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Migration and Innovation: The Relationship between Outbound Tertiary
International Students and Patent Applications in Origin Countries
Abstract

Students around the world who choose to pursue higher education abroad quadrupled from 1.3 million in
1990 to 5 million in 2004 (University of Oxford, 2017, p. 14). Considering the ever-increasing trends of
migration, especially the migration of students who seek education abroad, and the potentials in the line of
research on the economic impact of this sub-type of international migrants on origin countries, my study will
investigate the relationship between students seeking tertiary education abroad and the number of patents
applications as an indicator of innovation in origin countries. For this purpose, I will utilize more recent data
sets from the UNESCO's Institute for Statistics (UIS) and the World Bank's World Development Indicators
(WID) and employ Ordinary Least Squares (OLS) estimation of regression coefficients to analyze the degree
of linear association between the two variables. Control variables will also be added following previous
research on patenting activities and the determinants of the number of patent applications.

This article is available in The Park Place Economist: https://digitalcommons.iwu.edu/parkplace/vol27/iss1/19
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Migration and Innovation: The Relationship between
Outbound Tertiary International Students
and Patent Applications in Origin Countries
Heidi Luu
I. INTRODUCTION
  ʹͷǡ ʹͲͳͷǡ  Ǧ
 ϐ         ǯ
ʹͲ͵Ͳǡ
ϐ  Ǧ
   ȋ  Ǧ
ǡʹͲͳͷȌǤͳͷͲ
ǡͳ
wove migration issues into their targets of protectǦ
     ǡ   
 ǡ 
ǲǡ ǡ   ǳ ǡ
ȋǡʹͲͳͷǡǤ͵ȌǤ
inclusion of migration in the newest set of developǦ
ment goals is crucial, considering the magnitude and
trends of migration around the world. In 2017, there
were approximately 257.7 million international miǦ
ǡͷͲΨ ʹͲͲͲǤ͵ͶǤͷΨ
those migrated from less developed regions (used
   ǲ ǳǡ  ǲ
ǳȌȋǲǳǡ
ǲ ǳȌǡϐ ͲΨǦ
ȋǦ
ǡʹͲͳǡǤͳȌǤ
     
migrants’ economic impact. In studying this impact,
researchers have looked at the positive relationship
 
  ȋ   ǡ
ʹͲͳǡ ǤͳǦͷȌǡ        Ǧ
nation countries over long time periods (Bove and
Elia, 2015, p.227). On the side of origin countries,

 ǯ      
  Ǧ
gions, especially in rural areas (Taylor et al., 2005,
ǤͳͲ͵Ǣ ǡʹͲͳͶǡǤͳͲȌǤ Ǧ
er, there are other aspects that are important to deǦ
Ǥǡ Ǧ

poverty and migrants’ remittances in assessing the
effect of migration on the economic development of
origin countries. Considering that innovation is an
   Ǧ ǡ  
ϐ 
 ǯ 
the origin countries (Grossman and Helpman, 1990,
ǤͺǦͻͳȌǤ
Some researchers have looked at this link in
ϐ  Ǧ
plexity Index as a measure for the amount of producǦ
     ȋǡ ʹͲͳǡ
Ǥ͵ȌǡϐƬ
spillovers to origin countries (Le, 2010, p.315, and
ǡ ʹͲͲͶǡ Ǥ͵ͳͷȌǤ      
rationale that international migrants residing in
more developed countries, especially internationǦ
al students who seek education there, are more in
touch with the resources and technology in the
 Ǥ ǡ      
networks and knowledge to their home countries
   Ǥ   ǡ 
line of research is especially important, due to the
   Ǧ
ration on migration and tertiary education, as well
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migrants’ knowledge and resources to promote deǦ
velopment in origin countries.
Students around the world who choose to purǦ
       ͳǤ͵
million in 1990 to 5 million in 2014 (University of
ǡ ʹͲͳǡ ǤͳͶȌǤ   Ǧ Ǧ
ing trends of migration, especially the migration of
 ǡǦ
tials in the line of research on the economic impact
Ǧ
countries, my study will investigate the relationship
 
  Ǧ
 Ǥ Ǧ
ǡ          
ǯ  ȋ Ȍ
Bank’s World Development Indicators (WID) and
employ Ordinary Least Squares (OLS) estimation of
 ϐ Ǧ
      Ǥ 
       Ǧ
search on patenting activities and the determinants
 Ǥ

  
economic framework, given that (i) the emigrants’
      ȋ   
return to their education) was larger than their
marginal product (or the private return to their edǦ
 ȌǡȋȌ ǦǦ
   Ǧ
Ǥ ǡ      
ǡ ǲǳǡ
ϐ   ǯ   Ǧ
        
