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Human Capital Formation and Foreign Direct 
Investment: Is it a nonlinear relationship?

ABSTRACT
The purpose of this work is to determine impact of human capital (HC) formation on foreign 
direct investment (FDI) inflows in Mexico, where there is a lack of these kind studies. The 
main contribution is to test a nonlinear relationship between HC-FDI with a panel data re-
gression. The panel was constructed for the 32 Federal States in the period of 2007-2012, it 
is controlled for the larger States (in GDP) and US border States with a dummy variable. Test 
consist in a nonlinear relationship of tertiary and postgraduate enrollment over FDI with 
Random Effects, where also a cointegration analysis is done with the Levin and Lin (LL), 
and the Im, Pesaran and Shin (IPS) tests to validate the long term relationship. Implica-
tions are important for Federal States, to configure an appropriate combination of tertiary and 
postgraduate critical mass of HC to attract FDI inflows.

RESUMEN
El propósito de este trabajo es determinar el impacto de la formación de capital humano 
(CH) en la inversión extranjera directa (IED) en México, donde se carece de este tipo de 
estudios. La principal contribución consiste en probar la existencia de una relación no 
lineal entre CH-IED con datos en panel. El panel fue construido para las 32 entidades 
federativas en el periodo 2007-2012. Se controló para los estados más grandes (en producto 
interno bruto [PIB]) y para estados fronterizos con una variable dicotómica. La prueba 
consistió en una relación no lineal de las matrículas de niveles terciaros y de posgrado sobre 
la IED con efectos aleatorios. Además, se realizó un análisis de cointegración con las pruebas 
LL e IPS para validar la relación en el largo plazo. Las implicaciones son importantes para 
las entidades federativas, en aras de configurar una masa crítica de CH de educación 
terciaria y posgrado para atraer flujos de IED.   
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INTRODUCTION
Since 1980 there have been a growing number of Foreign Direct Investment 
(FDI) studies, but why is it so important? The answer to this question lies 
in economic science (or macroeconomic science) logic. It poses that invest-
ment for large periods of time determines size of capital stock, which is use-
ful to generate economic growth in the long term (Dornbusch, Fischer & 
Startz, 2008). In this sense, FDI is a flow of resources that came from other 
countries and is used in the purchase of physical capital, which can support 
economic growth in the long term.

The attractive idea behind these studies is economic growth concept, which 
in time generates employments and also a rise in wages average. Above this 
idea, importance of developing countries FDI is major, since resources for in-
vestment are scarce, and these kind of resources are augmenting supply 
of investment funds (Bellumi, 2014). In fact, FDI in developing countries has 
increased 12-fold since 1980 to the present, but also represents 60% of the 
private capital (Herzer, Klasen & Norwak-Lehmann, 2008). From these argu-
ments, FDI constitutes a real option of development for millions of workers, 
families and communities in the developing world (Dutta & Osei-Yeboah, 2013).
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From the previous idea, policy for creating a bet-
ter investment climate is a priority, since this growth 
caused by FDI is contributing to poverty reduction, 
and also in the best of the cases is contributing to 
economic development (Ríos-Morales & O’Donovan, 
2006). Despite of this priority, strategy for attracting 
FDI inflows must center  on attraction of quality FDI, 
since this kind of investment can be categorized in 
three different strategies according to Dunning’s mod-
el (1988); a) access to natural resources, b) market ex-
pansion, c) efficiency seeking, which will be described 
in forthcoming sections.

A more important fact is that Inward Foreign Di-
rect Investment (IFDI1) in developing countries is rising 
on average 23% every year since 1990 (Dutta & Osei-
Yeboah, 2013). But, also some countries attract more 
IFDI than this average. So, another question must be 
stated, what some developing countries would do to at-
tract more IFDI than others? To address it, we need to 
describe IFDI determinants, specifically human capital 
(HC) formation. Pioneering work on HC was launched 
by Schultz (1961) and Becker (1964) works, pointing 
that the performance of workers is determined by the 
skills and knowledge developed by the same workers. 
In particular it was noted that the more skilled was the 
worker, the greater the performance shown. A few years 
later, Lucas (1990) and Easterlin (1981) did a research 
on  HC effects on IFDI in developing countries, where 
low skills corresponded to a less rate of IFDI, and coun-
tries with higher levels of HC attract more FDI.

In Mexico, there are some studies documenting 
FDI-HC relationship. Ahmed (2012) found that IFDI 
increases productivity if is established in financial de-
veloped regions. Villegas-Sánchez (2009) stated that 
the major part of IFDI is attracted to manufacturing 
sectors, where the main benefit of FDI is given by 
intangible assets transferred like knowledge, skills and 
training, in which the major proportion of this IFDI 
benefits is captured by the larger firms. Nelson, Wolff 
& Baumol (1994) found increases in total factor pro-
ductivity due to IFDI, and Kokko (1994) shows that 
technological spillovers given by FDI is positively re-
lated to absorptive capacities.

From last paragraphs, it is clear that there is a 
relationship between FDI-HC, and the causal relation-
ship explained is that FDI determines HC level, despite 
this situation, productivity and technological spillovers 

are not always a consequence of FDI, instead, HC and 
FDI (specifically IFDI) interact in another more com-
plex way. HC level in the host country, in most cases 
is a necessary condition to attract FDI in develop-
ing countries, but only if the model is not supposing 
that home country is seeking natural resources or a 
market-seeking logic on FDI, where the home country 
is looking for natural resources and cheap labor force, 
many of these cases are well documented by Ahmed 
(2012) and Bellumi (2014). The model in this document 
is supposing the opposite case, where FDI is following 
an efficiency-seeking logic, in which the home coun-
try is looking for skilled labor force and the necessary 
technological infrastructure of knowledge given by HC.

