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Policy-making

Science and technology policy and S&T
indicators: trends in Latin America

Renato Dagnino and Hernán Thomas

,.-_"" Starting from evidence that Latin American

t science and technology policy (STP) is under-

t
~. going a transformation, current conditions are

;

analyzed to establish a counterpoint between
'; the STP/indicator interface in advanced
~ countries and in Latin America. Based on in-

~1~ troducing in the decision-making agenda a sce-
~ O R nario of economic democratization and the
i~ satisfaction o/social demands, some of the im-
U CL plications of such a transformation in STP for

S& T indicators are suggested. The analysis
shows that the available indicators are not rele-
vant in shaping STP in advanced countries. lt
then demonstrates how the institutional supply-
oriented model, the structural factors of S& T
development and the poor relationship between
the social actors responsible for its direction,
have given rise to a situation of even greater
inadequacy in Latin America. To satisfy the
new scenario some suggestions are made for the
work required with regard to indicators.
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CURRENTL Y THERE ARE two noteworthy
aspects _of science and technology policy
(STP) and S&T indicators in Latin Arnerica.

The first is the emerging consensus among re-
searchers of STP as to the importance to the field of
S&T indicators. Homogeneous and reliable indica-
tors of innovative activities and potential in each
country are viewed as a prerequisite for scientific and
technological cooperation, which is increasingly
considered as a focal point for the future of Latin
America.

The second is the strengthening of a position,
currently held by a minority, but fully accepted until
the late 70s, of the importance of incorporating social
issues linked to S&T programs, The present moment
is one oftransition: it is necessary to choose between
two paths. The first follows the current neoliberal
trend, which reinforces the excluding nature of the
present socio-economic model, based on a pursuit of
competitiveness at any price. The second is aligned
with political democratization in progress over the
last decade, and the economic democratization
scenario it brings with it. To satisfy social demands
compatible with a more equitable society, quite a
different technological mix compared to the first sce-
nario is necessary. These two paths and their corre-
sponding scenarios require quite separate and distinct
S&T activities. Each would give priority to a different
set of S&T indicators, to tum them into policy.

Current changes in the course of Latin American
STP are aligned with the first scenario. They include
a relatively recent concem for intemational competi-
tiveness, derived from economic adjustment pro-
cesses and from the fact that the model of substitutive
industrialization (import substitution) has been
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abandoned. Both the idealistic perception of S&T as
the driving force of growth, and the critical view of
Latin American thought on science, technology and
society, which were responsible for the broad outline
ofLatin American STP, up to the end ofthe 80s, have
been set aside to make room for a new concept. Its
core is that S&T activities have to be oriented to foster
innovative systems which should serve the competi-
tive standing of individual countries in world mar-
kets.

The second scenario of economic democratiza-
tion, placing the satisfaction of social demands fore-
most, seems to arise in opposition to the first. The
fulfillment of social demands is not used here as the
last link in a linear chain of innovation but as the
starting point from which to devise STP. Driven by
criticism ofthe neoliberal orientation current in Latin
American public policy, this altemative view should
transform not only the content and objectives of STP
but also the decision-making processes which give
rise to it.

S&T indicators produced and used at present in
Latin America serve neither the present trend of com-
petitiveness with social exclusion nor the altemative
of economic democratization. The STP needed by
Latin America, whatever the future scenario may be,
will require the construction of new types ofS&T and
innovation indicators. Since it is widely accepted that
indicators used in Latin America do not differ from
those applied in advanced countries, it seems conven-
ient as a first step to consider how they were devised
there. We then deal with the STPlindicators interface,
showing how the institutional supply-oriented model,
the structural conditioning factors of S&T develop-
ment and the poor relationship between the social
actors responsible for its direction, give rise to a
situation of even greater inadequacy in Latin America
than in advanced countries. Last1y, lines of work
necessary in the area of indicators to put into opera-
tion a new concept of STP based on a scenario of
economic democratization, are suggested.

Current indicators inadequate for STP

What is currently known as STP had emerged by the
end of the Second World War as a consequence of the
growing importance of scientific and technological
knowledge, the emergence of 'big science', and the
increasing role of the state in the management of
research activities in advanced societies. Based on
optirnistic rationalizations, the scientific and military
establishments in the USA capitalized on this situ-
ation and started the idea that S&T was a sufficient
- not just necessary - condition for social develop-
ment. Bom within the environrnent of American pol-
icy-rnaking were the concepts of the linear chain of
innovation and science as an 'endless frontier'. This
became part of the new social contract between the
scientific community and the state. The institutional
models thus created became core elements in the
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merging of a policy 'of science' and 'for science ' in
advanced capitalist countries.

