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SUMVARY EXECUTI VE

1. TECHNOLOG CAL DEVELOPMENT AND | MPCORTS | N BRAZI LI AN | NDUSTRY

Since the md 1970s Brazilian paynments for inported
technol ogy have fallen steadily to very low levels. If, for
instance, inports of technology are neasured by paynent for
technol ogy contracts registered at INPI, the reduction was from
US$ 321 million in 1980 to US$ 174 mllion in 1987. The ratio of
paynents for technology transfer contracts as a percentage of
GDP, which increased during the | ast phase of inport substitution
to nore than 0.35 per cent in 1972, consistently decreased during
the followng period to 0.24 per cent in 1980 and to 0.07 per
cent in 1987. Inports of capital goods al so declined during the
1980s.

This collapse in paynents for inported technology has cone
to reflect an alnost total disconnection of Brazilian industry
from an inportant source of inputs to enhance its internationa
conpetitiveness. Sonething of the significance of that can be
glinpsed in the corresponding data for South Korea during the
1970s and 1980s as that econony strengthened its international
conpetitiveness in existing lines of production, and opened up
successive new areas of conpetitiveness. During that period,
paynents for inported technology (licensing and consultancy
paynents) massively increased 13-fold in absolute terns between
1972-76 and 1982- 86.

This highlights one of the nmgjor technology-related
chal  enges now faced: the need to reverse the recent trend of
technology inports and re-connect industry to international
sources of technology. But there is a second challenge. This is
not about the 'quantity' of technology acquired from abroad; it
is about how technology is acquired. If increased volunes of
inmported technology are to play their full potential role in
enhancing conpetitiveness in the 1990s, it wll be totally
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i nadequate just to go back to the typical ways of acquiring
inmported technology in the past. Those approaches nust be
radically altered. There are two broad sets of reasons for this.

1) There is now nuch greater understandi ng about the process
of technol ogical change, its role in the conpetitiveness of
industry, and its interaction wth technology inports. This
under standi ng, a benefit from hindsight that was not then w dely
avai |l abl e, suggests that the dom nant approaches to acquiring
foreign technology in Brazil in the period up to the 1970s failed
to exploit its full potential. D fferent approaches wll be
needed in the 1990s if any increase in the 'quantity' of inported
technology is to contribute as effectively as it mght to the
conpetitiveness of Brazilian industry.

2) Beyond that, an obvious but inportant point is that the
1990s are not the 1970s and the international context for
technology acquisition by Brazilian firnms is now radically
different. The rates, direction and processes of technol ogical
change have fundanentally altered as have the opportunities and
constraints facing firms seeking to acquire technology in the
international 'market'. These changes are a further set of
reasons for radically changing Brazilian industry's earlier
approaches to the acquisition of inported technol ogy.

The dom nant approaches to acquiring inported technology in
Brazil, in the past, wth a few notable exceptions, have been
characterised by two basic features.

1) Technology inports were typically disconnected from
significant 1innovative activity in the technology inporting
firms: they were usually not preceded by, acconpanied by, or
foll owed by substantial conplenentary research, developnent or
engi neering efforts.

2) As a consequence, technology inports were only rarely
assimlated into continuous processes of rapid technical change.
Qoviously they were often foll owed by sone degree of inprovenent
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in process efficiency and product performance as ' earning-by-
doing’ and mnor adaptation occurred, but the intensity of such
"increnmental’ technical change was often inadequate to sustain
conpetitiveness in technologically dynam c international markets,
and it rarely <created new bases of conpetitiveness in
progressively higher val ue-added activities.

Sone of t he new under st andi ng about t echnol ogy,
international transfer and industrial conpetitiveness that has
beconme nore wi dely accessible since the 1970s suggests that these
aspects of Brazilian experience were neither inevitable nor
simlar to the experience of a few other industrialising
econom es that have exploited inported technology nmuch nore
effectively. O der perspectives nust be replaced by new
understanding if nore effective approaches are to be devel oped
for acquiring inported technol ogy:

a) to «create and sustain industrial conpetitiveness,
techni cal change nust be a continuous, not intermttent, process;
and inported technology nust ve incorporated into that continous
t echnol ogi cal dynam sm

b) 'adopters' and 'users' of technology play active and
creative roles in generating these trajectories of conpetitive
technol ogical dynamsm and they depend on a variety of
interactions with other firns doing so;

c) industrial firnms play inportant roles as creators, not
just enployers, of the human resources required to generate and
manage techni cal change;

d) technology inports and |ocal innovative capabilities are
conplements, not alternatives, in the process of technical
change;

e) market nechanisns and governnent intervention are also
conpl enents, not alternatives, in providing the necessary
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f ramewor k of i nducenent s for i nvest ment in t echnol ogy
accurul ation in industrialising econom es;

f) i nfrastructural t echnol ogy i nstitutes can only
conpl ement, not substitute for, the innovative activities of
i ndustrial firms.
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2. THE | NTERNATI ONAL CONTEXT IN THE 1990s

The assessnment of the nmain features of the international
context for technology acquisition in the 1990s nust enphasise
t he significance of new chall enges that stem fromthe conbination
of :

(i) new patterns of technical change (the so-called 'new
t echno- econom ¢ paradigni); and

(ii) new factors that may influence the accessibility of
foreign technology and the terns of its acquisition.

Several key features of new patterns of technical change
have becone increasingly inmportant during the 1980s.

a) Techni cal change has been intensified in ways that result
in the whole structure of t echnol ogy under | yi ng t he
conpetitiveness of nost industries now changing nuch faster than
in the 1960s and 1970s.

b) The rising |IT-intensity of technical change both
contributes to nuch faster rates of technical change and alters
t he organi sational basis for generating that change.

c) In particular, IT-intensive fornms of technical change,
especially those involving networks and system c change, usually
have to be highly localised and specific to the particular
characteristics of firnms and the markets they face. Consequently
various forns of interaction between users and producers of IT
devices and systens are becom ng increasingly inportant as the
basis for effective generation of technical change.

d) The grow ng inportance of change in the organisation and
managemnent of production ('l ean' producti on, flexible
especialisation, etc.) reinforces the overall intensity of
technical change - acting as an increasingly significant
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conplement to, but not substitute for, nore 'hardware-centred
t echni cal change.

e) These intensified and diversified patterns of technica
change have greatly increased the overall know edge-intensity of
i ndustrial production, with a correspondi ngly massive increase in
the inmportance of investnent in know edge assets and human
capital as sources of conpetitiveness.

These changes in the nature of technical change reinforce
the significance of issues already enphasised. If inported
technology is to contribute effectively to conpetitiveness in
both natioinal and international markets, it nust be incorporated
into |localisec processes of significant technool ogical dynam sm
the 'users' of inported technology, interacting with other firns,
need to play active and creative roles in generating that
dynam sm and firns thenselves need to be significant investors
increating the human resources they require in order to play
t hose rol es.

The general accessibility of foreign technology, and the
terms for its acquisition nmay not have changed in systematic ways
over the |ast decade. However, views on this 1issue are
contradictory, and evidence is lacking. On the one hand it has
been argued that factors such as the rising costs of innovation
in the advanced industrial countries, changes in intellectual
property systens, and increased technol ogi cal conplexity conbined
with greter 'tacitness' in many areas of technol ogy have reduced
the accessibility and transferability of technology, while the
terns for access have becone nore onerous.

It is not clear, however, whether there are indeed such new
problems. One can argue just as convincingly (with simlar
i nadequat e evidence) that many areas of technology are becom ng
increasingly accessible and transferable, while the conditions
for access may be | ess onerous than in the past.
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Despite their obvious inportance, key features of the
international transfer of technology have attracted only limted
systematic analysis over the |ast decade or so. This, however,
has not precluded nunerous conments about the energence of new
trends and patterns. Many of these suggest that industrialising
countries face increasing problens in their efforts to acquire
technology from the nore advanced industrial econom es. In
particular, the follow ng i ssues have been not ed.

a) Wth innovation conming to depend on rising levels of R&D
expendi ture, higher paynments may be required for |icensing and
other forms of access to the technol ogi es involved.

b) Changes in intellectual property rights systens in the
industrialised countries, together wth pressures for nore
stringent enforcement of those reginmes in industrialising
countries, are reinforcing such trends - as well as bringing into
the scope of those systens areas of technology previously
excluded (e.g. in software and bi ot echnol ogy).

c) The characteristics of sonme new technol ogies are making
them inherently nore difficult to transfer. It has been
suggested, for exanple, that many areas of information technol ogy
involve particularly high levels of tacit and firmspecific
knowl edge that are less easily transferred than nore equi pnent-
enbodi ed t echnol ogi es.

d) The gr ow ng i mportance multi-firm collaborative
arrangenents for developing new technologies across a wde
spectrum of industries, conbined with the rising inmportance of
basi c research in sone areas, may hinder the access of devel oping
countries to the know edge invol ved.

Several studies have provided a nodi cum of support for such
views. For exanple, drawing on interviews, the UNCTAD Secretari at
has suggested that royalty rates on patents and know how may be
rising and it has been observed a relatively slow growh of
technol ogy licensing as conpared with other technology transfer
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activities, such as inports of capital goods. However, one can
also find equally convincing argunents that point in opposite
di rections.

a) Wth increasing R& investnent |evels, often associated

with shorter product |life <cycles, there are pressures to
increase, not reduce, access to the technologies involved:
"innovators nust reap profits faster, sonmetinmes by |icensing

their technology rather than by exporting it or establishing
affiliates abroad.™

b) Mre specific studies of the international diffusion of
advanced technologies |ike teleconmunications systens have
suggested that intense conpetition anong technology |eaders in
international markets has pushed nonopolistic profits from
i nnovations |lower and lower, and that "the 'appropriability' of
i nnovations has greatly declined in recent years."

c) Advanced information and conmunication technol ogies may
enhance, not constrain, international access to technol ogy; and
this may be further increased, not reduced, by the growi ng use of
col | aborative networks for technol ogy devel opnment - networks into
which firms in industrialising countries nmay be incorporated.

d) Advanced information technologies my well involve
greater elenments of tacit know edge and greater degrees of user-
specificity, while yielding their greatest gains as total system
integration is achieved. But, at l|least in sonme situations, this
does not seem to have been a great obstacle to their
international diffusion, conbined wth (i) their 1localised
adaptation to neet user-specific requirements, (ii) their
efficient application to vyield significant benefits from
cunmul ative partial steps towards integration, and (iii) their
further developnment and inprovenent by wusers after initial
i npl enent ati on. Perhaps the Kkey issues are |ess about any
i nherent general characteristics of 'new technol ogies', and nore
about differences between the situations for which they are
acquired and into which they are introduced.
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In short, it is not clear that any broad generalisations can
usefully be drawn in these areas at this stage. In any case
there are nore focused argunents that may be nore significant for
sonme Brazilian industries. These are about the problens of
l[imted access to technology that arise as firns and industries
in the NOGCs begin to approach particular segnents of the
international technol ogical frontier.

At a general level, it is obvious enough that, as firnms in
the NICs begin to approach the international technology frontier,
they wll face <changing conditions in seeking to acquire
technol ogy through international channel s. However, t he
significance of those changing conditions is not so obvious.

VWhat this seens to suggest is two general points. First, if
there are obstacles and barriers to technol ogy acquisition as NIC
firms approach the international frontier, they do not all seem
to be insurnountable or inperneable. Second, and nore generally,
it seens highly likely that as the age of the technology falls
t he openness of international channels for acquiring it probably
narrows; and the ternms and conditions for acquisition wll al nost
certainly also change, perhaps becom ng nore onerous, reflecting
the greater commercial value of the technology to the user and
the greater opportunity costs for the supplier. However, the

preci se outconme in any situation will depend primarily on the
interaction between four sets of condi ti ons: (1) t he
characteristics  of the technologies involved; (i) t he

characteristics of the supplier firns and their industries; (iii)
t he technol ogi cal capabilities of woul d-be technol ogy inporters,
together with other elenments of the bargaining power they can
draw on; and (iv) the institutional arrangenents they use in
approachi ng the acquisition of technol ogy.

To summarise then, firms and industries in particular
countries can approach the acquisition of foreign technology with
(i) wdely varying technol ogical capabilities, (ii) wde
differences in other elenents of bargaining power, and (iii)
wi dely differing organisational bases. Strategies for technol ogy
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acquisition that rest on weak technological capabilities, weak
bar gai ning power, and weak institutional bases may well result

quite often in the licensing of product designs and/or the
acquisition of equipnent, know-how and other inputs for
production. But, they are also likely to result in sone
conbination of (i) limted or zero access to the technology in
the first place, (ii) the acquisition of |imted 'depths' of

know edge and expertise through such channels of access as are
opened up, (iii) the paynent of relatively high costs for what is
acqui red, and (iv) l[imted dynamism in the subsequent
assimlation of what was acquired.

At the other end of the spectrum of strategies, firns and
industries that are approaching the international technol ogy

frontier wll usually need considerabl e technol ogical, bargaining
and institutional strengths in order to acquire foreign
technol ogy effectively, or at all. On that account alone, the

costs of technology transfer may well rise as the frontier is
approached, but those rising costs are not 'paynents' for
technol ogy (which may well rise also). They are investnents in
donmestic resources for acquiring and assimlating technol ogy;
and, until one is at the cutting edge of the frontier, those
costs are likely to remain substantially |ess than the costs of
original devel opment of the technol ogy. However, that distinction
frequently ceases to have nmuch neaning as one approaches the
frontier: technology acquisition and technology devel opnment
becone blurred into various conbinations of engineering,
devel opnment and research - probably in that order
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3. MANAGEMENT AND PCLI CY | MPLI CATI ONS FOR BRAZI L

At the firm level, action should be taken not only during
the acquisition of technologyh but also, before the acquisition
of technology - when nmanagenent should be concerned wth
creating, enhancing and 'assenbling’ the technological and
organi sational capabilities needed to define in adequate detai
the technology required, to locate its possible sources, to gain
access to it, to mnimse its financial and other costs, and to
acquire and absorb the 'depth' and 'breadth' of know edge and
expertise sought - and after the acquisition of technol ogy, when
managenent should focus on the dynamic assimlation of what had
been acquired - not just on using the technol ogy, but on further
i mproving and developing it.

There are four broad areas for nmanagenent attention during
each tine period. Managenent should concentrate on creating
intra-firm organisational structures, creating inter-firm
organi sational structures, investnent in know edge and expertise
and investnent in inplenmenting technical change.

Policy in this area nust obviously be part of a w der policy
regime concerned nore broadly with technol ogy and other aspects
of conpetitiveness. Wthin that, it can be enphasised that:

1) Policy prescriptions should recognise that since firnms
are the main locus of technological accunulation, a firns
possession of internal R&D capacities cannot be replaced and
there is no possible substitutability between internal and
external R&D. Another novel feature of technical change is the
pronoti on of a wi de range of technical activities within industry
and commerce itself involving not only R& but also scientific
and technical services - including design, quality control,
product engi neering, technical information services, etc. - which
reinforce and interact with R&D

IE/UNICAMP - |EI/UFRJ - FDC - FUNCEX




12

Estubo bA COMPETITIVIDADE DA INDUSTRIA BRASILEIRA
ODOCOOOCOOO0COOO OO0 OO0 0000000000000 0000000000000 0000000000000 00000 0000000000

g

2) Policy prescriptions should also recognise that, if R&D
inside the firm or outside the firm cannot substitute for each
other, they are necessarily conplenentary activities. Another
maj or determ nant of success in technol ogical accunulation lies
in the nature and intensity of the interaction with external
sources of technical change, particularly with contenporary and
furture wusers of the technol ogy. Policies, then, shoul d
concentrate in pronoting these |inkages and nmanagenent attitudes
shoul d contenpl ate cooperation with buyers and sellers instead of
conflicting or mere commercial relations.

Wthin that, some broad orientations can be pointed out
her e.

First, the focus of policy in this area nust concentrate on
the industrial firm - not to the exclusion of action concerned
with a wde range of technological institutions, but in
recognition of firmse as the necessary driving forced of
i ndustrial technological dynamism and as the core agents in
acquiring and absorbing foreign technol ogy.

Second, it must be enphasised that key elenents of the
strategi c managenent of technol ogy acquisition involve investnent
by firnms in their own resources as conplenents to their
expenditures on foreign technology. Cearly this requires an
adequately stable macro-econom c environnment within which firns
wi Il undertake any significant investnment in assets that yield
their returns over the relatively long termfuture.

Third, its is clear that conpetitive pressure plays an
inmportant role in stinmulating firms to change the technol ogy they
use, and hence to invest in the resources of foreign technol ogy
and donestic technol ogical capabilities required to do so. O her
things being equal, therefore, policies that enhance those
conpetitive pressures are likely to increase, and increase the
effectiveness of, the acquisition of foreign technol ogy.
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Fourth, however, nuch of Brazilian industry appears to have
[imted technol ogical capabilities to respond to such conpetitive
pressures; and, just as inportant, it has |limted experience of
investing in the accunul ation of those resources. Mreover, nuch
of that investnent involves investnment in know edge and human
capital where markets operate very inperfectly. There are
therefore strong grounds for government intervention that
stinmulates investnment in such assets.

In particular, one nust recognise the limtations of
financial institutions in this area. Mst of them are accustoned
to financing investnent in fixed, physi cal assets which
t hensel ves provide significant security for the finance. Sone

nore specialised institutions are also accustoned to financing
i nnovative technical change projects for which the potential
returns are reasonably evident, even if sonmewhat uncertain.
However, much nore risky and uncertain for such institutions, as

for firms thenselves, in investnent in know edge and human
capital. Yet these are the kinds of assets that have becone
i ncreasingly i mport ant for dynami c conpetitiveness in

i ncreasingly change-intensive and know edge-intensive industria
production in the 1990s. This appears to be reflected in the
shifting patterns of public policy that focus increasingly on
stimul ating and subsidising investnment in know edge assets in the
industrially advanced countries. In an econony where investnent
in these assets has not becone a significant conponent of
i ndustrial behaviour and 'culture, such policy intervention is
even nore inportant. In particular, innovative new neasures nay
be needed to link government intervention to the operations of
i ndustrial financial institutions.

It is true that there is no possible alternative policy
proposal which do not concentrate in strenghtening internal (to

the firnm R&D capabilities. However, in general terns, as
recently shown by the 'OECD industrial support programes
database', it is advisable a shift away from general -purpose,
hori zont al policies such as general investnment aids to nore

focused support neasures, such as aid to R& which conprise
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programmes supporting general private R& efforts and others
supporting certain types of t echnol ogi es, sectors and
enterprises. Even in devel oped countries which, apparently, have
relied since the 1980s on 'market forces' to lead their
i ndustrial devel opnent the above nentioned type of intervention
is being inplenmented. For exanple, in the US, the R& tax credit
and the National Cooperative Research Act were nmade permanent and
in the UK, the main R&D policy focus of the Departnent of Trade
and Industry is a nunmber of progranmes on the encouragenent of
pre-conpetitive collaborative research in firms.

