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Innovation and Regional Growth in Mexico: 2000-2010

Abstract: This paper looks at the factors driving regional growth in Mexico, paying special
attention to the potentially growth-enhancing role of innovation and innovation policy. The
analysis combines innovation variables with indicators linked to the formation of adequate
social conditions for innovation (the social filter), and spillovers for 31 Mexican states and
the Mexico City capital district (the Distrito Federal) during the period 2000-2010. The
results indicate that regional economic growth across Mexican states stems from direct
investment in R&D in areas with favorable social filters and which can benefit not only
from knowledge spillovers, but also from being surrounded by rich neighbors with good
social conditions. The results stress that, although Mexican innovation policy has been
relatively well targeted in order to generate greater economic growth, its relatively modest

size may have undermined the attainment of its main objectives.
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1. Introduction.

In recent years empirical analyses looking at the factors driving regional growth or regional
innovation across the world have tended to award particular importance to the returns of
regional R&D efforts in different socioeconomic and local wealth contexts (Rodriguez-
Pose and Crescenzi 2008; Navarro et al. 2009; Usai 2011 and Dettori et al. 2012). Most
studies dealing with this topic have come out with much more complex and nuanced results
about how innovation affects growth than the traditional approaches based on the linear
innovation model. As a general rule, the studies considering R&D in combination with
local wealth and socio-economic conditions find that regional economic growth and
innovation is highly mediated by how local social economic conditions and, in particular, a
good endowment of human capital, shape the returns of R&D investment (Rodriguez-Pose
and Crescenzi 2008; Usai 2011). Spillovers have also been brought into the fray as key
determinants of regional growth. In contrast to earlier analyses which tended to focus just
on knowledge spillovers (e.g. Jaffe et al. 1993; Audretsch and Feldman 1996) or academic
knowledge spillovers (e.g. Jaffe 1989; Anselin et al. 1997), more recent scholarly work has
adopted a broader conception of spillovers, introducing not only knowledge, but also
socioeconomic spillovers (e.g. Crescenzi et al. 2007, 2012; Crescenzi and Rodriguez-Pose

2013). .

Yet, most economic development policies applied in the developing world still ignore the
fact that local economic conditions play an important role in the returns to investment in
R&D and are still heavily based on the linear model. The assumption is simple: increasing
R&D investment in any given territory will lead to greater innovation, and innovation, in
turn, will result in greater economic growth. This assumption has however already been

challenged by the literature in developed countries (e.g. Usai 2011). In most emerging
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countries, whose territories are farther away from the technological frontier and where, due
to weaknesses in local socioeconomic conditions, the capacity to absorb R&D investment is
limited, innovation efforts based on greater investment in R&D are even less likely to have
growth-enhancing effects. If, however, included in more comprehensive territorial policies
tackling simultaneously deficiencies in human capital, the production structure, and/or

institutions, innovation policies may yield greater returns.

The studies analyzing the territorial returns of innovation policies at a subnational level in
the developing world are few and far between. The few available exceptions apply to China
(Li 2009) or to China and India (Crescenzi et al. 2012a, two countries which are
increasingly catching up in terms of knowledge generation and which have become much
more active in innovation policies. In these countries the territorial dimension of knowledge
and knowledge policies is also of paramount importance as the level of internal disparities
in knowledge generation is significantly higher than that observed in developed countries

(Crescenzi and Rodriguez-Pose 2013).

Beyond China and India, the territorial analysis of innovation policies remains a black box.
Despite the fact that innovation policies have become more and more popular in recent
years and that territorial knowledge gaps are highly significant, there are virtually no
studies dealing with the differential geographical returns of innovation policies in Latin
America. In this paper we contribute to narrowing this gap in the literature by looking at
how, through the use of an integrated approach, innovation and innovation policies have
contributed to shape regional economic growth in Mexico in the period between 2000 and

2010.

The choice of Mexico is not random. There are three key reasons that make Mexico an

excellent case study in order to address the question of how knowledge affects economic
4



growth in emerging countries. First of all, Mexico is one of the largest emerging countries.
According to IMF data, Mexico is the 11th largest economy in the world and the largest
emerging country outside the BRICs (Brazil, Russia, India, and China). Second, as in the
case of many of the leading emerging countries, in recent years Mexico has adopted a more
ambitious and comprehensive innovation policy aimed at both getting closer to the
technological frontier and generating greater economic growth (Capdevielle and Dutrénit
2012). While this policy contains some elements of the regional innovation systems
approach, it is by far still dominated by the linear approach and characterized by increases
in investment in R&D as the main policy tool. And finally Mexican states have been the
object of closer scrutiny by academics in order to unveil the factors behind their uneven
territorial development, although the majority of the studies have not gone beyond the
discussion of regional convergence vs. divergence (e.g. Juan-Ramén and Rivera-Bétiz
1996; Esquivel 1999; Sanchez-Reaza and Rodriguez-Pose 2002; Chiquiar 2005; Carrion-i-
Silvestre and Germéan-Soto 2007), or have focused on one specific aspect behind economic

growth (e.g. Lederman and Maloney 2003).

While analyzing the link between innovation policies and regional growth in Mexico is not
new, most of the studies examining this relationship have tended to be qualitative and/or
focus on specific case studies (e.g. Cimoli 2001; R6zga 2002 and 2009; Villavicencio and
Lépez de Alba 2010). In this paper we propose a different approach which involves
quantitative techniques by estimating a panel regression model combining variables derived
from linear model, innovation systems, and knowledge spillover approaches for states in

Mexico and the Federal District between 2000 and 2010.

The results of the analysis underline that, although innovation policies in Mexico have
attained some of the expected results at a regional level, they seem to have favored
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wealthier states to a much greater extent than those farther away from the technological
frontier. The returns of investment in R&D are also strongly mediated by the
socioeconomic conditions of each state, which act as powerful facilitators of the
transformation of R&D investment and to economic growth. Finally, knowledge and social
economic spillovers from neighboring states have an important influence on regional

growth across Mexico.

The rest of the paper is structured as follows. In section 2 we review the evolution of
science and technology (S&T) and innovation policies in Mexico. In section 3, we look at
theories linking innovation to economic growth, in light of the innovative policies
undertaken in Mexico. Section 4 describes the current situation of S&T in Mexico, paying
special attention to the regional dimension of the policy. Section 5 introduces the empirical
model, while the results of the analysis are presented and discussed in section 6. The final

section includes the conclusions and some preliminary policy implications.

2. S&T and innovation policy in Mexico.

Mexico is a country where S&T and innovation policies have until recently tended to play
second fiddle to other policies. Since their inception, they have generally been considered
as subsidiary to growth and development policies and designed and implemented top-down

in a highly centralized way.

During the long phase of the import substitution industrialization (ISI) model (1930s-
1980s), S&T innovation policies contributed to try to enhance the industrial base of the
country and its productivity by means of facilitating the import of technology and foreign

direct investment (FDI) as the key instruments of a technological development policy.
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Within this framework, the Mexican federal government created a basic S&T infrastructure
and invested in the training and skills of human resources in S&T with the aim of providing
large public enterprises with the right skills to enhance their productivity. The key
landmarks in the strategy were the creation of a number of research institutes and councils,
such as the Mexican Institute for Petroleum (IMP) in 1965, the all-powerful National
Council for Science and Technology (CONACYT) in 1970, the National Institute for
Nuclear Research (ININ) in 1979, and the Mexican Institute for Water Technology (IMTA)
in 1986, among others. This policy of creating research centers and institutes was mainly
targeted at generating innovation and improving the productivity in what were deemed to

key sectors of the Mexican economy (Cimoli et al. 2005).