The success ofthis model in the reconstruction of
the economic, scientific and technical infrastructure
ofEurope and Japan reinforced its supposed universal
validity. Differences resulting from the previous his-
tory of each country, and from the role they played in
the emerging economic and technological post-war
order gave rise to variations of the model, from a
technological laissez faire based on the 'rnilitary
Keynesianism' of the USA, to variants involving a
significant degree of centralization, such as the
French, the Japanese or the Swedish models.

It was precisely the fast growth of S&T systems in
Europe and Japan (to a stage where they were com-
parable with the American system) that induced the
development and collection of S&T indicators on a
world-wide scale. A comparison of the evolution of
rapidly growing national systems of innovation was
needed, and this led to indicator production. The same
supranational institutions (such as the OECD, Org-
anization for Economic Cooperation and Develop-
ment) that had advocated the generalized adoption of
the linear chain of innovation institutional model also
encouraged indicator production.

These inter-country comparisons were well-
grounded, both from a strictly scientific and techno-
logical viewpoint and from the socio-economic
context underlying S&T activities. The need to emu-
late the leading countries pressed policy-makers to
close the gap in specific fields (gaps mani fested in
S&T indicators) and constituted a crucial challenge
for STP. That the linear chain model did not suggest
specialization and, on the contrary, viewed the devel-
opment of expertise in every field as desirable and
possible, created further pressure towards inter-
national comparisons of S&T indicators.

From the 60s onwards, indicators of scientific pro-
duction began to show that the gap between the
USA, on the one hand, and Japan and Europe on the
other, was closing. The indicators of econornic
performance also pointed in the same direction. This
simultaneity and positive correlation suggested a
causal relationship between scientific-technological
development and economic performance which
reinforced the 'explanatory power' of the linear
modelo

However, for analysts who had influence on
decision-making in economic policy, finance and so
on, economic performance was understood as a result
of variables in which the role of scientific deve\op-
ment was practically negligible. Only later, with the
neo-Schumpeterian approach, and the inclusion of
S&T variables under the label of innovation, did a
new approach to policy-making in the economic field
arise, in which the creation of innovative capacity
became a fundamental element.

Because that causal relationship was difficult to
prove, economic indicators related to productivity,
trade advantage in advanced technology products,
and growth rates in the output of such goods, had no
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When European countries were
concerned with decreasing the gap
separating them from the USA, the
USA and the former Soviet Union
were involved in another competition,
the Cold War, in which scientific
knowledge played a fundamental role

way of being linked to science indicators. Thus, de-
spite great efforts and the profuse literature on science
mdicators, their impact insofar as proving that
hypothesis of causality was restricted. Fortunately the
supply-based institutional model was kept, and with
it concem for the production of indicators, even
though it was not possible to confirm the importance
for economic development of that which they were
intended to measure.

Importance in military R&D

During the period when European countries were
concemed with decreasing the gap separating them
from the USA, the USA and the forrner Soviet Union
were involved in another competition, the Cold War.
Scientific knowledge played a fundamental role in
this political confrontation, as the arrns race had a
decisive influence on the development of S&T ali
over the world for over 40 years.

To remain 'cold ', the Cold Warrequired indicators
to peacefully characterize the relative military advan-
tages ofthe competitors. This advantage was directly
measured in terrns of the capacity to destroy (for
instance, megatons of explosive). The military supe-
riority of each bloc became increasingly expressed by
the respective advantage in terrns ofmilitary technol-
ogy, inasmuch as this was the determinant of the
destructive power ofthe armaments. When the power
of destruction became greater than was necessary to
annihilate the enemy severa Itimes over (the overkill
phase), the arrns race was transformed into a scien-
tific-technological race which encompassed the S&T
systems ofboth blocs [Editor 's note: the 'Star Wars'
phase].

The destructive capacity of arrnaments constituted
an absolute indicator, uncontaminated by any eco-
nomic or social cost-benefit considerations. In fact,
the economic cost of the political advantage embod-
ied in the most sophisticated scientific and techno-
logical know\edge was completely irrelevant for the
industrial-rnilitary complexo The manufacturing of
arrnaments always occurs on the fringes of economic
rationality, in a territory where costs are not only
irrelevant, but also not to be disclosed (or are kept
secret). This contributed to the absolute character of
S&T indicators conceming the arrns race.
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Contrary to economic perforrnance, the relation-
ship between military superiority and science did not
need a causal hypothesis. Military superiority could
indeed be directly explained by scientific advantage.
Since science could be assessed by the traditional
indicators, and these referred to knowledge for both
military use and civil production, the importance of
these indicators was enhanced insofar as they ex-
plained the type ofpower (military) that presided over
the logic ofthe post-war world.

