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Foreword

This paper reviews and updates the Bank's strategy for supporting science and technology in
Latin America and the Caribbean. Beginning with the fundamental importance of science and
technology in the globalized economy, the paper reviews conditions in the region, the Bank's
experience to date, and the challenges ahead. The IDB's current strategy for support of science
and technology in the region emphasizes a strong sectoral and system-wide approach; the im-
portance of increased support for technological development in the productive sector; continued
support of scientific research but with a more focussed approach and increased linkages with
technology; and strengthening of related human resource and institutional development. In ad-
dition, the Bank is placing a new emphasis on science and technology development in smaller
poorer countries. On the basis of the paper, the IDB has already increased its lending for science
and technology which, it is hoped, will have an important impact on economic and social devel-
opment in the region.

Carlos M. Jarque
Manager
Sustainable Development Department
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Summary

SCIENCE AND TECHNOLOGY
IN THE WORLD ECONOMY

Economic globalization and the world technol-
ogy revolution, especially in telecommunica-
tions and information technologies, define the
context in which all countries will have to per-
form, and make technology even more important
than in the past. Since technologies develop and
change very quickly today, a greater command
over technological innovations will be a power-
ful ingredient in the economic success of coun-
tries in the global market.

Technological progress leads to and results from
innovations, which are broadly defined as the
processes by which firms master and put into
practice product designs and processes which
are new to them. National innovation systems
(NIS), a term now much employed in the current
literature (but not always well understood), can
be defined as "a network of institutions in the
public and private sectors whose activities and
actions initiate, import, modify and diffuse new
technologies." The emphasis is on the enabling
environment that fosters innovation and techni-
cal change and on the linkages between all the
actors involved in innovation, both within and
across nations.

SCIENCE AND TECHNOLOGY IN
LATIN AMERICA AND THE CARIBBEAN

Latin America and the Caribbean need to gear
up and structure their economies to succeed in
the new world environment. But productivity
growth in the hemisphere as a whole was less
than half the world average during the 1973-
1992 period. Scientific and technological pro-
ductivity, in terms of publishing in reputable
journals, as well as in patents, is below the re-
gion’s competitors. In addition, while high-
income economies typically spend 2-3 percent

of GDP on research and development (R&D),
investment in R&D in the 1996-1999 period
ranged from 0.6 to 0.8 percent for a few coun-
tries to less than 0.1 percent for others. Finally
the public sector in most countries in the region
accounts for over 70 percent of R&D funding,
compared to around 25 percent in some of the
newly industrialized countries of Asia and less
than 50 percent in most industrialized countries.

The region has made some progress over the
past years. Some middle-income countries have
built up capacity in scientific research, some
medium- and large-size businesses in the region
already know how to effectively use advanced
technologies, and in several countries a network
of public institutions supporting innovation is in
place. But on the aggregate, society does not get
adequate payoff from its investment in science
research because the effort is often geared to
areas which do not have the corresponding
technological and productive activities, and
linkages between university based research and
the productive sector are inadequate. Institu-
tional elements (e.g., transparency in decision
making, priority setting, and monitoring) require
improvement and the numbers and quality of
researchers are still low. The majority of private
firms spend too little on R&D and have little or
no tradition of technological innovation or under-
standing of their needs. Public and private efforts
in technology remain too small as compared
with the potential for innovation and the needs
of the countries. Agencies providing loans and
grants to R&D, while they have had significant
successes, are still slow to act, often overly bu-
reaucratized, and with inadequate capacity to
evaluate and assess their own efforts. The
smaller, poorer countries in the region have al-
most no institutional S&T framework, except
for a few universities, and their small and me-
dium enterprises usually have no R&D capacity
or understanding.
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THE PAST ROLE OF THE IDB

The Bank has long recognized the importance of
S&T and has made major contributions to
strengthening country capacities. During the pe-
riod 1962-1995, US$1.4 billion went to 31 op-
erations defined as science and technology proj-
ects, with total project size (loan and counter-
part) estimated at US$2.6 billion. Multiple IDB
loans for S&T have gone to Brazil, Mexico, Ar-
gentina, and Colombia, and single loans were
made to Venezuela, Chile, Costa Rica, Uruguay,
and Ecuador. The objectives of past IDB lending
for S&T were to build human and physical in-
frastructure, especially in universities;
strengthen science funding agencies, especially
by channeling funds through peer review and
open competition; encourage private sector in-
vestment in R&D through technology develop-
ment funds; and support individual research in-
stitutions of merit. Based on earlier drafts of this
document, a new set of loans totaling US$350
million to Argentina, Guatemala, Uruguay, Pan-
ama, Venezuela and Chile were approved during
the period 1998-2000.

IDB support has had positive payoffs in applied
research, provision of continuity in times of fi-
nancial constraints, establishment of institutions,
strengthening of decision-making capacities of
these institutions, and training of many research-
ers, teachers, and high level industrial workers.
Some technology investments have had payoffs
which more than justify the amount of the loans.
The S&T portfolio has performed well above the
Bank average in terms of project execution and
disbursement. In spite of these efforts, science
and technology institutions continue to be in-
adequate for their purposes. Efforts to improve
linkages between public sector research and so-
ciety have been less successful than desired.
Spin-off results from IDB supported technology
development funds have had little impact on the
overall investments of firms in R&D.

REGIONAL  PRIORITIES

Based on the above analysis, the region as a
whole   needs   to  strengthen  national  innovation

systems and to seek to link them with the global
knowledge society, as a means of ensuring eco-
nomic and social progress. The critical objectives
are: to get firms and other institutions to increas-
ingly incorporate new technology into production
and related processes; to increase the amounts,
effectiveness, and productivity of investments in
science and technology; to increase the numbers
and quality of higher level human resources; to
ensure closer linkages among the different com-
ponents of the systems; to strengthen international
cooperation in S&T; and to complement all these
actions with investments in basic, secondary, and
higher education and in training.

Most countries in the region will need to in-
crease overall R&D spending as a percentage of
GDP. In the middle-income countries, most of
the effort should take place in the private sector.
The objective, however, should not be to in-
crease spending per se but to take a systems ap-
proach to ensure that the critical elements of na-
tional innovation systems are in place and the
relationships among them are understood, and to
target expenditures where an impact on long-
term growth can be expected. Economic policies
must emphasize creating a policy and regulatory
environment promoting lively competition and
ensuring stability and low inflation.

Compared with the past, technology develop-
ment? increasing the diffusion and utilization of
R&D in the productive sector— should be em-
phasized, redressing a balance that today is tilted
toward scientific research, although both need to
be strengthened in the future. This especially
means strengthening institutions providing fi-
nance, information, technical support, services,
and standards to the productive sector.

With regard to investments in research, the focus
should be on building capacity in critical areas,
strengthening institutions and the decision mak-
ing process, and ensuring a closer match be-
tween S&T supply and demand.  The region also
needs to strengthen all levels of the education
and training system to ensure that the labor force
will be technologically literate and that the poor
will benefit from the fruits of science and tech-
nology.
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IDB  SUPPORT FOR S&T

The Bank will seek to support the regional ob-
jectives described above. To ensure that a sys-
tems approach is followed and that policies have
consensus support, the IDB will promote studies
and inquiries as well as broad-based discussions
of needs and opportunities. Where appropriate
the Bank will undertake or support comprehen-
sive assessments, designed to identify current
and prospective bottlenecks to technology and
productivity development. In its dialogue with
countries, the IDB may propose a limited num-
ber of policy changes, either as conditions for
loans or as part of the process of project imple-
mentation, to ensure all the pieces are in place
for technological innovation.

The Bank will increase its support for techno-
logical innovation in the productive sector. This
will include establishing or strengthening tech-
nology development funds (providing lines of
credit as well as grants, to support improvements
in products or processes which incorporate new
or risky technologies not susceptible for invest-
ment through a country’s normal capital mar-
kets), as well as strengthening relevant public
and private institutions. It will also include in-
creased support for centers or units that offer
information, technical assistance, metrology and
quality control services, particularly for small
and medium businesses. It will support efforts to
reinvigorate technological institutes to ensure
that they are demand driven, accountable, and
effective. Experience has shown that establish-
ing and strengthening institutions of this type,
including an innovation mentality among entre-
preneurs, is a complex endeavor requiring a
long-term commitment.

The Bank will not abandon programs where
governments provide grant financing for basic
and applied (pre-competitive) research as well
ancillary scientific and technical services proj-
ects, but will provide more focussed support,

with a particular emphasis on building capacity
in critical areas, not only those related to com-
petitiveness but also to social issues such as
poverty, violence, and health care. The Bank
will also seek to strengthen institutions and the
decision-making process, through explicit ana-
lytical and consensus building activities, ensure
a closer match between S&T supply and de-
mand, and improve quality and cost effective-
ness rather than simply increase investment
amounts.

The Bank will increase its S&T lending to
smaller, poorer countries as a means of helping
to ensure that they can also participate in knowl-
edge-based development in accordance with
their evolving comparative advantages. For
these countries the IDB will assist in identifying
strategic fields, increasing the availability of
information, developing pilot outreach pro-
grams, and, where appropriate, supporting or
creating potential centers of excellence.

The IDB will support human resource training
designed to strengthen all of the above activities,
including short- and long-term training, in aca-
demic and nonacademic settings, and in-country
and overseas, to upgrade the staff of research,
service, financing, and sectoral institutions. The
Bank's commitment to increased support of ele-
mentary, secondary, and higher education and of
training will also have an important long-term
impact on S&T development in the region.

 
 The Bank will consider all projects which include
technological investments as S&T projects with
potential opportunities for increasing the country
capabilities in the area, will ensure that concerned
departments coordinate their activities in S&T,
consult on a regular basis with outside advisory
groups, and regularly review the impact of its
investments in this area. Annex 1 provides a
summary of the Bank's strategy.
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Science and Technology in Today's World

This paper reviews and updates the science and
technology Bank's strategy for Latin America
and the Caribbean. The paper begins with a re-
view of the role of S&T in the world economy.
It then reviews conditions in the region, includ-
ing the Bank's experience to date. Finally, the
paper provides guidelines and recommendations
for future S&T development. It should be noted
that IDB policy has been evolving over the past
few years and that the strategy outlined here is
not a break from the past but a continuation and
intensification of past trends. The recommenda-
tions in this paper apply not only to specific
S&T projects but also to all projects financed by
the Bank which include support for technology-
related infrastructure, training, and institutional
development. In other words, all projects which
include technological investments should be
treated as potential opportunities for increasing
country capabilities in the area.

 The region as a whole needs to strengthen national
innovation systems and to link these with the
global knowledge society, as a means of helping
to ensure economic and social progress.  The IDB
strategy specifically seeks to assist countries to:
 
• diffuse and incorporate  new technology into

production and related processes;

• increase the level, effectiveness and produc-
tivity of investments in science and technol-
ogy;

• increase the numbers and quality of higher
level human resources; and

• ensure closer linkages among the different
components of  the NIS, including the in-
creasingly important international links.

The strategy places increasing emphasis on
smaller and poorer countries in the region and will

benefit from increasing IDB investments in basic,
secondary, and higher education and in training.

 
THE POWERFUL ROLE OF SCIENCE

AND TECHNOLOGY IN
 ECONOMIC DEVELOPMENT
 

Technological progress drives economic growth
and development, creates jobs, and leads to
higher agricultural yields, improvements in hu-
man health, and higher quality goods and serv-
ices at lower prices for consumers. Judicious
investments in S&T have a substantial payoff in
increased productivity. Most of these benefits
appear as increases in productivity, wages, and
living standards. Economic globalization and the
world technology revolution, especially in tele-
communications and information technologies,
define the context in which countries of the re-
gion will have to perform, and make technology
even more important than in the past. Since
technologies develop and change very quickly
today, a greater command over technological
innovations will be a powerful ingredient in the
economic success of countries in the global
market. Latin America and the Caribbean need
to gear up and structure their economies to suc-
ceed in this environment.

 
 The critical importance of the process of dis-
seminating and incorporating innovations is now
better understood and considered one of the
most decisive aspects of science and technology.
Hence, a new view has evolved which considers
that technological progress generates and results
from innovations, which are broadly defined as
the processes by which firms master and put into
practice product designs and processes which
are new to them. This concept can be general-
ized to innovations outside productive enter-
prises, including social institutions. National
innovation systems, a term which is much em-
ployed in the current literature of this field (but
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not always understood), can be defined as "a
network of institutions in the public and private
sectors whose activities and actions initiate, im-
port, modify and diffuse new technologies"
(OECD). The new emphasis is on the enabling
environment which fosters innovation and tech-
nical change and the linkages between all the
actors involved in innovation. National innova-
tion systems would therefore include:
 
• macroeconomic conditions and regulatory

frameworks providing the environment for
innovation in the private sector;

• national systems managing and coordinating
S&T institutions;

• communications and information technol-
ogy;

• the capacity to monitor and assess relevant
information;

• mechanisms for linking academic institu-
tions with society;

• scientific and technological services and
mechanisms to promote and facilitate the
diffusion and transfer of technology, such as
metrology, norms and standards, informa-
tion services, and technological consulting;

• operating conditions and  procedures; R&D
capacity to generate knowledge and tech-
niques;

• programs to educate and train personnel;
• the scientific and technological know-how

of the labor force; and
• financial intermediaries and  resources.

