CAPRE in the past decade.

‘This ideological difference led to mistrust and uncertainty among
the guerrillas and pragmatic dependentistas, particularly ex-CAPRE
members, who feared that the military might not want, or be able, to
withstand the multinationals’ pressure. Furthermore, they realized
that with data processing in the hands of the National Security Coun-
cil, the danger of its being used to restrict individual liberties for secu-
rity reasons would increase dramatically. Some guerrilla members
even felt guilty for having helped produce this frightening situation.
Therefore, the guerrillas decided to keep a watchful eye on SEI's
moves and to prepare themselves, if necessary, for a fight. Some of the
guerriila members went back to the universities and to private com-
panies, but others chose to work for SEI, hoping to affect events from
within. Sdll others went to institutions with power to defend “the
model.” CAPRE was gone, but not its legacy: an ideology and institu-
tions that would ensure that past achievements would serve as the
springboard for future success.

Whereas CAPRE had begun its policy formulations and actions in a
political environment largely devoid of interest groups and efforts at
organization (besides the universities), SEI started off with politically
strong organizations watching, controlling, and often opposing its
policies. Although some associations in the data-processing sector
dated back to the 1960s and early 1970s, such as the Brazilian Associa-
tion for the Electric and Electronic Industry, created in 1963, and the
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Society of Computer and Subsidiary Fquipment Consumers, created
in 1964, new and important groups emerged between 1976 and 1978,
including ABICOMP (Brazilian Association for Computer and Pe-
ripheral Equipment Industries}, 1978; APPI} (Association of Data
Processing Professionals), 1978; the Association of Data Processing
Service Enterprises, 1976; the National Laboratory of Computer Net-
works, 1978; and SBC (Brazilian Computation Society), 1978.

SBC became one of the watchdogs of the sector’s technological au-
tonomy policy, with Claudio Mammana, one of the most active mem-
bers of “the group,” as its president since 1980. SBC’s main target has
been the multinationals. Signilicantly, SBC achieved representation in
the National Informatics Commission (CNT), which is where the sec-
tor’s policy is made, and Mammana was also invited to assist Gennari;
he accepted because, as he put it, SEI's objectives were those of the
SBC—to contribute to technological autonomy in the data-processing
field.* Thus the ideas of BNDE, CAPRE, Digibras, and “the group”
achieved continuity through, among other ways, membership at the
center of political power on informaucs—the CNI.

Another stronghold of pragmatic antidependency is ABICOMP,
which was created to defend the domestic industry and thus excludes
foreign companies from membership. The organization favors pri-
vate industry rather than state enterprises and has as its principal aim
“the defense of the market reserve . . . fundamental for the survival
of the majority of the enterprises.”” By virtue of its membership,
ABICOMP has considerable power. For instance, Cobra, one of its
members, is invested in by such government agencies as BNDE, Banco
do Brasil, and Serpro, and it has the support of the big Brazilian
banks, such as Bradesco, Itan, and Real. ABICOMP and SEI have
found a modus vivendi based on common interests.

The Association of Data Processing Service Enterprises is highly
supportive of private enterprise and has called for a more coherent
policy for nmational software and for increased government financial
aid and protection. While both it and ABICOMP avoid taking radical
positions, not so the SBC, which with its large contingent of university
and research institute professionals is very egalitarian naiionalist and
openly critical of foreign investment.

Domestic producers, scientists, and the pragmatic antidependency
guerrillas reacted with anger and concern to SEI's August 1980 deci-
sion allowing IBM o produce its 4331 in Brazil. They feared that it
would prevent the development of domestic medium-sized and large
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computers. Giovani Farina, then ABTCOMPs president, remarked
that the “local industry would be suffocated.” ¢t

In reaction, ABICOMP, SBC, the Rio de Janeiro Engineering
Union, and other institutions created a permanent comirission called
CEDINI (Coordination of Entities for the Defense of an Informatics
National Industry) in 1980 to coordinate actions “to consolidute the
national computer industry.” CEDINI, “conscious that the market re-
serve is an indispensable instrument for technological development,”
decided to watch every single government act having to do with data
processing; analyze and make public its impacts; and take all neces-
sary measures at the legislative, judicial, and executive levels to pre-
vent violations of agreements and strategies that might hurt the na-
tonal industry. It also set itself the task of producing a plan of action
for preserving the marker reserve and promoting discussions on the
subject.

CEDINI decided to look on SEI's approval of the IBM 4331 as non-
definitive. It also proposed that SE1 decisions that do not promote the
protection of national industry be reversed, that SEI's waiver on micro-
computers and desk calculators for scientific use be abolished, and
that any new project must be approved by the CNI {in which the na-
tional industry and the SBC are represented).®® CEDINI and its sup-
porters saw the main problem to be that the IBM computer could op-
erate at lower megabyte levels and price ranges and thus would affect
the market reserve.*

SEI's Advisory Council, created in 1981, was a major gain for mar-
ket reserve supporters because it provided them with an additional
forum in which to air their views and plug their ideology. In mid-1981
Gennari announced that the market reserve for computers would be
maintained only for another three vears, which elicited the reaction
of the nationalists, some fifty enterprises, scientists, technicians, dozens
of politically powerful institutions, government technocrats, and the
military, all of whom constituted powerful pressure groups that would
not allow the market reserve to be terminated. Fioravanti’s words re-
flected the general opinion: “If the country had not adopted the mar-
ket reserve, IBM’s marketing policy would have become our data-
processing policy, determining our equipment choices and even the
training of our data-processing professionals.”

Gennari’s apparent lack of strong commitment to the market reserve
may have been one reason for his replacement by Joubert de Oliveira
Brizida, who, together with Edison Dyiz, has strengthened SEI's sup-
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port for the market reserve, for the Brazilian microelectronics indus-
try, and for the superminis.*

When the possibility of manufacturing superminis in Brazil was
first raised, SEI had to choose among several alternatives: (1) local
production with local technology, (2) local production with foreign
technology, and (3) joint ventures with muitinational corporations,
Some prominent senators, congressmen, and industrialists preferred
joint ventures. SEI policymakers were in favor of acquiring foreign
technology but rejected joint ventures. Supporters of the market re-
serve and domestic technological development held out for a com-
pletely local industry.

SEI’s decision to take road number one pleased the domestic mar-
ket reserve supporters, but when it approved all five supermini proj-
ects using foreign technology they reacted swiftly. ABICOMP, APPD,
and SBC, together with the Brazilian Society for the Progress of Sci-
ence (SBPC), issued a communiqué stating that the SEI decision rep-
resented a retreat from the quest for technological autonomy in the
computer area and called on SEI to take all possible measures to mini-
mize the negative effects of the decision.” Cobra, however, needed
the project, and it had litrde choice but to look for foreign technology.
Failure to develop a supermini system would mean the end for the fi-
nancially ailing firm. With funds supplied by President Figueiredo
and the foreign technology supermini project, then, Cobra could look
at the future with some hope of shaking IBM’s mainframe leadership
in the Brazilian market.

SE1 took what turns out to have been a tough yet pragmatic posi-
tion, because it understood that foreign technology was necessary if
the domestic industry was to keep pace with development abroad. And
despite the fact that some foreign technology was allowed, “the model”
has actually been maintained in that only 100-percent-domestic com-
panies were chosen to develop the superminis and the foreign tech-
nology being used is ultimately te be transferred.

The supermini battle was not the only one fought by supporters of
the market reserve during 1983 and 1984. Even more crucial in their
eyes was the struggle to enact a protectionist computer law, in reaction
to bills calling for an end to the market reserve. The most threatening
bill, proposed by Sen. Roberto Campos of the Social Democratic Party,
called for abolishing the market reserve and dismantling SEI, replac-
ing them with a tariff system and joint ventures, and placing infor-
matics policy under the MIC. This proposal had the blessing of inter-
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nationally oriented business circles, multinational corporations, and
the U.S. govermment, which has always been openly critical of Brazil’s
computer market reserve and which has used Brazil’s financial depen-
dence to pressure the Brazilian government into changing its policy.

On the other side of the political spectrum was an array of bills
aimed at protecting the market reserve and import controls and nur-
turing domestic computer companies. Probably most supportive of the
market reserve was the bill of Cristina Tavares, a representative of the
Brazilian Democratic Movement party. The guerrillas, several com-
puter associations, the scientific community, and many domestic com-
puter companies organized a propaganda campaign to pressure the
congress into passing a law favorable to the market reserve. ABICOMP
and APPD issued “In Defense of Brazilian Technology,” a document
signed by two hundred institutions, which accused the U.S. Com-
merce Deparunent of intertering with Brazil's computer policy and
called for rejection of the antinationalist proposals.” As part of the
eftort there were public meetings at universities, a new journal, en-
titled Brazil Infermatics, was founded, and an annual National Infor-
matics Day was declared.

The campaign bore fruit: on September 20, 1984, the military gov-
ernment introduced a bill recognizing these nationalist aspirations,
and it was enacted as the National Informatics Law in October, at
the same time the National Council on Informatics and Autormnation
(CONIN) was established. Saur reacted to the vote favorably, saying
that CONIN represented a refinement of the CAPRE informatics
model and adding, “We have returned to what it was.” ™ However, the
survival of the antidependency policy will depend on how quickly its
supporters can move as the technological gap between multinationals
and Brazilian companies widens.

Brazil has shown that a developing country can reduce the tech-
nological gap with foreign technology but that it must always be ready
to take political, industrial, and technological action should the gap
widen again, fueling consumer and political unrest.”™ The supermini
has recently caused such opposition to the domestic computer policy,
and SEI, CONIN, and the industry have had to retreat to the drawing
boards. The Brazilian computer case effectively illustrates that over-
coming dependency in 2 high-technology sector is a long evolutionary
process with interspersed periods of rapid reductions and then re-
newed increases in technoiogical dependency.
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The Multinational Corporations
in an Ideologically Charged Context

The multinationals, led by IBM, resolved to put up a fight to try to kili
the demestic indusiry project before it had a chance to grow. Data
General was one of the first to confront the Brazilian government. As
the second-largest minicomputer company in the world, it was a likely
candidate for association with Cobra and for technology transfer. But
Data General was not willing to accept the Brazilian government’s re-
quirement that patents and blueprints be transferred to Cobra at the
end of the license period.

To enhance its bargaining position, Data General decided to in-
volve the American government. In jJune 1977 it applied pressure
through the president’s Special Representative for Trade Negotiations
and Congress, trying to convince the U.S. government that if’ Brazil
succeeded in developing its computer industry other countries would
be encouraged to go a similar route in the future. Thus Data General
suggested bilateral negotiations with Brazil to lower tariffs for mini-
computer imports from the United States in exchange for a decrease
in U.S. reprisals against Brazilian exports; bilateral negotiations 10
make Brazil drop its technology transfer requirements; regulations
prohibiting U.S. companies from transferring minicomputer technot-
ogy to foreign companies having no Amecrican capital; and regulations
prohibiting U.5. companies from providing import and licensing bene-
fits to foreign governments (as Sycor did).™ The U.S. government did
not get directly involved in the negotiations, however, and Data Gen-
eral remained without a share of the Brazilian minicomputer market.

IBM do Brasil, convinced that the Brazilian government would not
leave it outside the market, decided to play tough and apply pressure.
For one thing, IBM had never been involved in a manufacturing joint
venture and as a matter of policy did not intend to do so now. For an-
other, technology transter was unacceptable, and the low import Jev-
els imposed by the Brazilian government were a threat to IBM’s inter-
nattonal operations. Third, IBM was sure that the Brazilian venture
into minicomputers would not be successful. In their lobbying effort,
IBM kept emphasizing the “obscurity” of Sycor’s technology and the
lack of software. Fourth, IBM thought the large number of System 32
computers they had already placed on the market would generate a
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strong protest against the halting of their production. (In faci, IBM’s
actions were decisive in bringing about the opposite effect in the end.)
Fifth, IBM thought that given the balance of payments difliculties, the
government could be lured into accepting an IBM manufacturing
venture involving a strong export potential—and they made it clear
that they intended to export.

IBM do Brasii’s president, josé Bonifacio de Abreu Amorim, ex-
pressed surprise at the government insisience on full technology
transfer and partnership with nationals, saying, “We don’t need to ask
the government in advance for permission to build System 32. Does
Ford ask the government for permission every time it wants to intro-
duce a new model automobile? . . . The government, after all, wants
us o export.”” Amorim’s attitude reflected a lack of understanding of
what the Brazilian government and its supporters were after. The
government did not want to repeat with computers its import substitu-
tion indusirialization (181) experience with automobiles. Instead of
100-percent-foreign companies manufacturing 100-percent-Brazilian
preducts, it wanted at least some 100-percent-domestic companies
to manufacture 100-percent-Brazilian computers, after technology
transfer had been effected. In other words, IBM confused pragmatic
antidependency with ISI and failed to see that Brazl was after much
more than exports.

Pressuring the Brazilian government was certainly the wrong strat-
egy, as it generated nationalist sentiments directly supportive of
CAPRE objectives. Velloso was reportedly undecided at the time; had
IBM been more flexible and accepted a few of the government’s con-
ditions, it might still have fit into “the group’s” second containment
line and so not lost the minis market. However, the framers of the
pressuring strategy at IBM World Trade believed that to comply with
the government’s requests would have meant abandoning its policy of
nonjoint ventures, which, given IBM investments in other countries—
France, for example—was out of the question. For his part Amorim,
who knew the Brazilian military first-hand, did not agree with the
strategy, feeling that it would backfire.

There are few more vivid illustrations of the conflict between do-
mestic indusiry and IBM than their advertisement war in the pages of
Brazilian magazines and newspapers. Cobra’s ads made ideological
statements: “The computer is like oil: it is dangerous to depend on

others.” “A country that attempts to be big and powerful has to de-
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velop its own informatics policy.” “Cobra 530 is the first truly national
computer. . . . It is Cobra’s answer to the markei reserve. [tis the de-
velopment and fixation of national technology, where there are no
middle terms: independence or death.”

IBM decided to run ads of the same caliber, aimed at calming down
the nationalist concerns. One read: “For evolution and import sub-
stitution, the Brazilian data-processing industry can always count on
IBM’s support and incentive. IBM is always collaborating with the
constant evolution of the national data-processing industry”; then it
described how IBM had helped train and educate technicians and
had provided technological assistance to clients. It also claimed ex-
ports of $150 million in one year, good for Brazil’s balance of payment
problems. “1his is IBM’s difference,” the ad declared: “incentive.”

Other muliinationais, such as Burroughs and H-P, watched the
gathering storm. They too, although to a lesser degree than IBM,
added to the pressure on the government. For example, Burroughs’s
marketing manager remarked that if Brazil protected the market, the
multinationals would set up factories somewhere else, in neighboring
countries in Latin America.”™

As time went by, however, and Brazil showed that its domestic mini-
computer industry was there to stay, foreign companies began to
adapt to the new reality. Burroughs stated that it would continue to
market all its other products in Brazil, and it and other companies in-
dicated that association with Brazilian enterprises was a distinct possi-
bility. For IBM, Brazil's decision to leave it out of the lucrative micro/
mini markets provided a learning experience, one that required ad-
aptation, ingenuity, and acceptance. “IBM and Burroughs seem to
have made the best of the situation, manufacturing large systems in
Brazil since the mid-1970s. Both corporations have gained advantages
from the informatics policy because the products produced locally by
them benefit from the preference rules regarding imported goods
and services.” "

Although IBM, Burroughs, and H-P did get some ol their projects
approved through intensive lobbying, and I1BM found ways to circum-
vent domestic manufacturing restrictions, in the end even IBM had to
accept the domestic industry’s development as a fact and begin to
work with rather than against it. Thus IBM has signed an agreement
mmvelving nine joint software projects with the Association of Data
Processing Service Enterprises, and other IBM projects include a plan
to link its system to locally developed terminals (yet 1o be approved
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because ol SEI's {ear that the company is attempting to penetrate the
banking computer-automation market} and a proposal to provide the
Informatics Technological Center with technological assistance in
software, microelectronics, teleinformatics, biomedical applications,
technical training, and industrial robot development.”