Fifth, inportant elements in the strategic nmanagenent of
technol ogy acquisition involve the devel opnent of institutiona
I inkages and networks. This suggests that other types of
government intervention may be inportant - types of intervention
that involve governnents playing a catalytic role in facilitating
collaboration in a wde spectrum of technological activities.
Action to stimulate such technological partnerships may be
particularly inmportant in |inking wusers and producers of
technol ogy, especially in the areas of industrial automation and
other types of information technology - areas where governnents
in many of the industrialised countries play a substantial role.
For exanple, in the Netherlands, one of the key policy actions is
the subcontracting and outsourcing progranme ainmed at nutual
cooperation in the field of technology and product devel opnent
and at inprovenent projects in the field of just-in-tine
delivery, logistics and quality nmanagenent.

Finally, in ways illustrated in the experience of Japan,
governnent policy may have an inportant role in shaping the
structure of markets to create conditions that enhance the
conpetitive pressures on firnse in ways that stinulate, rather
than constrain, investnent in technological capabilities to
conpl enent the acquisition of foreign technol ogy.
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1. I NTRODUCTI ON: THE CHALLENGE FACED

Since the md-1970s Brazilian recorded paynments for
technol ogy (royalties, technical assistance fees and conm ssions)
have fallen steadily to very low levels, both in absolute terns
and as a proportion of GDP - for the latter see Figure 1.1 When
associated with the stagnant |evels of donestic R&D, 2 this trend,
closely linked to low |levels of industrial investnent since the
early 1980s, also seens to reflect a collapse in the overall
demand for new technology, not a shift towards greater donestic
sourcing of technology. The trend also indicates that Brazilian
i ndustry has becone increasingly disconnected from an inportant
source of inputs to enhance its international conpetitiveness.
Sonething of the significance of that can be glinpsed in the
corresponding data for South Korea where paynents for inported
technology (licensing and consultancy paynents) were rising
rapidly as a proportion of GDP during the md 1980s. That
reflects a longer trend through the 1970s and 1980s as Korea
strengthened its international conpetitiveness: during that
period, paynents for inported technology massively increased -
13-fold in absolute terns between 1972-76 and 1982- 86.

This highlights one of the nmgjor technology-related
chal | enges now faced: the need to reverse the recent trend of
technol ogy inports. Rapid growh of inported technology mnust be
set in notion, so re-connecting industry to international sources
of technol ogy. The driving force at the heart of this growh nust
be a corresponding resurgence of investnent in new plant and
equi pnent incorporating the new vintages of technology required
t o enhance conpetitiveness across the whole spectrum of industry.
That revival of industrial investnent wll depend heavily on

As it is well known, technology payments are just a proxy for imported technology. In the
Brazilian case they do not include, since 1971 - when INPl was created - any payment between
subsidiaries of multinational firms and their parent companies. Given the importance of such
firms in Brazil, it could be argued that data on Figure 1 underestimates technology imports.
This is certainly true for the 1970s when the last phase of import substitution took place and
investments were peaking. However, since the early 1980s investment by these firms have
substantially declined and, then, there is no reason to believe that this underestimation
persisted. The final result is, probably, a much sharper decline on technology payments over
GDP, starting by the mid-1970s, then what is suggested by Figure 1.

This trend is examined in greater detail in Section 2 of the report.
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macr o- econom c reformand the return of stability and confi dence.
These issues are addressed in other papers in the overall study,
and are not exam ned further here.

FI GURE 1

PAYMENTS FOR TECHNOLOGY TRANSFER CONTRACTS AS A PERCENTAGE OF CGDP

BRAZI L - 1967-1987 AND SOUTH KOREA - 1983-1987
06 -

05 B srail
| B Korea
04 -
=
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0,2
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Year

Notes:

Amount refers to payments effectively made during each year as registered in the Central Bank.

They include technical assistance fees, royalties and commissions.

Sources: Brazil: own calculation, basic data in Biato et al. (1973) for 1967-1970 data, Fung &
Cassiolato (1976) for 1972-1974 data and Cardoso (1988) for 1979-1988 data; South Korea: KDB (1988).

But there is a second challenge that is the main focus of
this paper. This is not about the 'quantity' of technology
acquired from abroad; it is about how that technology is
acquired. If increased volunes of inported technology are to play
their full potential role in enhancing conpetitiveness in the
1990s, it will be totally inadequate just to go back to the
typical ways of acquiring technology in the past. Those
approaches nust be radically altered. There are two reasons for
t his.

IE/UNICAMP - |EI/UFRJ - FDC - FUNCEX




17

Estubo bA COMPETITIVIDADE DA INDUSTRIA BRASILEIRA
ODOCOOOCOOO0COOO OO0 OO0 0000000000000 0000000000000 0000000000000 00000 0000000000

g

1) There is now nuch greater understandi ng about the process
of technol ogical change, its role in the conpetitiveness of
industry, and its interaction with technology inports. Thi s
understanding, a benefit from hindsight that was not then w dely
avai |l abl e, suggests that the dom nant approaches to acquiring
foreign technology in Brazil in the period up to the 1970s fail ed
to exploit its full potential. Different approaches wll be
needed in the 1990s if any increase in the 'quantity' of inported
technology is to contribute as effectively as it mght to the
conpetitiveness of Brazilian industry.

2) Beyond that, an obvious but inportant point is that the
1990s are not the 1970s and the international context for
technology acquisition by Brazilian firnms is now radically
different. The rates, directions and processes of technol ogica
change have fundanentally altered, as have the opportunities and
constraints facing firms seeking to acquire technology in the
international 'mrket'. These changes are a further set of
reasons for radically changing Brazilian industry's earlier
approaches to the acquisition of inported technol ogy.

The nost evident inplications of these two points are for
t he managenent of industrial enterprises. In summary, managi ng
the acquisition of i mported technology wll have to be I|inked
into much nore intensive and strategic investnents in the firns'
own resources for generating and managing their technol ogical
dynami sm  These enhanced investnments in innovative capabilities
will be required not as alternatives to technology inports, but
as essential conplenents that will be needed to gain the greatest
possi bl e conpetitive benefits from what is inported. | ndeed,
they will be needed even to gain any access at all to sone areas
of foreign technol ogy.

There are, however, inplications for governnment policy as
wel | . In part, these are about continuing the changes in
econom c policy that have sought to bring greater conpetitive
pressures to bear on enterprises. In part also, they are about
ot her neasures designed to overcone the limtations of market
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mechani snms in stinmulating 'optimal' investnments in know edge and
related intangible assets - neasures that will (i) enhance the
technol ogical responses that firnms nake to greater conpetive
pressures in the shorter run, and (ii) increase the extent to
which they create the technological basis for new areas of
conpetitiveness in the |onger run.

The next section of the report sets out the background for
our exam nation of these needs for change in mnagenent and
policy in this area. It outlines the dom nant approaches to
acquiring inported technology since the 1950s, and enphasises
that, wth a few notable exceptions, those approaches have been
characterised by two basic features.

1) Technology inports were typically disconnected from
significant 1innovative activity in the technology inporting
firms: they were wusually not preceded by, acconpanied by, or
foll owed by substantial conplenentary research, developnent or
engi neering efforts.

2) As a consequence, technology inports were only rarely
assimlated into continuous processes of rapid technical change.
Qoviously they were often foll owed by sone degree of inprovenent
in process efficiency and product performance as '| earning-by-
doing’ and mnor adaptation occurred, but the intensity of such
"increnmental’ technical change was often inadequate to sustain
conpetitiveness in technologically dynam c international markets,
and it rarely <created new bases of conpetitiveness in
progressively higher val ue-added activities.3

Sone of t he new under st andi ng about t echnol ogy,
international transfer and industrial conpetitiveness that has
beconme nore wi dely accessible since the 1970s suggests that these
aspects of Brazilian experience were neither inevitable nor

It is worth pointing out the existence of important exceptions to this general pattern. Also,
that there have been some sectors - such as paper and pulp, shoes, steel and petrochemicals -
which attained very high exports during the 1980s. However, it is worth recalling that exports
in these sectors tend to be restricted to commodities and that exporting firms lack
technological capabilities to produce higher value-added goods and are finding difficulties to
penetrate more sophisticated market segments at international level.
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simlar to the -experience of a few other industrialising
econom es that have exploited inported technology nmuch nore
effectively. These issues are outlined in Section 3. Section 4
then examnes features of the international context for
technology acquisition in the 1990s. It enphasises the
significance of new challenges that stem from the conbinati on of
(i) new patterns and processes of technical change (the so-called
'new techno-econonmc paradigm ), and (ii) new factors that my
i nfluence both the accessibility of foreign technology and the
terms of its acquisition.

Section 5 sunmarises the new approaches to managenent and
policy that will be needed if Brazilian industry is to exploit
the full contribution to conpetitiveness that can be nade by
i nported technol ogy.
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2. PAST PATTERNS OF TECHNOLOGY | MPORTS AND TECHNOLOG CAL
DEVELOPMENT BY BRAZI LI AN | NDUSTRY

The aimof this section is to outline patterns and trends in
Brazilian technology inports during and after the era of inport
substituting industrialisation. However, it sets this outline in
the context of the broader technol ogical behaviour of Brazilian
firms. In particular, it suggests that, across nost firns,
inmported technology has been used nerely as the basis for
achi eving one-of f steps of increased conpetitiveness by acquiring
the designs and specifications for new products and/or the
speci fications, equi prent and operating knowhow for new
processes. Wth a few exceptions, those inports of technol ogy
were not being incorporated into a significant process of
t echnol ogi cal devel opnent and change within Brazilian industry
itself; nor were they being used to augnment the inporting firns'
own technological capabilities for generating such paths of
t echnol ogi cal dynam sm

2.1. Technology Inports in the Inport Substitution Era

| nport substituting industrialisation increased the demand
for foreign technol ogy. Table 1, for instance, sunmarises the
findings of research conducted in 1971 anmong 454 of the 500
| argest manufacturing firnms in Brazil. It shows that,
particularly after 1945, these firnms tended to rely increasingly
on foreign technology at the tine they were set up. O the
national firms which were installed between 1946 and 1955, 54.2
per cent needed foreign technology. This proportion grewto 62.9
per cent for those which started producti on between 1956 and 1965
and to 68.2 per cent for those created between 1965 and 1970
Forei gn-owned firms, obviously, counted on foreign technol ogy,
but as Table 1 also shows this reliance grew as industrialisation
deepened and nore conpl ex production nmethods were required.
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TABLE 1
BRAZIL - ORIG N OF TECHNOLOGY USED WHEN | NDUSTRI AL FI RMS WERE
| NSTALLED (454 LARGEST FI RVB)

PERIOD OF NATIONAL FIRMS FOREIGN FIRMS
INSTALLATION
Local Techn. Foreign Techn. Local Techn. Foreign Techn.

Before 1930 53.1 46.9 16.2 83.8
1931-1945 63.7 36.3 21.2 78.8
1946-1955 45.8 54_2 13.3 86.7
1956-1965 37.1 62.9 10.4 89.6
1965-1970 31.8 68.2 _ 100.0
Total 51.4 48.6 14.5 85.5

Source: Biato & Guimardes (1971).

TABLE 2
BRAZI L - TECHNCOLOGY CONTRACTS BY THE | NDUSTRI AL SECTOR
1962- 1969
SECTOR N° % SECTOR N° %
Metal lurgy 308 18.50 Non-metallic Minerals 76 4.56
Mechanical 202 12.13 Pharmaceuticals 130 7.80
Chemicals 204 12.27 Textiles 108 6.48
Electric and Communic. 193 11.60 Paper and pulp 22 1.32
Car Industry 178 10.69 Wood 7 0.42
Plastics 35 2.10 Rubber 19 1.14
Leather goods 3 0.18 Furniture 7 0.42
Personal Appliances 25 1.50 Clothing & Shoes 18 1.08
Food Industry 32 1.92 Beverages 20 1.20
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Tobacco 3 0.18 Editorial 6 0.36

Others 69 4.15

Note: Total (1665) refer to the sum of the five categories (technical assistance, patents, trademarks,
engineering services and projects) of the 1224 contracts of the transformation industry.
Source: Biato et al. (1973).
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A detailed account of technology inports can only be nade
for the period since 1962 when Law 4131 (of 27/09/1962) was
i mpl enent ed. This attenpted to regulate the entry of foreign
capital into Brazil and introduced for the first tine regulations
regardi ng paynment for transferred technol ogy“

From 1962 to 1969, 1,224 contracts for technical assistance,

patents and trade nmarks |icences, engineering services and
projects of manufacturing industries were registered at the
Central Bank. Table 2 shows the sectoral distribution of
contracts. The sectors responsible for the bulk of inport

substitution, such as netallurgy (18.50 per cent), chemcals
(12.27 per cent), nmechanical (12.13 per cent), electric materials
and communi cations (11.60 per cent) and the car industry (10.69
per cent) were those which accounted for npst of technol ogy
inmports as represented by the contracts registered>.

For the firms which registered contracts in INPl, there was
no correlation between transfer of technology and internal
efforts to develop innovative capabilities. The only avail abl e
survey of the period points to a very inadequate situation. O
t he above nentioned 454 largest firnms, only 290 (64 per cent)
reported any internal effort to develop technology follow ng the

acquisition of foreign technol ogy. Even with these firnms, the
internal undertaking was very |imted: no single firm infornmed
of R&D leading to a new product or process. The bul k of

technol ogi cal activities was directed towards introducing small,
| ess conplex, nodifications to existing products or processes
(66.7 per cent). Prototype experinents cane a distant second
(16.9 per cent) and nmmjor adaptations and changes to existing
products or processes in third place (16.4 per cent) (Biato &
Qui mar des, 1971).

The law stated that any contract which included payment for technologies acquired abroad
should be registered at the Central Bank.

It is important to point out that registered contracts represent only a fraction of all
imported technology since they refer only to technologies which were paid for. For instance,
it may be that when a subsidiary of a MNC was installed technology would be introduced without
external payment.
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Low levels of internal R&D activities were acconpanied by
very weak |inkages wth governnment-owned industrial research
institutes and universities, as docunented by this and other
studi es whi ch anal yse the technol ogi cal behaviour of firnms in the
early 1970s (Biato et al., 1973; Figueiredo, 1972; Erber et al.,
1974). The general inpression was that:

"industrial entrepreneurs were 'satisfied" with a |ow
| evel of l|ocal technological activities and a strong
reliance on inported technol ogy and such 'satisfaction
can be wunderstood in the light of the pattern of
devel opment followed in Brazil since the md-fifties -
whi ch reduced the inportance of sone of the reasons for
a policy of nore technol ogical self-reliance" (Erber
1980: 422).

2.2. Technology Inmports in the 1980s

| mports of technol ogy 'enbodied in capital goods fell at the
begi nning of the 1980s. They then steadily increased over the
next decade to the point where they exceeded the |evel of the
early 1980s (Table 3). This rising trend acconpani ed the overal
reduction in donmestic capital goods consunption (and production)
over the decade: despite the tenporary increase in both in the
m d- 1980s, by 1991/92 consunpti on and production of capital goods
were only at about 60 per cent of their 1980/81 |evels. The
conmbi nation of these two trends resulted in the share of inports
in total capital goods consunption doubling between 1980/81 and
1991/92 from around 8 per cent to 16 per cent.

In contrast, inports of 'disenbodied technology (referred
to hereafter sinply as 'technology') appear to have declined
during the 1980s. [If, for instance, these inports of technol ogy

are neasured by paynment for technology contracts registered at
INPI, the reduction was from US$ 321 million in 1980 to US$ 174
mllion in 1987 (Table 4). This decline in absolute |evels was
also evident in relative terns - as earlier indicated in Figure
1, which shows paynment for technology transfer contracts as a
percentage of GDP for the 1966-1987 peri od. This ratio, which
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increased during the last phase of inport substitution to nore
than 0.35 per cent in the md-1970s, consistently decreased
during the 1980s to 0.07 per cent in 1987.

TABLE 3
BRAZI L - CAPI TAL GOODS - | NTERNAL PRCODUCTI ON, EXPORTS, | MPORTS
AND CONSUMPTI ON

1975- 1992
(1992 USS$ Billion)
YEAR INTERNAL PRODUCTION EXPORTS IMPORTS CONSUMPTION (IP-X+M)
1975 15.71 0.33 1.65 17.03
1980 24.89 1.76 2.75 25.88
1981 22.19 1.81 3.20 23.58
1982 18.19 1.30 2.06 18.95
1983 14.90 1.24 1.25 14.91
1984 15.63 1.54 1.06 15.15
1985 18.40 1.74 1.17 17.83
1986 21.04 1.55 1.51 21.00
1987 21.59 1.77 2.02 21.84
1988 20.96 2.34 2.55 21.17
1989 20.10 2.44 1.99 19.65
1990 18.34 2.18 2.60 18.76
1991 15.19 2.08 2.47 15.58
1992 13.72 2.19 2.31 13.84
Source: ABIMAQ/SINDIMAQ.
TABLE 4
BRAZI L - TECHNOLOGY | MPCORTS
1979- 1988
(US$ MI1ion)
YEAR PATENTS & LICENSED OTHERS TOTAL (2+3) TECHNICAL SERVICES TOTAL
TRADEMARKS TECHNOLOGY
1979 9 6 11 17 287 313
1980 12 11 14 25 284 321
1981 12 18 12 30 234 276
1982 5 17 10 27 208 240
1983 12 10 14 24 182 218
1984 9 8 8 16 177 202
1985 5 21 41 62 108 175
1986 2 20 43 63 119 184
1987 3 39 26 65 106 174
1988 3 12 27 39 93 135
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Total 72 206 162 368 1798 2238
o) 3.2 9.2 7.2 16.4 80.4 100

Source: INPI.

It is instructive to conpare this trend of falling
' dependence' on technology inports with the experience of South
Korea. During the same period, as that country increased it
international conpetitiveness in existing industries while also
creating bases of conpetitiveness in new industries, its paynents
for foreign technology increased in absolute terns from US$ 150
mllion in 1983 to US$ 637 million in 1987 (KDB, 1988), and then
to US$1.18 billion in 1991 (CECD, 1992). Also, as a proportion of
GDP, those paynents increased fromO0.19 per cent in 1983 and 0.57
per cent in 1987 (Figure 1). In other words, rising industrial
conpetitiveness was acconpani ed by an increase - not a reduction
- in inported technol ogy.

Even nore striking, however, was the fact that this rapid
growh in technology inports was linked to yet faster growth in
donmestic innovative activity - as reflected only inperfectly in
data on donestic R&D expenditure. VWil e paynents for inported
technol ogy in 1982-86 were 13 tinmes larger than in 1972-76, total
donmestic R&D expenditure was 33 tinmes larger, and private R&D
expenditure was nearly 70 tines |arger. Thus, as South Korea
increased its conpetitiveness across a w de range of industry,
the country's rapidly rising paynents for inported technol ogy
constituted a falling proportion of total innovative effort. In
short, South Korea (like Taiwan and Singapore)® was vigorously
exploiting the international stock of technology wthin a mnuch
broader spectrum of even nore intensive donmestic efforts to
strengthen the technol ogi cal basis of its international
conpetitiveness.