This approach increasingly breaks down the dif-
ference between the idea of producers (public
and university scientific research creating
knowledge) and consumers of knowledge (firms
and productive sector users/buyers of technol-
ogy) and emphasizes the relationships between
all the components in a complex system.
 
 The idea of a systems approach to S&T policies
is not new. What is new is a greater emphasis on
the demand side and on the overall macroeco-
nomic climate. Also new is the stronger evi-
dence that efforts to develop S&T without taking
into account the nexus between all parts of the
system tend to fail, as happened so often in the
past.
 

 Notwithstanding this tendency for the frontiers
to become blurred, differences between science
and technology remain important. At the most
fundamental levels, science explores nature and
human society to understand it. Science includes
not only the natural sciences but also social sci-
ences— economics, sociology, psychology— as
well as multidisciplinary studies of areas as dis-
parate as the environment and education. Good
scientific training also forms the basis for pre-
paring the human resources needed to under-
stand and adapt technology.
 
 The core activity of technology is the creation of
purposeful goods and services. Technology is
broader than science, especially in its tacit di-
mensions. The technological enterprise remains,
to a certain degree, an art and a craft, drawing on
science and depending on it, but also, and not
infrequently, going beyond hard scientific un-
derstanding. Nonetheless, in the new economic
environment, with a rapidly expanding knowl-
edge base and increased speed of applications,
the institutional divide between technology and
science is eroding, as science is increasingly
used to create new products (e.g., pharmaceuti-
cals) and technological change influences sci-
ence priorities and approaches.
 
 Recent experience indicates that whatever the
policies, they need to be consistent and to re-
main in place for a long period. The life-cycle of
S&T is long, requiring continuity year after year.
Zigzags in policies (explicit or implied) tend to
destroy the chances of results that reach society
and the economy.

 
GOVERNMENT PLAYS A KEY ROLE

 
 Public goods often merit funding by govern-
ments because lack of incentives for private
funding would otherwise lead to underinvest-
ments in technologies from which society as a
whole can expect to benefit. Most fundamental
research falls into this category, as well as re-
search related to public goods such as public
health and defense. If the new knowledge is
available to all and cannot be protected through
patenting,  there  are  minimal incentives for pri-
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 vate investors. A market failure resulting in un-
derinvestment by private firms may also take
place. Government intervention would thus be
justified when private costs are higher than the
private benefits and individual firms are unable
to capture the full benefits of their investment.
Empirical studies show that this is often the case
(see, for example, Smith and Barfield). Even
though the R&D will find its eventual applica-
tions in industry, those applications may be well
in the future and hard to predict. If so, private
firms have little incentive to invest, since they
cannot expect to capture the returns within the
time horizons of alternative investment deci-
sions. In some cases, the firm may not be sure
that it can protect and exploit the results. Eco-
nomic history is full of examples of imitators
becoming rich while inventors go bankrupt.
Unless government helps finance the R&D
(which may be conducted in the government's
own laboratories, in educational institutions, or
in private industry), society will not be able to
reap the full measure of benefits from techno-
logical innovation. Government investments can
also be justified in providing basic scientific lit-
eracy for citizens, in training teachers who will
provide this literacy, and in training scientists
and engineers. Research conducted in universi-
ties and technical institutes helps train creative
professionals in all fields who not only learn the
principles and methods of science but also take
the latest knowledge with them, which is neces-
sary to identify and adapt new technologies,
when they enter the labor market.
 
 Public expenditures for industrial R&D can be
further defined in terms of path-breaking, ge-
neric, and strategic technologies, corresponding
to the generalized market failure described
above (see Alic, et al.). Path-breaking innova-
tions, such as those associated with solid-state
electronics or the Internet, affect large portions
of the economy and can establish a new growth
trajectory. They may or may not result from ba-
sic research, but share with much basic research
lengthy time horizons and high uncertainty in
outcomes and impacts. Generic technologies are
more incremental, with benefits that are widely
applicable and thus hard to protect. Examples
are improved construction and manufacturing
processes. Strategic technologies are those

where, for one reason or another, governments
perceive that a national interest is at stake.
 
 In short, a strong public role is justified in basic
scientific research and in precommercial R&D;
but there is also a role to play in directly encour-
aging technological innovation. The key in pub-
lic technology policy is to identify and then sup-
port those elements of technology which incor-
porate the greatest social payoffs and do not
yield sufficient private returns to compensate
private costs. While the case for public financing
is clearly justified, the case for public provision
is less compelling, since in many cases private
institutions with a variety of public subsidies can
provide the service more efficiently than the
public sector.
 
 It should also be noted, of course, that S&T may
not solely result in economic progress. Public
policies are needed to ameliorate or guard
against deleterious impacts of S&T such as war
or mass destruction, pollution and environmental
degradation, social dislocation and unrest, tech-
nological unemployment, etc.

 
CRITICAL POLICIES FOR

 TECHNOLOGICAL INNOVATION
 
 Successful technological innovation requires a
policy focus on ensuring that all the elements of
the NIS are in place and understood. This in-
volves, inter alia, having a macroenvironment
that encourages competition and is conducive to
technological innovation, which will flourish
only if the incentives and regulatory framework
are right and if all the actors and stakeholders in
a complex system find it profitable to innovate.
It requires programs and policies which foster
and respond to demand for the identification,
selection, and adaptation of available technolo-
gies, including strengthening the exchange of
information using rapidly evolving information
and communication technologies.

 
 Of particular importance is investment in
knowledge transmission and generation at all
levels of the education and training system. This
is also known as building human capital. The
basic skills learned in primary and secondary
schools are the necessary foundation for devel-
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opment and an indispensable base for technol-
ogy and science. Mid-level technical workers are
needed with skills in many technological areas
(e.g., electronics, computing, use of automatic
machines), as well as in management areas
(quality control, information management, in-
ventory management, cost accounting). Higher
and graduate education and training are funda-
mental to manage innovation. Science research
is fundamental to generate and transmit new
knowledge and train creative technology man-
power. It has been observed that support for sci-
ence does not automatically lead to technologi-
cal innovation. One of the main goals of public
policy in science, therefore, should be to encour-
age more linkages with technology.
 
 Because the paybacks from S&T come over the
long term, that is through compounded growth
in productivity, a stable environment with long-
term plans and funding, as well as a focus on
institutional development, is required. It takes a
long time to create R&D groups and little time
to destroy them. High-level research institutions,
as well as the private sector, cannot afford stop
and go projects and delayed payments due to
erratic public funding. Countries unable to iso-
late their S&T institutions from the oscillations,
crisis, political uncertainty, and erratic budgets

run the risk of paying the front-end costs of S&T
without reaping lasting benefits. In this respect it
is important to focus on the sustainability and
delivery capacity of institutions. As one author
has stated:
 

 ...technical advance and economic growth
are seen as proceeding through the opera-
tion of a complex set of institutions: some
for-profit, some private but not-for-profit,
and some governmental. [These] are seen
as having evolved through a complex set of
processes that involve both individual and
collective action. Institutional change, like
technological change, must be understood
as an evolutionary process. (Nelson)

 
 Another requirement is to take a regional and
international perspective. Technology now has
no country or regional boundaries. Countries
will need to encourage importation of technol-
ogy as well as sharing and diffusion of regional
successes and lessons learned. Latin American
and Caribbean countries remain too isolated
from one another, they need to cooperate more.
As suggested by some authors, national innova-
tion systems should become part of international
information exchange systems.
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 Science and Technology in Latin America and the Caribbean

 
 THE CURRENT SITUATION:

 SOME PROGRESS BUT
 MANY DEFICIENCIES

 
 Forty years ago, Latin American productivity,
technology, and science could only be described
as backward compared to the industrialized
countries. There were equally wide gaps within
the region. Although there has been much prog-
ress, both sets of gaps persist.
 
 Inputs and Outputs

 
 Because productivity growth depends almost
entirely on technology, it provides an important
measure of increases in technological capacity.
In none of the Latin American economies for
which data is available has productivity growth
been comparable even to the slower growing
countries included for comparison. The best-
performing economies in the region over the
period 1950-1992— Mexico, Colombia, and
Brazil— saw their productivity levels rise by
roughly 20 percent compared to the United
States. Seven non-Latin American countries
(Switzerland, Spain, Portugal, Taiwan, South
Korea, Indonesia, and China) exhibit improve-
ments relative to the United States ranging from
40 percent (Switzerland) to more than 300 per-
cent (Taiwan) (see Maddison).
 
 Comparing the hemisphere as a whole to other
regions for the 1973-1992 period, productivity
growth was less than half the world average.
Macroeconomic difficulties certainly contributed
to lagging productivity growth, but can be pre-
sumed to have done so at least in part with tech-
nology as an intervening variable.  In short, low
rates of growth in productivity (and hence GDP
per capita) reflect low levels of S&T capability,
both of which are influenced by the macroeco-
nomic situation.
 

 The Swiss-based Institute for Management De-
velopment has published annual rankings of in-
ternational competitiveness for a number of
years. The 2000 World Competitiveness Report
compared 47 economies, six of them Latin
American (Argentina, Brazil, Chile, Colombia,
Mexico, and Venezuela). Except for Chile, all of
them fell in the lowest third of competitiveness-
related S&T measures (see Roesssner et al.).
Latin American countries scored low in number
of patents, in R&D personnel per 1,000 people
in the work force, and in spending on R&D as a
share of GDP.
 
 Although R&D measures only a fraction of the
inputs to technological activity, for some kinds
of activity quite a small fraction, it is the best
available indicator of inputs. Here too the hemi-
sphere compares poorly with other developing
regions. High-income economies typically spend
2 to 3 percent of GDP on R&D. Several of the
rapidly growing Asian economies are beginning
to approach these levels— Taiwan at 1.7 percent
of GDP and South Korea, 2.1 percent; Malaysia
invests 0.8 percent (see NSF and World Science
Report). Data in the region in general have been
unreliable. A recent initiative, the Programa
Iberoamericana de Ciencia y Tecnologia para el
Desarrollo, has sought to develop consistent
indicators for countries in the region. These
show investment in R&D in the 1996-1999 pe-
riod for Chile and Brazil at 0.7 to 0.8 percent,
and Mexico at 0.3 percent (see www.ricyt.edu.ar
on the Internet). The poorest countries invest
less than 0.1 percent.  In several larger, middle-
income countries, public sector spending as a
percentage of GDP is similar to that of some of
the East Asian NICs. But the public sector in
most countries in the region accounts for over 70
percent of R&D funding, while the public sector
in some Asian NICs accounts for around 25 per-
cent. Finally only 10 percent of government fi-
nancing is allocated to R&D in engineering,
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which effectively reduces the opportunities for
interaction with industry (see UNESCO, 1998,
p.74).
 
 Quantity and quality in academic science are
commonly measured by publications and cita-
tions of publications. The Science Citation Index
(SCI), derived by the Institute for Scientific In-
formation from its worldwide database, calcu-
lates citations in the best scientific journals.
Dutch and Swedish scientists separately publish
more than all the scientists in Latin America and
the Caribbean. Thirty years ago, scientific output
in East Asia outside of Japan was lower than
countries such as Brazil and Argentina. Cur-
rently, Taiwan's production is higher than Bra-
zil's, South Korea contributes more than Argen-
tina or Mexico, and Hong Kong and even Singa-
pore, with populations of under 6 million and 3
million respectively, outstrip Chile, Venezuela,
and Colombia.
 
 There are also gaps within the region: Argentina,
Brazil, Chile, Mexico, and Venezuela are rela-
tively advanced. A second group, Colombia,
Costa Rica, Uruguay, and the English-speaking
Caribbean, now has significant national capacity
and specialized institutions to promote S&T.
Other countries fare very poorly, in some cases
with a complete absence of policies, institutions,
and investments in national S&T development.
 
 The region is also deficient with regard to the
educational bases, from primary to higher edu-
cation, underlying science and technology. For
example, the region performs poorly on interna-
tional comparisons of mathematics and science
learning. The only Latin American country
(Colombia) which competed in the Third Inter-
national Mathematics and Science Survey of the
International Association for the Evaluation of
Student Achievement scored lower in eighth
grade mathematics than 40 of the 41 countries
participating in the survey. Only 4 percent of the
students in Colombia scored in the top 50 per-
cent of students in the world (see TIMSS).

 
 Institutional Development
 
 Some middle-income countries now have world-
class scientific institutions; most have developed
mechanisms for relatively open, transparent and

competitive financing of science. In fact, science
can be an enclave, less sensitive to the macro-
economic framework and associated institutions
and conditions. But salaries are usually too low,
physical facilities are inadequate, funds for sup-
plies are scarce, transparency in decision-
making and priority-setting requires further im-
provement, and science and mathematics teach-
ing and learning at all levels of the education
system is inadequate. With some exceptions,
linkages between university-based research and
the productive sector continue to be inadequate.
 
