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Abstract

Paper aims: to analyze the international flow of students - both from developed and underdeveloped countries - and to
observe their significance for the productivity gains of the country of origin of these students.

Originality: The main contributions to the literature are the understanding of how student flows affect countries’ economic
growth, as well as to verify the systematic differences between the contribution of international student flows to economic
growth between developed and underdeveloped countries.

Research method: This empirical study performed using a data set of 87 countries, during 2001-2012 yields results that
are in accordance with previous literature, supporting the hypothesis of international student flows as a significant channel
of R&D spillovers from developed countries. The paper used econometric models already tested by previous studies.

Main findings: The results show that BRICS countries may benefit more than other countries from such internationalization
initiatives.

Implications for theory and practice: The mobility of international students is currently an important political issue in the
world. These formal or informal links between agents from diverse countries result in an exchange of ideas, experiences
and knowledge potentially generating new business opportunities for developing economies.
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1. Introduction

Several studies have devoted considerable effort to identify the key variables that influence technological
innovation in a country or a region. Topics such as foreign trade, foreign direct investment, education, and human
capital, among others, have been extensively studied and constitute the main research strand on the subject.

For Konno (2016), knowledge is the most important and representative externality in economics. Moreover,
according to Fujiwara (2017), knowledge spillover is an important mechanism for countries’ endogenous
growth, assisting mainly small businesses and young people, which can complement the lack of R&D through
knowledge spillovers.

Although the role of education in the determination of the technological level of a country is studied
intensely, it is noted that few studies have related the economic growth with possible contributions from the
international flow of students, especially in developing countries. With increasing globalization, the international
flow of students tends to become increasingly significant: according to OECD reports, between 2000 and 2011,
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the number of international students more than doubled, with approximately 4.5 million tertiary students out
of their country of origin.

Much of the economic growth due to the internationalization of the economy is due to the effects of spillover
(diffusion or externality) of knowledge between the countries connected internationally. The appropriation of
external know-how, whether through international trade, foreign direct investment or education, constitutes
the main form of international influence in the growth of the technological level of a country.

Researchers in developed countries have studied the technological change and growth relationship extensively
(Griffith et al., 2006; Hall & Mairesse, 1995; Harhoff, 1998; Verspagen, 1995), but researchers in developing
countries have not contributed much to this debate. Growth in these countries depends more heavily on capital
investment than knowledge and learning (Waheed, 2017; Moralles et al., 2013; Moralles & Rebelatto, 2016).

Increasing productivity is the fastest way to achieve economic growth and social well-being, since such
production gains reflect the full effectiveness of the productive sector as well as the degree of development of
society (Felema et al., 2013; Ferraz et al., 2018a). Thus, Total Factor Productivity (TFP) is intended to indicate
how efficiently the economy combines all its resources to generate output. From this conceptualization, the
dynamics of the indicator is a result of the technological progress of the economy (Messa, 2013).

Multinational firms have higher productivity due in part to fewer financial constraints (Feenstra et al., 2014)
or more international technology spillover (Keller & Yeaple 2009), and hence export more (Yu, 2017). The intricate
mechanism of how technologies disseminate through countries has been extensively studied in the three main
channels: the international trade (Grossman & Helpman, 1991), foreign R&D stock (Coe & Helpman, 1995)
and to Foreign Direct Investments (FD1) (Bitzer & Kerekes, 2008).

Many discussions have also attributed important roles to Human Capital acquisition and circulation. Some
economists believe that openness to international exchange contributes to the dynamic performance of a country
(Grossman & Helpman, 1991). Le (2008) discussed how migration patterns may influence knowledge dissemination,
and within the same scope, Park (2004) was the first to discuss how the international flow of tertiary students
might influence knowledge spreading. While Park’s article focused mainly on developed countries and the spillover
behavior among them, Le (2010) broadened the analysis, including developing countries as possible beneficiaries
from spillovers through internationalization efforts. Both articles corroborated the importance of such student
flows for the country’s productivity. Though both studies may complement each other, it is important to notice
that new data has been provided, and the study first proposed by Park (2004) and Le (2010) can be extended.

