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Abstract

A set of recently industrialized countries present an exemplary behavior regarding indicators
related to their capabilities in science, technology and innovation (STI). In a way, this
suggests that they have reached or are close to reaching the level of critical masses in their
STI capabilities, which could explain the generation of endogenous processes that contribute
to development processes. This document inserts itself within this discussion and its central
purpose is to discuss how far Latin American countries are from reaching the critical masses
that allow for the consolidation of national systems of innovation (NIS) and what the policy
implications are. The analysis of STI critical masses is situated in the context of the structural

characteristics of these countries.
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INTRODUCTION!

There is a growing consensus about the centrality of scientific and technological advances in
driving economic progress, and that increasing national investments in innovation are
essential to ensure the countries’ economic growth (Schumpeter, 1942; Solow, 1956;
Abramovitz, 1956 and 1986). However, no agreement has been reached concerning the
processes linking innovation and growth, even less so when development is introduced into
the analysis. Today it is also quite clear that the structure of linkages at local, regional,
national and international levels, and the construction of a national system of innovation
(NIS) contribute to that success (Freeman, 1987; Lundvall, 1992; Nelson, 1993; Edquist,
1997; Kim, 1997; Niosi, 2000; Cimoli, 2000; Cassiolato, Lastres and Maciel, 2003).
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From a structuralist and systems-evolutionary perspective (Schumpeter, 1934, 1939; Kuznets,
1971, 1973; and more recently Saviotti and Pyka, 2004) innovation affects economic growth
and development if it triggers structural change (World Bank, 2008; Haussman and Klinger,
2007). This could be seen as the emergence of new sectors, markets, clusters, large
multinational companies, and other forms of multi-agent structures (e.g networks, regional or
sectoral innovation systems). An innovation and structural change-led economic development
has to be placed in the context of the construction of NIS, as agents, functions and structures

are important for the dynamics of change.

Based on coevolutionary approaches to STI and ideas coming from development economics
(Gersenkron, 1962; Rosenstein Rodan, 1943; Myrdal, 1957), Dutrénit, Puchet and Teubal
(2011) argue that in order to place innovation as a powerful process for the production of
structural change, the NIS has to reach a threshold of STI capabilities before emergent
behaviour appears to generate a structural change-led development. In other words, critical

masses seem to be needed in order to generate self-sustaining endogenous processes.

The idea is that through processes of learning, capability building and coevolution across key
technologies, institutions and agents of the NIS, it is possible for top-level organizations to
emerge, such as new sectors/markets, which would trigger a structural change. This process is
founded on the basis of advancing towards development with social equity. But the initial
conditions do not refer exclusively to the STI capabilities; the countries’ structural

characteristics affect the possible trajectories.

The concept of critical mass has been introduced in different disciplines. It is usually used to
determine when a certain level of accumulation of a capability or stock makes it possible to
shoot a result that characterizes the process under study, and is maintained from there at a
high rate of growth (Granovetter, 1978; Oliver, Marwell and Teixeira, 1985; Mahler and
Rogers, 1999; Somasundaram, 2004; Booij and Helms, 2011; Azariadis and Drazen, 1990).2

Although the significance of reaching a critical mass of STI can be ambiguous, the STI

capacities of those countries that have had a remarkable performance could be close to what

2 Dutrénit and Puchet (2011) discuss the concept of critical masses and their application in the STI
capabilities.



we would call critical masses of STI. In this way, the newly industrialized countries have an
adequate behavior regarding the indicators related o their local capacities in science,
technology, and innovation (STI) (e.g. Korea, Singapore, and more recently China), which in
a way suggests that they have reached or are close to reaching the level of critical masses in
their STI capacities. This could have allowed them to generate endogenous processes that
contribute to the development processes. In some cases, it was the government who initiated
these processes with an adequate design of STI policies and with a correct allocation of

resources in order to generate adequate incentives (e.g. Israel).