The demise of the ISI system during the 1980s was associated to an overall decline in the
relevance of S&T innovation policies in Mexico. Existing S&T infrastructures remained
relatively underused during the decade. Moreover, the top-down, supply-side policy which
had dominated until then generated a mismatch between public sector supply and private
sector demand, while, at the same time, failed to stimulate the participation of the private
sector in the innovation process (Capdevielle et al. 2000; Capdevielle and Flores 2004;
Lemarchand 2010; OECD/CEPAL 2011). Innovation levels in the Mexican economy thus
remained relatively low and the exhaustion of the Mexican ISI model also resulted in the

demise of the traditional S&T and innovation policies.

The change in the Mexican economic model in the late 1980s led to radical changes in the
approach to S&T and innovation. In the space of just a few years, between 1986 and 1994,
Mexico changed its economic policy in a radical way. It went from import substitution to
becoming one of the most open countries in Latin America. The opening of the economy
was accompanied by a reduction of the size of the state, the privatization of a large number
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of public enterprises, and the adoption of a less interventionist stance in the overall
economy. Industrial policies became less prominent, with the role of the state increasingly
becoming limited to the provision of public goods and services (gas, electricity, education,
and social security), the control of monetary policy, as well as the implementation of

horizontal policies aimed at tackling poverty (Villavicencio 2008 and 2011).

This economic transformation brought about important changes in the perception of S&T
and innovation in public policies, moving from a supply-side approach to S&T to a system
targeted at addressing market failures and encouraging the participation of the private
sector (Capdevielle and Flores 2004; Villavicencio 2008 and 2011; OECD/CEPAL 2011).
This new model put technological demand at its core, emphasizing the need to create an
adequate environment for the transfer of science and technology to Mexican firms. This
implied a certain commercialization of knowledge and technology as a way to better
address the needs of Mexican firms. The ultimate aim was, again, improving productivity,

the quality of production, and the competitiveness of the Mexican economic fabric.

However, despite the change in orientation of the policy, the results left a lot to be desired.
Significant improvements in the allocation of resources to R&D and innovation were not
matched by a significant increase in the participation of the private sector in innovation.

The overall innovative capacity of the Mexican economy remained rather limited.

The disappointing results led to a comprehensive review of Mexican S&T and innovation
policies at the beginning of the 21st century. The review resulted in a radical reform of the
policy based on two pillars: a) an increase of the resources devoted to R&D, but also b) a
greater emphasis on the role of innovation to the relative detriment of S&T. The 2001-2004
Development and Technological Innovation program and the 2007-2012 National

Development Plan represented excellent examples of this shift in the S&T innovation
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policy. In these programs greater allocation of funds for R&D were matched by a raft of
measures aimed at fostering and facilitating the intervention of Mexican firms in the
innovation process. The ultimate aim of these programs was to reduce the technological gap

between Mexican firms and those in countries closer to the technological frontier.

3. S&T and innovation policies in Mexico in light of innovation theories.

Changes over time in Mexican S&T and innovation policies have, to a large extent,
mirrored changes in the theories of innovation. S&T and innovation policies during the ISl
period and, to a lesser extent, after the reform of the system in the late 1980s, followed
closely the linear vision of innovation which dominated until the 1980s. This perception —
based fundamentally on Bush (1945) — posits that greater investment in R&D leads to
greater innovation and innovation, in turn, results in greater economic growth. Hence, by
investing in S&T infrastructure and pumping resources into the system, Mexican decision-
makers were expecting a science push (Schumpeter 1934): supply-side intervention would
help generate its own demand by firms and enhance the overall capacity of Mexican

economy to innovate.

Greater investment in R&D was also believed to help fill the technology gap between
Mexico and the rest of the world (Fagerberg 1988). In an economy characterized by S&T
agents too distant from the technological frontier, greater public investment in R&D and the
creation of public research centers and institutes was regarded as a way not only to bring
the Mexican innovation system closer to the frontier, but also to generate knowledge
spillovers and promote the absorption of knowledge by assimilation and imitation (Cimoli

1988 and 2001; Dosi et al. 1990; Verspagen 1991; Lemos et. al. 2006).



However, the catch-up in terms of innovation never truly materialized (Cimoli 2001;
Lederman and Maloney 2006) and Mexican firms across the country remained, to a large
extent, firmly anchored at the bottom of the innovation scale, producing goods and services

of relatively low quality for a captive national market.

The opening of the economy to trade also brought increased competition and a greater need
to improve the productivity and innovative capacity of firms in a more open environment.
This process led — without really parting with the linear approach to innovation policy,
which remained at the center of the Mexican innovation strategy — to a significant change in
S&T and innovation policies in Mexico. First, the amount of resources devoted to R&D
increased significantly (see Figure 1), albeit from very low levels. Second, complementing
the increase in resources, the concept of national innovation system developed by Freeman
(1979) and Nelson (1993) started seeping in into Mexican policy. This approach looks at
innovation as the result of the creation of networks of multiple agents involving
stakeholders and organizations in the public and private sectors, whose activities and
interactions are at the root of the generation, diffusion, and assimilation of new
technologies. Greater attention to the formation of a national system of innovation brought
to the fore the need to enhance the interaction of the three key actors in the Mexican
system, along the lines of a triple helix model (Etzkowitz and Leydesdorff 2000). This
involved creating the institutional conditions for the knowledge generated by universities
and public and private research centers to be easily transferred to firms and for firms to
transform that knowledge into production. It also involved a greater feedback and
interaction by firms to universities and research centers. The state, through its innovation

centers and institutes and development agencies, represented the third pillar of the system,
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setting the bases for the facilitation of the interaction between all agents in the system and

the transfer of knowledge (OECD 2008, 2009a, 2009b).

Figure 1. R&D intensity of the Mexican economy, 1980-2010.
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In parallel to the formation of a national system of innovation, limited but increasing
interest was also awarded to the formation of subnational systems (Cooke and Morgan
1999). The specific characteristics of each territory came into the innovation policy
equation for the first time and some slight differentiation across Mexican states was

allowed in the policy.

Finally, greater attention was also given to the need to generate knowledge spillovers
(Griliches 1979 and 1992; Jaffe 1986; Audretsch and Feldman 1996 and 2004). The
perception was that Mexico had not only been unable to create a significant amount of new
knowledge, but also that the geographical diffusion of this knowledge had been highly

imperfect. Hence, the policy was also aimed at enhancing the diffusion of knowledge from
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the center where this knowledge was either generated or first assimilated in Mexico to

neighboring geographical areas.

All these factors put together led to the formation of a national system of innovation, which
has been described by the National Council for Science and Technology (CONACYT
2011). The system combines both vertical and horizontal linkages, with stakeholders in the

public sector adopting a prominent role (Figure 2).

Figure 2. Structure of the national system of S&T and innovation in Mexico.

Presidency of the Republic

Council for the sciences (1989).

A

General council for scientific research, technological development and innovation (2002)

l l l

S&T Advisory Forum CONACYT National conference for
(2002) management S&T (2002)
State and local Ministries and international
authorities <«—— CONACYT (1970) +— | organisations

'

S&T community, universities and higher education centres, public research
centres, and firms

Source: own elaboration with CONACYT information.