The present study aims to determine HC impact on 
IFDI, specifically in the Mexican context, where there 
is a lack of these kind studies to make a clarification 
on this relationship. The main contribution is to test 
nonlinear relationship between HC-FDI with use of a 
panel data. A panel was constructed for each of the 
32 federal states on the 2007-2012 period, and test 
consists in a nonlinear relationship concept of tertiary 
education level (as a proxy variable for HC) over IFDI, 
which in time was proposed by Dutta & Osei-Yeboah 
(2013), and theoretically supported by Blomström & 
Kokko (2002). Despite of the last, there are little (al-
most null) empirical results supporting this idea, in 
a general manner, it is tested a causal relationship 
of HC formation that determines the FDI inflows. In 
fact Heyuan & Teixeira (2010), and Miyamoto (2003), 
point out that these kind of studies are scarce due 
to lack of information, but also due to difficulties for 
constructing and/or finding a proxy variable for HC.

In this study, a dummy variable was generated, 
which distinguishes the US border and developed 
states that generally receive the major resources of 
FDI, from the other states. After segmenting, it was 
applied a panel data regression looking for random 
effects, which prove to be significant for testing HC-
IFDI relationship in a nonlinear fashion for tertiary 
education. After regression, it was tested a co-integra-
tion analysis for proving relationship in the long term 
with also significant results.

The work is structured as follows, in the next section 
it is studied FDI importance for developing countries, 
specifically in the Mexican context. Subsequent section 

1 The literature on FDI is huge, therefore the basic concepts must be cleared, since all the countries can send or receive FDI, it will be called inward foreign direct investment (IFDI) the flows 
of capital going to a host country from a home country, and vice versa, outward foreign direct investment (OFDI) the flows of capital sent from a host country to a home country. These flows of 
FDI are often placed in the context of the developing and developed world, as flows north-south when the FDI is sent from a developed country to a developing country, other flows of FDI 
are north-north and even south-south (Doytch, 2015; Kim, Lee & Lee, 2015). In this sense, the FDI in this study is taking as reference the IFDI to the developing countries from developed ones 
(north-south), specifically the data taken in this study is from the Mexican IFDI.
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has a discussion of the HC formation as FDI attraction 
mechanism, as well as the necessary conditions for the 
HC to become such an attraction mechanism. Section 
4 describes the interrelation between the geographic 
distribution of FDI and the HC formation. Section 5 is 
a description of the variables used in the econometric 
model, explaining the proxy variables for HC formation 
and the control variables in the model. Section 6 de-
scribes the method from which dummy variable for US 
border states and developed states were created, also it 
is presented the equation that is going to be estimated 
by random effects, and it is presented the test for coin-
tegration in the panel context. By last, empirical results 
of random effects are presented, where it is concluded 
existence of a nonlinear relationship in FDI-HC rela-
tion, followed by concluding comments.

The importance of the IFDI                               
in developing countries

As noted in the previous section, IFDI plays an impor-
tant role by increasing supply of investment funds, 
which in time is important for host firms to accumulate 
capital, and by these means to increase the production 
through increase total factor productivity (TFP). Nev-
ertheless, there are two main lines for studying of FDI, 
the neoclassical economic growth theory and the new 
economic growth theory (endogenous growth), which in 
turn lead to different kind of results in terms of increas-
ing the gross domestic product (GDP) in any country.

Neoclassical theory of growth proposes that, IFDI 
does not affect the growth of GDP in the long term, since 
it is affecting only the percapita income and capital, but 
reaching a steady state in the long term (Bellumi, 2014; 
Herzer et al., 2008). By the other side, new growth the-
ory states that increase in GDP is due to technological 
change, which in time is given by FDI influence in HC 
and Research and Development (R&D) activities in the 
host country (Ahmed, 2012; Bellumi, 2014; Herzer et 
al., 2008; Miyamoto, 2003). Endogenous growth theory 
states that these spillovers generated by IFDI are driving 
technological change, which increases productivity of la-
bor force and allows economic growth in the long term. 
In this manner, IFDI is constantly transforming HC in 
the host country, by means of technical change.

Despite of well documented effects of IFDI in de-
veloping countries predicted by the new theory of eco-
nomic growth (Blomström & Kokko, 2002), empirical 
results supporting these studies are not concluding. 
Since results in studies applied in Latin-American, Af-

rican and Asian countries have shown ambiguous ef-
fects of IFDI on economic growth (Blomström & Kokko, 
2002). Particularly, Bellumi (2014) found negative and 
null effects of FDI in African countries, as well as Herzer 
et al. (2008), and Ahmed (2012) described the same 
effects of FDI in Latin-American countries. Heyu-
an & Teixeira (2010) found negative effects in Asian 
countries. It seems that there is a lack of convincing 
evidence supporting the endogenous growth theory in 
developing countries. Some of the main explanations 
supporting this theory are related with limitations in 
databases (Bellumi, 2014), as lack of tests on causal 
relationship (tests for unit root and co-integration), 
small samples without concluding cointegration tests, 
or that panel data used does not take into account for 
specific problems in the countries.

Alternative explanations have been rising in the 
last ten years, due to these lack of evidence of FDI 
on economic growth. At a micro level, Herzer et al. 
(2008) pose that economic growth generated by FDI is 
not reached, mainly because of technology protection 
of multinational corporations; in second place quali-
fication of labor force in the host country is too low 
and does not allow imitation activities; and by last host 
firms lack of financial resources to invest in absorp-
tive capacities. At a macro level, explanations are giv-
en by Miyamoto (2003), that proposes to divide history 
in two periods for interpreting opposite results. Which in 
time are the first period 1960-1980, and the second 
period 1980-2000. Main contributions are that in the 
first period multinational corporations and in general 
IFDI were looking for natural resources and cheap 
labor force, this explains negative effects of FDI on 
economic growth, since multinationals inhibited com-
petence in host countries, implementing a market-
seeking strategy to expand at international level. On 
the other side, in 1980-2000 period, IFDI was looking 
for developing countries with infrastructure and qual-
ified labor force, which in time could be interpreted as 
HC formation mechanism for attracting FDI, which at 
the same time constitutes an efficiency-seeking strat-
egy for firm expansion.