This seems to be a central explanatory element of
why the indicators went on being important, despite
their scant capacity for helping to explain the relation
between S&T development and economic develop-
ment and, consequently to serve as 'proxies' of
countries' political power in the civil economic
world.

The end ofthe Cold War triggered what econormc
globalization had already started, closing a chapter of
history in which economic power was in some way
dependent on political-rnilitary power. When it
ceased to exist, the military 'pillar ', which in an
implicit way artificially upheld the importance of
S&T indicators as a means of explaining the power
of countries, revealed its dysfunction in S&T
decision-making.

This situation is precisely what specialists are dis-
cussing at present in advanced countries. Traditional
S&T indicators- conceived according to the idealized
supply-based view ofthe linear model, are currently
considered by specialists in advanced countries to be
inadequate for STP. This inadequacy arises from two
aspects. In the first place, the causal relationship
between science and the economy sti11belongs to the
realm of hypothesis. Secondly, the relatively recent
application to economics of the evolutionary theory
of innovation, does not confer an important role on
scientific activity, as such, in economic competition
between nations.

'Relationship web' in advanced countries

The scientific community plays an important role
both in developing STP and carrying out the resulting
activities. The planning style adopted for STP has
been incremental, despite its rational appearance (de-
cision-making in a logical, encompassing manner,
including the specification of objectives consistent
with future stages to be attained on the path towards
the 'best' policy). In other words, STP decision-
making incorporates procedures typical of mutual
adjustment among only slightly differentiated actors.
Decisions accommodate the political environment
and the wishes of peer groups, looking for a policy
expressing the 'art ofthe possible'.

STP design, despite its top-dowrr appearance (de-
cision-makers at the top of a centralized pyramid
feeding a hierarchical implementation process in
which officials at the base implement the established
objectives), is characterized by a mixture of styles
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which include 'bottom up' mechanisms. In practice,
there is a design-implementation continuum where
many ad hoc decisions are effectively taken at the
hands-on leveI, on a day-to-day basis, by profession-
aIs working in the S&T area.

Organizational theory and policy analyses suggest
that bureaucratic structures are not likely to change.
Changes in such structures are rarely autonomous;
they are usually introduced from the outside by sig-
nals (and in the extreme, pressures) generated by
interests and actors situated in the outer environment.
These signals stimulate decision-makers to accept
and catalyze organizational change. However, re-
search institutions (inc1uding universities) are not
typical bureaucratic structures. Even so, organiza-
tional change in research institutions only tends to
occur when pressures from the outer environment
challenge the intrinsically 'supply-based' institu-
tional culture ofthese structures.

In advanced countries, there exists something that
may be called a 'relationship web' linking actors such
as the state, society and the research community that
brings about institutional change. It works in a subtle,
continuous and implicit way. In fact, the activity of
this web often goes unobserved by researchers, and is
thus considered as non-existent by many of them, or
IS perceived as a diffuse outer environment by others.
This web fosters a process of reciprocal influences
between the actors, disseminating values and estab-
lishing research priorities. This process locates 'fields
of relevance' ~ the sets of problems that are the
subject ofthe researcher's work ~ which require for
their development, policy measures and resources.
Research trends, resource-allocation norms and cri-
teria, and specific criteria for 'quality' peer (or
agency) evaluation are results ofthis processo

The economic and political interests of all the
social actors involved in S&T activities in a given
society at a given time ~ producers, consumers,
funding agencies, or simply those who suffer its con-
sequences ~ are represented in this relationship web.
However, since it operates in a subtle, slow and
incremental (but continuous) process, the historically
and socially determined character of its results ~ the
fields of relevance and the 'quality' evaluation cri-
teria ~ is not perceived in this way. It tends to be
understood as the 'natural' and 'logical' result of the
scientific realm.

Nevertheless, the web contributes two charac-
teristics to the 'quality' criteria currently formulated
and adopted in the advanced countries for evaluation
and foresight. It is inbred with respect to society, in
the sense that it reflects conventional priorities ac-
cepted by researchers, though in a diffuse, uncon-
scious manner. It is also dynamic, insofar as demands
for new knowledge are continuously emerging from
these societies, where S&T research has been sum-
moned to solve the new problems constantly posed
by the poli tical and economic elite, with broad impli-
cations for national interests and (to a lesser degree)
for social interests. Another way to describe this
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situation is to say that the web is responsible for the
enforcement of socio-economic relevance as an
evaluation criterion, which is the counterpart of the
economic and political interests of the social actors
involved in it, and which is even more basic than
quality as it is usually understood.

