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1. Introduction

This paper deds with dructurd changes that took place in the Brazilian socio-
economic formation throughout the 1990s and their impact on mgor eements of the
Brazilian nationd sysem of innovaion. Following a tradition which began with
Freeman (1987){ XE "Freeman, C (1987), Technology policy and economic
performance: lesson from Japan, London: Frances Pinter” } and Andersen and
Lundval (1988){ XE "Andersen, E and Lundval, B-A (1988), 'Smdl nationa
sysgems of innovation facing technologica revolutions an andyticd framework’, in
Freeman, C and Lundval, B-A, eds. (1988), Small countries facing the technological
revolution, London: Pinte” } the mgor concern here is with interactions which take
place amongst economic, socid and political actors and which drength and/or limit
their learning and searching capabilities in such a way tha enhances and/or inhibits
the development, diffusion, and use of innovationsin a certain nation.

Despite the new framework for these interactions a times of increasing relations a
the world scde, the nationa dimension is highlighted here in order to capture the
gpatid-inditutiond  reference for interactions geared towards learning processes
which lead to innovaion and enhances / inhibits both enterprises competitiveness
and socid capabilities.  The Brazilian case is peculiar in the sense that most changes
that took place in its inditutiond and economic set-up (privatisation, liberdization,
change of ownership of mgor enterprises from locad into foreign firms etc.) in the
1990s did not take into account the radical changes which were taking place in the
technologica bass of world development, i.e.,, those changes associated with te ITC
techno economic paradigm [Freeman and Perez (1988)].

Thus, the paper revists some of the dynamic dements of the Brazilian nasi.
identified in the 1980s by Villaschi (1992). At the time, there were strong evidences
that the role played by dsate-owned-enterprises, public run research laboratories in
aeas a the core of the ICT techno-economic paradigm (tdecommunication and
informatics); and the way the triple adliance between locd, foregn and Sate-owned
enterprises was working, could be a postive indication of possbilities for the
Brazilian n.si. to take advantage of some 'windows of opportunities that were being
opened by the emerging techno-economic paradigm. . Moreover, these opportunities
seemed to be supported by inditutional changes that were being fostered by stronger
socid participation that were a the heart of the 1988 Condtitution.

About a decade latter, this paper argues that some of these indications have failed to
fulfil expectations rased by that ealier work. Even though the economy has
overcome the higtorical problem of price ingability, invesment has had a poor
performance in the 1990s, the liberdization of trade and capita flow has not brought
foregn productive invesment in areas where new knowledge is essentid.  In the
technologicad domain, politicd commitment with public defict has cut expenses in
aress (education, R&D etc) which are crucid to innovaion a times of the learning
economy. Moreover, in the inditutiona domain, a srong beief in market forces by
government officias, took the country to the podtion of no industrid / technologica
policies asits policy of economic devel opment.

Thus, the paper brings evidence for what is dressed in the neo-schumpeterian
literature; i.e, that the trgectories emerging from a techno-economic paradigm are
sldom ‘naturdly’ driven by maket forces  Technologica, economic and socio-



political factors are very important in shaping trgectories and determining the way a
new technologicd base for world development is unfolded in different countries.
These trgectories are shaped by a sdlection process, which takes place through the
interplay of economic, politicd and socid forces, and the locdized scientific,
technologicd, innovative and indugtrid capabilities.

Since the economic, socid and political actors that comprise a n.si. do not respond to
one dngle logic and the different logic's they respond to are not necessxily
convergent, the dements of the Brazilian nsi. highlighted in the paper will be
divided into three sdf-regulated domains (technologica, economic and inditutiond)
which operate according to the hypotheses which were firsd established by Dos
(1984) and which were previoudy used by Villaschi (1992) in order to examine its
man features in the 1980s. { XE "Dod, G (1984), Technology and conditions of
macroeconomic development’, in Freeman, C, ed. (1984), Design, innovation and
long cycles in economic development, New Y ork: St. Martin's Press’ }

Thus, the Brazlian nationd sysem of innovation (BNSl) is seen here in a way that it
responds to basic features posed by Edquist (2001) { XE "Edquist, C (2001), The
systems of innovation gpproach and innovation policy an account of the date of the
art', presented at The Nelson and Winter DRUID Summer Conference, June 12-15,
2001, Adborg, Denmark" }. Firdly, it consgts of two kinds of entities. On the one
hand, there are some kinds of components, on the other, there are relations between
these components.  Secondly, the reason why an array of components (technologica,
economic and inditutiond) and relaions (especidly those which are not mediated by
the market) are chosen is because there are evidences that they form a whole. Thirdly,
these components and relations are chosen in such a way as to make possble to
discriminate the system in relaion to the rest of the world; i.e it must be possble to
identify the boundaries of the sysem. That is a least one actor of the learning,
searching, innovaing, producing process is within the country’s geo-politicd
boundaries.

The section which follows this introduction, presents the andytica framework which
will be used in order to gppraise the BNSI. This framework is based (i) on the
contributions of Freeman (1988) and Lundval (1988) regarding the n.si. approach
and its critique made by Edquist (2001); (ii) on the works of Freeman and Perez
(1988), Freeman and Louca (2001), Castells (2000) and Tuomi (2001), regarding the
on-going techno-economic paradigm; (i) on the formulaions of Johnson and
Lundval (2001), Nonska and Takeuchi (1995) and Kuuis (1999) regarding
knowledge and learning; and (iv) on the look that is given to inditutions and socid
capabilities by Hamédainen (1999) and Perez (1997).

Section 3 brings elements of the technologicd, economic and inditutiond domains of
the BNS in the 1990s Specid attention is given to the (i) downgrading of the
country's university and research systems; (ii) weskness of economic policy regarding
the gability and the flexibility which are needed if the country is to have a rdevant
role under the ICT techno-economic paradigm; and (iii) defensve drategy towards
innovation which is being used by agents of production arangements in the most
developed regions of the country.

Given the evidences that the 1990s was a decade during which the BNS worked
under severe condraints, the last section dedls with issues which are high in the



agenda of countries which want to play a more active role in the world flow of
knowledge intensve goods and services and which should become a pat of public
debate and policy making in Brazil too.

2. Theanalytical framework
a. The system of innovation approach

Following a tradition which began with Freeman (1987){ XE "Freeman, C (1987),
Technology policy and economic performance: lesson from Japan, London: Frances
Pinter" } and Andersen and Lundvall (1988){ XE "Andersen, E and Lundval, B-A
(1988), 'Smdl ndiond sysems of innovation facing technologica revolutions an
andytica framework', in Freeman, C and Lundvall, BA, eds. (1988), Small countries
facing the technological revolution, London: Pinter” } the mgor concern here is with
interactions which teke place amongst al important economic, socid and politica
actors and which drengthen ther learning and searching capabilities in such a way
that enhances the development, diffusion, and use of innovationsin a certain nation.

This perspective stresses the differences in the rates a which countries exploit the
posshilities offered by the technologicd gap which is opened especidly a times of
changing techno-economic paradigm or technological trgectories [Freeman and Perez
(21988)]{ XE "Freeman, C e Perez, C (1988), 'Structural crises of adjustment business
cydes and investment behaviour, in Dos & d., eds. (1988)" }{ XE "Dod, G,
Freeman,C, Nelson, R, Silverberg, G e Soete, L, eds. (1988), Technical change and
economic theory, London: Pinter" }. These differences are seen as dependent on each
country’s ability to mobilize politicd and financid resources for transforming the
technological, ingtitutional and economic structures which compriseits n.si. .

As it is dressed in the neo-schumpeterian literature, the trgjectories emerging from a
techno-economic paradigm ae sddom ‘naurdly’ driven by endogenous scientific
and technologicd factors. Economic and socio-politicd factors are very important in
shaping trgectories and determining the way a new technologicad base for world
development is unfolded in different countries. A sdection process, then, takes place
through the interplay of economic, politicd and socid forces, and the locaised
scientific, technologicd, innovative and indudtrid capabilities.

