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countries
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Reliable indicators of innovation and innova-
tive agents are even more necessary in develop-
ing countries, where scarce resource require
even greater productivity in public investments,
than in developed countries. A number of Latin
American authors, and analysts at UNCTAD
have proposed indicators, including impact in-
dicators, that should assist developing nations
to monitor their investments in S& T knowledge.
This system needs to be codified and developed
into a usable standard for these economies.
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struction of scientific, technological, and

innovation indicators in Latin America is a
philosophical one: is it possible to construct ind-
icators reflecting the complex and rapidly evolving
reality they are supposed to represent?

This question is similar to that raised by Keynes.
Rather than considering the complexity of firm-level
behavior, where businessmen take into account in
their decisions the expected responses of each com-
petitor and each customer, Keynes noted that it is
impossible for any economic decision-maker to fore-
see all the possibilities of market evolution. In this
sense, Keynesian uncertainty is understood as a struc-
tural uncertainty, inherent to the system. Similarly, it
might be discussed whether the construction of S&T
activity indicators is feasible — whether it is possible
to conceive variables accurate enough to represent the
wider social phenomenon of scientific development,
technological advance, and innovation.

The second question is of a more practical nature,
but is similar to the first. Is it worthwhile constructing
indicators? In other words, in the present stage of
development of statistical and data collection tools in
Latin America, should we expect to obtain a set of
measurements which meet the needs of policy-
makers as well as of those who study S&T policies?
Do today’s indicators perform their role of ‘indic-
ating’ the direction of S&T development?

Indicators would be an unnecessary device if S&T
activities were immediately measurable:

THE FIRST POINT when discussing the con-

“Forms devised to yield indirect information
on phenomena or events to which they are ap-
plied, are indicators, i.e., parameters offering
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approximate notions of the concept we intend to
assess.” (Davyt, 1996, page 5)

On the other hand, immeasurability derives from the
non-material character of such activities:

“The product of science is knowledge, which is
rather intangible and hence difficult to gauge.”
(Morita-Lou, 1985, page 11)

The development of scientometrics indicates that
some qualitative aspects of S&T may be quantified.
Even though publication and citation counts are prob-
lematic, statistical treatment of such information has
yielded interesting results. Although these indicators
cannot be considered accurate indications of the level
attained by scientific training, they nevertheless allow
the production of comparative analyses and time se-
ries, and at the same time offer an overview as valid
as their supporting premises. Problems, if any, are
mainly due to erroneous applications or out-of-
context use.

For example, objections have been raised as to the
use of the Science Citation Index (SCI) as the only
source of information to measure scientific output in
developing countries. In Latin America, there have
been a number of studies critiquing this source due to
its bias towards publications from English-speaking
authors from industrialized nations, and the
under-representation of journals from developing
countries. Similarly, the use of patents as an indicator
of technological output must be discounted in Latin
America because a great deal of technological inno-
vation is not officially recorded.

These considerations suggest that indicators
should be specifically designed for the reality they
intend to reflect.

“Besides recognising differences between cen-
tral and peripheral countries as relatively strong,
the fact that S&T indicators are not neutral,
assuming as they do many of the surrounding
factors and conditions, should be highlighted.”
(Davyt, 1996, page 22)

Indicators for economic integration

3

Given that a nation needs its own frame of reference
if it is to have a set of efficient indicators, with the
twofold purpose of supporting policies and enabling
analyses of them, the problem lies in the construction
of that specific group of specific variables. The first
step towards this is to attain an understanding of the
characteristics of national systems of innovation com-
mon to all Latin American countries.

Two points should be stressed when discussing
the construction of a Latin American system of
S&T information. The first refers to the nature of
S&T activities: they are high-risk activities, for which
there are no immediate returns from the investment
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and results are not proportional to the resources in-
vested. In countries in which the national system of
innovation is based on technology imports, returns
on S&T investments are more doubtful. The level
of long-term investment in this sector does not
satisfy the need for solutions to alleviate social
inequalities.

This challenge must be faced when discussing the
future, especially when the social reality requires a
concentration of human and material resources to
solve existing problems. Ironically, the application of
new technologies is precisely the most cost-effective
way to overcome difficulties in social areas. Thus it
is necessary to show governments and society as a
whole the importance of S&T activities in reducing
the costs of social problems in those countries.