Diverse actors, inc1uding entrepreneurs, the bu-
reaucracy (or the state) and the scientific community,
demand knowledge and call for the utilization of
research outputs. The feasibility and the efficiency of
using such outputs seems to be guaranteed by a
mechanism based on two facets, the second being far
more visible than the first. Since the usefulness and
the application of outputs are guaranteed by the action
of the relationship web, which enforces relevance,
quality assurance becomes the only concern of the
research community. As a consequence, quality is
made out to be the necessary and sufficient condition
for the diffusion of knowledge to the productive
sector and for wider benefits for the whole society.
However, there is also a necessary (though not suffi-
cient) condition for a research activity to be consid-
ered acceptable: it must remain within the field of
relevance located by that particular society.

The idea that quality of research is not only justi-
fied because it leads to the 'advancement of knowl-
edge', but because its results will ultimately be
applied to economic and social development, be-
comes a rationale to which it is difficult to object. In
advanced societies, the social benefits of research are
guaranteed by this mechanism. The same mechanism,
acting in reverse, ensures that social development is
included from the very beginning among considera-
tions guiding research and the devising of quality
criteria.

Thus, despite being central, the role ofthe research
community in the S&T decision-making process is
counterbalanced by the operation of the relationship
web. As a consequence, STP becomes less biased
towards the supply side, and the 'supply-based' insti-
tutional culture ofthe research structure (and the bias
of the research community) can be more easily ex-
posed to external pressures that promote institutional
change and adaptation.

Since relevance is in some way guaranteed by the
action of the relationship web, what is assessed by
indicators is simply the quality ofthe research. As we
shall see further on, if the satisfaction of relevance

If the satisfaction of relevance criteria
is not guaranteed, as is the case in
Latin American countries, the
assessment of quality by means of
existing indicators is not just an
innocuous practice but a prejudicial
one
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criteria is not guaranteed, as is the case in Latin
American countries, the assessment of quality by
means of existing indicators is not just an innocuous
practice but a prejudicial one.

Factors influencing STP in Latin America

The role played by supranational institutions such as
UNESCO (UN Educational, Scientific and Cultural
Organization) in the adoption of the institutional
model of the linear chain of innovation was decisive
in Latin America. These institutions encouraged the
adoption of the model, planting the idea of scientific
progress in a rich soil already fertilized by a longing
for modernization and development. The goal of vari-
ous stakeholders was to emulate successful experi-
ences in the first world through an institutional model
that was unquestioned at that time. The scientific
community, the civil and military bureaucracies, and
certain sectors of industrial entrepreneurs were all
engaged in this processo

Ideologically, what galvanized these actors was a
nationalistic answer to the recommendations made by
the established institutions in the advanced countries.
The 'Iatecomers' argument was used to justify al-
leged advantages in technology transfer and the irra-
tional nature of the nationalistic posture which
defended the 'reinvention of the wheel' .

At the same time, economic policy recommenda-
tions based on emergent theories ofnational develop-
ment were gaining ground in Latin American
countries. They were based on a concept of develop-
ment by stages and on the idea that dualism would be
mitigated through the slow absorption of backward
sectors by more modern industrial sectors. The trans-
formation of a rural economy into an industrial one
would only be possible through the transference of
modern technology from advanced countries.

As in the S&T area, but stronger and more encom-
passing, the Latin American answer for economic
policy was the import substitution mo deI. This was
conceived as a response to the development model
based on raw material (agricultural and mineral) ex-
ports. The rationale of import substitution was based
on the "deterioration of terms of trade" observed by
the ECLA's (Economic Commission for Latin Amer-
ica) team. This was a powerful argument against the
'cornparative advantages argument' raised by the
theoretical mainstream which supported the recom-
mendations made by advanced countries.

In Latin America, there were two factors that
stressed the negative side ofthe supply-based institu-
tional model. The first, widely analyzed, was the low
demand for S&T from the productive sector, related
both to the low technological intensity of raw material
production for export, and to the manufacturing of
products oriented to the internal market, for which
technology is already available from the advanced
countries.

The second factor, albeit determined by the first,
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which has not been sufficiently dealt with, deserves
to be highlighted because ofthe central role it appar-
ent1y played in shaping the STP/S&T indicator inter-
face in Latin America. It is the nonexistence, or at
most, the extreme fragility of the reciprocal influ-
ences between the state, society and the research
community; that is, the precariousness ofthe relation-
ship web in Latin America.

The process of socio-economic development
which took place in Latin American countries has
inhibited the establishment and functioning of this
relationship web. Part ofthe weak social contribution
of the results of research can be credited to faults
which are not related to the demand ofthe productive
system in itself, but to inadequate relations between
the research community and the state and society in
general. The relative distance of the American re-
search community from socio-economic demands
(compared to advanced countries) has acted as a brake
to the incorporation of a 'substantive' relevance
criterion.