The STI policy jointly with the industrial policy is called to play a key role in this process by
fostering changes in the agents’ behaviours to increase demand and supply of knowledge (and
a balance between both), stimulating the emergence of strategic sectors and new areas of
competitiveness, and promoting cooperation and balance between regions within the country.
The coevolution of STI arenas emerges as a relevant process for building up such critical
masses to accelerate a trajectory of innovation and structural change-led economic
development. This requires a systemic/evolutionary approach to STI policy (Nelson, 1994;
Murray, 2002; Breznitz, 2007; Sotarauta and Srinivas, 2006; Smits, Kuhlmann and Teubal,
2010; Dutrénit, Puchet and Teubal, 2011). Once critical masses are reached, self-sustaining
endogenous processes may be generated.” However, a critical mass is a dynamic dimeNISon,

which evolves over time, thus it can be thought of as a moving target (Somasundaram, 2004).

We do not know enough about what these critical masses of STI are, how they may be built
and how they dynamically evolve, what is their relationship with co evolutionary processes of
STI populations, and what the role of STI policies is in this process. This paper is inserted in
this discussion and has as an objective the discussion of how far Latin American countries are
of reaching the critical masses that would allow the consolidation of the NIS and what the
implications are for the STI policy. The analysis of the critical masses of STI is located within

the context of the structural characteristics of such countries.

3 On the one hand, the coevolutionary processes may contribute to reach critical masses, on the other,
when operating at the critical mass level, there may be conditions for new coevolutionary processes that
may generate structural change-led economic development. Hence, coevolution may happen below a
situation that triggers an endogenous dynamic process, but certainly contributes to that. The links
between coevolution, endogenous dynamic processes, critical mass and development require further
analysis.



After this introduction, section 2 explores the structural characteristics of the countries;
section 3 analysis the NIS characteristics and their STI capabilities; section 4 compares the
structural characteristics and the STI profiles; section 5 discusses the innovation policy
regarding the existent analytical frameworks and suggests some areas of opportunity in the

policy design according to the initial conditions; finally, section 6 concludes.

STRUCTURAL CHARACTERISTICS OF LATIN AMERICAN COUNTRIES:
DIFFERENCES IN ECONOMIC PERFORMANCE AND SIMILARITIES IN
LEVELS OF INEQUALITY

The profile of STI and the dynamics of its capacities are not independent from the structural
characteristics of Latin American countries. Countries differ in their structural characteristics,
such as the economic structure, the market size, the structure of their exports (commodities
versus manufactures goods, technological contents, etc.) average age of the population,
education level, poverty level, etc. Some of these characteristics are associated with the size
of the country and the resource endowment, while others are related with the level of
development. These characteristics may condition their STI capabilities, and in consequence,

their STI policies. This section describes a set of structural features in these countries.

Following Dutrénit, Puchet and Teubal (2011), the analysis of structural characteristics of
these countries is based on their evolution through 3 periods, which are relevant in terms of
Mexico and other emerging and developing countries: 1990 (previous to the Washington
Consensus), 2000 (post Washington Consensus) and 2008 (current period). In this analysis a
set of indicators is used that show the percentages and the levels of different economic and
social aspects of Latin American countries. The three-year comparison shows the evolution of

the profile. A set of indicators is included:

= Relative size of the economies (GDP PPP)
= Basis for developing the capabilities of the systems: health, education and income
through the Human Development Index (HDI), diffusion of information technologies

(Internet), % of urban population (Urban POP)



= Achievement of economies: GDP per capita (GDP/cap), equality (1/Gini*), export
capacity of manufacturing sector (X Manufactura, %); export capacity of high

technology goods (High-Tech X, %)

The analysis is based on structural graphics, which are related to the country that has a higher
value in the period under review (1990, 2000 and 2008), which mostly refer to 2008. The

reference countries for each indicator are:

