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1. Introduction

There is considerable discussion concerning the importance
of designing national research systems and immigration policies
that attract and nurture international talents (Van Noorden, 2012;
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Shen, 2013; Mahroum, 2001). This policy debate is informed by
a limited, albeit growing corpus of scholarly research aimed at
assessing the contributions of high-skilled workers in the host
country, especially in the area of science, innovation and en-
trepreneurship (Stephan, 2012; Kerr, 2013, 183-, Kerr, US High-
Skilled Immigration, Innovation, and Entrepreneurship: Empirical
Approaches and Evidence 2013). Prior studies of inventors and en-
trepreneurs have shown quite consistently that migrants signifi-
cantly contribute to technological inventions and patenting (Hunt
and Gauthier-Loiselle, 2010; Kerr and Lincoln, 2010) and to the
founding of new ventures (Hunt, 2011), at least in the US. However,
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the evidence of positive differentials seems to be largely at-
tributable to migrant preferences for training in technical and sci-
entific subjects (Hunt and Gauthier-Loiselle, 2010; Hunt, 2011).
With regard to the performance of migrant scientists, the evidence
is scant and more mixed (see Section 2). To the best of the au-
thors’ knowledge, no prior study tries to disentangle the degree to
which the superior performance is attributable to migrants being
pre-selected among the best and brightest and/or to ex-post treat-
ment that affects performance differentials. Our paper contributes
to this knowledge gap and shows that migrant scientists outper-
form domestic scientists even after using instrumental variables
to neutralize the effect of endogenous selection into migration re-
lated to ability.

2. Migrant quality before and after migration

Insights from the knowledge recombination theory suggest that
mobility of people facilitates mobility of knowledge and more
knowledge from distant sources is associated with greater idea
generation and creative attainments (Hargadon and Sutton, 1997;
Fleming, 2001). Because knowledge is largely tacit and embed-
ded in individuals, migrant scientists can arguably be exceptionally
productive because mobility places them in position of arbitrage,
where they can exploit rich or unique knowledge sets (Saxenian,
2005; Agrawal et al., 2011). Mobility can also enhance productivity
because of specialization. Jones (2008) maintains that the special-
ized skills owned by high-skilled human capital deploy their full
value when surrounded by complementary specialty skills. Match-
ing is especially relevant in the academic labor market where many
areas of expertise require dedicated laboratories and special equip-
ment that exists in a limited number of settings and productivity
depends on having the opportunity to work jointly with a team
(Stephan, 2012).

Despite these arguments, we have inconclusive evidence that
gains from migration exist in practice. Some researchers find pro-
ductivity differentials between migrants and non-migrant scien-
tists. Stephan and Levin (2001), for example, show that authors
of exceptional contributions are disproportionately distributed
among the foreign born and foreign educated in the United
States. Borjas and Doran (2012) show that the Russian math-
ematicians who migrated to the US following the collapse of
the Soviet Union were largely outperforming US mathematicians.
Gaulé and Piacentini (2013) investigate the productivity of Chinese
Chemistry students in US Ph.D. programs and find them to be more
productive and to experience a more rapid surge in productivity
over time than non-Chinese Ph.D. students. In contrast, Hunter
et al. (2009) find that UK highly-cited physicists who migrated to
the US perform similarly to domestic-US physicists; their perfor-
mance is also no different from that of those who stayed. Stuen
et al. (2012) show that the supply of foreign students increases the
productivity of related departments, but find that the marginal im-
pact of foreign and domestic students is not statistically different
in magnitude. Stephan et al. (2007) look at the patenting activity of
faculty at US universities. The analysis, which controls for a num-
ber of things, finds no evidence that patenting is related to whether
or not the faculty member is a US citizen. No and Walsh (2010)
find that the patents of foreign-born inventors with a Ph.D. edu-
cation receive on average fewer citations, although their patents
are equally likely to have been commercialized when compared
to the inventions of domestic inventors. In sum, empirical analysis
that investigates the performance of migrant scientists is incon-
clusive. The studies that confirm the existence of differentials in
performance are also incapable of distinguishing correlation from
causality because the effect of mobility is blurred by selection into
migration (Roy, 1951). Prior investigations are also disproportion-
ally focused on the US, and on samples of top-performing scientists,
rather than on more representative samples. Yet national policies
promoting mobility often assume the experience will benefit all.

We contribute to this knowledge gap by providing new evi-
dence on the existence and causes of superior performance of mi-
grant scientist by using a large new set of survey data from the
GlobSci project,! especially designed to investigate migration in
science (Stephan, 2012). To account for the confounding effect of
individual ability, we instrument migrant scientists by using mi-
gration during childhood.