 In the larger, middle-income countries of the
region, some medium- and large-sized busi-
nesses already know how to effectively use ad-
vanced technologies to their own advantage.
These middle-income countries are seeking to
develop publicly supported extension centers
and agencies for standardization, metrology and
quality control and certification (such as ISO
9000), and several have established agencies
providing grants and loans to support techno-
logical innovation in industry. Some specialized
technology institutions provide valuable services
to firms. The region also has had some real suc-
cesses in R&D. For example in Argentina, a ro-
tavirus vaccine for calves, now in commercial
production, has driven the incidence of that dis-
ease from more than 40 percent to below 10 per-
cent and reduced the death rate in afflicted
calves from 5+ percent to 0.2 percent.  In Brazil
genetically engineered varieties of soybeans and
sugar, now widely available, have already had
considerable economic and social impact, and
Brazilian commuter airplanes have a sizable
share of the world market. Costa Rica, Chile,
Colombia, Mexico, Venezuela and Uruguay re-
port similar R&D successes in health, agricul-
ture, computer software, petroleum, and manu-
facturing (see Colciencias, CONICET, Roche
Rivera, Magalhaes Castro).
 
 In short, scattered sectors or groups have mas-
tered the full technological cycle from concep-
tion to successful implementation. The problem
is that these efforts remain too small vis-à-vis
the potential for innovation and the needs of the
countries, and the majority of firms have no tra-
dition of technological innovation or understand-
ing of their needs. The improved macroeconomic
environment in the region and increased inter-
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national competition eventually will have a
positive effect on innovation, since local firms
must now innovate to compete with foreign
firms. Nonetheless, in spite of the opening of
markets to competition, the evidence of adequate
private sector investments in R&D is restricted
to very few areas.
 
 While the public sector has achieved much suc-
cess in providing an adequate macro-
environment for innovation, much work still
remains in policy areas such as regulation and
intellectual property protection. Technical and
information services, usually provided by gov-
ernment, react slowly and often ineffectively to
demand, and usually do not reach small- and
medium-sized enterprises. Agencies providing
loans and grants to R&D, while they have had
significant successes, are slow to act, often
overly bureaucratized, and have inadequate ca-
pacity to evaluate and assess their own efforts.
 
 The institutional situation in smaller, poorer
countries in the region is more dire. There are a
few good R&D institutions, often organized on a
regional basis. But most of these countries have
almost no institutional S&T framework, except
for a few universities. Enterprises, large or
small, have no R&D capacity or an aggressive
policy to purchase it. Regulatory frameworks,
intellectual property rights organizations, and
information and technical services are weak or
non-existent, and university based research is
divorced from country conditions and needs. In
fact, many research efforts take place in areas
where it can neither link with existing techno-
logical capacity nor be directly useful for soci-
ety. In other words, no matter how successful it
could become, this scientific research has no
potential to help the country. On a more basic
level, primary education and training are grossly
inadequate, with large numbers of primary
school dropouts and functional illiterates.

 
IDB LENDING FOR S&T

 
 The Bank has long recognized the importance of
S&T and has made major contributions to
strengthening country capacities since lending
began in 1962. In 1968, the Bank's Board ap-
proved a policy for science and technology op-
erations (OP 744) which is still in place. The

policy emphasizes the need to develop capacity
in science and technology. It considers academic
and governmental institutions as the principal
provider of S&T, while firms are viewed mainly
as consumers of technological inputs. The policy
lacks the "systems" approach and concern with
linkages and incentives prevalent today.
 
 IDB support to S&T, higher education, training,
and agricultural research during the period 1961-
1995 totaled about US$3.8 billion. Of this
amount, $1.4 billion went to 31 operations de-
fined as science and technology projects (de-
scribed in Annex 2). Total project size (loan and
counterpart) of these operations is estimated at
US$2.6 billion. Multiple IDB loans for science
and technology went to Brazil, Mexico, Argen-
tina, and Colombia, and single loans were made
to Venezuela, Chile, Costa Rica, Uruguay, and
Ecuador. Brazil alone received about US$475
million in loans, followed by Mexico (US$250
million), Argentina (US$223 million) and Co-
lombia (US$190 million). Based on earlier drafts
of this strategy paper, a new set of loans totaling
US$350 million was provided to Argentina,
Guatemala, Uruguay, Panama, Venezuela and
Chile during the period 1998-2000. Support for
higher education has amounted to $0.7 billion,
for technical education and job training, $0.7
billion, and for agricultural research and exten-
sion, $1 billion.
 
 Support for science and technology can be di-
vided into two broad periods: from the Bank's
earliest operations in 1961 to 1987, and from
1988 to 1995. Bank financing in the first period
(within broad lending families intended to sup-
port S&T institutions, agricultural technology
and extension, and universities and technical
education) focused on creating R&D capacity in
research institutions and universities, generally
in the public sector. Very substantial progress
resulted in many countries.
 
 In the second period, Bank funding shifted to-
ward strengthening institutions and supporting
technology as well as science in order to help
countries facing international competition raise
their productivity levels and become more com-
petitive. Support for applied research and ex-
perimental development rose. The instruments
of choice in this second period were competitive
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grants to allocate public funds among research
projects, partnerships between universities and
businesses, and technology development funds
intended to foster innovation through loans to
firms for R&D projects.
 
 The objectives of past IDB lending for science
and technology were to:
 
• build human and physical infrastructure,

especially in universities;

• strengthen science funding agencies, espe-
cially by channeling funds through peer re-
view and open competition;

• encourage private sector investment in R&D
through technology development funds; and,

• support individual research institutions of
merit, especially in agriculture.

Recent projects, starting with a 1995 loan to
Colombia (Loan 875-CO), have taken a more
proactive and systematic approach to encourag-
ing technological innovation than earlier proj-
ects.
 
 Although relatively little evaluation has been
undertaken in the past, recent studies provide
valuable results. At the request of the IDB's
Board of Directors, the Evaluation Office (OVE)
commissioned an independent review of the
Bank's science and technology program which
included evaluations of loans to Brazil, Chile,
Colombia, Costa Rica, and Uruguay. SDS/EDU
has complemented this work through case stud-
ies of technology projects in five countries
which have received loans from the IDB as well
as an additional review of the Brazilian technol-
ogy financing agency (FINEP). The discussion
below summarizes the results of these evalua-
tions as well as other analytical work undertaken
in background papers.
 
 An Overall Positive Impact
 
 IDB support has had positive payoffs in applied
research, provision of continuity in times of fi-
nancial constraints, establishment of institutions,
strengthening of decision-making capacities of
these institutions, and training of many research-

ers, teachers, and high level industrial workers.
The S&T portfolio has performed well above the
Bank average in terms of project execution and
disbursement.
 
 Science Research and Training

 
 IDB-supported research and training programs
have benefited some 20,000 scientists and engi-
neers and at least 100 universities and techno-
logical institutes, including many that are now
bulwarks of Latin American science and tech-
nology. IDB support has helped several middle-
income countries (e.g., Brazil, Chile, and Costa
Rica) to create a science infrastructure that is
able to respond well to injections of funds, and
the physical indicators of output have shown
significant progress. IDB support has strength-
ened the process of open competitive funding for
S&T projects. The Bank has also provided some
support for regional cooperation in technology
and science, for instance in the English-speaking
Caribbean.
 
 While recent IDB projects focus on critical ar-
eas, the efforts to create targeted programs does
not seem to have an impact on overall practices.
Indeed, many countries continue to disperse ex-
cessively their support of science research. In
addition, there continue to be problems in uni-
versities with respect to lack of incentives, ex-
cessive bureaucracy, general inertia, and diffi-
cult procurement procedures. On the demand
side, there has been a lack of innovative culture,
inadequate venture capital, and too few technol-
ogy professionals, resulting in inadequately ar-
ticulated needs at the firm level.
 
 While most project documents have stated that
they sought to improve linkages between public
sector research and society, the results have not
pervaded the systems. Attitudes in both the uni-
versities and the business community have been
slow to change, with a continued sense that re-
search results are self-contained and that indus-
try is a "user" of research. Most public research
institutions, especially those not linked to a spe-
cific industrial sector, have been particularly
ineffective in responding to real industry needs.
Yet, a few linking mechanisms, not all financed
by the Bank, have been shown to work well.
These include: in Costa Rica, national centers,
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annexed to the universities, with an interdisci-
plinary focus on a particular sector; in Chile
(FONDEF), supporting public sector research
only if it could find outside matching funds; in
Colombia  privately owned R&D centers in  ag-
riculture, agro-industry and other areas; in Chile,
a consortium for R&D cooperation among key
institutions involved in forestry; and in Brazil,
the parastatal EMBRAPA responsible for major
increases in agricultural productivity, especially
with regard to soybeans.
 
 Technology Development Funds

 
 IDB support to agencies such as FONTAR in
Argentina, FONTEC in Chile, FINEP in Brazil,
COLCIENCAS in Colombia, and FODETEC in
Costa Rica has had a positive impact and there
are many examples of successful loans for inno-
vation. In Chile, FONTEC has fostered a process
of "learning to innovate" in the private sector,
and COLCIENCIAS in Colombia has had simi-
lar successes. Costa Rica also performed rea-
sonably well but not at the same level as Chile.
Uruguay, the least experienced country in tech-
nology of the five included in the OVE report,
has less impressive impacts on private sector
innovation, but still has seen improvements in
attitudes and in the ability of research laborato-
ries to interact with firms.
 
 In Brazil, which accounts for one third of Bank
loans for S&T, eighty-four percent of the proj-
ects in the  FINEP/IDB portfolio were success-
fully completed. The economic results of just
one of them (Coopersucar) more than justifies
the entire recent IDB loan to FINEP. FINEP un-
derwent a financial and institutional crisis in the
late eighties and is presently emerging from a
reorganization. At the time, an IDB loan with its
conditions which favored the capitalization of
FINEP may well have prevented it from outright
elimination.
 
 In spite of this support, many of the agencies
executing technology development loans con-
tinue to suffer from excessive paperwork, long
bureaucratic procedures, administrative ineffi-
ciency, and lack of procedures to follow up and
evaluate the impact of their projects. Spin-off
results from Bank-supported technology devel-
opment funds have been inadequate, with little

impact on the overall attitudes of firms to R&D.
Dissemination programs have not reached their
goals, perhaps because of the difficulties of a
public centralized institution to respond rapidly
to industry needs. Progress in strengthening in-
tellectual property rights, including the informa-
tion function, has been mixed. In contrast spe-
cific training efforts have generally been suc-
cessful, in particular, the fellowship programs of
several middle income countries which allowed
thousands of scientists to acquire abroad post-
graduate degrees.
 
 Institution Building

 
 Overall, while much progress has been achieved,
universities, public sector research institutions,
and technology funding agencies continue to
have inadequate capacity for management,
evaluation, and assessment of science and tech-
nology activities.

 
 The Bank's Analytical Work
 
 The Bank's analytical work has improved over
time. Until recently it lacked a systems ap-
proach, especially with regard to linkages and to
the articulation of comprehensive policies. Ac-
cording to the OVE report, future project ana-
lytical work would need to examine the NIS as a
whole, with emphases on national, regional and
international linkages, interchanges, institutional
development, policy reforms, knowledge utili-
zation, and technological needs of small and
medium enterprises; and program documents
also would need to have more clearly defined
goals, benchmarks, and means of measuring
success. Recent analytical work undertaken by
the Bank to prepare projects in Colombia and
Venezuela are examples of this new approach.

 
 Agriculture

 
 IDB support for research and extension in agri-
culture has followed a similar model as support
for S&T projects, beginning with creating and
expanding national research institutes, and then
focusing on incentives, diversification of reve-
nue bases, and increased open competition for
funding. In addition the Bank has provided ma-
jor support for international cooperation in agri-
cultural R&D to over fifteen research centers in



13

areas such as potatoes, wheat, and maize, in-
cluding more than US$180 million to agricul-
tural research through nonreimbursable technical
cooperation operations and now through a Re-
gional Fund for Agricultural Technology which
will ensure continuity of these activities. A re-

view of the Bank's efforts in this area in 1993
identified problems of design implementation
and management; nonetheless the weighted av-
erage economic rate of return was better than 45
percent.
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 A New Strategy for
 Science and Technology Development in the Region

 

 
 OBJECTIVES AND APPROACH

 
 The region as a whole needs to strengthen national
innovation systems and to link them with the
global knowledge society, as a means of helping
to ensure economic and social progress. The criti-
cal needs are: to get firms and other institutions to
increasingly incorporate new technology into pro-
duction and related processes; to increase the
amounts, effectiveness, and productivity of in-
vestments in science and technology; to increase
the numbers and quality of higher level human
resources; to ensure closer linkages among the
different components of the national innovation
system; to increase international cooperation in
S&T; and to complement all these actions with
increasing investments in basic, secondary, and
higher education and in training. Smaller and
poorer countries in the region face particular and
urgent needs to develop their S&T capacity. The
Bank's strategy is to assist in all these areas.
 
 Nearly all projects financed by the IDB have
technology components, since they include tech-
nology-related infrastructure as well as training
and institutional development components. This is
especially the case in agriculture but also in in-
dustry, infrastructure, education and health proj-
ects. This strategy stresses the need to examine
more systematically than before the technological
elements in these projects, especially with regard
to encouraging competition and local capacity
building.
 