In Mexico, in addition to spillover generated by 
FDI, other beneficial effect is increase in firm competi-
tion given by presence of foreign firms (Bellumi, 2014; 
Ha & Giroud, 2014; Herzer et al., 2008; Villegas-
Sánchez, 2009). Villegas-Sánchez (2009) found that 
evidence must be taken with care, since beneficial ef-
fect of IFDI was located in large firm size over smaller 
strata of firms. On the contrary, Nelson et al. (1994), 
Waldkirch (2010) and Escobar-Gamboa (2013), show 
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that beneficial effects are given by TFP increasing due to 
IFDI. This Idea is supported by Ahmed (2012), who sig-
nals that TFP increase only if IFDI is located in regions 
where financial institutions are developed. Other limi-
tation on IFDI effect is that most beneficial effects are 
focused on export oriented sectors, having little con-
tact with national activities (Escobar-Gamboa, 2013). 
Beyond of this evidence, IFDI have doubled size since 
1989 reaching a level of FDI/GDP of 4.75% ratio in 
2001, with a US share of 60% (Escobar-Gamboa, 2013; 
Waldkirch, 2010).

The question that came again is: What determines 
the attraction of FDI?, to answer this question there 
is little evidence. By one side IFDI depends on fac-
tors like low wages, proximity to Unite States borders 
and size of market (Jordaan, 2012), contrasting with 
other studies where the same author points to factors 
like regional demand, schooling and infrastructure 
(Jordaan, 2008). Waldkirch (2010) points to geograph-
ic conditions as a determinant factor, but it seems 
that an emerging important factor is related with 
HC formation (Blomström & Kokko, 2002; Dutta & 
Osei-Yeboah, 2013; Heyuan & Teixeira, 2010; Kokko, 
1994; Miyamoto, 2003). Since it constitutes a more 
complex relationship affecting absorptive capabilities 
of a country that in time attracts a higher volume of 
FDI. According to Nunnenkamp, Alatorre & Waldkirch 
(2007), in Mexico IFDI is generating an increase in 
manufacturing employment in skilled personal rather 
than in unskilled staff.

The HC formation as a mechanism                 
of attraction of FDI

To explain effect of HC formation in attracting FDI, 
first one have to look at economics of education his-
tory as emerging area that began to influence econom-
ic thinking related to FDI in recent years. A key idea 
was the HC paradigm stated by Becker (1964), when 
he publish his research on human capital, formaliz-
ing a cost-benefit model for individuals to invest in 
education and training to accumulate knowledge, and 
by this means increase their productivity as a produc-
tion input. Nevertheless, economics of education and 
HC theory began to lose power in the period of 1970-
1980, especially in the US, resurging in the last 15 to 
20 years with approaches that have gone beyond the 
Mincer equation for wages (Mincer, 1974). Which ex-
plains impacts of education in other areas like health, 
well-being and crime (Lochner, 2011), or impact of HC 
in economic growth (Barro, 1991; Krueger & Lindahl, 

2001), and what is more important for this research, 
spillovers of education and HC formation on FDI at-
traction (Blomström & Kokko, 2002; Chitrao, 2014; 
Dutta & Osei-Yeboah, 2013; Heyuan & Teixeira, 2010; 
Miyamoto, 2003). This means to think in HC formation 
as a resource needed by multinational corporations 
in the new knowledge economy.

One of the key factors to attract FDI is having an 
attractive investment climate, which includes quality 
factors of production, market size, logistic costs and 
political environment for doing business with minimal 
risk. Among the most important production factors in 
countries with successful experience in attracting FDI, 
is HC, that has played an important role, especially in 
technology-based multinational corporations that gen-
erates high amounts of added value, seeking for skilled 
labor force in technology, engineering, organizational 
skills and business administration (Miyamoto, 2003). 
Which in time helps the multinational firm to intro-
duce new technologies embodied in machinery and 
equipment (Blomström & Kokko, 2002). Nevertheless, 
there is a lack of evidence for this type of education, that 
is more effective in attracting FDI, but also, there is a 
lack of studies comparing different levels or types of 
HC to identify the most effective (Miyamoto, 2003). 
This kind of studies gave rise to a significant number 
of surveys which includes among others: “The World 
Business Environment Survey” by the World Bank in 
2000, and the “Foreign Direct Investment Survey” by 
the multilateral Investment Guarranty Agency in 2001.

However, HC formation is insufficient to explain 
the inward FDI flows (Dutta & Osei-Yeboah, 2013). 
Although there is a literature´s recognition on HC im-
pact over FDI, there may be a more complex relation. 
One of the first steps is to recognize that HC capital 
formation must be accompanied with a mass of HC al-
ready formed to support an investment climate. Thus 
HC formation could be recognized and divided into 
tertiary and postgraduate, where the tertiary is rec-
ognized as a minimum in knowledge economy, and the 
last as an optimal in terms of efficiency for multinational 
corporations’ requirements. On the other hand,  HC al-
ready formed must be registered as total researchers 
in the host country, that are capable to absorb, imitate 
and also generate their own technology, which in time 
act as leaders of HC in formation.