The contrast wth Brazil is striking. Not only were
technol ogy inports steadily falling, they were not acconpani ed by
any significant increase in R& expenditure by local firnmns. A

See the companion paper for this project: Mike Hobday, The Development of Technological
Innovation Capability in Developing Countries: Strategies of East Asian NICs for Catching up
in Electronics, 1993.
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detail ed evaluation of technology expenditure by private firns
using inconme tax fornms (technology expenditure is subject to tax
rebates) estimated that in 1976, the Brazilian manufacturing
sector as a whole devoted only 0.1 per cent of sales to R& (M
Cassi ol ato, 1981). Anot her survey carried out in the md-1980s
(FTI, 1986) concluded that in 1982 the technol ogy expenditure of
the Brazilian manufacturing sector represented only 0.15 per cent
of operational revenues. This can be conpared with equival ent
figures of 1.5 per cent for the US (ten tines larger) and 2.5 per
cent for Japan (Ferraz, 1989).

Anot her assessnent was a study carried out at CNPg which
based on a survey of 1,118 firns, suggested that in 1983, private
firms' R&D expenditures accounted for only about ten per cent of
the country's total R&D expenditure (Paulinyi, 1984). But that
may overstate the relative inportance of private sector R&D. The
1985 Brazilian industrial census introduced, for the first tine,
guestions related to the technology behaviour of firns.
Prelimnary results show that, in 1985, only 1,288 firns (two per
cent of firms included in the census) reported to have nmade R&D
expenditure (Table 5). Also, according to the census, these firns
spent US$ 311 mllion in R& in 1985. Gover nnent - owned
enterprises were responsible for 54.7 per cent of expenditure (US
$ 170 million) and private firns for the remaining 46.3 per cent
(US $ 141 million). The share of industrial R&D of total R&D was
17 per cent, with state enterprises accounting for 9.3 per cent
and private firnms for only 7.7 per cent.

These figures have not been very nuch disputed since the
nunber of firnms which are engaged in any type of formal R&D is
very small. Table 6 shows the absolute and relative nunber of
R&D active firms fromthe largest 3,869 firns in 1985. O these,
only 366 (9.5 per cent) are regarded as performng R& in a
systematic way. Not surprisingly, they are heavily concentrated
in the nost dynamic sectors of netal -mechanics, electronics and
the chem cal - petrochem cals conpl ex. But even inside these
sectors, apart from electronics, where 34.9 per cent of the
|argest firnms performed R&D, the relative nunber of active R&D
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firmse was very small: 9.7 per cent of the netal nechanics firns

and 16.6 per cent of the chem cals and petrochem cals firnmns.

TABLE 5
BRAZI L - R&D EXPENDI TURES BY | NDUSTRI AL SECTCOR
1985
;EE;B& NE (1) EARNINGS % R&D (2) % R&D AVERAGE R&D INTENSITY
@ A (C))

&é;;;;ic minerals 32 3528 5.5 39.5 12.7 1.23 1.12
Non-ferrous 23 768 1.2 39.3 12.6 1.71 5.12
metallurgy

Elegtronic 92 1813 2.8 45.6 14.7 0.5 2.52
equipment

Auto industry 36 8181 12.7 45.0 14.5 1.25 0.55
Chemicals 23 3715 5.8 34.8 11.2 1.51 0.94
Oil refining & 39 21310 33.0 38.2 12.3 0.98 0.18
petrochem.

Subtotal 245 39315 61.0 242 .4 78.0 0.99 0.62
Others 1043 25208 39.0 68.5 22.0 0.07 0.27
Total 1288 64523 100 310.9 100 0.24 0.48

Notes: (1) Number of firms reporting spending on R&D.
(2) Amount in US$ Million.
(3) Average R&D expenditure by Ffirm.
(4) R&D expenditures as a percentage of earnings.
Source: FIBGE, 1985 census, preliminary results, special tabulation.

TABLE 6
NUMBER OF R&D ACTIVE FIRVS | N BRAZI L AMONG THE 3 869 LARGEST
MANUFACTURI NG FI RVS

1985
INDUSTRIAL SECTOR N° OF R&D ACTIVE TOTAL % OF ACTIVE FIRMS
Metal-Mechanics 111 1 145 9.7
Electronics 90 258 34.9
Chemicals/Petrochemicals 102 635 16.1
Non-Metallic Minerals/Paper and Pulp 21 362 5.8
Others (Mostly Traditional Sectors) 42 1 469 2.9
Total 366 3 869 9.5
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Source: Dahlman & Frischtak (1990).

External technical relations did not substitute for the |ow
level of firms' own R&D. A study of CDE (the Council of
| ndustrial Devel opnent of the Mnistry of Industry and Trade), as
descri bed by Braga and Wl Inore (1990), may help to clarify this
i ssue. Table 7 gives alternative sources of technology for a
survey of the 4,324 largest industrial units. It shows that, for
all types of technol ogy considered - product design, tool design,
product engineering, process engineering and layout - the main
source of technology wused was reported to be in-house
devel opment. This is so even if it is recalled that only a snal
portion of the sanple acknow edged having any internal formal R&D
activity. Brazilian R& institutes made a very insignificant
t echnol ogi cal contribution (apart from project engineering where
13.1 per cent of firnms relied on this source). Also, as a
reflection of the above figures on paynent for foreign
technol ogy, inported technol ogy seens negligi bl e.

TABLE 7
BRAZI L - ALTERNATI VE SOURCES OF TECHNOLOGY OF 4 324 LARGEST
MANUFACTURI NG FI RM5 SOURCE OF TECHNOLOGY

TYPE OF TECHNOLOGY IN-HOUSE BRAZILIAN BRAZILIAN Ré&D IMPORTED
SUPPLIERS INSTITUTES

Product design 81.3 22.5 2.8 9.1

Tool design 65.4 32.1 5.6 7.2

Product engineering 86.4 9.8 4.3 5.2

Project engineering 75.2 17.5 13.1 5.9

Layout 82.3 11.4 9.6 4.0

Note: Multiple sourcing explains why total adds up to more than 100 per cent.
Source: Braga & Willmore (1990).
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As for Brazilian suppliers, their contribution was not very
significant. The only types of technology for which suppliers
contributed are the design of tools (32.1 per cent of firns
acknow edged that suppliers provided then) and of products (22.5
of firms received their product designs from suppliers). On the
other end, only 9.8 per cent of the 4,324 |argest manufacturing
firmse acknowl edged that suppliers were an inportant source of
technology for product engineering and only 17.5 per cent
recogni sed that they contributed to project engineering. Al so,
custoners were not considered as an inportant source of technical

change. In the end, the use of external sources of technol ogy
seens at |east precarious. This was confirmed by two studies
made by FINEP (Carvalho et al., 1985; Facanha, 1988) which,

through a survey conducted with all the firnms which received
financial support for their technology prograns, concluded that
i ndependently of the sector, the use of external sources of
technol ogy was very limted.

In short, the steady reduction in technology inports during
the 1980s was not an isolated phenonenon that was at odds wth
ot her aspects of the technol ogi cal behaviour of Brazilian firns.
Instead it was nerely one facet of that broader pattern of
behaviour: firnms were acquiring limted technology from foreign
sources, from other Brazilian firnms, from donmestic institutions
and fromtheir own innovative activities.

2.3. The Rol e of Gover nment

As Brazil |acked a coherent industrial technology strategy
during the inport substitution phase, policy towards technol ogy
inports was essentially 'defensive' and ' negative'. It
concentrated on legal regulation - attenpting to regulate

conditions associated with contracts for technology transfer.
NPl was created in 1971 at the Mnistry of Industry and Trade
with the aimof registering and evaluating these contracts. |Its
role was mainly concerned with controlling the financial paynents
for technology (part of the so-called 'costs' of technology) and
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| egal aspects (for exanple, examning the restrictive clauses in
i censi ng agreenents).

Apart from very general conditions inmposed on |icensees
(such as the need for themto invest in R& or to engage in joint
work with industrial R& institutes) which were generally never
fulfilled, there seens to have been little or no direct support
for training, learning or R&D in association with the acquisition
of inported designs, specifications, equipnent and operating
know how. The ADTEN programme of FINEP (which was under the
Mnistry of Planning) apparently did include a sub-item to
finance technology licensing, but this appears to have been of
m nor significance - probably reflecting the generally 'passive
nature of the broader technol ogi cal behaviour of firms. Also the
RHAE Programme provided support for overseas training of
personnel from firms, but this does not seem to have been
directly linked to broader technology acquisition projects and
programes of firns and was not very substantial (and limted to
the few selected 'high tech' areas). Apart from these limted
programmes, no ot her aspects of explicit policy, except for those
affecting segments of the informatics industry, were ever
directed systematically towards strengthening the role of [ ocal
t echnol ogi cal developnment either as a substitute for, or a
conplenment to, the country's inports of industrial technology.

O her aspects of governnent support for industrial R& did
not help very mnuch. Most of the governnent's support to R& in
the late 1960s consisted of building up an R& infrastructure.
Continuation of this approach achieved considerable success
during the 1970s: as shown in Table 8, the share of R&D as a
proportion of GDP was estimated to be 0.24 per cent in 1970 and
it nmore than doubled to 0.58 in 1980 (approxinmately US$ 958
mllion)?7. However, crisis conditions during the 1980s resulted
in a collapse of gover nnment expenditure on the R&D
infrastructure, and long termfinance for R& deteriorated. As a
consequence, overall R&D expenditure as a proportion of GDP

In 1980 according to the Central Bank of Brazil, GDP was US$ 165.26 billion (Central Bank of
Brazil, 1989 annual report.
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stagnated throughout the 1980s. Table 8, for instance, provides
two alternative hypotheses for the behaviour of this indicator
t hroughout the 1982-1987 peri odé. Both alternatives converge
around the stagnating trend throughout the period. If the
pattern of the 1970s is conpared with the correspondi ng patterns
of the 1980s, the change in pace is notable.

TABLE 8
BRAZI L - TOTAL R&D EXPENDI TURES OVER GDP
1970- 1987
YEAR R&D/GDP (1) YEAR R&D/GDP (2) R&D/GDP (3)
1970 0.24 1982 0.80 0.66
1971 0.24 1984 0.62 0.51
1975 0.51 1985 0.74 0.63
1980 0.58 1986 0.80 0.66
1981 0.58 (4) 1987 0.90 0.66

Notes:
(1) Cassiolato (1981). Based on CNPg"s statistics.
(2) MCT (1988). CNPg-"s statistics. Include expenditures by federal and regional governments and an
estimate

of expenditures by private sector of 20 per cent of total expenditures, based on a survey made in
1983.
(3) Dahlman & Frischtak (1990).
(4) After a change of methodology CNPq revised the 1981 figure to 0.7 per cent of GDP. A most
debatable

inclusion in S&T expenditures, after those methodological alterations, are current expenses of
several

federal agencies not dealing directly with science and technology.

Regardl ess of which estimate one considers, Brazil fares
very badly in international conparisons for the 1980s. Table 9
presents estimtes of gross expenditure on research and
devel opment (GERD) as a proportion of GDP in 1985 for sonme COECD

and devel opi ng econom es. It is notable that estimates for all
countries are substantially higher than Brazil's even if we
choose the nost optimstic estinmate of CNPg. For the COECD

econom es, they range from 2.20 per cent (UK ) to 3.20 per cent

The First consists of official CNPq (the Brazilian National S&T Council) statistics which
include actual expenditure by federal agencies and estimates of expenditure by regional
agencies, state governments and the private sector. they tend to overestimate the total
expenditure since they include, after 1981, the current expenses of several federal agencies
which could hardly be considered S&T commitments. The other alternative also relies on CNPg"s
statistics but in a more precise way (Dahlman & Frischtak, 1990).
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(West Germany) and for the other devel oping countries they range
from 0.90 (India) to 1.78 ©per cent (South Korea), all
substantially above CNPQ's hypothesis regarding the Brazilian
CGERD (0.74 per cent of GDP)

But perhaps nore significant than the aggregate |evel of R&D
expenditure is the fact that the governnment has been responsible
for nost R&D expenditure, and a very large part of that
expenditure has been wused to execute R& in government
institutions. This pattern is very different fromthat in other

countri es. For exanple, Table 9 sunmarises the share of the
private sector and governnment in total R&D expenditure in 1985
for sone selected CECD and devel oping countries. In the nost

advanced OECD econom es, the private sector was responsible for
at |l east 40 per cent of total expenditure and in sone countries,
such as West GCermany and Japan the private sector contributed
nore than 60 per cent. As far as sone of the |argest devel oping
countries are concerned, the private sector was responsible for
68 per cent of total R&D expenditure in South Korea in 1983/ 84,
54.3 per cent in Taiwan in 1982/83 and 23 per cent in India in
1982/ 83. In contrast, the Brazilian private sector was
responsible for only 7.7 per cent of total expenditure in 1985
when the only conprehensive evaluation of private sector R&D
expenditures was conpiled by the industrial census (Vaitsos,
1990) .

TABLE 9
TOTAL R&D AS A PERCENTAGE OF GDP/ GNP AND SHARE OF PRI VATE SECTOR
AND GOVERNMENT R&D EXPENDI TURES ON TOTAL R&D EXPENDI TURES OF
SELECTED COUNTRI ES

1985

COUNTRIES R&D/GNP PRIVATE (%) GOVERN. (%) OTHERS (%)
u.s. 2.94 48.4 49.8 1.8
Japan 2.11 74.0 19.1 6.9
United Kingdom 2.20 44 .6 43.4 10.5
France 2.97 41.4 53.0 5.6
West Germany 3.20 60.9 37.6 1.5
Brazil 0.74 7.7 92.3 _
India (82/83) 0.90 23.0 NA NA
South Korea (83/84) 1.78 68.0 NA NA
Taiwan (82/83) 1.20 54.3 NA NA
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Sources: R&D/GDP - UNESCO (1987).
Other data - OECD (1987) for OECD countries, CNPq (1986) for Brazil, CSIR (1986) for India,
Rushing
& Brown (1986) for South Korea and Taiwan.

Al ongside this pattern of limted investnent in R&D, and in
contrast to Japan for exanple (see Section 3.6), little effort
was made to regulate the entry by firnms into particular areas of
technology in order to ensure that the structure of particular
industries was aligned wth objectives about incorporating
technol ogy inports into longer termtrajectories of technol ogical
dynami sm | ndeed, the approach seens to have been sinply (i) to
maxi mse the nunber of entrants in order to achieve
‘conpetition', rather than (ii) to regulate the structure in
order to create the basis for technologically active forns of
conpetition. So, policy on industrial entry has fragnented
i ndustries between |arge nunbers of firnms which, apart from being
permanent|ly protected from international conpetition, have been
too small to develop any significant technol ogical dynam sm of
their own. Al so, although the huge Brazilian nmarket endowed
firme wth substantial bargaining power vis-a-vis foreign
technol ogy suppliers (over what they wll supply and how they
will contribute to |ocal technological capabilities), the policy
of permtting (and usually encouragi ng) fragnented entry into new
industries sinply frittered away that advantage.

2.4. The Overall Pattern

To sunmarise then, across the mjority of technol ogy
inmporting Brazilian firms and over four decades fromthe 1950s to
the 1980s, the acquisition of foreign technol ogy was not part of
a broader process  of technologically dynamc industrial
devel opment. Instead, industrial firms - usually technologically
insulated from others and from the w de range of technol ogical
institutions - acquired foreign technology to achieve one-off
steps in changing their products and processes.
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One inplication of this pattern has been the limted
intensity of technical change in industry. As is well known from
numer ous studies of 'technological |earning’ during the 1970s,
there was often some degree of adaptation of technology and
significant mastery of its basic operation (for exanple, Katz,
1984 and 1987, and Teitel, 1981 and 1984). There m ght also be
sone elenments of 'learning-based” further inprovenent and
devel opment of the inported technology - although sone detailed
studi es suggest that even that type of active inprovenent and
dynami c assimlation of acquired technology mght often be very
limted - for exanple, the technologically 'passive' adoption of
digital process control technology by firnms in the petrochem cal
i ndustry during the 1980s (Carval ho, 1992). More generally, it
seens clear that the assimlation of inported technology sel dom

anounted to a trajectory of persisting inprovenent and
devel opment that matched, |et alone surpassed, the rates needed
to sustain international conpetitiveness. These ' ex-post

patterns of limted dynamsm in assimlating what had been

inmported were typically associated with only limted 'ex-ante'
efforts to create the technological capabilities required for
effectively exploiting international sources of technology in the
first place. And, as firns' ex-post phases of Ilimted
assimlation of inported technol ogy becane the ex-ante phases of
their subsequent technology inports, the trajectories persisted
over |ong peri ods.

It is not surprising, therefore, that it is now wdely
agreed that poor technol ogical performance is at the core of nost
of Brazilian industry's weak conpetitive position. Firns'
[imted capacities to innovate have been identified as centra
el enents in nost recent diagnoses - either from external sources
(Dahl man & Frischtak, 1990) or from extensive internal studies of
i ndustry and technol ogy (Coutinho & Suzigan, 1991).

It woul d obviously be m sleading to suggest that the general
pattern outlined above has been totally uniform across all firns
and all tines. It is quite clear that some firns have drawn
intensively on foreign technology to enhance their own
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technol ogi cal capabilities, and they have linked that to the
devel opment of trajectories of rapid technical change and rising
conpetitiveness - for instance USIMNAS (Dahlman & Fonseca,

1987). (O hers have taken aggressive and strategi c approaches to
t heir managenent of major projects for the acquisition of foreign
technol ogy. They have invested ex-ante in their own engi neering
and research capabilities, and then used those as the basis for
searching out, acquiring and absorbing much greater 'depths' of
technol ogy and expertise than just the basic elenents needed to
i npl enent a one-off step - for instance, PETROQUI SA during the
i nvestnment project for the COPESUL ethylene conplex (Sercovich

1980). O hers have taken even nore aggressive and strategic
appr oaches. Seeking to link foreign technology directly into
their own intensive product devel opnment and design activities,
t hey have set out not nerely to acquire and accumnul ate technol ogy
from foreign sources, but to do so in the inmmediate context of
technol ogi cal devel opnent at the international frontier - for
i nstance, Metal Leve's establishnent of an R&D centre in M chigan
to support its technological conpetitiveness in the autonobile

conmponent industry. Unfortunately, such exceptions to the
general pattern are just that - fairly rare exceptions.
Neverthel ess, they illustrate possibilities and potentials that

m ght be nuch nore w dely exploited.

IE/UNICAMP - |EI/UFRJ - FDC - FUNCEX




37

Estubo bA COMPETITIVIDADE DA INDUSTRIA BRASILEIRA
ODOCOOOCOOO0COOO OO0 OO0 0000000000000 0000000000000 0000000000000 00000 0000000000

[N

3. NEW UNDERSTANDI NG ABOUT TECHNOLOGY, COMPETI TI VENESS AND
| NTERNATI ONAL TECHNOLOGY TRANSFER

The approaches to nmanagenent and policy outlined in the
previ ous section were, as in other countries, heavily influenced
by pervasive and often very sinple ideas about how technol ogi cal
innovation and international technology transfer contribute to
i ndustri al growh and conpetitiveness. However, as new
under st andi ng has been generated over the |ast two decades, the
"mental nodels' that influenced managers and policy-makers in the
1960s and 1970s have becone outdated and msleading in many
respects.