On the vertical axis the system is very hierarchical. It has the Presidency of the Republic at
its apex, with the president being advised by a General Council for Scientific Research,

Technological Development and Innovation and, in a more indirect way, by a Council for
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the Sciences. CONACYT sits at the center of the system and provides the basic connection
between the state, on the one hand, and the S&T community, universities and higher
education centers, public research centers, and firms, on the other (Figure 1). CONACYT is
also responsible for the horizontal coordination, linking the effort done by different
ministries in S&T and innovation with that of the different states and municipalities across
Mexico. Finally, a Scientific and Technological Advisory Forum and a National
Conference for S&T bring together the key Mexican S&T stakeholders with the aim of

providing guidelines for new policy development.

CONACYT is also the main coordinator of the national policies of S&T innovation, setting
the key objectives of the policy and administering a significant percentage of the funds

channeled to S&T and innovation.

The question is whether this change in policy, which has become evident since 2000, has
had an impact on Mexican innovation and, more importantly, whether the change has
contributed to the ultimate stated goals of the S&T and innovation policy in Mexico, which
are those of enhancing productivity and economic growth. In the next sections we address
this question by first looking at the geography of S&T in Mexico, followed by an analysis
of how the different factors that shape innovation in the country have affected the economic

performance of Mexican states over the period 2000-2010.

4. The geography of S&T Mexico.

Despite the significant revamp of S&T and innovation policies since 2000, the Mexican
innovation system is still far away from the leading systems of the world in virtually all

dimensions of innovation (FCCyT 2006; Sanz Menéndez et al. 2007; OECD 2009z;
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Capdevielle and Dutrénit 2012). If we simply look at the R&D input into the system — the
‘indicator’ for the linear system of innovation — Mexico, at 0.44% of GDP in 2010
according to the OECD, lingers well below the OECD median of 2.4% of GDP. This
percentage puts Mexico second from bottom in the OECD ranking, only surpassing Chile.
It is also below other Latin American countries, such as Argentina or Brazil, but above
Colombia. The R&D effort has been more or less evenly spread between the public and
private sector, with resources from the public sector representing 0.2% of GDP and those
from the private sector the remaining 0.24%. A large percentage of the public investment in

R&D is earmarked for basic, rather than for applied, research.

A second factor which stands out is that the necessary interaction between all the key
stakeholders is far from ideal. In spite of the efforts to create a genuine system of
innovation, public and private institutions involved in the generation of S&T and
innovation are still, by and large, operating independently from one another, without the
necessary collaboration in order to maximize the returns of R&D investment (Capdevielle

and Dutrénit 2012).

The system also presents some important bottlenecks. Although the decentralization of the
Mexican S&T system has proceeded apace, the majority of the activities — from the design
to their implementation and promotion of S&T and innovation — are still very much
concentrated in the hands of CONACYT. This often leads to some confusion, undermining

the capacity of the whole system to achieve its goals (FCCyT 2006).

From a geographical point of view, there are also major differences in terms of the capacity
of Mexican states to generate innovation. Eight Mexican states — Mexico State, the Federal
District, Veracruz, Jalisco, Puebla, Guanajuato, Chiapas, and Nuevo Ledn — concentrate

50% of the overall R&D expenditure in the country. As seen in Figure 3, R&D is heavily
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concentrated in the traditional industrial hubs of the country. Only the Federal District, the
state of Mexico, Jalisco, and Nuevo Ledn have levels of R&D expenditure which exceed
0.23% of GDP. In a country which 0.44% of GDP is devoted to R&D, these figures point to
an extremely high polarization of both R&D expenditure and GDP. Aguascalientes,
Guanajuato, Morelos, Nayarit, and Querétaro form a second-tier of states in terms of
current expenditure. All these states have levels of expenditure in R&D which exceed 0.1%
of GDP (Figure 3). Put together these results point to the existence of a geographically
limited key axis of innovation in Mexico which expands from the Mexico City
agglomeration in the center of the country to Guadalajara in the West. A secondary pole

can be found in the North, around the city of Monterrey.

Figure 3. Geographical distribution of R&D expenditure as a percentage of GDP in 2010.
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Source: own elaboration with CONACYT (2011) data.

By contrast, the rest of the country can be defined as an R&D desert. Some of the poorest

states in Mexico, such as Oaxaca and Guerrero, have got levels of expenditure of R&D
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which are below 0.05% of GDP. But these rates, which could be expected of the poorest
states in the country, are reproduced in some middle income states, such as Yucatan in the
South and Puebla in the Centre, and even expand to some northern states. Baja California
and Sonora, two of the key hubs of the Mexican maquiladora industry and which benefit
from their proximity to the US, also spend negligible amounts in R&D. This points to the
presence of a maquiladora industry in these states which either implements process
innovations or has hardly gone beyond a simple assembly stage. There is also little
evidence in the literature of considerable knowledge spilling out from the Mexican
technology hubs into the rest of the country (Albaladejo 2001; Aage 2003; Dutrénit 2009;
De Fuentes and Dutrénit 2011). If anything knowledge spillovers in Mexico are associated
with the presence of particular sectors, such as the automotive, aeronautics, and shoe-
making sectors (Aage 2003; Dutrénit 2009). The poor endowments in terms of skills and
competitive firms in many parts of the country also act as a powerful barrier to the diffusion

of knowledge spillovers.

Overall, Mexican S&T and innovation policy has been generally anchored in the linear
model of innovation, in which the public sector has established the main supply-side
priorities in order to generate, strengthen, and promote S&T in Mexico. Recent efforts
aimed at fostering the generation of a Mexican system of innovation and to stimulate the
engagement of the private sector in the S&T innovation process are still incipient and far
too limited to have generated a significant turnaround. Mexico remains far away from the
technological frontier and its R&D effort is still not fully permeating into the production
system. Mexico has the second lowest levels of productivity in the OECD (only above
Chile) and deficiencies in a number of basic endowments for innovation may still hamper

its capacity to transform S&T into innovation.
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Given this panorama, it is necessary to examine which factors associated to S&T and
innovation in Mexico are having the greatest impact in order to assess whether it is worth
continuing with the current S&T effort and, especially, which S&T policies are likely to

yield the greatest returns in the future.

5. Innovation and the sources of economic growth in Mexico: empirical

model.

As seen in the previous sections, the S&T effort in Mexico has gone in three key directions.
First and foremost, the policy has followed a linear view of innovation. Mexican decision-
makers have for long adopted the belief that greater investment in R&D would lead to
greater innovation and, eventually, to greater economic growth. Parallel to that, recent
efforts towards the formation of a Mexican system of innovation, have been aimed at
encouraging technological learning and diffusion, by means of improving the participation
of firms in the process and their capacity to absorb knowledge and improving the overall
skills of the labor force. Finally, the policy has also put emphasis on the diffusion of

knowledge across the geography of Mexico.

We put the influence of these three dimensions of innovation policy to the test in a model
aimed at explaining the determinants of regional growth in Mexico. This model follows
Rodriguez-Pose and Crescenzi’s (2008) method about how innovation shapes economic
performance, combining approaches linked to R&D, systems of innovation, and knowledge
spillovers. The model is also embedded in the tradition of endogenous growth catch-up
models (Fagerberg 1988).