In order to capture the main characterisics of the interplay that takes place at any
country’s level, a n.si. must be seen from two interconnected and, at the same time,
oppodte angles. The firg is that of the ‘disequilibrating’ content of the forces which
interact within it. This is because changes and transformations are by nature nor:

1 . For areview of different aspects of the innovation systems approach, see Lundvall et ali. (2001),
Edquist, ed. (1997). For critical comments on the approach, see Edquist (2001). Miettinen (2002){
XE "Miettinen, R (2001), 'Innovation networks, social capital and technology policy’, Final report of
the Project Multidisciplinary Innovation Research and Technology Policy, Helsinki: SITRA" }
highlights criticismsto the concept, mainly with respect to the waysit has been incorporated in the
Finnish technological policy discourse.



equilibrating forces. The second angle through which an n.si. must be seen is tha of
the forces that maintain reatively ordered the configurations of the sysem and dlow
abroad consstency between the conditions of materia reproduction.

Since the economic, socid and political actors that comprise a n.si. do not respond to
one sngle logic and the different logic's they respond to ae not necessarily
convergent, the eements of the BNS highlighted in this paper will be divided into
three  sdf-regulated® domains (technologicd, economic and ingitutiond) which
operate according to the following hypotheses [Dos (1984)[{ XE "Dos, G (1984),
"Technology and conditions of macroeconomic development', in Freeman, C, ed.
(1984), Design, innovation and long cycles in economic development, New York: St.
Martin'sPress’ }:

) regardless of the powerful interactions between them, each of the three
domains has a dynamics and a content of its own. The specificities of each
domain's dynamics and content shgpe and condrain ther individua impact,
and the interactions amongst them, in such a way tha ther functiond feed-
backs can make possible either ‘virtuous circles or *mismatches,

(i) ‘possible worlds are limited by the number of configurations under which the
three domains can operate in ardaivedy ‘wdl-regulated’ and smooth way;

(i)  imbadance or ‘mismatches between the three domains do not necessarily lead
to changes to other, more balanced or *smoother’ configurations,

(iv)  the adaptability of the technologicad system to a given economic and socid
environment is bounded and limited. Conversdy, a reativey limited st of
macroeconomic conditions and socid relaions are ‘given’ a each dage of the
‘technologica domain'’.

b. TheICT techno-economic paradigm as the basis for world devel opment

Even though the importance of the other three ‘levels (incrementa, radica, changes
of technology system) of innovation proposed by Freeman and Perez (1988) is
recognised, here the main concern will be with the revolutionary ones. Two aspects
of these revolutions are worth emphasising. The first one regards therr widespread
goplication and the drastic reduction in costs of many products and services.
Secondly, it is important to pay attention to the technologica revolutions socid and
politicd acceptability.  This can teke longer than the perception regarding the
technical advantages of the innovation and its economicity because in many cases
such  acceptability must be expressed in legidaive, educaiond and regulatory
changes.

2 _ “The self-organisational approach to dynamic modeling proceeds from the observation that
complex interdependent dynamical systems unfolding in historical, i.e. irreversible time, economic
(political and social, my addition) agents, who have to make decisions today, the correctness of which
will only berevealed considerably later, are confronted with irreducible uncertainty and holistic
interaction between each other and with aggregate variables.” [Silveberg et al. (1988), p.1036]{ XE
"Silveberg, G, Dosi, G and Orsenigo, L (1988), 'Innovation, diversity and diffusion: a self-organisation
model', The Economic Journal, 98:1032-1054" }



Thus, Freeman and Perez's (1988) concept of techno-economic paradigm is a good
goproximation to Kuhn's daboraion because they rdate technologica paradigm not
just to a particular branch of industry but b the broad tendencies in the economy as a
whole. Moreover, they put together the inadequacy of exiging inditutions to the full
development of a technologicd revolution, and the date of criss that sooner or later
emeges from its diminishing revolutionary character. That is they give some red
content to the notion of ‘successve indudrid revolutions by interpreting the
Kondratiev waves as increasing degrees of ‘matches between the techno-economic
system and the socio-inditutiond framework in the upswing followed by increasng
degrees of ‘mismatches between these subsystems in the downswing.

Besides bresking with different degrees of mono causd economic determinism, the
techno-economic paradigm approach can be seen as an important move towards a
more unified theory of growth, criss and change. This heterodox approach seems
more adequate than the vicious circle of maingream socia sciences where, on the one
hand sociologists and politicd scientists try to explan wesk socid motivations,
political gpathy and political crigs in terems of economic trends. And, on the other
hand, economigs try to explan economic crigs tendencies as the result of the
politicisation of the economy on moativations and incentives.



Tablel. Changesin thetechno-economic paradigm: from ‘cheap energy’ to chips

‘Fordist’

(Gid)

ICT

(New)

Technology features

Functionality and ‘better’ products

Place-to-place connectivity

People as ‘users’,’ consumers', ‘workers’
Economic features

Energy -intensive

Design and engineering in ‘drawing’ offices
Seqguential design and production
Automation

Single firm

Product with service

Centralization

Specialized skills

Institutional features

Government control and sometimes ownership

‘Planning’

‘Welfare state’ and ‘warfare state’

‘Pax Americana US economic and military dominance
US dominated international financial and trade regimes

(GATT, IMF, World Bank)

Knowledge and communication
linked with human mind
Person-to-person connectivity

Persord, physicdl and psycholagical susteinebility

Information intensive
Computer-aided designs
Consurrent engineering
Systemation
Networks
Service with product
Distributed intelligence

Multi-skilling

Government information, co-ordingtion
and regulation
‘Vision’
‘Regulation’ of strategic ICT infragructure
‘Multi-polarity’ Regional blocs
Problems of developing appropriateint’|

indiitutions capable of regulating globa finance

Source: Adapted from Freeman and Perez (1988), Freeman and Louca (2001), and Tuomi (2001)

This heterodox approach is even more important when one wants to ded with the on-
going change in techno-economic paradigm. Even if one can trace its scientific and
technological roots as far back as the XVII Century?, the so caled information and

3 _ See, for example, Cortada (2000){ X E "Cortada, J (2000), 'Progenitors of the information age - the
development of chipsand computers, in Chandler Jr, A e Cortada, J, eds (2000), A nation trasformed

by information, Novalorque: Oxford University Press"}



communication technology(ICT) techno-economic paradigm only became a pat of
the economic agenda after the 1970s. Moreover, its indtitutional implications only

came to the open public debate in the 1990s.

No mater when each one of these three dimensons of the ICT techno-economic
paradigm has surfaced in academic and/or public debate’, it is important to bear in
mind that one should avoid the pitfal of single-factor determinism, whether culturd,
economic, politica, scientific, or technologicd determinism [Freeman and Louca
(2001){ XE "Freeman, C e Louca (2001), As time goes by - from the Industrial
Revol utions to the Information Revol ution, Oxford: Oxford University Press' }]°.

For this reason, in here specid emphasis is given to two features of the emerging era
which are recognised is relevant by dl those who are concerned with its opportunities
and congraints knowledge and inditutions. If it were for nothing ese, it should be
because the main difference between previous waves / revolutions / societies / ages
and the one we are living in is tha today there are new/faster forms and new contents
(socid, political, economic etc) for collecting, tredting, trangmitting and recaving al
sorts of information anywhere and everywhere®.

c. Information, knowledge and learning

Modern economics is more than ever awvare of the importance of knowledge and
learning’.  Within the fidd of innovation studies and technological changes, Nelson
and Winter (1982) { XE "Nelson, R e Winter, S (1982), An evolutionary theory of
economic change, Cambridge, Mass.: Harvard Universty Press' }, for ingance, have
made extensive use of the distinction between tacit and codified knowledge®; Arrow

* - Freeman and Loucé (2001) remind us that even the Chairman of the United States Federal Reserve,
Alan Greenspan, “..has spoken frequently of the ‘ new paradigm’, referring specifically to computers,,
telecommunications, and te Internet as the source of the remarkable spurt of growth in the US economy
inthe 1990s.” (ibid., p.301).

® - Elsewhere[Villaschi (2003), | explore alternative features of the ICT techno-economic paradigm
indicated by Castells (2000), Drucker (2001) and Tuomi (2001)

6 - Compare with Tuomi(2001)’s*... the ongoing socio-economic transformation is based on three
interrelated processes of increasing informationalization, changing communications and
interdependence structures, and changing processes of knowledge creation and utilisation.