Peer pressure from advanced countries and the
subtle process of 'cultural colonization' has re-
inforced the adoption of an exogenous, 'adjective'
criterion of quality, whose role has been dispropor-
tional in directing research.

Role played by research community

The role played by research communities in the de-
sign ofLatin American STP exceeds by far the influ-
ence it has in advanced countries.

Some members ofthe research community, mainly
traditional university disciplines) with power ac-
quired through elitist mechanisms, have considerable
influence in designing STP. These mechanisms trans-
form prestige derived from academic activities, in
particular disciplinary communities, into poli tical
authority and representational power.

What are the factors that enable some members of
the community to act as spokespersons and partici-
pate in a privileged manner in devising the STP?

If it is true that the research community has an
important role in designing STP in advanced
countries, then in Latin America this is a leadership
role. The combination ofprocesses oflogical, rational
decision-making with incremental mechanisms of ad-
justment, typical of the decision-making process in
advanced countries, takes on a distinct character in
Latin America. Here it has been almost entirely incre-
mental, leading to situations which only marginally
differ from the status quo since things 'have always
been done this way'.

Because of the virtual absence of other actors in
the S&T decision-making process, which for the sake
of simplicity can be attributed to the 'peripheral' or
'underdeveloped' character of the region, research
community spokespersons have been the true design-
ers, implementers and evaluators of STP, to a far
greater extent than in advanced countries. This has
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reached a hegemonic position in Latin America, more
so than in advanced countries, where the relationship
web consolidates and regulates demand, and for this
reason, directs actions related to S&T.

Also, in Latin America, what can be called the
'density ' and completeness of the relationship web,
or the degree to which the different social actors are
present m it, is quite distinct from what occurs in
advanced countries. As a result, the role of research
communities is more influential in detennining the
STP. Consequently it is also more difficult to coun-
terbalance its bias towards reinforcing the 'supply'
character of the policies. It is possible that the insti-
tutional model of Latin American research could
hardly lose its inward-looking, supply-based charac-
tenstics, if a process of reinforcing the relationship
web, similar to that which took place in advanced
countries, had not occurred.

A simple explanation is that the Latin American
S&T decision-making process takes place at the in-
tersection of the scientific community, and civil and
military bureaucracy, within an elitist environment
marked by brutal social exclusion. The inertia and
aversion to change, which is a feature of research
institutions (and universities) that, for decades, had
been immersed in that environment and, in many
cases, submitted to authoritarian regimes that sup-
ported corporatism and insulation, is another factor.

Orienting researcb and S&T indicators

The construction of indicators plays an important role
in the implementation of 'quality' criteria - the only
ones, as outlined above, that seem actually to exist.
Indicators are necessary to generate inputs for deci-
sion-making and resource allocation. Among other
considerations, in advanced countries and, with less
legitimacy, in Latin America, quality is inferred from,
and research is orientated by, these indicators. The
contrast outlined above between advanced and Latin
American countries shows the mirroring, imitative
characteristics ofthe process involved in detennining
criteria for planning and funding research in Latin
America.

After having adopted the linear chain institutional
model, Latin American countries began to produce
indicators specified by the same institutions that pro-
moted it locally. lnsofar as our S&T systems followed
the institutional model and adopted the corresponding
cri teria of advanced countries, they also had to follow
their pattem of indicator production. Whereas in ad-
vanced countries S&T indicators have given rise to
policies reflecting national priorities and, ultimately,
economic and social demands for know ledge, in Latin
America their production has tended to be a mere
exercise, frequently innocuous.

Traditional indicators may only shed light on the
distance separating us from the models and criteria
we adopt. ar, at best, they may show what the actions
should be that could narrow the gap. The problem is
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that, even more than in advanced countries, a new and
original institutional model ofSTP is needed in Latin
America to cope with our situation. Technological
trajectories, responsive to intemal socio-economic
priorities and to the comparative advantages we have
and should undoubtedly exploit, cannot be deter-
mined with the traditional, imitative pattem of STP
adopted until now.

There is a considerable task ahead for STP analysts
and, particularly, for specialists in S&T indicators.
The transfonnation resulting from what may be a new
Latin American STP perspective, centered on the
satisfaction of social demands, poses new demands
for indicator specialists. As often happens, the chal-
lenge ahead of STP researchers in Latin America is
even more difficult than it is for advanced countries.
We are forced by the very nature of our social prob-
lems, and by the lack oftime available to solve them,
to adopt a more incisive and detailed style of deci-
sion-making in S&T. One of its characteristics is that
it should make the different visions and priorities of
existing social actors explicit. In addition, the weak
signs given by the demands of society and by the
'rnarket' itself to the Latin American S&T system
make it necessary to highlight the interests and actors
current1y under-represented in the system.