Foreign firms are also working with their Brazilian counterparts
through sales agreements, such as that in which Olivetti has joined
Scopus to develop a data-entry system with software produced by
Ohivetti, hardware by Scopus, and peripherals by other local Brazilian
firms. The attitude of the muliinationals with regard to licensing has
also been changing. While in the mid-1970s Cobra had difficulty find-
ing a foreign company willing to sell it technology, in 1980 “18 agree-
ments had been signed involving 16 foreign and 14 local firms,” ™

Brazil’s strong commitment to the goal of domestic technological
and industrial development 1s quite apparent in the severely restricted
involvement of computer multinationals in Brazil since 1977 and in
the fact that the average price of computers in Brazil is approximately
two and a half times that in the international market. This determina-
tion on the part of the Brazilian govermment and its technocrats to
pay a high economic price to make this goal a reality is what has
allowed the policy of autonomy to survive for almost a decade. And
now the Brazilian computer policy has started to spread to other Latin
American countries. In January 1985, for example, the Mexican gov-
ernment refused an IBM request to set up in Mexico a 100-percent-
IBM-owned subsidiary to manufacture 125,000 microcomputers a
year, most of them for export. Mexico’s stand seemed to work, for,
several months later, Mexico reversed its decision when IBM “agreed
to set up a semiconductor development center for local industry, pur-
chase a variety of high-technology components from Mexican com-
panies, and produce software for Latin America in Mexico.”*

The lesson for foreign firms is that they will succeed if they demon-
strate sensitivity to the host country’s prevalent set of beliefs, expec-
tations, and objectives and perceive that it is to their advantage 10
change along with these societies. Multinationals can choose between
an unyielding position and a pragmatic, flexible position. IBM tried it
both ways and learned that, when facing an ideologically determined
developing country, rigidity only made things worse. To pragmatic
antidependency, there seems to be no better response than considera-
tion and accommodation.
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Conclusions
In the fifteen years since the formation of the GTE/FUNTEC 111,
Brazil has developed a major industrial venture, one that would never
have come into being had i¢ been based on efficiency and other eco-
nomic considerations alone. By mobilizing its material and ideological
resources against IBM and other multinationals, Brazil succeeded in
demonstrating that it could determine its own computer policy. The
technical know-how of the pragmatic antidependency guerrillas in-
fused their ideology with norms and policy directions. This helped
the computer industry maintain its momentum despite, or maybe
even because of, the removal or circumvention of some of the individ-
uals and msttutions that had been instrumental in the early stages of
goal formulation and policy making.

Crucial to the understanding of the pragmatic antidependency
guerrillas’ success in making “the model” operational is the fact that
technological and political factors reinforced each other as much as
ideological and institutional actions. For example, moves toward a do-
mestic computer industry were accepted largely because earlier pro-
grams to improve Brazilian computer technology were bearing fruit:
Cobra’s development of computers was proceeding as expected, as
was the development of terminals by other institutions. These out-
comes were not determined beforehand by the market, the political
system, or international forces. Instead, the “actuality” resulted from
purposive actions, ad hoc choices and cealitions, reactions by the
multinationals, and the reinforcing effects each of these factors had
on the others.

Thus, the Brazilian computer case substantiates the hypothesis that
ideologies and institutions by their interaction reinforce one another.
Institutions such as CAPRE, Cobra, the Federal Data Processing Ser-
vice, and even Duados e Idéias were crucial not only tor their formal ac-
tions in the computer field but also lor giving the guerrillas a base
from which to launch “attacks.” Specilic achievements may have been
based on power or influence, but the definition of goals, means, and
policy agendas stemimed from the collective understanding that untted
individuals within or among these institutions.

When CAPRE was eliminated and SEI established to continue its
normative policy role, SEI ceased to be dependent on its original con-
stellation of consclousness, that s, Pelidcio, BNDE, FINEP, CAPRE,
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and “the group.” Nonetheless, “the model” produced by this con-
stellauon was kept alive well after CAPRE’s demise because it had al-
ready succeeded in generating its own institutions, domestic com-
panies, and pressure groups and it had shown nationalists within the
National Security Council how the infant computer industry could
continue growing.

To consider the policy and the industry an unqualified success
would be more than premature. Certain enterprises may still fail and
die, and even the government’s commitment to the computer industry
may falter because of political and economic pressures, both inter-
national and domestic. Furthermore, dependency on foreign sources
of technology has been only partially reduced—the Brazilian model
actually led to major reliance on foreign semiconductors, against
which Brazil has only in the last couple of years started to look for
countermeasures.

However, Brazil has made some progress in these fifteen years in
developing its scientific and technological capabilities with applica-
tions to mdustry, and some irreversible changes have occurred. Brazil
now enjoys a much more developed electronics industrial structure
than before. It possesses a more developed R & D base, with capacity
for high-technology production and testing, and is producing a “criti-
cal mass” of scientists, engineers, and technicians in R & D. There
exists 4 solid base of political groups that support the ideas behind the
industry and have a personal and institutional commitment to it. Do-
mestic private entrepreneurship is strong, and Brazil has awakened
the general public to the benefits of the “computerization of society,”
something not evident in other developing countries. It has substan-
tially increased its negotiation and bargaining knowledge, which often
proves extremely advantageous when dealing with multinationals, es-
pecially in the case of joint ventures. Brazil has allowed national enter-
prises to assume control of technology management, production, engi-
neering, process engineering, and central modules where technology
1s created and has led multinationals not only to adapt to and accept
this situation but also to offer their technology, which never happened
in the past. The computer industry now serves as an example for
other sectors and for other developing countries and, most important,
has provided Brazil with technological know-how that promises much
for future technological development.

In other words, the creative (and for some improbahle) aspects of
the Brazilian computer industry have been catalytic in changing the
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asymmetrical interdependent situation between Brazil and the mulu-
nationals in this sector. Brazil is still very much dependent on foreign
technology and capital for producing ceriain types of data-processing
equipment, but less so; it has more knowledge, can decide for itself
what it wants, how it wants it, and, to some extent, under what condi-
tions. Some multinationals have adapted to this situation and now rely
on the growing Brazilian computer market. These changes are trans-
forming relative capabilities, Brazil’s attitudes about the multinationals
and vice versa, and Brazil's understanding of the limits and possibili-
ties of assertive action.

When comparing computer development in Argentina and Brazil,
we can see that the Argentine case was one of private initiative based
on a vision of technological self-reliance that failed for lack of support
from Argentina’s elites, especially the military, amid a chaotic political
and economic environment. The Brazilian case was one of state ini-
tiative based on an explicit science and technology policy of self-
reliance that succeeded in rallying the support of broad government
sectors, the military, and private industry, in a stable political and eco-
nomic environment that supported the domestic computer industry
cause throughout.

Argentina certatnly possessed the scientific capucity to build a com-
puter, but it did not have a science and technology policy and financial
institutions oriented expressly toward such technological develop-
ment, such as Brazil had, influencing and aiding the sector’s tech-
nolegical and industrial development. Whereas the Argentine case
was one of private initiative that failed to convince the government of
its merits, the Brazilian case was one of public initiative that nourished
the private. The contest was not between a weak state and a strong
one: both states were strong and interventionist. The difference lay in
the realm of perceptions and an ideology of development. The Bra-
zilians all along perceived the relevance of technological antonomy for
development in general and for the development of a computer in-
dustry in particular; the Argentine leaders for the most part did not.

Brazil focused on dependency reduction and management; Argen-
tina chose to focus on efficiency and the market. In Brazil the ideologi-
cal group thai sold the computer idea not only had access to political
power but also for a while was itself part of the political power. Brazil
was bold in its determination to prevent the multinationals from pro-
ducing minicomputers, but the sparse evidence available on Argen-
tina suggests that there was nobody to withstand the pressure of
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Oliveiti—certainly FATE could not do it alone. Also, while Brazil con-
cluded that technological change in the sector meant that the project
was feasible, those who made the final decision in Argentina arrived at
the opposite conclusion.

Thus these two cases show how ideological and political choices
with regard to technological development, production, and govern-
ment intervention in a productive endeavor have led to different ca-
pabilities in domestic technological adaptation and innovation within
similar dependency settings, how two neighboring countries with the
scientific potential to develop computers have taken different roads in
their “journeys toward progress.”



The Quest for
Nuclear Autonomy
in Argentina and Brazil } E_

Immediately atter World War LI both Argentina and Brazil began an
attempt to dominate the nuclear genie. They set up institutions to
train nuclear scientists, founded atomic energy commissions, and ini-
tiated programs based on natural uranium technology. Their compe-
tition to be number one in this crucial area led to an action-reaction
pattern. But the similar and slightly parailel paths that characterized
their early nuclear development later went in different technological
directions and resulted in quite different outcomes.

Argentina’s success in developing a near-autonomous nuclear de-
velopment capacity can be credited mainly Lo one institution, the Na-
tional Atomic Energy Cormnmission (CNEA), which centralized ail
matters of nuclear development, from mining to reprocessing and
from technical training (¢ nuaclear-plant building. In its infancy the
CNEA became a nonpartisan organization, enjoying continuity of
ieadership and political autonomy, consensus and insulation that
allowed it to impose a program and an ideology onto the poliiical
elites. Generated by pragmatic antidependency guerrillas within the
CNFEA, the ideology was aimed at achieving nuclear technological au-
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tonomy and reducing industrial dependence. So inspired, the CNEA
instituted a program for the gradual development of nuclear auton-
omy, starting with human resources and metallurgy. This appealed (0
Peronists and non-Peronists, left and right, alike: the political and
military elites toleraied the ideology and accepted the policies for stra-
tegic, energy, and prestige reasons; the left backed it for its egalitarian-
nationalist orientation, namely, the reduction of foreign dependence.
Thus, at a time when other political institutions were being shattered
by ideological conflict and political and economic instability, the CNEA
was becoming an island of stability. With each choice the CNEA made
in the direction of autonomy, and with each ensuing technological
success, domestic support for the policy was broadened and strength-
ened, as was the commiiment to withstand external opposition to the
aulonomy program, especially from the United States.

Nuclear energy has not escaped Argentina’s deepening economic
crisis and budget cuts. Some projects are behind schedule, and others
have even been phased out. But the CNEA’s successes in the develop-
ment of a semi-autonomous nuclear capacity have created a pro-
pensity for the country to continue its forward stride—perhaps at a
slower pace—toward nuclear technological progress.

Brazil, endowed with a more advanced industrial infrastructure
and better physics programs than Argentina, was by the mid-1950s
firmly set to develop an independent nuclear program. But subse-
quent ideological and political conflicts, institutional decentralization
and lack of autonomy, and domestic and internarional opposition to
independent nuclear development led to a long period of political
stalemate and nuclear inaction. The National Nuclear Energy Com-
mission (CNEN), created in 1956, was no equal to the CNEA and its
undertakings.

The conflict intensified when powerful polttical and economic or-
ganizations decided to initiate a nuclear program to generate cheap,
efficient electricity—at the expense of nuclear technological auton-
omy. Political fragmentation regarding a course of action and lack of
any early successes hampered not only the determination to pursue
an independent program but also the ability 1o withstand American
pressure against such a program. In 1975 Brazil signed an agreement
with West Germany for the largest technology package ever to be
iranslerred {rom a developed to a developing country. Although
nuclear self-sufliciency was one of the deal’s objectives, it was over-
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shadowed by energy and commercial considerations and by the desire
to acquirte a “quick fix” rather than to develep indigenous technology
incrementally and steadily, as Argentina had chosen to do.

The Brazilian—West German Agreement was for four nuclear
1350 megawatt (Mw) pressurized water reactors, with the option for
another four by 1990; “the development of uranium enrichment fa-
cilities; a uranium prospecting venture; . . . the construction of a
plant to produce fuel elements and pilot plant for reprocessing nu-
clear fuel; the establishment of an engineering firm to handle key sec-
tions in the construction of the plants and a plant to manufacture
large compoenents.”! The program, with an estimated cost of $10 bil-
lion, was expected to produce 10,000 Mw of nuclear power by 1990.

This policy was imposed from above, and the scientific community
was kept outside the policy-making process. The government set up a
holding company called Nuclebras (Brazilian Nuclear Enterprises) to
implement the agreement and be the partner in the joint venture with
the Germans: this led to further internal divisions between Nuclebras
and the scientific community. After 35 years of nuclear development,
Brazil still does not have a nuclear power plant working at full capac-
ity (Argentina has two and another under construction}, has not
achieved sel{-sufliciency in the nuclear {uel cycle, and its military is
dismayed by Argentina’s progress. Furthermore, the critical economic
condition and the foreign debt are waking Brazil from its nuclear
dream. Brazil aimed at too much, too soon, and ended up with too
little, oo late.

Given the military implications of the technology and the competi-
tion between Argentina and Brazil, research on this issue faced ob-
stacles and suspicion not encountered in other fields of this study.
Nevertheless, a large number of primary sources were assembled and
many interviews undertaken. A curious phenomenon was observed:
in Argentina the officials were not only eager to talk, but they went
out of their way to show off one of their few successes of the last 40
years. In Brazil, however, the issue was enveloped in secrecy—relauve
tailure had made officials reluctant to talk. But former government
officials and scientists who opposed the nuclear policy were extremely
cooperative, and the richer, larger literature on Brazil’s nuclear devei-
opment, as well as the availability of documentary sources of informa-
tion, balanced the difhculties involved.
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Argentina: Success

The Nuclear Fuel Cycle

Uranium.  According to an account by the CNEA’s then president,
Rear Adm. Carlos Castro Madero, reasonably assured resources of
uranium concentrate (yellow-cake), after allowing for the uranium to
be used in 1982 and 1983 (643 metric tons of yellow-cake), totaled
30,363 merric tons, enough to fuel nine nuclear power stations for
their 30 years of active life. Production of yellow-cake between 1880
and 1982 averaged approximately 200 metric tons annually.? There
are uranium mines at Sierra Pintada, Los Gigantes, Don Otto, and
Pichinas. One of them, Los Gigantes, with an exploration area of 100
square kilometers and resources estimated at 1,000 tons,® is run by a
private firm (Sanchez Granel) that produces uranium fuel for the
CNEA. Conceived by Argentine professionals using mostly Argentine
technology, this is the first such production project outside the de-
veloped countries.