Within this context, the aim of this paper is to analyze the international flow of students - both from
developed and underdeveloped countries - and to observe their significance for the productivity gains of the
country of origin of these students. Nevertheless, it aims to have a more detailed view of the relationship between
internationalization of students and productivity gains in developed countries and BRICS. The paper will use
econometric models already tested, such as those of the Park and Le studies cited above.

This article seeks to understand two questions: Does the international flow of students affect the economic
growth of countries? Are there systematic differences between the contribution of international student flows to
economic growth between developed and underdeveloped countries? What is the return of internationalization
incentive programs to BRICS countries?

These are relevant questions because, according to Konno (2016), managers, engineers and scientists acquire
and exchange new information in order to increase productivity. The author states that the heterogeneity of
the productive structure is important in the spillover processes of knowledge. In this way, the international
flow of students in different areas can contribute to increase network heterogeneity, disseminate knowledge
and increase productivity and economic growth. Furthermore, according to Qiu et al. (2017), the spillover of
advanced knowledge of developed countries can influence the learning and innovation capacities of enterprises
in developing countries. Therefore, the international flow of students can contribute to this process.

The importance of this study occurs because, according to Luintel & Khan (2017), in emerging countries,
R&D expenditure grew 8.6% a year in real terms in 1992-2010. Over the same period, growth in OECD countries
was 2.8% per year. In addition, emerging countries’ share of R&D spending increased from 12 percent in 1992
to 26 percent in 2010, and their share of patent applications rose from 11 percent to 36 percent.

According to Qiu et al. (2017) and Zhang et al. (2013), governments in developing countries have emphasized
international university partnerships to improve the global position of national universities, cultivate greater
scientific advances, and finally catch up in developed countries. This is an important issue associated with the
international flow of students, since international inter-university collaboration is significantly associated with
the innovation production of local firms.

It is intended to contribute with this research to a more robust understanding of the contribution of these
students to the productivity, given the increasing integration among higher education centers. Nevertheless, there
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is a keen interest on the part of countries - which, through public policies - can encourage the internationalization
of students, if this is a path that has a positive return to the country’s productivity. In particular, the BRICS are
seen as a group of countries of essential analysis: because they are populous countries; and, they have a huge
potential to send students abroad. 1t is also worth noting the initiatives already in place in these countries,
such as the Brazilian Science without Borders program - in the Brazilian case, created with a view to precisely
the greater internationalization of students in the country; and examples of the Chinese government, which
since 1978 with Deng Xiaoping signaled the interest of internationalizing students as a means of increasing
the know-how available to Chinese society (Chen, 2011).

This paper is divided in six sections: the first one is the introduction, the second is the bibliographic review
necessary for this study, the third the methodology used, in the fourth section the results are found, and in the
fifth and sixth sections, the conclusions and bibliographical references, respectively.

2. Literature review

2.1. Spillovers and international student flows

Effects of spillover occur when firms or individuals impose costs or benefits on others outside the specified
market (Nordhaus & Samuelson, 2012). Weil (2012, p. 195) defines spillover effects as “[...] an incidental
effect of some economic activity on which no compensation effect is provided”. Authors such as Audretsch &
Feldman (1996) and Qiu et al. (2017) consider the spillover of knowledge as a source of innovation and regional
economic growth. According to Konno (2016), knowledge spillover has a significant impact on economic growth
and business productivity, and this process of propagation between firms can be represented as a process in
complex networks.

The spillovers of Marshall-Arrow-Homer (MAR), in which spillovers are determined in particular by location,
not by factors such as the level of economic activity (Baldwin et al., 2005). There are also Jacobian spillovers,
which assume that positive externalities occur between technologies and distinct industrial sectors (Breschi &
Lissoni, 2001). While MAR type spillovers occur especially among a common industry, Jacobian spillovers relate
to the diversity of industries in a given area (Carlino et al., 2001).

