
M

G
a

b

c

d

e

f

a

A
R
R
A
A

K
I
R
S

1

i
p
i
m
w
h
A
f
c
m
r
a
s
a
R

i

h
0

Research Policy 44 (2015) 108–120

Contents lists available at ScienceDirect

Research  Policy

jo ur nal ho me  p age: www.elsev ier .com/ locate / respol

igrant  scientists  and  international  networks

iuseppe  Scellatoa,b,∗,  Chiara  Franzonic,  Paula  Stephand,e,f

Department of Management and Production Engineering, Politecnico di Torino, 10129 Turin, Italy
Bureau of Research on Innovation, Complexity and Knowledge, Collegio Carlo Alberto, 10024 Moncalieri, Italy
School of Management, Politecnico di Milano, 20133 Milan, Italy
Andrew Young School of Policy Studies, Georgia State University, Atlanta, GA 30302, USA
National Bureau of Economic Research, Cambridge, MA 02138, USA
Department of Economics Cognetti De Martiis, Università di Torino, Italy

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 17 October 2012
eceived in revised form 26 March 2014
ccepted 21 July 2014
vailable online 11 September 2014

eywords:
nternational mobility of researchers

a  b  s  t  r  a  c  t

We  examine  collaboration  patterns  of  foreign  scientists  working  in  one  of 16  countries  in 2011  and  com-
pare them  to  the  collaboration  patterns  of  nonmigrant  scientists  and  scientists  with  some  international
experience  who  have  returned.  Data  come  from  the  GlobSci  survey.  Major  findings  are  that  both  foreign-
born  scientists  and  returnees  have  larger  international  research  networks  than  do  native  researchers  who
lack an  international  background.  The  higher  incidence  of international  collaboration  among  migrants
is  driven  primarily  by those  who  did  not  get their  PhD training  in the  destination  country  but  rather
came  for  a postdoctoral  position  or  directly  for employment.  We  also  find  that  a sizeable  share  of  foreign
esearch collaboration
urvey data

born  collaborate  with  researchers  located  in  their  country  of  origin  and that  migrants  are  also  likely  to
collaborate  with  individuals  from  their  home  country  who  are  working  or studying  in a  third  country
(diaspora  effect).  Finally,  the  relative  strength  of the  origin  country’s  science  base  matters  in the  sense
that those  who  come  from  a relatively  stronger  base  have  superior  networks  compared  to those  coming
from  a relatively  weaker  science  base.

©  2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

There is considerable interest in policies that promote the
nternational mobility of students and researchers. The Erasmus
rogramme in Europe, for example, promotes the mobility of

ndividuals for study; the Marie Curie programme promotes the
obility of postdoctoral scholars and established scientists both
ithin and outside of Europe. In recent years several countries
ave adopted policies to retain mobile scientists. Both Canada and
ustralia, for example, provide a fast track to permanent residency

or migrant scientists trained in country and the United States is
urrently considering a policy that would grant green cards (per-
anent residency) to temporary residents at the time that they

eceive their PhD in a STEM field (science, technology, engineering
nd mathematics) in the US. Policies also exist to attract emigrant

cientists back to the country of origin and to promote the exchange
nd communication of nationals abroad with the home land. The
amon y Cayal programme, for example, was designed to attract

∗ Corresponding author at: Department of Management and Production Engineer-
ng, Politecnico di Torino, 10129 Turin, Italy. Tel.: +39 011 0907270.

E-mail address: giuseppe.scellato@polito.it (G. Scellato).

ttp://dx.doi.org/10.1016/j.respol.2014.07.014
048-7333/© 2014 Elsevier B.V. All rights reserved.
postdoctoral researchers back to Spain; China and India offer high
salaries to returnees as well as visiting positions. New Zealand
has promoted policies to facilitate communication and coopera-
tion between New Zealanders abroad (particularly in Australia) and
scientists who  are working in country (Davenport, 2004).

The implicit assumption underlying these various initiatives is
that mobility fosters productivity and enhances networks. Empir-
ical work concerning the importance and size of such effects,
however, relies almost exclusively on case studies focusing on
specific countries (Nagaoka et al., 2013; Baruffaldi and Landoni,
2013) or on specific policy initiatives, such as the Fulbright pro-
gramme  in the United States (Kahn and MacGarvie, 2011). To date,
no research has addressed the generalizability of these findings
across countries and across characteristics of migrants such as
career stage at the time of migration. Nor has the growing com-
plexity of high skilled mobility, characterised by circular moves,
partial migrations, student and temporary mobility (Ackers and
Gill, 2008) been adequately studied. Moreover, the country specific
focus of previous studies does not allow for an assessment of the

impact of the diaspora on the international collaboration capability
of migrants.

This article contributes to our understanding by examining net-
work patterns of migrant scientists working in sixteen countries

dx.doi.org/10.1016/j.respol.2014.07.014
http://www.sciencedirect.com/science/journal/00487333
http://www.elsevier.com/locate/respol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.respol.2014.07.014&domain=pdf
mailto:giuseppe.scellato@polito.it
dx.doi.org/10.1016/j.respol.2014.07.014
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nd comparing these patterns to those of nonmigrant scientists.1

he sixteen core countries include ten in Europe (Belgium,
enmark, France, Germany, Italy, the Netherlands, Spain, Sweden,
witzerland and the UK), as well as Australia, Brazil, Canada, India,
apan and the US. Our focus is active researchers in the fields of
iology, chemistry, earth and environmental sciences, and materi-
ls. Data come from the GlobSci survey, conducted in the spring of
011 by the three authors (Franzoni et al., 2012a). The methodology

nvolved surveying corresponding authors of articles published in
009 in the four fields who were studying or working in one of the
6 countries. Collectively the core countries produce about 70 per-
ent of all articles published in these fields. The overall response
ate was about 40 percent (Franzoni et al., 2012a). The survey
esulted in 19,183 responses. The data collected through the survey
llow us to control for a number of individual characteristics that
annot be observed through alternative research approaches such
s bibliometric indicators or the analysis of the CVs of researchers.
oreover, our survey methodology permits us to use nonbiblio-
etric measures to assess the size and geographic location of the

nternational network.
Major findings are that both foreign-born scientists and

eturnees have larger international research networks than do
ative researchers in core countries who lack an international back-
round. Such patterns hold across the sixteen countries as well
s when we conduct the analysis separately for the US, European
ountries and other countries. Second, the higher incidence of inter-
ational collaboration among migrants is driven primarily by those
ho did not get their PhD in the destination country but rather

ame for a postdoctoral position or directly for employment at a
niversity or public research centre in the destination country after
octoral training. Such results suggest that research links estab-

ished during doctoral training by migrant researchers matter and
re portable. It is consistent with the third finding that a sizeable
hare of foreign-born scientists (slightly more than 40%) report
esearch collaborations with researchers located in their country of
rigin. Moreover, and consistent with the portability concept, is the
ourth finding that diaspora networks (Meyer, 2001) matter to the
xtent that migrants collaborate with individuals from their home
ountry who are studying or working in a third country. A fifth
nding is that the size of a migrant’s network correlates with the
elative strength of the origin country’s science base: those coming
rom countries with relatively stronger science bases have supe-
ior networks compared to those coming from relatively weaker
ountries.

The article is organised as follows. In Section 2 we define what
e mean by migration and discuss migration and research network

ormation and formulate the framework for our empirical work.
n Section 3 we introduce the characteristics of the GlobSci sur-
ey, the related datasets and discuss the evidence on international
obility patterns for the 16 core countries. In Section 4 we present

he econometric modelling of the data and show results. Section 5
ummarises the main findings and discusses implications for policy.

. Scientists migration and international research
etworks

Despite increases in connectivity and bandwidth, mobility con-
inues to play a key role in the production of scientific knowledge. A

ey factor is the importance of tacit knowledge to the production of
nowledge, and thus the need for face-to-face interaction (Stephan,
010). Mobile scientists, who have been working face to face with

1 Here we  address issues related to the relationship of migration to international
ollaboration. In a related article (Franzoni et al., 2014) we  address the relationship
f international mobility to performance.
licy 44 (2015) 108–120 109

scholars in multiple locations, are naturally one primary vehicle of
diffusion, enabling knowledge to move with them and to be used
and shared across different locations. Diffusion of tacit knowledge
occurs in part because movers bring knowledge to the destina-
tion and in part because mobile scientists establish collaborations
with and across the local communities they bridge (Gibson and
McKenzie, 2012). Although the role of mobility in network forma-
tion has been acknowledged for a considerable time, until recently,
due largely to the lack of data, there have been few attempts to
link mobility to research networks and to map the extent to which
mobility networks and research networks overlap.