Advancing along the nuclear fuel cycle’s front end,! Argentina
produces its own uranium dioxide {UQ,), the basic raw material for
the compact fuel pellets that go inside the fuel elements within the
reactor’s core. 'The Complejo Fabril Cérdoba, in charge of making
UO,, achieves nuclear purification by use of a West German furnace
with an annual capacity of 150 tons. A second plant, entirely domes-
tic, is being built by a company in the state of Mendoza and the
CNEA, which also were in charge of basic and detailed engineering
and industrial architecture.® It was estimated that by the end of 1982
production would satisfy the annual consumption of UQO,.*

Fuel elements. Two hundred fifty fuel elements built in Argentina
with zircalloy developed by the CNEA were used for Atucha I, Argen-
tina’s first nuclear power plant. In April 1982 an industrial plant for
the production of nuclear fuel elements, located not far from the
Buenaos Aires international airport, became operational, under the re-
sponsibility of Conuar SA, a joint venture of the CNEA (25 percent)
and private industry. In 1980 Argentina had agreed to export to Bra-
zil large quantities of zircalloy tubing, developed and manufaccured
entirely in Argentina.
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Heavy water. In the past, Argentina relied on foreign sources of
heavy water for its line of natural uranium reactors, including some
11 melric tons bought from the Soviet Union. But in 1980 it pur-
chased for $300 million a heavy water plant from the Swiss firm Sul-
zer Brothers, which will produce 250 metric tons a year. First sched-
uled to be in operation by 1983, the plant’s starting date has been
postponed several times, and in 1985 construction was proceeding
slowly. In addition, a pilot heavy water production plant s being built
near Atucha I, with an approximate annual capacity of 3 metric tons.

Uranium enrichment.  Argentina needs enriched uranium only for its
research reactors (no military use of enriched uranium is known of at
present). Until recently it was imported from the United States, but
when its sale was restricted for nuclear antiproliferation reasons Ar-
gentina turned to the Soviet Union for supplies. In November 1983
Castro Madero announced that Argentina had developed, without
foreign help, the technology and an industrial plant to produce en-
riched uranium, thus joining a very small and exclusive club of devel-
oped countries. Construction of the plant, near Bariloche, started in
1978; ic uses the gaseous diffusion method and was planned to yield
500 kg of uranium enriched at 20 percent, beginning in 1985. Future
industrial stages to produce annually 150 and 250 metric tons of ura-
nium enriched at 1 percent are planned. The plant was built with an
investment of $62.5 million.”

Nuclear power stations.  Argentina has two working nuclear power sta-
tions: Atucha !, inaugurated in 1974 and located 100 km northeast of
Buenos Aires, providing electricity to the Greater Buenos Aires Lit-
toral; and Embalse Rio Tercero, inaugurated in 1983 and located in
the Cordoba province. Atucha II, under construction near Atucha I,
was expected to become operational by 1989 or 1990. According to
Argentina’s 1979 nuclear plan, three additional nuclear plants were to
be operational by the year 2000, with a tota! investment of $8 biilion.
'The economic crisis has led to the cancellation of one project, bring-
ing to five the number of nuclear plants to be ready by the end of the
century and to $4 billion the estimated amount to be invested.”
Atucha 1 was bought as a turnkey station from the West German
firm Siemens AG; it has 335 Mw net power and is of the heavy water,
natural uranium type. With an original price of approximately $70
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million, 33 percent of the total cost involved local participation. Nu-
clear Engineering International, in a 1981 survey of the nuclear power
stations of the capitalist world, found that Atucha I was third in terms
of efficiency worldwide and had, compared to other energy sources,
the lowest power generation price in Argentina.®

Embalse was purchased from Artomic Energy of Canada, which
manufactures and sells the CANDU heavy water reactor. The Italian
electrical manufacturer Italpianti also pardcipated in the consiruc-
tion. The 600 Mw plant was originally estimated to cost $250 million,
but after many delays it reached $! billion. Domestic participation was
58 percent, and 50 domestic enterprises were involved, some of which
specialized in the engineering and construcuion of nuclear power sta-
tions, such as Nuclar SA and Argatom SA.

Atucha II is similar to Atucha I but larger (750 Mw). It was bought
from the Stemens subsidiary, Kraftwerk Union (KWU), for $1.579 bil-
lion,"” not on a turnkey basis as before, but with engineering by an
Argentine firm, Enace SA, in which KWU has a 25 percent invest-
ment. The reactor design: was by KWU, and the base for the metallic
vessel holding the reactor is being built in Brazil by Nuclep (Nuclebras
Heavy Equipment Company), a Brazilian—West German joint ven-
ture. Domestic integration is expected to be around 65 percent,' in-
cluding components, such as steam generators, moderator/coolers,
pressurizer, and so forth.” The goal for the fourth station is 100 per-
cent domestic integration of engineering and civil works, 95 percent
in the reactor assembly, and 68 percent in components.'?

Reprocessing.  Argentina has developed domestic reprocessing tech-
nology that allows it to reuse the burned fuel in its reactors and to
produce plutonium, which can be used to manufacture nuclear ex-
plosives or to fuel breeder reactors. A pilot reprocessing facility, built
in-house and in operation during the 1960s, yielded the first pluto-
nium manufactured in Latin America.”* A larger plant for reprocess-
ing uranium under construction at the Ezeiza Atomic Center is ex-
pecied to be ready by 1986 and to produce 12 kg of plutonium a
year."” It has been reported that Atucha I has already produced the
equivalent of several hundred kilograms of plutonium.'

Waste disposal.  Low-level radioactive material is being eliminated an-
nually, but permanent solutions for high-level radicactive material are
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still to be found. Studies are being made of possible sites for disposing
of the dangerous materials; in the meantime they are stored in water
tanks 20 meters deep.

Human Resource Development
and Autonomous Research

The CNEA has been called the “National Commission of Atomic Edu-
catvion” for its consistent policy of promoting specialized technologi-
cal training. Physicists, chemists, biologists, metallurgists, geologists,
mathematicians, and engineers as well as machine operators, elec-
tronics and chemistry technicians, cartographers, and surveyors—
over a thousand scientists and technicians in all—have received train-
ing through the CNEA." It has organized symposiums, courses, and
conferences, sent many scientists to study abroad, and arranged for
more than three hundred foreign scientists to come to Argentina to
share their expertise.

The CNEA has been in close contact with the universities and was
involved in the creation of nuclear medicine and cosmic radiation cen-
ters, as well as one of Latin America’s most sophisticated and advanced
physics institutes, J. A. Balseiro, located at Bariloche. In 1977 the
CNEA instituted the nuclear engineer career, which gave a new boost
to physics training in that institute, as did a nuclear research reactor,
which became critical in 1982, A high percentage of the graduates of
J- A. Balseiro have also joined the CNEA’s ranks.

The CNEA’s Metallurgy Division, established in 1955 and since
1960 under the jurisdiction of the Technology Division, has become
the backbone for autonomous nuclear technology development, the
transfer of technology to industry, and the training of scientific and
technical personnel. Its increasing importance over the years is re-
flected by its growing share of the CNEA budger: from 1 percent in
1955 {supplemented by funds from the National Council of Scientific
and Technical Research [CONICET]) to 5—6 percent in the mid-
1970s." According to Jorge Sabato, director of the Metallurgy Divi-
sion for many years, it

has solved all the nuclear metallurgy problems identified for it by
the CNEA atomic energy programme . . . developed and manu-
facrured all the fuel elements for the five nuclear research reac-
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tors installed by the CNEA . . . published more than 250 papers,
mainly in well-established international journals . . . solved nearly
500 problems presented by the electro-mechanical-metallurgical
wdustry . . . heiped to create other metallurgic research centres
and to incorporate metallurgy as a regular subject in the curricu-
tum of several universities, in Argentina as well as in other Latin
American countries. . . . Nearly 500 university graduates have re-
ceived metallurgy training at CNEA, some 130 of them at present
working at CNEA, some with mdustry, and the rest at universities

and at other research centres. . . . One hundred and thirty Ar-
gentine metallurgists went to Europe and the USA for post-
graduate training and research. . . . Thirty Ph.D. theses were pre-

pared at the Metallurgy Division. '

Argentina’s nuclear scientific and technological capabilities are fur-
ther demonstrated by the seven nuclear research reactors already
built m-house. Table 15 contains information on six of them, plus
RA-4, the only one built abroad. None of the reactors was more cru-
cial to Argentina’s nuclear development than RA-1, operational since
1958. Though designed and engineered by Argonne National Labo-
ratory in the United States, the Argonaut, as it was known, was totally
built and technologically adapted in Argentina. The approach was so
innovative that the know-how it generated was sold to a German firm,
a milestone for a developing country at the beginning of its “nuclear
career.” Not included in Table 15is a 10 megawatts electric (Mwe) en-
riched uranium reactor sold to Peru, for which Argentina enriches
and provides the uranium.® Argentina is also said 0 be manufactur-
ing a new nuclear research reactor, RA-7, the largest of them all with
a 70 Mw capacity. Other research projects include Tandar, a heavyions
accelerator now being completed; a high-pressure-and-temperature
circuit to test nuctear reactors, completed in 1982; the development of
fuel rods; a nuclear fusion program that studies the heating of plasma
by the Theta Pinch system; and research on fast breeder reactors and
the thoriumn cycle.

The Domestic Nuclear Power Industry

The Argentine nuclear power industry has developed by design rather
than through market forces. Domestic industry helps to mine ura-
nium, produce yellow-cake and fuel elements, provide sophisticated



Argentina. Nuclear Research Reactors, 19561982

Table I5.

Maximum

Thermal

Fuel
U-235 20%

Power

Location

Name

Ohjective

Moderator

Year

Builder

1958

Constituyentes

CNEA

Education

H,0

w

Atomic Center

RA-O

{(later University
of Cordoba)

CNEA

Research,

FiL,O

U-235 20%

150 kw

1958

!

Constituventes

RA-1

production

CNEA
CNEA

Research

H,O

U-235 90%
U-235 30%

10 w

15966
1567

CoustiLuventes

RA-2

H,O

£

Research,

8 Mw

Ezeiza Atomic

Center

RA-%

preduction

Siemens AG

Education

Polyethylene

U-235 15.9%

1971 0.1 w

M

Universily of

RA-4

Rosario

CNEA

Research

Thermic rapid

100 w

Ezeiza

RA-5

CNEA

Research,

H,0

500 kw U-235 20%

1982

Balseiro

RA-6

education

Institute

Source: CNEA.

“Information unavailable.

Nuclear Autonomy in Argensina and Brazil 28g

inputs for the construction of nuclear power plants, and make nuctear
instrumentation and components.

Basic metal has been one of the most active industries; its gross pro-
duction between 1950 and 1980 expanded at an annual average rate
of 7.3 percent, well over the manufacturing industry’s 4 percent aver-
age and the GNP’ 3.3 percent. During the same vears, its share of the
industrial GDP grew from 2.3 percent to 6 percent, and of the GNP
from 0.6 percent to 2 percent.”

This dynamism was due partly to support from the CNEA’s Tech-
nical Assistance Service for Industry (SATI), established in 1962 as a
department of the Metallurgy Division to provide industry with tech-
mical assistance and technology transfer and consulting services and to
study the national potential to build nuclear reactors. It designed
R & D projects to help solve some of the problems it found inherent in
domestic indusiry; it acted as a sort of clearing house for information,
advising customers where and by whom their problems could be best
solved; it developed new products and processes; and it trained per-
sonnel. Sabato called it a “window toward reality.”** SATT actively
participated in CNEA’s 1965 feasibility study that led to the construc-
tion of Atucha I. The relatively high domestic integration achieved
in Atucha I and Embalse and planned for Atucha II is proof of
the industry’s positive response to CNEA activities and to its related
institutions.

Important local companies have been established by or with the
participation of CNEA. Enace SA, a joint venture of the CNEA (75
percent) and KWU, was created in 1980 as an engineering and nu-
clear plant production enterprise, with Atucha II its first project. It
also provides a mechanism for the transfer of technology from KWU
o Argenting,® Nuclar Mendoza SA, a joint venture of the CNEA (51
percent) and the state of Mendoza, is a consortium of five domestic
enterprises that has built for Embalse steam generators, pressurizers,
reactor cooling systems, turbogenerators, and more. It also took part
in the construction of Atucha I and Argentina’s reprocessing plant.>
Investigaciones Aplicadas (INVAP) was heavily involved in Argentina’s
uranium enrichment project and has technical know-how for building
nuclear electrical reactors. Gther major nuclear companies are the pre-
viously mentioned Conuar SA and Sanchez Granel; Industrias Meedli-
cas Pescamona, which produces capital goods for nuclear power plants
and a fuel elements plant; and Argatom, which performs electro-
mechanical work for nuclear power plants, Over 20 private com-
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panies are directly involved in the engineering, architecture, and con-
struction of power plants and nuclear components. In all, about 60
domestic firms provide products and services to the nuclear field.®

History, Policy, and Objectives

Argentina’s objectives for developing nuclear power have been re-
markably consistent during the last 35 years, most notably the desire
to achieve nuclear technological autonomy. Also, in spite of denials to
the contrary, one may assume that the military has had a strategic
option in mind. During the 1950s another nationalist objective was
added to that of domestic nuclear technological development: domes-
tic industrial development, in particular, metalworking. Once the nu-
clear program showed signs of success it was turned into an energy
program, and construction of nuclear power plants began.

After the bombing of Hiroshima and Nagasaki, Argentina stated its
intentions with regard to nuclear energy by proclaiming uranium re-
sources to be a national interest. On May 31, 1950, the CNEA was cre-
ated and authorized to coordinate and promote atomic research and
to propose to the executive power measures by which to pursue the
use of atomic energy in various economic fields and to protect the
population against radiation. The subsequent history of nuclear power
development has been strongly linked to that of the atomic energy
authority.®

The early years of atomic development in Argentina were domi-
nated by odd but politically relevant events. As World War I1 came 1o
an end, many Nazis escaping Europe found refuge in Argentina,
among them scientists who had worked on nuclear energy and related
technologies. One of these scientists was Ronald Richiter, an Austrian
nuclear physicst who turned Argenuna’s nuclear program into a
world affair. In 1949 Perén appointed him to establish a laboratory to
research and develop nuclear power. At a press conference in March
1951 Peron told the world that the laboratory had successfully devel-
oped nuclear fusion, promising that this would “put a sun in every
Argentine home.”* Richter, who was present, said, “1 control the ex-
plosion, T make it increase or diminish at my desire.”?

The whole affair turned out to be a fiasco, and a government inves-
tigating committee described it as a fraud. In 1952 Richter was dis-
missed, the laboratory dismantled, and atomic energy became totally
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centralized in the CNEA. That same year navy captain Pedro E.
Iraolagoitia succeeded the CNEA's first president, army colonel E. P
Gonzalez, establishing a political tradition, maintained until Becember
1983, of CNEA rule by the navy.

Iraolagoitia concentrated on the long-range goal of developing hu-
man resources. Laboratories of nuclear physics, radiochemistry, ana-
lytical and uranium chemistry, electronics, biclogy nuclear medicine,
cosmic radiation, isotope separation, and heavy water were created,
and in 1953 the first theoretical course on nuclear reactors was initi-
ated. Iraolagoitia’s tenure ended along with Perén’s in 1955; the new
CNEA president, Adm. Dr. Oscar A. Quihillalt, ruled for over eigh-
teen years and saw eight Argentine presidents come and go. Under
his guidance the CNEA and the atomic program grew into the most
successful institution and national program Argentina ever had: ob-
jectives were formulated and partially achieved, the science and tech-
nology infrastructure was built, human resources were nourished, the
road toward autonomy was traced, research reactors and other atomic
facilities were built, and Atucha I was almost completed.

Two decrees issued in 1956 set the tone for what was to come. The
first reorganized the CNEA and gave it broader authority, naming as
objectives the promaotion of nuclear powery, to be applied to sciendfic
and industrial fields in accordance with the public interest. The sec-
ond decree declared that all raw nuclear material, such as uranium,
would become state property and that the CNEA would control its
prospecting, production, and commercialization.® Regulation of ra-
diotsotopes and ionizing radiation became the domain of the CNEA
in 1658.* A 1960 decrec declared the CNEA to be “high national in-
terest” and established it as an independent agency linked directly to
the president.