According to Marshall (1961), there is a concentration of companies within a region, because proximity
facilitates the exchange of knowledge spillovers between companies, thus generating the growth of this industry
in the region. The extent to which spillovers can be properly used is closely related to geography and spatial
arrangement. Baumont et al. (2001) affirm that the growth rate of a region is influenced positively by the
neighboring regions. The results of Wang & Wu (2016) confirm that geographical proximity plays a significant
role in the spillover and diffusion of knowledge.

Geographical spillovers can also occur between regions of the same country. The industrial policy pursued
by the Deng Xiaoping era in China, which favored the industrial development of the coastal provinces, was
based on the assumption of geographic spillovers from the coastal regions to the most internal regions of the
country (Brun et al., 2002).

Knowledge spillovers were discussed by Grossman & Helpman (1991), who detected that an important channel
of distribution and dissemination of knowledge spillovers stems from international trade between countries, in
coexistence with geographic spillovers. Numerous articles later corroborated the thesis of Grossman & Helpman
(1991), for example, Spulber (2008), Madsen (2007), Mendi (2007), Cameron et al. (2005).

Coe & Helpman (1995) discussed the possibility of a country’s Total Factor Productivity (TFP) not only
depend on its own internal R&D capital but also on foreign R&D capital. Estimates of the authors showed that
the spillovers of R&D from external sources were more significant the greater the opening of the country to
international trade. Several studies corroborate with Coe & Helpman (1995) (Lichtenberg & Pottelsberghe de la
Potterie, 1998; Haaland & Kind, 2008; Cameron et al., 2005; Bitzer & Geishecker, 2006; Bayoumi et al., 1999).

Tang & Koveos (2008) state that the most significant form of spillovers occurs through intangible trade,
with the exchange of physical products less important for the spillovers. There are authors who discard the
importance of intermediate product flows as disseminators of R&D spillovers, for example, proving the existence
of these spillovers even among countries that did not directly engage in bilateral trade (Lumenga-Neso et al.,
2005). Lee (2005) refutes the idea that indirect effects are indeed significant, stating that the direct effect of
international trade has been increased with increasing use of the internet.

The hypothesis of education as one of the drivers of economic growth is widely accepted in the academic
literature (Glaeser et al., 1995; Lin, 2003; Baldacci et al., 2008; Seetanah, 2009). However, there is no consensus
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regarding the educational level that provides the highest returns on investments (Oketch, 2006; Self & Grabowski,
2003, 2004; Zhang & Zhuang, 2011).

The effects of the spillovers mentioned above can be taken together. Narula & Marin (2003) studied the
spillovers related to the FDI, concluding that these were only significant when the companies had enough internal
know-how to absorb the knowledge coming from these spillovers. According to Cohen & Levinthal (1990, p. 128),
the absorbing capacity is defined as “the ability of prior knowledge to recognize the value of new information,
to assimilate it, and to apply it for commercial purposes”. In this sense, although the knowledge spillovers are
important for innovation, R&D increases the ability of firms to absorb and use knowledge generated elsewhere
(Cohen & Levinthal, 1990; Griffith et al., 2004; Abubakar & Mitra, 2017; Ferraz et al., 2018b).

Abubakar & Mitra (2017) exemplifies a company where R&D employees are not involved in scientific
research. This company tends to ignore the presence of scientific research available from local universities and
local companies. On the other hand, a company with research-enabled employees is more likely to absorb the
knowledge available at local universities and the products developed by its local rivals.

The high absorptive capacity allows organizations to manage external knowledge more efficiently and stimulate
innovative outputs (Escribano et al., 2009). The nature of external information is relevant to the absorption of
it, domestic technology is more easily appropriate than foreign technology (Li, 2011).

The significance of the spillovers from FDI are closely related to the absorptive capacity (Borensztein et al.,
1998; Liu & Buck, 2007). This is linked to the company’s human resources (Vinding, 2006). Human Capital
directly influences the speed with which foreign technology is internalized by the organization (Benhabib &
Spiegel, 1994). Griffith et al. (2003) show that domestic R&D investment affects both innovation and absorptive
capacity, unlike many other studies that neglect the R&D effect of creating this capability.