The model adopts the following form:
17
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represents the annual growth rate of regional GDP per capita.

is the constant.

depicts the natural logarithm of the level of GDP per capita (i.1).

is the expenditure in research and development as a percentage of the GDP
of the state.

is the social filter, which is a proxy for the socio-economic conditions in
which economic activity in each state takes place.

represents a measurement of knowledge spillovers from neighboring states
(using a gravity model of knowledge diffusion).

represents an alternative measurement of knowledge spillovers from

neighboring states (limiting it to those states sharing borders).

ExtSocfilter;; denotes potential spillovers from the socioeconomic conditions of

neighboring states.

ExtPibpci; represents potential spillovers linked to the wealth of neighboring states.

&

is the error term.

The reason behind the choice of each variable in the model is as follows:

Annual Growth rate of regional GDP per capita: Our dependent variable, aimed at

measuring changes in output across the 31 Mexican states and the Federal District as the

ultimate aim of Mexican innovation policies.
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Level of GDP per capita (t.1): According to Fagerberg (1988), the initial level of GDP per
head is also a proxy for the knowledge available in each region, as well as for its distance to
the technological frontier. Scholarly research has frequently made use of this indicator in
order to assess the presence of regional convergence and/or divergence depending on the
side of the coefficient. As is customary in the literature, the level of GDP per capita is
transformed using natural logarithms for in order to obtain a linear relationship and to

satisfy the normality assumption.

R&D expenditure: R&D expenditure as a percentage of GDP is the main indicator of S&T
and innovation policies linked to the linear approach to innovation. R&D is calculated for
all Mexican states and it is expected that a high level of investment in R&D will result in

higher levels of economic growth.

Social filter: The potential of a region to transform the investment in R&D into greater
innovation and economic performance in any given place depends, to a large extent, on its
socio-economic and institutional environment and on how different local stakeholders
blend into the regional innovation system. The efficiency of the local innovation system
facilitates or repels the capacity of territories to innovate. However, reproducing
empirically the intricate interrelations developed in a regional innovation system is not
easy, particularly in a case such as the Mexican case, where often the information at a
regional level is limited. We therefore follow an alternative approach in which, instead of
guessing the effectiveness of different innovation systems, we look at the local
socioeconomic conditions which may make states in Mexico more innovation prone or
innovation averse. This approach selects a set of relevant socioeconomic variables and
generates a composite index — the social filter index — aimed at identifying the unique
combination of factors which make a territory more likely to innovate. The social filter can
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be understood as the set of “elements which favour or deter the development of successful
regional innovation systems” (Rodriguez-Pose 1999: 82). According to this concept, factors
such as the availability of adequate skills in the labor force, the use of those skills in the
market, the presence of a young and dynamic population, and a favorable sectorial structure
would facilitate the returns of the S&T effort and help transform R&D into innovation and

economic growth,

Selecting the variables for the social filter index in a country like Mexico implies some
compromises. In our social filter the availability and use of skills is proxied by variables
depicting the higher educational attainment of the population and of the labor force and
participation in life-long training programs at a regional level (Lundvall 1992; Malecki
1997). The demographic structure is approximated by the presence of a young and dynamic
population aged between 15 and 24. This is a proxy for the “flow of new resources entering
the labor force and thus of the renewal of the existing stock of knowledge and skills”
(Rodriguez-Pose and Crescenzi 2008: 56). The remaining factor, sectoral structure, it is
measured by the percentage of labor employed in agriculture. This variable is design to
identify the low productivity and ‘hidden unemployment” which characterizes agriculture in

Mexico.

In order to construct a social filter for the Mexican states we follow Rodriguez-Pose and
Crescenzi (2008) and use principal component analysis (PCA). PCA allows transforming a
number of different components into a unique composite variable by maximizing the
amount of information included in each variable. The mechanics of the social filter implies
introducing in the PCA the education variables (the level of education of the employed
population, the level of education of the total population, and life-long training rates), the
demographic structure variable (percentage of population aged between 15 and 24), and the
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sectoral structure variable (employment in agriculture). We use the first principal
component. All the variables enter the first principal component — which explains 54% of
the variation in the variables — with the expected sign. All the educational and skill
variables, as well as the percentage of young population are positively associated with the
composite social filter variable, while the percentage of the employed population in
agriculture has a negative sign. The level of educational attainment of the population has
the strongest association with the composite variable, whereas the weakest is related to the

percentage of young population (Appendix 1).

Spillovers: The spillovers indicator measures the capacity for the knowledge generated by
investment in R&D scatter over space. The measure of the spillovers is calculated

according to the following accessibility index:

A=Y 0(r)f(c) (2)

where A ; represents the accessibility of region i, g(r;) denotes expenditure in R&D as a
percentage of GDP in region j, f(cj) is the bilateral distance between region i and region j.

f(cij) is, in turn, calculated according to the following equation, where:

f(c;))=w; = — i dj isthe distance between regions i and j.

The gravity nature of this approach implies that proximity is a key factor behind the
measurement of spillovers. Regions closest to the centers generating new knowledge will
be in a better position to assimilate and transform R&D spillovers into innovation and

economic development.
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Extra spillovers: Extra spillovers is an alternative measure of the diffusion of knowledge
aimed at capturing the impact on economic growth of being surrounded by regions with or
without strong investments in R&D. In contrast to the spillover indicator, extra spillovers

only takes into account investments in R&D in regions sharing a common border.

Extra social filter: Traditionally the scholarly literature has only measured knowledge
spillovers based on R&D or alternative innovation indicators. In this paper, following
Rodriguez-Pose and Crescenzi (2008), we assume that both the social filter and GDP per
head can also generate spillovers which facilitate or deter growth in the region. In extra
social filter we intend to measure whether being surrounded by regions with a good
endowment of conditions which, in theory, favor the transformation of R&D into
innovation is conducive to greater economic growth. The extra social filter index is
calculated using the same accessibility formula employed in order to calculate the spillover

indicator.

Extra GDPpc: Following the same logic, we calculate the spillovers linked to being
surrounded by rich or poor states. Once again, the accessibility index used for the spillover
variable is used to calculate the impact of different levels of GDP per capita in neighboring

states.

Table 1 presents a summary of the variables used in the analysis together with the expected
coefficients of the analysis. The sources for the different variables are included in Appendix

2.
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Table 1. Key variables and expected signs of the coefficients.

Variable Exp_ected Interpretation
Sign

Log GDP Negative According to neoclassical growth theory, due to

per capita(i.1) constant or diminishing returns to investment, poorer
states will tend to grow faster than richer ones.

Expenditure Positive The linear model of innovation predicts that greater

in R&D investment in R&D will lead to greater innovation
and, in turn, to greater economic growth.

Social filter Positive Adequate socio-economic conditions in a given state
will facilitate not only the generation of innovation,
but also a quick absorption of innovation generated
elsewhere. This will translate into greater economic
growth.

Spillovers Positive States geographically close to other states with high
levels of investment in R&D will tend to grow faster
than those states located farther away from the main
sources of knowledge.

Extra Spillovers Positive States surrounded by other states with high levels of
investment in R&D will tend to grow faster than states
surrounded by states with low levels of investment in
R&D.

Extra Social Positive States geographically close to other states with good

Filter socio-economic conditions for the generation and
assimilation of knowledge and its transformation into
innovation will, in all likelihood, grow faster.

Extra GDPpc Positive or  Being surrounded by richer or poorer states will affect

negative economic growth in a given state positively or

negatively, depending on whether we adopt a
neoclassical or an endogenous growth framework.
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6. Analysis of results.