" Johnson and Lundvall (2001){ XE "Johnson, B e Lundvall, B-A (2001), 'Why all this fuss about
codiefied and tacit knowledge?, presented at DRUID Winter Conference, 18-20 January, Aalborg,
Denmark" } reminds us that knowledge has been at the centre of analytical interest from the vey
beginning of civilisation. Aristotle distinguished between: Epistémé: knowledge that is universal and
thoretical. Techné: knowledge that isinstrumental, context specific and practice related. Phronesis:
Knowledge that is normative, experience-based, context -specific and related to common sente:
“practical wisdom” (ibid., p. 12)

8 . According to Gertler (2001){ XE "Gertler, M (2001), 'Tacit knowledge and the economic
geography of context or The undefinable tacitness of being (there)', presented at The Nelson and Winter
DRUID Summer Conference, 12-15 June, Aabolg, Denmark" } philosophers of knowledge such as
Ryle (1949) { XE "Ryle, G (1949), The concept of mind, Chicago: University of Chicago Prress’ } and
Polanyi (1958, 1966) { XE "Polanyi, M (1958), Personal knowledge towards a post-critical
philosophy, Londres, Routledge" }{ XE "Polanyi, M (1966), The tacit dimension, New York:
Doubleday" } anticipated later developments in social constructivist thought by enunciating what was
for them a crucial distinction between knowledge that could be effectively expressed using symbolic



(1962{ XE "Arrow, K (1962), The economic implications of learning by doing,
Review of Economic Sudies, XXIX(80): 155-73" }, Rosenberg (1976){ XE
"Rosenberg, N (1976), Perspectives on technology, Cambridge Cambridge
Universty Press’ }, and Lundval (1985{ XE "Lundvdl, B (1985), Product
innovation and user-producer interaction, Adborg, DK: Adborg Universty Press' }
rase gpecific questions regarding learning and innovation.  The maor difference
between these contributions is that whilst the firs two are more concerned with
leaning within the firm (by-doing and by-usng, respectively), Lundvdl’s learning-
by-interacting brings to the fore front of the discusson innovation capabilities which
emerge when users and producers search together for a new product/process.

However, the undergtanding of knowledge and learning ill remains narrow, despite
new indghts tha emerge from higoricd and empiricd research programmes on
inditutiona  economics, evolutionary economics, socio-economic research and the
economics of innovatior®. It must be credited to them the better grasp we have today
on how innovation takes place in different parts of the economy. But, when it comes
to the other aspect of knowledge production, i.e. competence building, learning and
mediation of knowledge, research is only now beginning to rase fundamenta
questions about who learns wha and how learning takes place in the context of
economic development [Johnson and Lundval (2001].

In order to contribute to a better understanding of these issues, Johnson and Lundvall
(2001) divide it into four categories. Individua'® knowledge consists of know what
(facts), know why (principles), know how (skills) and know who. The latter conssts
of information about who knows what and who knows what to do, and the socid
ability to co-operate and communicate with different kinds of people and experts'.

Furthermore, Johnson and Lundval (2001) dress that very little knowledge is
‘perfectly public. Even information of the know-wha type may be unavalable to
those who are not connected to the right communications or socid networks'?. Even

forms of representation — explicit or codified — and other forms of knowledge which dcefied such
representation — tacit knowledge.

° -Itisimportant to havein mind, however, that in theories that form the core of standard economics,
it isassumed that rational agents make choices on the basis of a given amount of information. The
only kind of learning allowed for is agents’ access to new bodies of information.

10 According to these authors, on the organisational level the four categories correspond to ‘ shared
information — data bases', ‘shared models of interpretation (including company stories)’, ‘shared
routines’, and ‘shared networks'. On the regional level they are identified as ‘people’, ‘culture’,
‘institutions’ and ‘ networks'.

1 . The authors point out that this sort of knowledge has become increasingly important because

there is a general trend towards a more composite knowledge base, with new products typically
combining many technologies, each rooted in several different scientific disciplines. That makes

access to many different sources of knowledge more essential.

12 _ That should be amatter of great concern for those who are working on the prospect of a new
international order at ICT times. Since information and knowledge refers more than ever to power
relationships, the ‘haves’ and ‘ have nots' in both inter and intra-country spheres cannot be considered a
side subject for those who are investigating opportunities and constraints in the new/ next
society/economy/paradigm.



if and when scientific or other types of complex knowledge is perfectly accessible, for
accessing it the user must have invested in building absorptive capabilities'®.  They
illustrate their point with the following congderations:

0]

(i1)

(iii)

despite the fact that information technology has greatly extended
the information a the digposa of individud agents, knowing what
increasingly depends on sdection of what is rdevant. Even with
the most recent advances in this area, access to this kind of
knowledge is 4ill far from pefect and the most effective medium
for obtaining pertinent facts may be through the know who channd,
i.e, contacting an outstanding expert in the fied to obtain direction
on where to look for a specific piece of information;

scientific work ams a producing theoreticd modd of the know-
why type, and some of this work is placed in the public domain.
That, though, does’t mean public access snce it often takes
enormous investments in learning before the information one might
obtain through the Internet or other forms has any meaning. Again,
know who, directed towards academia, can help the amateur obtain
a ‘trandation’ into something more generadly comprehensible!®,
This is one drong motivation for companies presence in academic
environments and sometimes even engaging in basc research.
Some big companies contribute to basic research and they tend to
take over functions of ‘technicd univergties. This dose
connection between science and the exploitation of new idess by
busness in fidds such as biotechnology, though, can undermine the
open exchange that should continue to characterise academic
knowledge production'>;

in fidds chaecterised by intense technologicd competition,
technical solutions are often ahead of academic know-why. Thisis
the case when technology can solve problems of perform function
without a cdear scientific understanding of why it works. Here,
knowledge is more know-how than know-why.

Having addressed these different forms and contents of knowledge and their blurred
public/private  boundaries, Johnson and Lundval (2001) come to another
fundamentd question specidly for those concerned with the production, circulation

1

3 . “Know-how is never fully transferable since how a person does things reflects that individual’s

personality (even organisations have a‘ personality’ in this sense)” (ibid., p.15)

14 _ Inthis context the Finnish Centre of Expertise Programme can be seen as amodel in terms of
facilitating access to who knows whereto find what is relevant and how to translate what isfound in a
way meaningful to business.

15 _ Johnson and Lundvall (2001) also stress that, contrary to the free ‘ spill-overs’ which is assumed
by standard economics, access to scientific know why, under all circumstances, depends upon
investment in R& D activities and in science.



and digribution of knowledge, i.e., how can its different aspects be mediated. In this
respect, they add:

() gnce tacit knowledge in the form of know-how or competence
cannot be separated from the person or organisation containing it,
mediation may take the form of the purchase by the customer of the
sarvices of the person or the firm rather than the competence itsdlf.
The importance in this sort of mediaion (and the problems it
involves) can be noticed by the increesng rdevance that has been
acquired by knowledge intensve business services (KIBS);

(i)  tacit knowledge can dso be mediated through interactive learning
between the one which needs it and its carrier’®. This may be a
conscious choice, for example when an apprentice enters into a
contract with a master, or it may be a Sde-effect of co-operation
between people and organisations to solve shared problems.

Mediation of knowledge is not necessarily easer when its content can be made
explicit and it can be separated from its carier. On the one hand, determining the
vaue of the information for the user before the transaction takes place is not dways
an essy tak. For obvious reasons, the user wants to know something in advance
about the knowledge and the sdller does not want to give information away for free.
On the other hand, it is difficult both for the seler to redtrict the use of the information
once it has been s0ld; and for the buyer to restrict its further distribution by the sdller.

In any case, it has been increasing the importance of R& D-expenditure as a means of
facilitating the mediation of knowledge. On the one hand, because even to pursue
reverse enginegring takes a minimum of scientific competence which requires certain
investment in R&D. On the other hand, snce both the rate of change and the
complexity of knowledge have been growing quite fagt, no sngle organisation can
measter &l the elements of the knowledge base'’.

It is important to notice that even when knowledge is embodied into products, it might
be necessary some kind of mediation for the transference of tacit knowledge in order

16 _ Johnson and Lundvall (2001) point out that tacit knowledge can also be mediated through the
hiring of the expert as employee or through the taking over of the organisation controlling the
knowledge.