One dom nant issue is about the central role of business
enterprises in generating the technol ogi cal dynam sm of industry.
This may seem self-evident in the 1990s, but it was nuch |ess
obvious in the 1960s and 1970s. At that tinme, in Brazil as in
nost other industrialising countries, considerable enphasis was
placed on infrastructural institutions as the prine novers of

donestic innovative activity. It was expected that they would be
able to generate new technology on behalf of industrial firns
that were seen as being too small, too foreign or too inconpetent

to generate their own.

That sinple optimsm about the potenti al role of
technol ogical institutions stemmed partly from correspondingly
sinple views about the nature of technol ogy. Apart from the
el enents that are enbodied in people by education and training,
technology was either seen as ‘'information' that could be
transmtted fairly easily between organisations, or it was viewed
as being enbodied in machinery which could be bought and sold
i ke any other goods. However, we now understand a bit nore
about the conplexity of industrial technol ogy. In particular,
much of it is tacit and inherently difficult to transmt; and
much of it is highly specific to particular firns and their
mar ket s. Those firns thenselves nust therefore play the prine-
nmover role in technol ogical devel opnent.
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As indicated in the previous section, this point is evident
from the structure of R& activity in the industrialised
countries, especially the nore technologically dynam c ones Ilike
Germany and Japan, where enterprises fund very |arge proportions
of total industrial R&D and execute even |arger proportions. It
is also evident in dramatic transformations of the structure of
R&D fundi ng that have occurred over the |last two decades in sone
of the East Asian NICs. |In South Korea, for instance, government
accounted for nearly 70 per cent of total R& expenditure in
1975. By 1985, despite huge increases in the absolute |evel of
governnent expenditure, that share had fallen to about 20 per
cent, with non governnental sources (mminly industrial
enterprises) accounting for 80 per cent.

In  principle, the central i mportance  of i ndustri al
enterprises as the driving force in technol ogi cal devel opnent has
al ready been well recognised in Brazil - for instance, in several
of the policy statements of the early 1970s - and the issue

t herefore needs only brief enphasis here.

The sane can be said about another issue: the criteria by
whi ch one would assess the macro-econom c inpact of industria
technol ogy inports. In the 1960s and 1970s, the dom nant
perspectives centred in growmh and structural change. |In Brazil,
as in nost developing countries, technology inports were seen as
serving the central econom c objective of accelerating industrial
gr owt h. More specifically, as in nmany of the other |arger and
nore industrially advanced developing countries, technol ogy
inmports were seen as contributing primarily to structural change
in the industrial sector - to the relatively rapid growth of
"heavy' industries (e.g. iron and steel and basic chem cals) and
the 'capital goods' industries producing nmachinery and transport
equi pnment .

By the 1990s, however, that perspective has changed. The
experience of many economes, especially in Latin Anmerica,
Eastern Europe and the forner USSR, has indicated the high costs
that may be associated with |ong periods of enphasis on growth
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and structural change as the dom nant objectives of industria

devel opment. As reflected in the focus of the Brazilian study to
which this paper is a contribution, nmuch greater attention is now
given to issues about international conpetitiveness and the
efficiency of resource use in industrial growth. Questions about
managenent and policy concerned wth acquiring inported
technol ogy are increasingly addressed in that context: t he key
i ssues are about devel opi ng approaches that will nore effectively
link inmported technology to rising industrial efficiency and
conpetitiveness.

This section of the report starts from that point and
concentrates on six key issues where avail abl e new under st andi ng
nmust replace outdated perspectives in developing nore effective
approaches for acquiring inported technol ogy.

a) To «create and sustain industrial conpetitiveness,
techni cal change nust be a continuous, not intermttent, process;
and inported technol ogy nust be incorporated into that continuous
t echnol ogi cal dynam sm

b) 'Adopters' and 'Users' of technology play active and
creative, not passive, roles in generating these trajectories of
conpetitive technol ogi cal dynam sm

c) The resource base needed to play those change-generating
technol ogical roles includes (i) interacting structures of firnms,
not just individual firnms acting in technol ogical isolation, and
(ii) a very wde range of engineering and other capabilities, not
just R&D capabilities.

d) Industrial firnms play inportant roles as creators and
di ffusers, not just enployers, of the human resource conponents
of those w de-rangi ng technol ogi cal capabilities.

e) Technol ogy inports and |ocal innovative capabilities are
conplements, not alternatives, in the process of technical
change.
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f) Market nmechanisns and government intervention are also

conpl enents, not alternatives, in providing the necessary
f ramewor k of i nducenent s for i nvest ment in t echnol ogy
accurrul ation in industrialising econom es.

3.1. Technical Change: A Continuous, Not Intermttent, Process

In the 1960s and 1970s, technical change was seen
essentially as an intermttent phenonenon. Such views were
encouraged by two sets of 'nodels’ of how technology is
i ncorporated into economc activity. One centred on the role of
technol ogy and investnent in the process of economc growh, and
the other on the process of innovation.

Technol ogy, Investnent and Economic G owth

Common anal yses of economc growh not only enphasised the
i nportance of investnent in physical capital as the vehicle for
i ncorporating technology in production. They also tended to view
such capital -enbodi ed technical change as involving infrequent
and relatively large 'lunps' of investnment - in effect, distinct
new plant and factories.® At the sane tinme, these views about
intermttent injections of large lunps of capital-enbodied
technol ogy were often set (sonetimes only inplicitly) within the
framework of ‘'putty-clay' nodels of technical progress: t he
technical characteristics 'enbodied" in particular vintages of
capital were assuned to be fixed by the tinme of investnent
projects, and no further technical progress would occur in the
subsequent lifetinmes of those facilities.

Al this was consistent with the practical experience of
econom sts and financiers working in developnent banks and
mnistries of industry or planning in developing countries:
their somewhat attenuated contact wth the realities of

Following Salter (1966) and others, such "lumps® of capital-embodied technology were described
as "vintages and, as Salter described it, such a vintage consisted of ™"a new outfit of
capital equipment™.
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industrial technology tended to centre on relatively |arge
investnment projects for setting up new plants and factories.
Also, the project feasibility studies which they examned in
their banks and mnistries alnost invariably had at their core a
set of technical (and hence economc) characteristics which
remai ned fixed through the projected 10-20 year lifetinmes of the
proj ects.

The Process of Technol ogi cal | nnovation

Emerging from a different tradition, comon nodels of

innovation led in very simlar directions. They focused on
i ndi vidual product and process innovations - intermttently
occurring phenonena that energed from a sequence of research and
devel opment activities. In the 1960s and early 1970s,

therefore, nost of the enpirical analysis that sought to clarify
the main features of the innovation process focused on i ndividual
innovations - distinct new products and processes that were
exam ned in isolation fromboth precedi ng and subsequent paths of
techni cal changes (e.g. Sherwin & |Isensen, 1967; Mers & Marquis,
1969; Langrish et al., 1972; and SPRU, 1972). These
perspectives also incorporated a feature that was very simlar to
the economi sts' putty-clay distinction: the separation between
(i) the wvarious stages leading up to innovation (the first
commercial application of the new technology), during which the
evolving technology was <creatively shaped; and (ii) the
subsequent stage of diffusion, during which it was presuned to
remain fixed as a succession of users sinply 'adopted and 'used

it as it diffused through the econony.

Thus, within both these perspectives, technical change was
seen as stemming from intermttent 'injections' of technology
into the econony. |In addition, both perspectives involved sharp
boundaries between (i) technologically creative phases of
activity in advance of the injections, and (ii) technologically
static, 'post-injection' phases during which the technol ogy was
di ffused and used, but not changed. I ndustry in devel oping
countries was usually seen as acting on the technologically
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static sides of those boundaries. It was involved in the
"adoption' of given technologies as they diffused internationally
after earlier innovation in the advanced industrial econom es;
and, after the investnent projects required to inplenent the
adoption of technology, firnms in devel oping countries were seen
as undertaking the technologically static use or operation of
given facilities and systens.

I nternational technology transfer was seen, therefore, as a
relatively sinple affair. It was just a channel used
intermttently to provide/acquire sonme or all of the product
specifications, process designs, capital goods, operating know
how, and so forth that were needed to adopt particular
technologies. Usually seen as 'inputs' for investnent projects,
these forns of technology were needed for the immedi ate task of
setting up new production capacity at |Ileast cost, and any
problens for policy or managenent were concerned with short-term
i ssues about these project-linked inputs and their costs.
Virtually absent from debate were any | onger term questions about
whet her and how i nternational transfer mght be linked into |ocal
processes of technical change and innovation. | ndeed for sone
anal ysts, those local innovative activities were sinply presuned
to be absent, irrelevant, or unnecessarily costly relative to the
alternative of inporting the technol ogy invol ved. 10

Evi dence about the grossly distorting sinplifications
involved in these perspectives already existed by the 1960s, but
it attracted little attention. For exanple, Hollander (1965) had
al ready shown that the economc gains from continuing technica
change through the operating lifetinmes of particular vintages of
capital mght be just as significant as the gains frominvestnent
in new plants incorporating conplete new vintages of technol ogy.
Enos (1962) had also provided striking evidence to illustrate a
poi nt nmade by Rosenberg (1972 and 1976): the econom c gains from
maj or innovations (in this case a succession of novel petroleum

10 Alternatively, as outlined later in this section, when the development of local iInnovative
activity was seen as desirable, international technology transfer was seen as having little or
nothing to do with it - except perhaps as a constraint on the emergence of those activities.
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refining processes) nmay be nmatched by the gains from continuing
i nprovenent to each of those innovations during their subsequent
di ffusion and use.

Since then, a wealth of evidence has been accunulated to
indicate the inportance of seeing technical change as a
continuous, not intermttent, process. This has been associated
with fundanmental changes in the basic franmeworks wused in
theoretical and enpirical analysis of innovation and technical
change, and during the 1980s attention came to focus nuch | ess on
i ndi vi dual innovations, and rmuch nore on paths of technol ogica
| earning, trajectories of innovation, and cumnul ati ve sequences of
techni cal change (e.g. Dosi, 1988, and Inmai & Baba, 1989).

These altered perspectives on the dynamcs of technical
change have been associated with radical shifts in perspectives
about the underlying processes. \While neo-classical perceptions
identified technology as being freely available for choice by al
firms, nore enpirically informed perspectives in the neo-
Schunpet eri an tradition have enphasi sed quite di fferent
per specti ves: a large proportion of the stock of technical
knowl edge is tacit and highly specific to particular firns and
mar kets, and its accunul ati on depends heavily on highly |ocalised
| earning processes (Atkinson & Stiglitz, 1969; Nelson & Wnter
1982) .

One consequence of this clarification of the continuous and
| ocalised nature of the innovation process is that one can no
| onger view the nmanagenent of technology inports as sinply a
matter of securing one-off 'injections' of technology at |east
cost . It nmust focus on the nore conplex task of ensuring that
imported technology is incorporated into, and contributes to, a
conti nui ng process of technol ogi cal dynam sm

In addition, it no longer nake nuch sense to draw neat
di stinctions between technologically creative 'producers' of
t echnol ogy on the one hand and technol ogi cally passive 'adopters
and 'users' on the other; and it nakes even | ess sense to presune
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that firms in industrialising countries necessarily fall into the
| atter category.

3.2. The Active and Creative Roles of Technol ogy ' Users’

Wth technical change now nore clearly identified as a

continuous process, it has becone quite evident that the
di ffusion of innovations does not involve the adoption and use of
technologically fixed products and processes. Instead, in
technologically dynamc situations, it typically involves two

stages of technical change in each successive application of the
di ffusi ng technol ogy.

First, the basic features of the technology to be used in
investnment in new production facilities nmay be inproved or
adapted for application in the specific situation involved. This
typically entails a conplex process of engineering devel opnent,
design and re-configuration of the specifications of t he
production systens involved - a technologically creative process
which is totally obscured by sinple terns |like "technol ogy
adoption" or "technol ogy choice".

Second, after initial investnent in new production capacity
that incorporates the diffusing technol ogy, technical change may
continue through the subsequent Ilifetines of the production
facilities in each adopting firm Wth an intensity which varies
bet ween situations, this post-adoption phase of technical change
i ncor por at es a stream of i ncrement al devel opnent s and
nodi fications which further inprove the performance of the
t echnol ogy above the levels initially achieved and/or nmould it to
continuing change in conpetitive input and product markets. The

analysis of "learning curves" in industrial production has
commonly shown the significance of the economic gains fromthis
continuing inprovenent in apparently "given" technol ogies.

However, this 'learning perspective has typically obscured the
under | yi ng processes by suggesting that the inprovenent arises as
a nore or |less automatic product of experience through 'learning
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by doing'. In practice, that experience effect has very little
significance, and the so-called "learning curves" are generated
by continuing paths of creative technical change that are
obvi ously associated with grow ng experience, but not sinply as
an automatic result of it (Bell & Scott-Kemm s, 1990).

As integral conmponents of the so-called diffusion process,
these two types of technical change are w despread and pervasi ve.
They are a feature of technologically dynamc industry in both
devel oped and developing countries - although, wthin both
groups, sone countries appear to pursue these paths of change
nore intensively than others.1  These paths of continuous change
are also common across widely different industries - for exanple
t he sem conductor industry and the brick industry, the machinery
i ndustry and the chem cal industry, the textile industry and the
steel industry. They also appear to be conmon across differences
within industries - for exanple, in the production of high-
performance coated steels in large integrated plants and the
production of standard construction reinforcing bar in small-
scale "mni-mlls', or in the production of sem conductors at
the IT "frontier' as well as in the assenbly of circuit boards at
various distances behind it.12

Perspectives on technical change that negl ect these
technol ogi cally dynam c dinensions of the diffusion process see
only a small part of the way technology and technical change
affect the conpetitiveness of firns and industries.® They also
obscure the significantly creative roles played by the so-called
adopters and users of technology. These roles are inportant in
the first of the two stages of technical change noted above

1 For example, the intensity of continuopus change seems to be much greater in Japanese than US

or UK industry, and much greater in Korean than Brazilian or Indian industry.

There are, of course, differences between industries and technologies in the rates of
continuous, incremental change that are attainable over short term periods. There are also
differences in the length of the periods of incremental improvement that occur between more
radical innovative steps - for example, successive novel vintages of semiconductor technology
have followed each other much more rapidly in the last two decades than successive radical
steps in brick-making technology. Nevertheless, across those kinds of difference, the inter-
vintage phases of continous, incremental change are key components of the technological
competitiveness of firms and industries.

12

13 Debate about whether continuous paths of "incremental® innovation are more or less important

than more "radical®™ innovative steps are about as useful as debates about angels on pin-heads.
Both components of the technical change process are a necessary basis for achieving and
sustaining competitiveness.
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investnment in new production facilities. This stage frequently
draws on a range of suppliers for capital goods, engineering
servi ces, project nmanagenent services and so forth; but
technologically dynamc firns rarely play a purely passive role
in these technol ogical aspects of investnent in the production
facilities they wll subsequently use. They may generate a
significant part of the technology thenselves, perhaps also
incorporating it in the designs of capital goods to be used; and
they may interact wth their suppliers in various ways in
devel oping designs and specifications for the products and
processes i nvol ved. These technologically creative roles are
even nore inportant in the second of the two stages noted above:
i ncorporating technical change into existing production systens.

Although this also wll often draw on inputs from external
suppliers, the technology-using firm itself nust play a
significant role - both independently and in interaction wth

external suppliers.

Playing these roles obviously requires nore than the
accurul ation of skills and know how for operating new processes
at their expected performance standards, or for producing
products to existing specifications. Firms nust accumul ate the
deeper forns of know edge, skill and experience required to
generate continuing paths of increnental change, which both
i nprove on the original performance standards of the technol ogy
in use, and nodify its inputs, outputs and processes in response
to changi ng i nput and product markets. They nust al so strengthen
their capabilities for seeking out and acquiring technol ogy from
other firnms and econom es. And they nust then build on these
capabilities to introduce nore substantial technical changes:
for exanple incorporating significant inprovenents into processes
al ready used or into process technology acquired from el sewhere
for new projects, nodifying the existing types of product,
produci ng substitutes for those already produced, diversifying
into the production of input materials or equipnent, or creating
i nproved process or materials technologies for use by supplier
i ndustri es. This phase may then blur into one in which firns
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produce the kinds of technical change which have usually been
t hought of as significant "innovations".

So, even if we accept the rather narrow view that the
conpetitiveness of Brazilian firns wll depend on their
efficiency as adopters and users of technology generated by
i nnovation elsewhere (not on their ability to generate
significant technological innovations thenselves), we now know
that this has very different inplications from those we m ght
have drawn in the 1970s. In particular, firnms will need to
accunul ate si gni ficant change- generati ng t echnol ogi cal
capabilities of their own in order to play those roles.

3.3. The Resource Base for Technical Change: Interacting, Not
I ndi vi dual Firnms, and ' Engi neering’ Mre Than ' R&D

By the 1990s, the inportance of the technologically creative
roles of technology 'adopters' and 'users' has becone much
cl earer. But so also has the fact that technical change is
generated by interactions between firnms as nuch as by individual
firms thensel ves. Sonme of these interactions involve suppliers

and custoners in the input-output chain - user-producer
technol ogical relationships (Lundvall, 1988 and 1992; COECD
1990a). Many ot hers, however, involve a w de range of technol ogy
col l aboration arrangenents between conpeting as well as
conplenmentary firms (Chesnais, 1988; Cainarca et al., 1992;

Kl ei nknecht & Reijnen, 1992; Hagedoorn & Schakenraad, 1992)14
Thus, an inportant part of the resource base for industrial
technical change is not just the technol ogical capabilities of
individual firms; it 1is the conplex structure of change-
generating interactions between the technol ogical capabilities of
firms.

But what are those technol ogical capabilities? In the 1960s
and 1970s such a question would rarely have been asked. at that
time, the nature of the resources required to generate technica

14 For a full elaboration on this point see Helena Lastres™ companion paper for the Estudo da

Competitividade da Industria Brasileira.
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change seened obvi ous: they were R&D resources. The vari ous
activities defined as research and experinental devel opnent were
clearly identified in the accepted |linear nodels as the 'sources

of innovations; the advanced industrial countries had devel oped
a well structured system for collecting statistics on R& to
provide basic indicators of their ‘'inputs' to innovative
activity; and international organisations (e.g. UNESCO), together
with bilateral technical assistance agencies, were busy advising
devel oping countries that their technological capabilities (or
"scientific and technological potential") could be defined
adequately enough as their R&D capabilities.

Al that now seens remarkably unhel pful since it focuses on
only a small part of the activities and resources involved in
generating technical change. Clearly major innovations do draw
fairly directly on new know edge generated by various kinds of
research, and they frequently do require the design, construction
and testing of prototype products and pilot process plants. But
these R&D activities are only the tip of the iceberg - only one
part of a nmuch w der set of activities that contribute directly
to technical change.