The second point is of a more structural nature: it
is the difference between the role of the scientific and
technological system and that of the innovation sys-
tem in industrialized countries and Latin American
countries. This is unremarkable in countries where
the historical relationship between science and its
applications to industry is well understood, but it
acquires a rather perverse nature in Latin American
countries, where the dynamics of scientific activity
are quite divorced from technical progress. Science
and technology inputs in Latin America may be quite
heterogeneous, but the dialogue between Latin
American science and its peers from industrialized
countries is usually held in English through vehicles
(journals or scientific meetings) belonging to or
organized by the first world.

Innovation is also carried out on the basis of the
international state of the art, with little influence from
domestic developments in products and processes.
The truncated industrialization in Latin America, first
described by Fernando Fajnzylber, imposed on tech-
nology-dependent economies a pattern of production
and consumption characteristic of mature economies,
where the problems of satisfying primary needs had
already been overcome. This caused serious social
problems in the less developed economies. The pro-
cess was accompanied by a parallel distortion of
scientific and technological training (Fajnzilber,
1983, chapter 3).

It can be argued that the political and economic
stability of the state has played a role in the late
industrialization of some developing countries. As an

The usefulness of S&T indicators as
such, rather than measures of the
national system of innovation, as
instruments for the analysis and
adjustment of innovation policies, has
been questioned in both Latin
American and industrialized countries
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example, the awareness that expertise in conventional
technologies and cottage industries is less important
than formal education in preparing workers for new
technologies has led to new educational policies in
some Asian countries. Such policies can only be
carried out through public investment. Consequently,
in Latin America, governmental instabilities have had
a negative effect on the development dynamics of
some countries.

State intervention in Latin American industrializa-
tion has usually occurred in manufacturing and serv-
ices enterprises where the required investment is too
high for local entrepreneurs, and where foreign pri-
vate companies show no interest. Normally the preva-
lent private-sector attitude in national enterprises is
of avoiding risk, and this constitutes an impediment
for innovation. It is therefore crucial to study and
understand government policies, because the higher
rates of application of technologies by state-owned
enterprises may be a result of the state being such an
important factor in Latin American economies.

Current indicators

The usefulness of S&T indicators as such, rather than
measures of the national system of innovation, as
instruments for the analysis and adjustment of inno-
vation policies, has been questioned in both Latin
American and industrialized countries. Such
concerns spurred the OECD (Organization for Eco-
nomic Cooperation and Development) to develop the
Oslo Manual, which sets guidelines for the measure-
ment of innovation.

This initiative by international specialists supports
the proposition that it is necessary to introduce inno-
vation indicators specific to the Latin American S&T
system as soon as possible, especially because of the
weak relationship between the introduction of new
technologies and their application in the region. The
problem in establishing such an indicator system is
that these countries also have the greatest difficulties
in establishing specific indicators for the productive
sector, because of their cost and the resistance of
businessmen to providing statistical data.

This attitude reveals the distance between busi-
nessmen and the academic environment, a relation-
ship swhich in industrialized countries has become
closer through the growing industrial expansion in the
post-war period. Michel Callon (1990) created a ty-
pology of several subclasses in innovative networks:

convergent networks, sparse or integrated networks, -

long, short, or incomplete networks.

In the case of strongly convergent networks (as in
leading industrialized countries) there is a close rela-
tionship between the different actors, and coordina-
tion may be highly formalized. Any actor within the
network — researcher, engineer, seller, or user — is
able to harness all the capabilities of the network
without resorting to adaptations, translations, or
costly decodification.
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In the case of sparse networks (developing
countries), the density of relationships among actors
is low, conversions from science to technology are
not yet consistently consolidated, and it is difficult for
actors to fully exploit the remaining part of the net.
Large networks in these countries are unusual. Most
networks have missing links (usually as a result of the
economic structure).

Chaining networks together, to form the classic
‘chain-link’ network is a challenge for technological
training in developing countries. Indicators provide
an important tool to identify problems in weaving this
innovative fabric.

The main goal is to create a system of indicators
aimed at identifying, from the very beginning, the
obstacles posed to innovation dynamics. This does
not mean, however, that information relative to the
behavior of traditionally representative variables in
the scientific and technological dynamics of these
countries should not be collected. It means, simply,
that such traditional variables should be accompanied
by an attempt to collect information about innovative
initiatives.

