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ABSTRACT This study assesses the ini tial effects of the 2016 Brexit ref er en dum on the 
mobil ity of aca demic schol ars to and from the United Kingdom (UK). We lever age bib-
liometric data from mil li ons of Scopus pub li ca tions to infer changes in the countries of 
residenceofpublishedresearchersbythechangesintheirinstitutionalaffiliationsover
time. We focus on a selected sam ple of active and inter na tion ally mobile research ers 
whose move ments are trace able for every year between 2013 and 2019 and mea sure the 
changes in their migra tion pat terns. Although we do not observe a brain drain fol low ing 
Brexit,wefindevidencethatscholars’mobilitypatternschangedafterBrexit.Among
the active research ers in our sam ple, their prob a bil ity of leav ing the UK increased by 
approximately86%iftheiracademicorigin(countryoffirstpublication)wasanEU
coun try. For schol ars with a UK aca demic ori gin, their post-Brexit prob a bil ity of leav-
ing the UK decreased by approx i ma tely 14%, and their prob a bil ity of mov ing (back) 
to the UK increased by roughly 65%. Our anal y sis points to a com po si tional change in 
theacademicoriginsoftheresearchersenteringandleavingtheUKasoneofthefirst
impactsofBrexitontheUKandEUacademicworkforce.

KEYWORDS High-skilled migra tion • Brexit • Bibliometric data • Migration of schol ars

Introduction

On Jan u ary 1, 2021, the free move ment of peo ple between the United Kingdom (UK) 
andtheEuropeanUnion(EU)ended.Regulationsandrequirementsforprofessionals
movingbetweentheUKandtheEUswitchedtoapoint-basedvisasystemintended
tofavortheimmigrationofmigrantsdeemedcrucialfortheUKeconomy.TheUK’s
decision to leave theEU (referred to asBrexit)will likely have profound conse-
quencesformigrationtoandfromtheUK,includingforresearcherswhostillbenefit
from a spe cial visa as part of the Global Talent pro gram. Supporters of the Brexit 
camparguethattheUK’sstandingintheglobalcompetitionfortalentwillimprove
becauseitwillbeabletoincreaseitsattractivenesstoscholarsfromoutsidetheEU.
CriticspointtotheUK’slowerlevelofattractivenessfortopresearchers,especially
forEUnationals,whocouldfaceadditionalobstaclestoworkingintheUK,includ-
ing legal bar ri ers for them selves, their fam i lies, and their col lab o ra tors, as well as the 
prospectofdiminishedaccesstoEUresources.
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The Brexit pro cess dates back to June 23, 2016, when the ref er en dum on whether 
theUK should remain in the EUwas held.The electorate’s choice to leave,which
was fueled by the idea that the UK should “take back con trol” of immi gra tion (Gietel- 
Basten 2016:673), cre ated an unprec e dented sit u a tion of polit i cal dis con ti nu ity that led 
to wide spread uncer tainty about the sta tus of immi grants in the UK. Changes in migra-
tion pol icy affect the deci sions of research ers to migrate inter na tion ally (Arrieta et al. 
2017; Scellato et al. 2015),whichinfluencethescientificandtechnologicaldevelopment
of the countries involved (Mahroum 2005; Moser et al. 2014). Brexit can be seen as a 
clear exam ple of a shift in migra tion pol icy that could impede the inter na tional cir cu la-
tion of schol ars, which is known to enhance research per for mance by facil i tat ing knowl-
edge recom bi na tion (Scellato et al. 2017; Sugimoto et al. 2017; Wible 2017) and to be 
fundamentaltoscientificdiscovery,especiallyinitsmostinnovativeforms(Fernández- 
Zubieta et al. 2016).Researchersandacademicinstitutionswererattledbytheoutcome
of the vote: in the weeks lead ing up to the ref er en dum, lead ers from 103 uni ver si ties, 
includ ing from all  the top UK insti tu tions, openly expressed their oppo si tion to Brexit, 
statingthat“Cuttingourselvesoutoftheworld’slargesteconomicblocwouldunder-
mine our posi tion as a global leader in sci ence and inno va tion” (Goodfellow et al. 2016).