  Ǧ
ϐ   ȋ 
 ǡͳͻǡǤʹͺǦʹͶȌǤ
Bhagwati and Hamada (1974), on the other
ǡ  
    ϐǦ  
  Ǧ Ǧ
gressive taxation. Under the assumptions related to
 ǡ    Ǧ
ϐ Ǧ
in the origin countries (Bhagwati and Hamada,
ͳͻͶǡǤͳͻǦͶʹȌǤ 
Bhagwati and Hamada (1974) was also shown withǦ
         
works such as those of Miyagiwa (1991) and Haque
ȋͳͻͻͷȌǤ  Ǧ
 Ǧ
 ǦǦ
igration.
In the late 1990s, a wave of economic papers
shifted their focus to the aspects that could prove the
  Ǥ
Theoretical developments such as those of MountǦ
ford (1997) and Vidal (1998) demonstrated that the
prospect of migration could serve as an incentive to
invest in human capital and increase education enǦ
rollment in the source economies. Whether studied

II. LITERATURE REVIEW
In the line of research focusing on the economic
impact of migration, early theoretical works, sumǦ
      ȋʹͲͳʹǡ ǤͺͳǦ
͵ͲȌǡ ǲǳǡ
  
 Ǧ 
Ǥ       
  ȋͳͻȌ
 ȋͳͻͶȌ       
      Ǧ  
Ǥ ǡ  
ȋͳͻȌ          
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under an economic framework with heterogeneous
ȋǡ ͳͻͻǡ ǤʹͺǦ͵Ͳ͵Ȍ  
 ȋǡ ͳͻͻͺǡ ǤͷͺͻǦͲͲȌǡ    Ǧ
turn of education (with education as an endogenous
 Ȍ        
 
 ϐ      Ǥ ǡ
 ȋʹͲͲͳȌǡ Ǧ Ǧ
al data for 37 developing countries and OLS estimaǦ
tion, found that this positive relationship was espeǦ
cially true for origin countries with low initial levǦ
  ȋǤʹͷǦʹͺͻȌǤ
Ǧ ȋʹͲͲȌ
ǡ     ǡ    
ϐ    ʹͲͲͺǡ   
ǡ
 ϐ     
 ȋʹͲͲͺǡǤ͵ͳǦͷʹȌǤ
The second kind of theoretical development,
        
  ǯ    ͳͻǡ  
      Y    ȋʹͲͲȌǤ
This line of development focused on remittances
          Ǧ
ǡ        
Ǧ      
ϐ Ǥ ǡǦ
ǡ  Ǧ  Ǧ
roeconomic approach found that countries sending
  Ǧ    
remittances than those sending less skilled migrants
ȋ ǡ ʹͲͲǡ ǤͳǦͳͻͳǢ   Ǥǡ ʹͲͳͲǡ Ǥͳʹ͵Ǧ
141).
The third theoretical development turned
away from the assumption of permanent relocaǦ
  Ǧ Ǥ ǡ   
as those of Stark et al. (1997) and Domingues Dos
  Ǧ ȋʹͲͲ͵Ȍ    Ǧ

rary migration and how the knowledge accumulatǦ
 Ǧ
ϐ    Ǥ     
development, mixed results were found due to the
understudied nature of the tendency to return of
migrants (Docquier and Rapoport, 2012, p.707). In
general, studies which looked at immigrants from
ȋǡʹͲͲǡǤʹ͵ȂͷȌǡ
migrants from Eastern Europe to Western Europe
ȋǡʹͲͲͻǡǤͳǦͷʹȌ
ϐ  Ǧ
nomic growth at the origin were expected to rapidly
 ǡ Ǥ
 Ǧ
ment to this study detailed how migration could imǦ
  Ǥ
in Docquier and Rapoport (2012), theoretical works
falling under this category showed that migration
could positively impact source countries’ innovation
through the diaspora network effect (p.707). SpecifǦ
ically, the presence of migrants in countries different
than their homeland could reduce transaction costs
and ease the transfer of goods, factors of production,
and knowledge from these countries to their homeǦ
ǡ    ϐ    ǡ ǡ 
  ǡ     
and innovation in the source economies (Docquier
and Rapoport, 2012, p.707). This theoretical develǦ
 
of Gaillard and Gaillard (1997) and Meyer (2001)
Ǧ

innovation in origin countries, including this study.
 ͳͻͺͷȂ
1997 period in the US, Kerr (2008) empirically testǦ
 ϐϐ
inventors with ethnic surnames, which yielded a
  ͻ    ǣ ǡ ǡ Ǧ
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ropean, Hispanic, Indian, Japanese, Korean, Russian,
Ǥ
under a model where the origin countries were
ǲ  ǳǡ     
innovative through the imitation of certain innovaǦ
tions of the destination countries. Within this modǦ
ǡ ϐ  
network effect in the technological imitation/difǦ
fusion process. He found that technology diffusion
   ϐ ǡ
especially for the case of Chinese diaspora networks.
Strong evidence was also found regarding the direct
positive impact of the ethnic diasporas on manufacǦ
  ǡ     Ǧ   Ǧ
ǡ ȋǡʹͲͲͺǡǤͷͳͺǦͷ͵ȌǤ
Agrawal et al. (2011) empirically tested the
same theoretical development through a model
        