 The strategy is not a break with the past but rather
a continuation and intensification of recent trends
and is based on the need to keep up with a chang-
ing international economic environment. The
Bank will continue to support scientific research
(university based or otherwise) and related human
resource development. Scientific training and re-
search can generate large positive externalities and

are a main source of technological knowledge.
Yet, many of the region's efforts in science never
result in productivity or quality of life improve-
ments. To redress the balance, this strategy gives
greater attention to activities essential to ensure
the final payoff to society of its investment in sci-
ence. The Bank will, therefore, place greater em-
phasis on increased investment in diffusion and
utilization of technology in the private sector, and
on better articulation between supply and demand
and among the partners and stakeholders in
knowledge provision and use— researchers, firms,
consumers.
 
 There can be no single recipe for a strategy be-
cause each country is in its own developmental
stage. The Bank will tailor its lending and pro-
grams to individual country needs, paying par-
ticular attention to smaller, poorer countries.
 
 Most countries in the region will need to in-
crease overall R&D spending as a percentage of
GDP? both the middle-income countries whose
public R&D spending approximates that of their
competitors in other regions and the poorer
economies that spend very little on R&D at pre-
sent. In the middle-income countries, most of the
effort should take place in the private sector. The
objective of IDB support, however, will not be
to increase spending per se but to target the ex-
penditures where an impact on long-term growth
can be expected.
 
 Parallel to this strategy, the IDB has recently
developed other strategies with implications for
science and technology. The strategy on higher
education emphasizes diversity, differentiation,
autonomy and accountability of higher education
institutions, which are critical to development of
human resources necessary for S&T develop-
ment. The strategy on training deals with the
preparation of workers and technicians, both
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essential for economic growth. The strategy on
capital markets examines how the Bank can help
to raise the level of savings, improve the compo-
sition of savings, enhance the economic effi-
ciency of capital markets, and promote the inte-
gration of the region's capital markets, all of
which are essential for increased private sector
investment in technology. A financial markets
strategy proposes methods to encourage market-
based institutions supporting the financial needs
of individuals and firms as well as innovations
in the financial markets and institutions of the
region. The emphasis is on developing a variety
of intermediary institutions, such as pension and
mutual funds, leasing companies and investment
banks, as well as information providing institu-
tions. The information technology strategy ex-
amines alternatives for the adoption of informa-
tion technology and proposes to increase finan-
cial support for information technology. A strat-
egy on small and medium enterprises (SMEs)
examines how to support the competitiveness of
SMEs so that they may contribute to long-term
growth and employment.
 
 The main elements of the Bank's strategy are:
 
• a systems approach;

• an increased emphasis on technology;

• continued support of science research and
training with increased  emphasis on critical
areas;

• increased support to smaller, poorer countries;
and

• a parallel increase in support for education
and training which will affect S&T capacity
in the region directly and indirectly.

SYSTEMS APPROACH:
ALL THE PIECES MUST BE IN PLACE

The current conceptual framework for techno-
logical progress requires that many elements of a
complex system be in place. Its focal point is the
diffusion and use of innovation by the produc-
tive sector. When considering S&T lending, the
IDB will review national innovation systems and
seek to ensure that the critical elements are in

place and the relationships among them are un-
derstood.

National innovation systems include macroeco-
nomic and sectoral policies; patent, copyright
and trade secret systems; tax policy; technology
services (metrology, standards, information
services, technical assistance); industry practices
and attitudes; linkages among various actors and
participants in S&T; critical areas for develop-
ment; comparative advantages; capital markets;
venture capital; in-service and pre-service train-
ing; higher education development (particularly
in science and engineering); specialized public
research institutions; decision-making processes
and incentives; science and mathematics  in ba-
sic and secondary education, and communica-
tions and information technology. In addition,
technology has no country or regional bounda-
ries and NIS operate within the context of in-
creasing exchanges and interdependency among
different systems across national borders. Latin
American and Caribbean countries remain too
isolated from one another. They need to take a
regional and international perspective, encour-
age the importation of technology, and seek to
share and diffuse regional successes and lessons
learned.

Where appropriate the IDB will undertake or
support comprehensive NIS assessments de-
signed to identify current and prospective bot-
tlenecks to the development of technology and
productivity. Issues in technology diffusion and
utilization which could be analyzed include:
legislation and enforcement of programs related
to science and technology development, such as
imports; technology transfers; WTO regulations
with regard to services; key agents and relation-
ships; competitiveness; business structure, char-
acteristics and problems; sectoral issues; and
enabling environment for innovation (e.g., mar-
ket, economic, fiscal, and legal incentives). Is-
sues in science which could be analyzed include:
the quality and relevance of scientific work, de-
cision-making and monitoring, and training and
linkages with the productive sector. Last but not
least, it is necessary to have a better under-
standing of why firms spend too little on R&D.
Where appropriate the IDB will assist in the
identification of critical areas for scientific and
technological development where countries have
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natural competitive advantages which can be
exploited (keeping in mind the risks of "picking
winners" and the need for flexibility in provid-
ing such support as circumstances change).

In its support for S&T, as in all its projects, the
Bank will also consider the other elements of sus-
tainable development in the region, especially the
objectives of poverty alleviation, equity, and envi-
ronmental preservation. In particular, S&T can
play a role in improving the productivity, partici-
pation and general quality of life of the poor and is
crucial in stemming environmental degradation
and destruction. At the same time, without appro-
priate policies, technological development can
increase inequities in a region which already has
large disparities in income distribution. This strat-
egy strongly supports policy analysis in all areas
which are critical to society. In addition to eco-
nomic and technological themes, acute problems
in the social sectors suggest the need for prag-
matic research in areas such as unemployment,
violence, anti-social behavior, health care, urban
development and poverty in general.

Improving the Environment for Innovation

The IDB's approach with regard to economic
policies which affect innovation will emphasize
creating a policy and regulatory environment
that promotes lively competition under a frame-
work which encourages local initiatives. With-
out strong internal and external pressures to
lower costs, improve quality, and keep up with
new products because of strong competition,
there is no compelling incentive to adopt more
efficient new technology and organization.

Of fundamental importance will be the con-
tinuation of the current macroeconomic policies
ensuring stability and low inflation. These poli-
cies are essential since market instability would
inevitably raise the risks to firms that wish to
invest in the development of innovation and
technology.

The major source of technological innovations
in the region comes from the importation of
capital goods and their specifications, and from
the technical assistance provided by foreign pur-
chasers, providers of licenses, and external in-
vestors. Therefore, the Bank will support poli-

cies leading to increased free trade, with par-
ticular emphasis on liberalization of commerce
and elimination of barriers to the importation of
technology. The Bank will also identify and en-
courage other policies and regulations which can
have a positive impact on technology, including
those incorporated in tax policies (e.g., tax in-
centives for investment and for R&D), the ex-
change rate, domestic competition (anti-
monopoly) policies, and development and over-
sight of capital markets, including  risk capital.

While defending the general policies of lowering
tariffs and reducing barriers to trade, two quali-
fications apply, on a case by case basis. First, the
pace of the reductions in protection remains a
critical variable, lest local industry is not given
adequate time to adjust. If excessive protection
stifles investment in technologyC as has been the
case too oftenC opening too fast can wipe out
local industries altogether, an even worse alter-
native. Policies will have to avoid these oppos-
ing dangers and protection is one alternative
among others.  Second, and especially important
for R&D activities, the infant industry argument
may still apply under certain conditions. Newly
innovative firms may need a temporarily pro-
tected environment to consolidate a competitive
position, especially as large multinationals enter
with "deep pockets."  The Asian experience has
taught that protection can be beneficial when
there is a strong credible state and a measurable
discipline in the capacity to export. Clear incen-
tives, penalties, and strict calendars of gradua-
tion (from infancy) must be set in place and
government bodies doing the enforcement must
be believable in their attempt to keep to calen-
dars and punishments. There are good reasons to
encourage direct investment by foreign firms. At
the same time, there is also a need to examine
issues related to the possible reduction of R&D
in recently privatized firms, as well as the ac-
tions of some multinationals replacing local and
parastatal firms and shifting R&D back to the
home office to accommodate the world wide
internal efficiencies of the corporation. If the
public externalities from local R&D are impor-
tant it may be useful to subsidize R&D via tax
incentives to compensate the firm for loss of
internal efficiencies.
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It must be clearly understood that the cost of
technology has been steadily increasing. For
example, the Brazilian chemical industry saw
the cost of technology increase from 2-3 percent
in the 1960s to 25 percent of total product cost
in recent years. Without adequate incentives that
create level ground for local firms, the increased
cost of technology may give foreign firms a de-
cisive edge in competition, driving local firms
out of the market. Since inadequate capital mar-
kets is one of the frequent handicaps of local
firms, technology funds— such as those often
sponsored by the Bank— might be the most ap-
propriate tool.

Firms interested in investing in R&D need to
have effective protection of the results of their
research and innovations to ensure that the eco-
nomic return on their investment is more secure.
Regulation and enforcement of intellectual prop-
erty rights (IPRs) is also going to be crucial for
the new international trade environment, under
the Agreement on Trade-Related Aspects of In-
tellectual Property Rights, (TRIPS) as estab-
lished by the World Trade Organization (WTO).
Therefore, the Bank will support the strength-
ening of intellectual property rights laws and
enforcement, including patents, trademarks,
utility models, copyrights and trade secrets, as
well as their role in disseminating valuable in-
formation to firms and scientists. The Bank's
support for IPR could include institutional
strengthening, international cooperation, devel-
oping information systems, and evaluating the
impact of IPR legislation and enforcement.

Institutional and Sectoral Development

People make their contributions in organization
settings (universities and research laboratories,
private firms and government institutions) that
can stimulate or stifle innovation. Vital, dynamic
organizations, open to new ideas (and to the in-
ternational community of technology and sci-
ence) are a necessary complement to human
capital improvements. Institutions that span and
link the organizations in which practitioners of
technology and science go about their day-to-
day work create the necessary environment for
innovation. These institutions range from sys-
tems of intellectual property rights to financial
intermediaries to labor markets in which rewards

from innovation are shared with workers at all
levels.

An especially important target for rescue is the
technological institutes. Many countries created
such institutions to produce applied research and
ended up with few applications in the productive
sector. These institutions have been chronically
supply driven. They do not make a deliberate
effort to respond to the needs of enterprises and
their survival depends exclusively on public
budgets. As a result of tighter budgets they be-
come strapped for cash. As a result of lack of
accountability, overhead costs grow.

The performance of universities in scientific re-
search is usually less than stellar, even though
they are responsible for just about all national
research. Their performance tends to be worse in
technology development which requires a flexi-
bility and business aggressiveness which is im-
peded by rigid civil service rules. In accordance
with its higher education strategy, the Bank is
well advised to use the leverage of its loans to
promote the reform of higher education institu-
tions.

The Bank will, therefore, pay particular attention
to assessing the "delivery capacity" of executing
S&T institutions, both national science and na-
tional technology funding agencies, and to in-
stitutional strengthening and reform where nec-
essary, in some cases as pre-requisite or parallel
to lending efforts. It will seek to strengthen in-
stitutional capacity for information management
and evaluation of impact of S&T, which could
include performance benchmarks, procedures for
on-going monitoring and follow up, and devel-
oping capacities for impact analysis. The Bank
will also strengthen the basis for design, imple-
mentation, management, coordination, and
evaluation of S&T policies.

The Bank will support S&T in its broadest defi-
nition. For technology, this will include not only
identification of improved production processes
but also business management, public sector
management, information and communications
technology, market research, and financial man-
agement. Technological improvements will be
sought not only for industry but also for agri-
culture, commerce, and public and private serv-
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ices. For science this will include not only the
"hard" sciences (natural, exact, and applied) but
also social science, industrial and social psy-
chology, economics, statistics, computer science,
environmental science, etc.

CONTINUED SUPPORT FOR
SCIENCE RESEARCH WITH INCREASED

EMPHASIS ON CRITICAL AREAS

Scientific skills are fundamental in a modern
economy. Countries in the region want to ensure
that they are not left behind in science and that
an exclusive pursuit of technology will not
handicap them in the long run, given the in-
creasingly close connection between basic sci-
ence and technology. Their concerns are justified
but have to be put in the right context. Overall,
scientific research in the region should be
viewed under different perspectives.

First, countries need strong science teaching.
Western culture and styles of reasoning borrow
heavily from science and its paradigms. And
teaching science requires some "teaching re-
search," where the objective is to make science
realistic and creative, giving teachers an oppor-
tunity to exercise and expand their skills. Good
science teaching is a necessary input into train-
ing creative professionals who will have the ca-
pacity to adapt existing knowledge and technol-
ogy, but not necessarily as a means to create new
knowledge.

Secondly, a targeted effort at generating new
knowledge can be justified where the output of
the scientific activity will feed existing or po-
tential technological R&D in the productive
sector. In just about all countries, while the
overall level of public investment in research
will need to increase to keep pace with the mod-
ernization of the economy, reforms are needed to
reduce excessive dispersion of resources, to
strengthen incentives, decision-making, and as-
sessment, and to increase the linkages with the
productive sector.