We try to fill this gap in this article. We  do so by focusing on
one specific kind of mobility, namely international migration. We
study the international collaborations of migrant scientists, includ-
ing those who returned to the origin country. We  do not study
within-country moves and we  do not study short-term interna-
tional mobility (e.g. research visiting periods).2

A fact known with considerable certainty is that research is
increasingly a collaborative effort. Research teams are becoming
larger and a growing proportion of teams are established between
scientists based at different institutions and in different countries
(Wuchty et al., 2007; Jones et al., 2008; Gazni et al., 2012). It has
been estimated that in the first decade of this century, interna-
tional collaborations grew from 14% of all publications in ISI in
2000 to 18% in 2009. The increase occurred in all scientific fields,
with the exception of physics (−0.5%) and occurred largely among
teams of 3 or more co-authors (Gazni et al., 2012). There is further
evidence that this increase is not just recent, but started at least
during the 1980s. For example in the US, the foreign-share of inter-
nationally collaborated papers increased steadily from about 5.1%
per year during the 1980s to about 7.4% during the 1990s, with the
increase being driven primarily by collaborations with Asian and
European institutions (Adams et al., 2005). The share of European
papers co-authored with US-based researchers increased from 5.9%
in 1985 to 9.5% in 1995, while papers co-authored with Japan-based
researchers increased from 0.5% to 1.3% and those with researchers
based in Canada from 0.9% to 1.6% (Georghiou, 1998).

We also know that the rate of the tertiary educated who become
migrants has increased during the same decades at a high pace
and that a large proportion of highly educated migrants circulates
among relatively wealthy countries (Docquier et al., 2009). The
lack of data, however, makes it impossible to draw a link between
the increasing migration of people and increasing long-distance
networks in science. Nonetheless, it is somewhat puzzling that
migration has been left in the background, if mentioned at all,
in the literature that has discussed reasons behind increased
international collaborations (Katz and Martin, 1997; Georghiou,
1998; Gazni et al., 2012). Instead, prior studies have documented
that the increase in collaboration has been enabled by the advent
of email and inexpensive international communication (Ding et al.,
2010), by mechanisms of preferential attachment that researchers
develop to gain reputation and visibility (Wagner and Leydesdorff,
2005), by the increase of bilateral research agreements, especially
with regard to big science projects (Georghiou, 1998), and in con-
sequence of the widespread use of funding schemas that mandate
cross-country collaboration in the European area (Defazio et al.,
2009).

Without denying the relevance of these factors, a first aim of
this article is to investigate the understudied link between migra-

tion and network formation and to provide evidence regarding
the extent to which mobility is a likely engine of international
research collaboration. Due to the structure of our data, we cannot

2 For within-country mobility see Fernandez-Zubieta et al. (2013). For short term
mobility see Kahn and MacGarvie (2011) and Jöns (2009).
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tors (Agrawal et al., 2011) and entrepreneurs (Saxenian, 2002,
2005).
10 G. Scellato et al. / Resea

laim to observe a causal relation between international mobility
nd network participation. To the extent that migration happens
ecause of international collaborations among teams, this relation-
hip may  indeed go the opposite way. Moreover, we do not have
ongitudinal data and thus cannot observe changing patterns over
ime. Nonetheless, we take a first step by examining the propor-
ion of research conducted in international teams that involves
nvestigators who had a prior experience of work or study in a
ifferent country and compare the extent to which domestic and
oreign-born scientists differ in their propensity to be involved in
nternational teams.

A second focus of this article is to examine the kinds of
ocial connections that are easily carried forward when a sci-
ntist migrates from one country to another. One strength of
ur study is that our measures of international collaboration do
ot rely on co-authorship patterns. Although the latter provide

 reasonable proxy of scientific collaborations, and one largely
sed by scholars, there are several well-known limitations to
his approach (Katz and Martin, 1997). One limitation is that
o-authorships capture only the formal and most visible part of
ollaborations, overlooking informal collaborations, the so-called
invisible colleges” (de Solla Price, 1963; Crane, 1972), that may
ot result in joint authorship, but are nonetheless extremely
elevant in explaining the progress of science. A second limita-
ion is that publication databases, such as ISI, are known to be
iased in favour of English-language journals and are therefore
rone to undercount collaborations occurring among countries
ith a substantial corpus of publications in national language,

uch as China, Korea and Japan. A third and more important lim-
tation is that co-authorship provides no information concerning
ow or when the connection among the authors was established
nd what role each author had in the collaboration.3 In our
nalysis we rely on survey data that enable us to capture infor-
ation on collaborations beyond formal co-authorship, and use

o-authorship only to validate and assess the robustness of our
ndings.

Our data also allow us to qualify the collaboration based on sev-
ral characteristics of the scientist. One characteristic of interest in
his article is whether the scientist is foreign born and, if she is, the
oint in the career that she migrated to the country of destination.
or the scope of our work, we wish to see if the alleged advan-
age of foreign born in establishing international collaborations
aries depending on the intensity of the social connections with
he scholarly community that existed at the time of entry into the
oreign country. Prior research has documented the relevance and
ndurance of social relationships that people keep with individuals
ho were formerly co-located (Saxenian, 1994; Almeida and Kogut,

999). Agrawal et al. (2006) document this relationship at the indi-
idual level, by studying inventors who move from one company
o another and show that movers disproportionally cite colleagues
t their prior location. They explain the finding by suggesting that
ven if the inventors could no longer benefit from lower commu-
ication costs, frequent informal discussions and casual meetings
hat happen among co-workers in the same geographic location,
ocial relationships forged when they worked together facilitate
he transmission of knowledge across long distances, in the spirit
f the spread of “intellectual innovations” that happens in invisible
olleges (Crane, 1972).

Concerning the international mobility of scientists, we expect

hat the extent to which social relations are likely to endure and
acilitate collaboration depends on the knowledge and expertise
f the people involved. Therefore one condition that enhances

3 Biographical sketches, provided in rare cases by journals, are typically difficult
o  analyse and prone to assessment biases (see for example Furukawa et al., 2011).
licy 44 (2015) 108–120

knowledge transmission should be that the mover is acquainted
with colleague-scholars at the time he or she migrates. Moreover,
one would expect the effect to be stronger, the stronger the science
base in the country of origin. To the extent that a senior scientist
has more social capital with other scientists than a junior scholar
and a junior scholar has more social capital with other scholars
than an early trainee, we would expect to observe variation in
the degree to which the timing of entry in terms of career stage
into the destination country is associated with international net-
work formation. A second contribution of this article, therefore,
is to investigate if the size of a migrant’s international network
depends upon the scientist’s career stage at the time the scientist
departed the home country. A related contribution is to exam-
ine the extent to which the international network of the migrant
depends upon the relative strength of the science base of the send-
ing country where the social capital with other scientists was
formed.4

A third area of contribution of this article is to investigate
national ties. Prior research conducted on inventors has docu-
mented the existence of “ethnic communities” (Kerr, 2008; Agrawal
et al., 2011), i.e. of working relationships among expats of the same
country who  live away from their home country and communi-
cate either among each others or with the people who remained
in the home country. In this article we measure the extent to
which the international collaborations that the foreign-born keep
are likely to be explained by national links. We  further distinguish
between two  types of national links: collaborations established
with scholars based in the respondent’s home country and collab-
orations established with same-nationals of the respondents who
are expat in a third country, which we  refer to here as diaspora
networks.

To the best of the authors’ knowledge, there are few prior studies
that have assessed the degree to which migrant scientists main-
tain relationships with their home country and virtually no study
that has assessed the relevance of diaspora networks in the inter-
national collaborations of scientists. With regard to the former,
Nagaoka et al. (2013) use two  surveys of scientists administered
in Japan and in the US and find that in both countries the odds
of the research having international collaborators (as opposed to
involving solely domestic collaborators) was larger for those arti-
cles whose corresponding author has had at least one year of
research experience abroad. They make no distinction, however,
regarding country of prior mobility of the corresponding author.
Baruffaldi and Landoni (2013) analyse 497 scientists based either
in Italy or in Portugal and find that more than half keep some sort
of formal or informal link with their country of origin. They fur-
ther find that keeping informal links with the origin country was
associated with higher productivity. Jöns (2007) investigate the
relationship between knowledge production and spatial movement
by examining mobility to Humboldt University in Germany. Other
studies have looked at the networking activities of the returnees
to the home country, finding in general a positive association
(Jonkers and Tijssen, 2008; Jonkers and Cruz-Castro, 2013). Meyer
and Wattiaux (2006) provide a discussion of extant evidence on
the determinants and effects of the formation of diaspora-based
international networks. Other recent studies have addressed the
international knowledge flows from diaspora focusing on inven-
4 The hypothesis that a relationship exists between network size and strength of
the  science base of the home country is consistent with prior studies that indicate
that a large share of international collaborations happen between countries with
relatively stronger science bases (Gazni et al., 2012; Glanzel, 2001).
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they did at age 18 are referred to as “natives;” those residing in a
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. Dataset and summary statistics

.1. The GlobSci survey

We  surveyed active researchers based in 16 countries and
orking in the four scientific disciplines of biology, chemistry,

arth and environmental sciences, and materials science during
he period February–June 2011. Surveyed countries are: Australia,
elgium, Brazil, Canada, Denmark, France, Germany, India, Italy,

apan, Netherlands, Spain, Sweden, Switzerland, United Kingdom,
nited States.