In short, essential transfonnations in Latin Ameri-
can STP are not of an incremental nature. A quantum
leap demanding a rational approach is required. This
approach should start from the assessment oftechno-
logical demands posed by the scenario of economic
democratization, in order to define the outline of the
STP to be implemented and the S&T indicators it
requires.

In the present adverse S&T climate in Latin Ameri-
can countries, with considerable lack of direction in
innovation policy, it is necessary, before outlming
suggestions for new indicators, to consider the pros-
pective scenario envisaged for Latin Amencan
countries. Only when this is done is it possible to
propose indicators that will serve our purpose.

Economic democratization as a framework

The strategic vision, which must necessarily govem
any effort in S&T, demands a long-tenn perspective
to highlight elements which transcend economic and

The strategic vision, which mnst
necessarily govern any effort in S&T,
demands a long-term perspective to
highlight elements which transcend
economic and political directions
whose life-cycle is shorter than that of
S&T
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political directions whose life-cycle is shorter than
that of S&T. This new STP perspective is supported
by the scenario of economic democratization, which
will follow the political democratization that started
more than ten years ago in Latin America. Economic
democratization will involve productive and technol-
ogical demands which only a concentration of S&T
potential can solve in the near future.

In Latin America, research potential must be
applied to those new technologies which will address
the problems of socio-economic development. Given
their unique nature, this could give rise to an
internalized, sel f-supporting, innovative dynamic and
the exploitation of significant external and intemal
econormc spaces.

There is a need to reconsider and position our-
selves with respect to the old and tricky discussions
about the trade offbetween policies 'of' science and
'for' science. More specifically, the expected social
transforrnations reveal the advantage of adopting an-
ticipatory policies that, without disregarding the role
played by mutual adjustments among parties, provi de
greater rationality to decision-rnaking and ensure
stricter consistency with national goals. This involves
a methodological challenge for those responsible for
developing and implementing innovation policies,
because there are no theoretical or historical reference
frames that may shed light on the implications of
economic democratization within an innovative
environment.

What will be the impact on the economic and
productive fabric of changes in consumption pattems
resulting from economic and social transforrnations?
What will be the technological demands derived from
this new socio-economic pattem? What is the priority
of technological demands from different sectors and
how should they be included in a policy that does not
ignore a wide range of altemative instruments and
actions? To answer these questions implies a more
thorough diagnosis of the present situation.

The scenario of economic democratization should
aid internal social integration. This should lead to
increasing demands for mass consumption goods
through direct and indirect redistribution of income.
Despite the heterogeneity of the industrial sectors
producing such goods, most enterprises involved are
small and domestically-owned, are not technol-
ogically intensive and tend to be inefficient. Their
technological progress, as influenced by economic
factors, results in a slow pace of innovation.

The expansion ofthe S&T frontier in the advanced
countries has been different. These countries, with a
relatively wide distribution of income and large, well-
established markets, based their economic growth on
the satisfaction of increasingly sophisticated de-
mands. Sectors satisfying such demands are the most
dynamic from an economic viewpoint and, therefore,
concentrate most ofthe private R&D resources.

The 'high tech' goods, which initially reach just
the high-incorne segments, are rapidly diffused
through ali society, due, in part, to the impact of the
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leaming 'S-curve', and also because of reductions in
price through economies of scale. In addition, the
benefits of economic growth tend to be evenly dis-
tributed in advanced countries because of their rela-
tively homogeneous income profile. The resultant
pattem of S&T development became biased towards
the demands of the upper classes of the richer
countries. Science frontiers have been consistently
expanded to satisfy these demands.

The Latin American population, which on average
has an income seven times lower than in advanced
countries, is notable to afford these 'high tech' goods.
The introduction into Latin America of innovations
produced in the advanced countries has had only a
slight effect on the well-being ofthe overall popula-
tion. In Latin America, an increase in the growth rate
of sectors devoted to mass consumption goods might
lead to a rather different pattem ofS&T development.
In other words, the sectors enhanced by the economic
democratization scenario could build a new dynamic
in the exploration of the S&T frontier.

Economic democratization presents an important
technological challenge. In an extreme case, such as
Brazil, where it is estimated that 50% of the popula-
tion is on the economic fringes ofsociety, the creation
of such a consumption market would mean, meta-
phorically speaking, the creation of another Brazil
(with consequences in terrns of telecommunications,
roads, energy, Tood production and housing).