In order to assess which factors linked to S&T and innovation policy affect growth across
states in Mexico, we consider a static and a dynamic time dimension. First, we resort to a
static panel data analysis following model (1) using heteroscedasticity-consistent random
effects (REM). We resort to random effects, as the Hausman test does not reject the null
hypothesis of independence between the explanatory variables. Taking into account that
economic growth may affect any of the independent variables — and, especially, the
capacity of any given Mexican state to invest in R&D — we lag all explanatory variables by
one year, implying that economic growth rates will be the result of past endowments and of

investments aimed at enhancing the innovation capacity of Mexican states.

In a second stage we use a general method of moments (GMM) two-stage dynamic panel
estimation. This approach is conducted not only to assess the robustness of the results of
our random effect analysis, but also to take into account in a much more explicit way any
potential risk of endogeneity and to include the influence of past growth trends on current
levels and growth. For the definition of the instruments in order to carry out the GMM
estimation we impose a lag structure on all the explanatory variables, calculating the
dynamic model with two time lags. This is because we expect that there would be a delay
between the implementation of policy measures aimed at improving innovation and their
impact on economic growth.® In the dynamic model we first use — as is customary in these
types of models — endogenous lagged variables as instruments. Later, these instruments are
complemented by additional instruments, which include for every Mexican state the

percentage of women in the total population and in employment, the percentage of

! Alternative time lags have been used and the results of Tables 4 and 5 remain consistent. These results can
be provided upon request.
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indigenous population, the unemployment rate, infant mortality, the kilometers of roads

relative to GDP, and the murder rate.

Both static and dynamic analyses are conducted for the 31 Mexican states plus the Federal

District during the period 2000 to 2010.
6.1. Static panel data analysis

The results of the static analysis are presented in Tables 2 and 3. The results in Table 2
underline that — despite a relatively poor fit reflected in the low R? — in the case in Mexico
all of the factors associated with S&T and innovation policy play a non-negligible role in
the generation of economic growth. As can be seen in Table 2, the states that have invested
more in R&D have also experienced greater levels of economic growth. The coefficient for
the R&D variable is always positive and significant in all specifications of the static model.
The level of significance varies according to the different specifications, but, in most cases
and with the main exception of Regression 10, where it is significant at the 10% level, the
coefficient is significant at the 1% level. The effect of R&D on economic growth is
complemented by that of the social filter. Mexican states with a more favorable social filter
do perform better in economic terms. In particular, a good endowment of skills becomes a
key factor behind high growth across Mexican states. States with a higher level of overall
education, with a higher level of education of those in employment, and with a higher
percentage of life-long and on-the-job training have witnessed higher rates of growth
(Table 2, Regressions 4, 5 and 6). The percentage of the population in the primary sector
has, as expected, a negative association with economic growth, although the association is
weaker than that of education and skill availability (Table 2, Regression 6). The structure of

the population, by contrast, seems to have no bearing on economic growth.

25



Table 2. Innovation and regional growth. 2000-2010. Random effects model.

| 2 3 4 5 6 7 8 9 10 11
Constant 0.11327 0.1257 0.1265 0.1212" 0.13747 0.1480" 0.1436 0.12337 0.11307 0.1345 0.1317"
(3.34) (3.83) (3.96) (3.91) (4.63) (4.24) (4.64) (3.89) (3.64) (4.69) (4.50)
log(¥ir.1) -0.0118™ -0.0124™ -0.0142™ -0.0150™" -0.0163™ -0.0160™" -0.01417 -0.0113™ -0.0142™" -0.0164™" -0.0162""
(-3.40) (-3.50) (-4.42) (-4.81) (-5.09) (-4.35) (-4.67) (-2.99) (-4.60) (-5.72) (-5.59)
R&D 0.1540™" 0.0879™ 0.1453™" 0.1501™" 0.1207™ 0.1498™ 0.1534™" 0.1576"" 0.1350"" 0.0984" 0.0983™
(3.63) (2.07) (3.12) (3.24) (2.53) (2.98) (3.58) (3.68) (3.02) (1.92) (2.00)
Spillovers 0.0160" 0.0176™ 0.0193" 0.0163™ 0.0162™ 0.0165™ 0.0169™ 0.0168™ 0.0175™ 0.0174™
(1.96) (2.31) (2.34) (2.24) (2.00) (2.08) (2.07) (2.24) (2.33) (2.30)
Social filter 0.0236™ 0.0255™ 0.0291" 0.0386™" 0.0379™
(2.23) (2.50) (3.18) (4.02) (3.90)
Education of the population 0.1364™
(1.98)
Education of the labor force 0.2535™
(2.01)
Life-long learning 0.1724™"
(4.11)
Employment in agriculture -0.0422"
(-1.90)
Young population -0.0801
(-0.74)
Extra Social filter 0.0084™" 0.00180
(3.52) (0.70)
Extra GDPpc 0.0000™" 0.000™"
(4.00) (3.35)
R* Within 0.0359 0.0338 0.0409 0.0369 0.0416 0.0719 0.0376 0.0309 0.0520 0.0594 0.0608
R? Between 0.1027 0.1560 0.1716 0.2076 0.1668 0.1310 0.1675 0.1560 0.2692 0.3458 0.3357
RZOverall 0.0423 0.0450 0.0524 0.0522 0.0535 0.0772 0.0494 0.0430 0.0731 0.0873 0.0878
Chi 2 18.32 16.19 33.35 33.62 34.83 31.27 33.69 25.82 56.60 62.75 62.07
No. observations 352 352 352 352 352 352 352 352 352 352 352
* Significant at al 90%, ** Significant at 95%, *** Significant at 99%. T-statistics in parenthesis.
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The economic performance of Mexican states is also associated to the presence of different
types of spillovers. Traditional knowledge spillovers linked to investments in R&D
positively affect economic growth, as indicated by the coefficients in all specifications. The
connection between spillovers and regional growth is robust to the introduction of different
variables and is not affected by considering other types of spillovers, such as those linked to
the social filter and GDP per head. In addition, regions which are surrounded by regions
with a more favorable social filter and by wealthier states also tend to benefit from
spillovers effects which are later translated into greater economic growth (Table 2,

Regressions 9 and 10).

The negative sign of the coefficient for the log of GDP per head points towards conditional
convergence during the period of analysis, indicating that the neoclassical tendency for
automatic convergence is, in the case in Mexico, counterbalanced by the positive returns of
greater investment in R&D and of favorable local socioeconomic conditions, which tend to
take place in the wealthiest and more developed states of the Centre and North of the

country.

Looking at the standard deviation impacts of the variables of Table 2 allows us to assess the
relative importance of the variables. The strongest connection with growth comes from the
social filter and, in particular, from the three educational stock variables included in the
analysis. When considering the full model (Table 2, Regression 11), the association
between the social filter index and economic growth at a regional level in Mexico is not
only more significant than that of R&D and knowledge spillovers, but also close to 40%
stronger than that of R&D investment and more than 60% stronger than that of knowledge

spillovers. R&D investment has also a more powerful link to economic growth in most
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regressions — with the exception of Regressions 10 and 11, where there is virtually no

difference — than the knowledge spillovers.