Althoughitistooearlytoassessthelong-termconsequencesofBrexitonthemigra-
tionofresearchers,hereweanalyzelarge-scalebibliometricdatatoofferinsightsinto
the recent trends and com po si tional changes in the pop u la tion of research ers mov ing 
to and from the UK. We use data from Scopus, a com pre hen sive bibliometric data base 
thatincludesdetailedmetadataonmorethan80millionscientificpublicationsandis
con sid ered a source of highly pre cise indi vid ual-level data on published research ers 
andtheiraffiliations(Aman2018;KawashimaandTomizawa2015). Using these data, 
wecaninferinternationalmigrationpatternsbyexaminingchangesinauthors’institu-
tionalaffiliations.In2015,theprecisionofScopusindividual-leveldataonresearchers 
(ScopusauthorID)wasestimatedtobe99%(KawashimaandTomizawa2015); a pre-
ciseauthorIDisauniquenumberthatisassociatedonlywiththepublicationsofapartic-
ular author. Previous stud ies on migra tion among research ers have used highly accu rate 
data with low cov er age (Bohannon 2017), bibliometric data bases with high cov er age 
andafocusonspecifictypesofresearchers(Chinchilla-Rodríguez,Buetal.2018), or ad 
hoc sur veys that might include biases due to non re sponse (Scellato et al. 2015).

Given the trade-offs asso ci ated with using each of these data sources, we invested 
in further refining thequalityof theScopusdata foruse inmigration researchby
enhancingthedisambiguationofauthorsandtacklingotherdataqualitychallenges
(seetheDatasection),thusfurtherimprovingtheaccuracyofinferencesofmigration
events from bibliometric data. This approach enables us to strike a suit able bal ance 
betweencoveragelevels,dataquality,andtimelinessinstudyingscholarlymigration
before and after Brexit.

Background and Conceptual Framework

High-Skilled Migration and Policy Change

Theinternationalcirculationofscholarsisessentialtofosteringscientificknowledge,
espe cially in its most inno va tive forms (Agrawal et al. 2017;Fernández-Zubietaetal.
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2016).For instance,nearlyhalfof theworld’smost-citedphysicistsresideoutside
their coun try of birth (Hunter et al. 2009). The inter na tional migra tion and mobil-
ityofacademicsandresearchersisasubfieldofhigh-skilledmigrationthatrightly
commandsattentionfromresearchersandpolicymakersalike(Chinchilla-Rodríguez,
Bu et al. 2018;Czaika2018;CzaikaandParsons2017; Sugimoto et al. 2016). For 
these rea sons, it is of par a mount impor tance that we under stand the dynam ics of the 
inflowsandoutflowsofscholarsacrosscountriesandtheunderlyingdeterminantsof
the inter na tional mobil ity of research ers.

Intheinternationalmigrationliterature,academicmigrationthatisstudiedwithin
the frame work of the brain drain and brain gain rela tion ships can be aptly framed 
using the con cept of brain cir cu la tion (Saxenian 2005). The brain cir cu la tion con-
cept assumes that high-skilled migra tion should be con sid ered as a means of knowl-
edgetransferthroughreciprocalmigrationflowsandthereforerepresentsacircular
exchangeratherthanaone-wayloss.Althoughmanyfactorsinfluencescholars’deci-
sionstomove(Azoulayetal.2017), a key deter mi nant is the pol icy envi ron ments 
in theircountryof residenceand thedestinationcountry.Morespecifically,policy
changesmightsubstantiallyaffect researchers’decisions tomigrate internationally
(Arrieta et al. 2017;Franzonietal.2014, 2015; Scellato et al. 2015), which can affect 
the scientific and technological development of the countries involved (Mahroum
2005; Moser et al. 2014).

Academic Migration and Social and Cultural Capital

Socialcapitalconsistsofan individual’s interpersonal ties (Granovetter1973) and 
theinstitutionalizedsocialnetworkstheybelongto(Bourdieu1986), which pro vide 
oppor tu ni ties to access eco nomic, social, and pro fes sional resources. The rela tion ship 
betweensocialcapitalandmigrationismultifaceted.Evidenceshowsthattheaccu-
mu la tion of social cap i tal in one place has a pull effect for migrants (Putnam et al. 
2001)andisassociatedwithloweremigration(D’Ingiulloetal.2023). The migra tion 
lit er a ture has also shown that social and inter per sonal ties to the des ti na tion coun try, 
as well as migrant net works, increase the prob a bil ity of migra tion by low er ing the 
associatedcosts(MasseyandEspaña1987). Social cap i tal, in the form of resources, 
increases the pro pen sity to migrate because it pro vi des infor ma tion and assis tance for 
migra tion (Garip 2008).