The Bank will not withdraw its support for sci-
entific research. However, it will increasingly
support technology diffusion. With regard to
science, it will focus its efforts on supporting
key areas for economic and social development,

strengthening institutions and the decision mak-
ing process, ensuring closer matching between
S&T supply and demand, increasing support to
smaller and poorer countries in the region, and
improving quality and cost effectiveness.

Critical Areas

IDB-financed projects will be directed toward
filling gaps in skills and ensuring critical mass in
strategic areas for economic and social devel-
opment. In the area of science, there is no such
thing as a market for scientific papers to provide
cues. The idea here is to concentrate resources in
fields in which there is a proximity of science to
areas where there is already installed productive
capacity in the country or to areas which are
critical to the economic future of the country as
well. A main concern will be to reduce frag-
mentation of efforts, which has been a particu-
larly serious problem in almost all countries in
the hemisphere but is even graver in smaller
countries. Fragmentation results in lack of criti-
cal mass in any individual group. Spontaneous
and individual efforts to choose areas of study
results in young scientists merely following the
research interests of their thesis supervisors
abroad, which lack convergence and relevance
in their countries of origin. In matters of tech-
nology, the criteria are more visible, since mar-
ket and projections of future markets should be
the predominant driving force. Business is the
major stakeholder in designing such policies.

Reducing dispersion is a difficult endeavor,
fraught with dangers. Who will choose the
"winners"? The region has sad memories of bu-
reaucratic fiat leading to unenforced and unen-
forceable priorities. Wrong concentration is
worse than dispersion. Even when priorities
coming from above make sense, they tend to
face inertia and vested interests in the status quo.
The new priorities must have a clear and legiti-
mate rationale, as well as some form of consen-
sus building.

Fortunately the latest decade has been fertile in
generating tools to better focus S&T efforts. The
OECD has considerable experience in conduct-
ing successfully the search for what has been
called the essential technologies and has built
the science and technology effort around them.
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Brazil has been using platforms which also start
from the critical problems the country wants to
solve and derive from them the S&T needs and
the multiple actors needed. The technological
missions played a similar role in Minas Gerais
(Brazil) and were generated by means of a
statewide consultation with thousands of
stakeholders. Venezuela and Colombia have also
undertaken similar analytical and consensus
building actions to define priorities. It stands to
reason that whatever the approach, it makes
sense to concentrate efforts in areas where the
productive sector can be served. The selection of
these priorities or platforms must have a built in
system for feedback and self-correction if results
are not adequate.

This critical choice of concentration areas re-
quires a good knowledge basis. Prospective
studies are needed. Without good analysis it is
difficult to have good policies. In all these ef-
forts, the state has a major role to play. This is
no place for a laissez-faire or a minimalist gov-
ernment, as is the case in many economic areas.

While the process to concentrate efforts must be
a collective effort, competition would prevail
within the chosen areas. Since science is the ul-
timate meritocracy, the Bank will support pro-
grams which especially focus on strengthening
existing centers of excellence. The preferred
approach will be through competitive funding.
The Bank will also support strengthening or es-
tablishing individual research and training insti-
tutions when these are viewed as fundamental
for S&T development in a particular country, as
will especially be the case in smaller countries.
In these cases funding will include incentives for
productivity as well as mechanisms to assess
institutional effectiveness.

While the main focus will be on supporting
critical areas, the Bank will also encourage the
provision of a minimum of conditions for uni-
versity level teachers to keep up with their sub-
ject. Teachers and students must be familiar with
research methods and principles in order to have
full understanding of their subject. The objective
here is science teaching rather than pushing the
frontier  of  disciplines  and the funding is for af-

fordable experimentation rather contributing to
world science. Furthermore it will always be
appropriate to set aside some funds to support
research proposals of very high merit, even if
not related to a country’s apparent comparative
advantages, provided the costs are not extreme.
In certain cases modest set-asides should also be
provided for young researchers and for underde-
veloped regions. Research of high quality will
be supported whether it takes place in public or
in private institutions, provided the institution
agrees to use the results according to the stan-
dard practices of the area.

Linking Supply and Demand

Future IDB projects will include incentives for
increased interchange and linkages with the pro-
ductive sector. For some (but by no means all)
research proposals, these could include requiring
co-financing by the potential users of academic
research; supporting conferences, publications,
other information sharing activities; establishing
new institutions linking science research centers
with productive enterprises; directly supporting
nonproprietary research in industry; exchange
programs between academic and public research
centers and industry; etc. The relative success of
these efforts will be carefully monitored and
evaluated.

Institutional Development

The Bank will seek to improve the efficiency,
effectiveness, and sustainability of institutions
which fund science research and training. This
will include: ensuring institutional autonomy,
reducing the size of bureaucracies, strengthening
transparency and open peer-review based com-
petition for funds with minimum transaction
costs, improving information systems, encour-
aging interchange with other research funding
agencies throughout the world, trying out and
evaluating new funding models, establishing
stronger monitoring and evaluation systems, and
increasing flexibility and agility to change the
nature and direction of support for research areas
as circumstances change.     
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REDRESSING THE BALANCE:
INCREASED EMPHASIS

ON TECHNOLOGY

A critical issue in the region is the low level of
private sector investment in R&D and the inad e-
quate speed and effectiveness with which firms
and institutions acquire, assimilate and eff i-
ciently use new technologies. The Bank's efforts
to date in this area have had an impact but they
have been restricted to narrow sectors. There-
fore, the Bank will act more intensively and
systematically than in the past to increase the
diffusion and utilization of R&D in the produc-
tive sector and to encourage firms to engage in
technological R&D. This will include, as noted
above, efforts to improve the economic envi-
ronment for innovation, as well as direct fi-
nancing of technology development and
strengthening the support systems necessary for
technology development and diffusion, includ-
ing institutions providing information, technical
support,  metrology services, and standards.

Technology Development Funds

In most countries, structural reforms have allev i-
ated the climate of uncertainty prevailing in
years past. But firms still have restricted access
to long-term financial resources, and continue to
have the perception that technological invest-
ments involve often unacceptably higher risks.
As noted in recent IDB strategy papers, the
modernization of the financial systems of many
countries is still far from attaining the level of
efficiency and specialization required by inno-
vative businesses. In addition, risk capital funds
and institutions are still very much underdevel-
oped in the countries of the region, to a great
extent a result of overall weaknesses in capital
markets.

Technology development funds providing loans
and grants and managed by specialized entities
can facilitate long-term credit for technological
projects, and can have a positive impact in pri-
vate investment in R&D and in innovation pro c-
esses in firms. The Bank will therefore continue
to support these funds, which would have the
following characteristics and objectives: focus
on areas where there are market failures in inn o-
vation diffusion and utilization (note: no single

approach works in any one country and bound-
ary problems between public and private goods
must be faced); provision of a variety of instru-
ments, depending on country and institutional
conditions; emphasis on small and medium e n-
terprises; strengthening of institutions responsi-
ble for technology financing, through develop-
ing stronger management systems and better
assessment and evaluation; and emphasis on
joint financial effort by industry and govern-
ment. The Bank will also seek ways to establish
or strengthen private sector intermediary instit u-
tions providing credit for new technologies. Re-
cently, technology support agencies in several
countries (Chile, Mexico) have reduced their
lending activities (which have been shown to
have inadequate demand and have led to exces-
sively complicated administrative procedures)
and increased the provision of matching grants
to industry (Waissbluth). This is in accordance
with OECD experience, where loans now ac-
count for only 2 percent of government support
for S&T, with grants accounting for 48 percent
and fiscal incentives for 39 percent. The Bank
will encourage the increased provision of
matching grants and fiscal incentives, which can
be expected to have simplified approval and
monitoring procedures compared to loans.

Strengthening Support Systems for
Technology Development and Diffusion

Most firms in the region are not aware of the
possibilities for innovation by using already
known technologies. Technological know-how is
now so diverse and specialized that only firms
with a large R&D department can afford up-to-
date information about technologies in their
fields. Therefore, one of the NIS building blocks
is the existence of an infrastructure for technol-
ogy support made of a varied set of institutions
providing such services. These institutes do not
substitute but rather complement the normal
market mechanism and play a critical role in
innovation and diffusion. They can be of a var-
ied nature (publicly owned and operated, pub-
licly owned and privately operated, mixed own-
ership and privately operated, privately owned
and operated) and provide a range of services
(contract R&D, support and assistance in tech-
nology transfer, resolution of technical prob-
lems, information and extension services, tech-
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nological brokerage between various public and
private institutions, technical training, diagnosis
of processes and projects, and testing laborato-
ries). Experience suggests that it is better to ori-
ent such programs toward specific sectors (e.g.,
shoes, textiles), technologies (e.g., automatiza-
tion, industrial design), one specific industry and
its major firms (e.g., petrochemical); territorial
(regional/local), and/or specialized by function
(information, technology transfer, R&D, testing,
training). Generic or all-purpose systems of in-
formation or dissemination are less successful.

The Bank will act to develop and support technol-
ogy-support institutions. Current research shows
that the best performing among these institutions
are those which are independently operated
(whether public or privately owned), generate a
substantial part of their overall income with reve-
nues from their customers, and have a structure of
governance and management encouraging flexible
responses to demand, with related incentives for
their employees (see Mullin and Goldman and
Ergas). The Bank will support the role of technol-
ogy institutions vis-à-vis SMEs, which tradition-
ally have not adequately used these services. Fi-
nancial support will be provided to create the in-
frastructure (e.g., facilities and equipment), train
personnel, launch initial activities (initial operat-
ing costs), and provide matching grants for ser v-
ices paid by firms. The level of subsidies will vary
according to the function/activity, with, for exam-
ple, support for SMEs and training being more
subsidized than the use of laboratory services.

As part of increasing decentralization, and be-
cause of the importance of the local/regional envi-
ronment, especially for SMEs, the Bank will also
consider supporting a new role of local/regional
authorities to create an appropriate business and
innovation environment, through developing l o-
cal/regional infrastructure (e.g., technology cen-
ters, technology parks/incubators).

Strengthening Support Systems for
Metrology, Standards and Quality Control

The increasing complex organization of produc-
tion, through the subcontracting of parts and
components and successive phases in the chains
of value, as well as the growing importance of
international trade require increasingly strict

compliance with international quality assurance
standards. The availability of basic metrology
and calibration tools and equipment, of a net-
work of internationally accredited testing labo-
ratories, and of product and service certification
institutes is, therefore becoming increasingly
important. Furthermore the commercial integr a-
tion negotiations currently underway in Latin
America and the Caribbean (most immediately
NAFTA and Mercosur, but also ALCA and the
trade agreements with the European Union) i n-
clude the negotiation of technical standards.

But only a very small number of businesses in
the region have incorporated standardized qua l-
ity management mechanisms that are intern a-
tionally acceptable. National metrology and
technical standards institutes generally have a
capacity less than that required to provide serv-
ices to potential export firms that will be re-
quired to compete on an international scale.

The Bank will, therefore, act to support a new
culture of quality and the strengthening of public
and private metrology and standards institu-
tions. The key priorities for the region are cre-
ating or strengthening a basic metrology and
calibration national system appropriate for the
most used processes in each country; strength-
ening of the standards agency and its capability
to deliver services and assistance to industry
associations and firms, with an emphasis on
SMEs; facilitating accreditation bodies to
authorize testing laboratories and certification
entities; and enhancing firms’ awareness and
action to improve quality management and
quality control, including the adoption of ISO
9.000 and 14.000. The characteristics of support
in these areas will include: joint industry gov-
ernment collaboration on sectoral basis; in larger
countries ensuring that the apex system of me-
trology is adequately staffed and financed in
autonomous high quality institutions, public,
quasi-public or private under contract with gov-
ernment; seeking at least partial cost recovery
for metrology and standards services provided to
industry; and ensuring that defining quality and
standards is mainly an industry rather than go v-
ernment responsibility. Smaller countries, have
the added problem of lack of scale for many of
these activities; therefore, it becomes even more
important to identify critical areas for standardi-
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zation and metrology. The Bank can play a role
of promoting joint efforts either among small
countries or creating fair provisions for smaller
countries to use the facilities of their larger
neighbors.

Dealing with Enterprises

There is considerable experience in dealing with
scientists and with academic institutions. Yet,
when it comes to dealing with firms and entr e-
preneurs, there is much fumbling and ignorance.
Learning how to work with the private sector
and understanding the logic that leads them to
invest in technology is critical. Agencies must
deal not only with the stand-alone firm but with
the new varieties of associations, such as strate-
gic alliances, often including foreign partners.
Dealing with multinationals and creating the
incentives and conditions which will lead them
to invest in R&D is a problem for more ad-
vanced countries. Small firms and the means of
clustering them is another issue affecting a wider
range of countries. In fact, policies to support
and disseminate information to small industries
requires their clustering because they cannot be
individually. S&T public agencies have to learn
the multiple modes of dealing with enterprises.