In Table 3 we reproduce the same analysis substituting our continuous variable for R&D
spillovers by one in which only the spillovers from neighboring states — i.e. those that share
a common geographical border — are considered. The reason for limiting the scope of
spillovers geographically is linked to the fact that knowledge travels badly and suffers from
strong distance-decay effects, as evidenced by research both in Europe (Moreno et al. 2005;
Rodriguez-Pose and Crescenzi 2008) and in the US (Anselin et al. 1997; Varga 2000; Sonn
and Storper 2008). Although the overall R? in Table 3 remains low, pointing to a potential
omitted variable bias, the introduction of R&D spillovers from neighboring states does
indeed render the coefficient for R&D spillovers stronger — in most specifications it is not
only positive, but also significant at the 1% level — but does not affect the sign and the
strength of the most of the coefficients reported in Table 2. The two exceptions are the
impact on knowledge spillovers of the introduction of social filter and GDP spillovers and
the dimension of the coefficient for R&D expenditures. The introduction of these two
variables in Table 3 (Regressions 9 and 10) lowers considerably the coefficient for R&D
spillovers, indicating that being surrounded by wealthier states and by states with a more
favorable social filter is connected to greater economic growth than sharing borders with
states with a high degree of R&D investment. Limiting the analysis to spillovers from
bordering regions also weakens the coefficients for R&D investment in relationship to
Table 2, making them even not significant in Regressions 10 and 11 (Table 3). This
possibly indicates that being surrounded by other states with a relatively higher investment

in R&D makes spillovers stronger at the expense of indigenous R&D.
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Table 3. Innovation and regional growth. 2000-2010. Random effects model (Spillovers from neighboring states.

I 2 3 4 5 6 7 8 9 10 11
Constant 0.0984™ 0.12577 0.1118™ 0.1044™ 0.12557" 0.13337 0.1376" 0.1014™ 0.1103™ 0.1256" 0.1280***
(2.79) (3.83) (3.39) (3.23) (4.15) (3.67) (4.40) (3.08) (3.38) (4.06) (4.21)
log(Yi 1) -0.0100™" -0.0124™" -0.0128"™" -0.0134™" -0.0154™" -0.0141"" -0.0132"" -0.0098™ -0.0128™" -0.0144™  -0.0147***
(-2.76) (-3.50) (-3.78) (-4.10) (-4.72) (-3.73) (-4.22) (-2.47) (-3.78) (-4.54) (-4.72)
R&D 0.10417" 0.0879™ 0.0881" 0.0884™ 0.0639 0.0990™ 0.1025™ 0.1045™ 0.0833™ 0.0466 0.0445
(2.92) (2.07) (2.19) (2.28) (1.52) (2.37) (3.03) (2.94) (2.08) (1.07) (1.01)
Spillovers 0.0037" 0.0047™ 0.0047™ 0.0044™ 0.0033™" 0.0047 0.0037™ 0.0024 0.0022" 0.00296*
(3.11) (3.57) (3.40) (3.27) (2.94) (3.52) (3.14) (1.48) (1.89) (1.80)
Social filter 0.0236™ 0.0321™" 0.0302"" 0.0384™" 0.0399%**
(2.23) (3.24) (3.07) (3.79) (3.87)
Education of the population 0.1614™
(2.35)
Education of the labor force 0.3043™
(2.40)
Life-long learning 0.1651""
(4.01)
Employment in agriculture -0.0583™"
(-2.73)
Young population -0.0236
(-0.21)
Extra Social filter 0.0053" -0.0023
(1.90) (-0.61)
Extra GDPpc 0.0000™" 0.000™"
Constant (3.67) (3.35)
R% Within 0.0359 0.0338 0.0409 0.0369 0.0416 0.0719 0.0376 0.0309 0.0520 0.0594 0.0561
R? Between 0.1027 0.1560 0.1716 0.2076 0.1668 0.1310 0.1675 0.1560 0.2692 0.3458 0.3404
R%Overall 0.0423 0.0450 0.0524 0.0522 0.0535 0.0772 0.0494 0.0430 0.0731 0.0873 0.0838
Chi 2 18.32 16.19 33.35 33.62 34.83 31.27 33.69 25.82 56.60 62.75 50.28
No. observations 352 352 352 352 352 352 352 352 352 352 352

*Significant at 90%, ** Significant at 95%, *** Significant at 99%. T-statistics in parenthesis.
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In light of these results, it can be said that regional economic performance in Mexico over
the period of analysis has responded well to the different stimuli associated to changes in
innovation policies. The policy aimed at increasing investment in R&D, which is at the
heart of the linear model of innovation, has yielded significant results. But, similarly,
improving the conditions under which knowledge can be generated, transferred, and
absorbed have also proved highly conducive to economic growth. States which have better
social filters for the assimilation of knowledge — and, in particular, those which have
managed to generate and/or attract better human resources — have better functioning
innovation systems. And knowledge, wealth, and socio-economic spillovers are at play in

determining the growth capacity of Mexican states.
6.2. Dynamic panel and instrumental variable (1V) analysis.

The estimations derived from the application of the dynamic GMM panel data analysis
yield results that — with the exception of those regressions where the social filter is included
— are close to those of the random effect model. This underlines the strength of the
connection between the different factors driving S&T and innovation policy and economic

growth in Mexico.?

2 It has to be borne in mind that the introduction of methods aimed at addressing endogeneity —
albeit somewhat imperfectly, as endogeneity is a theoretical problem, rather than an econometric
one — also has implications for the strength of the coefficients. While system-GMM can be
considered as an elegant and attractive technique to handle potential endogeneity problems, internal
instrumenting is also known for suffering from a series of limitations. The main limitation is the risk
of accepting results that are invalid because of weak instruments, which nonetheless appear valid
because of instrument proliferation. This is, in turn, responsible for weakening the test of over-
identifying restrictions (Roodman 2009). The same problems linked to instrument proliferation
apply to our IV analysis. Hence, and although the Sargent tests suggest that the instruments use in
Tables 4 and five are the right ones, the results of the dynamic panel and instrumental variable (1V)
analysis have to be considered with some caution.
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Table 4 reports the results of the two-stage GMM analysis using endogenous instrumental
variables lagged by two periods. As in the static analysis, Table 4 includes knowledge
spillovers as determined by geographical distance across the whole of Mexico. The
introduction of the lagged dependent variable in the dynamic analysis clearly improves the
fit of the model relative to the static analysis and leads to strongly significant coefficients,
while not affecting the influence of our three main variables of interest behind economic
growth in Mexico. First, having a lagged level of GDP per capita growth reinforces the
conditional convergence trend. It is not only states with a higher GDP per head that tend to
grow at a slower pace, once other factors are controlled for, but also the states which have

grown faster in the previous year tend to perform worse.

Regarding our explanatory variables of interest, both R&D investment and social filter
conditions remain positively and significantly associated with economic growth, as are the
different types of spillovers (Table 4, Regressions 2 and 3). It is worth noting, however,
that, in contrast to the static analysis, the introduction of the spillover variable for the social
filter renders the coefficients for the social filter itself not significant and weakens the
coefficients for R&D expenditure, regardless of the type of knowledge spillovers
considered (Table 4, Regression 4 and 6). The same occurs when knowledge spillovers are
limited to just the surrounding states (results available upon request). This implies that
Mexican states which have a greater investment in R&D, that are surrounded by other states
spending in R&D, and which are close to states with favorable socioeconomic conditions
experienced a greater rate of economic growth than states which have a better endowment
of socioeconomic conditions in their own right. Being surrounded by relatively wealthy

states, while conducive to economic growth, does however not limit the capacity for
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knowledge spillovers to favorably impinge on economic performance (Table 4, Regression

5 and 6).