3. Survey and data

We surveyed a panel of active researchers during the period
February-June 2011. To build the panel we first constructed a
stratified sample of journals in four scientific disciplines: Biology,
Chemistry, Earth and Environmental Sciences, and Materials Sci-
ence. For each sub-field of these disciplines, we randomly picked
a selection of journals and obtained a sample of journals stratified
by Impact Factor, containing approximately 30% of all outlets in
the four fields. From the bibliographic record of all research papers
published in these journals during 2009, we retrieved the email
address of the first corresponding author on a randomly selected
focal paper. We restricted the panel to authors based in the follow-
ing 16 core countries: Australia, Belgium, Brazil, Canada, Denmark,
France, Germany, India, Italy, Japan, Netherlands, Spain, Sweden,
Switzerland, United Kingdom, United States.? This procedure pro-
duced a final panel of 47,304 authors, uniquely tied to a focal pa-
per. The records were organized in 16 country panels whose sizes
reflect by construction the size of the country research-active pop-
ulation. The panels also reflect by construction the distribution in
performance of the related population of research-active scientists
because the probability that authors would be chosen in one or
another quartile of Impact Factor is random and in general not
correlated to their prior international experience.® Panelists were
invited by email a maximum of three times to answer a web-based
questionnaire. The survey was developed in English and translated
into French, German, Italian, Japanese, Portuguese and Spanish. In
total, we received 19,183 usable answers. The overall response rate
is 40.6%; if considering only those who reached the final question,
it is 35.6%.4 This is a high response rate, compared to similar stud-
ies and does not account for undelivered emails that typically bias
the response rate downwards (Sauermann and Roach, 2013). We
performed a series of tests to assess the degree to which the sam-
ple represents the population concerning the Impact Factor distri-
bution. These are available online as additional material and show
minimal evidence of bias (see Supplementary Information).?

For the purpose of this paper, we use only the 15,672 respon-
dents who reported an academic affiliation. After dropping records
with incomplete information or inconsistent reports of interna-
tional mobility, we obtain a final sample of 14,299 observations.
Country of origin of the respondent was determined by asking in
which country the person was living at the age of 18; respondents
indicated 124 different countries. We also ask if the respondent
had ever moved since age 18 for reasons of work or study and if
they currently live in a country other than that of origin. In total
we identify 3160 scientists who are migrants at the time they took
the questionnaire. By sample construction, country of affiliation at
the time of the response is limited to one of the 16 core countries.

1 http://www.nber.org/workinggroups/ipe/ipe_researchproject.html.
We initially intended to include China and Korea, but effort to field the ques-

tionnaire in the two countries proved unsuccessful and were therefore abandoned.

3 For example, an author with four publications, one in each quartile of Impact
Factor, had an equal probability of being included in our panel with a very good,
medium-high, medium-low or low Impact Factor focal article.

4 The response rate varies by country, with a high is 69.0% for Italy, a low is 30.3%
for Germany; 11 countries have a response rate of between 35.0% and 45.0%.

5 Fora comprehensive description of the sample and tests see also the supporting

information provided in Franzoni et al. (2012).
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Domestic scientists are identified as those currently studying or
working in their country of origin. For both migrant and domestic
scientists we also have information on country of birth and other
relocations that occurred for study (M.A., B.A., Ph.D.), postdoctoral
training, work or visiting (of at least one year), plus control infor-
mation on the individual and the focal article.

4. Performance of migrant scientists

Our measure of performance is the Impact Factor of the focal
article. Fig. 1 shows the distribution of domestic and migrant
scientists in the sample, by quartiles of the Impact Factor. Quartiles
have been computed separately for each field. It is apparent that
the proportion of migrant scientists increases as we proceed from
the bottom to the top quartile of the Impact Factor, going from
20.7% in the first quartile to 29.2% in the forth.

We investigate this further with multivariate analysis, compar-
ing the relative performance of migrant and domestic scientists
operating in 2009 in the same research system and fields net of
the effect of potentially confounding factors. These include a set
of individual characteristics: age, gender, status of trainee (Ph.D.
student), H-index of the country of origin® and a set of character-
istics of the focal paper: number of coauthors, international coau-
thorship, newness of the research area. All models also control for
field and country of current affiliation. Models 1-3 of Table 1 report
the estimated correlation between the status of migrant and the

logarithm of the Impact Factor. The coefficient of the variable mi-

GRANT_SCIENTIST is always positive and significant, confirming that
migrant scientists exhibit superior performances. The coefficient

of Model 1 corresponds to the estimated performance premium of
the average migrant scientist compared to the average domestic