To date, satisfaction of social demands has been
widely accomplished through outdated and ineffi-
cient technologies. This should no longer be accepted
as an inexorable fact, but merely as a temporary
situation in Latin America, a region that has the
capacity required to overcome it. A substantial por-
tion of production and employment in Latin Ameri-
can countries is absorbed, and will be even more in
the future, with satisfying social demands. Hence, any
change in the associated technologies, be it in prod-
uctivity or impact on the social fabric or the environ-
ment, will act as a spur for further changes.

It is important to note that, while in the sectors that
cater for high-income consumption the probable ex-
pansion route of the technological frontier is known,
or could be leamed from monitoring trends in ad-
vanced countries, in the case of the sectors of mass
consumption, there are no visible technological paths.

For the mass consumption goods sectors in Latin
America, frequently there will be no choice: even if
we wanted to import technology, we might not fínd
the proper technology to importo Hence, we should
assign our potential for research and training human
resources to generating efficient technologies to solve
these problems. While the same scientific and tech-
nological knowledge which increases effíciency in
the mass consumption sectors in advanced countries,
can be used, it still must be 'engineered', to cater for
the demands ofthe Latin American reality. This must
be brought about urgently, before the expansion ofthe
mass consumer market created by the scenario of
economic democratization.
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S& Tpolicy and indicators

Scientific, technological, economic and social
policies should converge in a strategy to reduce in-
equalities, acting on areas of less polítical resistance
where the public sector is able to play a more effective
role. State policies fostering technological develop-
ment in areas where it is directly responsible for
satisfying the population's demands should be ex-
ploited in order to increase productivity, where its
immediate positive impact wi\l be greater and where
social development can be guaranteed.

Obviously, this transformation is not necessarily
limited to the internal market. Research aimed at sat-
isfying social demands can, at the same time (and
through the differentiation ofproducts) generate new
market opportunities. Far from having a nationalístic,
intemal-market bias, this strategy points to develop-
ment and cohesion ofthe national innovation systems
in Latin America, transforming social demands into
inducement of customer-driven innovations which
consolidate local socio-technical objectives.

Critique 00 productioo of S&T iodicators

At the beginning, we commented on the relative
success of cooperation in this area at this juncture in
Latin American development. ln the various discus-
sions and activities that have developed in the region,
it is possible to observe some particular dynamics.
The first is linked to the imitative tendency already
mentioned, in the sense of producing 'traditional' or
'old' indicators, and the 'new' indicators of innova-
tion recently devised in advanced countries. It could
be said satirically that the slogans are "at least the
Frascati Manual ... " and "at least the Oslo
Manual ... ".

A short explanation of these caricatures is neces-
sary. The voices which demand indicators on the
scientific productivity of our communities, be it of
output - linked to scientific publications - or input
- related to the training of human resources S&T
investments - raise the flag "at least the Frascati
Manual ... ". Despite the critical tone in which these
demands are at times made, for example, in relation
to the bibliometric bases used, they remind us of
similar statements made in support ofthe linear sup-
ply-based model. Even though indicators should
adapt to regional characteristics, according to these
voices, the necessary information bases must be co-
herent with those used by their peers in advanced
countries.

Another group of demands comes from researchers
in innovation economics, where the lack of indicators
is most evident. This group seeks to verify, in Latin
American countries, the causal models of innovation
which have been applied in advanced countries. For
this reason, they raise the slogan "at least the Oslo
Manual ... ". Indicators at the micro or entrepreneurial
levei, where, according to innovation theory, not only
innovative activity but also the very determinants of
innovation are concentrated, are indispensable to this
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group. These innovation indicators leave aside as-
pects referring to the relationship between the actors,
or to what we have referred to as the relationship web,
which is increasingly considered as an irreplaceable
factor of competitiveness.

A second dynamic, separable from the first only
in analytical terms, relates cooperative activities on
this theme in Latin America to the stimulus to carry
out new programs such as devising further indicators
which demonstrate the utility of these data to the
organizations responsible for their production at
national leveI. The objective ofthis activity in devis-
ing and experimenting with appropriate indicators for
Latin American STP is to trigger common processes
relevant to nations in the region.

The adoption of the perspective of an STP based
on the scenario of economic democratization de-
mands the addition of a third dynamic. It is inefficient
to start off with a posture of trying to fulfill the
objectives of "at least Frascati' and "at least Oslo"
only to later worry about devising policy-oriented
indicators. Indicators coherent with the economic
democratization scenario must be devised. This route,
together with the development of a capacity to inter-
pret the indicators with a view to devising STP, seems
to be a better strategy.
. The reactionary position, which appears from time
to time, of diminishing the gap which separates us
from advanced coüntries in terms of mdicator produc-
tion, seems inadequate. These indicators, in fact, por-
tray a past context based on the Cold War rationale
and the support that the military establishment gave
to S&T. It is necessary to establish an activist position
which innovates in the direction of specific demands
posed by our situation. The shaping of STP cannot
fail to reflect this concem. Besides trying to portray
a given reality, the new indicators must support
reliable interpretations of this reality, so that the
decision-making process, which is inherently based
on politics, and not just policy, can take place in an
increasingly effective way.