In this sense, the goal of constructing indicators is
a first step towards raising awareness in S&T policy-
makers as to the characteristics of the S&T sector in
these countries. There have already been some at-
tempts to construct indicators comparable at the inter-
national level, through the application of concepts
common to parallel statistics in developed countries.
However, this effort should be restricted to certain
key variables useful for outlining a first common
statistical base for Latin America. The RI-
CYT-CYTED (Red Iberoamericana de Indicadores
en Ciencia y Tecnologia — Ciencia y Tecnologia para
el Desarrollo) network is already compiling inform-
ation to devise about a dozen indicators for their
member countries to draw a first comparative and
overall picture of S&T in the region.

The greatest difficulties concern variables repre-
senting the impact of S&T investment on the econ-
omy as a whole. There is an equally urgent need to
reconcile scarce resource availability in Latin Amer-
ica with the need for up-to-date information with
which to plan scientific and technological policies.
The increasing non-material nature of technology, as
well as its growing expression through non-tangible
goods, training, and disembodied know-how makes
measurement more difficult. Technologies are diffi-
cult to measure, even in countries where the appro-
priate departments within private corporations (R&D
departments, corporate planners, financial officers)
participate in the production of such statistics.

Technology is a social phenomenon. In capitalist
societies, it is usually available for private appropria-
tion under socially determined conditions. In these
societies, such appropriation can be carried out
through activities such as patent acquisition. In deal-
ing with indicators in developing countries, however,
there is a low correlation between patent acquisition
and innovation initiatives. Technology being a social
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phenomenon, its relationships with the environment
within which it is implemented are of a complex
nature. Transfer of technology to other countries re-
quires changes in the immediate social environment
(among them, training of staff belonging to the com-
pany that buys the technology), and also in general
socio-cultural conditions, which frequently includes
state-directed actions.

To construct indicators that are useful as a policy
tool, efforts must be made to understand the mecha-
nisms through which Latin American science may be
helped in overcoming development problems. This
will encourage the technological transformations
needed to make these countries internationally
competitive.

Need for innovation indicators

The challenge to construct innovation indicators re-
flects the concern of specialists all over the world to
find efficient tools to assist in the management of S&T
policy for desirable outcomes from the economic,
social, and cultural points of view. In less developed
countries, technical progress appears as an external
factor. Interrelationships between science, technol-
ogy and society are less developed, resulting in defi-
ciencies in statistical data, especially those associated
with the impact of science and technology upon soci-
ety (Konrad and Wahl, 1990).

It is precisely in these countries, where scarce
resources press for greater productivity in public in-
vestment, that reliable indicators of innovative agents
are even more necessary. The existing literature dis-
tinguishes the scientific and technological potential
of a society (namely, its capacity to generate science
and technology) from its capacity to receive and
absorb science and technology solutions of domestic
origin or acquired through technology transfer and
transformed into social and economic innovations
(see Konrad and Wahl, 1990).

Innovation indicators for developed countries have
been systematized in the Oslo Manual, which deals
with technological and industrial innovation and de-
scribes innovative changes at the firm level. In order
to design a strategy aimed at understanding the inno-
vative process in developing countries, it is important
to have in mind the significant advances in the under-
standing of the very meaning of technology. In this
sense, the task of working out concepts describing
modern innovative processes requires a full under-
standing of the broader, and often unreported, econ-
omy in these nations. Dayid Noble, for instance,

“examines the concurrent emergence of modern
technology and the rise of corporate capitalism
as two sides of the same process of social pro-
duction in America... technology is always
more than information, logic, things. It is
people themselves, undertaking their various
activities in particular social and historical
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contexts... As Marcuse observed, “We do not
ask for the influence or effect of technology on
the human individuals. For they are themselves
an integral part and factor of technology, not
only as the men who invent or attend to machin-
ery, but also as the social groups which direct
its application and utilization’ (Marcuse, 1941,
page 414).” (Noble, 1982, pages xxi, xxii)

Considering the characteristics of technical advance
in less developed countries, there is a need for indi-
cators reflecting innovation processes under such
conditions. Some attempts have already been made
in this direction, among them the work carried out
at UNCTAD (UN Conference on Trade and
Development):

“Difficulties relative to data in less developed
countries, with respect to the quality and avail-
ability of technologically relevant information,
suggest that the range of technological indica-
tors should be wider here than in developed
countries. ...The importance of the different
indicators and their interpretation, varies ac-
cording to the level of development and to dif-
ferences in economic policies among the less
developed countries. An increasing flow in
capital asset imports, or in direct foreign invest-
ment, may be read either as an increase in avail-
able technology or as higher dependence on
existing technology.” (UNCTAD, 1991)

The structure of technological indicators proposed by
UNCTAD included:

Indicators of technological input:

imported or transferred technology

direct foreign investment

capital goods imports

copyright payments for technology and technical
assistance.