We nust also include in the total iceberg the w de range of
design and production engineering activities through which the
results of R&D nust pass before they result in the comrercial,
productive use of technol ogy. W nust also recognise that,
wi t hout any direct inputs from R&D, those design and engineering
activities are frequently sufficient in their own right as
sources of technical <change in production - especially as
generators of the continuous paths of technical change that we
now recognise as integral features of the process of technol ogy
diffusion. Then we nust take note of a point that has received
greater attention as we have |earned nore about the process of
continuous change ("kaizen") in Japanese industrial production
workers whose primary task 1is the ongoing operation and
mai nt enance of existing production systens may also nmake
significant contributions to the process of technical change.
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Unfortunately, although we now recognise nore clearly the
significance of these various change-generating activities and
resources, we can provide very |limted information about them
We have spent years collecting information about R&D. But, apart
from the fragments of information in a few illustrative case
studies, we can say little about the scale of the various design
and engi neering resources which, with or without direct inputs
fromR&D, are required to generate technical change in particular

sectors and econom c contexts. |Indeed, we would be hard pressed
even to describe in concrete terns what those resources would
consist of in specific situations. Simlarly, while we can

present a little information about the change-generating role of
wor kers whose primary task is operation and mai ntenance, we have
only limted understandi ng about the significance of that role,
about how it is played, or about how it interacts with the
change-generating activities of ot her conponents  of t he
"iceberg' ?

In short, if industrial firns are to interact effectively in
generating conpetitive rates and directions of technical change,
they must invest in acquiring and accunul ating a range of change-
generating resources that is nmuch wider than, and may not even
i ncl ude, R&D resources. Their managenent of the acquisition of
i mported technology will need to take that into account, as wl|
approaches to governnment policy. Among other things, this wll
require nmuch greater enphasis on the firmas a creator, and not
just an enpl oyer, of technol ogical capabilities enbodied in human
capi tal

3.4. Industrial Firms as Creators of Human Capit al

Sonme perspectives on the role of human capital in economc
gromh have given primary enphasis to formal education and
training in institutions operating outside the structure of
industrial firms. And, sonetines with only passing reference to
‘on-the-job-training, firms t hensel ves have been seen
essentially as users, not creators, of the human capital they
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require to generate and rmanage technical change. Such
perspectives understate the central inportance of firnms as human
capital creators. This has been especially significant in

countries |ike Japan and Germany which have been particularly
effective in exploiting the dynamc gains of technol ogical
accunul ati on.

O her perspectives have enphasi sed 'l earning by doing' as an
i nportant nechanism for creating these types of know edge and

human capital; and recognition of the significance of tacit
know edge has highlighted the inportance of 'doing as a neans of
| ear ni ng. However, two caveats should be noted about the role

of | earning by doing.

First, doing one kind of activity is seldom an adequate
basis for acquiring the capabilities needed for others. Thi s
obvious, but often neglected point, has becone increasingly
i nportant as the know edge base for routine production activities
has becone increasingly differentiated from the kinds of
know edge, skill and experience that are required to generate and
manage techni cal change (with the latter organised in
increasingly specialised R&D Laboratories, Design Ofices,
Project Mnagenent Teans, Production Engineering Departnents,
etc.). As the gap between these two kinds of technol ogical
conpetence has w dened, the doing of routine production has
contributed less of the kind of learning that can contribute to
the capabilities for generating and managi ng technical change.
I nstead, types of 'doing' that are specifically change-rel ated
have becone an increasingly inportant basis for change-rel ated
learning (Bell et al., 1982; Bell, 1984).

Second, while various fornms of "doing’ are central to
t echnol ogi cal accunul ation, |earning should not be seen sinply as
a doing-based process that yields additional know edge
essentially as a by-product of activities undertaken w th other
obj ecti ves. It may need to be undertaken as a costly, explicit
activity in its own right: various forns of technol ogical

training and deliberately nmanaged experience accunul ation. Such
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intra-firm efforts, undertaken as conplenents to education and
training outside industry, have been especially significant in
Japanese and Cerman firns.

In these ways, the contribution nmade by firnms to an
econony's overall pool of technological capabilities are little
different from the contributions of other institutions nore
explicitly concerned with education and training. However, the
two types of institution are not just substitutable alternatives:

particul ar kinds of skill and know edge can be acquired only in
firmse and through their investnents in |learning - by doing or by
traini ng. This has fairly obvious inmplications for the way

firmse manage their international technology transfer projects.
However, it also has two inportant inplications for policy.

1) Because of the diffusion of skill and know edge between
firms, they are usually unlikely to be able to appropriate the
full returns to their investnment in learning, and there is
therefore likely to be significant wunder-investnment from a
soci al, and possibly also private, perspective.

2) These 'externalities' should not be seen sinply as
unfortunate problens ('failures’ that hinder the effectiveness of
mar ket nmechani sns). Instead they can be seen as powerful
channel s for the accumnul ation and diffusion of change-generating
knowl edge and skills in industry, and nmechani sm m ght be found to
enhance their significance by inducing firnms to invest in
creating these kinds of human capital deliberately in excess of
their private needs.

3.5. Conplenmentarity |I: Technol ogy I nports and Donesti c
Technol ogi cal Capabilities

It has been very comon to see technology inports and
donmestic technological capabilities as alternative sources of
techni cal change in industrialising economes. This was a comon
view within the influential 'dependency' perspectives of the
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1960s and 1970s. Technol ogy inports were considered as
substitutes for donestic t echnol ogy and squeezed out
("marginalised') nascent donestic technological capabilities.
The volune of inported technol ogy should therefore be controlled
as one nechanism for stinulating the developnment of those
capabilities.

Exactly the same basic view remains conmon within a totally

di fferent i deol ogi cal and policy perspective. Donesti c
technol ogi cal capabilities and technology inports are again seen
as alternative sources of inputs for technical change. The

former, however, are usually presunmed to be high-cost and |ow
efficiency sources; and any neasures to protect them and
stinulate their developnent instead of drawing on inported
technol ogy therefore inposes a burden on technol ogy 'users'.

Those views give little attention to what we have | earned
about the experience of the advanced industrialised countries
where inported technol ogy has played a central role in industrial
growh. It was obviously inportant when those economes were
catching up from behind the technological frontier - as in the
case of GCermany in the nineteenth century and Japan in the
twenti et h. However, it remains inportant for those that are
operating close to the frontier: a very large proportion of
total international trade in technology (either as disenbodied
knowl edge or as technology enbodied in capital goods and
engi neering services) takes place between the advanced industri al
countries thensel ves, rather than between them and the
i ndustrialising countries of the devel oping world. At the sane
time, a significant proportion of the '"innovations' devel oped by
firmse in industrialised countries involve large elenents of
imtation of technol ogy already developed in other countries (De
Melto et al., 1980; Smth & Vidvei, 1992; Deiaco, 1992), and a
large amount of R and D in the developed countries is also

‘imtative': that is, it is perforned to nonitor, assinmlate and
nodi fy the technol ogi cal devel opnents of conpetitor firns that
are often located in other countries (Levin et al., 1987; Cohen &

Levinthal, 1989).
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This highlights two issues. First, there is often no clear-
cut distinction between the kinds of activities and resources
required for 'innovation' and so-called '"imtation'. Second, the
argunent that inporting foreign technology and creating it
locally are alternative (substitutable) neans for generating
technical change does not reflect the experience of these
countries, where technology inmports and |ocal technol ogical
accunul ation have in fact been conplenentary. This has taken
several forns.

1) Inported technology can contribute directly to techni cal
change w thout there being any significant involvenment of | ocal
technol ogi cal capabilities. More often, only sone elenents of
the necessary total conbination of technology are inported and
are conbined with elenments generated locally. The experience of
European countries in the developnent of the North Sea oi
industry in the 1970s illustrates both these patterns. In the
early years of the 'infant industry', projects drew directly and
al nost totally on Anerican technol ogy, but this was followed by a
rapid transition to nore indirect patterns in which inported and
| ocal | y devel oped el enments were conbined (Bell & A dham 1988).

2) Even when technical change depends heavily and directly
on technology inports, these may be conplenented by intensive
efforts to accunulate locally the technological capabilities
needed subsequently for inproving what was acquired initially,
for generating elements of technology to be conbined wth
inported elenments in later projects, or for building a nore
i ndependent position in the long term developnment of the
t echnol ogy. This, for exanple, was the pattern followed by the
US Du Pont corporation when it entered the rayon industry in the

1920s on the basis of inported technology (Hollander, 1965). It
was also very evident in the early industrialisation experience
of Japan. Tanaka (1976) has shown this in the case of the

devel opmrent of the chemical industry between the 1870s and 1920s;
and, in the devel opnent of the shipbuilding industry in the early
part of this century, the |licensing of designs and the
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acquisition of foreign expertise was conplenmented by |arge
investnments in skill and know how for devel oping and inproving
what was initially acquired from overseas, not just for using it
(Fukasaku, 1986). Simlarly, technology acquisition from foreign
firmse was necessary in the early devel opnent of the autonobile,
electrical and railway rolling stock industries, but |ocalised
reverse engineering was also a nmmjor channel for accunulating
product design and devel opnent capabilities once |local firnms had
mast ered production and conponent technol ogi es (Nakaoka, 1987;
Qdagiri & Goto, 1992). Simlarly, in the post-war period, the
high levels of expenditure on inported technology by Japanese
firmse was nore than matched by their conplenmentary expenditure on
engineering and R&D to ensure the dynamic assimlation of what
had been inported (Ozawa, 1974 and 1985; Tanaka, 1992).

3) The process of inporting technology may al so be preceded,
not just followed, by local investnent in related technol ogical
capabilities. This can provide the know edge base needed by an
i nformed buyer of foreign technology, but it also creates a basis
for the dynamic assimlation of what is subsequently inported
The experience of Japan again provides exanples: for instance
in the 1950s, entry into synthetic fibre production with |Iicensed
technol ogy was preceded by substantial investnent in R&D and
rel ated engineering activities (Ozawa, 1980).

4) | mport ed t echnol ogy al so contri butes to | ocal
accunul ation itself, and not just to technical change. This is
fairly obvious when technology inports are acquired through
educational and informal channels - as wth the training of
design engineers or research scientists in foreign universities
and research centres. It is often less visible in comercial
technol ogy transactions between firnms - for instance, when the
licensing of process specifications is acconpanied by access to
underlying design data, training in design routines, and

opportunities to acquire experience in design projects. Such
international |earning arrangenents blur into various forns of
i nternational technological collaboration between firns. The

primary objectives of such |inkages and networks are usually |ess
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concerned about relocating existing know edge and expertise from
one firmto another and nore about pooling intangible assets to
develop new elenents of technol ogy. Nevert hel ess, these
arrangenments may then be inportant nmechanisnms for transferring
internationally the resulting new technol ogy.

The challenge for nmanagers seeking to Ilink inported
technology into the technol ogical dynam sm of their firnms is to
exploit these kinds of conplenentarity, especially the last. As
noted earlier, a few Brazilian firnms have already denonstrated
i nnovative ways of doing so. The challenge for governnment policy
is to stinmulate a very nuch larger nunber of firns to follow
sim | ar approaches.

3.6. Complenentarity Il1: Mrkets and Governnents

Much of the analysis of innovation and internationa
technol ogy transfer in the 1960s and 1970s | acked any reference
to the market contexts in which those activities took place.
That is no longer the case, and issues about the nature of
markets are now often <central to analyses of industria
i nnovation, international transfer and the accumnulation of
t echnol ogi cal capabilities.

Enphasis on that issue is not just a reflection of a-priori
presunpti ons. It is sustained by inportant enpirical evidence.
For exanple, the inportance of conpetitive pressures and rivalry
as an incentive for technological accunulation enmerges from
studies of the origins of conpetitiveness (for exanple, Porter
1990), and from statistical studies of the technologica
activities of the world's large firnms (Patel & Pavitt, 1992).
Conversely an alnost conplete lack of conpetitive pressures was
one reason why production units in centrally planned econom es
had no incentive to devel op or adopt nore efficient techniques.

Nevert hel ess, it IS al so evi dent t hat gover nnment
intervention in conpetitive markets, together wth governnent
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shaping of their structure and functioning, have been inportant
in stimulating paths of technological developnent that are
commonly accepted as having been efficient. Such intervention
has taken several forns.

Trade Protection

During the industrialisation of currently devel oped
countries, governnments typically took neasures to protect their
infant industries from the conpetition of established producers
in nore industrialised countries. The objective was to enable
firme to learn and nmaster the technologies involved, and the
extent and duration of protection varied widely. |In sone cases,
it was provided only for relatively short periods - as in the
case of the Japanese synthetic fibre industry in the 1950s
(Ozawa, 1980). In others it persisted for long periods -
sonetimes wth questionable justification in ternms of |[ocal
| earning. But at other tines the persistence of protection seens
to have been an apparent necessity for developing effective
mastery of the technology involved (e.g. in the case of the
Japanese autonobile industry). More recently, trade policy has
been used in this flexible way during the rapid industrialisation
of South Korea: protection has been provided for limted periods
to permt the accunulation of a |level of technol ogical and other
capabilities required for conpetitive survival, and industries
have then been exposed to the pressures of international
conpetition (Pack & Westphal, 1986). However, such patterns of
trade protection were usually acconpanied by other neasures to
stinmulate the accunul ati on of si gni ficant t echnol ogi cal
capabilities.

Education, Training, and Research

Nearly all governments in market economes have a simlar
core of policies that are designed explicitly to influence the
rate and direction of technical change, and that are justified
because they correct market failure. In particular, several
areas of governnent policy have focused on the creation of new
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knowl edge through research, and on the diffusion of existing
know edge through education and training since there are
significant externalities in both these activities, in the sense
that the full benefits are not necessarily appropriable by the
firms investing in them

Wth respect to research, all the industrialised countries
have developed institutions outside firnms for generating new
i ndustrial know edge and i nformation. Sone of these have been
private comrercial institutions (contract research organisations,
i ndustry-funded co-operative R& centres, and so forth), but many
have been public or quasi public institutions (universities,
government research |aboratories, subsidised co-operative R&D

centres, etc.). In a trivial sense, these institutions are
conplenents to industrial firns: their outputs of know edge are
inputs to firns. More significant, however, Is the

conplenmentarity of innovative activity in the tw sets of
institutions. Reflecting the points nade earlier about firnms as
the primary driving force in innovation, it is very rare for

infrastructural institutions to act as substitutes for the
innovative activities of firnms thensel ves (Foray, 1993; Foray &
Mowery, 1989). Much nore commonly, they generate only sone
el enents of the overall know edge sets that firns need to

generate technical change. Several studies have found that the
firms that make nost use of the R&D activities of these kinds of
institution are not seeking to conpensate for the absence of
their own technol ogical capabilities. Instead, they are firns
that have significant in-house R& of their own, and they are
seeking specific knowl edge inputs to conplenent those in-house
i nnovative activities (Mwery, 1983; Arora & Ganbardella, 1990;
Bel | & A dham 1988; Kl einknecht & Reijnen, 1992).

The contribution of government has been particularly |arge
in the area of investnment in education and training. Thi s has
not been limted to the provision of infrastructural facilities
(schools, universities, training centres, etc.), but has involved
nmeasures to stinulate the training and learning efforts of firns
thensel ves. At least in the case of Japan, such neasures seemto
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have been especially inportant in assisting the technol ogical
accurul ati on process through nore significant discontinuities.

The costs and risks of technical change and technol ogica
|l earning vary with the 'distance' of the junps being attenpted
from exi sting bodies of technol ogi cal conpetence. Drawi ng on the
i ndustrialisation experience of Japan, Nakaoka (1987) points out
t hat government policies assisted firnms making relatively |arge
"junps' during early learning phases by providing finance to
cover risk, funds for training in the appropriate skills, and a
mar ket for the products devel oped during the |earning processes.

Ozawa (1980) illustrates simlar fornms of intervention in the
case of the entry of Japanese firnms into the synthetic fibre
industry in the early post-war years: the governnment created

conditions which not only reduced market risks but also
stinmulated firnms to intensify investnment in their technol ogica
capabilities alongside their investnent in new production
capacity. However, a significant dinension of that governnent
role is better described as 'shaping’ the market in the first
pl ace rather than just intervening in its operations.

Shapi ng t he Mar ket

A frequent and inportant feature of governnent policy as
| ate-industrialising Japan entered successive new industries was
the regulation of entry. This usually involved some conbination
of limting the nunber of firnms, phasing the sequence of their
entry, and designating criteria for selecting entrants that
included significant issues concerned with their technol ogical
capabilities and managenent of technology acquisition. These
entry regul ating neasures were often conbined with (i) tenporary
limts on the extent of domestic and/or foreign conpetition, but
also (ii) the predictable term nation of those limts.

The primary explicit objective of such nmeasures was usually
to ensure that firnms set up production plants at the nost
efficient scale and then operated them at full capacity.
However, an additional inportant consequence was that substantial
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incentives were provided for investnent in the technol ogical
capabilities required to generate and manage technical change.
Nakaoka (1987), for exanple, describes one exanple of this
approach: the devel opnment of the railway rolling stock industry
between 1900 and 1920. Apart from playing a mgjor role in
accunul ating and then diffusing rel evant engineering design and
devel opnent expertise, 1 the National Railways designated only two
private engineering firnms as manufacturers of |oconotives and two
ot hers for wagons and carriages. Wat was significant about this
was not that it limted conpetition, but that it shifted the

timng of intense inter-firm conpetition: firme not only
conpeted after entering production, they conpeted intensely
before that in order to be able to enter. Mor eover, the
selection of limted nunbers of entrants ensured that the firns

were large enough to accunulate substantial technol ogica
capabilities, and hence to incorporate a significant technol ogy-
centred dinension in their conpetition. As Nakaoka describes it:

" desi gnat ed manuf act urers wer e al ways pl ural.
Conpetition was an essential factor in the process.
Though manufacturing opportunities were restricted to
designated firns, the opportunity to beconme a
designated firm was open to all local firns. Many
anbitious firnms conpeted with each other to becone a
designated firm and, after being designated, conpeted
to manufacture a better |oconotive than others". (p.17)

Ozawa (1980) describes a simlar exanple some thirty years
| ater when Japan entered successive segnments of the synthetic
fibre industry in the 1950s and early 1960s. 1In this case, entry
was usually staggered - with only one firminitially permtted to
enter segnment that was protected from international conpetition,
but with subsequent entry by others and/or the elimnation of
protection frominternational conpetitors being quite predictable
at that stage. Ozawa indicates that this had striking
inplications for the way Japanese firns approached the
acqui sition of foreign technol ogy.

15 In principle, this role was very similar to that played by PETROQUISA during the COPESUL

project when it not only organised the acquisition of its own process engineering expertise,
but also mobilised similar accumulation by selected engineering and equipment firms.
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"Clearly there have been nmany benefits from the
strategy, with the staggered-entry formula particularly
enhancing the Japanese firnms' ability to absorb
sophi sticated foreign technologies. To be qualified as
an early entrant, a firm had to denonstrate its
technol ogi cal and financial capabilities to assimlate
the latest technol ogies. Therefore the industrial
groups conpeted in searching for new promsing
t echnol ogi es, conducting preparatory research, finding
an appropriate foreign |icenser, and securing the
necessary investnent funds. (...)