With the help of the U8, Atoms for Peace program instituted by
President Eisenhower in 1953 (designed to control the spread of nu-
clear weapons technology by providing nuclear know-how to be used
for peacetul purposes only), Argentina was able to train two hundred
scientists and build its first nuclear research reactor, RA-1. By the be-
ginning of the 1960s the CNEA had developed a science and tech-
nology infrastructure, had two working nuclear research reactors,
and was ready for larger enterprises. In 1964 it was decided that a
nuclear power plant should be built for the Greater Buenos Aires Lit-
toral, and one year later the CNEA resolved that Argentine techni-
cians would conduct the feasibility study for the plant in-house. This
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decision broke new ground because until then it was common prac-
tice to turn to independent foreign firms for such studies, and their
recommendations typically required large investment and advanced
technological capacity.

The feasibility study concluded that the Greater Buenos Aires Lit-
toral was ready for a nuclear power plant, that the grid was large
enough to accommodate a 500 Mwe plant, and that the plant could be
operational by 1971. It estimated 4050 percent domestic industrial
participation znd decided that the plant would use Argentine ura-
nium reserves and be located at Atucha. As a result of heated discus-
sion within the CNEA on whether to buy a low water reactor (LWR) or
a heavy water reactor (HWR), bidding was opened for both types.
This strategy, it was thought, would strengthen the CNEA’s bargain-
ing position vis-i-vis the competing companies and leave the options
open. Bids, 17 n all, were received through July 1967, The most se-
rious contenders were Canada and West Germany offering HWRs,
and Great Britain, France, and the Umited States with LWRs. The final
choice was between Canada, with a CANDPU, and Siemens AG, with a
335 Mw HWR. The Germans offered a relatively high percentage of
national integration (about $25 rmnillion worth} and excellent financial
conditions, which rurned the tide in itheir favor.

After the Atucha I decision the CNEA issued a nuclear plan for
1967~1977, later extended to 1980, that clearly stated the goal of de-
veloping electric power, nuclear fuel, and nuclear l;f.'l:hnology31 and
contemplated the building of three nuclear power plants, the installa-
tion of a nuclear fuel manufacturing facility, and the development of
reprocessing, waste disposal, and breeder reacior technologies.

Atucha I was not yet ready when the feasibility study, also in-house,
tfor the second nuclear power station (Fmbalse) was commissioned.
Bids were taken from West Germany, Canada, the United States, italy,
and Japan, and the contract, signed in 1973 after Peron had returned
to Argentina, went to the Canadian CANDU. This time the discus-
sions around Embalse and what reactor type to buy transcended the
CNEA, and the issue became public and heated. In the corridors of
parliament, in newspapers and on television, in the cafés of Buenos
Aires, people were taking sides with unusual fervor. LWRs were more
efficient and cheaper, but HWRs would avoid dependence on en-
riched wranium. Even the CNEA was divided on the matter, but
enough of its scientists wanted the more independent line of HWRs,
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as did the Joint Armed Forces Command, to tilt the decision in favor
of the CANDU HWR.

With the return of the Peronists 1o power 1n 1973, Quihilialt was
replaced and Iraolagoitia restored 10 the CNEA presidency. Although
the CNEA was not totally immune from the massive pohtical and eco-
nomic upheaval ol the Peronist years {scientists abandoned the institu-
tion in rather large numbers), it proceeded with its work, and in 1974
Atucha I was inauguraied and the Embalse deal ratified. In 1976 a
military coup once again produced a change as Rear Adm. Carlos
Castro Madero became the CNEA’s fourth president. He ratified its
commitment to self-sufficiency and, in Decree 3.183 of October 1977,
announced new objectives: autonomy in the production of heavy water
by 1984, and a third nuclear power plant.

An interministerial commission was established to study the build-
ing of the third plant and to set the guidelines for a new nuclear plan.
The plan, approved in May 1979, called for the construction of {our
new HWRs of 600 Mw each, scheduled to start commercial operation
mn 1987, 1991, 1994—1995, and 1997, respectively; an industrial plant
for the production of heavy water; and other necessary installations to
close the nuclear fuel cycle. “By laying down long-term policies and
commitments,” wrote Castro Madero, “the government sought to pro-
mote the active participation of Argentine industry in the country’s
nuclear programme, thereby, it was hoped, creating the desired na-
tional capabilities in all aspects of the design, manufacture, and con-
struction of nuclear power plants and associated fuel cycle facilities.”*
The plan also ndicated that the decree governing uranium should be
changed o allow private companies to participate with the CNEA in
mining uranium and manufacturing yellow-cake. The plan autho-
rized the CNEA to close the Atucha 1I deal, which 1t did in 1980,
choosing KWU over the Canadian CANDU because of the delays and
cost increases in the Embalse project and because of the lenient West
German conditions in the matter of safeguards.

Three years laier Argentines and the world at large had hardly re-
covered from the news that Argentina had developed an independent
nuclear enrichment facility when Raul Alfonsin became its new presi-
dent, bringing to an end seven and a half years of military dictator-
ship. He announced that the CNEA would be even more tightly con-
trolled by the presidency, its reorganization would be studied, and the
navy monopoly on its leadership would be ended. Alberto Constantini,
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a civilian, was appointed to replace Castro Madero. The new admin-
istration stressed the peaceful character of the Argentine nuclear pro-
gram and sent signals suggesting that Argentina might place a greater
emphasis on hydroclectric plants and might soften its opposition
to the 1968 nonproliferation treaty and the 1967 Tlatelolco Treaty,
which established a nuclear-weapon—free zone in Latin America.

When confronted with one of the gravest economic crises in Argen-
tina’s history, Alfonsin had no choice but to reduce public expen-
ditures, including the CNEA’s budget. Burdened by an external debt
of $800 millien (1.7 percent of Argentina’s total debt in early 1985),
the CNEA was forced 1o cut its 1985 budget by $130 million (23.6 per-
cent); it also had to submit its budget for approval by the energy sec-
retariat, traditionally a hydroelectric power stronghold. Nevertheless,
most of the autonomy project’s goals remain intact.” The project has
proven to be too advanced, the technological, industrial, and strategic
achievements too numerous, and the national pride payoff too impor-
tant, for even a deep economic crisis to halt the project entirely. Ar-
gentina’s nuclear project may be able to traverse the crisis, despite a
reduction in its scope and some delays, because it has shown to Argen-
tines and to the world at large that Argentina can produce its own s0-
phisticated technology.

The Autonomy Policy and the CNEA

CNEA’s productivity and its success in achieving a substantial degree
of nuclear technological autonomy must be partially attributed to its
leaders, such as former presidents Quihiilalt and Castro Madero, whe
enjoyed puolitical clout and provided dynamism and—most important
of all—contnuity. “Quihillalt transformed the Argentine program
from a modest research effort into a viable power program,”* and
Castro Madero turned it into scientific, technological, and industrial
reality, achieving partial seif-sufficiency in the nuclear fuel cycle be-
sides. Continuity Is also reflected in the fact that the CNEA had only
four presidents in 33 years.

Burt the ideology of autonomous technological and industrial de-
velopment, which Sabato and his colleagues in the Metallurgy Divi-
sion—the pragmatic antidependency guerrillas—nurtured and trans-
mitted to the entire CNEA, is equally important to an understanding
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of CNEA' success, having provided permanent guidance for policy
choices and implementation. In the CNEA “kingdom,” Quihillalt was
the king and Sabato, with his guerrillas, was the weathermaker. When
Sabato, Wortman, and Gargiulo wrote in the acknowledgments to
Energia atémica ¢ industria nacional, “Our thanks to . . . Admiral Oscar
A. Quihillalt . . . who not only understood our ideas and suppoited
our work, but turned them into reality,”* 1t was not a cursory ac-
knowledgment formula but a statement of crucial, causal fact.

Sabato’s pragmatic antidependency guerrillas began to link nuclear
energy with technological and industrial dependency in 1955. As-
signed by Quihillalt to create the Metallurgy Division, Sabato took a
few electromechanical engineers—Mazza, Libanati, Nelly, Ambrosis,
and Kittle; a civil engineer—Leyt; a few chemists—Boschi, Coll,
Carrea, and Di Primio; and a chemistry student—Ardoz. They de-
fined their objectives as the achievement of nuclear technological and
industrial autonomy; the development of a science and technology in-
frastruceure; and the creation of a demonsiration effect, showing that
indigenous R & D is possible in a dependent (and politically and eco-
romically troubled) country before structural economic changes have
taken place.* Araoz said, “To work on metallurgy was a way to fight
dependency, not in a declamatory, but a concrete way. . . . "To expect
to be able 1o make technology only after dependency has been over-
come 15 one of the most dangerous forms of escapism.”* They de-
cided that Argentina needed a laboratory that would work on all types
of metallurgy, not just nuclear, for the benefit of industry in general.
Only such a faboratory, Sabato thought, would then be able to take
care of all the problems related to nuclear metallurgy.

The guerrillas said to Quihillalt: “We will take it upon ourselves to
meet all nuclear metallurgy problems the CNEA entrusts us with. In
exchange, we want the most compiete liberty of action to select the
method we believe will be most convenient to us, even though it might
look heterodox to outside observers.” The CNEA authorities accepted
the proposal, and it was kept throughout metallurgy’s history. “Fur-
thermore, they backed it, and it was thanks to this understanding and
help that we did what we did.”*

In order to understand why Quihillalt and other CNEA leaders ac-
cepted and toferated Sabato’s murga (“group” of popular musicians),
as they were called, we must look back at the Richter affair. This fiasco
put nuclear energy in the national consciousness and created expecta-
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tions that, because they were not fuifilled, led to frustration and dis-
appointment. Argentina had to demonstrate that it could and weuld
develop nuclear energy relying on its own human resources.

[Perdn] wanted to appear powerful, not cafish. To show that Ar-
gentina was indeed a leader in nuclear technology, Perén ordered
the CNEA to hire qualified personnel, regardless of their political
creed. The timing was fortuitous, as his purges of other institutions
created a large pool of highly qualified unemployed. Largely due
to the Richter affair, the Commission became a haven to anti-
Peronists, providing a nonpartisan legacy which set the tone for
much subsequent development of nuclear energy in Argentina.”*

Quihillalt thus inherited and strengthened two tendencies: the de-
velopment of nuclear power as a national project, and the CNEA's
nonpartisan character, which awracted the best scientists. The metal-
lurgy “deal” was among these developments. But there was more.
Brazil was trying to develop nuclear power itself, and Argentina was
not going to let Brazil win the race. The fact that in 1953 Brazil was
about to get three centrifuges for uranium enrichment from West
Germany was not lost on Argentina.

The first major crossroad was reached with the decision to build
Argentina’s first nuclear research reactor in-house. Quihilialt had
gone to the United States to see about buying a reactor to launch a
program of nuclear development when he was approached by an Ar-
gentine scientist who told him about the Argonne Laboratory reactor.
A consensus developed within the CNEA that it could be built in Ar-
gentina. Quihillalt then turned for advice to the Metallurgy Division,
which enthusiastically embraced the idea, stating that it could build
the fuel elements in spite of the lack of know-how and equipment.
Many people, according to Sabato’s account, called the decision erazy
and irresponsible; but Quihiilalt and the guerrillas were not after effi-
ciency; instead, they wanted to fearn how to build a reactor by them-
selves. Quihillait assumed full responsibiiity for this enterprise.®

The creation of SATI in 1962 was not just another bureaucratic ap-
pendix; it came straight from the “triangle” in Sabato’s mind. State in-
tervention in the nuclear field was already intense, and the science
and technology infrastructure was undergoing rapid development,
but no technology was being transferred to domestic industry: the
third vertex of Sabato’s Triangle was missing. The Metallurgic Indus-
trial Association was not interested in the autonomy idea, however,
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and the CNEA leadership was hesitant to pay for technology transfer.
Fortunately, Sabato found an ally in the industrialist Manuel de Miguet,
who offered to finance SATT if the CNEA would also contribute {unds.
This settled the question. Thus SATT became a key element in the
achievement of relatively high, and steadily increasing, levels of do-
mestic integration in the construction of commercial nuclear power
plants. Also, by transferring technical knowledge to industry, SAT1 in-
creased Argentina’s bargaining power vis-a-vis industrial giants such
as Siemens AG. In other words, SATT turned the guerrillas’ goal of
opening the technological package into reality.

The decision to carry out Atucha Is feasibility study in-house was
another important crossroad. “We did not even know what a feasibility
study was,” said Sabato, but there was an understanding that it should
be done if the CNEA was to learn how to make technology. In fact,
very few of the proposals were finally accepted, but this did not bother
the guerrillas—they wanted to learn how to do a feasibility study,
what domestic industry could contribute, and how to negotiate with
potential sellers. As expected, the study called for the active participa-
tion of domestic industry, correctly foreseeing that this would be the
starting point for a nuclear industry in Argentina.

Local industrial participation was an important factor in the de-
cision to buy Siemens AG’s reactor. fo implement the agreement
with Siemens, SAT] organized a committee called National Industries
Group (GIN), which was empowered to analyze and evaluate the
agreement, examine the capacity of domestc industry 1o contribute to
production of the nuclear plant, and ensure that it would be ade-
quately represented. Thereafter a close relationship between GIN
and the metalworking industry developed.”

GIN emphasized those items that required domestic industry to
make significant ireprovements, thus stimulating it to become sup-
pliers of nuclear power plant materials and, components. The CNEA
won an important bargaining battle when it got Siemens Lo accept re-
sponsibility for the items built in Argentina, which at the same time
imposed on Jocal industry the highest of standards. It was agreed that
there would be three supplier lists: positive, probable, and negative.
The positive list included 88 items, all Lo be manufactured by local in-
dustry. There was to be no bargaining about this list and exceptions
could be made only with CNEA approval. The probable list included
all those items the CNEA could buy from domestic sources if they met
the desired standards and prices. This list was to be bargained on item
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by item, and the guerrillas wanted local industry to take a big chunk
of it. The negative list included those items to be supplied by foreign
sources. The positive and the probable list itemns together made up the
33-percent-domestic share of Atucha I's value,

When Quihillalt and Sabato left the CNEA (Quihillalt went to
Nuclar, Sabato went first to SEGBA, later to Bariloche, and then was
ostracized because of his opposition to the military government), the
argument about whether to buy LWRs or HWRs had already been
settled in favor of the latter, and the autonomy ideology and policy
were strongly rooted in the consciousness of the CNEA’s personnel,
the political leadership, and the Argentine people.

Not even the ideological polarization under the Peronist govern-
ment or the subsequent military dictatorship was able to stop the
CNEA’s work, let alone its ideology of autonomy. There were some
casualties under ihe two regimes: a slow-down under Iraclagoitia, and
persecution of scientists under the military regime. But work con-
tinued, and Castro Madero maintained the policy almost unaltered.
{We must recall that Castro Madero served in the cabinet of a govern-
ment that decided to free the economy and to throw out the window
all ideas of tmport substitution and self-reliance, As one actor put it,
“Outside the CNEA Madero might have been a liberal, but inside he
was a sirong supporter of the autonomy policy.”)

As mmportant as this ideology and the guerrillas were to CNEA’s
success, the story does not end with them. We still need to know how
and why the guerrillas were successful in gaining political support to
implement their plans; how and why the policy continued almost un-
changed after Quihillalt and Sabato left the scene; and what other fac-
tors have been crucial in the development of Argentina’s nuclear
power and industry.