        Ǧ
ϐ 
 ǤϐǦ
     Ǧ   
inventors and their diaspora networks. To quantify
such a measure, they constructed a novel sample
from patent data which linked with last name data
ͳͻͺͳȂʹͲͲͲ Ǥ
 Ǧ  Ǧ
  ϐ     
effect, the latter played the more important role in
 Ǧ ǡ ǲ 
represent a large fraction of the productivity gains
   ǳ ȋ  Ǥǡ ʹͲͳͳǡ
ǤͶ͵ǦͷͷȌǤ
This study will extend the theoretical developǦ
ment detailed in the works of Gaillard and Gaillard
ȋͳͻͻȌȋʹͲͲͳȌ 
of migration on innovation in source economies. SimǦ
 ȋʹͲͲͺȌ

 Ǥ ȋʹͲͳͳȌǡ       
analysis as a measure for the transfer of knowledge
and the degree of innovation in origin countries. My
study will, however, extend the said empirical works
through the use of more recent data on international
ϐǦǤ
ʹͳͳ 
ȋʹͲͳͷȌ Ǧ 
    
country or a few ethnic origins. Lastly, instead of
 Ǧ
work effect of migration like the mentioned empirǦ
ical works, my study will employ OLS estimation to
directly show the degree of the structural relationǦ
ϐ
applications in origin countries.
III. DATA AND METHODS
       Ǧ
gration and innovation in origin countries, data on
international students seeking tertiary education
       Ǧ
tute for Statistics (UIS). This data consists of the
    ǲ   
        ǳ
and are now residing in a country different from
 ȋǡʹͲͳȌǤǡ
the data series is appropriate for the purpose of this
ǡ   ϐ   Ǧ   Ǧ
grants that is controlled for educational attainment
(with secondary education completed). The data is
 ʹͲͳͳʹͲͳǤ 
2015, which is the year of interest of this study, data
for a total of 211 origin countries were estimated
Ȁ ȋǡʹͲͳȌǤ
As a measure of innovation in origin countries,
     ϐ   
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 ǯ    ǡ
ϐ
  ǲϐ    
 ϐ 
     ǳ   
world (The World Bank, 2017). This data series is
       Ǧ
 Ǥ       Ǧ
ǡ
frequency. Although the range of data covers an exǦ
 ͵ͳǦ   ͳͻͺͷ  ʹͲͳǡ  
   ǡ    ͳͷͲ Ǧ
ʹͲͳͷȋ
Bank, 2017).
ǡ Ǧ
gration and innovation in different countries in a
meaningful way, data on each country’s population
    ϐ   ʹͲͳͷ  
 Ǥ ǡ
it is important to note that each country’s populaǦ
tion is composed of all people who are residing in
the country at a certain point in time, regardless of
Ǥ ʹͲͳͷǡǦ
ʹʹ Ǥ
ǯ ϐ  ǡͶǣ
Ǧ ǡ ǦǦ ǡ ǦǦ
Ǧ ǡ  Ǧ ǡ   
ʹͳ͵ Ͷ   
ȋ  Ȍ  ȋǡʹͲͳȌǤ
 
Excel spreadsheet. Once the data series from differǦ
  ǡ 
seen that there were 118 countries with a data point
 ǤǡǦ
ternational students and patent applications should
   ǯ
in order to derive meaningful comparisons. Thus,
 

   ϐ
 
calculated in terms of population. In this transforǦ
   ǡ   
ϐ Ǧ
 ǡϐǡ
total population of that country. However, the raǦ
tionale justifying this data transformation is that if
there are more of people residing in country at one
point in time, there is a higher chance that the numǦ
ǡ 
originate from the population of the country, will
increase as a result. In addition, the impact of interǦ
national students on patenting activities can extend
    ϐ  Ǥ 
         ϐ
patent applications from destination countries or
 ϐ
residents of destination countries to their countries
Ǥǡ 
          
the percentages’ numerator.
Once the data transformation is performed, it is
necessary to examine the data through descriptive
 ǤͳǦ
imum, minimum, mean and median values of patent
     
 ǤǦ

 ʹͲͳͷȋͺͳͺǡͺͲ͵Ǣ
ͳǡͳͲͳǡͺͶȌǡǦ
Ǧ  ȋʹǤͶͶʹΨǢͲǤͻͳͻΨȌǤ 
San Marino is a micronation with an extremely small
  ͵ʹǡͻͲ   ʹͲͳͷǡ   
 ǡ ǯǦ
sition in terms of the percentages suggests the presǦ
ence of an outlier (The World Bank, 2017). Looking
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 ͳ ϐǤ
 ȋ
points) cluster near the lower far left of the horiǦ
ǡ  
Ǥ 
   ϐ      
and the rest of the countries in the scatterplot allows