In order to construct the sample, we selected all journals classi-
ed by the database ISI – Web  of Science – belonging to one of the

our disciplinary fields and sorted them by Impact Factor for all sub-
elds of the four disciplines. Impact Factor was taken from the latest
vailable release of the Journal Citation Report of Thomson-Web
f Science®. We then randomly picked a selection of four jour-
als in each quartile of the Impact Factor distribution in each of
he subfields of the four disciplines. In the aggregate, this selec-
ion corresponds to approximately 30% of all journals published in
he four fields. Starting from these lists of journals, we  then down-
oaded full bibliographic data of all scientific articles published in
he selected journals in 2009 and retrieved the of the corresponding
uthors of each of the survey articles. In case of multiple corre-
ponding authors, we picked the first name on the list. In the case
f corresponding authors appearing repeatedly in the list, we  ran-
omly selected one record*. In order to build country panels, we
oded these records, based on the final digits of the domain of the
e.g. “.au” for Australia; “.be” for Belgium, etc.). We  identified US
uthors by those having “.edu” in the address, thereby restricting
he US sample to academic researchers.

We prepared 16 country panels. This procedure produced a sam-
le of 47,304 unique email addresses of scientists divided in 16
ountry panels. Country panel sizes vary considerably, reflecting
y construction the size of the country research-active population.
he largest panel was the US, with 14,059 observations; the small-
st was Denmark with 513 (see Appendix A Table A1).5 Country
esponses reflect both the size of the underlying research-active
opulation of scientists as well as variations in response rates across
ountries. The overall response rate is 40.6%; the high is 69.0% for
taly, the low is 30.3% for Germany; 11 countries have a response
ate of between 35.0% and 45.0%. The response rate, conditional on
he respondent completing the survey, is 35.6%. Reported response
ates do not take into account undelivered invitations due to such
hings as an incorrect email address, retirement or death and conse-
uently underestimate the response rate. Concerning the degree to
hich the sample of respondents is representative of the panel and

onsequently of the underlying populations, we perform a number
f tests. These are reported in Appendix A and show, at worst, very
odest evidence of bias.
The main language of the survey is English. However, the ques-

ionnaire and the invitation emails were available in six other
anguages: French, German, Italian, Japanese, Portuguese and Span-
sh. The online questionnaire was developed through the platform
ualtrics®. Each respondent received a customised questionnaire
ecause some questions made direct reference to the title, year and

ournal of the person’s own article included in the sample. In the

iscussion that follows we refer to this article as the survey article.

Through the survey we collected data on the survey arti-
le selected by the sampling criteria as well as information on

5 China was  initially included in the survey. However, a low response rate of less
han  5% for a test sample of Chinese addresses suggested that respondents were
ither not receiving the invitation or had problems responding to the invitation. We
hus decided not to survey researchers based in China.
licy 44 (2015) 108–120 111

background characteristics of the corresponding author. Concern-
ing article-specific data we  collected information on whether the
article involved an international collaboration, a set of reported
characteristics of the topic that the survey article addresses (e.g.
whether it is in an emerging or multidisciplinary field and whether
it is in a main research area for the author). With regard to the
corresponding author, we collected a number of individual char-
acteristics, including age, gender, job position, type of affiliation,
international mobility data (including current country, country of
origin, reasons for leaving the origin country, periods of educa-
tion or work abroad) and type of initial entry in the host country
(for master/bachelor, PhD, Post-doc, direct employment). We  also
collected from respondents information on the their international
network of research collaboration. More specifically, we asked
the respondent the number of countries in the last 2 years with
which the respondent had collaborations. In the case of foreign-
born respondents, we also asked whether they have collaborations
with researchers still based in their origin country and/or with
researchers from their origin country who  have migrated to a third
country.

The GlobSci survey is one of the few datasets providing large-
scale comparable data on the mobility of the academic workforce in
a large number of countries. While micro-level data are available for
migrants to OECD countries, they are not specific to the academic
workforce (Docquier et al., 2009). For the academic workforce, data
until now have been very limited. Three, however, are worth not-
ing. The first is a survey of Career of Doctorate Holders (known as
CDH), conducted in seven countries by the OECD in collaboration
with Eurostat and the UNESCO Institute for Statistics (UIS) (Auriol,
2007). The second (Ateş et al., 2013) is a pilot study of Eurostat in all
domains of science and humanities, called “The Eurodoc Survey I of
doctoral candidates” conducted in 2008–2009 in twelve European
countries (Austria, Belgium, Croatia, Finland, France, Germany, the
Netherlands, Norway, Portugal, Slovenia, Spain and Sweden). The
third is a pilot study of EU–US mobility designed to be used in
combination with the Eurostat project (IdeaConsult, 2010). Low
response rates in the latter two studies (below 10%) make these
data unreliable for research purposes.

In the following Sections 3.2 and 3.3 we  present summary statis-
tics on international mobility patterns and on the relationship
between researchers’ mobility status and international research
networks. For a comprehensive discussion of summary statis-
tics about the international mobility patterns through the GlobSci
dataset we refer the reader to Franzoni et al. (2012a).

3.2. Evidence on international mobility patterns

Country of origin was determined in the survey by asking the
corresponding author to report country of residence at age 18 and
the country of residence in 2011. We  prefer to use country of res-
idence at age 18 to country of birth because we  are interested in
mobility decisions occurring for reasons of work or study of the
respondents. Relocation events occurring before the age of 18 likely
reflect parental decisions rather than choices of the respondent.6

Although we do not take country of birth as a reference, in the
following description respondents residing in the same country as
different country than where they lived at age 18 are referred to as
“foreign born.”

6 We have also collected data on country of birth and migration activity before age
18. We use information regarding international mobility during childhood as a con-
trol for endogenity of mobility and research performance in Franzoni et al. (2014).
We  exploit migration during childhood also in this paper to control for possible
endogenity biases in a specific model specification.
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Table 1
International mobility patterns of surveyed scientists by country of work or study
in  2011.

Country of work or
study in 2011

Incidence of
foreign born (%)

Countries supplying 10% or
more of foreign workforce

Australia 44.5 UK (21.1) China (12.5)
Belgium 18.2 Germany (15.2) France

(15.2) Italy (13.0)
Brazil 7.1 Argentina (16.0) France

(14.0) Columbia (12.0) Peru
(12.0)

Canada 46.9 UK (13.5) US (13.5) China
(10.9)

Denmark 21.8 Germany (24.4)
France 17.3 Italy (13.8)
Germany 23.2 None
India 0.8 Data are not reported due to

small numbers
Italy 3.0 France (13.0) Germany

(11.1) Spain (11.1)
Japan 5.0 China (33.7) South Korea

(11.6)
Netherlands 27.7 Germany (14.6) Italy (12.5)
Spain 7.3 Argentina (12.6) France

(10.3) Italy (10.3)
Sweden 37.6 Germany (11.9) Russian

Fed. (10.2)
Switzerland 56.7 Germany (36.9)
UK 32.9 Germany (15.2) Italy (10.4)
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Table 2
Size of the international research network related to the activities in the past two
years by international mobility status of respondents.

International network size (% of respondents)

Full Sample Foreign born Returnees Nonmigrant

No international
collaborations

19.08 14.06 14.26 24.36

Small network (1
country)

18.71 17.59 17.28 19.91

Medium network (2–4
countries)

43.69 47.53 47.02 40.02

Large network (more
than 4 countries)

18.53 20.82 21.45 15.72

Table 3
Incidence of internationally co-authored papers by scientific field and international
mobility status of corresponding author.

Incidence of international collaborations on the survey article

All fields Biology Chemistry Earth
Science

Materials
Science

Full sample 23.94% 25.30% 23.61% 33.17% 22.82%
Foreign born 33.59% 30.52% 31.66% 42.68% 30.01%
US 38.4 China (16.9) India (12.3)

ource: Adapted from Franzoni et al. (2012a).

Data for the scientists for whom country of origin and coun-
ry of residence in 2011 could be determined are summarised in
able 1 and show considerable variation in the percent foreign born
orking or studying in country.7 Switzerland heads the list. More

han one out of two scientists studying or working in Switzerland
n 2011 lived abroad at age 18. Canada is a distant second, being
.8 percentage points lower, followed closely by Australia (44.5%),
nd then by the United States with 38.4% and Sweden with 37.6%.

 number of countries have an extremely low percent of foreign
cientists studying or working in the country. Particularly notable
s the virtual absence of foreign scientists studying or working in
ndia, followed closely by Italy with 3.0%, Japan with 5.0%, Brazil

ith 7.1% and Spain with 7.3%.
Countries also vary in the degree of diversity of immigrants

ho work in country, measured by the percentage of immigrant
esearchers from the top source countries. Switzerland, which
hows the highest incidence of foreign born also has a very
igh concentration of inflows due to the substantial migration of
esearchers from Germany. Other countries, such as the UK, show a
ore diversified composition of source countries. The aggregated

tatistics reported above for the country level are computed using
ll collected observations for which information regarding coun-
ry of origin and country of residence in 2011 was available. In the
ollowing summary statistics and in the subsequent econometric
nalysis we will focus exclusively on the subset of surveyed scien-
ists working in academia or at a public research institution at the
ime of the survey, dropping respondents whose main affiliation in
011 was with a company.