The foremost factor was institutional. Through its educational, re-
search, technological, and industrial successes, the CNEA acquired
clout and legitimacy, an almost free hand in nuclear affairs, larger
budgets for its enterprises, and political advantages vis-a-vis the hydro-
electric lobby, which opposed nuclear energy development and wanted
hydroelectric plants to be built instead.

The ideology’s broad appeal, then, tied in with the CNEA’s success.
Whereas for the pragmatic antidependency guerriilas nuclear auton-
omy meant the reduction of economic dependency and the develop-
ment of domestic industry, for at least some policymakers it meant
beating Brazil in the race for nuclear power development and show-
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ing the United States that Argentina could and would express its seff-
determination regarding its nuclear development policy, including
nuclear weapons.

Almost all of the ruling elites, except the hydroelectric lobby, saw in
the development of an additional source of electricity a bonus at-
tached to higher national goals. Argentina had already flexed its
muscle against foreign oil companies in the 1960s when it determined
to become energy self-sufficient, which two decades later it has almost
done. But amid concern about the need to diversify and create new
energy sources (in December 1978 oil amounted to 13.2 percent of
total domestic energy resources but 62.7 percent of energy consumed),
with an average increase in electricity consumption of 8.3 percent be-
iween 1962 and 1977 and abundant uranium resources {assessed in
1978 at approximately 11 percent of total energy resources), and the
motivation to pursue a nuclear program for technological, industrial,
and strategic reasons, nuclear energy was seen as the most natural re-
source to be developed. It was estimated that by 1995 nuclear energy
would represent 10 percent of total instailed megawatts.*

The nuclear program also appealed to the Argentine masses, look-
ing for one success among so many poliiical and economic failures.
Vindicating the saying that “nothing succeeds like success,” when the
program began to vield results it was embraced as a national cause, a
source of pride. It is symptomatic that in Argentina there have been
no “greens,” anti-nuke movements, Pugwash-oriented physicists, and
no tears of Three-Mile Islands or the “day after.”

This consensus allowed the CNEA to insulate itself from poliucal
and economic ideological contests between right and left, Peronism
and liberalism, the civilians and the military: the nuclear autonomy
ideology and policy made some sense to everyone. In an embattled
and tempestuous sea, the CNEA became a sheltered island. “The
continued progress of nuclear power in Argentina,” wrote Douglas
Tweedale,

has never been mterrupted by bureaucratic infighting and indeci-
sion or by intragovernmental rivalries, which seem to be so com-
mon in nations struggling with the problem of how best to allo-
cate scarce resources. Despite having over fourteen changes in
government since 1950, and despite numerous economic crises
that have at times threatened to bankrupt the nation, the desir-
ahility of nuclear energy has never been seriously challenged. In
fact nuclear energy is one of the few issues on which most impor-
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tant poliical power groups agree . . . popular discussion of nu-
clear energy has been limited by public ignerance of the subjeci
and, in recent years, by the harsh restrictions on political expres-
sion imposed by an authoritarian government.*

Growing government support of the nuclear program can be seen
in the CNEA hudget between 1950 and 1982 (Figure 10) and the
percentage of Finalidad 8 allucated to it between 1972 and 1981 (Fig-
are 11). Large sums of money—hundreds of millions of dollars—
began to be channeled into the CNEA after 1976, at a time when the
Argentine economic situation was worsening, and by 1982 the budget
was approximately $750 million. Only twice after 1972 did the CNEA’s
share of Finalidad 8 fall below 5 percent, and after 1977 it rose stead-
ily, o 23 perceniin 1981." However, the CNEA’s 1985 budget shows a
significant reduction {see p. 294), largely attributable to the continued
gravity of the economic crisis. An outcome of this crisis may indeed be
a decrease in CNEA insulation and in its ability to withstand political
pressure.

Another key institutional factor that helps to explain the CNEA’s
success is centralization. In direct contrast to Brazil, where the pro-
liferation of nuclear political and research institutions caused much
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conflict, in Argentina the CNEA was in charge of policy making,
R & D, human resource training, the building of nuclear power sta-
tions and other facilities, and the management of industrial-scientific
relations. This centralization allowed the guerrillas to increase their
impact on all aspects of policy and action.

Also significant was the fact that policy was not imposed on the
CNEA from above but was developed at the CNEA and then sold
to the highest political fevels. This process, which remained intact
throughout military and civilian governments alike, allowed the CNEA
w develop a consistent policy without being much affected by the
changing moods and ideologies of the many presidents and their ad-
visers, the pressure of interest groups, or the caprice of military offi-
cers and factions. This contributed further to the ideological co-
hesiveness and consensus within the CNEA, enabling it to stick to its
technological, industrial, and energy objectives and maintain the civil-
ian nature of the nuclear program.

All this should not, however, be taken as proof that there has not
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been or will not be a parallel military program of nuclear develop-
ment. It is well known that Argentina’s nuclear potential has made the
atomic bomh possible, as Castro Madero himself acknowledged,* that
Argentina’s strategic policy 1s one of leaving options open, and that
there are political and military groups that would welcome the mili-
tary option.*® They see the civiian program as having provided a
cover as well as the know-how and facilities necessary to build the
bornb. Furthermore, it is clear that Argentina would not sit idle were
Brazil to announce its intention to produce nuciear weapons. Finally,
it is troubling that Castro Madero announced the uranium enrich-
ment facility only three days after the death of Sabato, the moral force
behind the civilian industrial program.

Clearly, the success of Argentina’s nuclear program was due to its
civilian character, which fostered a sense of solidarity and purpose
among the CNEA scientists, Whoever planned the sensitive reprocess-
ing and fuel fabrication facilities only a few thousand feet from where
Pan Am and American Airlines planes daily take off and land at
Ezeiza International Airport probably did not have a strategic opera-
tion in mind (or else showed astonishing naiveté)."” Therefore, if Ar-
gentina did decide to make the bomb, it would kill the goose with the
golden eggs—the ideological glue that holds the CNEA, one of its
most successful institutions, together would dissolve. As scientists de-
serted the CNEA it would start to look like most other Argentine in-
stitutions: afflicted or even paralyzed by ideological disputes, it would
no longer be nonpartisan, and policy would be imposed upon it rather
than developed by it.

The Sabato Legacy

Any attempt to use the Sabato Triangle to analyze the interaction be-
tween the Argentine state, the CNEA, the Metallurgy Division, SATI,
and local industry would be fruitless. The Triangle was a product not
only of theory and imagination but also of personal experience ac-
quired within the CNEA. Thus Sabato’s ideology of autonomous de-
velopiment generated a model that worked for nuclear power in Ar-
gentina, and its success generated theories and models cthat thetr
authors declared could be applied to all of Latin America. Thus when
Sabato, Ardoz, Vidal, and others lefi the CNEA, they set themselves
the goal of steering science and technology policy in all Latin America.

Nuclear Autonomy in Argeniina and Brazil o3

Indeed, the Sabato Triangle intelleciually affected the Andean Pact
foreign investment and science and technology legislation, Pelucia’s
technological development policy, and Mexico’s first science and tech-
nology plan. The CNEA’s story, then, is not just another example of
pragmatic antidependency and one of its intellectual guerrillas; it is
the story of the pragmatic antidependency guerrillas par excellence,
and a reason for the existence of such guerrillas in other countries,
other sectors, other times. It was to the disappointment of Sabato, 2nd
the detriment of his own Argentina, that the message was never sys-
tematically applied beyond the gates of the CNEA.

Brazil: Less Than Success

The Nuclear Fuel Cycle

Uranium and thorium. During the 1950s and 1960s Brazil, France,
and the United States cooperated in the mapping and discovery of a
limited amount of radioactive resources, but the most significant dis-
coveries were made afier 1977. Uranium oxide reserves grew from
11,040 meiric tons in 1974 to 256,300 in 1980 and 301,490 in 1982,
an increase of nearly 3,000 percent.” However, opponents to Brazil's
nuclear policy have argued that these figures are exaggerated.
Uranium has been discovered in the states of Parand, Goias, Ceari,
and Bahia, the latter two reportedly possessing 75 percent of the 1981
known reserves. Although Nuclebras controls a large majority of the
uranium reserves (which until 1974 were under CNEN jurisdiction),
Nuclam (Nuclebris Auxiliar de Mineracdo SA), a joint venture of
Nuclebras (51 percent) with Urangeselischaft of West Germany, has
prospected about 10,000 metric tons, which is transferred to and then
commercialized by Nuclebras. (Under Brazilian law all minerals with
radioactive content mined in Brazil must be handed over to the gov-
ernment.} West Germany has the option to buy up to 20 percent of the
uranium prospected by Nuclam.* Brazil's only working uranium mine
is in the state of Minas Gerais at Pocos de Caldas, where an estimated
10 percent of the overall 1981 reserves seem to be located. Five hun-
dred fifty tons of yellow-cake have been produced there, using an
open-pit mine mill and concentrator that cost an estimated $255.6 mil-
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lion. The project was designied and undertaken by Uranium Pechiney
Ugine Kuhlmann of France, but some Brazihian firms have been in-
volved in the civil engineering processes.®

Thorium reserves, located mainly near Rio de Janeiro, Espiritu
Santo, and Bahia, were estimated by Nuclebras at 43,883 tons in
1979.% Monazite, the mineral from which the thorium is extracted,
used to be produced and exported without restrictions—the United
States bought 18,000 tons between 1941 and 1949—but in the early
1950s its export began to be restricted, and early in the 1960s its min-
mng and research were put under state control. In later years mining
was opened up somewhat, with the condition that the radioactive con-
tent be surrendered to the government, but only one private company,
Orquima, began production of monazite in Brazil. Then, after several
changes of ownership, name, and structure, it became Nuclemén
{Nuclebrds de Monazita e Associadas Lida.), a state company holding
the thorium production monopoly. In 1980 Nuclemén exiracted 2,009
tons of monazite.

Conversion, enrichment, and fuel elements. In its quest for self-
sufficiency in the nuclear fuel cycle, Brazil has acquired capabilities in
yellow-cake manufacture and fuel element fabrication, but not in the
cructal stages of yellow-cake to uranium hexafluoride (UF,) conver-
sion and uranium enrichment. These processes are all planned to be
performed at a new industrial complex at Rezende, west of Rio de Ja-
neiro, however.

Conversion entails costly and highly sophisticated technology. A plant
to produce UFgwas bought from Uranium Pechiney Ugine Kuhlmann
in 1980 at an estimated cost of $69 million; when ready, it will be able
to produce 2,000 tons a year.” Because of tight safeguards requested
by the French, Brazil also decided to develop its own conversion plant
at the S30 Paulo Energy and Nuclear Research Institute (IPEN).%

The United States had signed an agreement with Brazil 1o supply,
up to the year 2000, enriched uranium for its nuclear research reactors
and for the power reactor (Angra I) purchased from Westinghouse,
but when Congress in 1978 prohibited the sale ol enrichment services
to countries having nuclear programs but not applying full-scope
sateguards, the supply to Brazil was cut off. Since then Brazil has
bought enrichiment services from Urenco, the British— West German —
Netherland uranium enrichment joint venture. The United States op-
posed this deal but withdrew its opposition in 1981.

As part of a 1975 agreement with West Germany, Brazil also pur-
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chased its own uranium enrichment technology. First choice was the
centrifuge system ysed by Urenco, but West Germany’s partners op-
posed the transter of this scnsiuve technology. So Brazil had 10 setile
for “jet-nozzle,” or Becker, technology {(named for its inventor), simi-
lar to the centrifuge but requiring larger amounts of electricity, and at
that time still untested at the industrial level. Gaseous diffusion, the
third enrichment technology, which the Americans use, was unavaila-
ble for purchase by Brazil.

To develop jet-nozzle technology in Brazil, Nuclebris set up two
companies: Nuclei, a joint venture of Nuclebras (75 percent) and
Steag and Lnteratom of West Germany (15 percent and 10 percent,
respectively), responsible for the design, construction, and operation
of the pilot plant facility; and Nustep, a joint venture of Nuclebris
and Steag (50 percent each) and located in West Germany, responsible
for the commercial development, industrialization, and exploitation of
the jet-nozzle technology. Thirty Interatom technicians have worked
on the assembly of the first 24 modules of the gas-separation process.
A larger plant of 288 modules, scheduled to be already in operation,
will not be ready until 1989 at the earliest; its cost is estimated to be
$404 million, although some sources have argued that it will end up
being much higher.” A tripling of capital investment, together with
delays and doubts about the commercial potential of the jet-nozzle
technology, has led Brazil to also try to develop a domestic reprocess-
ing capability. IPEN, with the help of the University of Campinas, the
Aerospace Technical Center, and the CNEN, has been working on
laser nuclear enrichment technology. A research team at the Federal
University of Rio de Janeiro (UFR]) is also conducting research on the
centrifuge system.

A fuel element fabrication facility, completed at the end of 1982, is
standing almost idle, waiting for the other front nuclear-fuel-cycle
stages to be ready. The plant has an initial capacity of 140 fuel ele-
ments, each carrying 1,100 pounds of uranium a year. Nuclebras con-
tracted a Kraftwerk Union (KWU) subsidiary, RBU, to design and
partially build the plant, at an estimated cost of $63.8 million, al-
though a few Brazilian engineering firms are also participating in the
project. Technology transfer was scheduled to last until 1984, but
technical assistance will be provided unal 1991.%

Nuclear power plants and equipment.  As of April 1984, Brauzil still had
no nuclear power plant working at full capacity. [ts first plant, bought
in 1971 and located at Angra dos Reis, midway between Rio de Ja-
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neiro and 5do Paulo, was scheduled to start operation in 1977 but be-
came critical only in 1982, costing $1.4 billion, five times more than
originally planned.* Shortly after it went on-line, Angra I had to be
shut down for repairs when vibrations were discovered in the gener-
ator, and since then it has been working at less than full capacity. Sub-
sequent problems such as corrosion have further impaired an already
troubled plant.

As part of the 1975 agreement with West Germany, Brazil bought
two pressurized water reactors, also to be placed at Angra dos Reis
{now called the Alvaro Alberto Compilex), and six more nuclear power
plants were planned for completion by 1990, the first two destined for
the Sdo Paulo area, at Iguapé. Angra 11 and I11, whose reactors and
generators were supplied by KWU, were supposed to be ready in 1982
and 1984, respectively. But serious drainage and stability problems,
already a cause of delays at Angra 1, also slowed down work at 1I and
HI. At the end of 1981, after three years spent sinking extra founda-
tion pilings, construction of Angra LI was only 10 percent complete,
and Angra I only 1 percent;*” they are not expected to be ready be-
fore 1990 and 1991, respectively. In 1983 President Figueiredo de-
cided 1o delay the construction of Angra 11 and I11 for one year and
to suspend for an undetermined time the construction of Iguapé I
and I1. Although the original cost estimates for Angra 11 and 111 were
$304 and $288 million, recent estimates were as high as $3.5 billion
each. If the original formulation to build eight plants had been fol-
lowed, cost of the reactors would have amounted to $28 billion.**

Three companies were established to construct nuclear plants and
components. Niclen (Nuclebras Engenharia SA), a joint venture of
Nuclebras (75 percent} and KWU, was created to provide engineering
services and to absorb engineering technology for the plants. Tech-
nical responsibility was placed in German hands until 1985, and a
small part of its personnel is German. Nuclep (Nuclebris Equipamen-
tos Pesados SA), a joint venture of Nuclebras {75 percent) and a Euro-
pean consortium, was set up to manufacture nuclear heavy equip-
ment, mainly steel vessels and turbo generators, With an investment
of $256 million up to 1983, Nuclep built at Itagui the largest plant of
its kind in the world. It was intended to manufacture one set of reac-
tor components per year, but production uncertainties, economic
costs, and the program’s relative failure kept the factory working at 40
percent capacity on such orders as Atucha IT's pressure vessel. Nucon,
a Nuclebris subsidiary, was created in 1980 to carry out the civil works
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in nuclear power plant construction. Until then, construction had
been in the hands of Furnas, the electrical utility company.