The preparatory research often consisted of 'backward
engi neering' and "patent-1literature-based
reproduction'. These approaches enabl ed Japanese firnms,

first, to know the real nerits and denerits of a new
foreign technology (...); second to prepare thenselves
technologically to absorb only the desired conponents
of foreign technology (... thereby enhancing their
bar gai ni ng power in negotiating with the supplier); and
third, often to conme up with significant technol ogica

i nprovenents in the course of 'reproduction’

(...) +the staggered-entry fornmula also served to
strengthen the bargai ning position of Japanese firnms in
negotiating with foreign technol ogy suppliers, because
only one (or at nobst a selected few) was permtted to
enter a new industry at a tinme". (p.146)

Blind adherence to views views that governments should not
intervene in markets would neglect these aspects of Japanese
experience in which governnents shaped the structure and
functioning of markets in ways that enhanced effectiveness in
acquiring and dynam cally assim |l ating foreign technol ogy.

Simlarly, blind adherence to views about the inportance of
protectionist trade policy as a nmeans of enhancing technol ogica
‘learning would ignore the related aspects of Japanese
experience in which conpetitive pressures (in particular forns)
played a major role in stinmulating aggressive approaches to the
acquisition of foreign technol ogy. It mght also |ose sight of
two other aspects of that experience: (i)active investnent in
acquiring know edge and expertise (not just 'doing') was the main
basis for technological learning; and (ii) to the extent that
‘doing' was inportant for that learning, it was particular Kkinds
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of doing - those concerned wth designing, developing and
i mproving the inported technol ogy, not just using it.

I n devel opi ng approaches to policy in Brazil in the 1990s,
it seens essential not to fall into either of these canps of
blind adherents to outdated preconceptions. Much nore useful
but also much nore challenging, will be to find new ways to
exploit the conplenentarities between narkets and governnents -
ways that are designed for Brazil, but also ways that are

designed for conpetitiveness in the international context of the
1990s and beyond.
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4. THE | NTERNATI ONAL CONTEXT FOR TECHNCLOGY ACQU SITION BY
BRAZI LI AN | NDUSTRY

This part of +the paper examnes tw aspects of the
international context for technology acquisition by Brazilian
firms. The first, examned in Section 4.1, is about the patterns
and processes of technical change that have beconme central to
conpetitive industrial performance during the 1980s. These have
maj or inplications for what Brazilian firnms will have to do with
i nported technol ogy after they have got it. The second, exam ned
in Section 4.2, is about new conditions that nmay be faced by
Brazilian firnms as they seek to acquire technology through
i nternational channels. The main inplications of these are about
what firns will have to do before they get inported technol ogies
- approaches to strategy, nmanagenent and organi sation that may be
needed to acquire technology efficiently in the first place, or
even to acquire it all.

First, however, it is inportant to note two other features
of the international context: the increasing integration of
trade and technol ogy policies at the international |evel; and key
changes in the international structure of production and trade.

The Integration of International Trade and Technol ogy Policies

Technol ogy and trade policy issues have becone increasingly
integrated, during the 1980s; and, as technology-intensive
industries have beconme nore central in the nanaged trade
environment of bilateral negotiations and disputes, devel oping
countries are suffering the dual difficulties of (i) greater
difficulty in exporting their own goods, and (ii) the slow
di ffusion of new technol ogi es.

Al so, under significant changes in the economc and
political balance of power anobng devel oped countries in the late
1980s, a new series of international rules and agreenents have
been negoti at ed. Exanpl es include not only new bilateral and
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regional initiatives (such as the various US-Japanese agreenents
and the EEC) but also attenpts to change nultilateral agreenents
(such as the '"Uruguay Round' of GATT). VWil e devel opi ng
countries are participating nore actively in these new
multilateral agreenents than they did in the nmajor post-war
arrangenents, such agreenents are being negotiated under two very
distinct principles. On the one hand, the North-North bilatera

and regional agreenents have been increasingly influenced by a
concept of 'fair trade', whereby access to markets depends on its
effects on t he econom ¢ structure of t he reci pi ent
countries/regions. At the sanme tinme, various forns of protection
are provided for high-technology industries; and, as noted by one
anal yst:

"free trade in high-technology products is a largely

nmeani ngl ess option - the real policy choice is not
bet ween free-trade and protection but bet ween
appropriate conbi nati ons of i beralization and

governnent intervention that inprove national economc
welfare in the short run and sustain a nore open
international trading systemin the long run". (Tyson

1992)

In contrast, in North/South relations the old concept of
‘free trade' has been pushed further and focused on areas rel ated
to new technology (such as intellectual property rights and
services). Thus protectionism and market |I|iberalisation are
treated unevenly in North-South relations. The North accepts the
principle of protecting both mnmature industries and nove
technol ogies, while (i) seeking various forns of market access in
the South and (ii) disputing the validity of Southern ('fair', it
m ght be argued) structures of protection and other neasures to
enhance technol ogi cal devel opnent. The South nust respond to
changing international structures of production, trade and
t echnol ogy-based conpetition within that kind of inbalance in
i deol ogy (and power) - an issue that may becone increasingly
inmportant for Brazil in particular.

IE/UNICAMP - |EI/UFRJ - FDC - FUNCEX




64

Estubo bA COMPETITIVIDADE DA INDUSTRIA BRASILEIRA
ODOCOOOCOOO0COOO OO0 OO0 0000000000000 0000000000000 0000000000000 00000 0000000000

g
Changi ng International Structures of Production and Conpetition

Brazilian industry is conpeting in a changing international
structure of production and trade - an issue that is well known,
but nerits constant re-enphasis in any discussion of technol ogy
and industrial conpetitiveness. The point is especially
inmportant in the context of structural changes in Brazilian
industry itself. These have involved shifts towards two areas of
current conparative advantage: partly, towards | abour-intensive
industries, and nore substantially towards industries that are
natural resource-intensive and energy-intensive. Wil e these
shifts open up short term opportunities, they also open up
consi derabl e vulnerability in the nediumto-long term

Rapidly growi ng production in other countries with |ower
wage rates and rising skill levels is likely to erode the
conpetitiveness of |abour-intensive products 1|ike shoes. In
particular, an enornous potential threat is enmerging for these
kinds of industry as very low |abour costs in China are being
conbined with high levels of technical skill and internationa
mar keti ng expertise that have been accunulated by firnms in Hong
Kong, Taiwan and Korea. At the sanme tinme, many other countries
are increasing investnent in the energy-intensive and natural
resource-intensive industries, nost of which are already

suffering from excess capacity. |In the basic chem cal industry,
for instance, huge increases in capacity are expected in the
Asian Pacific rim - especially in China. | nt er nat i onal
conpetition in these industries will be particularly intense for

many years.

In these contexts, three broad types of response are |ikely
to be critical for sustaining conpetitiveness:

a) intensive efforts to achieve continuing increases in
productivity and all aspects of process efficiency in existing
I ines of production;
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b) intensive efforts to raise product quality and nove
‘upwards to higher value-added products in the existing
i ndustri es;

c) intensive efforts to devel op new areas of conpetitiveness
in related products and industries - noving 'downstreaml to
hi gher value products and 'upstreami to areas of specialised
strength in machi nery and equi pnent, instrunentation, information
systens and software, engineering services, etc.

In short, wthin the changing international structure of
i ndustrial production, the recently strengthened short term
conpetitiveness of large segnments of Brazilian industry al nost
certainly cannot be sustained over the nmediumto-longer term by
depending on the 'spurious' advantage of |low wages and
deval uation or on natural resource endowrents. It will depend
i ncreasingly on resour ces of know edge, expertise and
institutional structures for generating and managi ng technical
change - 'created bases of conparative advantage.

4.1. Changing Patterns and Processes of Industrial Technical
Change

The precedi ng sections have enphasised that, if firns are to
achieve efficiency and conpetitiveness, they wll have to
i ncorporate technology inports into trajectories of continuous
t echnol ogi cal dynam sm More specifically, however, sustaining
international conpetitiveness will require those trajectories to
generate rates of productivity increase and product perfornmance
i nprovenent that at |east match international rates. However,
this requirenment poses much greater demands than in the past. In
the international context of the 1990s, the required rates of
techni cal change appear to be greater; the necessary directions
of change are different and nore conplex; the underlying
processes of change wll have to be driven by nuch greater
investnment in firnms' own resources of know edge and skill; and
t he organisational basis for change will have to involve nore
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i ntensive patterns of interaction and col |l aborati on between firns
and rel ated organi sati ons.

The Intensification of Technical Change

During the inport substitution period of the 1960s and early
1970s, nost of +the technologies acquired by industrialising
countries |ike Brazil were relatively 'mature'. This was
particularly true of technologies in sectors such as iron, steel
and other netal products, nmachinery, pulp and paper, and
chemcals (especially bulk chemcals). This had severa
i nplications.

1) Although conpetitive performance depended heavily on both
types of increnmental technical change discussed in the previous
section (inprovenents incorporated in new facilities at the tine
of investnment, and further inprovenents in the post-investnent
period), the intensity of those kinds of change was relatively
low, as was the frequency of nobre substantial technological
di scontinuities.

2) A large proportion of the specifications for products and
processes could be enbodied in relatively standardi sed capita
goods, and could be transferred via 'turn-key' projects - wth
only limted needs for innovation and design for application in
specific circunstances. There were correspondingly limted needs
for local involvenent in the engineering and design activities
i nvolved in creating new production systens.

3) Most of the capabilities to use and operate the given
product and process technologies could be relatively easily
acquired via training in basic routines and a nodest anount of
experience in 'doing" those routines.

There were therefore very |imted requirements for
accunul ating significant capabilities for generating and managi ng
techni cal change, and those requirenments were even nore |limted
in industries wth persisting protection against conpeting
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inmports (and/or subsidies for exports) that shielded them from
the effects of the continuing inprovenents in these mature
technologies that were being generated in the international
econony. In that context, investnment in change-generating
capabilities was nore of an 'optional extra that mght be added
to routine operating capabilities by a few firns for
i di osyncratic reasons. Not surprisingly, however, the majority
of firms took advantage of the conbination of technol ogical
maturity and protection/subsidy, and invested little in
developing their own resources for developing, inproving,
creating and designing the product and process technol ogi es they
used. The inplications for conpetitiveness subsequently becane
evi dent .

That international technological environnent for Brazilian
i ndustry has changed fundanentally during the 1980s. The whol e
spectrum of industries that were technologically mature in the
1960s and 1970s has been rejuvenated by radical changes in
technology or (nore often) by an intensification of nore
increnental forns of change - or by a conbination of both. At
the same tinme, of course, a wide range of new industries that
were in their infancy in the 1960s and 1970s have energed on the
basis of rapid technol ogical developnent to play a substanti al
role in international production and trade. As a result:

"in nost areas of manufacturing, engi neers are
confronted with new criteria for dom nant designs and
must adapt to new technol ogical and industrial
par adi gns, sone of which are conpatible with earlier
approaches to design and product managenent, while
others require a conplete break wth previous
procedures and ways of thinking". (Chesnais, 1990: 15-
16) .

At the centre of this technological transformation lie a

relatively small nunber of wel | -known areas  of rapi d
t echnol ogi cal devel opnent: m cro-electronics and information
technol ogies; radical inprovenents in old materials and the

devel opmrent of new ones; and accelerating developnments in cell
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and nol ecul ar bi ol ogy. | nportant as these are, they should not
obscure the much w der diversity of intensified technical change
across all industries, all activities within them and nost of

t he technol ogi es they use.

Part of this diversity involves process-centred change with
its inmplications for rising productivity - increasing efficiency
in the use of capital, |abour, energy and naterials. But ot her
parts are reflected in intensified product-centred change which,
apart fromreinforcing process efficiency, has (i) shortened the
time gaps between major technological discontinuities, (ii)

reduced life-tines and lead-times for less radically novel
products, and (iii) wdened the diversity of smaller product
differentiations. At the sane tinme, conbinations of process-

centred and product-centred change have been directed nore
intensively at reducing environnental costs per unit of
industrial output - an objective that 1is being achieved
increasingly by forns of technical change that al so reduce other
unit costs.

As it energes fromthe crises and macro-economc instability
of the 1980s, Brazilian industry therefore faces a world in which
the technol ogical basis for conpetitiveness is totally different
fromthat of the 1960s and 1970s. The point is not sinply that
there now exist a |large nunber of 'new technol ogies' that were
not avail able before. The nore fundanental point is that the
whol e structure of technol ogy underlying the conpetitiveness of
i ndustry is now changi ng nuch faster than in the 1960s and 1970s.
For such a large industrial econonmy that did not mtch the
relatively nodest international rates of technical change in the
1960s and 1970s, conpeting in this new technol ogi cal environnent
of the 1990s constitutes a nost form dable chall enge.

The I T-Intensity of Technical Change
Wthin the overall conplex of intensified technical change,

the inportance and pervasive i npact of el ectronics and
information technol ogies are well recognised and need no further
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enphasis here (see, Freeman, 1993, for a recent review).
However, three characteristics of |1T-centred technical change
require a little el aboration.

First, to an extent that is perhaps greater than in other
areas of technical change, the incorporation of electronics and
| T elenents into products, processes and organi sational systens

seens to require direct user-invol venent in technol ogy
devel opnent and desi gn. Conmpared with sonme other areas of
t echnol ogy, t he application of many ar eas of
el ectroni cs/information t echnol ogy requires much | ess
standardi sed systens that are highly specific to the
characteristics of i ndi vi dual firms, their products and
processes, and their markets. These system specifications are
not easily transferred in the form of 'ready-nmade' capital goods
and Dblueprints and their efficient introduction therefore
requires much nore |ocalised technical change. Mor eover, that
| ocalisation nust often go beyond the routine 'adaptation' of
systens. It has to be deeply rooted in devel opnment and desi gn of
the hardware, and especially the software, in the imed ate

context of use. Also, since that frequently involves relatively
conpl ex engi neering and design, the inportance of tacit know edge
is often particularly great (David, 1992). In particular,
however, what is frequently involved is the integration of
el ectronics/IT elenents and systens wthin existing products,
processes and organi sational procedures, and |arge proportions of
the tacit and other know edge needed for |ocalised devel opnment
and design nust therefore be drawn from the 'user' of those
el enents and systens. Thus, the technol ogy users frequently need
to play a particularly significant and direct role in the process
of technol ogy devel opnment and design. Then, of course

subsequent dynamic assimlation of the technology after its
initial inplenentation requires, as wth nost other areas of
technology, a yet greater direct involvenent of the wuser in
generating and managi ng techni cal change.

Second, nost appl i cations of el ectroni cs/information
t echnol ogi es invol ve systens and networks. This raises inportant
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i ssues about 'network externalities' (Katz & Shapiro, 1983;
Allen, 1988), wth progressive diffusion vyielding falling
transactions costs (WIIlianmson, 1988) and benefits to all users,
not just the marginal adopters. At one level, this has inportant
inplications for change w thin individual firns. As Kapl i nsky
(1988) has enphasised, the gains from using automation and
information technologies rise disproportionately fast wth
i ncreasi ng degrees of system integration. This does not nean
that nmerely trivial gains can be captured frominplenmenting only
parts of the "electronic jigsaw', but it does suggest that there
are likely to be high returns to rapid intra-firm diffusion of
the technol ogy. Correspondingly, adopters and users of the
technology are likely to gain high returns to investnent not
sinply in '"the technology' itself, but in the bodies of know edge
and expertise that are needed to interact wth wusers in
devel opi ng and extending their |IT systens.

The network characteristics of |IT systens also have
i nport ant inplications at the overall inter-firm |evel.
Si gni fi cant benefits accrue to i ndi vi dual firnms (as

"externalities' from the actions of other firns) as the overal
density of |IT adopters and users increases within the total
popul ati on of geographically related and nmarket-linked firnms. In
particular, the efficiency of wusing |IT systens increases wth
increasing local availability of (i) information about the
technology from other wusers, (ii) a trained and experienced
wor kforce, (iii) technical assistance and nmintenance services
(iv) suppliers of equipnent and software, 1 and (v) conplenentary
i nnovations - both supplier-devel oped and user-generated, and
both techni cal and organi sational .

Wthin such evolving structures and processes of collective
| earning, the diffusion of electronics/information technology is
frequently accelerated by the presence of advanced user-firnms
that not only act as 'denonstrators' for others, but also

16 As he has been stated above, the integration of customers in the development of new products

improves the development work (von Hippel, 1976). This is especially so in the software
field, in which product development is so complicated that it has to be performed for a
specific customer.
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contribute to the devel opnent of innovations that inprove the
efficiency of the technologies in the specific |ocal context of
their use (von Hippel, 1988)7. G ven these patterns, it is not
surprising that public policy in many of the advanced industrial
countries has played a significant role in accelerating the
diffusion of information technol ogies - in particular by
stimulating the energence of efficient technology users and the
devel opnment of wuser-producer |inkages. Wth respect to advanced
automati on technology in Sweden, for exanple, public policy and
public institutions were crucial in setting up several
‘denonstration plants' partly financed by the National Board for
| ndustrial and Techni cal Devel opnent and the Board for Industrial
Devel opnent .

Third, information technology is not just an area of
changi ng technology, it is frequently also a powerful instrunent
for generating innovation and technical change. This is nost

obvious in the case of conputer aided design systens which not
only permt nore rapid and frequent changes in product and
process design, but also allow nmuch nore intensive and extensive

exploration of design options. However, the same change-
stinmulating role of IT is evident in other ways that 'feed into'
product and process design. In the various types of devel opnent
and research, |IT systens evidently play an enornously inportant
role in accelerating the generation of new know edge, in
acquiring exi sting know edge, and in devel opi ng new

configurations of technology for incorporation into specific
designs. Perhaps |less evident is the change-stinulating role of
IT when applied 1in production and nanagenent processes
t hensel ves. For exanple, the information that can be generated
by various types of advanced process control technol ogy, conbi ned
with the power of advanced conputing, allows the accel eration of
incremental process inprovenents. Simlarly, the know edge
generated by |IT applications for organisation and adm nistration

17 Even when one refers to relatively indivisible technologies, such as basic oxygen

steelmaking, continuous casting of steel, float glass and barrel kilns in brickmaking, it is
shown that their diffusion process is both constrained and dependent upon improvements
generated by both producers and users of the technology (Ray, 1984:87).
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permt nore intensive analysis of changes in the 'organisational
t echnol ogy' of firmns.

The Increasing Significance of Organisational Change
Al though it has always been inportant, the significance of

change in the organisational (or social) dinmension of industrial
t echnol ogy has beconme nuch nore evident during the 1980s. @G ven

the flood of publications on this issue - Japanese managenent
nmet hods, 'Lean' production, 'Flexible Specialisation', and so
forth - there is no need here for any general review (see
Hunphrey, 1993, for a recent review that also includes severa
studies of Brazilian experience). Only one point require
enphasi s.

Organi sational change is frequently an inportant integral
conponent of many ot her types of technical change that nmay appear
to be centred primarily on 'hardware'. This seens to be
particularly so in changes involving IT and automation systens.
For exanple, one survey about the diffusion of flexible
manuf acturing systens (Hoffrman, 1988) provides evidence to show
that nost of the gains in conpetitiveness arise from the
preparation for, rather than the inplenentation of, such systens.
Bessant and Haywood (1986) suggest that the extent of the
benefits fromthe organi sational dinmension of change is around 75
per cent of the total derived fromflexible manufacturing.