= GDP PPP: Brazil * Internet: Uruguay

= GDP/cap: Venezuela » [/Gini: Venezuela

= Urban POP: Venezuela = X Manufactura (%): Mexico
= HDI: Chile = High-Tech X (%): Costa Rica

Figure 1 shows the structural characteristics of a set of countries in Latin America and the
Caribbean, for which the information is available. The countries were grouped by their

relative performance in three groups:

= Group A, structural characteristics: Big countries with more balanced structural
conditions

* Group B, structural characteristics: Mid-size countries with a satisfactory performance
in living conditions

* Group C, structural characteristics: Countries with a less satisfactory performance

Figure 1.a Group A, structural. Big countries with more balanced structural conditions

Structural Characteristics Argentina Structural Characteristics Brazil
Structural Characteristics Mexico

Urban pop

Urban pop

4 We decided to use the inverse of the GINI coefficient to reflect a positive condition regarding inequality,
due to the fact that the highest GINI levels reflect bigger levels of inequality.




While all the countries have made progress throughout the analyzed period between 1990 and
2008 in the social and economic dimensions, different results are observed. The structural

profile of the big countries (Group A, structural characteristics) is more balanced:

= [t includes the three biggest economies in the region

= High levels of relative welfare (high GDP per capita)

= Better living conditions, as evidenced by their high levels in the HDI and the
percentage of Internet users. This performance is associated with them having mostly
urban populations. But in the cases of Mexico and Brazil, the two countries with the
best relative performance, there persists a strong inequality (the inverse of the GINI is
relatively low).

= The export profile shows a significant weight of manufactures on total exports,
especially in Mexico and Brazil, with a strong export specialization in high-tech
products. (In particular, there is an important weight on manufacture exports in the
case of Mexico, with an increase in those with a high-tech content; and a relatively
smaller weight, although a significant one, on those exports in the case of Brazil,

although with a decrease of high-tech exports).



Figure 1b. Group B, structural characteristics: Mid-sized countries with a satisfactory

performance in living conditions
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The profile of mid-sized countries with a satisfactory performance on living conditions

(Group B, structural characteristics) has the following characteristics:

* Smaller economies

= High levels of welfare (High GDP per capita)

= These economies stand out for having high living conditions (Internet, HDI), which
are also associated to a high percentage of urban populations. These countries present
different characteristics of income distribution. Costa Rica, Uruguay and Venezuela
present more equality in income distribution (the inverse of the GINI is high) than the
big countries; in Colombia and Chile high inequality persists.

* The export profile shows a low participation of manufacture in the total exports as

well as high-tech exports, except in the case of Costa Rica.

In contrast, there is a large group of countries that still present an unsatisfactory performance

in almost all dimensions (Group C, structural characteristics):



Figure 1c. Group C, structural characteristics: Countries with a less satisfactory performance
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* Their economies are significantly smaller

* The present low levels of welfare (GDP per capita), and worse living conditions
linked to a rural population

= These countries present a strong inequality, but not superior to that of Colombia,
Chile, Mexico and Brazil.

= The export profile shows a low participation of manufactures in the total exports as
well as of high-tech exports in the total of manufactures. There are some exceptions,

like Guatemala.

In conclusion, there are different structural profiles that reveal different levels of
development. Latin America is not a homogenous, but rather a heterogeneous set of countries.
A common element is the high inequality, as is analyzed in CEPAL (2010), or the export
profile, with a high presence of manufactures in some countries, which corresponds to the

strategy of insertion into global chains.




CHARACTERISTICS OF INNOVATION IN LATIN AMERICA: THE NIS
AND THE FIRMS

The focus on NIS allows us to approach the innovation capabilities as well as the science and
technology capabilities. From the NIS perspective, an analysis of the critical masses in STI
must include indicators of inputs and outputs of this system. This section characterizes the
NIS of Latin American countries and approaches a measurement of the critical masses of STI

capabilities.