17 _ That istrue both of high-tech areas such as biotechnol ogy (see evidence presented by Walter
Powel at workshop sponsored by Advanced Technology Policy Group/Minister of Industry and Trade,
on 13/X11/01) as well as more mature fields such as the exploitation of natural resources like marble

and granite [see Villaschi and Sabadini (2000){ XE "Hazley, C (2000), Forest-based and related
industries of the European Union - industrial districts, clusters and agglomerations, Helsinki: ETLA /
Taloustieto” }]



for it be fully and/lor properly used. This is the reason why suppliers of complex
process equipment may offer training to the personnel of the customer organisation'®.

In dl cases that have been presented by Johnson and Lundval (2001) it is quite clear
that a times of changing techno-economic paradigm, any attempt to have clear cut
divison between tacit and codified (or codifiable) knowledge is unfruitful. Thus, it
becomes increasingly important to understand how these two forms of knowledge can
edtablish virtuous circles of complementarities.

The SECI (socidisation externdisation-combinationtinterndisation) modd proposed
by Nonaka and Takeuchi (1995){ XE "Nokada, | e Takeuchi, H (1995), The
knowledge-creating company how Japanese companies create the dynamics of
innovation, Oxford: Oxford Universty Press’ } is based on the idea that knowledge is
created in a continuous process where the socidisation of tacit and unarticulated
knowledge transforms it into a knowledge which can be transferred / codified. The
combination of different externalised knowledge increases the tacit knowledge which
is interndised into the individuds or the participating organisations. A virtuous circle
is established when this new tacit knowledge is socidised.

Given tha virtuous circles in many cases don't take place as a result of forma
settings but are based on learning which is base on informd networks, more attention
should be paid to ‘learning communities. The concept of ‘learing community’ is a
way to describe basc actors and inditutions interacting towards the implementation
of different types of networks for learning. The defining functions of a learning
community are its common knowledge management or knowledge logidics activities
resulting in the adoption or in the production of innovetions [Kuus (1999){ XE
"Kuus, O (1999), 'Growing and learning entrepreneurial networks ad the foucs of the
nationd innovation strategy’, in Schienstock adn Kuug, eds. (1999)" }].

A quick look a this modd will be a strong argument for Johnson and Lundval
(2001)'s dert towards the need of better understanding the connections between
different forms of knowledge, their public/private content and the different forms for
their mediaion. It will dso serve for drengthening the context implication of tacit
knowledge. That is, we need “... to think harder and more carefully about how tacit
knowledge and context are produced before we can say anything inteligent about the
conditions under which tacit knowledge can most readily be shared — that is, when
‘proximity’ isimportant; what types and why [Gertler (2001), p. 17]°.

d. Ingtitutions and social capabilities

Congging of both informa congraints (taboos, sanctions, custom, traditions, and
codes of conduct) and formd rules (conditutions, laws, property rights), indtitutions
in generd terms “ae humanly devised condraints that sructure politica, economic

18 _ In the context of developing countries that is essential even when one s not dealing with complex
process equipment. Low educated labour force implies that in those cases, thistraining is crucial if
embodied knowledge is going to have any economic impact at all.

19 _ Which can be seen as an additional argument in favour of the NSI approach and a good reason to
go to Karl Polanyi [Polanyi (1944){ XE "Polanyi (1944), The Freat Transformation, New Y ork:
Rinehart" }] for a better understanding of the origins of tacit knowledge and context.



and socid interactions.” [North (1991){ XE "North, D (1991), 'Ingtitutions, Journal of
Economic Perspective, 5(1): 97-112" }, p. 97]. They have as a basic feature their
informational devices dravn to reduce uncertaintiess By reducing the amount of
information needed for individuad and collective action, inditutions make society
possble and are afundamentd building block in dl societies.

From an economic point of view, the inditutiondist tradition has stressed the time and
place dimensons tha characterise regularities of socid behaviour.  Economic
behaviour is indtituted, then, not because of some universal human characterigtics, but
rather through a process of enculturation. In a world characterised by innovative
activities (centred on different forms and contents of knowledge which is acquired
through diverse sources and means of learning), uncertainty is an important aspect of
economic life, and the exigence of inditutiond set-ups a the different levels (of a
goecific firm, of a group of firms or of a country as a whole) become a centra
component of a system of innovation

Given these configurations, it should be of no surprise that in dl the approaches that
have been mentioned above, inditutions emerge as a key edement to be looked a. As
highlighted by Freeman and Perez (1988), a times of changing techno-economic
paradigms chdlenges emerge to the old indtitutiona framework. The core resources,
technologies, organisational arrangements, and market sructures of the new paradigm
cannot reach their full development potentia within the old inditutiona  framework.

If it were for nothing dse the old inditutiond setting was drawn (formdly or
informdly) in order to match the socio-economic-technological needs and preferences
of its time.  Thus, a new socio-economic-technological needs emerge a new
inditution setting must come to place or a ‘mismatch’ occurs between the different
domains described above.

Such a ‘mismatch’ can be seen from a perspective of the way agents (individud,
groups, organisations) perceive the changes that are teking place.  According to
Hamdanen (1999 XE "Hamdanen, T (1999), 'A techno-economic paradigm shift
and the process of socio-ingditutiona adjustment’, in Schienstock, G e Kuug, O, eds.
(1999), Transformation towards a learning economy, Helsnki: STRA™ }:

() there are those which develop a new dtitude that better
reflects the new techno-economic redities of the world, but
ae unsatisfied with the dow adjusment of socid norms,
formd indtitutions, and collective behaviour;

(i) others are satisfied with their old menta paradigm, but not
with the way the economy and technologies are changing
the world around them;

@i)  4ill others which fed losses from the rapid dructurd
change brought about by the techno-economic paradigm
shift and cannot undersand what went wrong with the
society; and

(iv) there ae dso those which do redise that changes are
inevitable but given ther vested interets on the old



paradigm (usualy connected to human capitd and physica
assets) voice thar protests againgt possible changes.

Due to these different perceptions and dternative behaviours, Perez (1997){ XE
"Perez, C (1997), The socid and political chalenge of the present paradigm shift,
presented at the Norwegian Investorforum, 15-16 May, Odo, Norway" } points out
that :

(i) the long trangtion phase between the old and new socio-
indtitutiond paradigms tends to be a turbulent period of
increesng socid  tendons, risng mora  and  rdigious
fundamentdism, proliferation of new ‘cdans and extreme
movements, strong leaders with smple ideologies, and even
wars and revolutions®;

(i)  the adjusment of society’’'s legd and regulatory framework
can be a very dow process due to the resstance of many
specid interest groups and the complex naure of the
political process,

(i)  the inditutiona adjusment process influences collective
behaviour.  Public sector organisations and old specid
interest groups tend to be the last strongholds of the old
inditutiona arangement dnce they do not face direct
competition and have drong interes in maintaning the old
regime.

By now it should be cdear that a sysem of innovation cannot rely only on economic
relations which can be mediated by the market or whose governance can take place
through hierarchies. At the levd of the different socid and economic networks,
atempts mus be made in order to quantify these rdationships through the
decompostion of socid cepitd into three factors, namey socid interaction, trust and
the qudity of information [Ali-Yrkko (2001){ XE "Ali-Yrkko, J (2001), Nokia's
network - gaining competitiveness from co-operation, Helsnki: Tdoudtieto” }]

If one follows Coleman (2000 XE "Coleman, J (2000), 'Socid capita in the creation
of juman capitd’, in Lesser, E, ed. (2000), Knowledge and social capital - foundations
and applications, Woburn, MA: Butterworth-Henemann" }, socid dtributes /
capabilities can be understood as inditutiona relaionships between people.  Under
Putman’s (1993){ XE "Putman, R (1993), Making democracy work - civic traditions
in modern Italy, Princenton, NJ. Princeton Universty Press’ } terms, they should be
related to socid networks, the norms of society and trust. Whilst usng Fukyama's
(1995{ XE "Fukyama, F (1995), Trust: the social virtues and the creation of
prosperity, London: Hamish Hamilton® } contribution one could argue that socid

20 _ The events that took place before September 11, 2001 and the reactions afterwards illustrate this
interpretation very well.

21 _ Hereto be understood on different scales of space (local, regional, national, supranational) and
other forms of social gathering (ethnic, religious, professional etc.)



attributes / capabilities include the ability of people to work with one another for the
common good.