Many works involve the relationship between flow of people and the dissemination of knowledge. Le (2010)
has aimed at providing evidence of how developing countries might benefit from the international students’ flow,
there is a particular set of developing countries that require special attention: the BRICS countries. Le (2008)
argues that worker mobility transfers technology across borders, arguing that because of the spillovers related
to such migration, a “brain circulation” is more likely than a “brain drain” itself.

According to Fujiwara (2017), the mobility of workers’ knowledge positively impacts the creation of new
enterprises and the increase of productivity. This is because the mobility of the workforce makes it possible to
transfer knowledge from stable and mature firms to young firms, especially in high technology sectors.

Maurseth & Verspagen (2002) found that patent citations occur more frequently between regions belonging
to the same country and that are in geographical proximity. Fischer & Varga (2003) analyzed the importance
of spillovers of geographically mediated knowledge from university research activities. They confirmed the
presence of geography-mediated university spillovers that transcend the spatial scale of political districts.
Wennberg et al. (2011) have verified the transfer of knowledge from academic research that involves the
indirect flow to entrepreneurship. They proved that commercial knowledge gained by industry experience is
more valuable to business performance compared to the academic knowledge gained by additional research
experience at a university.

Fritsch & Franke (2004) analyzed the impact of knowledge spillovers and cooperation in R&D on innovation
activities. They found significant differences among regions in productivity of R&D activities, interregional
differences may be more or less explained by R&D spillovers from other R&D activities by actors located in the
same region, and R&D cooperation plays only a minor role as a means of knowledge spillovers.

Ponds et al. (2010) found that the impact of academic research on regional innovation is not only
mediated by geographical proximity, but also by the networks stemming from university industry collaboration.
Rodriguez-Gulias et al. (2017) demonstrates that new hi-tech companies can benefit from proximity to universities
because of the knowledge spillovers generated.

Our paper focus in the international flow of students (especially tertiary) that can relate to the spillovers of
R&D. When we consider the flow of these as an important R&D transmitter and prove its relevance in a statistical
way, the role of trade as a distribution channel for spillovers loses its strength (Park, 2004). The international flow
of students was an important source of knowledge dispersion from developed to developing countries (Le, 2010).

2.2. Total Factor Productivity - TFP

The TFP is an implicit part of the circular income model present in economic theory: the price and quantity
of products and services sold to consumers equals the remuneration of factors involved in the production of
these goods and services (Hulten, 2001; Ferraz et al., 2018a). According to Comin (2006, p. 1), the TFP can
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be defined as “[...] the portion of the output not explained by the quantity of inputs used in its production”.
In neoclassical models, the contribution of technological progress is usually measured by the TFP, as follows
(Acemoglu, 2009; Aghion & Howitt, 2009). Considering a production function such as Cobb-Douglas, we have:

Y=dAK“[™® (1)

Or, similarly,

Y = AK% % (2)

In that the indices ax and «; denote the relative contribution of the capital and labor factors, respectively,
to the final output. 1t is observed that parameter A illustrates how productive an economy is in the use of all
its factors of production. 1t is therefore the TFP:

A=TFP (3)

By showing the growth rates of each of the variables, we obtain:

Finally, the TFP can be found by means of Equation 5:

TFP=g+oy g, +a.g, (5)

Alternatively, the output growth rate can be expressed as:

TEP &
=t 6
ST Y% (©)

Where k=§ is defined as the capital stock per worker. Thus, it can be noted that the growth of an economy is

due to the growth of its technological level, measured by the TFP, and by the “capital-intensive” component,
measured by the variable k. Rewriting Equation 7, so that one can use the principles of growth accounting
from a observed growth rate of output:

TFP k

T8 v

The rate of growth of the TFP is the residual obtained after the subtraction of the growth of the term
“capital-intensive” from the observed output growth rate. This measure of TFP, shown in equation 10, is called
the residue of Solow.