This does not nean, however, that organisational change can
sinmply be substituted for investnent in nore 'hardware-centred

t echni cal change. In the short run that is sonetines possible
especially when there is a large backlog of organisational
inefficiency to overcone. | ndeed, there are sone cases where

firmse have found that subst anti al or gani sat i onal change
i npl emented in preparation for the introduction of IT systens has
made the latter redundant. However, given the intensity of the
overall rmulti-dinensional process of technical change in nost
i ndustries, conpetitiveness cannot be sustained for long on the
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basis only of changes in the organisational dinmension of
production technol ogy.

User - Producer Interactions and | nnovati on

W have earlier stressed the inportance of the technol ogy
‘user' as a creative contributor to the process of technical
change; and the inportance of change-centred interactions between
technol ogy users and producers has already been enphasised wth
particular reference to electronics/information technol ogy. But
the significance of these interactions in raising the rate and
effectiveness of technical change in industry is nuch nore
conpr ehensi ve. The work of Lundvall (1983, 1985, 1986 and 1992)
on interactions between innovation users and producers in a range
of industries enphasises that their geographical proximty
constitutes a conpetitive advantage. On the other hand, the
absence of effective wuser-producer interactions can lead to
si gnificant i nefficiencies (4 ete, 1984) . The key to
effectiveness is not just the proximty of both agents but the
‘quality' of their interaction, which in turn seens to depend
heavily on the technol ogical capabilities of the technol ogy user
as nmuch as those of the producer. Lundvall (1989:16-17) pointed
out, for exanple, that when producers dom nate users (or when
users have a limted technical conpetence) there has been a

tendency towards 'hyper automation' - that is, users are faced
with designs that do not neet their needs, and wth overly
conplex and costly capital goods. In such cases, instead of

attaining productivity gains, automation |eads to di seconom es. 18

It is inportant to note that the significance of these types
of interaction appears to increase with (i) the conplexity of the
informati on about technology that has to be sent between the
firms, (ii) the degree of non-standardisation of production, and
(iii1) the degree of technological discontinuity involved in the
i nnovat i on. In other words, it appears to be nmuch nore

18 For example, in the case of waste-water technology and office automation in Denmark, the lack

of local user competence had a negative effect upon the systems developed (Lundvall, 1989).
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significant in the technol ogical environnent of the 1980s that it
was in the context of nore stable technol ogies and standardi sed
production in the 1970s.

The dynam c significance of these user-producer interactions
reinforces a point already nade about conventional perspectives

on the international division of technological I|abour - wth
innovation and technological <creativity concentrated in the
advanced industrial countries and technologically passive

adopting and using concentrated in the developing world.?® Qur
earlier argunent was that such perspectives were misleading in a
worl d where international conpetitiveness on the part of adopters
and users of technology in the developing world requires themto
contribute creatively to devel opi ng and changi ng the technol ogi es
t hey use. To that we nust now add the argunent that, in the
envi ronment of the 1990s, the dynam c inportance of user-producer
interactions calls for the increased presence of technologically
creative producers (not just users) in industrialising countries,
particularly because the inportance of those interactions seens
to be greater the earlier they occur in the life-cycles of the
t echnol ogi es concer ned.

In other words, the developnments of the 1980s have changed
the forum for debating a key global issue: whether to reinforce
or to reduce the technol ogical dualism of the global econony in
which (i) rich regions reap the dynamc gains of innovation
within interacting networks of technologically creative firns and
institutions, and (ii) industrial firms in the developing world
"specialise’ in the technologically passive adoption and use of
technology that has nostly been created within structures and
systens in which they play no part. |In the 1960s and early 1970s
that i ssue was on the agenda of ideol ogical and political debate.
In the 1990s, especially in relatively advanced industrialising
economes |ike Brazil, that sanme question nust be on the agenda
of econom c debate about efficiency and conpetitiveness.

19 For a related critique of such perspectives, see Walsh (1988).
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The Know edge-Intensity of Industrial Production

The rising change-intensity of industrial production is
bei ng acconpanied by its rapidly grow ng know edge-intensity.
| ndeed, a fundanental transformation seens to be taking place in
the relative significance of investnent in know edge and
investnment in fixed capital. In an ever w dening range of sectors
in the devel oped countries, leading firns' annual expenditures on
R&D are now often larger than their investnents in fixed capita
(for Japan, see Kodama, 1991). This requires a fundanmental change
in the perspectives of those who are accustoned to see fixed
capital investnent as the engine of economc grow h. For a
wi dening range of industries, we need to turn that upside-down
and recognise that, at the international technological frontier,
i nvestnment in new knowl edge assets is comng to exceed investnent
in physical assets as a mmjor source of conpetitiveness. The
inplications for industrialising countries |ike Brazil are not
wholly clear: it is unlikely that, over the next decade, nany
firme will face the need to sustain their conpetitiveness by
investing nore in R& than in fixed capital, but it is alnost
certain that many will have to invest nmany tines nore than they
have in the past.

One nust also bear in mnd the point nade earlier about R&D
resources being only part of the total set of capabilities needed
to generate technical change in industry. Al t hough systematic
data are lacking, it is alnost certain that the inportance of a
wi de spectrum of engineering skills is also increasing in
response to various aspects of the rising change-intensity of

production - a trend that may be reinforced by increasingly
| ocalised innovative activity drawing on |arger elenents of
know edge that are |ess standardised and nore tacit. Fi nal |y,

one nust also note an aspect of the experience of western
conpani es that have sought to learn from Japanese industry and
generate nore intensive processes of "continuous inprovenent”
("kaizen"). As noted earlier, those paths of change draw heavily
on the skills and know edge of direct production workers. But it
has becone evident that those workers cannot play a significant
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change-generating role on the basis of the same stock of skills
and know edge they used for nore routine operational tasks, and
substantial investnent in training is required to nobilise those
| at ent resources.

Across a w de spectrum of capabilities, therefore, many
firms in the advanced industrial countries have greatly increased
their training and related expenditure to raise the levels of
skill and know edge they have available for generating and
managi ng  change, and they have often developed novel
institutional nmechanisns for doing so.20 A Particularly striking
exanple is the case of Mtorola which, seeking to raise quality
and production flexibility while intensifying technical change,
rai sed training and education expenditure from $7 mllion to $60
mllion per year and developed its own corporate university
(W ggenhorn, 1990).

Governnent policy in the advanced industrial countries has
mat ched these shifts towards increased investnent in know edge
and skill at the firmlevel. For exanple, the European Conmunity
is pursuing a strategy of pronoting R&D co-operation,
conplemented with policies to stinulate conpetition (More &
Harris, 1992). At the national |evel, there has been real growh
in government R&D budgets in nost OCECD countries over recent
years, and in many of them this has been coupled wth other
neasures to stinmulate firns' investnment in R& and other
i ntangi bl e assets. The OECD data base on public support to
i ndustry (OECD, 1992) has identified 159 such programes anong
its nmenber countries. Information about the 'Net Cost to
Governnent' was available for 144 of these, and the total
amounted to about US$ 6.1 billion in the nbpst recent year, wth
direct grants accounting for 50 per cent and tax incentives for
40 per cent. The OECD anal ysis suggests that these trends are
part of a shift in the general structure of governnent policies
for industrial support. The nost striking aspect of this is a

20 Eurich and Boyer (1985), for example, provide a review of this increased role for "Corporate

Classrooms', and Fortune (3 June 1991) reviews "How Intellectual Capital Is Becoming Corporate
America®s Most Valuable Asset™.
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shift away from subsidies for general capital costs and
investnment aid, and towards nore focused support for R&D
training and rel ated know edge-centred activities.

4.2. Access to International Technology: New Patterns and
Condi ti ons

New Patterns or A d Continuities?

Despite their obvious inportance, key features of the
international transfer of technology have attracted only limted
systematic analysis over the |ast decade or so. This, however
has not precluded nunerous conments about the energence of new
trends and patterns. Many of these suggest that industrialising
countries face increasing problens in their efforts to acquire
technology from the nore advanced industrial econom es. In
particular, the follow ng i ssues have been not ed:

a) Wth innovation comng to depend on rising |levels of R&
expendi ture, higher paynments may be required for |icensing and
other fornms of access to the technol ogi es invol ved.

b) Changes in intellectual property rights systens in the
industrialised countries, together wth pressures for nore
stringent enforcement of those reginmes in industrialising
countries, are reinforcing such trends - as well as bringing into
the scope of those systens areas of technology previously
excluded (e.g. in software and bi ot echnol ogy).

c) The characteristics of sonme new technol ogies are making
them inherently nore difficult to transfer. It has been
suggested, for exanple, that many areas of information technol ogy
involve particularly high levels of tacit and firmspecific
knowl edge that are less easily transferred than nore equi pnent-
enbodi ed technol ogi es (Dosi, Pavitt & Soete, 1990).
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d) The gr ow ng i mportance multi-firm collaborative
arrangenents for developing new technologies across a wde
spectrum of industries, conbined with the rising inmportance of
basi c research in sone areas, may hinder the access of devel oping
countries to the know edge invol ved.

Several studies have provided a nodi cum of support for such
Vi ews. For exanple, drawing on interviews, the UNCTAD
Secretariat has suggested that royalty rates on patents and know
how may be rising (UNCTAD, 1992:152-153); and Vickery (1990) has
observed a relatively slow gromh of technology |icensing as
conpared with other technology transfer activities, such as
imports of capital goods. However, one can also find equally
convi ncing argunents that point in opposite directions:

a) Wth increasing R& investnent |evels, often associated

with shorter product Ilife <cycles, there are pressures to
increase, not reduce, access to the technologies involved:
"innovators nust reap profits faster, sometinmes by |icensing

their technology rather than by exporting it or establishing
affiliates abroad."” (Soete, 1985)

b) More specific studies of the international diffusion of
advanced technologies |ike teleconmmunications systens have
suggested that intense conpetition anong technology |eaders in
international markets has pushed nonopolistic profits from
i nnovations |lower and lower, and that "the 'appropriability' of
i nnovations has greatly declined in recent years." (Antonelli
1991)

c) Advanced information and conmmunication technol ogi es may
enhance, not constrain, international access to technol ogy; and
this may be further increased, not reduced, by the growi ng use of
col | aborative networks for technol ogy devel opnment - networks into
which firms in industrialising countries may be incorporated.
For exanple, H ndustan Aeronautics in India and a |eading UK
aerospace conpany have recently entered into a collaborative
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engi neering design programe that wll operate through a
sophi sticated network of conputers and satellite |inks.

d) Advanced information technologies may well involve
greater elenments of tacit know edge and greater degrees of user-
specificity, while yielding their greatest gains as total system
integration is achieved. But, at least in some situations, this
does not seem to have been a great obstacle to their
international diffusion, conbined wth (i) their 1localised
adaptation to neet user-specific requirements, (ii) their
efficient application to vyield significant benefits from
cunmul ative partial steps towards integration, and (iii) their
further developnment and inprovenent by wusers after initial
i npl ementation. These characteristics can be identified in sone
situations - for exanple, in the case of the port managenent
system in Singapore (Wan et al., 1992), just as their virtua
absence can be identified in others situations - for exanple, in
the case of digital process control systens in the petrochem cal
industry in Brazil (Carval ho, 1992). Perhaps the key issues are
| ess about any inherent general characteristics of 'new
technol ogies', and nore about differences between the situations
for which they are acquired and into which they are introduced.

In short, it is not clear that any broad generalisations can

usefully be drawn in these areas at this stage. In any case
there are nore focused argunents that may be nore significant for
some Brazilian industries. These are about the problens of

l[imted access to technology that arise as firnms and industries
in the NOGCs begin to approach particular segnents of the
international technological frontier. For exanple, it has been
noted that sonme of the nore technologically advanced firnms in
South East Asian have encountered increasing problenms in
acquiring technol ogi es through international channels: firns in
the advanced countries "are refusing to license the relevant
technol ogy since they do not want to encourage direct conpetition
in products which they are still producing thenselves" (O Brien,
1985: 214). More recently, as Korea has becone a nmgjor
conpetitor, it has been suggested that Japanese firns have becone
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increasingly reluctant to sell or license technology in key areas
of conponents, software, capital goods and machi nery (Business
Week, 1992). Moreover, there is a comon view in Korea that
Japanese firns have fornmed a consensus (inplicitly at |east) not
to supply strategic technology inputs to Korea. | ndeed, sone
observers within Korea believe that, during the latter half of
the 1980s, they were experiencing the '"tail end of technology
transfer fromJapan, and they claimthat in sonme cases, the |arge
Japanese congl onerates have begun not only to restrict their own
transfer of strategic technologies to Korean conpetitors, but
al so to pressurise their technol ogy suppliers to do the sane.

Agai n, however, this set of issues is not wholly clear, and
there is considerable evidence that points towards different
concl usi ons.

At a general level, it is obvious enough that, as firnms in
the NICs begin to approach the international technology frontier,
they wll face <changing conditions in seeking to acquire
technol ogy through international channel s. However, t he
significance of those changing conditions is not so obvious.

1) The "price' of relatively young technol ogy may be higher
than that of older technology, but presumably the returns to
acquiring and using the newer technology are also higher. 1Is one
getting nore 'value for noney' or |ess?

2) O her conditions for acquiring and using technol ogy may
wel |l be nore restrictive for younger than for ol der technol ogi es.
For exanple, restrictions on exporting may be tighter for
technologies that firnms in the advanced countries are stil
actively using in their own products. However, is that an
i nsurmount abl e obstacle or a challenge to find new ways of
acquiring relatively young technologies and exporting products
based on then? The experience of the East Asian N Cs (for
exanple in devel oping OEM and ODM arrangenents with large firns
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in the advanced countries)? suggests that, while the former has
been nuch di scussed, the latter has frequently been the focus for
practical action.

3) It is quite evident that sone |arge Japanese firns have
recently restricted what had previously been relatively open
access to technology by firnms from Korea and Tai wan. However,
whil e again generating a considerable volume of Korean conment,
this has also stinulated Korean firms to find other sources for
the technol ogy they need. For exanple, the Daewoo corporation
has sl ashed its reliance on Japanese technol ogy (from 85 per cent
of total procurenent in the md-1980s to 15 per «cent) by
increasing its reliance on western conpanies (Business Wek,
1992) .

4) It is also quite evident that opportunities for such
switching of sources for relatively advanced technology may
narrow with the contracting diversity of potential suppliers that
usually follows the early stages of product/technology life
cycles. However, there are very few segnents of industry that are
so nonopolised as to preclude the exploration of alternative
sources - although these tend to attract nost attention. Also,
the process of concentration in advanced technology industries
may actual |y I ncrease, r at her t han reduce, effective
opportunities for access to technology - at least during the
phase of concentration itself. For exanple, Korean firns
obtained key elenments for their entry into sem -conductor
production fromrelatively small US firnms that, being 'squeezed
by conpetition from the larger firnms, were under particularly
strong pressure to generate revenue from their existing
t echnol ogi cal assets.

VWhat this seens to suggest is two general points. First, if
there are obstacles and barriers to technol ogy acquisition as NIC
firms approach the international frontier, they do not all seem

21 The companion paper by Mike Hobday (The Development of Technological Innovation Capability in

Developing Countries: Strategies of East Asian NICs for Catching up in Electronics)
discusses these arrangements for Original Equipment Manufacture (OEM) and Original
Design and Manufacture (ODM).
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to be insurnmountable or inperneable. After all, despite all the
tal k about grow ng constraints on Korea's access to technol ogy
since the m d-1980s, the actual paynents made for technol ogy have
continued to rise dramatically - nearly doubling between 1987 and
1991. Second, and nore generally, it seens highly likely that as
the age of the technology falls the openness of internationa
channels for acquiring it probably narrows; and the terns and
conditions for acquisition wll alnpost certainly also change,
per haps becom ng nore onerous, reflecting the greater conmerci al
value of the technology to the user and the greater opportunity
costs for the supplier. However, the precise outcone in any
situation will depend primarily on the interaction between four
sets of conditions:

a) the characteristics of the technol ogi es invol ved;

b) the characteristics of the supplier firnms and their
i ndustri es;

c) t he t echnol ogi cal capabilities of woul d- be
technol ogy inporters, together with other elenents
of the bargaining power they can draw on;

d) the institutional arrangenents they use in
approachi ng the acquisition of technol ogy.

In the absence of any systenmatic evidence about the relative
i nportance of these, one can choose to give nore and |ess
enphasis to any of them For exanple, one mght focus on the

first two, perhaps seeing those ‘'external' ~conditions as
i nvari ant constraints, barriers and obstacl es. Her e, however, we
focus on the second two - ‘'internal' <conditions over which

Brazilian firnms and governnent policy can exercise sone
i nfluence.

The Technol ogi cal Capabilities and Bargai ni ng Power of Technol ogy
| nporters

The recent experience of the East Asian NICs confirnms the
validity of a much ol der general principle: access to technol ogy
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t hrough international channels depends heavily on the strength of
the inporters’ exi sting technol ogi cal capabilities. Thi s
rel ati onship seens to operate in a variety of ways:

1) The 'depth' of knowl edge and expertise that can be
acquired and absorbed from particular transfer projects depends
on the strength of related know edge and skill that are taken
into those projects. This is illustrated in the experience of
several 'heavy' industry projects in Korea (e.g. Enos & Park,
1988), but it is illustrated by Brazilian experience as well -
for exanple in the PETROQU SA/COPESUL case noted earlier
(Sercovich, 1980).

2) The strength of existing mastery of producti on
technol ogies, particularly the ability to increase efficiency and
quality, can open access to increasingly advanced product
technology (and sonetinmes also elenents of new process
technol ogy) via CEM sub-contracting and sim | ar arrangenents.

3) The strength of existing engineering and design
capabilities may permt effective exploitation of only 'partial
access to technology - for exanple, via reverse engineering from
exi sting products and equi pnent, or engineering around existing
pat ent specifications.

4) The inporter's technol ogy-related bargaining power can
have a significant influence on the wllingness of potential
suppliers to enter into transfer agreenents in the first place.
As illustrated by Korean experience in the electronics industry,
this link may be quite 'visible and 'explicit' (for exanple, in
the form of cross |icensing agreenents), or it may reflect nore
"inmplicit' strategic considerations. For exanple, Dahlnman and
West phal (1991) note that Korean firns increased their own R&D in
order to be able to negotiate better for foreign technology - as
in the case of VCR technol ogy:

"Korean firms were having trouble |licensing video
cassette recorder (VCR) technology from Japan.
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Therefore sone firnms undertook their own R& effort in
conjunctyion with a governnent |aboratory to devel op
their own VCR technol ogy around the patents held by the
Japanese. Faced with this credible threat, the Japanese
firme agreed to license the technology to Korean
firnms".

A simlar relationship between donestic technologica
capability and access to foreign technology seens to have been
involved in the Brazilian electronics industry as the willingness
of foreign conpanies to transfer technology increased with the
growing experience and R& capability of Brazilian firns
(Cassiolato et al., 1992:293-294).

O her dinmensions of bargaining power cut across such
technol ogy-rel ated issues - for exanple, the scale and expected
growh of markets. But, as noted earlier in connection wth
Japanese experience, the effective bargaining power arising from
an apparently 'given' market can be highly variable: it can be
har nessed as a powerful nmeans to stinmulate a conbination of w der
access to international technology and stronger donestic
investnment in technological learning. Alternatively, it can be
fragmented and frittered away.