Whichever is the levd a which one wants to understand common good, these socid
capabilities are of fundamenta importance if a NS is to cope adequately with
scientific, technologicd, economic and inditutiond chalenges and take full
advantages of the windows of opportunities which emerge a times of changing
techno-economic paradigm [Perez and Soete (1988){ XE "Perez, C and Soete, L
(1988), 'Catching up in technology: entry barriers and window of opportunities, in
Dos et d., eds (1988)" }]. That is ever more s0 because societies differ with respect
to the accumulated socid capital and that has an impact on their capability to produce
intellectua  capitd and to engage in innovation activities [Schiendock and
Hamdanen (2001){ XE "Schienstock, G and Haamdanen, T (2001), Transformation
of the Finnish innovation system, Hsnki: STRA" }].

3.Features of the BNSI in the 1990s

Given the characterigics of the on-going techno-economic paradigm pointed out in
the previous section; and of the Brazlian socio-economic formation , two difficulties
arise with respect to the andyss of the BNSI. The first one is related to the loose
boundaries that exis between the technologicd, economic and inditutiond domans
a times of change in paradigms.

The importance given by the approach used here to the innovative interactions that
take place between different agents makes harder the task of placing each of them
consgently in one of these three domains. For this reason, a degree of arbitrariness is
inevitable when deciding in which domain to condder eements of the search and
learning processes that take place in the system asawhole.

The second difficulty is related to what elements to take into account in the analyss.

Given that the learning approach used here is closdy relaed to an evolutionary
perspective under which technologicad change is looked upon as anopen ended
sequence of events, an important feature of the eements to be taken into consideration
must be their contribution to the diversity and complexity of the sysem asawhole.

Moreover, the broader understanding of innovation under both the techno-economic
paradigm concept and the n.si. goproach implies that besdes the economic-oriented
factors such as diversity of products, production and trade patterns, attention must be
given to inditutiona diverdty which can affect the searching and learning capabilities
of thensi..

Having sad that, the sdection of dements to be used in order to characterize the
BNS in the 1990s will be those which are seen as evidence of ether a podtive
response to the characteritics of the on going techno-economic paradigm; or of a
condran for the BNS to play a more active role in the country's better insertion in
the new forms and contents of the world economy.

a. Theeconomic domain



The full impact of changes in economic policy that has occurred in Brazl in the 1990s
is dill an open issue for long discussons  The assumption that macroeconomic
policies amed a price dabilization and dructurd reforms dong the prescriptions
suggested by the Washington consensus, would generate a virtuous circle of gains in
competitiveness following the phase of redructuring through liberdization of trade,

de-regulation

and privetization of date-owned enterprises, cannot be taken for

granted for al economic activities in the country.

As shown by Coutinho (2001):

>

the Real Plan for economic gabilization in Brazil had very high interest
rates and resulted in a highly overvaued exchange rate right & the start;

dabilization was based on a substantidly overvaued exchange rate with
a high and not eadly revershle price tag - a dructurd increase in
imports and a deceleration of the growth of exports;

loca indudtries increesngly came to subgitute imported pats and
components, made irresdibly inexpensve by the overvduation of the
exchange rate, for domesticaly made inputs;

the share of imports in the compostion of the country's supply increased
and in many cases wiped out domestic production, leading to contraction
of aggnificant part of thelocd indudtry;

persgent financid vulnerability of Brazilian owned businesses reaulting
from very high costs of capitd;

week competitive peformance with outstanding trade fraglity in dl
sectors of high added vadue and high technologicd content. Only the
commodities sectors were internationdly competitive with large scde
production and low vaue-added - sectors that use raw materid and
agriculturd inputs and are energy intensive®;

widespread loss of nationd ownership in many sectors™, weskness and
reduced Sze of the remaning Brazilian busness groups meking it
amogt impossible for them to become active world players,

increesing presence of foreign investors in dl dynamic sectors having
high vdue-added activities®®. It is worth noting that direct foreign

22 _ Quitein line with economic features of the 'old' techno-economic paradigm and further from what
is considered the core of the on-going ICT TEP.

23 _ Thisserious debilitation of national business groups transferred the control of more than 200
important firmsto foreign corporations. At least 50 of those had been publicly held corporations which
then became fully owned closed subsidiaries.

24 _ According to |EDI (theinstitute for industrial development studies) between 1994 and 1998 , the
presence of foreign investors' control (% of sales of the 20 largest firms) moved from 55% to 79% in
autoparts, from 34% to 79% in electronics; from 69% to 83% in comp uting; from zero to 75%in
telecoms; from 44% to 73% in capital goods.



invetment came to dominate important sectors of services and
infrastructure which came to dominate important sectors of services and
infradructure  which are non-tradable and therefore unavalable for
export;

» Brazliamowned corporations retaned hegemony in  the indudrid
sectors with low vaue-added (commodities such as nonrmedlic
minerds, mining, paper and pulp, seds and metdlurgy) and non
tradeables (congtruction and housing, transport services).

Under these circumdtances, it should be of no surprise the negative effects that the
macro-economic regime in the 1990s have had in the economic domain of the BNSI.
Two empiricd dudies bring evidence of tha in connection with the framework of
cooperation, learning and embedded innovation capabilities which was established in
the previous section.

The fird one is the work done by Lemos e di (2003) regarding innovative
capabiilities in the Fiat suppliers network in Minas Gerais state™. It shows that:

> in contrast with the 'mingrization®® of the auto-parts industry launched
by Fa in 1986, throughout the 1990s there was an incressng
Itdlianization’ of the Minas Gerals auto-parts industry. That was o0
because Fa simulated the entry of familiar suppliers that they tave had
a long-lagting rdaionship with in Itady. As a result, while in a sample of
42 Fat suppliers interviewed in 1994, 81% were nationd; in another one
of 20 suppliers interviewed in 2000, 60% were subsdiaries of globa
suppliers;

» despite good availability of locd research groups in mechanicd
engineering, interaction between them and Fat's locd verticd supply
chain is very weak. A good reason for that might be that close to 60% of
respondents to Lemos and colleegues survey condder ther in-house
R&D labs outsde the country as the main source of information related
to innovative activity;

» co-desgn activities are virtudly absent in Brazil, except in those cases
where the adaptation of the component to loca conditions is necessary.
Thus, there is very low spill-over to the locd sysem of innovation as
local suppliers are not expected to have an independent capability to
peform desgn activities and, a the same time, to be able to solve
problems jointly with the assembler;

> there is evidence of lack of cooperation between competitor firms and
between second- and third-tiers suppliers, and between them and

%5 _ One of the top three most industrialised states in the country.

%6 _ Referring to the installation of suppliersin Minas Gerais.



suppliers of raw materid and equipment. Only two aspects of
cooperaion appear to have increased of intendgty: exchange of
information and trids for devedlopment and improvement of product.
The explanation for the increase in the intensity of cooperaion seems to
be reaed to the search for qudity in both input/equipment and
personnd (through training);

» R&D activities have dmogt vanished in this indugry in the region: (i)
only 18 Fiat suppliers have patents registered in Brazil. As of 2000, the
number of patents totaled 87 and most of them were of a smple content
; (i) before the economic liberdization and the emergence of the globd
ca, Ha's enginegring depatment in Minas Gerais employed amost
400 people. As of 2000, the department had shrunk to no more than 100
employees

» The fact tha the main R&D labs are based outside the country has been
decisve in explaning the low interaction between agents regarding the
development of technologica capabilities. Moreover, the weskness of
the transmisson mechaniams of inte- and/or intra-industry and vertica
and/or horizontal technology transfer has compromised the intendty and
the spread of spillovers effects.

The second sudy [Szapiro (2003)] brings evidence of the telecommunication industry
which is a the core of the ICT techno-economic paradigm and that was praised by
many as a success story of the BNS! in the 1980s [see Hobday (1990), Pessini (1986),
for example]. It shows that

" .. the structural reforms of the 1990s provoked great disarray in the Campinas arrangement?’,
eliminating firms and abolishing cooperative linkages between institutions. Asaconseguence of these
troubles, learning processes accumulated in the past have been put into jeopardy. Thereis serious
doubt about the possibility of maintenance of local technology development. The processes of trade
liberalization and deregulation have thus promoted disarticulation and destruction of intangible assets
of firmsand institutions, deeply affecting their core competences.” (ibid, page 496)

As for trade liberdization, she shows that, even though, it didn't provoke sgnificant
changes in the dructure of the teecommunicaions equipment indudry, it, on the one
hand, sgnificantly affected the drategies and cgpability development of the nationaly
owned firms in a way that it reduced ther internd technologicd development. On the
other hand, multinational subsdiaries that were in Brazil before the beginning of the
1990s, increesingly based ther indudrid and technologica capabilities building on
their headquarters, and on other subsdiaries of the same group in the direction.