From last, it arises a new problem, since it is need-
ed a critical mass of HC in formation to have an attrac-
tive climate for multinational firms, which will lead 
to a nonlinear relationship between the HC formation 
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and FDI inflows, this idea has been proposed by Dut-
ta & Osei-Yeboah (2013), Blomström & Kokko (2002), 
which in time has been not tested. This idea of a non-
linear relationship could lead research in many ways; 
one of them is the simplest nonlinear relationship as a 
quadratic relationship that could be an Ç shaped curve. 
The Ç shaped curve case means that a few students 
enrolled in tertiary and postgraduate are not attractive 
for multinational firms to invest and/or introduce new 
technologies, because there are no sufficient skilled 
personal or HC in formation to manage new machinery 
and equipment. This also suppose that the opposite 
is true, but it is not clear how a huge number of stu-
dents enrolled in tertiary and postgraduate can affect 
multinational technology management, as the more 
HC in formation seems to be a signal of a good invest-
ment climate. The only suspect in the long term is that 
a huge number of HC in formation could lead to a high 
rate of unemployment, which in time will lead to a less 
attractive climate for multinationals because of manifes-
tations, but still this remains into hypothetical terrain. 
In general, as it was explained Ç shaped curve example 
is just one of multiple cases in a nonlinear relationship.

Furthermore, there is a mass of HC already formed, 
as scientists and technologists that can give support to 
HC in formation process. In the case of Mexico, HC al-
ready formed is given by members of  National System 
of Researchers (SNI for its acronym in Spanish) of the 
National Consul of Science and Technology (Conacyt 
for its acronym in Spanish), these people are quali-
fied to do scientific research refereed by other peers. 
In addition, there is other kind of researchers called 
technologists, given by the National Register of Science 
and Technology Institutions and Firms (Reniecyt for 
its acronym in Spanish) personnel, which is the insti-
tution that look for organizations that make research 
activities. Those types of HC already formed are Scien-
tists that teach HC in formation as tertiary and post-
graduate students. Here it is not stated a nonlinear 
relationship since HC formation must be proportional 
to HC already formed volume. Thus, there is only a 
nonlinear relationship between HC in formation and 
IFDI, but not in HC already formed and IFDI.

The HC formation and the geographical 
distribution of IFDI

Other related factors in FDI and HC relationship, are 
geographical distribution of HC and its effect on attract-
ing FDI inflows. These points are treated by separate 

in the literature, as effects of HC on IFDI (Blomström 
& Kokko, 2002; Dutta & Osei-Yeboah, 2013; Heyuan & 
Teixeira, 2010; Kokko, 1994; Miyamoto, 2003), and 
effects of geographical distribution on IFDI (Escobar-
Gamboa, 2013; Jordaan, 2012). Here it is proposed 
an interaction between HC formation and geographi-
cal distribution of FDI inflows, taking into account 
differential effect of HC formation performance of the 
border and developed poles with respect to the rest of 
entities of Mexico.

According to Nunnenkamp et al. (2007), in Mexico 
relative demand for skilled labor has increased 
only in regions where FDI is concentrated. Addition-
ally, Escobar-Gamboa (2013) states that the Mexico 
City, accumulated more that 60% of the FDI inflows in 
the 1994-2001 period, but also proposes that there 
is a disproportional distribution between the federal 
states in the US border and the rest of the states. Mol-
lick, Ramos-Durán & Silva-Ochoa (2006), determined 
that there is a relation between geographical regions, 
like the US border or the big cities and the attrac-
tion of FDI, but despite their literature review, where it 
was recognized the HC formation importance, as they 
quote the work of Deichmann, Karidis & Sayek (2003), 
it was not taken into account for the study, and either 
was the relation between HC and geographical distri-
bution. Jordaan (2011, 2012), proposes that school-
ing, training personnel and geographical distribution 
of the US border and Mexico City are important fac-
tors to attract the FDI inflows, but in his study HC 
and geographical distribution relationship was not 
described, taken them as separate effects on IFDI. In 
general, studies about IFDI determinants, treat infra-
structure, geographic distribution and HC as possible 
explanations on FDI inflows, but the interaction be-
tween geographic distribution and HC formation and 
its effect over FDI is not taken into account.

As it is shown in table 1, in the last ten years main 
hosts for FDI inflows have follow a strong strategy of 
tertiary and postgraduate enrolment uptaking, with at 
least 75% of FDI inflows, 35% of tertiary enrolment and 
45% of postgraduate enrolment. This table describes 
HC formation and geographic distribution of FDI, but 
also a relationship between these variables, as tertiary 
and postgraduate enrolments constitutes part of an ap-
propriate climate for attracting IFDI. Moreover, these 
results are also enhanced maybe due to trade agree-
ments beneficiating principally Border States (Ríos-
Morales & O’Donovan, 2006), and following a territorial 
proximity strategy path in educational policies.
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2005 2007 2009 2011 2013

IFDI
Federal District 52.11% 55.56% 57.04% 65.33% 63.82%

Border States 33.32% 21.52% 20.01% 16.24% 12.86%

Tertiary
Federal District 16.19% 15.84% 15.56% 14.86% 14.70%

Border States 20.43% 20.50% 20.73% 20.53% 20.64%

Postgraduate
Federal District 28.98% 28.80% 27.26% 27.50% 27.57%

Border States 19.29% 21.97% 21.95% 21.97% 20.85%

Table 1. 
Share of IFDI, tertiary and postgraduate enrolment for Federal District and US Border States.

Source: Own elaboration with data taken from Secretaría de Economía and Secretaría de Educación Pública.