 NEW EMPHASIS ON SMALLER,
POORER COUNTRIES

The poorer countries can be expected to exploit
their current comparative advantage— inexpe n-
sive low-skilled labor— through labor intensive
production technologies. They may also con-
centrate production in a narrow base of products.
However, over the long run, this approach will
end in low technology, low productivity, and
low income. In the knowledge-based world,
strengthening human capital and related re-
search will be as fundamental for poorer coun-
tries as for the more advanced ones. The Bank
will, therefore, increase its S&T lending to
smaller, poorer countries as a means of helping
to ensure that they can also participate in
knowledge-based development in accordance
with their evolving comparative advantages. But
increased lending to these countries does not
mean that the Bank will reduce its lending to the
more advanced countries.

The Bank will assist in identifying strategic
fields (usually agriculture and other resource-
based industries such as forestry, fishing and
mining, as well as health and the environment),
defining strategic regional and international all i-
ances, planning for their development and pr o-
moting stakeholder dialogues. Coordination of
agents, institutions, and policies is weaker in
smaller nations, a result of lack of information
on elements as diverse as international prices
and sources of technical assistance and well as
poor capacity to process information. Therefore,
the Bank will encourage the development of
groups of businessmen, scientists, engineers, and
educators who would identify issues and priori-
ties in the national innovation system, and, with
the help of international experts, establish ways
of improving coordination and strengthening
technology development.

The smaller, poorer countries will especially
benefit from electronic networking (Internet),
which will enable them to benefit from regional
and international institutions as well as to com-
municate more effectively with each other. It
will therefore be important to support activities
to strengthen Internet infrastructure as well as
literacy. In addition, community information
centers can be established to cater to needs of
both business and civil society.

There is also a need to support the establishment
or strengthening of regional R&D institutions,
building on the success of institutions such as
the Nutrition Institute for Central America and
Panama, based in Guatemala; CATIE in Costa
Rica; and the International Center of Tropical
Agriculture, in Colombia.

With regard to technology development, the
poorer countries are characterized by a large
number of very small enterprises that chose their
technologies with little knowledge of the wide
range of available alternatives. It will be impor-
tant to establish or support outreach programs of
training in elements such as quality and inve n-
tory control and simple productivity enhancing
investments, as well as a program of mini- and
micro-loans for improved productivity. Trans-
parency in decision making, including intern a-
tional participation, will be important because of
the small size of the technology community. The
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IDB will also support identification of technolo-
gies from elsewhere which are appropriate as
well as developing local capacity and linkages
with larger countries in service areas such as
metrology and standards. Technology centers
could be linked with larger, more complete cen-
ters in the region or abroad, in part through ne t-
working. One possibility is that of developing
"virtual centers" acting as brokers between
sources of technology and companies seeking
technology.  The IDB will also support pilot or
experimental efforts to establish technology de-
velopment funds.

Choice of technology is very critical, particu-
larly under conditions of high unemployment
and underemployment. Labor-saving technolo-
gies are a two-edged sword, making the country
more competitive but increasing unemployment.
Yet, there are many intriguing combinations of
modern and traditional technologies (e.g., the
use of satellites for surveying the Peruvian
mountains and deciding where it is worth recu-
perating the centuries-old terracing). And, of
course, genetic engineering can be used to de-
velop better strains of traditional crops.

In smaller countries, there are often one or just a
few higher quality institutions. Therefore it will
be important to emphasize outside assessments
of research productivity and relevance of these
institutions, often through international referees
and review committees. In some cases, new ap-
plied research institutions will need to be cre-
ated. The IDB policies favor the support of a
few selected research institutions, provided they
address critical problems of the country and are
designed (or redesigned) in such a way to ensure
good governance, the right incentives to respond
to real demand and financial sustainability. E x-
perience shows that well engineered partnerships
with foreign institutions increases changes of
survival and efficiency.

University-based research will usually be con-
sidered as a necessary input for strengthened
undergraduate teaching. The IDB will also sup-
port efforts to bring back scientists and engi-
neers working abroad (not necessarily on a per-
manent basis) and to establish international
twinning arrangements with researchers from
other countries. It will also provide grants to

local individual researchers of merit in priority
fields. When critical mass is lacking joint ven-
tures with outside groups is preferable to the
creation of local research groups or laboratories.
Finally, in these poorer countries, the IDB is
paying particular attention to human resource
development, especially building up basic edu-
cation so that all citizens are literate and nume r-
ate, strengthening the quality of teaching of sci-
ence and mathematics at all levels, stressing
problem solving and higher order skills, and
strengthening technically oriented higher educ a-
tion institutional capacity.

HUMAN RESOURCE DEVELOPMENT

A workforce with good basic skills (reading,
writing, arithmetic) provides a foundation for
continuing development, and a workforce rich in
higher level skills (technical skills, engineering,
science, management) provides a source of lead-
ership, linkages and capacity to adapt technol-
ogy. Strengthening the base of the education
system will ensure not only that the labor force
will be technologically literate but also that the
poor will benefit from the fruits of science and
technology. However, the educational level in
the region is still far below that required by the
technological challenge in a globalized econ-
omy. Businessmen and women, particularly in
SMEs, are limited in their ability to understand
the far-reaching nature of the implications of
technical change, to design innovation strategies
that are appropriate for their specific environ-
ment, and to efficiently manage the acquisition
of new equipment and other intangible invest-
ments. Technical personnel, in turn, are unable
to incorporate innovations into the work process
nor to adapt processes of more technically ad-
vanced international firms. Skilled and sem i-
skilled workers lack flexibility and basic
mathematics and communications skills.

The IDB is expanding its lending and support for
all levels of the education and training system
which will affect S&T directly and indirectly.

Basic and Secondary Education

Among the elements of the IDB strategy for
strengthening of the quality and relevance of
pre-university education (grades 1 to 12), which
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are particularly relevant to science and technol-
ogy are: strengthening systems to assess student
learning, especially in math and science; raising
standards; upgrading teacher knowledge and
pedagogy; providing teaching/learning equip-
ment and materials, including computers, to
schools; strengthening distance education as a
means of improving quality; and increasing i n-
volvement of parents, communities and busi-
nesses in school affairs.

Higher Education

The elements of the Bank's support for higher
education which have an impact on S&T include
support for increased diversity and differentia-
tion of public and private higher education in-
stitutions; increased  institutional autonomy and
accountability; improved  higher education man-
agement and stronger incentives for quality; de-
velopment of post-secondary courses in technol-
ogy lasting two to three years; increased inter-
connectivity among institutions and library re-
sources; undergraduate and graduate training
scientific and in technical fields, and in areas
such as business administration; and strengt h-
ening the teaching of subjects such as mathe-
matics, physics, microelectronics, information
technologies and computer science. Among the
various areas, undergraduate engineering educ a-
tion needs profound reforms which could be the
object of future Bank loans.

Training

The Bank prepared a strategy document for
training, which emphasizes strengthening middle
manpower and technicians essential for im-
proved productivity, especially at the post–sec-
ondary level, and reforming national vocational
training and apprenticeship programs to improve

cost effectiveness and responsiveness to de-
mand, including increased participation of firms
or industry associations in the design of curric-
ula and resource allocation of national labor
training entities (SENA, SENATI, etc.). With
regard to S&T, the IDB will support training
programs which impact directly on innovation,
such as: continuing education programs in inn o-
vation management for business executives;
specialized technical training programs co n-
ducted either by provider firms themselves,
more technologically advanced clients, R&D
centers or technological institutions operating at
the sectoral level; training abroad or intern a-
tional experts lecturing on critical new technolo-
gies; and programs of job training designed for
intermediate-level technical personnel and
skilled and semi-skilled workers which can be
implemented by national labor training services
or equivalent  institutions.

Graduate Study

IDB support for scholarships and subsidized
loans for graduate and post-graduate study both
within country and overseas will focus on criti-
cal fields with identified shortages. To be
avoided are open-ended programs to send
promising researchers abroad for furthers stud-
ies, since this may lead to brain drain or to the
dispersion of efforts so often observed. Graduate
and post-graduate study will be linked with the
process of strengthening centers of excellence
and providing minimum critical mass. Instit u-
tions providing such funds will be strengthened,
with an increased emphasis on mixed
grant/loans. As mentioned, efforts will be made
to link nationals working abroad with in-country
based researchers as well to twin research and
funding institutions.
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IDB Instruments for Support of Science and Technology

The Bank has analytical, policy, and financial
instruments at its disposal for the support of sci-
ence and technology in the region.

POLICY ANALYSIS AND DIALOGUE

Since consensus must be based on a shared un-
derstanding of how a country’s S&T system
functions, its strengths, weaknesses, and poten-
tial, the IDB will undertake studies and inquiries
as needed to inform the process of discussion
and decision. It will support national and inte r-
national workshops of stakeholders and actors,
similar to the one held in February 1998 in
Washington on "Diffusion, Assimilation and Use
of Technology by Private Firms in Latin Amer-
ica and the Caribbean." To ensure that policies
have consensus support and to prevent one side
capturing the decision-making process, the IDB
will use its political legitimacy to promote
broad-based country analysis and discussion of
needs and opportunities. As part of this process,
the IDB will provide examples of best practice
from the region and the world, and will support
improved capacity for monitoring and impact
evaluation of S&T efforts

Good governance and correct incentives will be
standing conditions for loans. The policymaker's
toolbox encompasses a broad variety of modes
of intervention? some financial, others regula-
tory and/or legislative, while some technological
policies are integral parts of industrial or agr i-
cultural policies. Annex 1 provides a schematic
view of some of these possible policies.

FINANCIAL INSTRUMENTS

This section discusses more narrowly some of
the conditions and processes leading to IDB
loans in support of S&T, which can include sup-
port for technology development funds, re-

search, technology diffusion, human resource
development, institutional development, and
policy analysis. As is always the case, the nature
and extent of this support is defined as part of
overall discussions and dialogue between the
Bank and government authorities on the role of
the IDB in assisting country development objec-
tives. Past experience suggests that as important
as the amount of funding is the flexibility to use
it. Research groups are often funded by multiple
agencies each imposing its rules and rigidities.
This leads researchers to creative accounting and
inefficiency.

The Bank will increase its efforts to support
technological innovation in the productive sec-
tor. It will continue to support technology devel-
opment funds. These are lines of credit or grants
to support improvements in products or proc-
esses that incorporate new or risky technologies
not susceptible for investment through capital
markets. The justification, focus and objectives
of such funds have been described above. Eligi-
ble activities for financing will include R&D,
training, and scientific and technological ser v-
ices. As noted earlier, accumulating experience
shows that there are strong limits to what can be
done through lending mechanisms. IDB oper a-
tions will therefore encourage the expansion of
matching grants and fiscal incentives for funding
science and technology.

As part of the support of technology develop-
ment funds, intermediary institutions managing
and providing such loans will be strengthened,
through training, technical assistance, and prov i-
sion of software and information processing
services. The focus will be on ensuring that
these institutions have open decision making
processes, timely awards of loans and grants,
adequate monitoring, and systematic evaluation
of results.



26

In many cases, lending is an inappropriate R&D
funding tool, particularly when risks are very
high or start-up firms cannot show the requisite
collateral to borrow. In such cases, co-financing
and matching grants turn out to be far more eff i-
cient. The Bank has a good record in such pr o-
grams and there are good reasons to use them
more often, as an alternative to loans.

Experience has shown the critical importance of
policies which encourage firms and the govern-
ment to purchase technology (a procedure
widely used by the military with considerable
success) in developed and developing countries.
These procurement practices (which amount to
twice as many dollars than direct support in
OECD countries) boosted the initial production
of semiconductors in the United States and al-
lowed the Brazilian Embraer to get started in the
production of commuter airplanes.

The Bank will expand its support of a variety of
technology diffusion efforts by centers or units
which offer both information and technical as-
sistance, particularly for small and medium
businesses. These agencies could be located in
chambers of commerce, sectoral associations,
technology institutes or universities. IDB finan-
cial support will include infrastructure (e.g., fa-
cilities and equipment), training of personnel,
start-up costs, and matching grants for services
paid by firms. Normally the private sector will
co-finance many of these activities. The level of
government/Bank subsidies will vary according
to the function/activity, with, for example, sup-
port for SMEs and training being more subs i-
dized than the use of laboratory services. Project
proposals will have to confirm that procedures
are in place to identify and quickly respond to
demand for information and for services.

The Bank will not abandon its support of pro-
grams which finance, on a grant basis, basic and
applied  (pre-competitive) research as well an-
cillary scientific and technical services projects,
but its support will be focused, especially on key
areas for economic and social development. Na-
tional scientific funding institutions normally
manage and oversee research programs financed
by the Bank. The IDB will fund programs where
institutional governance and incentives are ap-
propriate, or alternatively, where funding is part

of the effort to strengthen governance. Project
support normally covers incremental salaries,
equipment, operating costs, training, commun i-
cation and dissemination of research results, and
(if agreed with the country) overhead. Of par-
ticular importance will be the strengthening and
establishment of electronic communications
(Internet). The Bank will normally review the
capacity of the financing institution for transpar-
ent peer-based decision making, monitoring, and
evaluation and, where necessary will support
strengthening of the institution's capacity to
manage such programs through training, techn i-
cal assistance, and software and hardware provi-
sion. The rules and regulations for award, fi-
nancing, monitoring and evaluation of projects,
as well as the process and results of definition of
high priority areas, will need to be acceptable to
the IDB before agreeing on financing

Where appropriate, the Bank will support infra-
structure, equipment, training and other needs of
new or existing institutions considered critical to
technological development. The criteria neces-
sary for this type of support are as follows: the
investment in the particular institution is shown
to be indispensable for the country’s S&T devel-
opment (research, graduate training, or S&T
services); the effective demand for the services
is clearly defined; the institution has in place
adequate capacity for management and self-
evaluation or strengthening such capacity is in-
cluded in the loan; financing of recurrent costs
generated by the investment is ensured; and cri-
teria for measuring success in meeting the inst i-
tution's mission is agreed upon.