As far as privatization is concerned, Szapiro (2003) stresses that: (i) there was a
condderable increase in the share of tdecommunications sector in the trade deficit of
the eectronic complex (reaching more than 40% in 1999); (ii) there was a change in
the mix of adtivities conducted by CPgD?®. It reduced the number of research

27 Which comprises over 85% of telecommunication's equipment industry in Brazil.

28 _ An important milestone in the effort to set up a national and independent model for the

telecommunication industry, CPqgD is an the R&D centre established by state-owned Telebras



projects it used to undertake and increased the share of short-term consultancy and
technicd assstance activitiesit provided asasurviva Srategy.

The drong dependence of the subsdiaries of multinational firms on ther parent
companies abroad, became an inhibitor to knowledge flow and interaction with loca
educationa ingtitutions. According to Szapiro's survey:

"The reasons given by multinational subsidiaries to interact/cooperate with other institution are
qualification and training of human resources and product commercialization (the case for 80 per cent
of firms). For them cooperation takes place to support personnel training and facilitate product
commercialization. On the other hand, al nationally owned firms declared that accessto technology is
the main reason for the interaction with other institutions. ... It isinteresting to notice that the
subsidiaries' behavior differs from that prevailing at the end of the 1970s and the 1980s. During this
period, some projects were devel oped between multinational subsidiaries and CPqD, asaresult of the
policiesimplemented in the sector” (ibid., page 491)

She dso quotes Souza and Garcia (1999) in order to show a shift in the reason why
firms looked for that specific location. Those that were ingdled in Campinas before
the 1990s said they had chosen it because of its provison of easy access to R&D and
education inditutions. As for those which went there in the second hdf of the 1990s,
their location choice was based on the availability of labor skills and a well developed
road systen?”.

If one moves from cases such as FHat's suppliers, in Minas Geras, and
telecommunications, in S& Paulo, dtudions can be found where the gererd
framework of economic policy mentioned above had contradictory impacts on the
innovative cgpabilities of the micro-foundations of the BNS - that of productive
arangements (APL). That is, if, on the one hand, the overvauation of loca currency
caused fierce competition from abroad which was fudled by lowered taiffs on
imported goods, on the other hand, the exchange devduation favored the
modernization of their plants through the import of capitd goods a lower redive
costs.

In the case studied by Campos, Céio and Nicolau (2003), that of the textile and
clothing in Vde do Itga, equipment import have not produced internd effect which
have directly encouraged interactions for innovatlive learning apat from the
incorporation of new technologies embodied in equipments. In other cases, evidences
have been found of improvement in the innovation capabiliies of loca
companies/organizations, even if gpecific and redricted to some dements of the
respective arrangement.

Thus, the APLs of shoe making in Rio Grande do Sul [Vargas and Alievi (2003)], of
textile and clothing in Vade do Itga, and of metd mechanic in Espirito Santo
[Villaschi and Lima (2003)], have been urged to improve ther capacity to meet

in the 70s, with the objective of becoming a reference for the country's research and
development projects for equipment and services in that sector.

29 _ Inthe terms established in section 2 of this paper, it is asif the BNSI were going back from the
‘new" into the'old' TEP,



client's short run demands. It shoud be emphasized that in the mgority of cases such
qudification was regtricted to processinnovation

Other empirica studies can be used in order to illudtrate the perverseness of liberd
economic policies practiced in Brazil throughout the 1990s. de Paula, Porcile and
Scatolin (2003), for ingtance, show that in the case of the Soy APL, in Parana, two
changes have had negative effect on its technologica capabilities.

Frdly, that in R&D draegies by the main source of innovation - EMBRAPA (dstate-
owned inditute for the scientific and technologica development of agriculture) -
which does not dlow for co-property of new varieties any more. Secondly, the
modifications in the legidation that regulates the production of new varieties and
which ensures private gpropriability of innovations through patenting.

These two changes have just about vanished the co-operation system for the
recommendation of new varieties which used to make possble EMBRAPA's
drategies for the development of seeds through dose ties with samdl and medium
Szes producers / co-operdtives. It should aso be noticed that these changes have
taken place a the same time that there has been a subgtantia entrance of multinationd
soy seed producers in Brazil. And there, just & it has been pointed out in the cases of
Fa's suppliers and of tdecommunications, that has meant a transference of
innovation cgpabilities towards the multinaionas laboratories in  their home
countries.

b. Institutional domain

As dressed in section 2, in a world characterised by innovative activities (centred on
different forms and contents of knowledge which is acquired through diverse sources
and means of learning), uncertainty is an important aspect of economic life.  For this
reason, the exigence of inditutiond set-ups a the different levels (of a specific firm,
of a group of firms or of a country as a whole) becomes a centrd component of a
sysem of innovation. In such a world then, inditutions move beyond the
characterigtics of routines, and guiding every day life in order to work dso as a
framework for change.

Mytelka and Smith ( 2001 ) emphasize that the recognition of the need for this
framework for change can be increesngly found throughout the 1990s in policies
dravn within the countries of the OECD. In this same direction, Edquig (1997)
points out that the n.si. approach was used as "...a means for studying innovations, as
a conceptud framework for government policy-making, and as a basis for formulating
the innovation Strategies of firms" (ibid.,page 16).

Edquist (2001) goes further in order to dtress that the nationa system of innovation
gpproach edtablished itsdf at a relatively short time, and began being used widdy not
only in the academic milieu as in the edablishment of innovation policies as wdl. In
a gmilar way, Miettinen (2002), recognizes that the concept crested fabrics of



policy language woven by researchers together with bureaucrats and civil servants
which made it work as an organizing boundary®® metaphor.

One question that must be asked, then, is why the n.si approach did not go beyond
innovation gudies in Brazil; why as a conceptud framework it was not even
conddered for policy-meking in government or as a bads for formulaing the
innovetion strategies of firms.

The work by two Uruguayan colleagues might help to shed light into these questions.
Arocena and Sutz (2002) indicate that, despite being recognized as a politica concept
and that the redity it describes can be submitted to deliberate efforts towards change
with a reasonable hope to achieving what is intended, the n.si. gpproach can not be
seen as trivid. That is s0 because, even in order to taken as a political concept, it
needs socid attitudes concerning globa trandformations.

According to them, "Socid attitudes concerning globd transformation belong to those
issues that deserve specid dtention in Hirschman's goproach: "Our diagnoss is
amply that countries fall to take advantage of their development potentid because,
for reasons largely rdaed to ther image of change they find it difficult to teke
decisons needed for development in the required number and at the required number
and at the required speed” (Hirschmand, 1958 25)" [Arocena and Sutz (2002), page
15].

One could say, then, that a mgor condraint for a better ‘tuned' inditutional set-up of
the BNSI in the 1990s was a lack of 'vison' (see table 1 in section 2). According to
Fransman (2002), "A ‘'vison' or cognitive framework conssts of a interrdated set of
bdiefs, embodied in assumptions and expectations, which serve the purpose of
making the world seem inteligible and therefore orienting decisonrmaking” (ibid.,
page 8).

Since the dominant image in the 1990s among economic policy makers in Brazil was
concerned with competitiveness based on factor endowments (mainly natura
resources and chegp labor force), it should come no surprise the fact that not much
was done concerning the opportunities and congraints which emerged with the ICT
techno-economic paradigm. That is not to say, however, that the subject was totaly
missing in the government's agenda.