Emerging National Systems of Innovation with reduced and unarticulated national STI

capabilities

The Latin American NIS are small, according to the size of their main agents, and have been
the result of a process of aggregation of different institutions as well as public and private
organizations that operate, to this day, in a poorly articulated manner. This is due to a number
of factors, on the one hand, historically, the assessment of the activities related to STI has
been poor and the technical change based on local and systematic STI efforts has rarely been
identified as an important factor to improve the performance of the Latin American
economies. On the other hand, the financial resources dedicated both by the public and
private sectors to STI have been scarce, in fact, it seems that the most productive activities in
the Latin American markets (at the industrial or service levels) have no relation to innovation
efforts, that is, the signs of short-term relative gains appear to be disassociated from
innovation (Cimoli 2000; Cassiolato, Lastres and Maciel, 2003; Lopez, 2007; Dutrénit et al,
2010).

The STI agency (CONACYT/CONICYT, etc.) were created mostly during the 1970s, with a
supply-side focus. They play a central role in the region’s NIS, coordinating the design and
implementation of the national STI policies and acting as mediators between the government
and the scientists and between the government and firms (Braun, 1993; Guston, 1996; van der
Meulen, 2003). In general, the institutional framework around the STI activities has radically
changed in most countries during the 2000s, following the international patterns. The private
sector maintains a very undeveloped culture of innovation, created from these supply-focused
approaches. While there are some success stories, the market protections and the

macroeconomic instability did not generate an appropriate incentive structure in order to
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generate a more dynamic technological behavior (Katz, 1986, 2000; Vera-Cruz, 2006; Arza,

2007).

In general, the Latin American NIS can be characterized by the following traits:

Scarce financial resources and allocation problems, small government financial effort
(low Government Expenditure on Research and Development- GERD)

A small scientific community with level of excellence in some scientific fields in the
biggest countries, centered on curiosity-driven research, and with few incentives to
develop research oriented towards national problems, but with experience in solving
some specific problems related to health, environment and food.

Public sector is the main source of funding

High geographical and institutional concentration of STI capacities

Firms make little effort in R&D and other innovation activities (small BERD) as
reveled by the results in the national innovation surveys and international
comparisons, nevertheless, many of their innovation activities seem to be unaccounted
for in the current methodologies for measuring innovation

There are limited links between agents

There persists a combination of institutions that come from the model of import-based
industrialization and other institutions created recently under a different logic

There is a strong distortion in the incentive structure

In recent years there are various achievements that can be described, such as the emergence of

new actors and their impact on the NIS reconfiguration, the increase in the quantity of R&D

funded by the business sector and its successful performance in specific areas, and the

increase in research productivity, among other factors.

Different profiles of STI in Latin American countries: capabilities and results

According to the focus of this document on the measuring of critical masses of STI to explain

the generation on self-sustaining processes, we need to explore the indicators of relative as

well as absolute levels of expenditures and outputs of STI. Along this line, both the efforts on

R&D as a percentage of GDP and the absolute amount of expenditure on R&D are important.
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As in the case of the structural characteristics, the analysis of the STI profile of these
countries is based on their evolution through three periods: 1990, 2000 and 2008. Eight
indicators for STI capacities, including indicators for percentages and amount of relevant
dimensions of STI, ST and Innovation, were selected to illustrate the evolution of the profiles

over the period:

Science
= Scientific articles per one hundred thousand people (Articles/100,000 Hab)
= Country’s percentage in the production of scientific articles in the world (% world share
Articles)
= Number of students that obtained a PHD (Total PHDs granted)
= Researchers per thousand of the Economically Active Population (Researchers/1,000

EAP)

Innovation
» Gross Domestic Expenditure on R&D as percentage of the GDP (GERD/GDP)
= Business Expenditure on R&D as percentage of the GERD (BERD %)

= Percentage of researchers working in the private sector (% researchers in firms)