Reprocessing.  Success has also eluded the reprocessing stage of the
nuclear fuel cycle. As part of the agreement with West Germany,
Nuclebras signed a deal with KEWA and UHDE, two West German
companies, for the transfer of know-how, training, consulting, and
technical assistance on nuclear fuel-reprocessing technology and the
building of a reprocessing plant. Scheduled to be completed no sooner
than 1989, the plant will reprocess plutonium using a procedure
called Purex,™ in which Brazilians are now receiving technical train-
ing in Germany. It was also reported that IPEN has built a reprocess-
ing pilot plant that can handle 5 kg of plutonium a year; supposedly
ready to operate “cold,” after the transfer from West Germany of a
radioactive measuring faboratory it could also perform “hot” tests.5

Waste.  In accord with a waste disposal training and cooperation
agreement with West Germany, Brazilian technicians were trained at
the Karlsruhe nuclear center.

Physics, Human Resources,

and Research and Development

“Despite a long backward tradition in general education and a slow
start in science, Brazil produced ina generation Latin America’s largest
national grouping of research physicists, including several who at-
tained world renown in atomic fields.”*' The origins oi this achieve-
ment can be traced to the creation in 1939 of Sao Pauto University's
School of Philosophy, Sciences, and Letters. Gleb Wataghin set up a
physics department and recruited foreign scientists to train Brazilian
physicists. Some of Brazil's most accomplished scientists were trained
in this program. The school branched into theoretical physics, in par-
ticular quantumn mechanics, and into experimental physics, which was
the domain of two groups: one under the direction of Marcelo Dami
de Souza Santos, who worked with a Betatron (electron accelerator),
and another under Oscar Sala, who used an electrostatic generator.”

Rio de Janeiro did not remain behind. A physics laboratory, created
in 1939 at the University of Brazil {now UFR]), became the source of
many esteemed studies on the theory of nuclear forces. In 1949 a
Center for Physics Research was established under the direction of
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César Lattes, who became known worldwide tor his work on the
méson-pi. Some of Brazil's top physicisis worked at the center, such as
J- Lene Lopes, and the most important foreign physicists of the time
made frequent visits. Other physics institutes were established at Rio
Grande do Sul, Pernambuco, and the Pontifical Catholic University in
Rio de janeiro.®

While the Nanonal Council of Scientific and Techniological Devel-
opment {CNPq) has hielped universities and institutes with grants and
fellowships to develop theoretical and experimental physics, the Na-
tional Nuclear Energy Commission (CNEN) has been at the top of nu-
clear R & D since 1956, in partnership with Nuclebras after its cre-
ation in 1975, Since then the CNEN has been in charge of basic and
applied research, reactor technology, fuel, instruments and control,
information, and the environment. 1 is also the parent institution for
IPEN, the Radioprotection and Dosimetry Institute (IRD), and the Nu-
clear Information Center (CIN). Nuclebras has overseen technological
training and development related to the implementation of the 1975
agreement with West Germany, which includes the production of re-
actors, nuclear fuel cycle technologies, and plants and the training of
human resources to handle the technology. Nuclebrds aiso manages
the Center for the Development of Nuclear Technology (CDTN), for-
merly the Radioactive Rescarch Institute, and the Nuclear Engineer-
ing Institute (IEN).

IPEN was known for many years as the Atomic Energy Institute.
Created in 1956 as a Sao Paulo autarky, it became one of Brazil's most
advanced nuclear research centers. With over one thousand person-
nel, IPEN is currently upgrading Brazil’s first nuclear research reactor
and working on fuel element technology and nuclear metallurgy,
uranium and thorivm purification, uranium tetrafluoride and hexa-
Auoride, and on projects aimed at enriching and reprocessing nuclear
fuel. It is also involved in nuclear training, granting both M.S. and
Ph.D. degrees.™

‘The [EN, created in 1963 within UFRJ, employs 290 individuals in
R & D on fast breeders and on reactor chemistry and engineering.
The institute has a sodium thermal loop that simulates a fast-breeder
reactor system, an Argonaut research reactor, a neutron generator,
and several laboratories. With the help of France, Brazil is trying to
develop a fast-breeder research reactor called Cobra, similay to the
French Rhapsode and Phoenix breeders, and Italy is cooperating with
the IEN in the field of liquid sodium research.®
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The CDTN, created in 1953 at the Engineering School of Beio
Horizonte, employs five hundred individuals. It has a research reac-
tor, an experimental circuit, pilot plants for enriching uranium and
treating minerals, and several laboratories and is currently working
on reactor and fuel technology.®

Nuclear research also takes place at the Aerospace Technical Cen-
ter, which works on classified programs of a military nature as well as
on centrifuge and laser uranium-enrichment and other nuclear-fuel-
cycle technologies; the Military Engineering Institute (IME), which
set up the first graduate program on nuclear engineering in the late
1950s and created a research group in heavy water technology; and
COPPE (Coordination of Graduate Programs in Engineering; see
Chapters 7 and 8), which actively works on nuclear fuel R & D and
fast breeders.

Research reactors are a major tool of nuclear research and train-
ing. Brazils first nuclear research reactor, acquired as part of the U.S.
Aroms for Peace program initiated in 1953, was designed by Babcock
and Wilcox and is located at IPEN. It became operational in 1957, has
a power ocuiput of 2 Mw, and is upgradable to 10 Mw. The CDTN has
both a Triga-MK-1, designed and built by General Dynamics with a
power output of 140 kw, and a subcritical CAPITO, designed and
built in Brazil. LEN has an Argonaut zero-power reactor, redesigned
and built almost in its entirety in Brazil. Two other subcritical reactors
are located at Sao José dos Campos (donated by the U.S. Atomic En-
ergy Commission) and at the University of Pernambuco.

According to Hervasio Guimardes de Carvalho, former CNEN
president, the educational system was not ready to take the challenge
of the 1975 Brazlian—West German agreement,” which required
more than 10,000 professionals to absorb and adapt the technology
transferred to Brazil. To develop human rescurces for the nuclear
program, Nuclebris established the Human Resources Program for
the Nuclear Sector (PRONUCLEAR), as a resuls of which over 2,400
engineers and technicians have been trained— 1,929 in Brazil and 530
abroad {see Table 16).

The Domestic Nuclear Power Industry

Angra T was built with 2 minirmum of domestic industrial wnput. Pur-
chased as a turnkey plant, it had a nationalization index of 8§ percent,



Total
518
370
861
185
171

1,929

1981
49
64

269

385
15

1980
66
19

541
28

454
26

1979
71
128
51
250
23

1978
i4
42

163
51

1977
73
95
33
33

234
26

1976
76
54
28

158
17

1975
71
136
10

1974
135
14
149

Brazil. Education and Training of Personnel for the Implementation
of the Brazilian—West German Agreement, by Area of Specialization

Specialization course on nuclear technology

Quality assurance
Prospection and mineral research

Training in industry
Reactor engineering

Heavy components

Total

B. Abroad (Missions)

Table 16.
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41

80

42
20
16

28 21

]

10}
11

Fuel element fabrication

Enrichment
Reprocessing

7]

18 49 94
37 37 58 183 90 65 34 530

15
26

Radiological protection and safety
Prospection and mineral research

Research and development

Total
Source: Ronzldo Arthur Cruz Fabrico, “Brazil's General Experience in the Transfer of Nuclear Technology,” Transactions, Second International

Conference on Nuclear Technology Transfer ({CONTT-1I), Buenos Aires, Argentina, Nov. 1-5, 1982 (La Grange Park, Ill.: American Nu-

clear Society, 1982), 8,
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and only in civil works.® In 1973 Brazil asked the Bechtel Overseas
Corporation to make a study of the potential contributions domestic
industry could make to the nuclear program. Bechtel, in association
with a local firm, reached the conclusion that between 51 and 54 per-
cent of the material, equipment, and services could be domestically
supplied, and that with special improvements this index could reach
6164 percent in 1975 and 1977 and 66—70 percent in 1980 and
1982. The report also listed 34 major enterprises that could come to
dominate the domestic nuclear power industry. This information
came too late to affect Angra I (studies conducted prior to the acquisi-
tion of Angra I had reached similar conclusions but were disregarded),
but it helped set the targets for the domestic integrarion indices of the
eight nuclear power stations planned under the Brazilian—West Ger-
mar treaty. :

The domestic integration index of Angra II and 111 {the only nu-
clear plants that today have some realistic chance of becoming opera-
tive in the foreseeable future) was set at 30 percent. However, high
integration levels were projected only for “low-technology” items, such
as electrical equipment, air conditioning, and steel structures; “high-
technology” items, such as turbogenerators, instrumentation and con-
trols, heavy components, and special reactor components, had very
jow nationalization indices or nane at all.*

With the creation of Nuclep and its factory, national industry—
headed by the Brazilian Association of Capital Goods Industries
(ABDIB)—complained that Nuclep was competing with domestic in-
dustry and that the government was not using it 1o its full capabilities.
The 1982 Senate Nuclear Inquiry Report concluded that “the policy
adopted was not, in fact, the best for the country.”™

History, Policy, and Objectives

Nuclear power in Brazil started as a nationalist response to the Bra-
zilian Foreign Office’s {Itamaraty) open policy of radioactive-mineral
exports during the 1940s. It was fueled by the deep impression the
enormous power manifested at Hiroshima and Nagasaki made on
Brazilian politicians and scientists and by the fact that Argentina was
beginning to move toward nuclear power. It was enabled by early Bra-
zilian advances in nuclear physics, justiied by the international pres-
tige of Brazilian physicists like César Lattes, and turned into reality
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through the tenacity of Alvaro Alberto. Setting up CNPq with nuclear
development in mind, Alberto insticuted the policy of “specific com-
pensation,” demanding from the United States technological com-
pensation for the export of radioactive materials, and as early as
1947 decided 10 develop a nuclear program aimed at self-sufficiency.
Itamaraty was fiercely opposed o the nuclear program, but Alberto
found support for it within the armed forces, especially the National
Security Council, and in 1949 President Dutra instructed him to im-
plement the plan. The outcome was the creation of CNPq and a policy
oriented to the achicverment of nuclear technological autonomy.

Brazils nuclear policy history can be broken into five periods: Ro-
mantic Nattonalism (1950-1955), Indecision (1956—1968), Cross-
roads (1969—1975), Nuclear Dream (1975-1981), and Return from
Musion (1981-).

Romaniic nationalism.  The main objectives of this period were strate-
gic and nuclear technological development, trailed by science and
technology development. Law 1310, passed in January 1951, became
the most important nuclear policy instrument of this period. It placed
all nuclear activities in the hands of the state, entrusted the president
with nuclear policy, established CNPq to exercise his authority on nu-
clear issues, and gave it the task of taking all research and industrial
measures necessary to develop and use nuclear power. CNPq thus be-
came responsible for prospecting and vesearching uranium, develop-
g and producing nuclear power, training technical and scientific
personnel, and carrying out R & D. The law also gave the state a
monopoly over the export of radioactive minerals, and another legal
measure classitied radioactive mineral deposits as national reserves.
A year later CNPyq issued Memorandum 32 stating its nationalist pol-
icy, which the National Security Council and President Vargas ap-
proved. Alberto also applied his specific compensation principle: in
the exportation of nuclear minerals Brazil should not be guided solely
by commercial considerations but should ask in return for training,
technology, and hardware aimed at developing nuclear power.”

To implement this policy Alberto went to France and Germany
looking for pariners. In Germany he met some scientists who had de-
veloped a centrtfuge method of uranium enrichinent, and a secret
deal was made 1o have three centrifuges built and shipped to Brazil.
Somchow this became known to the Americans, who prevented their
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shipment. When the centrifuges finally reached Brazil in 1957 they
were considered of litdle value.

Meanwhile, ltamaraty strongly opposed CNPg’s and Alberto’s poli-
cies. In 1952 it co-opted CNPg's control of monaziie exports and ap-
proved a4 new deal with the United States, over the opposition of
CNPq and the National Security Coundil. In response, the council
issued a secret memorandum (771/772) at the end of 1953 calling for
application of the specific compensation principle and tor collabora-
tion with alf friendly nations (an anti-American statement). The memo
also asked President Vargas to approve the German centrifuge deal
and cooperation with Germany.”

Itamaraty and the United States answered the challenge by signing
in 1954 still another treaty by which Brazilian monazite was traded for
Ainerican wheat. Also, four secret documents revealing the extent of
American pressure were sent by the American embassy in Rio de jJa-
neiro to Gen. Juarez Tavora, head of the military cabinet and National
Security Council secretary at the time of Jodao Café Filho's presidency.
The first and second documents concerned an American proposal for
treaties on atomic minerals and the purchase by Brazil of an Ameri-
can nuclear research reactor. The third and fourth were an explicit
critique of Alberto’s policies and his attempt to buy the centrifuges.
These four documents were attached to a new directive issued by the
National Security Council that temporarily reversed its nationalist and
pro-autonomy policy.” The two agreements proposed by the United
States were signed in 1955, and Tévora forced Alberto to resign, al-
legedly because of mismanagement of funds.™

Indeciston.  The nuclear policy objectives did not substantially change
during the second period, but Alberto and the motivation to pur-
sue autonomy were gone. Instead, the major driving forces during
this period were Argentina’s nuclear development, relations with the
United States, and domestic conflicts. When Café Filho was replaced
by Kubitschek, the National Security Council returned to its tradi-
tional pronuclear development policy. Then, at the instigation of a
congressional inquiry commission, Kubitschek named a committee to
reassess nuclear policy, It advised creation of the CNEN under the
president’s control, creation of a National Nuclear Energy Fund, and
pursuit of a nationalist nuclear policy. It called for tight state control
over all nuclear activities and revision of the agreements reached with
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the United States. A majority of these proposals were accepted and
turned into policy.

The CNEN took over the normative and R & D functions of CNPq.
Relatively autonomous while under the presidency, it did not remain
an independent institution throughout its 30 years of existence. In
1960 it was attached to the newly created ministry of mines and energy
(MME), and in 1962 it was made into a federal autarky, a status it held
until 1967, when once again it was placed under MME jurisdiction.™

When the government began in 1958 to consider building a 150
200 Mw nuclear power plant, using enriched uranium,™ it created the
Superintendency of the Mambucaba Project to implement the plan.
A site for the plant was chosen not {ar from Angra dos Reis, but the
project did not survive. In {act, the only concrete achievement during
these years was the creation of the CNEN and the Atomic Energy
Institute (1EA). President Janio Quadros, in power for only a few
months, expressed a strong interest in building a natural-uranium
atomic plant, with a domestic participation index of 80 percent,” but
the project was curtailed when he left the political scene.