Ǥ 
Marino is expected to affect the maximum and mean
values of the percentages.
ʹ 
       ǡ 
only the maximum and mean values of terms in perǦ
ϐ Ǥ
Some median values also changed, however not sigǦ
ϐ Ǥǡ Ǧ
tween the maximum and minimum values found in
 ǯ ȋαʹͶǡͷͺ
ȗ Ȍ    ǯ Ǧ
centages (Max = 281 * Min), as well as the medians
    ǡ  
Ǥ Ǧ
Ǥ ʹ͵Ǧ
dix provide the histograms for patent applications
 
Ǥ ǡ
ͷʹͳͳ  
ͲǤͲͲͻͲǤͳͳΨǡʹ Ǧ
tween 0.117 and 0.225%. Only 38 countries (32.5%
 Ȍ 
falling in the next 90% of the range. Similarly, for
patent applications, only 7% of the countries fall in
the higher 80% range. These statistics, along with
the shape of the histograms, with an elongated tail
  ǡ     
Ǥ ǡ     
     ǡ 

the terms into logarithms is necessary to induce
Ǥ ǡ
will look at the natural logarithms of percentages of
 Ǧ
tions in terms of the population of each country.
      Ǧ
     
   ǡ   ϐ    
  ϐ      
   Ǥ  Ͷ    Ǧ
plays the scatterplot for the logs for all 117 counǦ
ǡ ͷ 
Ͷǯ 
Ǥ      Ǧ
  
  Ͷǡ 
ǤǦ
  Ǧ
  ǦǦ   Ǧ 
countries as well. On the other hand, a negative relaǦ
 
       
Ǧ ǦǦ  ǡ
 Ǧ
ward direction.
      
  ϐ ǡ
͵Ǥ ǡ
ͳΨ        Ǧ
     ǡ  ʹǤͺΨ
         
patent applications in terms of population. Since the
 ϐ       Ǧ
ǡ         
Ǧ
 ʹǤͺΨͳΨ
in the proportion of patent applications. InterestǦ
ingly however, when the countries are split into difǦ
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 ǡ 
ǦǦ Ǧ
ǦǦ  Ǥȋ
magnitudes) in the correlations suggest that the
degree of economic development of different counǦ
  
 Ǧ
Ǥ        ϐ Ǧ
 
ϐǡ 
discussed at the end of this part.
 Ǧ
national student on patent applications, this paper
will employ OLS estimation technique to estimate
  ϐ     Ǧ
 Ǧ ʹͲͳͷǤǦ
  Ǥ 
 ǡ      Ǧ
national students as percentages of population will
ǡ
        
Ǥ  
the determinants of patenting activities, several inǦ
       Ǧ
 ǡ     ϐ    Ǧ
    ǡ  Ƭ  
  ǡ  Ƭ   ǡ 
the degree of international competition exposure of
  Ǧ
ȋǤǡʹͲͳͲǢ 
Cheng, 2015, p.52). Additionally, since the degree
      ϐ   
   Ǧ
 ǡǡ    
 Ǧ
Ǥǡ 
 Ǥ
Ͷ   ǡ ϐǡ   

Ǥ   ǡ
 ϐǣ

ȋȀȌεȽήȾ1ȋȀȌήȾ2
ȋȀȌήȾ3 log(ar ȀȌήȾ4 log(R&D exȀ ȌήȾ5 log(R&D
 ȀȌήȾ6 log(GNI/
ȌήȾ7 log(Int’l compeȌήɂ
(1)

     
countries, as well as the academic environment,
Ƭ ǡ 
positively impact patenting activities, Ⱦ1 to Ⱦ6 are exǦ

pected to all have positive signs. Exposure to interǦ
national competition can encourage or discourage
 Ƭ
  ǡ        Ǧ
Ǥ  Ǧ
low provides
theestimation
estimationresults.
results.
provide the

IV. RESULTS
Due to the skewness to the right of the data seǦ
       Ǧ
tional students, natural logs of the data were taken
 Ǥ  
the factors that affect patenting activities and the
 ȋǤǡʹͲͳͲǡ
ǤǢ ǡʹͲͳͷǡǤͷʹȌǡǦ
       
      
 ǣǡ
    ϐ      
 ǡ  Ƭ ǡ  Ƭ 
headcount, and the degree of international competiǦ
tion exposure of each country.
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their respective countries’ populations, as well as
the natural logs were taken, the regression equation
ǣ

   ϐ     ϐ  
 ͵    Ͷ  Ǥ   
ϐ  ϐ   Ǧ
  ϐ ͻͲΨ ϐǦ
dence level following the new estimation results, it
 
ǤǡϐǦ
ǣ

ȋȀȌεȽήȾ1ȋȀȌήȾ2
ȋȀȌήȾ3 log(ar ȀȌήȾ4 log(R&D exȀ ȌήȾ5 log(R&D
 ȀȌήȾ6 log(GNI/
ȌήȾ7 log(Int’l compeȌήɂ
(1)
where ɂ represents the error term.
 ͷ       
the regression using OLS estimation technique. The
Ǧ   Ǧ  ȋͲǤͲͲͲȌ  
   ϐ   
Ǥ ǡ
      Ǧ
Ǥ ǡ  Ǧ
   ϐ     ǡ
 ϐ 
 ϐ    
negative signs. In addition, only 4 out of the 7 indeǦ
 ϐ 
ͻͷΨ ϐ Ǥǡ
 ϐ Ǧ
Ǥ
ǣ