Contrary to what took place with the n.si. gpproach (which was the subject of only a
couple academic works and never moved beyond seminars / libraries walls), (i) the
need for proper funding of innovation and technologica deveopment; and (ii) a

30 _ "The concept of the boundary object was originally introduced bt Star and Griesener in 1989.
Bowker and Star define the concept as follows (1999, 297): Boundary objects are those objects that
both inhabit several communities of practice and satisfy the informational requirements of each of
them. Boundary objects are thus platic enough to adapt to local needs and constraints of the several
parties employing them, yet robust enough to maintain common identity acrossthe sites. They are
weakly structured incommon use and become strongly structurein individual site-use. (...). Such
objects have different meaning in different social worlds but their structure is common enough to more
than one world to make them recognizable, a means of translation. The creation and management fo
boundary objectsis akey process in developing and maintaining coherence across intersecting
communities."" [Miettinen (2002), page 19]



certain awareness about the chalenges of the 'information society’, can be found in
different levels of public debate.

Those are certainly the cases of the atempts to establish 'ear marked money for
funding S&T projects. The first one, took place in the Conditution of 1988 which
dlowed governments a the dae level to commit a certain percentage of its revenues
for S&T financing. The second one, was the movement among federal government
officids with the support of committed (but of redricted numbers) members of
Parliament and busness people, in the direction of guaranteeing funding for R&D in
thirteen economic aress®* and for universities S& T infrastructure.

Despite the political victories of both, they did not present substantia results in the
1990s. On the one hand, even though most states have adopted in their condtitutions
the principle of committing funds for S&T, the letter of the law did not have a
practica response. In most cases, the amount of money which gppears in the dtates
budgets does not become financid resources during the year for research projects. 'If
budget control is necessary, the firsd expenses to be sacrificed are those which have
the least public apped’, is a popular saying among those who are responsible to keep
public finances bal anced.

On the other hand, the Ministry of Science and Technology's project to guarantee
stable funding for S&T a the federd leve, had its first account®? (that for petroleum)
edablished in 1999. Thus, this project's effectiveness concerning its man ams
(gteble funding, fodtering universty-enterprises closer ties, promotion of S&T
research, prioritization in the use of resources, monitoring of results) will only be adle
to be assessed at a latter stage.

Attempts have adso been made to increase awareness about the new chalenges and
opportunities which emerge a times of changing techno-paradigm. Once again, a the
leve of the Ministry of Science and Technology, work was done

"in order to bolster the development of the New Economy in our country, we must encourage the
utilization of these technologies in Brazilian businesses, which is the goal of the Iformation Society
Program - one of the most ambitious programs of the 'Advance Brazil' development plan and the result
of effortsinitially undertaken in 1996 by the National Science and Technology Council. Itsmain
purpose is to establish the foundations of a nationwide strategic project to integrate and coordinate the
development and employment of advanced computer, communiction and information technol ogies and
their applicationsin society. Thisendeavor will allow the government to further research and
education, aswell as assure that the Brazilian economy is capable of competing on the world market”
(Ambassador Ronaldo Mota Sardenberg, Minister of State of Science and Technology, on September
13, 2000, when Information Society in Brazil - Green Book, was launched)

No matter how wdl intentioned was the Miniger and a few of his colleagues in
different spheres of government, academic and business life, the late launching of a
program geared towards the information society in Brazil, had the same fate of others
in the above praised 'Advance Brazil' :  lack of proper funding and of continuity due

31 - petroleum, infra-structure, energy, hydro resources, transports, mineral, space,

telecommuni cations, information technologiy, health, aeronautics, agribusiness and biotechnology

32 _ Aspart of the FNDCT (the national fund for the development of science and technology), created
in 1969 but which lost its effectiveness asits funding were being mitigated since the 1980s.



to low politicd commitment a the spheres of government where effective decison
takes place.

It should be stressed, though, that this sort of gap between what is thought at the level
of those committed to science and technology in Brazil, and those who actudly
manage economic policy with a pragmatic short run gpproach, is not new in recent
hisory. On the one hand, as pointed by Jaguaribe (1987), it was present many times
during the country's late indudtridization process when the government had to teke a
gand on what modd of ‘legp-frog to adopt: that based on imported embodied
technology; or tha amed a medium- and long-term internd technology capability
building.

On the other, as it is highlighted by Piragibe (1988), it was aso rooted in the history
of informatics policy in Brazil. In the 1980s there was fierce debae within
government between those who wanted to protect interna computer market as a way
to foser indudtrid and innovation capabilities in that indudtry,;and those who wanted
to avoid retdiation from the USA that threstened to close its market to commodities
such as orange juice, shoes etc..

c. Thetechnological domain

Given the generd condraints imposed to the BNS by liberdization, privatization and
by the ideas behind economic policy throughout the 1990s, and taking into
condderation the generd inditutiond framework mentioned above, it should come to
no surprise the poor performance of the technological domain of the Brazilain n.si..

Even when not explicitly mentioned, the evidence which will be brought in here must
be seen from a perspective which takes into consderation the technologica festures
of the 'new' paradigm as indicated in Table 1. That is, knowledge and
communicetion, linked with human mind; personto-person connectivity; persond,
physical and psychologicd sustainability

Moreover, the evidence will go beyond the discourse that many times is a response of
awareness by people in academic, government and private sector. That, however, is
not sufficient, by itsdf, to bresk with rigidities such as the one pointed out by
Hamda&nen (1999) and Perez (1997), mentioned above.

Thus, for example, even though the beginning of the 1990s was marked by the
introduction of severd nationd initiatives in the computer area, under the auspices of
the Ministry of Science and Technology, such as**:

(1) Nationa Research Network (Rede Nacional de Pesquisa - RNP), amed
a implementing the Internet for educational and research purposesin the entire
country;

33 . For details on these programs and other initiatives on information society in Brazil, see
http://www.socinfo.org.br/livro_verde/ingles/implem.htm




(i) Thematic Program of Computer Science (PROTEM-CC), aimed at
sructuring and supporting amode of research through a consortium between
academic entities and the private sector;

(iif) Nationd Software for Exportation Program (Programa Nacional de
Software para Exportacéo - SOFTEX), amed at structuring and coordinating a
nationwide effort to sgnificantly boost the exportation of software produced in
Brauil;

(iv) Nationd System of High Performance Processing (Sstema Nacional de
Processamento de Alto Desempenho - SINAPAD), aimed at setting up a series of
centers to render super computational services in the country,

they have not found the flexibility and the dability necessary for change to take
place, mainly a times of changing techno-economic paradigms. Thus, it should come
to no surprise that by mid-decade, problems of inditutiondisation and financing were
auffident to meke government agencies to change their am with respect to the new
techno-economic paradigm.

Some of these responses (such as information society - see last footnote; and the S& T
sectord funds - see lagt section) only came into effectiveness in the following decade.
Despite these attempts to overcome inditutiond and financia problems regarding
scence, technology and innovetion in generd, and those initigives specificaly
focused on the ornrgoing techno-economic paradigm, they have yet to be shown
effective before they can be appraised.

For this reason, the mgor elements to be taken into consderation in the anayses of
BNSl's technologicad domain, will be those concerned with the avallability of
education, technological and training services. As for the education system, despite
improvements in the number of dudents attending school a dl leves (including post-
graduate dudies), its quditative performance did not keep up to reasonable
standards®*.

The number of under-graduate students has increased from about 1,5 million students
in the beginning of the 1990s to close to 3 million in 2000 (INEP). It is relevant to
point out that the great mgority of these students are enrolled in private schools of
higher education.  While the number of public inditutions in this levd of the
educationd system has sabilized around 200 since the 1980s, those in the private
sector have increased from about 650 in 1990 to about twice that number in 2000.

As a result, the number of students enrolled in private schools is close to 75% of the
totd in higher education in Brazil. A cdoser look, though, can show two different
redities with these numbers. On the one hand, they are in those areas where
invesment in laboratories and equipment is lower (manly those linked to
humanities). On the other, if one takes as a proxy, the figures for those school which
offer courses in mechanica and dectrical engineering, public schools (most of them

34 _ Itisimportant to bear in mind that over 25% percent of students attending primary school in
Brazil, take seven yearsin order to complete the first five years of the educational system. Even more
relevant is the fact that substantial number of thosewho finish primary education do it without proper
competence on mastering reading and writing Portuguese and basic mathematics.



maintained by the federd government), responds for about 60% of tota errollment in
these areas in the country.