For the case of STI indicators, the differences between the countries are of a magnitude that
makes the comparison difficult. There are countries that make such a small effort or that have
such small values that any comparison is difficult. For example, while the total number of
granted PHD in 2008 was 10,611 in Brazil, in Trinidad and Tobago it was 19. These
differences are also observed in indicators that measure the effort regarding the GDP, while
Brazil spends 1.09% of its GDP on STI, Panama spends 0.21%. Other countries do not
systematize the information on STI and publish figures only for some of the indicators. For
this reason, we could only compare countries that provided complete information on STI;
these were compared within two groups of countries, in order for the magnitudes to be

meaningful when compared:

=  Group A, STI: Argentina, Brazil, Chile, Colombia, Costa Rica, Mexico, Uruguay
and Venezuela.
= Group B, STI: Bolivia, Ecuador, Pert, Guatemala, Panama, Honduras and

Trinidad and Tobago.
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The reference countries for each indicator in each group are the following:

Articles/100,000 Hab:

Group A: Chile

Group B: Trinidad and Tobago
% world share Articles:

Group A: Brazil

Group B: no data
Total PHDs granted:

Group A: Brazil

Group B: Ecuador
Researchers/1,000 EAP:

Group A: Argentina

Group B: Trinidad and Tobago

GERD/GDP:
Group A: Venezuela
Group B: Panama
BERD %:
Group A: Uruguay
Group B: Panama
% researchers in firms:
Group A: Chile
Group B: Ecuador

Figures 2a and 2b illustrate the STI profile of a set of Latin American countries, for which

information was available. There are difficulties to access to information particularly for the

small countries. In general we observe:

* An increase in the values of the variables throughout time, between 1990 and 2008,

clearly in Group A and in some countries in Group B

* A high value of BERD in the countries that make the greatest effort, which reveals

that part of the effort is being made through the participation of the private sector in

the GERD

* An imbalance between the indicators of the capabilities of science and innovation
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Figure 2a. Group A, STI: Countries that make a great effort in STI

STl Mexico
STI Argentina Brazil STI
Articles/ Articles/ Articles/
100.000Hab 100.000Hab 100.000Hab
% World Share % World Share % World Share
BERD (% . ° BERD (% )
%) (Articles) BERD (%) (Articles) %) (Articles)
Total PHD L Total PHD
GERD/GDP
GERD/GDP \ granted GERD/GDP \' Total PHD granted /! granted
% Researchers. Researchers/ % Researchers in Researchers/1000 % Res:archers in Relze(;gg::;s/
in firms 1000 EAP firms EAP rms
——1990 1990
——2000 2000 ——1990
2008 2008 2000
2008
. STl Uruguay
. STI Colombia
STI Chile
Articles/ Articles/
100.000Hab 100.000Hab
Articles/ 100.000Hab
% World Share % World Share
BERD (% %
BERD (%) % World Share (%) (Articles) BERD (%) (Articles)
3 -
(Articles)
NS N
<
GERD/GDP Ts::,l\:’:,D GERD/GDP Total PHD granted
GERD/GDP Total PHD granted
% Researchers in Researchers/1000 % Researchers in Researchers/1000
% Researchers in Researchers/1000 firms EAP firms EAP
firms EAP 1% ——1990
——2000 ——2000
— 1090 2008 2008
—2000
2008
STl Costa Rica STl Venezuela
Articles/
Articles/ 100.000Hab 100.000Hab
% World Share % World Share
BERD (%) (Articles) BERD (%) (Articles)
GERD/GDP Total PHD granted

I
GERD/GDP \

Total PHD granted

% Researchers in Researchers/1000 % Researchers in Researchers/1000
firms EAP firms EAP

—1990

——1990
——2000

——2000
2008

2008




Figure 2b. Group B, STI: Countries that do not make such a great effort in STI
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But there are various profiles that reveal different maturity in the NIS:

* Al Profile. High values for the STI variables and a more balanced profile among
every indicator (e.g. Brazil, Mexico, Chile and Argentina), but with a bias towards
science (e.g. Brazil: WorldShare and PHD; Argentina: researchers) or towards
innovation (e.g. Mexico: BERD % and % of researchers working in firms; Chile:
researchers working in firms).