When Goulart became president, new attempts were made to re-
vive the nuclear power station program. Marcelo Dami, a reputed
physicist and strong supporter of an independent “Argentina” type
of program, became president of the CNEN. A Three-Year Plan is-
sued in 1963 called for gas-cooled and graphite-moderated narural-
uranium reactors to be built and for the resulting plutonium to be
used for a new second line of reactors working on the plutonium-
thorium and uranium 233 —thorium cycles. The first plant was to have
300 Mw and start operating in 1969, Another 600 Mw reactor was
planned for 1970, and two more were to be ready by 1975. In addi-
tion, the plan envisioned the estabiishment by 1970 of a2 plant for the
manufacture of 150 fuel elements per year and advised building new
nuclear research reactors and developing technologies such as heavy
water and enrichment.”™ However, Goulart was overthrown soon after
he announced the first nuclear power station, and the plan was not
pursued by the new government.

The next four years were characterized by little interest or atten-
tion to nuclear policy. The military forces who came to power in 1964
were busy gaining legitimacy—overcoming inflation and setting Bra-
zil on the path of sustained economic growth. Nevertheless, one of the
most significant chapters in Brazil’s nuclear development history did
occur during these years. In 1965 a couple of Radioactive Research
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Enstitute engineers created the reputed “Thorium Group,” which set
foritself the goal of using the abundant thorium reserves for Brazilian-
made nuclear reactors working on the thorium fuel cycle. During the
next four years the group established two subprojects: Instingo, to as-
sess the viability of the overall project; and Toruna, to develop a
prototype of a 520 Mw natural uranium—fueled power station. The
‘Thorium Group developed sophisticated, competitive techniques, de-
signed in-house a reactor prototype, and published many books and
articles on the subject. France became greatly interested in the project
and signed an agreement with the CNEN for technical cooperation
on thorium technology, which boosted the program. The most ap-
pealing aspect from Brazil's point of view was that the project could be
adapted to both enriched and natural uranium, as well as to plu-
tonium. Because the reactors were to be built in Brazil they would be
adapted to domestic industry, which was to participate heavily in the
projects implementation. But by 1968 policy was heading in a differ-
ent direction; the Toruna project was abandoned, the 520 Mw reactor
was never built, and the group was finally disbanded.™

Crossroads. During 1967 and 1968 the military government of Presi-
dent Costa e Silva, having achieved a good measure of economic
stabilization and expecting rapid economic growth and an increase
in electricity consumption (averaging in those years an estimated
14.3 percent),” decided to change the content, direction, and pace
of nuclear policy. The CNEN was placed under MME’s jurisdiction
to emphasize the new objective of cheap and efficient energy, and
Eletrobras, the state-owned electric holding company, was given the
responsibility of building and operating nuclear power plants. An
understanding was reached that a reactor should be bought as soon as
possible, and in April 1968 the CNEN, Eletrobras, and Furnas, the
electric power stations company, signed a ten-year agreement with a
goal of producing 50,000 Mw of nuclear energy up to the year 2005.
[t was at this time that LWRs gained favor over Thorium Group im-
tiatives and proposals to buy natural uranium reactors. The second
National Development Plan (I1 PND} explained that the choice was
made because more than 85 percent of the existing nuclear power sta-
vions in the world were LWRs.* During 1970 the site for the 600 Mw
LWR to be bought abroad was finally chosen. West German, Swedish,
British, and American companies presented bids, and in May 1971 a
joint committee of Furnas, Eletrobras, and the CNEN decided on the
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Westinghouse plant. That same year, to fulfill the T PND directive that
a national nuclear program be developed, the government established
the Brazilian Nuclear Technology Company (CBTN), the forerunner
of Nuclebras.

Nuclear dream. Energy and speed remained important objectives
in the fourth period, plus an economic commercial objective was
added and a middie ground was found between dependency and self-
reliance: Brazil would rely on West German technology to acquire
nuclear independence. But in the background and parallel to these
objectives was the military’s dream of developing an independent stra-
tegic nuclear option. Nevertheless, no matter how dominant the mili-
tary objective was, with the signing of the Brazil-West Germany
agreement (see pp. 281--82) and the beginnings of implementation,
Brazil’s nuclear program acquired a lite of its own.

The seeds for the agreement had been sown during 1969, when
Brazil and West Germany signed a science and technology coopera-
tion agreement, setting the stage for the formal collaboration between
the CNEN and the German Nuclear Research Center at Jiilich that
would crystallize in the 1975 nuclear agreement. When the 1974 Bra-
sflia Protocol was signed between these two countries, opening the
door for the agreement, Brazil’s energy situation had become critical
because of rapid economic growth and the 197% oit crisis. Between
1970 and 1974 electricity consumption grew at an average of 12,9 per-
cent, exceeding the 12.3 percent average GDP growth during that pe-
riod, and oil imports jumped between 1973 and 1975 from 11.5 to
23.5 percent of fotal imports.®® Furthermore, in 1974 India exploded
its first atomic bomb, and Argentina was on its way to building its sec-
ond nuclear power plant, while Brazil was still living in. the euphoria
of the economic miracle, expecting io become a major international
political and economic power in the near future. Something had to be
done, and it had to be big. The ten-billion-dollar nuclear program
that resulted from the agreement with West Germany, it was thought,
would solve Brazil's energy problerms, bring about nuclear fuel auton-
omy, create a nuclear plants industry, develop science and technology,
provide the strategic option the military wanted, and give a slap in the
face to all American governments that had opposed the development

of independent nuclear power in Brazil. Too good to be true for “just”
$10 hiilion.
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Return from illusion. By 1981 the foreign debt was pressing hard,
technology transfer was occurring slowiy, plants were wdle, the com-
pletion of Angra I and I1I was not in sight, the jet-nozzle technology
had not yvielded an industrial method for enriching uranium, and if
the nuclear program had been implemented as planned, it wouid
have cost between $30 and $40 billion. This cost would have been
prohibitive for Brazil, whose foreign debt had reached the $102 billion
mark in 1983, of which $2.1 billion were accounted for by Nuclebras.®
Furthermore, hydroelectric reserves had been upgraded by that time
to 213,000 Mw,* and the technical problem of transporting hydro-
electric power from the northeast to the southcast of Brazil had prac-
tically been solved, which meant that Brazil could rely on that cheaper
and more efficient power to get it to the year 2000 and beyond. How-
ever, the program had to continue: Argentina was ahead, the United
States still opposed an independent Brazilian program, and the goal
of nuclear autonomy remained of prime importance. Once again
there had to be a policy change to bring expectauions closer to reality.

Since 1981 policy began to move toward a more limited and indige-
nous program. Work on Angra Il and 111 was delayed, the fate of the
other nuclear stations was left for future administrations to decide,
and more emphasis was placed on and financial resources funneled
to IPEN and the Aerospace Technical Center. Furthermore, in 1983
Paulo Nogueira Batista, Nuclebras president since its creation and one
of the masterminds of the nuclear program and of the Brazil—West
Germany agreement, was replaced and Nuclebris’s budget substan-
tiafly reduced. When Argentina announced the development of an in-
digenous method for enriching uranium, Brazil doubled its efforts to
do likewise. The energy/commercial project having failed, the mili-
tary objective was, once again, coming out of the closet.

The Road to Autonomy: For and Against

Brazil's road to nuclear technoiogical autonomy had the potential of
being quicker and more {ruitful than Argentina’s. But Brazil’s remark-
able lack of ideological and political consensus and continuity regard-
ing nuclear policy and the resulting institutional decentralization: and
conflict led to only sporadic application of policy 1o the development
of domestic technology and industry. Along the way, some choices



818 The Power of Ideology

opened options for achieving autonomy, while others closed them. Po-
litical stalemate, inaction, and even mutually negating actions caused
precious time and resources to be wasted. Lack of consensus led to
inaction, which bred impatience; impatience led to haste and conse-
quently to lack of success; and lack of success brought about more of
the same.

In contrast to what happened in Argentina, Brazil's nuclear policy
was pushed and pulled by various groups with clashing ideologies.
There was no central institution with the political autonomy or leader-
ship necessary to sell a nuclear plan to the ruling elites and ensure
that 1t would be implemented. Thus the nuclear issue became en-
tangled with other political, economic, and social tssues that divided
Brazil, and American pressure succeeded in manipulating these ideo-
logical and political differences to ensure that Brazil would not ac-
quire an independent nuclear capability. When Brazil finally decided
to implement a mammoth independent nuclear program, it could not
freeitself from its political fragmentation; its expectations were grossly
exaggerated; and it lacked a solid science and technology basis, attain-
able only through incremental, systematic, and consistent furtherance
of science, technology, and education.

“Brazil's atomic policy,” a Brazilian newspaper concluded, “has
been characterized by a fundamental mistake that is nobody’s because
it is everybody’s: the existence of many opposing groups that for a
long time have prevented a broad and general agreement.” These
groups and subgroups, “that of the army, of the navy, from southern
Brazil, from Minas Gerais, the various Sdo Paulo groups, the lefltist
group, the sell-out (entreguista) group, the northeast group, etc, . . .
[are] at the root of all Brazil's basic atomic policy problems.”® This
same concern about divisiveness and its con sequences is evident in the
words of a prominent industrialist, Alfredo Marques Viana: “The
atomic problem is, for Brazil, a political problem . . . [and] a national
problem . .. the choice in Brazil between left and right has only
helped those who opposed Brazil's nuclear development.”*

In the period of “Romantic Nationalism,” 1950~ 1955, Alvaro Al-
berto embraced an egalitarian-nationalist ideology that not only sought
technological autonomy but also was strongly anti-American and anti-
Argentinian. “CNPq was created by the Brazilian government,” said
Mario Schemberg, a distinguished Brazilian physicist, “after the scare
and consternation [caused by the information that] Argentina had al-
ready developed its atomic bomb project.”™ Therefore, two types of
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nuclear program were pursued simultaneously: one geared toward
autonomous nuclear technological development, the other strategic.®
Never before had the strategic nuclear objective been so apparent and
so explicitty stated. For example, the 1956 Congressional Inquiry
Commission, looking back at the program’s origin, stated: “It is neces-
sary to admit frankly another truth: it is impossible, at the present
time, to dissociate economic development from a military capacity,
at least a latent one. . .. To exclude a military option, in this field
fnuclear] would amount to neither more nor less than inescapably
compromising the essence of any nuclear program.”®

But the National Security Council, CNPq, and the scientists who fa-
vored Alberto’s nationalist policies found themselves under heavy fire
from Itamaraty, which believed that nuclear development should by
no means interfere with the attainment of other “more important”
political and economic goals. And when Café Filho and Flavio Tavora
weighted the domestic balance of torces on the side of those opposing
Alberto’s policies, continuity of the nationalist nuclear program was
destroyed. The effects of this blow were felt, as Leite Lopes said, for at
least twenty years.”

After the mid-1950s, when Vargas and Alberto had left the political
scene, the belief that pursuit of nuclear technological development
was at the expense of higher economic goals became even more per-
vasive, and the strategic and nuclear technological autonomy programs
became, for all practical purposes, political orphans. The Kubitschek
government feared that provocation of the United States, which op-
posed these programs, could jeopardize the developmentalist drive,
which was fueled in part by American investments; the military prob-
ably saw the development of nuclear power as less urgent, since Ar-
gentina’s first nuclear adventure had resulted in a fiasco; the economic
elites and technocrats were forcefully pushing industrialization; and
in any case, no institution, guerrillas, or other cohesive political force
was able to develop a viable, independent nuclear program and mobi-
lize: resources for nuclear technological development. “Economic de-
velopment as a national goal had been far more legitimized and ac-
cepted by the mid-1950s than scientific-nuclear development. . . . The
econotnic-export élite appears to have been more unified as to basic
goals and means than the scientific-military élite on what could be
done and how with nuclear energy.”?

Thus an early proposal by Leite Lopes to create a national nuclear
energy laboratory was rejected, and it was not until the 1960s that the
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National Economic Development Bank (BNDE) goals of linking nu-
clear power to industrial development materialized, when Pelucio suc-
cessfully coordinated the technologists’ and the economists’ ideclogies
of dependency reduction. Today we take this linkage for granted, but
that was not the case in Brazil in the 1950s or in Argentina before
Sabato decided to develop domestic industry on the coattails of the
nuclear program.

It would be a mistake to conclude that Brazibs early nuclear policy
was the victim only of domestic and foreign constraints. Rather, it was
the victim also of the ideological conflici inherent in the nuclear devel-
opment issue iself and of the lack of awareness that nuclear power
and industrialization can be linked (as the CNEA had succeeded in
doing in Argentina). An independent nuclear program need not have
competed with other economic sectors for financial resources; it could
have started as a human resources development program, with rela-
tively low budgetary requirements. Likewise, while American opposi-
tion, both implicit and explicit, to Brazil's independent nuclear pro-
gram did generate obstacles, it also fueled the nationalist ideology and
the determination to pursue such a program; once that political de-
termination existed, American pressure need not have mattered. In
other words, there was a choice—but choices must first be recognized
at the level of policy, and then individual and institutional actors have
to imnplement them.

Why were the scientists not more forceful in bringing about nuclear
technological autonomy? Because in contrast to Argentina, where sci-
entists were the core of the CNEA, Brazilian scientists were euiside the
policy-making ptrocess. A group of pragmartic antidependency guer-
rillas could therefore not grow and prosper. In Argentina policy was
developed within the CNEA and then sold to the political leaders; the
scientists thus had a great deal of leverage over policy decisions. In
Brazil the National Security Council dominated the implicit policy-
making process; policy was develeped through unofficial channels be-
hind the facade of institutions such as the CNEN, which advised the
National Security Council but did not really dictate policy.

The chances of a successful group of guerrillas developing in Bra-
zil were further reduced by the fact that R & D, pilot plants, nuclear
reactor construction, and nuclear policy were scattered among many
research institutes in several cities, separated by large distances. Such
fragmentation resulted as much from the size and demographic con-
ditions of the country as from internal ideological divisions, and it re-
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mained just as relevant during Goulart’s administration. By then,
though, the increasingly nationalist leanings of the political forces
made a technological autonomy type of program more accepiable.

The Brazilian adaptation and construction of the Argonaut re-
search reactor demonstrated some capacity to develop an indepen-
dent program. In 1962 a Metallurgy Department was created within
the CNEN, which itself was enjoying more autonomy. But the 1964
revolution interrupted this process of domestic nuclear development,
and its chances of success today are difficult to gauge.

We recall that in 1967 the nuclear issue was taken from the bureau-
cratic shelves and placed on the highest desk of policy, primarily to
hasten achievement of the energy objective. One of the most impor-
tant choices in the history of Brazil's nuclear development had to be
made: to stick to the traditional goal of nuclear technological self-
sufficiency by following a pragmatic antidependency program based
on natural-uranium reactors and the incremental mastering of the
nuclear fuel cycle, or to chouse a new goal of cheap and efficient en-
ergy production by following a technological laissez-faire program,
best served by proven techmologies, such as enriched uranium and
LWRs, by imported technology, and by mputs from foreign industry.

The entrance of the MME and Eletrobras into the political game
proved very important in the final decision to buy the Westinghouse
reactor. These institutions were informed by an ideology of energy
and economic efficiency, and the prospects of technological depen-
dency did not concern them. But the same was true for Electrical Ser-
vices of Greater Buenos Aires (SEGBA) in Argentina, and neverthe-
less the CNEA got its way. It is again clear that the CNEN, lacking the
power to stand lirm against ideologies and interests opposed to nu-
clear independence, was no match to the CNEA.