Table 4. Two-stage GMM estimation of the link between innovation and regional growth

(Spillovers).
[ 2 3 4 5 6
Constant 0.1097°  0.0756  0.0746  0.0369  0.0861°  0.0545
(11.36) (6.02) (4.95) (2.80) (6.04) (4.32)
YidYier (0=1) -0.168°°  -0.1887°  -0.193°  -0.2287°  -0.197 "  -0.276
(-6.72) (-3.06) (-3.49) (-3.99) (-3.04) (-4.25)
YidYier (0=2) -0.252°7  -0.262"7  -0.3000  -0.288"°  -0.259  -0.273
(-11.49) (-7.83) (-8.41) (-7.05) (-4.92) (-6.39)
log (i) -0.0121""  -0.0112"" -0.0130  -0.0137 -0.0147 -0.0159"
(-10.54) (-8.08) (-10.22) (-9.01) (-9.35) (-8.97)
R&D 0.246" 0.174™" 0.204™ 0.139" 0.164 0.162
(7.73) (3.00) (3.78) (1.83) (1.89) (1.81)
Spillovers 0.0268" 0.01997"  0.0106°  0.0198"  0.0137
(10.12) (4.55) (2.03) (3.75) (2.89)
Social filter 0.1217 0.130°" 0.0234 0.103" 0.00342
(4.91) (3.70) (0.69) (2.66) (0.13)
Extra Social filter 0.0659" 0.0639"
(6.46) (10.96)
Extra GDPpc 0.0000”"  5.34e-08"
(6.93) (3.79)
#lnstruments 160 160 190 190 190 191
Sargan Test 30.67 30.63 28.51 28.87 28.48 28.16
P-Value 1 1 1 1 1 1
AR(1) Test -2.827 -2.84 -3.003 -3.142 -2.89 -3.079
P-Value AR(1) 0.0047 0.0044 0.0027 0.0017 0.0038 0.0021
AR(2) Test -.1005 0.4055 0.3673 0.911 0.357 0.5126
P-Value AR(2)  0.9199 0.6851 0.7133 0.3623 0.971 0.6082
N 256 256 256 256 256 256

Instrumental variables: Endogenous variables lagged by two periods.
*Significant at 90%, ** Significant at 95%, *** Significant at 99%.
T-statistics in parenthesis.

An additional way of dealing with potential endogeneity is to include additional own

instruments in the GMM estimation. The inclusion of new instrumental variables (1V)

implies looking for variables that would satisfy the two conditions to be used as valid

instruments: 1) exogeneity, meaning that it must be uncorrelated with the error term in the

model, and 2) relevance, inferring a correlation with the endogenous explanatory variable.
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Finding such instruments is always tricky, especially as it is very difficult for any non-
physical geography variable to fulfil the condition of exogeneity. However, we have
identified a number of instruments — the percentage of women in the total population and in
employment, the percentage of indigenous population, unemployment rate, infant mortality,
endowment of infrastructure measured in kilometers of roads relative to GDP, and the
murder rate — which depict characteristics of Mexican states closely correlated with the
main explanatory variables (social filter, R&D investment, GDP per head, and knowledge
spillovers), but not with the error term. This is confirmed by the Sargan test (Table 5),
meaning that we cannot reject the null hypothesis of independence between these
instruments and the random disturbances of the equation, and that the use of these
instruments is appropriate. The introduction of additional instruments enhances the problem
of instrument proliferation, meaning that the results of this type of analysis have to be taken

as a complement to those of the static panel data analysis of Tables 2 and 3.

The introduction of these additional instruments (Table5) improves once again the fit of the
model and leaves most of the coefficients of the dynamic analysis presented in Table 4
virtually unchanged, with the exceptions of those regressions (Regressions 5 and 6) where
the spillover of regional wealth (GDP per head) is introduced. This implies that Mexican
states benefit more from spillovers in R&D, social filter conditions and wealth from
neighboring states, than from their own investment in R&D or social filter conditions.
Hence, after controlling for path dependency in state growth rates, regional economic
growth in Mexico is mainly connected to R&D and social capital spillovers, rather than to
own research and social filter conditions. However, as mentioned earlier, given the

problems of instrument proliferation, these results have to be considered with some caution.
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Table 5. Two-stage GMM estimation of the link between innovation and regional growth

with additional instrumental variables (IV) (Spillovers).

[ 2 3 4 5 6
Constant 0.107°  0.0807  0.0786 0.0516  0.0921°  0.0563
(11.32) (5.86) (5.53) (3.12) (5.87) (3.61)
YidYier (0=1) -0.1737°  -0186 < -0.2200"  -0.246  -0.2037"  -0.234"
(-5.78) (-4.18) (-3.94) (-4.37) (-3.04) (-3.56)
YidYier (0=2) -0.256 -0.251"7  -0.295  -0.298""  -0.237" "  -0.265
(-10.69) (-8.05) (-9.30) (-7.49) (-5.87) (-5.15)
log(yi+.) -0.011777  -0.0121"7" -0.01427" -0.0154 -0.0147 -0.0152"
(-9.47) (-9.46) (-9.92) (-8.10) (-8.74) (-7.49)
R&D 0.236 0.196 0.257" 0.1717 0.120 0.130
(6.75) (3.57) (5.71) (2.14) (1.63) (1.56)
Spillovers 0.0262"" 0.0226 ~  0.01187  0.01637  0.0132"
(9.72) (6.08) (2.09) (3.67) (2.08)
Social filter 0.126"" 0.140" 0.0252 0.0984" 0.00123
(3.79) (4.06) (0.75) (2.46) (0.04)
Extra Social filter 0.0662"" 0.0596
(6.67) (6.67)
Extra GDPpc 9.86e-08" 6.28e-08"
(7.30) (4.04)
#Instruments 167 166 197 215 198 199
Sargan Test 30.24 30.67  271.18 28.56 29.64 26.84
P-Value 1 1 1 1 1 1
AR(1) Test -2.86 -2.775 -3.064 -2.97 -2.81 -2.987
Z'R\ég;“fe/:f(l) 0.0042 0.0055 0.0022 0.003 0.0048 0.0028
P-Value AR(2) -0.0785 0.334 0.2115 0.89 -0.1062 0.7545
N 0.9374 0.7377 0.832 0.373 0.915 0.4505
256 256 256 256 256 256

Own instrumental variables lagged by two periods.
*Significant at 90%, ** Significant at 95%, *** Significant at 99%.
T-statistics in parenthesis.

7. Conclusions

In this paper we have examined the factors which determine regional economic growth in

Mexico in light of changes in the S&T and innovation policies undertaken by the Mexican

government since 2000. Using a static and dynamic panel data analysis, we have tried to

untangle the relevance for economic growth of the three basic components of the revamped

Mexican S&T and innovation strategy. These components include investment in R&D (as a
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key indicator representing the dominating linear approach to innovation paradigm), a
measure of the socio-economic conditions conducive to the formation of efficient
innovation systems (social filter), and different indicators of spillovers. One of the novelties
of the analysis is the inclusion of three different dimensions of spillovers. On top of the
knowledge spillovers associated to investment in R&D, which have been commonly used
in the scholarly literature on innovation, we have considered spillovers linked to the wealth
of the different Mexican states and to the presence (or lack of it) of advantageous socio-

economic conditions for innovation and growth.