METHODS

Tertiary education as a proxy for HC            
and control variables
Literature describes a large amount of variables tak-
en as proxy for HC, as can be health, life expectancy, 
schooling, training, medical expenditures, educa-
tion expenditures, patents per inhabitant and edu-
cation enrolments among others (Barguellil, Zaiem & 
Zmami, 2013; Khan, 2014; Neycheva, 2014; Ocegue-
da-Hernández, Meza-Fregoso & Coronado-García, 
2013; Poças, 2014; Popov, 2014 Whiteley, 2012). But 
the number of proxies for “HC formation” can be re-
duced, taking into account the kind of capital that is 
not already formed like trainings, educational expen-
ditures and education enrolments. Since this kind of 
capital is closed related to tertiary education, and thus 
is theory based, which means to qualify people to accede 
to advanced programs or to get enrolled in a job that 
requires high skills (Reisz & Stock, 2012). 

Also, to control for the larger states and/or devel-
oped states, it is taken into account the number of 
scholarships given by Consejo Nacional de Ciencia y 
Tecnología (Conacyt) to students enrolled in tertiary 
and postgraduate level.

Although the last is related to HC formation, the 
central idea of HC is to be closed related to a major 
economic growth (Barguellil et al., 2013; Khan, 2014; 
Neycheva, 2014; Ocegueda-Hernández et al., 2013; 
Poças, 2014; Popov, 2014; Whiteley, 2012). Which in 
time is related to IFDI, since a climate with a positive 
macroeconomic indicator is desirable for the home 
countries to bring inflows of FDI to a host country. 
In this manner, economic growth is one of key control 
variables to be taken into account for attracting more 
IFDI. At the time, another relevant variable for creating 

a good climate for investment is population growth, 
since from neoclassical theory, a major population 
means to reduce the capital per worker, and thus a 
decreasing performance in labor productivity.

One of key variables controlling for infrastructure 
in the host countries, is given by absorptive capabili-
ties developed by local firms (Mollick et al., 2006). Since 
absorptive capabilities facilitate the technology trans-
fer process, but also make easier technical progress in 
host regions by means of spillovers. Given importance 
of last argument, it is taken in this research, number of 
firms with “ISO certification” in each entity for con-
trolling local infrastructure. Also, a control variable for 
education level, but also for infrastructure level is giv-
en by patenting level per million of inhabitants (Poças, 
2014), which reflects tertiary education level, but also 
infrastructure of innovativeness in local region.

Also to take into account HC already formed, as 
was pointed above, there is a mass of HC already 
formed, as scientists and technologists that can give 
support to HC in formation process. In Mexico case, 
HC already formed is given by members of SNI of 
Conacyt, for accounting them it is taken SNI people 
per million inhabitants. In addition, there is other 
kind of researchers called technician, given by Renie-
cyt staff, for accounting them it is taken the Reniecyt 
people per million inhabitant.

To take into account geographical distribution, it 
was performed a “cluster analysis” taken variables 
of FDI and GDP to account for developed states, but 
also for the US border states, analysis was made us-
ing STATA software. Cluster analysis gave as a result, 
that the states with more FDI attraction are also de-
veloped states like Nuevo Leon, Jalisco, Mexico State 
and DF (Mexico City), as it is shown in the figure 1.
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Figure 1. Group of States with major GDP and FDI attraction, from the Cluster Analysis. 
Source: Author’s own elaboration. 

Regression model specification and testing   
of cointegration
A panel data for the states of Mexico in the period 
2007-2012 was generated. The panel contains data 
on FDI from the Ministry of Economy, GDP at 2008 
prices data from the National Institute of Statistics, 
Geography and Informatics (INEGI for its acronym in 
Spanish), population data from the National Popula-
tion Council (Conapo for its acronym in Spanish) and 
other variables such as scholarships to students of 
Conacyt, tertiary and postgraduate enrollment from 
statistical Yearbook of the National Association of Uni-
versities and Higher Education Institutions (ANUIES 
for its acronym in Spanish), scientific and techno-
logical personnel of Reniecyt, Researchers members 
of the SNI, and finally the number of firms with ISO 
certification by state.

A dual strategy was followed, first it was used a mul-
tivariate analysis technique called “cluster analysis”, 
which is a statistical technique used to divide obser-
vations into two or more parts. This division of ob-
servations, draws on a set of variables that divide by 
common factors. In this case, it was took into account 
variables of GDP and FDI, where two different groups 
of states were obtained, those by GDP are poles of 
development and attract FDI and those that have his-
torically attracted FDI (Baja California, Chihuahua, 
Nuevo Leon, Jalisco, Mexico State and Federal Dis-
trict), and a separate group are the entities that are 
not characterized by having large volumes of GDP or 
FDI. Groups of entities are shown in figure 1.

Additionally, due to geographical, institutional, 
cultural and political differences, which cannot be cap-
tured by appropriate controls, it was established a 
regression analysis with random effects2 (Wooldridge, 

2 Because a key variable in the analysis is representing six states, which was derived from the cluster analysis and is also a binary variable that is not changing over time, but in addition was a 
variable derived from a whole section analysis (section 1.3), it is not posible to estimate fixed effects, since a dummy variable for each state is not the aim of this research, and thus the better 
estimation method is the random effects, as Wooldridge points: “Because fixed effects allows arbitrary correlation between ai and the xitj, while random effects does not, FE is widely thought 
to be a more convincing tool for estimating ceteris paribus effects. Still, random effects is applied in certain situations. Most obviously, if the key explanatory variable is constant over time, we 
cannot use FE to estimate its effect on y… Of course, we can only use random effects because we are willing to assume the unobserved effect is uncorrelated with all explanatory variables… 
RE is preferred to pooled OLS because RE is generally more efficient” (Wooldridge, 2009).
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2009). This type of econometric models opposed to 
fixed effects (like effects estimated by De Mello [1999]), 
implies that there is no serial correlation between the 
explanatory variables and terms of idiosyncratic error. 
However, this relationship is mitigated due to inclu-
sion of many controls as deemed appropriate. In the 
case of this study, controls are the level of patenting, 
GDP, population, the dummy group and level of certifi-
cation, as a whole are enough variables that take into 
account technological culture, economic performance, 
the size of the entity, processes infrastructure (ISO).