Opposttion to dependence on American reactors did arise from
one very unexpected source: Itamaraty. It is likely that the hard bar-
gaining with the United States over the “Tlatelolco Treaty in 1967 and
the on-going Geneva nonproliferation talks turned [tamaraty away
from supporting the United States, as it had from the 1940s to the
1960s, and toward the anti-American position of backing a nuclear in-
dependence program. Perhaps Itamaraty saw U.S. attempis to impose
a nuclear-weapons-development {reeze on those countries having
none, while showing no willingness to give up its own nuclear weap-
ons arsenal, as nuclear imperialisin. In any case, when Ambassador
Sérgio Corréa da Costa, who served Brazil in the negotiations of the
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Tlatelolco "Ireaty, became Itamaraty’s secretary general in 1967, he
brought with him a “nuclear orientation.”

Under Ambussador Corréa da Costa, a task force of approxi-
mately twenty persons drawn from ltamaraty’s departments of
political atfairs and international organizations matters was as-
sembled, and in subsequent months had dealt with matters as
various as the gathering of scientific information abroad, im-
proved relavons with Brazilian scientists abroad, structuring in-
creased science collaboration with regional and international
agencies, and domestic political considerations. Of course the
most important task confronting the group was to develop and
defend the Brazilian position on nuclear nonproliferation at Mex-
ico City and Geneva.®

The new ideology that Itamaraty introduced into the political game
wits not pragmatic antidependency and did not advocate implement-
ing a slow and incremental indigenous nuclear technological pro-
gram. Instead, it was based on strong nationalism—or, more accu-
rately, anti-Americanism—and a belief in Brazils ability 10 develop
one of the largest nuclear programs in the Third World.

Although the decision to buy the American reactor hardly affected
Iramaraty’s political clout, it was deadly for pragmatic antidependency
and the indigenous nuclear technology program. Two circumstantial
factors directly affected the decision: presidential succession politics
and the man at the head of CNEN. A bitter dispute had developed
between rival presidential hopefuls after Costa e Silva’s unexpected
death. His minister of the interior, Gen. Afonso Albuquerque Lima,
representing the nationalist wing of the armed forces, was backed by
a great number of officers but opposed by elites interested in con-
tinuing Brazil's economic internationalization. Lima lost and Emilio
Médic1 won. An internationalist, Médici favored the Westinghouse
deal and the electrical efficiency program, abandoning the various na-
tionalist alternatives. He also named Hervasio de Carvalho, a promti-
nent nuclear scientist, as president of the CNEN, and it has been
strongly and widely suggested, by politicians and scienusts alike, that
de Carvalho played a major personal role in the decision to sign with
Westinghouse.

Why didn’t Pelicio, the planning ministry, and those institutions
beginning to work for a science and technology autonomy policy take
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up the banner of indigenous nuclear technological development? Ac-
cording to Pelicio, BNDE did consider the issue. By then a national
computer industry was already being contemplated, the economic
miracle was producing resources for technological development, and
a few large industrial sectors were being planned with the aim of
transforming Brazil into an industrial power. BNIIE, looking to sup-
port one of these sectors, was placed in the uneasy situation of having
to choose between an witonomaous nuclear program and a domestic
computer industry. Technical experts were consulied as to whether
Brazil had sufficient trained scientists and technicians or nuclear tech-
nical know-how to reproduce the technology of a nuclesr reactor,
The answer was negative, and BNDE decided 1o support the com-
puter option. Past failures and inaction thus crept into the present,
affecting it profoundly: when trained human resources were needed
to open the path to nuclear technological autonomy, they were not at
hand, so a program to produce electricity was instead imposed on sci-
entists and many policymakers—a program that rode on the domestic
political conflicts and indecisions and the secretive decision-making
process of the tune.

These events had two important political consequences: first, they
forced Itamaraty to look for an alternative to the program aimed only
at producing efficient electricity; second, they placed the scientists
outside and definitely against the policy-making process. Now nuclear
policy, more than ever before, was decided by informal forces at the
presidenttal and armed forces levels, under a blanket of secrecy
and almost completely disregarding the opinion of the scientists who
overwhelmingly opposed the Westinghouse deal and were pushing
for an “Argentina” type of independent program. Opposition was
waged mainly through the Brazilian Society for the Progress of Sci-
ence (SBPC), whose annual meetings roundly criticized the govern-
ment’s nuclear policy and provided information to fuel a heated pub-
lic debate.

By the mid-1970s when Ernesto Geisel became president, there was
growing evidence that the “crossroads period” policy would yield nei-
ther energy nor strategic or technological results. Furthermore, the
U.5. government refused to allow Westinghouse to sell enrichment
and reprocessing technologies to Brazil. A bolder move was needed,
and Itamaraty provided it: a hybrid program of strategic, nuclear
technological autonomy and commercial electrical efficiency. The
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signing of the Brazil-West Germany agreement signaled that lia-
maraty had won the battle; but the overblown nature of the agree-
ment signaled that it was likely to lose the war.

Foreign opposition to the agreement came mainly from the United
States—-the New York Times called the agreement “nuclear madness.”™
But rather than constraining the Brazilians, this opposition simply
served to foster ideological support for any policy that would be anti-
American and anti-nonproliferation treaty. When it came to the
United States and nonproiiferation, even those domestic forces that so
strongly attacked the agreement with West Germany and the nuclear
program defended Nuclebras, the Brazilian government, and the
goal of nuctear independence.

The most outspoken groups against the nuclear program were the
industrialists, who complained about being left out, and the scientists,
who argued that the agreement would not result in the effective trans-
fer of German technology to Brazi. This argument was strengthened
when the details of a secret agreement in which Brazil gave West Ger-
many rights to retain control of Nuclen’s technology were leaked 10 a
Sao Paulo newspaper. The scientists argued further that if indepen-
dence was really the goal, then the Brazil-West Germany agreement,
in not promoting domestic industry, worked against it. Instead, a
smaller natural-uranium program would be more appropriate. José
Goldemberg, an outstanding Brazilian physicist, former SBPG presi-
dent, and one of the strongest critics of the agreement, said: “‘Tt is a
great deal for the Germans.” . . . He claimed that the agreement stipu-
lates the Brazilian manufacture of nuclear equipment will be maxi-
mized but a clause says that if KWU can produce equipment for a
price 15 percent or more lower than the Brazilians can, the order will
o to the Germans. ‘If you knew Brazil, that clause really kills nationat
industry,” he said. ‘Everything costs more in Brazl’”* And Joaquim
Francisco de Carvalho, a former Nuclen director, said: “Brazil, in
order 1o develop a nucdlear program thai would really meet its na-
tional interests, would have 1o start, slowly and gradually, with an in-
tegrated partcipation of quaiified industrial establishments and of
R & D institutions that provide technical assistance to industry.”#

The jet-nozzle technology provided another line of attack against
the 1975 agreement and the nuclear program. Goldemberg visited
Germany and talked to the inventor but returned unconvinced of the
technology’s commercial viability. The scientists also criticized Nu-
clebras for its incompetence to make nuclear technological decisions
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and its lack of concern for what the Brazilian scientists had 1o say.
“Why, instead of going to the Germans and the French,” they insisieq,
“did't Nuclebras come for answers to IPEN and other R & D insti-
tutes?” Suill another line of criticism was along the goals for energy
production set by the government itself. According to the physicist
Luiz Pinguelii Rosa, the nuclear program was based altogether on the
wrong prenises: an exaggerated assessment of growth in demand for
electric energy and an underestimation of the hydroelectric petential,
of the viability of bringing hydroelectric power from north to south,
and of the program’s cost.” This last point became one of the stickiest
when it appeared that the cost of the entire program would triple, if
not quadruple. Public debate on this issue acquired gross dimensions
when a former Furnas president attacked Brazil's nuclear agreement
with West Germany, and Joaquim de Carvalho resigned his direc-
torship at Nuclen to start a public campaign against the government
and expose the program’s “real costs.”” Nogueira Batista responded
by setting the program’s cost at a somewhat lower level and by suing
de Carvalho.

Although dreams sometimes come true, the achievement of tech-
nological independence and energy efficiency through a single, quick
program {rather than two parallel programs or an Argentina-siyle
program of nuclear technoiogical autonomy later applied to energy)
was a dream that would not materialize without political consensus
and the support of the scientific community.®

When those opposed to the program presented not only argu-
ments but also facts, and when the foreign debt reached unprece-
dented levels, the National Security Council decided to listen to Gold-
emberg. He presented in writing to the council 4 reassessment that
called for the completion of Angra IT and 111, the phasing out of Nu-
clep, more consistent absorption of domestic technology and human
resources, confirmation of uranium deposits that had been in doubt,
increased efforts to produce uranium enrichment technology, and re-
organization of the nuclear program at the executive and administra-
tve levels to make room for Brazilian scientises.™ Venturini in turn told
Goldemberg that “‘in principle’ his suggestions had been accepted.
The government appears to have already put into practice some of
Goldemberg’s proposais.” %

But Goldemberg’s dealings with the National Security Council seem
0 have provoked a new ideological conflict, this time within the scien-
tific community itself, a large proportion of which distrusts the inten-
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tions behind the councils move. Thus the SBPC “passed a motion . . .
in which it expressed its concern at the support given by the govern-
meni o nuclear projects with a clear military purpose.”'® And scien-
tists, who were basically reunited in their opposition to the Brazil-West
Germany deal, are now divided again. In the meantime, Brazil, in con-
trast to Argentina, has produced some antinuclear groups that oppose
not only this or that policy but nuclear power ahogether. In sum, it
appears that ideological consensus remains unattainable: power is still
divided, nuclear policy continues to be de facto in the hands of the
National Security Council, and no institution or leadership has arisen
capable of changing the situation. The road to nuclear technological
autonomy is still being followed; however, Brazilian elites have yet 1o
agree on how to get there, or even whether it is worth getting there.

Conclusion

This study, most notably through the juxtaposition of the cases it
presents, calls irito question simplistic deterministic theories of tech-
nological dependency that have been used to analyze advanced Latin
American countries. The results achieved by Argentina and Bra«il in
domestic nuclear energy development stand in sharp contrast to those
achieved in general technological and computer development. This
contrast adds credence to the view that in addition to—and sometimes
even in direct opposition to—structural factors, ideologies and insti-
tutions can catalytically affect threads of events, thereby leading to
outcomes that seem, at first, quite implausible. Natural resources,
political power, and economic and technological capabilities, not to
merition economic disequilibrium crises, certainly have a profound in-
fluence on political economic cutcomes; but equally important are in-
stitutions, following a historical path set by certain constellations of’
consciousness: collective understandings of individuals that are as
much intellectual, ideological, and political responses to a problem as
they are resources for the resolution of that problem.

Fach type of institution described in this study, whether a state in-
stitution such as BNDE, FINEP, CAPRE, or CNEA or a multinational
corporation such as IBM, had some autonomy in determining its own
future and that of entities it came in contact with and thus could put

327



328 The Power of Ideclogy

its mark on the pattern of interaction, both domestic and interna-
tional, Even withia institutions, certain groups and individuals pos-
sessed some degree of autonomy to be creative, 1o show the way, to call
attention to the issues, new and old.

This study has shown that choices at the process level can, if they
are perceived, become poiitically relevant, and that there is nothing
autormatic or deterministic about these processes. If dependency bred
the quest {or autonomy and led o the allocation of resources for this
purpose, it was not only because resources were available but also be-
cause institutions and individuals could recognize dependency as the
problem and autonomy as the solution and create new resources and
power capabilities to solve the problems. In this connection ideology,
while neither sufficient nor necessary as an explanation of imter-
national political-economic events, did aftect and effect reality and
therefore should not be taken for granted.

The power of ideology lies in 1its ability to make things happen
when they might not have otherwise, even though the propensity
existed m the form of capabilities or attributes. ldeology tells actors
what the goal 1s, how to seek it, and how important it is compared to
other goals. It is dynamic. As ideclogy changes or is newly created, it
affects institutional and policy innovation and creates new factors to
deal with both at the domestic and at the international level.

To explain Argentina and Brazil's science and technology, com-
puter, and nuclear energy policies, their evolution and their effect on
the appropriate areas and sectors, I have focused on the impact of the
ideas and ideologies of subversive elites who, through their influence
over political elites, institutions, and processes, created policy and in-
stitutional propensities for changing reality—in this case, for re-
ducing dependency, creating a domestic computer industry, or domi-
nating the nuclear fuel cycle. Pragmatic antidependency guerrilla
groups—convinced that dependency can be reduced before a world
econonuc structural change takes place, and in the right time and
place to influence policy making—helped to inspire, formulate, and
implement antidependency policies and to sell to the ruling elites an
ideology covered with politically and economically relevant wrapping.
I have described several cases in which they, faced initially with consid-
erable hostility, succeeded in affecting the course of progress and in
making political systems assimilate the changes and take them for
granted.

Conclusion  g29

This was true in Brazil with BNDE and Pelicio’s effort to build a
science and technology system by introducing the political and mili-
tary elites to the idea that development is also a higher capacity of
knowing and understanding and that pragmatic measures can reduce
technological dependency. It was also true when CAPRE moved the
ground under the Brazilian political-economic establishment to start a
domestic computer industry that would be impenetrable by IBM. Fi-
nally, it was demonstrated by the pragmatic antidependency guerrilla
group par excellence—Jorge Sabato’s—which helped turn the CNEA
into the exception to the rule: the institution that overcame Argentine
“fracasomania” and produced one of the most advanced nuclear pro-
grams in the Third World.

The guerrilla groups described in this study are but one expression
of the role played by ideological and institutional factors; other out-
standing individuals and institutions have also influenced the histori-
cal process and should not be discounted.

The policy and implementation successes in the general science
and technology, computer, and nuclear fields did not happen by
themselves, by the invisible hand of the market, or out of the excel-
lence of scientific research and technological innovation and their
search for avenues of application. Instead, the computer industry in
Brazil and the successful nuclear program in Argentina were the re-
sult of design and some measure of planning. The planner, not sur-
prisingly, was the state institution that set the development goals and
chose the means to get from here to there. Whereas in the developed
countries market efficiency, management, and advanced scientific de-
velopment and technical training can help travel the distance without
state intervention, in the Third World the involvement of guerrillas
and institutions and the use of state resources are required.

Ideology and institutions are therefore not meaningless forces.
They can drive capabilities; set priorities; open new alternatives; pro-
duce political decisions; lead to political and institutional innovations;
affect other actors in the international system, such as multinational
corporations; catalytically and gradually transform the condition of
interdependence; and thus lead to international political-economic
change.

I will end this study with 2 hgure that organizes the main thoughts,
variables, and linkages together with the domestic and foreign di-
mensions involved in the processes here described (see Figure 12).
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Conclusion 43t

Although international political-economic change may be positively or
negatively affected by structural/environmental factors, it is not neces-
sarily mechanistically determined by them. Instead, it may emerge
from propensities of change realized through the awareness, values,
beliefs, expectations, and political will of people, the institutions they
create, and their collective understanding. In many cases the cognitive
factors may just make the difference. It is the task of political science
to try to understand these cases better by developing theory and
empirical studies that actively integrate historical processes into the
theory-building effort. My study is but a modest and preliminary
effort in that direction.
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and basic aeronautical research. The CTA sought to transfer the de-
veloped technology endeavoring to create industries in prime materi-
als, motors, turbines, aviation systems, electronic instruments, etc. In
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[Rio de Janeiro: DEP/FINEP, April 1982], 25—26}.

68. CNPq, Relatdrio de atividades 19751978, 36. According to one of the
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1985, IV-5). Today, U.S. companies hold 80 percent of the computer mar-
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de que esta iniciativa abierta y sin fines de lucro seria del agrado de los/as pensadores/as del
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