Although TFP is an important variable in the long-term growth of the last decade, little is known about the
factors that drive growth. Madsen (2008) argues that the stock of international patents is highly influential in
economic growth, and, together with the knowledge spillovers stemming from international trade, an important
generator of TFP growth. Bauer (1988) decomposes the TFP growth into three variables: scale, efficiency and
technological progress, also using a cost approach.

Human Capital was considered an important factor for a precise measurement of the TFP, and its absence
can lead to errors in the measurement of productivity and efficiency (Maudos et al., 1999). Finally, there are
numerous articles that relate the sources of TFP growth to variables related to: finance (Jeong & Townsend,
2007), R&D (Abdih & Joutz, 2006), public investment (Ferrara & Marcellino, 2000), spatial patterns (Abreu et al.,
2004), infrastructure, competition, trade openness and institutions (Isaksson, 2007).

In the context of endogenous growth models, Atella & Quintieri (2001) puts in check the consummate
relationship between R&D variables with the TFP. Using an ltalian case study, the authors showed that
R&D effects on TPF depend on: (1) the way in which the production function is defined; (2) the number of
assumptions used to estimate Solow residues; (3) the level of aggregation of the data used for the empirical
analysis. Similarly, Abdih & Joutz (2006) inferred a small impact of the knowledge stock on the TFP growth:
around 10%, indicating an important role of knowledge spillovers in determining the TFP.

The TFP is widely used in the economic literature as one of the main factors involved in convergence
between countries. While absolute and conditional convergence is statistically significant in some articles
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(Miller & Upadhyay, 2002), technological convergence is related to Human Capital in others (Di Liberto et al.,
2008). Regarding the role of spillovers, although it has contributed to the convergence of the TFP between
OECD countries, these have been distributed quite unequally across countries, with the United States, Japan and
the Scandinavian countries being the main beneficiaries of the spillovers generated by trade in the last century
(Madsen, 2007). Similarly, the international stock of patents is of great importance for economic growth and
for reducing the dispersion of income levels between countries (Madsen, 2008).

The TFP has an extensive applicability: several articles seek to study how this variable influenced the intense
growth of East Asian countries between 1960 and 1990 (Chen, 1997; Felipe, 2000). In this paper, we present the
results of the literature on the importance of the TFP in different sectors of the economy, such as manufacturing
and agricultural (Coelli & Rao, 2005; Kalirajan et al., 1996).

With the predominance of Endogenous Growth Theories, one observes the importance of Human Capital
for productivity growth and as one of the main factors that influence the Total Factor Productivity (TFP) of a
country (Frantzen, 2000; Park, 2006). There are two ways in which Human Capital can influence the growth
of the TFP: in the direct way, through the increase of domestic activities focused on innovation; and, by the
indirect form, through the spillover effects of Human Capital (Fleisher et al., 2010).

The effects of Human Capital, both on the increase of the TFP and on its repercussion on economic growth,
are still gaps: Cameron et al. (2005) affirm that Human Capital has no significant effect on productivity growth
per se. However, the same authors affirm that there is an important relationship between economic growth and
Human Capital, which suggests that the effect of this occurs through private rates of return. There are authors
who defend the hypothesis that spillovers from Human Capital have in fact no practical validity (Rudd, 2000;
Wolff, 2000).

The TFP measurement form is addressed in the literature: Lipsey & Carlaw (2000) affirm that the TFP does
not measure all the technological changes that have occurred, but only those that come from externalities and
scale effects. Also, according to the authors, the TFP does not adequately capture the effects of technological
changes on growth, firm value, quantity of technology embedded in physical products, among others. Similarly,
Aiyar & Dalgaard (2005) found distinct TFP values depending on the method used for their measurement.
In the extreme, technological changes can occur even with an unchanged TFP value (Lipsey & Carlaw, 2004).

Baier Junior & Tamura (2002), although they do not question the methodology of calculation of the TFP,
affirm that it is not an essential variable in the economic growth: with an analysis of data of 145 countries that
extend for more than a century, the authors attest that only about 3% of the average output growth per capita
is associated with the growth of the TFP.