Regression model that arises is:

FDIit = b0 + b1 (Reniecytit) + b2(SNIit) + b3(Scholarshipit) 

+ b4(Patentsit) + b5(ISOit) + b6(DGDPit) 

+ b7(Dpopulationit) + b8(Groupi) + b9(Tertinaryit) 

+ b10(Postgraduateit) + Ui

Where subscript i represents federal entity and t 
represents the year in question. FDI is given in mil-
lions of dollars. Reniecyt variable measures the num-
ber of network staff of scientists and technologists per 
million population as a proxy for HC. SNI measures the 
number of members of the national research system 
as a proxy for HC, the scholarships awarded per mil-
lion inhabitants per federative by the Conacyt as a 
control for the largest states on HC formation. Patents 
measures the number of patents per million inhabit-
ants per entity as necessary conditions to attract in-
vestment technology transfer. ISO is the number of 
companies that have such certification approximating 
part the infrastructure needed to attract investment. 
DGDP is the first difference of GDP as a control vari-
able that measures growth. Dpopulation measures 
the first difference of the population of each entity as 
a control variable. Group is a dummy variable that 
takes value 1 if these entities listed in figure 1 and zero 
otherwise. Tertiary is the total enrollment of under-
graduate and technology as a proxy for HC formation. 
Postgraduate is the total enrollment of postgraduate as 
a proxy for HC formation.

It is expected that proxy variables of HC as Re-
niecyt, SNI, tertiary and postgraduate have a positive 
impact on attracting FDI as they represent human 
capital capable of handling the new technology, and 
secondly this study is assuming that Mexico attracts 
FDI intention of obtaining technology transfer and re-
source-seeking or market-seeking of primary resourc-
es as cheap labor or natural resources. Another aim 

is to test Tertiary and Postgraduate impact enrollment 
broken down by area of studies such as Agriculture, 
Natural Sciences, Engineering, Health Sciences and 
Social Sciences (Agro, CNE, ING, SAL and SOC, re-
spectively). Moreover, it is intended to test interaction 
of  group variable with Tertiary and Postgraduate vari-
ables, as this would prove whether there is a struc-
tural difference of returns to education in the group 
indicated in figure 1. Additionally, it will be included in 
model squared values of tertiary and postgraduate to 
test on particular nonlinear relationship between HC 
formation and IFDI attraction.

Usually cointegration test is applied to determine 
if it exist a long term relationship between variables. 
The most common method applied on a single equa-
tion is the Engle-Granger, and it determines existence 
of a long term relationship, which in turn implies to 
determine existence of causality. These kind of meth-
od, assume that variables have the same order of in-
tegration, for the purpose of this research the panel 
unit root test is performed. But as Idrees & Siddiqi 
(2013) point, the panel unit root test differ from the 
standard (DF and ADF approach) time series unit root 
tests as: i) the panel data allows for different degree of 
heterogeneity between cross sections; ii) In panel data 
unit root analysis, one cannot be sure of validity of 
rejecting a unit root; iii) The power of panel unit root 
test increases with the increase in panel series; iv) 
The additional component of cross-sections in panel 
data provides better information as compared to the 
standard ADF in time series. From the previous, it is 
proposed to employ the LL (Levin and Lin test) where 
the null hypothesis is a unit root existence, and also 
is performed the IPS (Im, Pesaran and Shin test) panel 
unit root tests, where also the hypothesis is a unit root 
existence. The main difference between these tests, is 
that the first does not allow to any unit root in the 
cross-section, and the second test allows this condi-
tion to verify the cointegration, and by these means 
the long-term relation between variables. Finally, a 
Granger causality test is shown to test for endoge-
nous variables or reverse causation in variables.

RESULTS

As noted in the literature review, results of the returns 
to education as a means of attracting FDI have been 
ambiguous, partly because the panel data construct-
ed have not taken appropriate control variables that 
catch the idiosyncratic errors, and therefore have not 
been a mitigation strategy. Results presented here are 
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divided into four different models, one that takes into ac-
count the above equation, and three other models that 
take into account interaction of the group variable 
with school enrollments, a third model that takes into 
account breakdown of tertiary and postgraduate en-
rollments, and finally a model that takes into account 
nonlinear effects of tertiary and postgraduate educa-
tion on FDI attraction. All these models were imple-
mented taking into account random effects described 
in methodology, and they all yield significant results 
of education and human capital on FDI. 

As shown in Table 2, in model 1 almost all vari-
ables were significant individually and in all models 
variables are globally significant, in which can be in-
ferred that there is a causal relationship between the 
two variables (HC and FDI). Specifically in model 2, 
it can be seen that nonlinear relationship between 
tertiary and postgraduate education against FDI is 
significant, confirming main research hypothesis. On 
the far side, taking into account the long-term rela-
tionship, cointegration tests LL and IPS show the next 
results in table 3.

Equation 1 Equation 2 Equation 3 Equation 4

Variable Coeff. t-stud Coeff. t-stud Coeff. t-stud Coeff. t-stud

         