ȋȀȌεȽήȾ1ȋȀȌήȾ2
ȋȀȌήȾ3log
ȋ  ȀȌήɂ

(3)
Ǧ
Ǥϐ ǡ Ǧ
ϐ ϐ ͻͻΨ ϐ Ǥ
further look into the residual diagnostic tests elimǦ
  Ǧ
 ǡǦ ǦǦ 
   ͳͲΨǤ ǡ  Ǧ  
Ǧ    ȋͲǤͲͶȌ   Ǧ
low for the acceptance of the null hypothesis that
ͻͲΨ Ǧ
ϐ Ǥ ǡ 
 
  ǡ      Ǥ 
Ǧ   Ǧ     Ǧ
ϐ      Ǥ  
ǦͺΨǦ
ϐǡ  
 ϐ Ǧ
ǣ

ȋȀȌεȽήȾ1ȋȀȌήȾ2
ȋȀȌήȾ3 log(ar ȀȌήȾ4 log(GNI/pop)
ήɂ

log (patents/pop) = -19.634 - 0.516 * log(students/
pop) + ͲǤͺȗlog(graduates/
pop) + 1.129 * ȋ  ȀȌήɂ
(4)
As seen in equation (4), a 10% increase in the
Ǧ     

(2)
    
ǤǦ
    ϐ   Ǧ   
of the former equation, with changes in the magniǦ
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ǯǦ  Ǧ
ͷǤͳΨǤ 
        Ǧ
       ǡ 
       Ǧ
tions is negatively impacted due to some loss of huǦ
man capital in terms of student researchers and/or
ϐǤ  Ǧ
 ǡ
graduates from tertiary programs in a country posǦ
itively impacts that country’s patent applications.
 ϐ ǡ  ͳͲΨ      
people who just graduated from a tertiary program
during the year with regards to the total population
   ͺǤΨ     ǯ Ǧ
Ǧ     Ǥ  Ǧ
 Ǧ 
education and its impact on a country’s innovation,
 
 Ǥ
          Ǧ
   Ǧ    
       
  ϐ Ǥ  Ǧ Ǧ
ϐ  
national income per person, it also witnesses more
innovation through the addition of patent applicaǦ
tions. However, since there is a potential presence
        
 ǡ   
determined.
Ǧ
ǡƬǦ
ditures were included to investigate the degree of
       Ƭ
and current patent applications. Although de RasǦ
    ȋʹͲͲͻȌ    Ǥ ȋͳͻͺȌ

 Ƭ
can impact current patent applications, with a lag of
up to 5 years, since the UIS only provides data on
Ƭ   ʹͲͳͳ ǡ Ͷ  
the maximum lag that the estimation equation may
ǤʹͲͳͳǦʹͲͳͶǡʹͲͳͷ
ƬǡȋʹȌ
ͺǤ
ͷ ϐ Ƭǡ
ʹͲͳͳ ϐ  ͻͲΨ
ϐ  Ǥ ǡ      Ǧ
 ϐ Ǥ
In contrast with the estimation results from
 ȋʹȌǡ  ϐ     ϐ  
   ϐ ͻͷΨ
ϐ Ǥǡ Ǧ
   ʹͲͳͳ Ƭ     
estimation equation. Two outliers were removed to
ensure the homoskedasticity of the residuals. The
        ͷǤ
ͻǤ
 ϐ ϐ ͻͷΨ ϐ 
level and have similar signs with that of equation
(1), (2) and (3). Here, however, with the addition
ǡ ϐ  Ǧ
ǡϐ
  Ǧ   Ǥ  ϐ ǡ
 ͳͲΨ     Ǧ  
       
Ǧ  
͵ǤʹΨǤ ǡ     
graduates in the total population now has a larger
positive impact on innovation. As for the lag term, a
ͳͲΨ Ƭ
in the total GDP from 4 years ago is expected to inǦ
 Ǧ Ǧ
 ͷǤʹͳΨͻͷΨ ϐ Ǥ
 ϐ  ϐ  Ǧ
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ical journal articles has a negative sign in the estiǦ
 Ǥ  ϐ ǡ  ͳͲΨ    
Ǧ       
ͶǤ͵ͷΨ Ǧ Ǧ
 ͻͷΨ ϐ Ǥ
This result indicates that the contemporaneous relaǦ
 Ǧ
cations is negative. In other words, innovation that is
 
ϐǦ
search within the same year. In fact, holding all else
constant, patent applications fall alongside the addiǦ
 Ǥ