The Bank will support human resource training
designed to strengthen all of the above activities.
This could include short- and long-term training,
in academic and nonacademic settings, taking
place in the home country as well as overseas, to
upgrade the staff of research, service, financing,
and sectoral institutions. Programs of this type
will usually emphasize linkages with the long-
term plans and goals of specific centers, agen-
cies and institutions. In some cases, free-
standing projects for graduate training in-
country and overseas will be considered. The
institution managing such programs will have to
demonstrate its capacity for sound decision
making and management of fellowships and
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scholarships, including repatriation of overseas
students and repayment of loans. Training su p-
port will be provided on the basis of a range of
instruments including loans and conditional
grants to recipients, with the extent of the grant
element dependent on the future activities and
institutional affiliation of the recipient. Where
the candidate is from a for-profit company, full
repayment by the candidate and/or firm would
be expected.

The Bank will also expand its support for pro-
fessional and business associations in science
and technology, publications, conferences, and
popularization of science and technology. Such
support will especially be designed to encourage
linkages between researchers and practitioners
working in related fields. Support could include
book publication, journals, web-pages, confer-
ences, virtual seminars and training, science
awards, and science museums. The Bank will
also support research, consensus building, dia-
logues, and study tours on a wide variety of is-
sues related to national innovation systems.

Internationalization pushes Latin America to
collaborate with other countries and, in particu-
lar, to join forces with neighbors in matters of
science and technology. Yet, the present finan-
cial tools of the Bank severely limit the possi-
bilities of supporting these initiatives. Therefore,
the IDB will consider the development of new
financial instruments and approaches. Among
those to be considered are regional and multilat-
eral programs in S&T and venture capital funds
in coordination with the Inter-American Inves t-
ment Corporation.

IMPLEMENTING AND MONITORING
THE S&T STRATEGY

It is not appropriate to define explicit regional
goals for increased country or regional invest-
ment in R&D, because of different country con-
ditions, uncertainty in the data, and also because
the emphasis should be on efficiency and effec-
tiveness rather than gross investments. Non e-

theless, in coordination with other agencies and
programs, the Bank will monitor country by
country progress, including productivity indica-
tors; gross amounts, percentage of GDP, and
private sector investment in R&D; the numbers
of scientific and technical personnel; patents;
etc. Of particular importance will be the extent
of increased private sector investment in R&D.

While nearly all future Bank-financed projects
will have S&T components, projects specifically
seeking to develop S&T will continue to be an
important element of the IDB portfolio. The
number of countries with this type of project is
expected to increase as the Bank takes a more
proactive role toward assisting the smaller and
poorer countries in the region. In view of the
long lead time for institutional development and
attitude change, as well as the need for continu-
ity in funding, the Bank will seek to provide
continuous support (e.g., sequential projects)
over a long-term period (e.g., at least ten years).
Future projects will have strong monitoring and
evaluation components to assist in determining
the cost-effectiveness of investments, including
spin-offs and attitude changes. On a timely ba-
sis, the Bank will undertake regional reviews of
overall progress, policy reform, and the impact
of in its own investments and interventions
similar to the recent OVE report. The IDB will
ensure that concerned departments and divisions
responsible for macroeconomics, finance, pri-
vate sector development, environment and edu-
cation coordinate their activities in science and
technology, and will consult on a regular basis
with outside advisory groups. The Bank will
also ensure that it is adequately staffed with per-
sonnel who understand the issues of this area.
With regard to the current Bank policy on sci-
ence and technology (OP744), as it does not
conflict with the current strategy, it will remain
in force. Because of the cross-sectoral nature of
science and technology as well as its impor-
tance, the Bank will re-establish a focal point to
represent the Bank, coordinate its own efforts,
and provide support to operational units.
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Annex 1
Summary of IDB Science and Technology Strategy

S&T PROBLEMS
IN COUNTRIES OF LAC

OBJECTIVES TYPICAL TOOLS

I.  SYSTEMS APPROACH
Absence or weakness of na-
tional innovations systems
(NIS)

Coordinate public policy and create
incentives for system-wide collaboration
among NIS stakeholders

• Stakeholders dialogues
• Policy studies and identification of key

linkages
• Loan conditionalities and requirements

II.  INCREASED EMPHASIS ON TECHNOLOGY
Imbalances between S&T sup-
ply and demand

Ensure a closer matching of S&T sup-
ply and demand

• Technology development funds for en-
terprises

• Support for joint R&D projects and ex-
change of personnel between universi-
ties and users

• Linkage requirements in funds that su p-
port supply

• Public sector procurement and regula-
tory policies

Low productivity due to lack of
technological diffusion

Promote the dissemination of existing
technologies which are appropriate for
the conditions of each country

• Support for S&T services, especially
those of information and extension

• Adaptation of foreign technologies
• Development of sectoral technological

centers
• Middle level technical training and pr o-

fessional up-dating
Little competitiveness due to
insufficient technological inno-
vation

Encourage firms to engage in Research
and Development (R&D)

• Technology development funds for en-
terprises

• Risk or venture capital funds
• Fiscal incentives
• Intellectual property rights

III. CONTINUED SUPPORT OF SCIENCE RESEARCH WITH GREATER CONCENTRATION IN CRITICAL AREAS
Scarce capacity for high qual-
ity research

Dispersion of capacity and lit-
tle linkage between R&D and
development needs

Escalate and refocus national research
efforts, with more effective use of re-
sources

• Funds for peer review based competi-
tions of research projects

• Block grants and discretionary project
financing in some cases

• Selective strengthening of institutional
infrastructure

IV.  PROACTIVE SUPPORT TO SMALLER, POORER COUNTRIES
Concentration of S&T progress
in a few countries

Greater support to smaller, poorer
countries

• Technical cooperation to identify critical
needs and develop specific national and
subregional strategies

• Assistance in stakeholders dialogues
• Financing of comprehensive national

programs of S&T
Little collaboration among
countries of the region

More international cooperation in S&T • Regional technical cooperation projects
• Support for cooperation among coun-

tries through components of national
programs
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S&T PROBLEMS
IN COUNTRIES OF LAC

OBJECTIVES TYPICAL TOOLS

V. PARALLEL INCREASE IN SUPPORT FOR EDUCATION AND TRAINING
Weak base of qualified human
resources

Remedy shortages of qualified human
resources and strengthen the base of
education and training

• Funds for high level training of human
resources

• Strengthening of research and post-
graduate programs in universities

• Middle-level technical training and pr o-
fessional up-dating

• Programs to improve mathematics and
science teaching at the elementary and
secondary levels
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Annex 2
IDB Projects in Science and Technology, 1962-2000

(hundreds of US$)

LOAN No. DATE AMOUNT OBJECTIVES ACTIVITIES
33/IF-ME 4/62  400 A loan intended to contribute to financing the acqui-

sition of technological and laboratory equipment for
research.

91/SF-AR 4/66 1 000 Support of a training and research program in modern
metallurgy, including   ( i) courses for university
graduates from Argentina and other Bank member
countries; (ii) postgraduate thesis work; and
(iii) training courses for industry personnel.

1. Completion of office, workshop and laboratory construction.
2. Acquisition and installation of equipment.

361/SF-BR
250/OC-BR

6/73 25 800
6 200

Strengthening of eight research and development
centers in Brazil, chosen under the Federal Govern-
ment’s Science and Technology Program.

Installation of new equipment, construction of new buildings and
strengthening of staff.

498/SF-BR
327/OC-BR

12/76 20 000
40 000

Improve domestic capacity to absorb new technolo-
gies, promoting technology transfer to Brazilian-
owned industries.

1. Loans to subsidize small or medium-sized, industrial or consulting
firms for research and development facilities and for technical c
operation and training.

2. Strengthening of the research and development infrastructure
329/OC-ME 1/77 20 000 Preparation of senior-level staff to serve as support

for the country’s scientific and technical infrastruc-
ture, in priority fields.

Scholarships and loans for masters  or doctoral studies or special post
graduate courses, in country and abroad.

335/OC-BR 7/77 20 000 Transfer and absorption of technology for the con-
struction and operation of ethylene production plants
and engineering services needed for CEPMAP, which
will be the primary supplier of raw materials for sec-
ond-generation companies in the III Petrochemical
Center.

Training of personnel; transfer of technical documentation; design of
experimental units on a group scale; pilot plant and prototype unit;
technical advisory assistance to strengthen technology transfer activ
ties; preparation of basic engineering; licensing of complementary tec
nologies; detail engineering.

348/OC-AR 2/79 66 000 Strengthening scientific and technological research at
new development poles within the country; improv-
ing and expanding the real research capacity applied
to production processes, in accordance with the char-
acteristics of each regional center, in the following
sectors: (i) agriculture  (ii) industry, (iii) fisheries,
(iv) physical infrastructure, (v) navigation and tran s-
portation, and (vi) earth sciences.

Construction or expansion of nine regional centers to provide the basic
physical infrastructure, equipment and human resources so that CON
CET and INCYTH can carry out there respective lines or research.

360/OC-ME 11/79 40 000 Training of senior level staff to support the country’s
scientific and technical infrastructure in field that are
of high priority to Mexico’s development.

Scholarships and loans for master’s doctoral studies or special academic
and technical training courses in the country and abroad.
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LOAN No. DATE AMOUNT OBJECTIVES ACTIVITIES
403/OC-ME 4/81 50 000 Strengthen the scientific and technological base

needed to create and adapt the technology in accor-
dance with the country’s resources.

Expansion and strengthening of research centers, institutes and depar
ments to address the priority activities as stated in the Global Develo
ment Plan. Encourage Mexican companies to acquire technologies and
services generated within the country, and strengthen the infrastructure
and experience of technological research and d

427/OC-BR
696/SF-BR

10/82 50 000 Promote and finance social, scientific and techno-
logical pre-investment studies, in accordance with
sectoral and regional targets and priorities set forth in
the national development plans.

1. Loans to public or private entities to engage consultants.
2. Loans to public companies or private subsidiaries of affiliates of

ELETROBRÁS, to engage con

109/IC-CO
110/IC-CO

11/82 50 000 Increase the volume of scientific and technological
research in Colombia and promote significant im-
provement in the quality of such activities.

Create 20 programs and post-graduate courses in priority academic a
eas.  Finance research projects in priority areas of economic and social
development.  Strengthen the physical and human infrastructure of the
Colombian university system in order to be able to engage in high qua
ity research in priority academic areas

435/OC-BR
715/SF-BR

3/83 18 000
4 500

Increase the quality and quantity of agricultural r e-
search carried out by the universities in the Northeast,
Brazil, with a view to resolving typical problems of
the northeastern tropical semi-arid region.  Field-test
and adapt production technologies appropriate for
low-income farmers in the semi-arid tropics.

Undertake specific research on products and techniques of relevance to
the region’s problems.  Test and adapt agricultural technologies appr
priate for the conditions facing small and medium-sized producers in
the semi-arid tropics.

515/OC-AR 12/86 61 000 Contribute to Argentina’s scientific and technological
development through greater availability of knowl-
edge, as a result of research studies, the equipping of
research laboratories, the training of highly qualified
human resources and dissemination among the user
community of knowledge that has been developed.

Some 1,100 research project to be undertaken by teams of researchers at
universities and specialized institutes; modernization of equipment at 25
national research laboratories, in specialized disciplines; human r
sources training in post-graduate scientific research and technology, in
this country and in selected countries abroad; and a combination of a
tivities (seminars, studies, interaction centers, information systems, etc.)
to promote the dissemination of research results and exchanges of i
formation with the country’s goods producing sector.

544/OC-CR 2/88 22 100 Contribute to Costa Rica’s economic and social de-
velopment, by strengthening the major institutions
dedicated to scientific and technological research and
extension activities.

A fund for financing experimental research personnel; strengthening the
infrastructure of research and service centers; developing information
for system users. Expansion of the research infrastructure and scientific
and technological services at public univers

588/OC-CO 12/89 35 700
 4 300

a) strengthen Colombia’s capacity to engage in sci-
entific and technological research an apply the results
for practical development purposes;
b) link knowledge- and technology-generating cen-
ters more closely to potential users;
c) increase the innovation capacity of the production
sector in order to improve productivity and increase
the levels of product quality and competitiveness; and

1. Finance research projects and scientific and technological ser
2. Train human resources through scholarships and loans to cand

dates nominated for research and service centers.
3. Disclosure and dissemination of information on science and tec

nology.
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LOAN No. DATE AMOUNT OBJECTIVES ACTIVITIES
d) improve the processes of planning, coordination,
execution and evaluation of scientific and techno-
logical activities.