Constant -567.23*** -2.76 -98.05 -0.59 -0.33 0.00 250.89 0.87

RENIECYT 11.24*** 3.10 12.62*** 4.57 6.41 1.39 14.31*** 3.38

SNI 6.82*** 5.36 3.33** 3.15 1.40 0.99 4.33*** 2.77

Tertiary 0.01*** 2.76 0.01 1.74   -0.01 -1.39

Postgraduate 0.11*** 2.97 0.07 2.10   0.21*** 3.87

Scholarship -3.09*** -3.64 -1.86* -2.72 -2.73*** -2.67 -2.61*** -2.62

Patent -81.41*** -4.99 -62.86*** -4.52 -12.20 -0.57 -61.31*** -2.96

ISO 1.06 0.70 0.78 0.56 4.29** 2.16 0.09 0.05 

DGDP 0.00 1.53 0.01 1.78 0.01*** 3.08 0.01* 1.94

Dpopulation -0.02*** -6.75 -0.02*** -4.77 0.00 -0.07 -0.03*** -7.13

Group 1209.77*** 3.96 -310.47 -0.95 1001.86*** 3.21 1067.06*** 3.24

Group*(Tertiary)   0.01 1.42     

Group*(Posgraduate)   0.06 1.02     

Tertiary_sqrt       0.001*** 4.54

Postgraduate_sqrt       -0.001*** -3.97

Tertiary_AGRO     -0.04 -0.43   

Tertiary_CNE     0.05 0.32   

Tertiary_ING     0.00 -0.06   

Tertiary_SAL     0.03 0.89   

Tertiary_SOC     -0.02 -1.51   

Posgraduate_AGRO     0.66 0.71   

Posgraduate_CNE     2.04** 3.27   

Posgraduate_ING     0.85** 2.06   

Posgraduate_SAL     0.51*** 2.80   

Posgraduate_SOC     -0.31*** -2.61   

         

Estadistico F  37.68***  69.25***  72.28***  53.64***

Rho  0.16  0.99  0.95  0.94

Desv. Est. Rho  282.46  617.60  668.52  831.09

Observations  192  192  160  192

Table 2. 
Results of the random effects model.

In the table, the results of the original model as Equation 1, the model with interaction variables in equation 2, and the model with a breakdown of enrollment in Equation 
3. Significance levels are shown as * to 10%, ** for 5%, and *** for 1%. For Equation 3 it is excluded the year 2012 due to lack of data on school enrollment in this period. 
Source: Own elaboration using E-Views.
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Variable LL IPS Level of test

FDI -50.95*** -17.99*** one lag

Reniecyt -12.38*** -2.49** on level

SIN -67.76*** -21.32*** one lag

Tertiary -7.62*** -3.41*** one lag

Postgraduate -23.74*** -2.08** one lag

Scholarship -14.68*** -2.02** one lag

Patent -12.87*** -1.26* one lag

ISO -28.93*** -7.03*** one lag

GDP -9.49*** -1.63* one lag

Population -68.40*** -3.15*** one lag

 Null Hypothesis: F-Statistic Probability

 Postgraduate does not Granger Cause FDI 13.63 0.00

 FDI does not Granger Cause Postgraduate 0.78 0.46

 Tertiary does not Granger Cause FDI 0.27 0.76

 FDI does not Granger Cause Tertiary 0.60 0.55

 SNI does not Granger Cause FDI 9.54 0.00

 FDI does not Granger Cause SNI 1.95 0.18

 RENIECYT does not Granger Cause FDI 3.42 0.04

 FDI does not Granger Cause RENIECYT 1.05 0.35

 PIB does not Granger Cause FDI 5.56 0.01

 FDI does not Granger Cause PIB 0.62 0.54

 Population does not Granger Cause FDI 5.51 0.01

 FDI does not Granger Cause Population 1.66 0.15

 Scholarship does not Granger Cause FDI 6.74 0.00

 FDI does not Granger Cause Scholarship 5.61 0.01

Equation LL IPS Level of test

1 -41.84*** -18.26*** on level

2 -11.82*** -6.31*** on level

3 -3.15*** -2.30** on level

4 -17.86*** -6.32*** on level

Table 3. 
Unit root test for the variables.

Table 5. 
Granger Causality Test

Table 4. 
Results of the cointegration test for the error term in the four models presented 
in table 2.

The test are taking into account trend and intercept, Significance levels are shown 
as * to 10%, ** for 5%, and *** for 1%. 
Source: Own elaboration using E-Views.

Source: Own elaboration whit two lags.

Significance levels are shown as * to 10%, ** for 5%, and *** for 1%. 
Source: Own elaboration using E-Views.

Results shown in table 3, confirm cointegration level 
of variables, which corroborate relationship between 
variables in the long-term. This is a test for time se-
ries variables, which allows us to infer that there is not 
a spurious relationship, and that results of the models 
are valid asymptotically. Nevertheless, results of coin-
tegration test for the model, are shown in table 4.

Cointegration tests shown in Table 4 are very impor-
tant, because they validate the long-term relationship 
between dependent and independent variables. Other-
wise, data might show some relationship that is only 
due to tendency to increase or decrease in the time 
of different variables. Panel Granger causality test re-
sults are reported in table 5, this is a specification test 
that considers possible reverse causality relationship.

As it can be seen from table 5, causality test results 
are alike for the models. In the long-run equilibrium, 
FDI is Granger caused by Postgraduate, SNI, RENIE-
CYT, PIB, Population and Scholarship, and also FDI is 
Granger causing Scholarship. From these results, it 
can be said that the model is correctly specified.

DISCUSSION
Equation 1 in table 2, shows that proxies of human 
capital as enrollment and number of scientists and tech-
nologists (Reniecyt, SNI, and Scholarships) are signifi-
cant variables that largely explain returns to education 
on FDI. Where two things are noticed, the first is that 
is greater the impact of scientists and technologists 
in FDI, than tertiary and postgraduate enrollments, 
where care must be taken in interpreting values, 
because enrollments are not negligible, since there 
are states with tertiary and postgraduate enrollment 
that generate very high impacts, which could overtake 
the training of scientists and technologists. The sec-
ond aspect is that the group variable was significant, 
so that on average entities indicated attract more FDI 
than other entities with significant results. 