3. Empirical framework

The applied method follows Le (2010), which analyzes whether the international flow of students between
developed and underdeveloped countries contributes significantly to the occurrence of R&D spillovers. The choice
of the model proposed by Le, to the detriment of the one carried out by Park (2004), is due to the greater
likelihood between the present article and the study proposed by Le (2010).

Even though Park (2004) did a similar study and precedes Le’s article, the author applied his method only
among developed countries. Note that this approach does not work to developing countries, for example, Brazil.
On the other hand, Le (2010) developed his model with 76 developing countries over the 1998-2005 period,
which shows a best fit to our research problem. Moreover, Le (2010) model has been applying to other studies,
for example, to the African countries (Le, 2012). The author found that student flows effectively facilitate
international technology diffusion from developed countries to developing regions in Africa (Belitz & Molders,
2016). For this reason, we justify our choice to the Le (2010) model.

Therefore, the foreign R&D capital stock is defined as:

sl =3 fitesp, (®
j=1"t
where SF;/ is the foreign R&D capital stock, f;, is defined as the number of tertiary students from country i
studying in developed country j at time ¢; n, is the total number of tertiary students in developed country j at
time ¢; and SD,, is the total R&D expenditure of developed country ; at time 1.

The variable, following the previous literature, is lagged two years in order to allow for time spent studying,
working and returning. This paper does not consider a three year moving average, as it tries to capture the
variable effects without data manipulation, being a non-interventional exploratory analysis.
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Other possible channels of R&D spillovers are considered, such as the one from international trade. The variable
SF;" is defined on Equation 9.

23 m..
SFi' =3 —*SD), 9)
j=1Yjt

where my, is the value of imported goods from developed country jby the country 7at time ¢ y;, is the developed
country js GDP at time £; and SD;, is again the total R&D expenditure of developed country j at time &
The regression analysis is defined as:
TFP:g[SEf,Sﬁ:",Af* 5} (10)
it

~

i

where TFP is the total factor productivity; SF;/ is the foreign R&D capital stock; SF” is the foreign R&D capital

due to imports; % is the ratio of imports to GDP, and Lt is the total number of tertiary students from country’s
it it

i studying abroad, divided by its population.

This study uses data from 87 countries (Appendix A), ranging from 2001 to 2012. Data for the number of
tertiary students at each country was taken from UNESCO’s Institute for Statistics (U1S). The R&D’s expenditure
was gathered from three different sources: UIS; OECD Statistical Database; and, the World Bank. Regarding data
about international trade, it was taken from the UN Comtrade database. Measurements of TFP were collected
from The Conference Board. Lastly, national account’s figures were gathered from UN’s Statistics Database.

The BRICS countries representing 42% of the world’s population, as well as 20% of world GDP, these
countries may be especially affected by the increasing interconnectedness between nations, and the international
student’s flow might be an important channel of R&D spillovers from developed economies

As the study encompasses several databases with different time series, we chose to work with a series that
was common to all databases, and that there was a significant amount of data available. Thus, the time series
considered in the work starts in 2001 and ends in 2015- ¢=2001,...,2015.

Also, it is important to note a significant difference between the variables obtained by Le and those considered
in this paper: while Le (2010) uses the stock of TFP for econometric computations, the present paper uses the
annual variations of the same variable. We consider that it is important to analyze the models through the TFP
annual variation, as there is greater variability of data. In addition, after applying the logarithm, it is possible
to interpret the estimates as annual growth rates (Greene, 2003). Therefore, the s7” and sr™ variables of the
countries were transformed and reorganized in the same way. The Figure 1 demonstrates the scope of the
method of this paper.

H1: Does the international flow of students affect the economic growth of countries?
/ (el
~

A

International Student
Flow

(m

Developed countries

Underdeveloped countries

H2: Are there systematic differences between the contribution of the international flow
of students to economic growth between developed and underdeveloped countries?