* A2 Profile. Average values in a process of change towards a different profile, or
smaller relative values (e.g. Uruguay, Colombia).

* B Profile. Low values of STI variables, not comparable to the A Group, and strong
distortions of some indicators, with no clear articulation and with no sustained
tendency towards growth. Trinidad and Tobago is the only country that has more

balance of capabilities, with very low levels of effort.

HETEROGENEITY OF COUNTRIES IN TERMS OF STRUCTURE AND STI
CAPABILITIES

This section integrates the results of the analysis of the countries’ structural characteristics
from section 2 and of the STI profile presented in section 3. Figure 3 relates the two
dimensions for the countries that present this information; some countries were not included
because the information available is for only one dimension (e.g. Trinidad and Tobago). The

countries have been located in the plane according to their performance.

A composite index was built for the structural characteristics and for the STI profile. The
countries are located in the figures based on these composite indexes. In the case of the STI,
as two groups of countries were defined due to the difference sin the magnitudes, the
composite index of countries from Group B was normalized according to the lower level of

countries from Group A.



Figure 3. Comparing the structural and STI profile of Latin American countries
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The countries with a better performance are those that are located in Group A of the structural
characteristics and group Al of the STI profile. Brazil presents the best balance between
structural characteristics and its STI profile; Mexico follows with a lesser effort on STI; Chile
stands out more on its STI profile, with a greater lag in the structural characteristics, and then
Argentina in a medium position. At the other end are the countries with lags in both
dimensions. Paraguay, Peru, Guatemala, Honduras and Bolivia have the worst relative
performances in both dimensions. Uruguay, Costa Rica and Colombia are in an intermediate
situation. There seems to be some relation between both dimensions, that is, the countries
with better structural characteristics are those that make a greater effort in STI and have a

better profile. Again, many Latin Americas emerge.

THE INNOVATION POLICY: INITIAL CONDITIONS AND EXISTING
ANALYTICAL FRAMEWORKS

In this section we reflect on the rationality of the STI policies (policy mix) regarding initial
conditions observed in Latin American countries, both regarding structural characteristics and

the exiting STI profiles.
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Regarding design, Latin American countries have followed recommendations by international
organisms based on countries with more mature NIS or the experience of successful emerging

economies (such as Korea, China, Singapore, or even Brazil).

Latin American countries have designed their STI policies according to the existent analytical
framework at the international level. This analytical framework was elaborated from the
initial conditions of developed countries and of some successful emergent countries. These
countries are characterized by having a rather consolidated scientific base, a broad base of
firms that perform R&D and in many cases by having what Guston (2000) has called a social
contract of S&T with society.

Under these conditions, a priority of the innovation policy is to increase the effort in private
R&D and to increase the mass of firms that perform significant innovations. These countries
seem to have the critical masses or at least an important mass of STI capabilities, which
explains the emphasis they place on the innovation policy and not in the S&T policy. The
countries in Latin America have followed the recommendations of the OECD, IDB, etc. that
have emerged from those countries with more mature NIS and critical masses or in the
international experience of the more successful emerging economies, without having those

initial conditions.

Spaces to improve the STI policies in the existent analytical framework

From different evaluations of the design and implementation of the STI policies (see
OECD 2007 for Chile, Lopez 2007 for Argentina, Dutrénit et al 2010 for Mexico, and Sennes
and Britto Filho 2011 for Brazil) and the evolutionary and systematic focus of the STIC

policy used in this paper, a set of spaces to improve policy-making emerge.

The policy mix used in the region includes more programs/resources to foster R&D than to
foster other innovation activities (e.g. sectorial fund of innovation). It is necessary to broaden
the support in order to include other innovation activities that foster firms to learn and move

along the innovation process towards activity of higher innovativeness.