In addition to above results, control variables 
such as changes in GDP and population are signifi-
cant in all three models. So, foreign capital take into 
account the size of the entities measured with these 
variables. Some variables that take into account in-
frastructure and conditions, as total number of firms 
with ISO certification were not significant individually. 
But taking the statistical F, it is necessary to include 
these variables in the model, and moreover, the posi-
tive sign on coefficient has the expected impact. Other 
conditions such as number of scholarships per mil-
lion population was negative and significant impact. 
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Therefore, a possible interpretation is that the crowd-
ing out of investment in HC by government on foreign 
capital, as well as patents per million population has 
the same interpretation, because most patents or effort 
in R&D is the largest private expulsion effect of FDI (at 
least in the first two equations of table 2).

With respect to equation 2, the fact that perfor-
mance in tertiary and postgraduate education, has a 
positive sign in interaction variables, which means that 
there is a differential in the group of figure 1, with re-
spect to other states. However, it is difficult to sustain 
this statement, since coefficients of these variables are 
not statistically significant. So according to results, 
there is no difference in education performance on 
FDI in the group described and other federal entities.

Taking into account equation 3, it can be said that 
breakdown of school enrollments by field of study, 
proved to be no significant individually in most cases 
of tertiary enrollment, and only highlight the signifi-
cance of postgraduate. However, results of F statistic 
in this model are significant even at 1%, so it is rec-
ommended to introduce all this detail in the explana-
tory model. Interpretation may be that foreign capital 
does not take into account a study area in particular 
to settle in one state, but take into account the whole 
school enrollment, but giving special importance to 
postgraduate enrollments, however these results 
should be taken with caution, because interpretation 
is based only on statistical F and individual t-statistic.

Finally, in equation 4, it can be seen that there 
exist a nonlinear relationship between HC formation 
and FDI attraction. Since coefficients of squared ter-
tiary and postgraduate are significant even at 1%. In 
this case it is highlighted Ç shaped curve on tertiary 
education, which represents a critical mass that is 
necessary for the optimal FDI attraction (as explained in 
the above sections), but also there is a U shaped pattern 
in postgraduate enrollment, which could be interpreted 
as inverse necessity of postgraduate students with re-
spect on tertiary enrollment. This means a necessity to 
combine or configure an optimal combination of ter-
tiary and postgraduate HC formation to attract a major 
volume of FDI inflows.

Based on results shown in table 4, cointegration 
test demonstrate a relationship in the long-term be-
tween the FDI inflows and the HC (researchers and 
enrollment). Which is important in terms of public pol-
icy, since it became necessary to generate a strategy 
for a configuration of a critical mass of HC in forma-
tion (tertiary and postgraduate enrollments) to attract 

a major volume of FDI inflows in each of the Federal 
States. Specifically in model 3, it is shown that post-
graduate enrollments in natural sciences, engineering 
and health sciences are more profitable in terms of 
attracting FDI.

CONCLUSIONS

As explained in literature review, FDI is an important 
factor for development of regions, employment and eco-
nomic growth. Therefore a strategy for attracting FDI 
inflows must be applied in developing countries. On 
a regional level, one of the most common strategies 
to attract IFDI is through HC formation, which for 
Mexico case is concentrated in a little number of Fed-
eral States, as they were detected by a cluster analy-
sis (Baja California, Chihuahua, Nuevo León, Jalisco, 
Estado de Mexico and the Mexico City), taking also 
into account GDP and FDI of each of the States in the 
2007-2012 period.

Analyzing these States, one of the highlights points 
to the strategy of accumulating human capital, is 
through the tertiary and postgraduate enrollment (35% 
and 45% of the country total enrollment respectively). 
Thus, from literature review, it is proposed that there 
exists a nonlinear relationship between HC formation 
and FDI, and in this way it is necessary to achieve a 
critical mass of HC capable to attract FDI or least 
to contribute on the IFDI necessary climate. This kind 
of relationship was corroborated in empirical results, 
since it was shown that there exist a Ç shaped rela-
tionship on tertiary enrollment and a U shaped relation-
ship on postgraduate enrollment over the FDI inflows, 
where postgraduate enrollment showed greater signifi-
cance than tertiary enrollment. This nonlinear relation-
ship must to be taken into account for local economies 
to establish an adequate strategy to achieve a critical 
mass of HC, which will be the correct configuration 
of tertiary and postgraduate enrollment. Subsequently, 
taking into account the result, it would be advisable to 
make a harder effort to create a critical mass with more 
emphasis in postgraduate enrollment than in tertiary, 
mainly due to the results shown in model 3.

An important fact is that the returns of HC over 
IFDI are not changing between federal States, but rel-
evance of being a US border State or a big State in 
terms of GDP is an important factor to attract in aver-
age a major volume of FDI inflows. It is also important, 
to point out that tertiary and postgraduate breakdown 
is not taking into account by Multinational Corporations 
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that make foreign investment, since they need the total 
HC formation as a whole, and no only one aspect of 
the HC formation.

One interesting result that deserves to be studied 
in future research, is that patents by millions of in-
habitants and scholarships perform in all equations 
as a crowding out mechanism for foreign investment. 
Since scholarships could be seen as a necessary con-
dition to generate HC resources, as well as patents are 
an important condition to generate a climate where 
there is innovative business and where multinational 
corporation could learn and benefit from local spill-
overs. Another opportunity for future research will be, 
how to find the correct configuration for HC formation 
between tertiary and postgraduate enrollment, or the 
configuration between higher levels of education with 
lower levels as secondary or primary.

The main limitations of the study, are related to time 
period which is of six years (even five years for equation 
3), but instead of limitation necessary controls were 
included in the analysis, as well as necessary test for 
cointegration, that corroborate the long term relation-
ship between variables. Another limitation is related 
to the shaped form of the relationship, since here was 
tested the quadratic relationship, but other nonlinear 
relationships need an accurate numerical method, that 
are out of the range of this article, for testing the cor-
rect specification.
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