scientist. This is 4+1.07, a moderate size Impact Factor premium.’
In Model 2, we run the same specification but eliminate from the
sample all domestic scientists who had a prior experience of mo-
bility for reasons of study or work (i.e. had tertiary education or
doctoral studies in a foreign country or had a former postdoc or em-
ployment experience in a foreign country) but have now returned.
The marginal effect of the independent variable now expresses the
Impact Factor performance premium of migrant scientists (4+1.17)
compared to the domestic scientists with no prior experience of
mobility. We find a similar result in the estimate of Model 3, in
which we use the full sample of migrant and domestic scientists,
and control for prior international experiences of domestic sci-
entists by including a variable that captures the h-index of the
country in which the domestic scientists had prior international

experience.® The corresponding marginal effect (+1.14 of the Im-
pact Factor) is similar to that estimated in Model 2. Note that in all
models all other regressors have the expected signs. Collectively,
the results of Models 1-3 provide robust evidence that scientists
who migrate for reasons of work or study perform in the host coun-
try at a higher level than domestic scientists with or without mo-
bility experience.

Observing evidence of the superior performance of migrant sci-
entists is not sufficient for inferring causality, given that the cor-
relation is blurred by positive selection into migration. Selection

6 H-index by country and by subject category, computed for all publications in
1996-2010. Source: Scimago Journal and Country Rank. Retrieved from http://
www.scimagojr.com on April 18,2012.

7 Summary statistics of Impact Factor: Mean = 3.78; St. dev. = 3.31; Median =
2.90; Min = 0; Max = 31.25. Impact Factor = 1.07 is a value equal or greater than
the 6% of all Impact Factor values in the distribution.

8 This is an interaction variable of a dummy equal to 1 if the domestic scientist
had a prior international experience and the H-index of the country of prior inter-
national experience (in thousands). Summary statistics of domestic prior int. exp. X
country h-index: Mean = 0.28; St. dev. = 0.46; Median = 0; Min = 0; Max = 1.23.
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Fig. 1. Proportion of domestic and migrant scientists by quartiles of Impact Factor.

occurs because, assuming that earnings - or fellowships for study
- are an increasing function of ability, only more capable scien-
tists are offered opportunities that are sufficiently large to out-
balance the cost of relocation (Borjas, 1994; Grogger and Hanson,
2011; Gibson and McKenzie, 2012). Thus, the unobservable abil-
ity of individuals is correlated both to migration and to perfor-
mance. This causes correlation of the regressor MIGRANT_SCIENTIST
with the error term, which leads to potentially biased and inconsis-
tent estimates. In order to overcome this problem of endogeneity,

we choose to instrument the variable MIGRANT_SCIENTIST with mi-

gration events that occurred during childhood (CHILD_MIGRATION).
Scientists migrated during childhood are coded from the whole

dataset as those reporting a country of birth different from the
country of origin.® By construction, the latter is the country of res-
idency at the time the respondent turned 18. Child migration is
arguably not caused by individual performance (exogenous), be-
cause relocation events occurring before the age of 18 likely reflect
parental decisions, rather than choices of the respondent. We ex-
pect mobility during childhood to be correlated to migration de-
cisions in adult life, because prior experience of relocation makes
one more open to relocation opportunities, more able to overcome
cultural shocks, et cetera associated with mobility. It is important
to acknowledge that the validity of the instrument depends on the
assumption that migration in childhood occurs to both children of
higher and lower ability parents and/or irrespective of family in-
vestment in education.

Columns 4-6 of Table 1 report the results of two-step feasi-
ble GMM estimates, in which MIGRANT_SCIENTIST is treated as en-

dogenous and instrumented by CHILD_MIGRATION. The first-stage
F-statistics ranges between 69.7 and 79.9, above the conventional

threshold of 10 (Staiger and Stock, 1997), confirming that the
instrument is valid and the equation is correctly identified. Re-
sults of Model 4 report the estimates of a specification analogous
to that in Model 1. The coefficient is positive and significant at
90% confidence level, confirming that mobility boosts individual
performance. The estimated Impact Factor performance premium

amounts to +1.49 compared to the average domestic scientist.
When we restrict the sample to exclude domestic scientists with
prior experience of international mobility (Model 5), the Impact
Factor performance premium for migrating scientists is estimated

9 There are 699 respondents reporting migration during childhood in our sample.
Of these, 416 are currently in the same country (domestic) and 283 are currently
migrant scientists in a different country. Correlation with MIGRANT_SCIENTIST =
0.10***, Summary statistics of the dummy variable CHILD_MIGRATION: Mean = 0.05;
St.dev. = 0.22.
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Table 1
Performance of migrant scientists.