.3. Mobility and the scope of international research networks
In the analysis that follows, surveyed researchers are classi-
ed into one of three possible international mobility statuses with
espect to her/his country of residence in 2011: (i) foreign born

7 See Appendix A for details on country panel size.
Returnees 29.12% 28.85% 26.38% 43.23% 24.18%
Nonmigrant 20.26% 20.41% 17.88% 24.74% 18.15%

(23.1% of the sample); (ii) returnee after one or more periods abroad
for a PhD, a postdoc or employment (29.9%); (iii) nonmigrant
natives (47.0%). Based on the survey data, we derive two measures
of the individual’s propensity to have an international research net-
work using two  alternative types of information: (i) the number of
countries with which the scientist reported having one or more col-
laborations in the past two  years (ii) characteristics of the survey
paper in terms of whether it shows an international co-authorship.
Table 2 presents self-reported data concerning the number of
countries with which the scientist reported having collaborations
in the past two years. We  see that nonmigrant researchers show on
average the highest incidence of no international collaboration or
minimal international collaboration (with 1 country). Conversely,
both foreign-born and returnees consistently show the highest inci-
dence of collaboration with researchers in two or more countries.
Clearly, such patterns are likely affected by field specificities that
will be accounted for in the econometric section.

Table 3 provides information regarding the incidence of
researchers who  are corresponding authors of a survey paper with
one or more international co-authors, by mobility status. The data
show that about 24% of the articles in our dataset involved an inter-
national collaboration, although there is some variance across the
four disciplines. In all fields the incidence of internationally co-
authored papers is lower for nonmigrant researchers. Note that the
summary statistics reported in Tables 2 and 3 do not account for
additional factors (e.g. age, type of affiliation, country of origin and
residence of respondents) that are likely to affect the propensity to
engage in international collaboration. We  will address such factors
in detail in the section devoted to the econometric analyses.

In order to further investigate the link between international
collaboration and international mobility, we  present data in Table 4
concerning the incidence, by country of current work or study,
of foreign born who  declare having a research collaboration with
researchers located in their origin country (columns I and II) or
with researchers from the same origin country who migrated to
a third country (column III). By way  of example, 46.1% of foreign
born researchers in Australia report that they have an interna-

tional collaboration with someone currently based in their home
country. Of these, 42.6% of natives from noncore countries (such as
China) report collaboration with someone in their country of origin.
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Table  4
Percentage of foreign born researchers, by country of work or study in year 2011,
who  report collaboration with other researchers currently based in their country of
origin (I and II) and with other researchers from the same origin country who have
emigrated (III).

Current
country

Percentage of foreign
born researchers who
collaborate with
nationals in the origin
country

Percentage of foreign born
researchers who
collaborate with nationals
who  have migrated to a
different country

I From any
origin country

II  From
noncore origin
countriesa

III From any
origin country

Australia 46.1 42.6 26.29
Belgium 55.6 16.7 22.86
Brazil 29.3 34.5 12.20
Canada 35.8 27.5 19.44
Denmark 33.3 27.3 33.33
France 57.7 48.9 17.91
Germany 39.0 35.7 17.84
Italy 56.8 63.2 20.45
Japan 43.5 39.6 11.29
Netherlands 53.4 40.0 28.77
Spain 38.0 28.6 18.31
Sweden 56.7 44.7 17.78
Switzerland 50.3 39.3 26.38
UK 44.0 34.0 21.87
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is located (the diaspora network), or with researchers based in the
origin country of the respondent (the country of origin network). The
related dummy  variables are NATIONAL COLLAB and NO NATIONAL
USA 37.4 35.1 16.96
TOT 41.7 35.9 19.29

a Core countries are those appearing in the table; noncore are all others.

nterestingly, on average slightly more than 40% of foreign-born
esearchers report research collaborations with researchers in their
ountries of origin. The incidence of collaboration with individuals
n the origin country tends to decrease when we  focus exclusively
n foreign born researchers from noncore countries (column II).
here are, however, important exceptions: in the case of US, which
ttracts a large number of researchers from China and India, we
bserve a relatively smaller reduction in the percentage when we
estrict the analysis to foreign natives of noncore countries only
nd in the case of Brazil and Italy we actually see an increase. The
ata also allow us to analyse the relationship between international
obility and research networks by looking at the propensity of for-

ign born scientists to have a collaboration with researchers from
heir country of origin who have moved to a third country (Table 4,
olumn III). The aim is to capture a diaspora effect behind the higher
ollaboration propensity of foreign born. The data reveal that a non
egligible share of foreign born collaborate with a community of
xpatriates from their origin country: on average 19.3%, with a
inimum of 11.3% for foreign born who are currently working in

apan and a maximum of 33.3% for foreign born currently working
n Denmark.

. Econometric analyses

This section presents a set of econometric models that investi-
ate the presence of a correlation at the individual level between
nternational mobility and the scope of international research
etworks. We  assess such relationships controlling for researchers
ackground, scientific fields and country of residence. In particular,
e analyse the correlation between international mobility status

nd the scope of the respondent’s international research network,
easured by whether the respondent reported collaborating with

ndividuals living outside the current country of work or study in
he past 2 years. For this purpose, we have created the discrete
rdered variable NETWORK SIZE which takes the value of 1 for

hose with no international collaborations in the past 2 years, 2 for
hose with collaborations in just one other country, 3 for those with
ollaborations in two to four countries and 4 for those with collab-
rations in 5 or more countries. These levels of the ordered discrete
licy 44 (2015) 108–120 113

dependent variable correspond to the thresholds used in the pre-
vious summary statistics to identify respectively no international
network, small network, medium network and large network. The
measures of international scope of the research network are self-
reported by respondents of the survey.

Our models include a set of author-specific characteristics. In
particular we control for: age (AGE), a dummy  variable for gender
(FEMALE), a dummy  variable for whether the respondent has a job
position that allows full research independence, i.e. professorship
(INDEPENDENT), a self-reported indicator on a 1–5 scale of the
average importance of research collaboration in the specific
scientific sub-field of the respondent (IMPORTANCE OF COLLAB).

We also include in all model specifications a set of four dummies
for the broad scientific field of the respondent (Biology, Chemistry,
Earth Science, Material Science), a set of three institution dummies
(University, Public Research Institution, other nonprofit institu-
tions) and a set of 16 country dummies (related to the country of
residence of the respondent when the survey was filled in). With
regard to the international mobility status of the respondent, we
have defined three dummy  variables FOREIGN BORN, RETURNED,
and NONMIGRANT. The latter is the omitted variable in all model
specifications. The dummy  variable RETURNED equals one for those
researchers who  declared having spent time abroad for PhD study,
a postdoc position or a job and have returned to the origin country
at the time the questionnaire was filled out.

In order to better assess the relationship between migration and
international research networks we also have constructed a set of
variables that identify subgroups of foreign born along different
dimensions. The goal is to identify actual drivers of an above/below
average collaboration premium of foreign born researchers. We
summarise the different subgroups below. In all the model spec-
ification in which we use the dummy  variables which split foreign
born into subgroups, the omitted variable will be again nonmigrant
natives (NONMIGRANT).

Scientific level of the origin country relative to that of the
destination country: In this case we split foreign born between
those coming from countries with a higher or lower H-index rel-
ative to the H-index of the destination country. The country level
H-index has been collected through the Scimago website and is
based, for each country, on the scientific production over the years
1996–2010.8 The indicator represents an aggregated measure of
the scientific standing of the country. The dummy variable HIGHER
HINDEX takes the value of one for those foreign born whose origin
country has a higher H-index than that of the destination coun-
try. The dummy  variable LOWER HINDEX takes the value of one for
those foreign born whose origin country has a lower H-index than
that of the destination country.

Timing of entry into the destination country: We  split foreign-
born between those who initially entered the destination country
for bachelor or master’s degree study, the PhD, a postdoc position,
or a job. The related dummy  variables are ENTRY BA MA,  ENTRY
PHD, ENTRY POSTDOC, ENTRY JOB. This set of dummies provides a
univocal classification of all the foreign born in the sample.

National link: We  split foreign born between those who
declare/do not declare having an ongoing research collaboration
with other researchers who share a common national link. We  con-
sider a national link to be a collaboration that occurs either with
researchers from the same origin country who  are currently expa-
triates in a country different than the country where the respondent
8 Source: Scimago Journal and Country Rank. Retrieved from
http://www.scimagojr.com.

http://www.scimagojr.com/
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Table 5
summary statistics of variables used in the econometric analyses.