 ǲ ǳ ǡ   ǡ  ǡ
Docquier, and Rapoport (2008), and indicates that
      ǡ 
is a loss of human capital in the origin countries in
terms of student researchers and/or workers in the
ϐ Ǥ 
   ϐ Ǧ
ǡϐ
ǤȋʹͲͳͳȌǡǲ Ǧ
novator emigration is to harm domestic knowledge
 ǡǤǳ ǡ
     Ǧ  Ǧ
fect to the migration of innovators, where the disǦ
 
students in the origin countries may decrease the
countries’ net access to knowledge in the short run,
  Ǥ
It is also found that tertiary graduates play a
    Ǥ  ϐ   Ǧ
itive effect of newly graduated tertiary students on
patent application aligns with the empirical works
looking at the determinants of patenting activities,
 ǤȋʹͲͳͲȌ Ƭ
Chen (2015), where higher education workforce and
ϐ  Ǧ
ute to patenting activities. Through an extension of
ϐǡ
Ƭ 
ϐ   ǡ
ƬͶ  
 Ǥϐ
de Rassenfosse and Guellec (2009), who found that
Ƭ   
applications with a lag of up to 5 years.
To further expand on this research paper, one
      
       Ǧ
gration and patent applications as a measure for inǦ

V. CONCLUSION
       Ǧ
tiary international students in 2015 were retrieved
 
Statistics (UIS) to study the impact of migration on
ǡǦ
Ǧ
ent applications as a measure for innovation (2017).
 
      Ǥ 
past research on the determinants of patenting acǦ
ǡ      
Ǥ  Ǧ ȋȌ 
technique and statistical package EViews were used
   Ǥ     
ϐ      ǡ  ϐ
estimation equation was determined with patent
        
international students, tertiary graduates within the
ǡ ǯ   Ǥ
It is found that an increase in the students seekǦ
        
applications in a country within the same year. This
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novation using panel data over a long time period.
While the contemporaneous relationship is negative,
        Ǧ
relationship is that of the opposite, as suggested in
the empirical works looking at migration and inǦ
novation through the investigation of diaspora netǦ
ȋǡʹͲͲͺǡǤͷͳͺǦͷ͵ǢǤǡʹͲͳͳǡ
ǤͶ͵ǦͷͷȌǤ
    ǡ
   
a study on the same relationship using Instrumental
ȋ ȌʹǦǦȋʹȌǦ
mation technique.
As for this particular research, since only a conǦ

     
ǡ       Ǧ
      ϐ    
         Ǥ
However, to reduce the loss of human capital in the
 ǡ      Ǧ
ration with higher education institutions in major
Ǧ     Ǧ
edge accumulation and research opportunities at
 ǡ       
Ǥ
    
   ǡ      
    ͳͲ  
ǡ 
  ǡ
      ϐǡ
 ϐ  ϐ 
environments (Bureau of Educational And Cultural
ǡ ʹͲͳͺǢ    ǡ ʹͲͳǡ Ǥͳ͵ͲͶǦ
1322).
In addition, consistent with existing literature,
 ϐ  

of tertiary graduates in innovation, countries are enǦ
 Ǧ
 Ǧ
ther integrating research opportunities into higher
education. This study also found that while a counǦ
ǯ      ϐ  
        Ƭ
ǡƬ
Ͷ    ϐ      
current patent applications. Thus, countries are also
  Ƭ Ǧ
ities to foster long term innovation.
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APPENDIX
Table 1: Summary Statistics of Variables

Table 3: Correlation between Patent
Applications and Outbound
International Students
(Logged % of population)

Table 2: Summary Statistics of Variables
without Outliers

Table 4: Descriptions and Sources of all Variables
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Table 5:

Table 6:
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Table 7:

Table 9:

Table 8:

Figure 1: Patent Applications and Outbound
International Students (% of
population)
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Figure 2: Distribution of Outbound International Figure 3: Distribution of of Patent Applications
Student (% of population)
(% of population)

Figure 4: Patent Applications and Outbound International Students (Log of % of population) - All