Figure 1. Scope of paper. Source: Prepared by the authors (2018).
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4. Empirical findings

This paper analyses whether R&D spillovers brought through the international flow of tertiary students is
a significant explanatory variable when TFP is the dependent variable. In other words, this study assesses the
significance of the relationship between TFP and this channel of R&D spillovers. This article uses econometric
techniques, such as panel data analysis. In addition, the study does not use interpolated data, and missing values
are treated as such. Also, 16 countries from the dataset had gaps in their time series, from a total of 87 nations.
The summary statistics of the variables considered in this study is presented in Table 1.

Table 1. Summary statistics and correlations (time series from 2001-2012).

Standart Correlation
Variable Mean D an :.lr . . ’ . m ey .

eviation AInTFP AnSF AInSF; AFit | L;, AMit | Yit

AInTFP 0.476 4.0029 1

AlnSF;f 0.0015 0.00945 0.0286 1

AnSF}! 0.0078 0.0686 0.0572 -0.1005 1

AFit/ L, 0.0357 0.1391 0.0505 0.5239 0.0146 1

AMit | Yit 0.3972 0.2393 -0.0293 0.0122 -0.0027 -0.0283 1

Source: Prepared by the authors (2018).

A unit root test was performed, with lags of one period, using the four methods proposed by Choi (2001).
The tests involve inverted chi-square, inverted normal, inverted logit transform, and a modification of inverted
chi-square. The null hypothesis was rejected for all the variables considered in this study. However, it is

straightforward to notice that the variables 4inSF; and AL are highly correlated (pvalue = 0.000 considering the
regression AlnSF;/ =ﬂIA"%), due to the fact that they use ‘Similar data gathering methods. As the constructed

variable A‘lnSFl-f uses mor”e information in its composition (considers not only total number of students abroad,
but where the internationalization period occurred), this study will opt to exclude variable AL from the panel
data analysis. it

The Hausman test returned a pvalue of 0.4245, failing to reject statistically significant differences between
the fixed and random effects models. According to Cameron & Trivedi (2009), a random effects model, with
panel-specific serial correlations and heteroscedasticity corrections was employed. Thus, the applied estimation
method uses FGLS considering the autocorrelation process of each specific entity, as presented in Equation 11.

Eip = Pi€ig—1 Hlly (11)

The results are presented in Table 2.

Table 2. Total Factor Productivity estimation results (time series from 2001-2012 for 87 countries with 971 observations.

Models
Variables
(1) (2) (3) (4) (5)
. r 26.20511%** 23.08432* 24,2152 20.78455**
AInSF}
(9.326863) (9.639583) (9.487789) (9.801294)
.. n 3.783216** 3.591395 *** 3.7147 ***
AlnSF;
(1.783216) (1.401101) (1.402491)
. -0.5297247 -0.6350272 *** -0.6421582**
AMit | Yit
(0.3431999) (0.23879) (0.2408426)
. - -3.655539 -3.213337 -3.300243
AMit | Yitx AInSF;
(2.371007) (2.47381) (2.484286)
-0.4846495 -0.5131246
BRICS
(0.4722838) (0.4232872)
BRICS x AlnSF 111.4189*% 112.7936*
XML (60.14785) (58.9202)

Note: Dependent variable is logTFP. All equations include a constant term, which was omitted. Panel-specific heteroscedasticity-corrected standard errors are presented in
parentheses; *** and *** indicate parameters which are significant at 10%, 5% and 1%, respectively.
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Equation 1 shows that students can be a significant channel of R&D spillovers between countries, also shown
in the papers of Le (2010) and Park (2004). As in previous studies, Equation 2 supports Coe and Helpman’s
hypothesis of R&D spillovers through international trade. Equation 3 brings both the effects of internationalization
of students and international trade altogether, also highlighting the significance of both initiatives for spillover
occurrence. Equation 4 also includes the BRICS dummy variable, as well as its interaction with S£;/. Our findings
support the hypothesis that the BRICS community may benefit more than the rest of the nations considered in
this study, although the significance should be further tested (pvaiue =0.064). Equation 5 includes all variables,
and also point towards the hypothesis of above-average benefits for the BRICS (pvaiue = 0.056).