Variable Mean Median St dev 1st cent 99th cent

NETWORK SIZE 2.616 3 0.994 1 4
INTERN CO-AUTHORED 0.259 0 0.438 0 1
FOREIGN BORN 0.231 0 0.421 0 1
RETURNED 0.299 0 0.458 0 1
AGE 48.100 47 10.87 29 75
FEMALE 0.239 0 0.426 0 1
INDEPENDENT 0.622 1 0.484 0 1
IMPORTANCE OF COLLAB 3.483 3.5 1.001 1 5
SIZE 4.932 4 2.893 1 5
CORE PROJ 4.195 4.5 0.909 1.4 5
HIGHER H-INDEX 0.041 0 0.197 0 1
LOWER H-INDEX 0.190 0 0.392 0 1
ENTRY BA/MA 0.041 0 0.197 0 1
ENTRY PHD 0.064 0 0.244 0 1
ENTRY POSTDOC 0.096 0 0.294 0 1
ENTRY JOB 0.030 0 0.171 0 1
NATIONAL COLLABa 0.127 0 0.333 0 1
NO  NATIONAL COLLABa 0.123 0 0.329 0 1
COLLAB DIASPORAa 0.049 0 0.217 0 1
COLLAB NO DIASPORAa 0.178 0 0.382 0 1
COLLAB ORIGINa 0.117 0 0.320 0 1
COLLAB NO ORIGINa 0.120 0 0.324 0 1

because relocation events occurring before the age of 18 likely
reflect parental decisions, rather than choices of the respondent.9

Results for Model IV confirm the presence of a significant

9 Scientists who migrated during childhood are coded from the whole dataset
as  those reporting a country of birth different from the country of residence
14 G. Scellato et al. / Resea

OLLAB. Ideally we would like to further differentiate between
igrants who collaborate with the diaspora vs. those who col-

aborate with individuals in their home country. Such a partition,
owever, is not possible because a number of migrants in the sur-
ey report collaborating with expats as well as with individuals
orking in their home country. As a result, and in order to deepen

ur understanding, we divide the two components of the national
inks variable into two separate subsets.

Link to the diaspora network: We  split foreign-born between
hose who declare/do not declare having ongoing research collab-
rations with other researchers from their same origin country who
ave migrated to a third country. The related dummy variable COL-
AB DIASPORA takes the value of one for those foreign born who
eclare having collaborations with at least 1 country and who  also
eclare having research collaborations with researchers from their
rigin country who moved to a third country. The dummy  variable
OLLAB NO DIASPORA takes the value of one for those foreign born
ho declare having collaborations with at least 1 country and who
eclare having no research collaborations with researchers from
heir origin country who moved to a third country.

Link to the country of origin: We  split foreign born between
hose who declare/do not declare having research collaborations
ith other researchers based in their country of origin. The related
ummy  variable COLLAB ORIGIN takes the value of one for those
oreign born who  declare having collaborations with at least 1
ountry and who  also declare having research collaborations with
esearchers based in their origin country. The dummy  variable COL-
AB NO ORIGIN takes the value of one for those foreign born who
eclare having collaborations with at least 1 country and who  also
eclare having no research collaborations with researchers based

n their origin country.
All the dummies that split the foreign born according to the

haracteristics of their collaborations (either related to national
inks, diaspora effects, or link to the country of origin) are used
n model specifications in which we exclude researchers who, irre-
pective of mobility status, declare having no international research
ollaborations in the past 2 years.

In Section 4.1, we show the results of the analysis of the effects
f mobility status on the scope of international research network
ased on a set of ordered probit models. In Section 4.2, we present
s a robustness check a set of models in which we  test the cor-
elation between mobility status and international collaboration
ropensity by using information from the survey article rather
han self-declared network size. In particular, we analyse the cor-
elation between the mobility status of the respondent and the
ikelihood that the survey paper is internationally co-authored. For
his purpose we have created a dummy  variable named INTERN
O-AUTHORED that equals one for those survey articles in our sam-
le that have an international network of co-authors. In this set of
odels we control also for the following article-specific variables:

umber of co-authors (SIZE), whether the respondent reports the
rticle to be in her/his main research area on a 1–5 scale (CORE
ROJ). Table 5 provides the summary statistics of the variables used
n the econometric models.

.1. International mobility status and the scope of the
nternational research network

Table 7 presents results of an ordered probit model testing
or the presence of significant correlations at the individual level
etween the mobility status and the size of the international net-
ork of scientific collaboration of respondents. In model I we show
he baseline specification while in models II and III we  test for the
dditional impact exerted by the mobility status of the respon-
ent. In these latter model specifications the omitted mobility
tatus dummy  is the nonmigrant researchers. Hence, the variables
a The summary statistics for these variables are computed for the subsample of
respondents with an international research network of at least 1 country.

FOREIGN BORN and RETURNED estimate differentials in the scope
of the international networks of these classes of researchers with
respect to local nonmigrant natives, net of country and field effects
and other individual level controls. As expected, in all model spec-
ifications both age and the variable capturing job independence
have a positive significant effect on the scope of the international
research network. Of more importance to this research is that the
foreign-born variable shows a significant effect (Model II) and a
higher impact than the returned effect in model III. The computa-
tion of marginal effects for specific outcomes of the rank ordered
dependent variable NETWORK SIZE reveals that foreign born have,
ceteris paribus, a 7.12% higher likelihood of having a large research
network (more than 4 countries) than natives nonmigrant. The
same marginal effect is 5.5% for returnees and the larger network
scope of foreign born vs. returnees is statistically significant at 99%
level.

In Model IV we  adopt an instrumental variables approach. This
is motivated by the fact that the unobservable ability of individ-
uals can be correlated both to migration and scientific performance.
Individuals of higher quality might more likely be approached
by colleagues for establishing collaborations at international level
and may  also be more likely to migrate. In order to address this
problem of endogeneity, we choose to instrument the variable
FOREIGN BORN with migration events that occurred during child-
hood (Franzoni et al., 2014). We  expect mobility during childhood
to be correlated to migration decisions in adult life because prior
experience of relocation makes one more open to relocation oppor-
tunities, more able to overcome cultural shocks, et cetera associated
with international mobility. At the same time, migration dur-
ing childhood is arguably not affected by individual performance,
at  age 18. Correlation of the dummy variable Child Migration with FOREIGN
BORN = 0.19***. Summary statistics of the dummy variable Child Migration:
Mean = 0.05; St.dev. = 0.22. The ordered probit model with instrumental variables
has  been estimated with the CMP  routine of STATA 12 which implements a recursive
mixed process estimator developed by Roodman (2011).
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Table  6
Ordered probit model on international network size (Baseline models I-III). Instru-
mental variable ordered probit model (model IV). Dependent variable NETWORK
SIZE.

MODELS I II III IV

FOREIGN BORN 0.204*** 0.278*** 0.263*

(0.023) (0.024) (0.142)
RETURNED 0.223*** 0.223***

(0.022) (0.022)
AGE 0.007*** 0.007*** 0.007*** 0.007***

(0.001) (0.001) (0.001) (0.001)
INDEPENDENT 0.308*** 0.321*** 0.302*** 0.302***

(0.025) (0.025) (0.025) (0.025)
FEMALE −0.225*** −0.223*** −0.214*** −0.214***

(0.022) (0.022) (0.022) (0.022)
IMPORTANCE OF COLLAB 0.181*** 0.180*** 0.183*** 0.183***

(0.009) (0.009) (0.009) (0.009)
Institution dummy  Yes Yes Yes Yes
Current Country dummies Yes Yes Yes Yes
Field dummies Yes Yes Yes Yes

Constant cut1 0.492*** 0.613*** 0.612*** 0.608***

(0.073) (0.074) (0.074) (0.081)
Constant cut2 1.120*** 1.243*** 1.246*** 1.242***

(0.073) (0.074) (0.074) (0.081)
Constant cut3 2.492*** 2.618*** 2.626*** 2.622***

(0.074) (0.076) (0.076) (0.083)
Observations 15,109 15,109 15,109 15,109
Pseudo R-sq 0.0772 0.0791 0.0817 –
Log  Lik −18,148.4 −18,109.8 −18,058.9 −26,421.5
Chi-Sq 3035.1 3112.3 3214.2 3184.5

Standard errors are in parentheses. Significant at *, ***: 90%, 99%. Model IV: instru-
m
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Table 7
Ordered probit model on international network size. Foreign born split in subgroups.
Relative scientific level of origin and destination country (Model I); Type of entry
effects (Model II).