The number of graduate courses have aso increased in the 1990s. By the end of the
decade there were close to 2,700 Master and PhD courses in the country. Of those,
only about 300 in engineering. This low paticipation of engineers with research
traning should be looked a as an indication that one cannot expect much interaction
in the BNSI of the sort that helps to codify tacit knowledge as suggested by Nongka
and Takeuchi (1995).

Moreover, emphass should be added to the generd criticism that is made to the
rigidity that prevals among courses and disciplines being offered in mog inditutions
of higher education in the BNSI. In mogt interviews that have been made with agents
of locd production arangements (APLS), this rigidity is emphasized by academic
people, policy makers, managers and entrepreneurs, as a bottleneck for closer links
between higher education and society at large, and firms, more specifically.

Furthermore, the "...need for changes in the indtitutiond framework to ensure tha the
long-term, cregtive and critical aspects of academic research can survive' [Lundval
(2002)] finds poor ground in the BNSI. Frozen wages, poor working conditions, short
and ungable funding for research activities, made lecturing and researching into a
veay undtractive activity in Brazil throughout the 1990s. Not surprisngly in many
public schools of higher education the number of 'substitute lecturers®  incressed in
the 1990s and reached in many faculties figures above 25%. That, by itsdf, increases
the amount of bureaucratic work to be done by remaning faculty members which
keeps them more and more distant from the classooms and the laboratories, from
cregtivity and criticism necessary for changing the inditutiona framework.

The genera picture does not get much better if one moves from forma education and
research into training and innovation sarvices. Empirical work done in about 20 loca
productive arrangements (APL)*® show that even when these services are provided by
organizations specificaly concelved to respond to the specificities of locd SMEs, the
gap between what is offered and what is used can remain big.

That is 0 even when one is deding with unsophidicated technologicd / innovation
savices.  In the case of the shoe making arrangement in Paraiba date, for example,
remains a gap between the sarvices that are offered by the local branch of SENAI®’
and the low levd of demand for such sarvicess manly, by micro and smdl
enterprises.

4. Final comments

35 . Canonly be hired for a period which cannot exceed two years.

36 _ A concept derived from that of national system of innovation which has been used by a network of
Brazilian researchers on the economics of innovation (RedeSist). See www.ie.ufrj.br/redesist.

37 . An agency set up by the federation of industrialists for workers training and innovation
services.



The 'lost decade debate has been present in the Brazilian agenda since the 1980s.
Those were the years when the country missed opportunities (i) to re-negotiate its
debt in a way different from the 'debt is not to be pad, but to be re-scheduled
goproach used by pragmatic policy makers in the aftermath of the Mexican criss in
1982; (ii) to have hyper inflation under control in 1986 when the 'Cruzado Plan’ was
hit in its fundamentals as price stabilization a low socio costs became a issue of life
or degth for politicians in the ruling party; (iii) to have a more gable and flexible
inditutional framework under the 1988 Condtitution which became a patch work of
conflicting socio, economic and political issues.

Nevertheless, many studies done about the economics of innovation in Brazil in the
1980s [among others. Evans and Tigre (1989ab); Hobday (1990); Hewitt (1988);
Pessni (1986); Schmitz and Cassolato, eds. (1992); Tigre and Ferraz (1989);
Villaschi (1992)], brought evidence that, despite dl the problems in the country's
macro-economic scenario, Brazil had performed fairly in many core aress of the IT
techno-economic paradigm.  Despite problems here and there in the informatics
policy, the reaults in tdecommunications and in other areas (banking automation,
petroleum, aeronautics, for ingance) dgnded towards internd inditutiond and
innovation cgpabilities which could hdp the country to put a far gand in its run under
the new techno-economic paradigm.

In the 1990s the 'lost decade debate lost momentum as there was a next to totdl
acceptance among government officias, that once the price stability was conquered
and markets freed from regulation, the country would go back to the growth path
which characterized its economy for most part of the XX Century. Price stability was
won in 1994 but & a very high price for economic dability as emphasized by
Coutinho (2003), among others.

This paper brings evidence that support the indication that the exaggerated cult to the
market which stood at the core of economic policy in Brazil throughout the 1990s has
jeopardized the country's chances for medium- and long-run economic ability. It is
S0 because, issues which are considered as crucia if a country is to play an active
role in world flows of goods, services and knowledge which matter under the ICT
techno-economic paradigm, have been taken for granted.

Badc features of the 'new' TEP such as knowledge and communication linked with
the human mind; information intengve production processes, production networks,
knowledge intensve busness sarvices government informeation, co-ordination and
regulation; 'vison', anong others, have been left asde in the country's public debate
and in the government's agenda.

Under these circumdances, the country's insation in the new phase of
internationdization of economic and socio reldions - the so-cdled globdization,
became a matter of increasing its market share for commodities of low vaue-added
such as soya, stedl, paper pulp, $i0es, etc.. It was as if the signs of what was taking
place in other countries (specidly OECD ones) were an abgtraction which should not
be pad atention to by a socio-economic formation with the naturd resources
endowments of continental Brazil.

The reed to keep in pace with what was being discussed about learning, knowledge in
a era which was not a prospect any longer, was recognized only by a very redtricted



community of academic people, busnesspersons, politicians and  government
officids.  They certainly were not able to put the country in pace with wha Tuomi
(2001){ XE "Tuomi, | (2001), From periphery to center: emerging research topics on
knowledge society, Heddnki: TEKES' }, cdls the two waves which dominated the
debate about knowledge society in the 1990s.

The first one focused on issues which were aready present in the debate in the 1980s
(competitiveness, economic growth, access, regulation, privacy, security, and
intdllectua property rights) plus the addition of the{ XE "Ducatd, K, Webster, J, and
Herrmann, W (2000), 'Information infrastres of societies?, in Ducatd, K, Webester, J,
and Herrmann, W, eds. (2000), The information society in Europe: work and lifein an
age of globalisation, Lanham, ML/USA: Rowman& Littlefidd" } emerging concern
about information haves and have-nots.

The second wave is identified with the concerns expressed by Ducatd and his
colleagues. “The rdationship between technologicd change and socid
trandformation is now acknowledged to be a complex one, and the smple notion of
technologica changes having socid effects, which in turn can be smply controlled by
gopropriate policies, has now been shown to be fase... This bring an added
complexity to policy making: it is not enough to devdop and implement gppropriate
technology policies in isolation. Technology policies and socid policies have to be
developed in a complementary way and drive for complementary objectives. It is
necessary, if we want the ‘society’ in information society to be more than a rhetorica
device, to develop a more sophisticated gppreciation of these socid issues” [Ducatd
et a. (2000, p 9), quoted in Tuomi(2001, p.8).

That, by itsdf, should be enough to judify the stands that have been taken in this
paper. They are not, by any means, to be taken as if one should go into wishful
thinking regarding the windows of opportunities that are open to the BNS under the
ICT TPE. Much to the contrary, what the paper tries to emphasize is dong with the
way Arocena and Sutz (2002) see te goplicability of the n.si. concept in the South:

"On the contrary [to what takes place in the North where the concept has been built on
the basis of empiricd findingg], in the South it is rather an 'ex-ante’ concept, because
socio-economic  behavior regarding innovation a naiond levd is in fact, hadly
systemic.” (ibid., page 6).

Looking form this perspective, one could say that this paper tekes a stand Smilar to
that which was taken by Freeman and Louca (2001). They quote, Charles Dickens, in
his Tale of Two Cities: “It was the best of times, it was the worst of times, it was the
age of wisdom, it was the age of foolishness, it was the epoch of belief, it was the
epoch of incredulity, it was the season of Light, it was the season of Darkness, t was
the spring of hope, it was the winter of despar, we had everything before us, we had
nothing before us’.

They finish their book saying that the fundamenta thing is to choose. This paper has
chosen to highlight issues that the Brazilian socio-economic formation mugt face in
three autonomous and interdependent domains which can characterize a n.si. facing



the challenges and opportunities under the ICT TPE®. The technologicd domain
(which makes technology available), the economic doman (which assures innovation
is feesble and sudainable) and the inditutiond one (which makes innovation
possible).

38 _ AsAntillaand Lemola (2003) stress these challenges and opportunities must be faced with a high
degree of creative destruction if one a country is to benefit from leap frog as Finland has done. An

additional challengeto Brazil, then, isto break with itslast twenty years of uncreative destruction of
institutional and innovative capabilities.
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