Since its reform in the late 1990s and early 2000s Mexican S&T and innovation policy has
been trying to juggle these three dimensions. On the one hand, it has remained firmly
anchored in the linear model of innovation and on the expectation that greater resources
devoted to R&D will lead to greater innovation and innovation will, in turn, deliver greater
connectivity and growth. The majority of funds aimed at science and technology and
innovation are still earmarked for investments in R&D. However, at the same time, greater
attention has been paid to the conditions which allow for the formation of efficient national
and regional systems of innovation, by trying to enhance the interaction between centers for
the production of knowledge and firms, while improving the innovative and absorptive
capacity of both firms and territories. This has allowed the diffusion of knowledge and the

generation of spillovers to come to the fore as the third key element of the policy.

The analysis has covered all 31 Mexican states and the Federal District hosting the capital
of the nation over the period 2000-2010. The results of the analysis highlight that, in the
case of Mexico, regional economic growth is strongly influenced by the three elements that
represent the basic components of the national S&T innovation policy. Recent efforts to
increase the amount of resources devoted to R&D — albeit from very low starting levels —
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seem to have paid off. States promoting a greater percentage of their GDP to investment in
R&D have performed better over the last decade than those in which the R&D effort is
either non-existent or testimonial. Similarly, the presence of favorable socioeconomic
conditions has been a fundamental element behind recent growth trends. In particular states
with a better endowment of human capital have not only been able to grow at a faster rate,
but also have been capable of reaping the benefits of additional investments in R&D.
Finally, and in contrast to other parts of the world, such as the US and China (e.g.
Crescenzi et al. 2007, 2012; Crescenzi and Rodriguez-Pose 2013), territorial spillovers
work well in Mexico. Knowledge, socio-economic and wealth of spillovers are all
important factors behind the economic dynamism of certain Mexican states. States
surrounded by states with a better endowment in R&D investment, a more favorable social
filter, and by wealthier regions tend to perform better than those whose neighbors have
poor endowments in all three categories. And the results point towards a greater influence
of the social filter spillover on economic growth than that of the traditional measurement of

knowledge spillovers.

These results underline that Mexican S&T and innovation policy seems to have veered in
the right direction in recent years. Yet, if that is the case, why has the Mexican innovation
and growth performance not lived up to expectations in recent years? Given the results of
the analysis, the paltry economic performance in Mexico over the last decade seems to be
more related with the dimension of public policy and with inherited factors than with its
general orientation. While the policy has played the right keys in terms of the factors that
stimulate growth, at 0.44% of GDP it remains far too small to contribute to a radical change
to the Mexican economic trajectory. The geographical distribution of the effort is a further

factor undermining its impact. A large number Mexican states have virtually no resources
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devoted to R&D. These states are likely to be too far away from the technological frontier
and hence the concentration of R&D along the central axis of the country and in Monterrey
— where the largest firms and the most capable and competitive universities and research
centers located — may not be such a bad idea. However, even in many of these states
investment in R&D does not exceed 0.3% of GDP, making their translation from R&D into

innovation and economic growth extremely difficult to achieve.

Widespread deficiencies in social filter conditions, and especially in the overall
endowments in human resources, are also proving to be an important barrier for the
transformation of any effort aimed at generating greater innovation into economic
dynamism. This affects both the generation of knowledge, as well as its assimilation.
Mexico still has, even in its most developed parts, strong deficits in terms of scientists and
researchers able to match the knowledge generation in most developed countries. Despite
the presence of some world-class research teams in the country and a considerable on-going
effort to train scientists both in Mexico and abroad, the deficit in this realm is still far too
broad and would require considerable attention in the future. As important — if not more
important — is the need to raise the overall skills of the population as a means to enhance
the capacity of firms regardless of where they are located in Mexico to absorb innovation
created elsewhere and to benefit from the spillovers being generated by the system. With
levels of illiteracy which still hover around 7% and a substantial deficit both in stock and in
quality (according to the OECD PISA report) in high school graduates, Mexican firms face
important handicaps in transforming basic knowledge into applied knowledge and

innovation.

Overall, the analysis conducted in this paper has unearthed a series of factors which
represent fundamental drivers of regional growth in Mexico and which go in the direction
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of recent policy changes. However, if Mexico is to unleash its full potential for innovation
and economic growth, it will first have to address some of the major bottlenecks which still
prevent it from making the most of policies which, regardless of how well designed they

are, face considerable odds in delivering their objectives.
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Appendix 1.

Eigenanalysis of the correlation matrix: Social filter.

Eigenvalue 2,702 1.053 0.91 0.26 0.0735
Proportion 0.5404 0.2106 0.1822 0.0521 0.0147
Cumulative 0.5404 0.7511 0.9332 0.9853 1

Coefficients of the principal components analysis: Social filter.

Variable CP1 CP2 CP3 CP4
Education of the population  0.5830 0.0192 -0.0376 0.4108
Education of the labour force 0.5701 -0.2090 0.0417 0.3856

Life-long learning 0.2100 0.4934 0.8216 -0.1906
Employment in agriculture -0.5307 0.1432 0.2348 0.8015
Young population 0.0965 0.8319 -0.5163 0.1677
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Appendix 2.

Source or the variables used in the empirical analysis

Variable

Source

logyi-logyit1 Banco de Informacion Economica INEGI http://www.inegi.org.mx/sistemas/bie/

log (Vi) http://www.inegi.org.mx/sistemas/olap/proyectos/bd/consulta.asp?p=14043&c=1

ExtraGDPpc 0683&s=est&cl=4#

R&D Ramo 28 of the Mexican budget (higher education): unconditional transfers

Spillovers to states and municipalities:

Extra federal and state budgets for higher education by state.

Spillovers Direccion General de Planeacion y Programacion de la Secretaria de
Educacion Publica (Geneneral Directorate for Planning and Programming of
the Public Education Secretariat)
http://dgpp.sep.gob.mx/presupuesto.html
Ramo 33 (higher education): federal conditional transfers:

Multiple Transfer Fund (FAM) targeting higher education by state.

Direccion General de Planeacién y Programacion de la Secretaria de
Educacion Publica (General Directorate for Planning and Programming of the
Public Education Secretariat).

http://dgpp.sep.gob.mx/estadistica.html

Training of scientists and technology experts:

National System of Researchers and Institutional Consolidation (retainment and
repatriation of Mexican researchers abroad)

Research funds: Sectoral, mixed and institutional research funds for
technological progress.

Fiscal stimulus for R&D and innovation and Avance (Alto Valor Agregado
en Negocios con Conocimiento, High Value-added in Knowledge-based
Businesses) programme.

Sistema integrado de informacion sobre investigacion cientifica, desarrollo
tecnolégico e innovacion (integrated information system about scientific
research, technological development and innovation).
http://www.siicyt.gob.mx/siicyt/cms/paginas/ActividadCONACYTporEstado.jsp?
pSel

Accessibility  Secretaria de Comunicaciones y Transportes, Subsecretaria de Infraestructura,

index Direccion General de Desarrollo Carretero (Secretariat for Communications
and Transport, Infrastructure Division, General Directorate for Road
Development).
http://aplicaciones4.sct.gob.mx/sibuac_internet/ControllerUl?action=cmdEscog
eRuta

Social Filter Encuesta Nacional de Empleo INEGI (National Labour Survey)

ExtraSocial  http://www.inegi.org.mx/est/contenidos/Proyectos/encuestas/hogares/historicas/

Filter ene/Default.aspx
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