Models I II

HIGHER H-INDEX 0.366***

(0.051)
LOWER H-INDEX 0.260***

(0.026)
ENTRY BA MA  0.174***

(0.047)
ENTRY PHD 0.159***

(0.040)
ENTRY POSTDOC 0.349***

(0.033)
ENTRY JOB 0.460***

(0.057)
RETURNED 0.226*** 0.227***

(0.022) (0.022)
AGE 0.007*** 0.006***

(0.001) (0.001)
INDEPENDENT 0.230*** 0.297***

(0.025) (0.025)
FEMALE −0.215*** −0.213***

(0.022) (0.022)
IMPORTANCE OF COLLAB 0.183*** 0.183***

(0.009) (0.009)
Institution dummy Yes Yes
Current country dummies Yes Yes
Field dummies Yes Yes

Constant cut1 0.601*** 0.587***

(0.074) (0.074)
Constant cut2 1.234*** 1.222***

(0.075) (0.074)
Constant cut3 2.615*** 2.604***

(0.076) (0.076)
Observations 15,109 15,109
Pseudo R-sq 0.082 0.083
Log  Lik −18,056.9 −18,042.3

the same national community. The model specifications reported
ental variable ordered probit model. Foreign Born instrumented with the variable
hild Migration.

ollaboration premium of foreign born, even after accounting for
ndividual characteristics related to migration, although with a
arger confidence interval.

Because the average estimated differentials between nonmi-
rant researchers, foreign born and returnees in collaboration
ropensity might be affected by the specific conditions of the
estination country, we have estimated Model III in Table 6 for
pecific subsets of the 16 destination countries (grouped as: USA,
urope and Other countries). Results are reported in Appendix B
nd confirm the presence of a positive and significant collabora-
ion premium for the foreign born in each of the destination country
ubsets.

In the models presented in Table 7 we further analyse the rela-
ionship between international mobility status and international
ollaboration. In these model specifications the omitted mobil-
ty status dummy  remains the nonmigrant researchers. Given the
mportant role that knowledge, embedded in social capital, plays
n collaboration we first examine whether collaborations are more
ikely among migrants from countries with relatively strong sci-
nce bases. In Model I we look at this issue by differentiating the
oreign born between those coming from an origin country with a
igher H-index from those coming from an origin country with a

ower H-index than the current destination country. Results indi-
ate the presence of differentiated effects for the subsamples of
oreign born. The foreign born who come from a country with a
elative higher scientific level outperform the local nonmigrant.
or this subgroup of foreign born we estimate a marginal effect
f 10.1% on the likelihood of having a large research network,
hich is also significantly larger than the marginal network effect

or returnees. On the contrary, foreign born from countries with a
ower H-index do not significantly outperform returnees although
hey do significantly outperform native nonmigrant researchers.
e also find their network performance to be significantly lower
han that of migrants from higher H-index countries. We con-
lude that, compared to the nonmigrant, the network effect is
Chi-Sq 3218.1 3247.4

Standard errors are in parentheses. Significant at ***: 99%.

stronger in magnitude for foreign-born coming from countries with
relatively higher H-index than the host country, but in both cases
the foreign-born hold a network premium over the nonmigrant.

In Model II, we split foreign born researchers into groups based
on the timing of their entry into the destination country. The idea
behind this division of foreign born is that foreign born who have
been trained in the destination country should have limited “inter-
national” social capital (e.g. no previous research networks abroad
established during their training and research career) compared to
the foreign born who  trained outside the country before entering or
worked outside the country before entering. As expected, we  find
evidence of a moderating effect of training in the destination coun-
try on the outperformance of foreign born in terms of international
networking. The results suggest that the aggregated “foreigner pre-
mium”  effect is driven mostly by migrant researchers with previous
training or work experience outside of the destination country, i.e.
by individuals who had likely formed a rich knowledge network
prior to entering the destination country. Immigrants for a postdoc
represent a clear example of this typology of researchers. Our find-
ings are consistent with the idea that at the time of migration senior
scientists have more social capital with older-established scholars
than do scientists who  migrate early in the training process.

In Table 8, we investigate the role of national links. Here we
split the foreign born according to whether they indicate having
ongoing research collaborations with researchers who  are part of
in Table 8 are applied to a restricted sample in which we exclude
researchers with no international collaborations irrespective of
their international mobility status. We  do so in order to avoid
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Table 8
Ordered probit model on international network size. Models restricted to respon-
dents with an international collaboration network of at least one country. Dependent
variable: NEWTORK SIZE2. Foreign born splitted in subgroups. Models analyzing:
National links (I); Diaspora effects (II); Link to the origin country (III).

Models I II II

NATIONAL COLLAB 0.406***

(0.034)
NO NATIONAL COLLAB −0.049

(0.035)
COLLAB DIASPORA 0.574***

(0.051)
COLLAB NO DIASPORA 0.096***

(0.031)
COLLAB ORIGIN 0.433***

(0.035)
COLLAB NO ORIGIN −0.037

(0.036)
RETURNED 0.109*** 0.123*** 0.109***

(0.025) (0.025) (0.025)
AGE 0.009*** 0.010*** 0.009***

(0.001) (0.001) (0.001)
INDEPENDENT 0.226*** 0.216*** 0.213***

(0.029) (0.029) (0.029)
FEMALE −0.180*** −0.184*** −0.184***

(0.025) (0.025) (0.025)
IMPORTANCE OF COLLAB 0.153*** 0.152*** 0.153***

(0.011) (0.011) (0.011)
Institution dummy  Yes Yes Yes
Current country dummies Yes Yes Yes
Field dummies Yes Yes Yes

Constant cut1 0.542*** 0.560*** 0.539***

(0.088) (0.089) (0.089)
Constant cut2 2.176*** 2.190*** 2.172***

(0.089) (0.090) (0.090)
Observations 12,016 12,016 12,016
Pseudo R-sq 0.073 0.072 0.074
Log Lik −11,409.8 −11,227.1 −11,207
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sample mean for model I indicate that being foreign born generates
an increase, all else equal, of 13.8 percentage points in the likeli-
hood of having an internationally co-authored paper. The marginal
Chi-Sq 1801.5 1745.5 1785.5

tandard errors are in parentheses. Significant at ***: 99%.

purious correlations of the dependent variable with the regres-
ors that split the foreign born. Hence, in these models we use

 new ordinal dependent variable with only 3 levels: NEWTORK
IZE2 takes the value of 1 for those researchers with collabora-
ions with just one other country, 2 for those with collaborations
ith two to four countries and 3 for those with collaboration in

 or more countries). Results of Model I suggest that among scien-
ists who have international collaborations the larger propensity of
oreign-born scholars to cooperate with more countries, compared
o the propensity of nonmigrant scientists, is explained by national
inks, be they links with the home country or with researchers from
he home country who are currently working in a third country
NATIONAL COLLAB). Foreign-born scientists who do not indicate
inks with researchers in the home country or with expats in a third
ountry (NO NATIONAL COLLAB) behave no differently than nonmi-
rant scientists in terms of the scope of their international networks
nd have significantly fewer networks than those who  collaborate
ith scientists who share the same country of origin.

We  further investigate this effect by assessing the impact of dias-
ora networks (Model II) from all other migrant networks, be they
etworks with the home country or networks with nonnationals

n third countries. We  find the marginal effect on the likelihood
f having a network of collaborations larger than 4 countries in
he past two years of the variable COLLAB DIASPORA to be 19.4%.
he variable capturing research collaborations with other than the
iaspora network (COLLAB NO DIASPORA) is also positive and sig-

ificant although significantly smaller than the COLLAB DIASPORA
oefficient. The significant effect is likely caused by the inclusion of
espondents who report collaborating only with same-nationals in
he origin country in the COLLAB NO DIASPORA variable, and not
licy 44 (2015) 108–120

with the inclusion of nonnationals abroad in the variable.10 The
relatively small size of the coefficient is likely caused by the fact
that the former group makes up a minority of those in this category.
To investigate this further, in model III we differentiate the foreign
born between those having links with scientists in the country of
origin vs. those not having links with scientists in the country of
origin regardless of whether they have diaspora network links. The
variable COLLAB ORIGIN, capturing collaborations with scientists
in the origin country, is highly significant. Interestingly, in Model
III we  find that those foreign born who do not have any research
links with the origin country (COLLAB NO ORIGIN) tend to have
no advantage in terms of network size compared to nonmigrant
natives who  collaborate internationally. In conclusion, we show
that, among scholars who collaborate internationally, the advan-
tage of foreign-born scholars over nonmigrant scholars is explained
to a large extent by national links. Both the links with the origin
country and with the diaspora network matter, but respondents
who report no links to the origin country appear to have no formal
advantage compared to the nonmigrant domestic scientists.

4.2. Robustness checks

In this section we analyse the link between collaboration
propensity and international mobility status by observing whether
the randomly selected survey paper of the respondent is interna-
tionally co-authored. We  use the characteristics of the randomly
selected survey paper for the following reasons. First, the origi-
nal sample was constructed through a stratification of papers with
reference to quality, based on the impact factor of the related
journal within the subfield distribution of journals. Second, in the
questionnaire we had a question which asked to report on a 1–5
scale whether the quality of the randomly selected article was
lower/higher than the average scientific production of the respon-
dent. The distribution of such variables reveals no biases among
respondents in favour of papers with higher or lower quality. Third,
the analysis of respondents versus nonrespondents reveals very
limited responses bias related to the number of co-authors.11 We
use a probit model specification in which the dependent variable
(INTERN CO-AUTHORED) takes a value of one for those papers with
an international co-authorship.