Dependent variable: (1) (2) 3) (4) (5) (6)
Ln(Impact Factor)

oLS oLS oLS ve va Ve
MIGRANT_SCIENTIST 0.071"" 0.154™ 0.133"" 0.396 0.428" 0.371

(0.014) (0.015) (0.14) (0.217) (0.176) (0.208)
Domestic prior int. exp. X 0.140™" 0.185""
country h-index

(0.009) (0.040)

Age 0.012™ 0.014™ 0.010™ 0.015™ 0.015" 0.011™

(0.003) (0.003) (0.003) (0.004) (0.004) (0.003)
Age™2 —0.000™" —0.000™" —0.000™" —0.000"" —0.000"" —0.000™"

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Female —0.044" —0.026" —0.038"™" —0.048" —0.026" —0.039™

(0.009) (0.011) (0.009) (0.010) (0.011) (0.009)
D_still in training —0.083" —0.042 —0.069"" —0.059" —0.010 —0.049

(0.025) (0.026) (0.025) (0.030) (0.034) (0.031)
H-index country of origin 0.144™ 0.214™ 0.179"™ 0.476" 0.485"" 0.413"

(0.022) (0.023) (0.022) (0.222) (0.175) (0.205)
D_emerging area of research 0.150™ 0.150™" 0.146™ 0.145" 0.144™ 0.142""

(0.008) (0.010) (0.008) (0.009) (0.011) (0.009)
D_Internationally-coauthored ~ 0.029™" 0.011 0.022" 0.011 —0.014 0.007
article

(0.009) (0.011) (0.009) (0.016) (0.020) (0.016)
Number of coauthors of focal 0.038™" 0.042™ 0.038™" 0.038™ 0.043™ 0.038™"
article

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Constant 0.706™" 0.507"" 0.704™ 0.434" 0.287 0521

(0.082) (0.095) (0.081) (0.199) (0.171) (0.179)
Current country of affiliation Yes Yes Yes Yes Yes Yes
dummies
Field dummies Yes Yes Yes Yes Yes Yes
Sample All Domestic All All Domestic All

not-mobile; not-mobile;
Migrants Migrants

Observations 14,299 9954 14,299 14,299 9954 14,299
Adj. R-sq 0.201 0.229 0.214 0.169 0.204 0.198
Cragg-Donald F-stat. 69.74 93.74 79.90

Robust st. err. in parentheses. Instrumented: MIGRANT_SCIENTIST ; Excluded instrument: CHILD_MIGRATION.

" p<o0.10.
" p <0.05.
" p<o0.01.
2 Two-step feasible GMM estimate.

*

to be 4+1.53 compared to domestic scientists with no prior expe-
rience of international mobility and the coefficient is significant
at the 95% level of significance. This result is further confirmed in
Model 6, where we include the entire sample and control for prior
international experience of the domestic scientists.

In summary, the models corroborate the predictions of the
theory of knowledge recombination and specialty matching that
migration enhances the performance of scientists, after controlling
for the effect of selection into migration.

5. Discussion and conclusion

A question of considerable importance is whether mobile scien-
tists outperform the non-mobile. To answer this important ques-
tion, we employ a new rich survey designed specifically to study
migration of scientists in four fields of science and 16 countries.
Results confirm that migrants perform at a higher level than do-
mestic scientists with or without prior experience of international
mobility. Superior performance is potentially caused by gains from
knowledge recombination and specialty matching subsequent to
migration. However, because superior performance can also be
caused by positive selection into migration, we instrument migra-
tion for reasons of work or study with migration in childhood, to
mitigate the effect of selection. We find the superior performance
of migrant scientists to persist, suggesting that migration is a likely
cause of superior performance. This is consistent to predictions
of the knowledge recombination (Saxenian, 2005; Agrawal et al.,

2011) and specialty matching (Jones, 2008) theories. We therefore
interpret our finding as corroborating these theories, although it is
important to note that alternative explanations of a superior ex-
post performance of migrants also exist. For example, it is possible
that, faced with a discriminating environment in the host country,
migrants feel pressure to perform better than domestic scientists.

Regardless of interpretation, the result has at least two im-
portant implications for scholars and policy makers. First, it con-
firms the validity of policies aimed at facilitating increased brain
exchange across countries. Such policies include easier immigra-
tion procedures for high-skilled human capital (Shen, 2013), and
policies aimed at harmonizing the international job market for re-
search (Franzoni et al., 2011). Second, our findings that the positive
effects of migration persist having controlled for selection, suggest
that brain migration is not a zero-sum gain, in the sense that the
benefits that accrue to the destination country do not necessarily
come at the expense of the sending country, and that there are con-
versely positive externalities to be gained by promoting mobile sci-
entists to work with domestic scientists.
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