In the same way, as with other public policies, the
development of STP is not based on information nor
the indicators themselves, but rather on the actors'
perception of a reality which the indicators somehow
try to expresso For this reason, it is necessary to
describe a new direction for research into indicators,
guided towards devising distinct parameters (so as to
avoid using the expression indicators). Transcending
the real stocks and flows of S&T, these parameters
must be directed in a systematic way to introduce the
perceptions that the different social actors involved
have ofthe future into the decision-making processo

This seems to be a condition for the increase in the
density ofthe relationship web, which is increasingly
considered to be what is principally lacking in the
developing innovation systems in Latin America.
Only in this way will the emergence of a decision-
making process, which is more participative,
transparent, and consistent with the demands of the
majority ofthe population, be possible.
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Starting from evidence that Latin American science and technology poliey (STP) is undergoing a
transformation, eurrent conditions are analyzed to establish a eounterpoint between the S'IPrindicator
interface in advaneed eountries and in Latin-America. Based on introducing in the decision-making
agenda a scenario of eeonomic democratization and the satisfaction of social demands, some of the
implications ofsuch a transformation in STP for S&T indicators are suggested.

Reliable indicators of innovation and innovative agents are even more necessary in developing
countries, where scarce resource require even greater productivity in public investments. than in
developed eountries. A number of Latin American authors, and analysts at UNCT AD have proposcd
indicators, including impact indicators, that should assist developing nations to monitor their invest-
ments in S&T knowledge. This system needs to be codified and developed into a usable standard for
these economies.

As science has developed, the systematic transfer of scientific knowledge has also developed. Given
the sparse human resources available for science and technology (S&1') in Latin America, the scientific
journal system is relied on to disseminate knõwledge within the region and to import il from abroad.
Co-publishing by Latin American authors, particularly with authors from outside Latin América, is
both a measure ofthe levei ofS&1' activiry and its quality. A project to measure co-publishing in the
region would be a good indicator ofthe growth in both levei and sophistication ofS&T activity in lhe
region.

While the Central American countries, in the 1970s, tried to measure the levei of their scientific
activities, these efforts were lost in the decade of economic, social and political turmoil of the 19805.
These countries are just beginning to ré-emerge into an era of political and economic growth. Central
American governments have, through the Commission for Science and Technology Developrnent of
Central America, started to consider the redevelopment of their S&1' efforts, including appropriate
policies, procedures to measure the level ofinvestment in S&T, and the irnpact of these investrnents.

1nformation on science and technology (S&T) is a public good, and nations need instituuons at
arm's-length from the policy organs of goverrunent to colleet and document S&1' activities. The
concept of an observatory for S&1'already exists in Europe; the author proposes to develop lhe concept
for application as part of the national system of innovation in a developing nation such as Colombia.
The output of an S&T observatory is a necessary input into the public debate over S&T policies and
the other public policies dependent on S&T inputs.

Teehnological innovation is a major element of agricultural poliey in Latin Ameriea. Latin American
governrnents invest substantial amounts of their scarce financial and human resources in irnproving
agricultural output and return on investment. It is possible to identify the impact of major tcehnieal
innovations in agriculture through monitoring productivity measures.

In 1994, the Red Iberoamericana de Indicadores de Ciencia y Tecnologia (RICY1') network was
formed to develop the collection. standardization and dissemination of science and technology (S&T)
indicators in Latin America. This group joined forces with a program frorn lhe Organization of
American States to develop an initial group of twelve S&T indicators of common intcrest 10 Latin
American nations. RICYT developed this database and published it in a format for easy aceess by
non-specialists in the field. This paper reports on some ofthe indicators and the variations by nations.
~~~~~~~_--_~~_-------. __ ._- ..

This paper argues that, to measure lhe quantity of R&D undertaken, it is necessary to deflate R&D
spending by a measure of its cost. Bascd on Divisia weighted averages of proxy price series. price
índices are constructed for R&D spending in UK manufacturing in eight sectors and as a wholc for
1970-1992. These indices are a better guide to the cosi of performing R&D than lhe GDP dcflator,
which overstates the rise in real business enterprise R&D in the 1980s. although ycar-on-year changes
are lcss distorted.
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