Results are reported in Table 9. The article-level controls, as
expected, indicate in all models a positive effect of team size, with
decreasing intensity, on the likelihood of observing an international
collaboration. International collaborations appear to be more fre-
quent among those articles that are in a main area of research
interest of the author. Even after controlling for field and coun-
try dummies we observe that females are less likely to engage in
international collaboration. On average older researchers are more
likely to be involved in international collaborations. In model I, we
compare foreign-born and returnees to nonmigrant researchers
working in the same country and scientific field. International
mobility status variables indicate a positive and significant impact
of both the foreign-born and the returnee variable. Hence, results
based on the specific randomly selected survey article appear to
confirm that – net of individual and article specific effects – mobile
researchers have on average a higher propensity to be involved
in international collaborations. The marginal effects at covariates’
10 Recall that because a number of migrants in the survey report collaborating
with expats as well as individuals working in their home country we are unable to
partition the NATIONAL COLLAB variable into an expat and nonexpat component.

11 See Appendix A for the analyses of response biases.
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Table  9
Robustness checks. Probit models. Dependent variable INTERN CO-AUTHORED
equals one for those survey papers with an international co-authorship. Baseline
model (I) and model based on the splitting of foreign according to the type of entry
(II).

Models I II

FOREIGN BORN 0.422***

(0.032)
ENTRY BA MA 0.270***

(0.063)
ENTRY PHD 0.443***

(0.052)
ENTRY POSTDOC 0.433***

(0.043)
ENTRY JOB 0.545***

(0.070)
RETURNED 0.238*** 0.240***

(0.029) (0.029)
SIZE 0.190*** 0.190***

(0.008) (0.008)
SIZE2 −0.004*** −0.004***

(0.000) (0.000)
CORE PROJ 0.056*** 0.056***

(0.013) (0.013)
AGE 0.003** 0.003**

(0.001) (0.001)
INDEPENDENT 0.0176 0.0144

(0.033) (0.033)
FEMALE 0.095*** −0.094***

(0.029) (0.029)
IMPORTANCE COLLAB 0.032** 0.032**

(0.013) (0.013)
Institution dummy Yes Yes
Country dummies Yes Yes
Field dummies Yes Yes
Constant −2.485*** −2.472***

(0.116) (0.117)
Observations 14,458 14,458
Pseudo R-sq 0.110 0.110
Log Lik −7292.1 −729

S

e
c
(
a
e
f
W
r
f

w
o
i
e
r
a
a
o
v

(
a
r

a
v
m
a

Chi-Sq 1794.7 1805

tandard errors are in parentheses. Significant at **, ***: 95%, 99%.

ffects for the RETURNED variable in model I is 7.4%; the estimated
oefficient for the FOREIGN BORN variable is significantly higher
99% confidence level) than the coefficient for the RETURNED vari-
ble. In model II in which we split foreign born according to their
ntry conditions, we obtain that marginal effects range from 8.8%
or the variable ENTRY BA MA  to 19.1% for the variable ENTRY JOB.

e find confirmation that the outperformance of foreign-born with
espect to returnees is likely mostly driven by that subsample of
oreign-born that entered as postdoc or directly for a job.

In all the econometric models presented Sections 4.1 and 4.2
e have adopted a standard approach, which consists of dropping

bservations for which we were not able to collect all the required
nformation in the survey.12 Because such a procedure might gen-
rate possible biases in the estimates, and in order to check for
obustness, we have run a set of additional models in which we
ccount for missing data and introduce country-level weights that
ccount for the variations in response rates across countries. Results

f models that account for sample weights and imputed missing
ariables fully confirm the evidence reported in the article.13

12 In particular some individual characteristics used in the econometric models
e.g. age and gender) were asked at the end of the questionnaire. As a result, there
re 880 missing entries for gender and 1034 missing entries for age, mostly due to
espondent dropouts.
13 Concerning the imputation of missing values, we  have imputed only the vari-
bles age and gender. The imputation procedure is based on the use of predicted
alues from a from a Logit model (for the FEMALE dummy  variable) and of an OLS
odel (for AGE variable). The specifications used in the imputation models include

mong covariates country of residence in 2011, foreign experience (PhD, postdoc
licy 44 (2015) 108–120 117

5. Conclusions

This article contributes to an understanding of collaboration pat-
terns of internationally mobile scientists working in four fields.
Data are taken from the GlobSci survey that collected detailed
data on the international mobility and scientific collaborations
of researchers working or studying in 16 countries in 2011. Our
summary evidence confirms the absolute relevance of the migra-
tion phenomenon for many advanced economies. More than 40%
of the researchers sampled in the four fields studying or work-
ing in Switzerland, Canada and Australia are immigrants. The
phenomenon is also nonnegligible for the US  and for certain
other European economies such as UK, Netherlands, Germany and
Sweden.

Our research finds that migrants and returnees have larger inter-
national research networks than do native researchers who lack
an international background. Such patterns hold across the six-
teen countries as well as separately for the US,  European countries
and other countries. Second, the higher incidence of international
collaboration among migrants is driven primarily by those who
did not get their PhD in the destination country but rather came
for a postdoctoral position or directly for employment at a uni-
versity or public research centre in the destination country after
doctoral training. Such results suggest that research links estab-
lished during doctoral training by migrant researchers matter and
are portable. It is consistent with the third finding that a sizeable
share of foreign-born scientists (slightly more than 40%) report
research collaborations with researchers located in their country
of origin. Moreover, and consistent with the portability concept, is
the fourth finding that diaspora networks matter to the extent that
migrants also collaborate with individuals from their home country
who are studying or working in a third country. The portability con-
cept is also consistent with the finding that returnees have larger
international research networks than natives who  lack an inter-
national experience. A fifth finding is that the size of a migrant’s
network correlates with the relative strength of the origin country’s
science base: those coming from countries with relatively stronger
science bases have superior networks compared to those coming
from relatively weaker countries.

Our research approach has several strengths. First, the homo-
geneity of the survey allows for direct comparisons, such as those
made above, across countries regarding the inflow and outflow pat-
terns of high-skilled people involved in scientific research. Second,
we measure collaboration directly by asking the respondent about
their collaborative experience, rather than relying on bibliomet-
ric measures of collaboration. By so doing, we are able to include
“invisible colleges” in the measure of collaboration. Third, we have
data on individual characteristics of the scientist as well as charac-
teristics of the field of science. Fourth, by measuring collaboration
patterns of the survey article we are able to check for the robustness
of our findings. Fifth, we find our results robust to instrumenting
for migration. This is important given that more able scientists may
be more internationally mobile and more sought after as collabo-
rators. Our approach, however, is not without limitations. Two are
noted here. First, to the extent that migration happens because of
international collaborations among teams, the relationship that we
observe between mobility and collaboration may  go the opposite
way. The cross sectional nature of our data precludes our investigat-

ing this possibility. Second, and related, the cross sectional nature
of our data precludes our ability to address the extent to which

and job), job position, affiliation type, the presence of secondary affiliations, field of
research. The data have been treated using the Multiple Imputation routine of STATA
12.  Related econometric estimates are available from the authors upon request.
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Table A1
response rates by country.

Panels Total
answers

Of which
complete

Of which
dropout

Total
response
rate

Complete
response
rate

Australia 1571 676 610 66 43.00% 38.80%
Belgium 706 302 244 58 42.80% 34.60%
Brazil 1537 762 692 70 49.60% 45.00%
Canada 2455 1020 897 123 41.50% 36.50%
Denmark 513 227 208 19 44.20% 40.50%
France 3839 1618 1367 251 42.10% 35.60%
Germany 4380 1326 1147 179 30.30% 26.20%
India 1380 627 484 143 45.40% 35.10%
Italy  2779 1917 1759 158 69.00% 63.30%
Japan 5250 1860 1678 182 35.40% 32.00%
Netherlands 1036 391 345 46 37.70% 33.30%
Spain 2303 1228 1080 148 53.30% 46.90%
Sweden 882 353 301 52 40.00% 34.10%
Switzerland 919 356 320 36 38.70% 34.80%
UK  3695 1355 1183 172 36.70% 32.00%
US  14,059 5165 4512 653 36.70% 32.10%
Total 47,304 19,183 16,827 2356 40.60% 35.60%

Table A2
response rates by field.

Panels Total
answers

Of which
complete

Of which
dropouts

Total
response
rate

Complete
response
rate

Biology 15,290 5810 5097 713 38.00% 33.30%
Chemistry 15,549 6324 5524 800 40.70% 35.50%
Earth &

Environment
8616 3956 3532 424 45.90% 41.00%

Materials
Science

7849 3093 2674 419 39.40% 34.10%

Total 47,304 19,183 16,827 2356 40.60% 35.60%

Table A3
Analysis of nonresponse biases for the number of co-authors.