Domestic inputs:

¢ national expenditure in science and technology
e expenditure on formal education and training
e investment in premises and equipment

Indicators of economic performance associated with
technology:

e indicators of internal economic performance, such
as increases in productivity and product innovation

e indicators of exports or trade performance (tech-
nological balance)

e increases in the market share of technology-
intensive products

e technology exports

Indicators of technological performance:
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e level of industrialization

e differences in GDP (gross domestic product)
sectoral composition

e sectoral distribution of the workforce

e differences in internal output composition

e differences in trade composition

The UNCTAD approach proposes an analysis of eco-
nomic variables that may reflect technological ad-
vance through impact indicators to be used in less
developed countries. It also includes institutional
variables which are fundamental for the implementa-
tion of the new technological paradigm.

Less-developed country paradigm

Avalos and Viana (1985) pioneered discussions on
the specific features of less developed countries af-
fecting the production of indicators in the region.
Among recent works on innovation and technology
indicators, Konrad and Wahl (1990) show an original
approach. According to them, the underdeveloped
relationships among science, technology, and society
are responsible for difficulties in translating S&T
potentials into a capacity to absorb new results. The
authors suggest three groups of indicators:

“one group of indicators for the scientific and
technological potential of the countries, a sec-
ond group of indicators for their ability to gen-
erate such capacities (generativity) and a third
group for the capability to receive, to absorb
scientific knowledge and technological solu-
tions created in the country or acquired by tech-
nology transfer and to transform them into
economic and social innovations (receptivity).”
(Konrad and Wahl, 1990, page 246).

The main indicators of S&T inputs (indicators of S&T
expenditure and human resources) are included
among indicators of S&T potential. The structural and
functional aspects are covered by relative indicators
such as researchers per million inhabitants, and ex-
penditure in R&D/GDP per inhabitant or per re-
searcher including expenditure on R&D in the private
sector. Konrad and Wahl found no correlation be-
tweén the concentration of resources in the private
sector, the R&D potential of a country, and its overall
level of development:

“It becomes obvious that this concentration is
necessary but is not a sufficient condition for
social efﬁc1ency of national R&D... The as-
similation, adaptation and modlﬁcatlon of the
available science and technology results are a
priority task of the R&D capacities in these
countries which takes second place to the crea-
tion of new results...” (Konrad and Wahl, 1990,
pages 249, 251).
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To measure the capacity to generate S&T, the indica-
tors included were mainly comparative economic and
social variables, such as manufacturing output as a
percentage of GNP, per capita GNP and its growth
rate, the percentage of the national budget spent on
education, urbanization level, purchasing power of
exports, as well as some absolute values, such as
gainfully employed labor force, fixed capital forma-
tion rate (or gross inward investment).

Social indicators, especially those referring to edu-
cation, must be included because:

“social and technical innovations presuppose a
general education in science and technology as
well as a requisite motivation of the working
people.” (Konrad and Wahl, 1990, page 260).

A general conclusion of their study is that receptivity
appears to be the bottleneck of scientific and technol-
ogical progress in the third world. Structural problems
pose the most severe restrictions, both for oil export-
1ng countries and countries with a high indebtedness
in Latin America. They also conclude that there is a
low correlation between bibliometric indicators and
those associated with structural aspects. This supports
the suggestion that publications are not a useful indi-
cator for decision-making in scientific and technol-
ogical areas in less developed countries.

Coutinho and Ferraz’ work (1994) developed a
wider set of competitiveness indicators, which could
be the base for further studies in this direction. They
classified indicators into: performance indicators; ef-
ficiency indicators; and training indicators. Each cat-
egory, inits turn, contained three subclasses: systemic
indicators; sectoral indicators; and enterprise indica-
tors. One of the benefits of this type of classification
is that the influence of competitive factors from out-
side the enterprise, and even from outside the indus-
trial sector, are explicitly captured.

Conclusion

This review shows the possibilities of work based on
available indicators to measure the impact of S&T
activities on technological innovation in less devel-
oped countries. The use of social and economic indi-
cators to this end seems effective. Competitiveness
may be analyzed in the existing socio-economic con-
text through the explicit consideration of systemic
indicators. In the case of Brazil, sectoral conditions
could be effectively characterized by combining in-
dicators; this suggests elements for policies to correct
main systemic and sectoral distortions.
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