The Institutional Basis for Acquiring Foreign Technol ogy

The influence of the conbination of technol ogical capability

and other elenments of bargaining power wll vary wth the
institutional basis used for technology acquisition. Thi s
variation may be a matter of intra-firm arrangenents - for
exanple, the scale, skill conposition and lifetinme of teans

assenbled to prepare for, and inplenment, technology acquisition
projects. However, this variation my also be a matter of inter-
i nstitutional arrangenents:

1) Public or quasi-public institutions my act as
i ntermedi ary i mporters/licensees in particul ar ar eas of
technol ogy, providing 'localised know edge, hardware, training
and ot her services for donmestic firnms. The Industrial Technol ogy
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Research Institute in Taiwan seens to have played this type of
internediary role to support (or initiate) relatively small firns
in the electronics industry.

2) Goups of firms may collaborate (perhaps wth the
i nvol venent of a technological institution) to create a stronger
or gani sat i onal and technol ogi cal basis for searching out,
negotiating over, acquiring and absorbing technology in a
particular field. This may involve conplenentary firns - for
exanple, technology wusers, engineering firnms and equipnent
producers. Alternatively, it mght involve potential conpetitors
that pool their resources and bargaining power in the sane manner
that firnms in sone of the devel oped countries have coll aborated
in 'pre-conpetitive' R&D.

3) Firms (or groups of firms) may set wup technology
acqui ri ng-cum devel opi ng organi sations in the advanced i ndustri al
countries in order to get closer to the internationa
technol ogical frontier and provide a basis for acquiring and
absorbing elenents of technical knowl edge that are tacit,
enbodied in people, transferred through informal channels and
networks, or intimately linked with market-related know edge.
Japanese firns have used such strategies for many years, and
Korean firns used them to acquire technology for sem -conductor
production. Also, as noted earlier, a few Brazilian conpanies in
the autonobile conponents industry have followed simlar
strat egi es.

4) Singly or collectively, technology inporters may foll ow a
slightly different approach in cases where the technol ogy sought
is deeply enbedded in particular firnms in the advanced industri al
countries. They may acquire one or nore of those firnms - a
strategy wdely followed by technology-seeking firnms in the
devel oped countri es, and again also wused by the Korean
el ectronics industry.

5) When the technol ogy needed is close to the international
frontier, it is also likely to be in the grey area between (i)
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being 'available', and (ii) needing to be devel oped. Singly or
collectively (and perhaps in association wth one or nore
t echnol ogi cal i nstitutions) firms may therefore join
col l aborative technol ogy-devel oping networks and alliances
involving firnms in other countries. These m ght consist of firns
in other devel oping countries in sonme situations, or may include
mainly firms in the advanced industrial countries in others.

To sunmarise then, firms and industries in particular
countries can approach the acquisition of foreign technology with
(i) wdely varying technol ogical capabilities, (ii) wde
differences in other elenents of bargaining power, and (iii)
wi dely differing organi sational bases. Strategies for technol ogy
acquisition that rest on weak technological capabilities, weak
bar gai ning power, and weak institutional bases may well result

quite often in the licensing of product designs and/or the
acquisition of equipnent, know-how and other inputs for
producti on. But, they are also likely to result in sone
conbination of (i) limted or zero access to the technology in
the first place, (ii) the acquisition of |imted 'depths' of

know edge and expertise through such channels of access as are
opened up, (iii) the paynent of relatively high costs for what is
acqui red, and (iv) l[imted dynamism in the subsequent
assimlation of what was acquired.

At the other end of the spectrum of strategies, firns and
industries that are approaching the international technol ogy

frontier wll usually need considerabl e technol ogical, bargaining
and institutional strengths in order to acquire foreign
technol ogy effectively, or at all. On that account alone, the

costs of technology transfer may well rise as the frontier is
approached, but those rising costs are not 'paynents' for
technol ogy (which may well rise also). They are investnents in
donmestic resources for acquiring and assimlating technol ogy;
and, until one is at the cutting edge of the frontier, those
costs are likely to remain substantially |ess than the costs of
ori gi nal devel opment of the technol ogy. However , t hat
distinction frequently ceases to have nuch neaning as one
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approaches the frontier: technol ogy acquisition and technol ogy
devel opnent become blurred into various conbinations of
engi neering, devel opment and research - probably in that order!
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5. CONCLUSI ONS:  NEW APPROACHES TO MANAGEMENT AND POLI CY

Two basic orientations underlie our conclusions. The first
is about how the international conpetitiveness of existing
Brazilian industries can be achieved or sustained in the short-
to-medium term In a technologically dynamc world that is
possible in only two broad ways. One involves progressively
reducing real wage levels in industry and/or 'finding
progressively cheaper natural resource inputs for industry. The
ot her requires i ndustri al firme to generate paths of
t echnol ogi cal dynamism that progressively raise production
efficiency and product performance (and/or reduce the cost-
performance ratio of the natural resources used by industry). W
focus only on the second of these strategies.?

Second, however, even if that strategy is vigorously
pursued, there are limts to which it can sustain conpetitiveness
in the medium to longer term across the whole industrial
structure while maintaining real incone levels. On the one hand,
many other countries are rapidly expanding their natura
resource-based industries, wth adverse effects on trends in
i nternational prices. On the other hand, many are eroding
Brazil's existing conpetitiveness in |abour-intensive industries
by conmbining | ower wage rates with (access to) technical skills
and international marketing expertise. |In that context there are
again tw strategies for nmaintaining the conpetitiveness of
i ndustry: (i) managi ng exchange rates so that Brazilian prices
in international markets remain conpetitive, but at the cost of
reduci ng real donestic inconmes; or (ii) shifting the structure of
i ndustry towards higher val ue-added products and nore technol ogy-
i ntensive industries. W focus only on the second of those
strat egi es.

22 There is, of course, a third strategy: to accelerate the destruction of all uncompetitive

industries and firms, hoping that the "resources released” (e.g. people unemployed) will
somehow be absorbed in other economic activities. We presume that, given the structure of the
Brazilian economy, there is limited scope for relying much more on this type of British or
Chilean type of strategy for industrial competitiveness.
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These two strategic orientations have one basic feature at
their core: they will require industry to generate trajectories
of significant donestic technological dynam sm Wiile the
preci se nmeaning of "significant" wll vary between firns and
industries, one point is clear enough. In nmost firns and
industries the intensity of firns' investnent in technol ogical
accurul ati on and technical change that will be required to create
and sustain conpetitiveness will have to be very nuch greater
than in the past - not only greater than in the inmedi ate past of
the 'lost decade', but also greater than in the two previous
decades whi ch, in terms of these aspects of industrial
t echnol ogi cal devel opnent, were also largely '"lost'.

The central issue we have highlighted is that technol ogy
inmports will have to play a major role in achieving that new
intensity of technol ogical dynamsm This, however, is not just
a matter of increasing the 'quantity' of inported technol ogy.
Important as that is, there are nore inportant 'qualitative'
i ssues about how technology is inported in order to incorporate
it into the trajectories of technological dynam sm pursued by
firms. That involves two sets of issues:

1) Inported technology will have to be used not just as the
basis for one-off steps which raise conpetitiveness to new
| evel s, or which permt nerely entry into new product markets.
In a technologically dynami c wor | d, fixed | evel s of
conpetitiveness are rapidly eroded, and the basis for entering
markets will rapidly becone inadequate for remaining in them |et
alone for expanding within them or diversifying beyond them
| nt er nati onal technol ogy transfer projects can therefore
contribute only to very tenporary conpetitive positions on
trajectories of continuing technol ogi cal change and devel opnent.
Moreover, although further technology inports can obviously
contribute to that subsequent trajectory, they can do so only
partially - and often only very partially. [Initial inports nust
therefore be conplenented by substantial and continuing efforts
by the inporting firns thenselves to generate those subsequent
trajectories of technical change.
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2) International technology transfer will often also have to
be used to contribute nore '"indirectly' to those trajectories -
that is, not only by providing inputs to technical change itself,
but by providing inputs to the accunulation of domestic
technol ogi cal capabilities for generating change. This inplies
that technology transfer arrangenents wll often have to be
managed with two objectives in view, not just one. They nust be
managed (i) in ways that add to donmestic know edge, expertise and
ot her resources for generating technical change, as well as (ii)
in ways that contribute as efficiently as possible to the nore
i medi ate and direct inplementation of technical change.

These issues have inplications not only for managenent at
the firm level, but also for governnent policy. However, two
poi nts shoul d be noted about the conclusions that can be drawn in
these areas in a paper like this.

1) Societies obviously differ. They have different econom c
structures and social characteristics, posing requirenents for
di fferent approaches to policy and nmanagenent. In addition, they
have different political systens and underlying structures of
power that fundanentally influence the patterns of what is
feasible by way of policy, and even managenent. Thus, while nuch
can be learned from international trends and the experience of
other countries, this is limted to understanding of broad
approaches and principles. The devel opnent of practical details
nmust be rooted in |ocal specificities and processes.

2) Issues concerned wth the acquisition of inported
technol ogy cannot be treated as isolated areas of "Technol ogy
Tr ansfer Pol i cy" or "technology Acquisition Managenent".
Preci sely because of the inportance of incorporating technol ogy
inmports into localised trajectories of technological dynam sm
policy and managenent in this area nust be parts of w der areas
of action concerned with technology, industrial efficiency and
the longer run evolution of firnms and industries. At the same
time, they nust reflect the specificities of particular firns,
i ndustries and narkets.
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We can therefore highlight here only a few key directions
for managenent and policy in this area, leaving the details to be
el aborated in the light of insights from other conponents of the
overal |l study of industrial conpetitiveness.

5.1. Approaches to Managenent

Table 10 outlines a sinple franmework covering the key areas
that may be involved in managi ng strategically the acquisition of
foreign technology. The table first distinguishes between three
time periods:

Before the Acquisition of Technol ogy. Managenent in this
period is concerned with creating, enhancing and 'assenbling the
t echnol ogi cal and organi sational capabilities needed to define in
adequate detail the technology required, to locate its possible
sources, to gain access to it, to mnimse its financial and
ot her costs, and to acquire and absorb the 'depth' and 'breadth
of know edge and expertise sought.

During the Acquisition of Technol ogy, managemnent IS
concerned wth effectively wusing the organisational and
t echnol ogi cal resources and bargaining power <created and
assenbled in the previous period. In part this would focus on
relatively short-term objectives such as negotiating over price
and other terns, and inplenenting the i mediate technical changes

based on the inported technol ogy. In part also, managenent in
this period should frequently focus on wusing the previously
accunul at ed resour ces to achi eve strategic, | onger-term

obj ectives: using the access to foreign sources of technology to
i npl ement explicit training and learning activities designed to
enhance the firms capabilities for changing and devel oping the
technol ogy in future.

After the Acquisition of Technol ogy. Managenent in this
period focuses on the dynamic assimlation of what had been
acquired - not just on using the technology, but on further
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i nprovi ng and developing it. However, as noted earlier, within
continuing trajectories of technological dynamsm the period
after one technology acquisition project is likely to blend into
the period before another. Managing the dynam c assimlation of
what was acquired in one period therefore blends into nmanaging
the further strengthening of technological and organisational
capabilities that wll be needed for future technol ogy
acqui sition.

TABLE 10
A FRAMEWORK FOR STRATEG C MANAGEMENT OF THE ACQUI SI TI ON OF
FORElI GN TECHNOLOGY

TI ME PERI CDS FOR MANAGEMENT ACTI ON

AREAS OF BEFORE DURI NG AFTER
MANAGEMENT Technol ogy Technol ogy Technol ogy
ACTI ON Acqui sition Acqui sition Acqui sition

CREATI NG

| NTRA- FI RM
ORGANI SATI ONAL
STRUCTURES

CREATI NG

| NTER- FI RM  ( AND
| NSTI TUTI ON)
ORGANI SATI ONAL
STRUCTURES

| NVESTMENT W\
KNOWLEDGE AND
EXPERTI SE

| NVESTMENT W\
| MPLEMENTI NG
TECHNI CAL CHANCGE
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Table 10 also distinguishes between four broad areas for
managenent attention during each tinme period:

Creating Intra-Firm O ganisational Struct ures. Thi s
i nvol ves developing the project teanms that will play the core
roles during all three phases of technol ogy acquisition. It is
likely to require the "assenbly' of multi-functional and multi-
disciplinary teans and, as noted below, it may require
substantial strengthening of the existing know edge and skill
resources of those teans.

Creating Inter-Firm Organisational Structures. In many
cases, the transfer of technology may be sinply between two
i ndividual firms. However, the effectiveness of acquisition may

depend on technology inporting firnms linking thenselves into
wi der networ ks of organisations that will collaborate in at |east
sone phases of technology acquisition projects. As noted

earlier, these networks may consist not only of donestic firns
(conpl enentary or pre-conpetitive), they my also consist of
firme in other countries - either in other industrialising
countries, or in the advanced industrial countries. They may
al so involve sone formof collaboration with donmestic (or perhaps
foreign) technol ogical institutions.

| nvestment in Knowl edge and Expertise. This wll often be
the nost inportant area for nanagenent attention. Bearing in
mnd that the value of the technology one gets out of an
international transfer project seens to depend heavily on what
one brings into it, an inportant part of this investnent in
knowl edge and skill nmay take place in advance of projects. This
can involve a range of activities: for exanple, training,
research and devel opnent that may focus nore on the acquisition
of existing know edge than on creating new know edge, reverse

engi neering, acquisition of information about sources of
technol ogy and their strategic positions of those foreign firnms,
and the organi sed acquisition of relevant experience. |nportant

conponents of these kinds of activity may take place during
projects - explicit conmponents that focus on developing the
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know edge bases needed for subsequent change and inprovenent, not
just for introducing, marginally adapting and using the 'given'

elements of transferred technol ogy. Subsequently, further
i nvestnent in accumnul ati ng knowl edge by R&D or by other forns of
learning and training will often be a necessary basis for

generating paths of continuing technical change.

Investment in |Inplenenting Technical Change. This is
obviously a central focus for managenent during the technol ogy
acquisition project itself, and we have enphasised that it nust
continue as a central focus for nanagenent after the project
However, it may also be an inportant area for action before the
proj ect . For exanple, the credibility and 'weight' of the
bar gai ning power created by prior R& may have to be enhanced
further by continuing through to the inplenentation of at |east
smal | scale or prototype production - an activity that may itself
be an inportant source of technological |earning needed for
effective acquisition and assim |l ation of the foreign technol ogy.

Qur brief review of the past patterns of inporting
technology transfer in Brazil (Section 2) suggested that a few
firms had approached the nanagenent of technology acquisition in
ways that incorporated several of these strategic elenents.
However, the dom nant approaches seemto have incorporated few of
them and nmany cases appear to have incorporated none -
concentrating only on the imedi ate short-termtasks. In effect,
the 'typical' past approaches to managenent have concentrated on
little nore than one colum of Table 10 ("During Technol ogy
Acquisition") and one row ("lnvestnment in technical Change") -
i.e. on not nmuch nore than one of the twelve possible 'cells' of
managenent acti on.

The conpetitiveness of Brazilian industry in the 1990s wl|
depend on many factors (many of them having little connection
wi th technol ogy), but anong those nust be included w despread and
radical change in these past approaches to managing the
acquisition of inported technol ogy.
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5.2. Approaches to Policy

As enphasi sed earlier, policy in this area nust obviously be
part of a wder policy reginme concerned nore broadly wth
technol ogy and other aspects of conpetitiveness. Wthin that,
however, the inportance of a few broad orientations can be
enphasi sed here.

First, the focus of policy in this area nust concentrate on
the industrial firm - not to the exclusion of action concerned
with a wde range of technological institutions, but in
recognition of firnms as the necessary driving force of industrial
t echnol ogi cal dynam sm and as the core agents in acquiring and
absor bing foreign technol ogy.

Second, we have enphasised that key elenents of the
strategi c managenent of technol ogy acquisition involve investnent
by firnms in their own resources as conplenents to their

expenditures on foreign technol ogy. Clearly this requires an
adequately stable macro-econom c environnent within which firns
wi Il undertake any significant investnment in assets that yield

their returns over the relatively long termfuture.

Third, its is clear that conpetitive pressure plays an
inmportant role in stinmulating firms to change the technol ogy they
use, and hence to invest in the resources of foreign technol ogy
and donestic technol ogical capabilities required to do so. O her
things being equal, therefore, policies that enhance those
conpetitive pressures are likely to increase, and increase the
effectiveness of, the acquisition of foreign technol ogy.

Fourth, however, nuch of Brazilian industry appears to have
limted technol ogical capabilities to respond to such conpetitive
pressures; and, just as inportant, it has |limted experience of
investing in the accunul ati on of those resources. Mbreover, nuch
of that investnent involves investnment in know edge and hunman
capital where markets operate very inperfectly. There are
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therefore strong grounds for government intervention that
stinmulates investnment in such assets.

In particular, one nust recognise the limtations of
financial institutions in this area. Mst of them are accustoned
to financing investnent in fixed, physi cal assets which
t hensel ves provide significant security for the finance. Sone

nore specialised institutions are also accustonmed to financing
i nnovative technical change projects for which the potential
returns are reasonably evident, even if sonmewhat uncertain.
However, nmuch nore risky and uncertain for such institutions, as
for firms thenselves, in investnent in know edge and human
capital. Yet these are the kinds of assets that have becone
i ncreasingly i mport ant for dynam c conpetitiveness in
i ncreasingly change-intensive and know edge-intensive industria
production in the 1990s. This appears to be reflected in the
shifting patterns of public policy that focus increasingly on
stimul ating and subsidising investnment in know edge assets in the
industrially advanced countries. In an econony where investnent
in these assets has not becone a significant conponent of
i ndustrial behaviour and 'culture, such policy intervention is
even nore inportant. In particular, innovative new neasures nay
be needed to link government intervention to the operations of
i ndustrial financial institutions.

Fifth, as indicated in Table 10 above, inportant elenents in
the strategic nmanagenent of technology acquisition involve the

devel opment of institutional |inkages and networks. Thi s
suggests that other types of governnment intervention may be
inmportant - types of intervention that involve governnents

playing a catalytic role in facilitating collaboration in a w de
spectrum of technol ogical activities. Action to stimulate such
technol ogical partnerships my be particularly inportant in
linking users and producers of technology, especially in the
areas of industrial automation and other types of information
technol ogy - areas where governnments in many  of t he
i ndustrialised countries play a substantial role.
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Finally, in ways illustrated in the experience of Japan,
governnent policy may have an inportant role in shaping the
structure of nmarkets to create conditions that enhance the
conpetitive pressures on firnmse in ways that stinulate, rather
than constrain, investnment in technological capabilities as a
conplement to inported technology. |In particular, output in
several inportant industries appears to be fragnmented between
firms that are too small to build up the scale of technol ogica
capabilities needed to generate the dynamsm required for
sust ai ned conpetitiveness. This problem seens inportant in a
wi der range of industries than just those where 'privatisation'
is likely. However, the existing plans to restructure the
ownership of enterprises my provide especially opportune
occasions also to overcone these other deficiencies in industrial
structure that have been inherited fromthe past.
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Baixar livros de Turismo



http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1