Total cites Number of authors

Australia mean diff. −0.039 0.035
st.err. 0.098 0.142

Belgium mean diff. −0.268 −0.274
st.err. 0.162 0.222

Brazil mean diff. 0.088 0.397
st.err. 0.046 0.125*

Canada mean diff. 0.009 0.16
st.err. 0.063 0.105

Denmark mean diff. −0.002 −0.114
st.err. 0.224 0.242

France mean diff. 0.122 0.029
st.err. 0.058* 0.094

Germany mean diff. 0.158 0.205
st.err. 0.092 0.099*

India mean diff. 0.029 0.008
st.err. 0.052 0.096

Italy mean diff. 0.181 0.288
st.err. 0.061* 0.12*

Japan mean diff. 0.089 0.112
st.err. 0.052 0.08

Netherlands mean diff. 0.069 0.031
st.err. 0.124 0.178

Spain mean diff. 0.161 0.051
st.err. 0.064* 0.095

Sweden mean diff. −0.04 0.089
st.err. 0.133 0.188

Switzerland mean diff. 0.212 0.206
st.err. 0.2 0.2
18 G. Scellato et al. / Resea

ncreased international mobility over time relates to increased pat-
erns of collaboration.

In earlier work (Franzoni et al., 2012b, 2014), we find that
igrants outperform natives who have returned after an inter-

ational experience and natives who have returned outperform
hose who have never had an international experience. Our cur-
ent research suggests that part of this performance premium is

 result of the networks that migrants and returnees bring with
hem. Taken together these findings support the benefits that arise
rom programmes designed to promote highly skilled immigration
s well as programmes that promote international experiences of
atives. Policy initiatives that promote the formation of networks
nd leverage the strengths that networks provide include, but are
ot limited to, the following:

The adoption of policies that facilitate the entrance of high skilled
workers. In this regard, the EU has introduced the Blue Card pro-
gramme  that makes it comparatively easier for tertiary educated
to enter European Union and circulate among member countries,
Canada and Australia have introduced a point system that gives
preferential immigration treatment to individuals with a PhD and
the US is considering stapling a Green Card to the diploma of PhD
recipients who  hold a temporary visa.
Increased funding for programmes that promote international
experience, such as the Marie Curie and Erasmus programmes.
Providing opportunities from funding agencies to support the
international mobility of researchers. This is a two-way street:
countries can benefit by hosting international visitors as well as
by providing funds for native researchers to work outside their
country.
Opening up national grants to the participation of foreign
applicants who have established collaborations with domestic
scientists.

Our research also suggests that researchers with international
xperiences could prove beneficial in the recruitment of colleagues.
niversity administrators who are seeking to increase the inter-
ational openness of their institutions or to recruit international

aculties should bear this in mind in forming recruiting committees.
In conclusion, our results show that research networks are

ortable and that both returnees and migrants enhance the
etworks of countries where they work. We  also find the networks
f migrants to be highly populated by members of the diaspora. This
nding, coupled with earlier findings that migration contributes to
roductivity (Franzoni et al., 2014), suggests that migration is not

 zero sum game, in the sense that there are benefits for both the
ending and the receiving countries.

ppendix A. Survey response rates

The following Table A1 reports the number of answers received
y country. Answers are further divided into complete answers
nd partial answers. The latter are answers from respondents who
egan the survey, but dropped-out before reaching the last ques-
ion. The total dropout rate is 5 percent. The response rate is 40.6
ercent if both complete and partial answers are counted. Reported
esponse rates do not take into account undelivered invitations due
o such things as incorrect email address, retirement or death and
onsequently underestimate the response rate.

Response rates by scientific field are reported in Table A2. Par-
icipation was highest for scientists in earth and environmental

ciences and lowest for scientists in biology.

We have assessed nonresponse bias by comparing respondents
gainst nonrespondents. Comparison is done for two  characteris-
ics known for the entire panel and sample: total citations received

UK  mean diff. 0.143 0.123
st.err. 0.083 0.108

US  mean diff. 0.354 0.146

* p < 0.05.
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Table B2
Ordered probit model on international network size. Foreign born splitted according
to  the entry point in the destination country. Models by destination area.

Models I II III
USA EUROPE OTHER

ENTRY MASTER 0.130* 0.119 0.439***

(0.067) (0.081) (0.114)
ENTRY PHD 0.153*** 0.199*** 0.138

(0.058) (0.068) (0.092)
ENTRY POSTDOC 0.273*** 0.367*** 0.475***

(0.052) (0.052) (0.076)
ENTRY JOB 0.610*** 0.314*** 0.509***

(0.104) (0.089) (0.107)
RETURNED 0.203*** 0.184*** 0.318***

(0.062) (0.030) (0.041)
AGE 0.013*** 0.002 0.004**

(0.002) (0.001) (0.002)
INDEPENDENT 0.138*** 0.361*** 0.339***

(0.053) (0.034) (0.055)
FEMALE −0.169*** −0.252*** −0.174***

(0.043) (0.03) (0.049)
COLLAB IMPRTANCE 0.150*** 0.222*** 0.162***

(0.017) (0.014) (0.019)
Institution dummy  Yes Yes Yes
Current country dummies No Yes Yes
Field dummies Yes Yes Yes

Constant cut1 0.614*** −0.233** 1.025***

(0.147) (0.108) (0.147)
Constant cut2 1.251*** 0.365*** 1.711***

(0.148) (0.108) (0.148)
Constant cut3 2.5807*** 1.7701*** 3.1245***

(0.151) (0.109) (0.152)
Observations 3938 7298 3873
Pseudo R-sq 0.0298 0.0483 0.0736
Log Lik −4937.4 −8414.2 −4635.4
G. Scellato et al. / Resear

y the underlying article and number of co-authors. Total citations
re likely positively correlated with the eminence of the scien-
ist and could potentially reflect differentials in the propensity to
nswer related to how busy the respondent is. Because the num-
er of co-authors was a basis for a branching question in the survey,
ore co-authors meant that more questions were asked. Therefore,

t is potentially associated with dropping out of the survey. Tests for
quality of means are performed for each pair of country samples
Table A3). A relatively higher propensity to answer from authors
ith better-cited papers is found for France, Italy, Spain and the
S Authors of papers with more co-authors are also more likely to
ave answered from Brazil, Germany, Italy and the US. However,
he difference in the average number of co-authors also in this cases
ppears to be quite small.

ppendix B.

The average estimated differentials between nonmigrant
esearchers, foreign born and returnees in collaboration propen-
ity might be affected by the specific conditions of the destination
ountry, such as the strength of the national research base. In pre-
ious model specifications (Section 4.1) we have controlled for this
ffect by introducing destination country dummies. Here we  fur-
her explore the potential differentials of destination countries by
stimating separate models for different pools of countries. In order
o have sufficiently large sub-samples, we split the core countries
nto three groups: US, European countries, other countries. In the
hree following tables, we report the estimated results for selected

odels. The evidence suggests that the mobility effects on the
ropensity to have international collaborations persist across the
ubgroups and that our previous results concerning international

ollaboration are not fully driven by a specific subset of destination
ountries (Tables B1 and B2).

able B1
rdered probit model on international network size, by destination area. Dependent
ariable NETWORK SIZE.

Models I II III
USA EUROPE OTHER

FOREIGN BORN 0.235*** 0.277*** 0.387***

(0.038) (0.039) (0.057)
RETURNED 0.1996*** 0.183*** 0.312***

(0.062) (0.030) (0.041)
AGE 0.0139*** 0.002 0.004**

(0.002) (0.001) (0.002)
INDEPENDENT 0.134** 0.363*** 0.351***

(0.053) (0.034) (0.055)
FEMALE −0.168*** −0.253*** −0.170***

(0.043) (0.030) (0.049)
COLLAB IMPORTANCE 0.153*** 0.221*** 0.162***

(0.017) (0.014) (0.019)
Institution dummy  Yes Yes Yes
Current country dummies No Yes Yes
Field dummies Yes Yes Yes

Constant cut1 0.672*** −0.235** 1.058***

(0.147) (0.108) (0.146)
Constant cut2 1.308*** 0.362*** 1.743***

(0.147) (0.108) (0.147)
Constant cut3 2.633*** 1.766*** 3.152***

(0.151) (0.109) (0.152)
Observations 3938 7298 3873
Pseudo R-sq 0.0279 0.0477 0.0724
Log Lik −4947.1 −8419 −4641.6
Chi-Sq 283.72 843.8 724.3

tandard errors are in parentheses. Significant at **, ***: 95%, 99%.
Chi-Sq 303.2 853.4 736.6

Standard errors are in parentheses. Significant at *, **, ***: 90%, 95%, 99%.
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