Figure 5: Patent Applications and Outbound International Students (Log of % of population) By Income Group
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DŽƵŶƞŽƌĚ͕͘;ϭϵϵϳͿ͘ĂŶĂƌĂŝŶƌĂŝŶĞ'ŽŽĚĨŽƌ'ƌŽǁƚŚ
ŝŶƚŚĞ^ŽƵƌĐĞĐŽŶŽŵǇ͍:ŽƵƌŶĂůŽĨĞǀĞůŽƉŵĞŶƚĐŽͲ
ŶŽŵŝĐƐ͕ϱϯ;ϮͿ͕ϮϴϳʹϯϬϯ͘
K/͗ϭϬ͘ϭϬϭϲͬ^ϬϯϬϰͲϯϴϳϴ;ϵϳͿϬϬϬϮϭͲϳ
Eŝŝŵŝ͕z͕͘PǌĚĞŶ͕͕͘Θ^ĐŚŝī͕D͘;ϮϬϭϬͿ͘ZĞŵŝƩĂŶĐĞƐĂŶĚƚŚĞ
ƌĂŝŶƌĂŝŶ͗^ŬŝůůĞĚDŝŐƌĂŶƚƐŽZĞŵŝƚ>ĞƐƐ͊ŶŶĂůĞƐ
Ě͛ĐŽŶŽŵŝĞĞƚĚĞ^ƚĂƟƐƟƋƵĞ͕ϵϳʹϵϴ͕ϭϮϯʹϰϭ͘
K/͗ϭϬ͘ϮϯϬϳͬϰϭϮϭϵϭϭϮ
PǌĚĞŶ͕͕͘Θ^ĐŚŝī͕D͘;ϮϬϬϲͿ͘/ŶƚĞƌŶĂƟŽŶĂůDŝŐƌĂƟŽŶ͕ZĞͲ
ŵŝƩĂŶĐĞƐ͕ĂŶĚƚŚĞƌĂŝŶƌĂŝŶ͘tĂƐŚŝŶŐƚŽŶ͕͗͘͘tŽƌůĚ
ĂŶŬ͖,ŽƵŶĚŵŝůůƐ͕h͘<͘ĂŶĚEĞǁzŽƌŬ͗WĂůŐƌĂǀĞDĂĐŵŝůͲ
ůĂŶ͕ϭϱϭʹϵϵ͘
WĂƌŬ͕:͘;ϮϬϬϰͿ͘/ŶƚĞƌŶĂƟŽŶĂůƐƚƵĚĞŶƚŇŽǁƐĂŶĚZΘĂŵƉ͖
ƐƉŝůůŽǀĞƌƐ͘ĐŽŶŽŵŝĐƐ>ĞƩĞƌƐ͕ϴϮ;ϯͿ͕ϯϭϱͲϯϮϬ͘
K/͗ϭϬ͘ϭϬϭϲͬũ͘ĞĐŽŶůĞƚ͘ϮϬϬϯ͘Ϭϳ͘ϬϭϮ
^ƚĂƌŬ͕K͕͘,ĞůŵĞŶƐƚĞŝŶ͕͕͘ΘWƌƐŬĂǁĞƚǌ͕͘;ϭϵϵϳͿ͘ƌĂŝŶ
'ĂŝŶǁŝƚŚĂƌĂŝŶƌĂŝŶ͘ĐŽŶŽŵŝĐƐ>ĞƩĞƌƐ͕ϱϱ;ϮͿ͕
ϮϮϳʹϯϰ͘
K/͗ϭϬ͘ϭϬϭϲͬ^ϬϭϲϱͲϭϳϲϱ;ϵϳͿϬϬϬϴϱͲϮ
dĂǇůŽƌ͕:͕͘͘ĚĂŵƐ͕Z͕͘DŽƌĂ͕:͕͘Θ>ſƉĞǌͲ&ĞůĚŵĂŶ͕͘
;ϮϬϬϱͿ͘ZĞŵŝƩĂŶĐĞƐ͕/ŶĞƋƵĂůŝƚǇĂŶĚWŽǀĞƌƚǇ͗ǀŝĚĞŶĐĞ
ĨƌŽŵZƵƌĂůDĞǆŝĐŽ͘Ğ^ĐŚŽůĂƌƐŚŝƉ͕hŶŝǀĞƌƐŝƚǇŽĨĂůŝͲ
ĨŽƌŶŝĂ͘ZĞƚƌŝĞǀĞĚĨƌŽŵ͗ŚƩƉƐ͗ͬͬĞƐĐŚŽůĂƌƐŚŝƉ͘ŽƌŐͬƵĐͬ
ŝƚĞŵͬϵƐϭϰϰϱϮĚ
dŚĞtŽƌůĚĂŶŬ͘;ϮϬϭϳͿ͘tŽƌůĚĂŶŬĞǀĞůŽƉŵĞŶƚ/ŶĚŝĐĂͲ
ƚŽƌƐ͘ZĞƚƌŝĞǀĞĚĨƌŽŵ͗ŚƩƉƐ͗ͬͬĚĂƚĂ͘ǁŽƌůĚďĂŶŬ͘ŽƌŐͬĚĂͲ
ƚĂͲĐĂƚĂůŽŐͬǁŽƌůĚͲĚĞǀĞůŽƉŵĞŶƚͲŝŶĚŝĐĂƚŽƌƐ
hE^K;ϮϬϭϳͿ͘hE^K/ŶƐƟƚƵƚĞĨŽƌ^ƚĂƟƐƟĐƐ͘ZĞƚƌŝĞǀĞĚ
ĨƌŽŵ͗ŚƩƉ͗ͬͬĚĂƚĂ͘ƵŝƐ͘ƵŶĞƐĐŽ͘ŽƌŐͬη
hŶŝƚĞĚEĂƟŽŶƐ;ϮϬϭϱͿ͘/ŶƚĞŐƌĂƟŶŐŵŝŐƌĂƟŽŶŝŶƚŽƚŚĞϮϬϯϬ
ŐĞŶĚĂĨŽƌ^ƵƐƚĂŝŶĂďůĞĞǀĞůŽƉŵĞŶƚ;WƵďůŝĐĂƟŽŶEŽ͘
ϮϬϭϱͬϱͿ͘ĞƉĂƌƚŵĞŶƚŽĨĐŽŶŽŵŝĐĂŶĚ^ŽĐŝĂůīĂŝƌƐ͕
WŽƉƵůĂƟŽŶŝǀŝƐŝŽŶ͘
hŶŝƚĞĚEĂƟŽŶƐ;ϮϬϭϳͿ͘/ŶƚĞƌŶĂƟŽŶĂůDŝŐƌĂƟŽŶZĞƉŽƌƚϮϬϭϳ͘
ZĞƚƌŝĞǀĞĚĨƌŽŵ͗ŚƩƉ͗ͬͬǁǁǁ͘ƵŶ͘ŽƌŐͬĞŶͬĚĞǀĞůŽƉŵĞŶƚͬ
ĚĞƐĂͬƉŽƉƵůĂƟŽŶͬŵŝŐƌĂƟŽŶͬƉƵďůŝĐĂƟŽŶƐͬŵŝŐƌĂƟŽŶƌĞͲ
ƉŽƌƚͬĚŽĐƐͬDŝŐƌĂƟŽŶZĞƉŽƌƚϮϬϭϳ͘ƉĚĨ
hŶŝƚĞĚEĂƟŽŶƐĞǀĞůŽƉŵĞŶƚWƌŽŐƌĂŵŵĞ;ϮϬϭϱ͕^ĞƉƚĞŵďĞƌ
ϮϱͿ͘tŽƌůĚůĞĂĚĞƌƐĂĚŽƉƚ^ƵƐƚĂŝŶĂďůĞĞǀĞůŽƉŵĞŶƚ
'ŽĂůƐ͘ZĞƚƌŝĞǀĞĚĨƌŽŵ͗ŚƩƉ͗ͬͬǁǁǁ͘ƵŶĚƉ͘ŽƌŐͬĐŽŶƚĞŶƚͬ