604/OC-VE 12/90 47 000 Contribute to Venezuela’s economic and social de-
velopment, by strengthening the country’s ability to
assimilate, adapt, generate and employ modern sc i-
ence and technology, in useful forms consistent with
its physical assets and cultural heritage.

1. Research projects (R&D) and scientific and technology services
projects in the program’s priority areas.

2. Create and implement a shared risk and benefit financing method.
3. Complete two projects for strengthening the scientific and techn

logical infrastructure.
4. Training of technicians in basic sciences and related disciplines

essential for the program’s priority areas.
5. Establishment of a technology dissemination and transfer unit.

620/OC-BR 3/91 100 000 Contribute to the development and execution of Bra-
zil’s new science and technology policy, providing
funding to address the most pressing problems facing
the financing of Brazil’s scientific and technological
activities.

1. Grant non-reimbursable financing for research and development
projects, or for scientific and technological services, at public or
non-profit universities and research institutes.

2. Grant reimbursable or shared-risk financing for technology deve
opment projects by national private co

3. Implement the pilot phase of a system to disseminate and promote
technological information and investments.

646/OC-UR 11/91 35 000 Contribute to strengthening Uruguay’s scientific and
technological capacity so that it can become one of
the pillars of the country’s economic and social de-
velopment.

1. Experimental research and development projects and scientific-
technological services by public and private nonprofit entities, in
priority areas.

2. Finance projects by national private companies, in areas to be ch
sen by themselves.

3. Facilitate the efficient operation of the Exact and Natural Sciences
College of the University of the Republic (FCEN).

4. Expand and modernize the “Clemente 
Institute (IIBCE).

5. Train specialized personnel in disciplines associated with priority
areas, in accordance with proven needs.

6. Strengthen the institutional framework and improve the organiz
tion of the National Science and Technology System.

672/OC-CH 1/92 94 000 Contribute to Chile’s economic and social develop-
ment by applying financial instruments which, when
complemented by the other policy measures estab-
lished by the government, internally strengthen the
various actors and participants in the national science
and technology system.

 FONDECYT is diverted at the country’s researchers and will finance
research projects without regard for theme or discipline, determined
primarily on the basis of quality. FONDEF will finance projects by
technological universities and institutes, which are intended to
strengthen the capacity of such institutions to work in areas of high pr
ority for the country’s economic development. It will finance techno
ogy development projects by private companies, guided by the demand
for special loans for that purpose.
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LOAN No. DATE AMOUNT OBJECTIVES ACTIVITIES
804/OC-ME 12/93 150 000 Contribute to increasing Mexico’s scientific and

technological capacity, as well as to expanding and
improving the strengthening of human resources in
such areas in order to address its economic and social
development needs.

Direct financing of micro- and small private companies to engage in the
pre-commercial and pre-production stages of R&D projects.  The i
vestment plan addresses the need to expand the physical space and
availability of equipment to modernize and expand laboratories, wor
shops, libraries and computer centers, as a function of the revised r
search plans of the Autonomous University of Mexico (UNAM) in sc
entific and technological disciplines.

802/OC-AR 12/93 95 000 Contribute to developing the efficiency and competi-
tiveness of Argentina’s production processes.

1. Financing to private companies to engage in technology research
and development (R&D) projects that will allow it to increase its
competitiveness on domestic and inte

2. Subsidies to the Technology Linking Units created recently by Law
23,877 and to public and  private non-profit research centers, to e
gage in technology linking projects and research and development
projects, the results of which may be transferred to the country’s
socioeconomic activities.

874/OC-EC 8/95 24 000 Contribute to strengthening Ecuador’s scientific and
technological capacity so that it can become one of
the linch pins of its economic and social develop-
ment.

1. Complete approximately 50 experimental research and develo
ment (R&D) projects and scientific and technology services pro
ects.

2. Execute eight science and technology infrastructure projects.
3. Create and implement a financing facility for approximately 30

projects, involving innovation and modernization of the private
sector.

4. Post-graduate programs in Ecuador and abroad.
5. Strengthen the National Science and Technology System (SNCT)

and the technical, operating and promoting body of that system
(FUNDACYT).

875/OC-CO 8/95 100 000 Contribute to strengthening the Colombia’s science
and technology capacity and to increasing the com-
panies´competitives and productivity, in the context
of sustainable development..

1. Post-graduate programs in Ecuador and abroad.
2. Strengthen the National Science and Technology System (SNCT)

and the technical, operating and promoting body of that system
(FUNDACYT).

880/OC-BR 9/95 160 000 Contribute to improving and developing Brazil’s sci-
entific and technological capacity and to increasing
company competitiveness and productivity, through
technological modernization.

1. Reimbursable financing to private companies for technological
modernization.

2. Financing through non-reimbursable transfers, or research and d
velopment projects submitted by universities and public, non-profit
and private research institutes.

1201/OC-AR 9/99 140.0 Help enterprises, mainly small and medium ones, to
initiate import, alter or adapt technologies to increase
their efficiency and competitiveness.

1. Incentive mechanisms for innovative technological activities, i
cluding grants as well as credits.

2. Strengthening scientific and technological capacities in R&D, i
cluding thematic and geographical areas with special needs.

3. Support for strengthening S&T institutions.
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LOAN No. DATE AMOUNT OBJECTIVES ACTIVITIES
1207/OC-GU 10/99 10.7 Enhance the productivity and competitiveness of

small- and medium-size enterprises.
1. Matching grants for technological innovation and services, prov

sion of a technology information service.
2. Expanding the policy framework and strengthening instit

1220/OC-VE 11/99 100.0 Strengthen the national innovation system through
improving competitiveness of productive sectors,
promoting innovation; fostering cooperation between
academic and other sectors, and disseminating and
popularizing science and technology.

Financing for R&D projects, training for science and technology r
search, strengthening R&D centers and technology services, promoting
innovation in the production, social and environmental sectors, dissem
nating information, and strengthening institutions.

1273/OC-PN 11/00 10.0 Support for science, technology and innovation cen-
ter of excellence in Panama.

Strengthen the City of Knowledge Foundation, responsible for deve
oping a science and technology park in the former Panama Canal Zone,
in the design and implementation of a new corporate style, organization,
development of a market plan, and renovation and upgrading of info
mation technology facilities.

1286/OC-CH 11/00 60.0 To increase the competitiveness of the Chilean econ-
omy by supporting technological innovation within
the entrepreneurial sectors, including identifying key
areas for investment, introducing information tech-
nologies, promoting biotechnology, improving envi-
ronmental performance in production processes, and
encouraging adaptation of quality management sys-
tems.

Financing of R&D and technology transfer activities, training, strengt
ening infrastructure and institutions, and dissemination of R&D info
mation.

1293/OC-UR 12/00 30.0 Help mobilize the country's innovative capacity
through boosting the competitiveness of small- and
medium-sized enterprises.

Support for innovation in Uruguayan companies, development and a
plication of science and technology, and institution building.
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Annex 3
R&D Indicators

Gross Domestic Expenditure on R&D (GERD)
(millions of US$)

Country 1990 1991 1992 1993 1994 1995 1996 1997

Bolivia – – 21 23 24 24 24 25

Brazil 2,801 2,834 2,321 3,072 4,657 5,360 5,484

Canada 7,575 7,995 8,491 9,210 10,118 11,051 11,059 11,719

Colombia – – 259 318 351 398

Costa Rica 41.5 58.0 82.8 107.0 102.3 114.9 108.1

Cuba 137 111 169 118 106 101 87 102

Chile 155 184 249 287 339 423 455 498

Ecuador – – – – – 14 16 16

Mexico – – – 887 1,235 886 1,030 1,382

Panama 20 22 26 28 30 31 32

Portugal 502 – 705 – – 756 – 933

Spain 3,889 4,343 4,694 4,764 4,530 4,802 5,169 5,419

United
States

152,039 168,863 165,211 165,442 168,854 183,232 196,540 211,586

Source: Indicadores de ciencia y tecnología, Red Iberoamericana de Indicadores de Ciencia y Tecnología,  Buenos Aires, 2000 (www.ricyt.edu.ar).
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GERD as a Percentage of GDP ( %)

Country 1990 1991 1992 1993 1994 1995 1996 1997

Bolivia – – 0.37 0.39 0.39 0,37 0.33 0.32

Brazil 0.46 0.46 0.38 0.48 0.69 0.76 0.76 –

Canada 1.45 1.51 1.56 1.60 1.65 1.62 1.57 1.59

Colombia – – – – 0.37 0.39 0.41 0.41

Costa Rica 0.73 1.05 1.23 1.42 1.23 1.25 1.13 –

Cuba 0.72 0.65 1.13 0.93 0.82 0.77 0.61 0.70

Chile 0.51 0.53 0.58 0.65 0.66 0.65 0.66 0.65

Ecuador – – – – – 0.08 0.09 0.08

Mexico – – – 0.22 0.29 0.31 0.31 0.34

Panama 0.38 0.38 0.34 0.36 0.37 0.38 0.38 0.37

Portugal 0.54 – 0.66 – – 0.56 – 0.62

Spain 0.85 0.87 0.91 0.91 0.85 0.85 0.87 0.86
United States 2.62 2.69 2.61 2.49 2.39 2.48 2.52 2.55
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Expenditure on R&D by Sector (%)
GERD by Source of Fund

Country Sector 1990 1991 1992 1993 1994 1995 1996
Brazil Government 71.5 70.9 69.5 69.4 67.3 59.1 57.2

Private Companies 23.9 24.5 24.7 26.2 29.7 38.2 40.0
Higher Education 4.7 4.6 5.7 4.4 3.0 2.7 2.8
Nonprofit Private* - - - - - - -
Foreign - - - - - - -

Canada Government 36.2 35.5 35.0 33.3 30.2 28.3 27.2
Private Companies 40.2 40.0 41.2 43.3 45.3 46.5 46.6
Higher Education 11.5 11.9 11.8 10.7 10.0 10.5 10.1
Nonprofit Private* 2.5 2.7 2.3 2.6 2.6 2.5 3.0
Foreign 9.6 9.9 9.7 10.1 11.9 12.2 13.1

Colombia Government - - - - 77.0 74.0 73.0
Private Companies - - - - 8.2 10.0 11.3
Higher Education - - - - 8.3 11.8 12.0
Nonprofit Private* - - - - 6.5 4.2 3.7
Foreign - - - - - - -

Costa Rica Government 33.1 52.0 58.8 64.7 55.7 49.8 53.4
Private Companies 11.9 7.6 8.2 8.0 11.1 20.2 17.4
Higher Education 19.4 14.6 12.1 9.9 15.4 13.9 14.8
Nonprofit Private* 0.9 0.6 2.1 2.2 3.1 3.3 4.5
Foreign 34.7 25.1 18.8 15.2 14.8 12.8 9.9

Chile Government 67.0 67.9 58.7 64.2 69.2 71.2 69.5
Private Companies 15.7 15.1 22.6 18.6 14.1 12.2 16.6
Higher Education 10.9 9.1 10.9 8.9 9.4 9.7 7.5
Nonprofit Private* - - - - - - -
Foreign 5.5 7.9 7.8 8.3 7.3 6.8 6.4

Ecuador Government - - - - - 39.8 79.7
Private Companies - - - - - 32.5 -
Higher Education - - - - - - -
Nonprofit Private* - - - - - 4.9 0.4
Foreign - - - - - 22.9 19.9

Spain Government 45.0 45.7 50.2 51.6 52.4 48.0 48.0
Private Companies 47.4 48.1 43.7 41.0 40.3 44.5 45.5
Higher Education - - - - - - -
Nonprofit Private* 0.8 0.6 0.6 1.0 1.0 0.8 1.0
Foreign 6.8 5.6 5.5 6.4 6.3 6.7 5.5
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Country Sector 1990 1991 1992 1993 1994 1995 1996
United Government 41.5 38.7 37.8 37.5 37.0 35.5 33.3
States Private Companies 54.8 57.5 58.4 58.4 58.8 60.6 62.9

Higher Education 2.1 2.1 2.2 2.2 2.3 2.3 2.2
Nonprofit Private* 1.6 1.6 1.7 1.8 1.8 1.7 1.6
Foreign - - - - - - -

Mexico Government - - - 73.4 63.6 66.2 66.8
Private Companies - - - 14.3 19.0 17.6 19.4
Higher Education - - - 8.9 7.7 8.4 8.1
Nonprofit Private* - - - 1.2 0.6 1.1 2.2
Foreign - - - 2.3 9.1 6.7 3.5

Panama Government - 35.4 39.7 41.5 44.2 45.5 42.2
Private Companies - 0.5 0.4 0.5 0.6 0.5 2.2
Higher Education - 0.4 0.5 1.0 1.0 0.9 1.0
Nonprofit Private* - 0.9 1.0 1.2 1.1 1.1 1.8
Foreign - 62.8 58.4 56.0 53.1 52.0 52.8

Portugal Government 62.0 - 59.0 - - 65.3 -
Private Companies 27.0 - 20.0 - - 19.5 -
Higher Education 1.0 - 1.0 - - 1.2 -
Nonprofit Private* 6.0 - 5.0 - - 2.1 -
Foreign 5.0 - 15.0 - - 11.9 -

*Nonprofit Private Organizations.