Even though it is broadly recognised that transversality may be a feature of innovation policy

(Kuhlmann, 2001; Georghiou, 2001; Shinn, 2005; Cooke, 2011), difficulties to coordinate
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between ministries and the STI agency are observed, which negatively affects the possibility
of taking advantage of this characteristic. This limits the scope of the innovation policy and
affects the innovative performance. The difficulties for this coordination are also related to
the lack of a clear definition, a common language, and a standardized way of defining the

items that integrate the STI budget at all levels.

The evidence suggests that a strategic level of innovation policy would contribute to a better
efficiency to induce changes of the STI capabilities, which include a policy-learning
dimension (Avnimelech, Rosielo and Teubal, 2010). Policy makers may internalize the need
of continuously adjusting their actions to foster STI capabilities, as these capabilities evolve.
This requires a long-term view of the policies, which includes the evolution of the programs
as the sectors/agents evolve to attend new needs, the definition of priorities in key areas, and
targeting new industries/sectors/clusters (Avnimelech and Teubal, 2008; Avnimelech, Rosielo

and Teubal, 2010).

Some relevant aspects are:

* Articulation between the innovation policy and a national policy for development

* Resource allocation within different national demands

* Evolving towards a strategic level of innovation/STI policy, which would allow, among
other things, an evolution of the instruments pari pasu to the evolution of the sectors to
attend new needs. This demands policy learning, the introduction of horizontal policies to
foster variation and experimentation of new programs and the design and implementation
of new programs centered on new sectors

* Definition of strategic priorities in key areas, and a 'vision' of the country and its growth,
while performing high-level coordination

* Transversality of the innovation policy and attention to different demands

* Broaden the focus of attention of the innovation policy, from promoting R&D and
competitiveness, to other aspects of the innovation process (adaptation, copy, imitation,
improvement), that include other economic and social areas

* Ensure the continuity of the programs in order to change the behavior of the agents

* Ensure that there are locks in order to avoid opportunistic behaviors
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But the combination of STI policy instruments (policy mix) must consider that the initial
allocations of STI capabilities analyzed in section 3 are weak and must be strengthened, at the
same time that structural characteristics analyzed in section 2 are contemplated. This leads to
meeting the different demands for STI, such as: strengthening the science and technology
capabilities, stimulating innovation and competitiveness of the firms and the country,

satisfying social needs and also considering environmental problems.

Without an additional mass of resources to generate a greater variety of researchers, firms,
projects, sectors, among other populations, it is difficult/impossible to generate radical
changes in the structural and STI profile that would lead to a change in the NIS’s

performance.

Thinking about the STI policy from the initial conditions of countries in Latin America

Looking at the STI policy in response to the structural characteristics analyzed in section 2,
the STI profile analyzed in section 3, the combination of initial conditions in both dimensions,
as well as the challenges for development in Latin America, new relevant issues emerge for

policy design and another way of formulating the questions that are important for the region.

These questions move us outside the existing analytical framework at the international level

and allow us to discuss some of the debatable issues in the region from another perspective.

1. Should Latin American countries focus on a STI policy or in a long-term growth
strategy (development) with s STI component?

2. How much should STI policy follow the suggestions of international organizations or
pay more attention to their initial conditions and local needs? How much should we
concentrate on increasing R&D or in supporting the set of activities in the innovation
process? In other words, how to define the innovation activities that must be
supported?

3. How to create the critical masses of STI capabilities in order to have more balanced
capabilities?

4. How to generate complementarities between modernizing processes guided by the

domestic market and the ones guided by the international market?
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5. How much science should we generate and in what areas? Should we place more
emphasis in looking for excellence or in exploring new areas of specialization? Should
new research be guided by curiosity or should it pay more attention to local/national
problems?

6. What should be the emphasis of the support: selecting the winners to generate success
stories or focusing on horizontal supports to increase variety and generate a critical
mass of innovative firms?

7. The high levels of inequality lead to other questions: grow fist and then distribute? Or

distribute to increase the domestic market and therefore grow?