ƵŶĚƉͬĞŶͬŚŽŵĞͬƉƌĞƐƐĐĞŶƚĞƌͬƉƌĞƐƐƌĞůĞĂƐĞƐͬϮϬϭϱͬϬϵͬϮϰͬ
ƵŶĚƉͲǁĞůĐŽŵĞƐͲĂĚŽƉƟŽŶͲŽĨͲƐƵƐƚĂŝŶĂďůĞͲĚĞǀĞůŽƉͲ
ŵĞŶƚͲŐŽĂůƐͲďǇͲǁŽƌůĚͲůĞĂĚĞƌƐ͘Śƚŵů
hŶŝǀĞƌƐŝƚǇŽĨKǆĨŽƌĚ;ϮϬϭϳͿ͘/ŶƚĞƌŶĂƟŽŶĂůdƌĞŶĚƐŝŶ,ŝŐŚĞƌ
ĚƵĐĂƟŽŶϮϬϭϲʹϭϳ͘ZĞƚƌŝĞǀĞĚĨƌŽŵ͗ŚƩƉ͗ͬͬǁǁǁ͘Žǆ͘ĂĐ͘
ƵŬͬƐŝƚĞƐͬĮůĞƐͬŽǆĨŽƌĚͬƚƌĞŶĚƐйϮϬŝŶйϮϬŐůŽďĂůŝƐĂƟŽŶͺ
t͘ƉĚĨ
sĂůůĞƩĞ͕:͘;ϮϬϭϲͿ͘ŽDŝŐƌĂŶƚƐdƌĂŶƐĨĞƌWƌŽĚƵĐƟǀĞ<ŶŽǁůͲ
ĞĚŐĞĂĐŬƚŽdŚĞŝƌKƌŝŐŝŶŽƵŶƚƌŝĞƐ͍ŶΣϮϮ͕Z/͘
ZĞƚƌŝĞǀĞĚĨƌŽŵ͗ŚƩƉ͗ͬͬĐĞƌĚŝ͘ŽƌŐͬƉƌŽĚƵĐƟŽŶͬƐŚŽǁͬ
ŝĚͬϭϴϯϱͬƚǇƉĞͺƉƌŽĚƵĐƟŽŶͺŝĚͬϭ
sŝĚĂů͕:͘W͘;ϭϵϵϴͿ͘dŚĞīĞĐƚŽĨŵŝŐƌĂƟŽŶŽŶ,ƵŵĂŶĂƉŝƚĂů
&ŽƌŵĂƟŽŶ͘:ŽƵƌŶĂůŽĨWŽƉƵůĂƟŽŶĐŽŶŽŵŝĐƐ͕ϭϭ;ϰͿ͕
ϱϴϵʹϲϬϬ͘
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