The results found were consistent with the previous - albeit small - literature in the field. The variable
created to capture R&D spillovers through international flow of students was significant in every regression
analyzed. More importantly, the results point towards an above-average benefit for the BRICS countries, as
captured in Equations 4 and 5. Even though they were marginally significant at the 5% level, both equations
indicate that they positively benefit (i.e., their productivity gains are greater, when compared to the rest of the
countries considered in this analysis). Furthermore, the study is in accordance with previous literature in spillover
dissemination, as it also found consistent evidence of R&D spillovers through international trade, a channel
exhaustively studied in previous papers.

5. Conclusion

This study revisits previous efforts of assessing an important new channel of R&D spillovers between
countries: the international flow of students. Using more data, from a wider variety of countries, as well as
with a bigger time series, the study assessed whether previous results would be sustained with the new data, as
well as tried to identify if a very important — geopolitically speaking — group of nations could actually benefit
more from such endeavors. The evidence pointing towards bigger R&D spillovers for the BRICS community
has important policy implications. In 2011, the Brazilian government approved an internationalization program
aimed at allocating 100,000 students in foreign universities until 2015. Although the goal was not achieved
(approximately 85,000 students were sent abroad), it shows important concerns related to the benefits of
student internationalization.

In this sense, this article contributed to the understanding of the impact of international students flow to
R&D spillovers between countries. This finding is important to justify public policies in this area. Furthermore,
we found both effects of internationalization of students and international trade. Moreover, the estimative
of this article presented a significant effect to the BRICS countries, which contributes to the international
literature. One limitation of this study is not considering a microregional level, which can improve the number
of observations and contribute to the understanding of this phenomena in different regions at the same country.
Future studies can contribute applying this method with a microregional database and geographical models.

The mobility of international students is currently an important political issue in the world. These formal or
informal links between agents from diverse countries result in an exchange of ideas, experiences and knowledge
potentially generating new business opportunities for developing economies.

This study can also be seen through the lens of assessing the economic returns of academic internationalization
programs: for instance, the Brazilian government investment in such aforementioned program was over
U$ 1 billion, and there was not a consistent metric to evaluate whether the investment brought the appropriate
returns. Moreover, China is, due to its huge population and increasing economic importance, the country with
the biggest international student’s community, showing internationalization efforts since Deng Xiaoping’s
government, as stated by Chen (2011). With almost half of the world’s population and one fifth of its GDP,
internationalization policies can be extremely fruitful efforts for the BRICS nations.
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Appendix A. Countries included in the sample.

DEVELOPED COUNTRIES CONSIDERED: Australia, Austria, Belgium, Canada, Czech Republic, Denmark, Finland,
France, Germany, Hungary, Ireland, Italy, Japan, Netherlands, New Zealand, Norway, Poland, Portugal, Republic
of Korea, Spain, Sweden, United Kingdom, United States.

REMAINING COUNTRIES: Algeria, Argentina, Bangladesh, Belarus, Bolivia, Brazil, Bulgaria, Cameroon, Chile,
China, Colombia, Croatia, Ecuador, Egypt, Estonia, Ethiopia, Georgia, Ghana, Greece, Guatemala, Hungary,
Iceland, India, Indonesia, Iran, Iraq, Israel, Jordan, Kazakhstan, Kenya, Kuwait, Latvia, Lithuania, Malaysia, Mexico,
Morocco, Mozambique, Nigeria, Pakistan, Peru, Philippines, Romania, Russia, Saudi Arabia, Slovakia, Slovenia,
South Africa, Sri Lanka, Sudan, Switzerland, Syria, Tanzania, Thailand, Tunisia, Turkey, Uganda, Ukraine, United
Arab Emirates, Uruguay, Uzbekistan, Venezuela, Viet Nam, Zimbabwe.
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