Lets explore some of the issues, for instance, how to define the innovation that must be
supported? The GERD focuses in the fostering of innovation activities based on R&D. The
methodologies for measurement (Oslo & Frascati manuals) guide us towards that direction.
At the same time, the international comparisons are based on indicators generated from these
methodologies (GERD/GDP, BERD, etc.). The Latin American reality shows that there are
few firms with R&D centers, there are undoubtedly more in big countries like Brazil and
Mexico. In contrast, a lot of firms are starting to venture in innovation activities, but countries
do not have a broad variety of innovating firms, and are therefore far from reaching critical
masses. In this way, it seems necessary to also foster other innovation activities not based on
R&D, such as copy, imitation, diffusion, transference and learning. This would contribute to
stimulating the process that would lead to the building of R&D capabilities. Regarding these

aspects, two topics of discussion arise:

* Are we focusing on radical innovations or do we foster a spectrum that goes from
incremental to radical innovations?
* Do we foster innovation based on R&D or the one based on existing knowledge, from

scientists and technicians to traditional ones?

Another topic of debate is related to which sectors must be supported. Latin American
countries are characterized by having a market fragmented into two groups: modern and
traditional. The modern sector consists of firms and is more oriented towards international
markets that cater to affluent consumers. The traditional sector consists of communities, and
is more oriented towards local markets, which are far from the international market. There is

no doubt that we need to address both markets and that the innovation policy does not address
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the traditional sector. How to articulate both sectors in order to reduce poverty, inequality,

and social gaps?

FINAL COMMENTS

This paper analyzes the relationship between structural characteristics and STI profiles in
Latin American countries, and discusses in what measure critical masses of STI have been

built that lead to the consolidation of the NIS.

The evidence on structural characteristics and STI profiles suggests that there are many Latin
Americas. Some countries have advanced more in both dimensions, while others show a
significant relative lag. But even the most advanced countries in the region do not seem to
have reached critical masses of STI in order to generate endogenous and self-sustained
processes that would allow the NIS to contribute decisively to the economic and social

development.

STI policy is called upon to accelerate the building up of this critical mass of STI capabilities,
but this requires a systemic/evolutionary approach to STI policy, which looks at the system-
the NIS, focuses on the generation and absorption of knowledge as nonlinear dynamic
models, and on systemic failures. For this approach, learning, accumulated capabilities and
time matter, institutions mediate between agents, and there is an increasing concern for the
regional level and the governance of the NIS. (Metcalfe, 1995; Teubal, 2002; Woolthuis,
Lankhuizen and Gilsing, 2005; Smits, Kuhlmann and Teubal, 2010)

Today there is a strong emphasis on innovation, but drawing on this systemic/evolutionary
approach, and following Dutrénit, Puchet and Teubal (2011), this paper argues that the focus
should be put on building critical masses of STI capabilities, adressing the structural
characteristics of the countries. A unilateral focus on innovation is limited since science
capabilities are also still below the critical masses, and these capabilities are also needed for

knowledge generation, technology transfer and human resources formation.

One of the principles for building the critical masses of STI capabilities is to achieve a more

efficient allocation of resources and bigger budgets for STI activities. This is necessary in
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order to reach a broad variety of researchers, firms or projects, which will allow a better
selection process and thus the conditions for an efficient retention process. An increased
budget is also required to allocate additional resources to new demands; without the
emergence of governance problems. But it also requires to think of STI policy in a fresh way,
considering the initial conditions. As argued by Rodrik (2007) the same recipe does not work
in different institutional buildings and policies paths. Surely, different groups of countries in

Latin America require different policy approaches and different combinations of instruments.

Several questions remain pending to be answered, such as: in what measure is the
analytical framework used for the design of STI policies, which was conceived on the
basis of countries with different initial conditions, is useful to be applied in economies with
different initial conditions, like Latin American countries? And, how can critical masses be

measured? These questions require further research.
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