Socialcapitalinacademiacouldinfluencescholars’decisiontomigrateinvarious
ways.Giventhatinterdisciplinaryandinternationaltiesshapescholars’scientificand
socialcapitalandincreasetheirproductivity(Gonzalez-Brambila2014; Melkers and 
Kiopa 2010), a pos si ble rela tion ship between social cap i tal and inter na tional schol-
arly migra tion could emerge through prac tices at aca demic insti tu tions. Alternatively, 
schol arly migra tion might help sci en tists and research ers advance their careers and 
buildmorescientificandsocialcapitalinadifferentcountry(VanNoorden2012). 
Further, the nature of the social cap i tal and col lab o ra tion net works could be a fac tor 
in international scholarlymigration. Social capital accumulated in a specific con-
text, such as the coun try of ori gin or the coun try of grad u ate stud ies, might lower the 
chances of mov ing abroad, whereas more inter na tional than local social cap i tal might 
encour age inter na tional schol arly migra tion (Bauder 2020).
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The concept of cultural capital was originally defined as a refined taste and
appre ci a tion of arts and cul ture, trans mit ted within the higher clas ses of soci ety and 
institutionalizedthroughacademicqualifications(Bourdieu1986). More recently, 
the social sci ence lit er a ture started to dis tin guish between local and global, aca-
demicandnonacademicformsofculturalcapital(IgarashiandSaito2014; Prieur 
and Savage 2013).

The cul tural cap i tal of high-skilled migrants con sists of both the cul tural cap i tal 
in the country of origin and transnationally recognized cultural capital.The latter
cul tural cap i tal pro vi des an advan tage in the trans na tional labor mar ket and reduces 
the risks of down ward mobil ity and cer tain migra tion bar ri ers (Weiß 2005). A cru-
cial requirement for high-skilledmigration and, specifically, for academicmigra-
tionisobtaininginternationallyrecognizeddegreesandqualifications.Scholarsand
researcherswhomeetthisrequirement,whethertheyaremobileornot,arelikelyto
have attended top schools enabling this rec og ni tion in the coun try of their aca demic 
origin.Forscholarsandresearchersbestowedwithhigh-levelinstitutionalizedaca-
demicqualificationsinthelabormarket,cosmopolitanismandaccesstoglobalcom-
munitiescouldaddtotheirculturalcapital(IgarashiandSaito2014).

Big Bibliometric Data and Academic Migration

Early studiesusingbibliometricdatawerebasedona limitedvolumeofdataand
focusedmoreoncitationcountsasthemeasureofscientificimpact,scientificprog-
ress(MartinandIrvine1983), and insti tu tional research per for mance (Moed et al. 
1985).Theassessmentofscientificperformancebyusingbibliometricdatainfluenced
notjustscholarsbutalsopolicymakersduringthe1990s,especiallyundertheNew
Public Management frame work (Mingers and Leydesdorff 2015).Inrecentdecades,
the vol ume of data used for bibliometric ana ly ses has expanded, and the data now 
extend beyond the coun try and the insti tu tional lev els, cre at ing what could be called 
big bibliometric data.As the literatureonmeasuring scientificperformanceusing
bibliometric data has con tin ued to grow (Sugimoto and Larivière 2018), such data 
havepavedanewwaytostudymigrationresearch(Alburez-Gutierrezetal.2019).

Migration studies using bibliometric data rely on information on researchers’
move ments. Following the net work-based approach to inves ti gat ing high-skilled 
migra tion (Meyer 2001)andscientificmigration (Ackers2005), the use of biblio-
metricdatatostudyresearchers’migrationandmobilitystartedtoreceiveattention
(Laudel 2003).Thefeasibilityofthismethodforexaminingscholars’migrationand
mobilitypatternswasdemonstratedfirstforaselectgroupofcountries(Haleviand
Moed 2013; Moed et al. 2013).Morerecently,theliteratureonscientificmigration
using bibliometric data has expanded with the pub li ca tion of stud ies addressing 
co-affiliation and collaboration networks (Aref et al.2018; Chinchilla-Rodríguez,
Miao et al. 2018; Sugimoto et al. 2016),theidentificationofmigrationandmobil-
ityevents(Robinson-Garcíaetal.2019), and the mobil ity pat terns of highly mobile 
research ers (Aref et al. 2019).

In addition, bibliometricdatahavebeenused to investigate certaindemographic
char ac ter is tics of research ers. For exam ple, these data have been employed in promi-
nentstudiesexamininggenderdisparitiesandtheirinfluenceonscientificperformance
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(Larivière et al. 2013),researchers’academicages(Naneetal.2017), and the impact of 
aca demic age on inter na tional mobil ity (Sugimoto et al. 2017).

The Case of the UK

ThenotionofbraincirculationhaslongbeenasubjectofscientificdebateintheUK.
Indeed,thetermbrain drainwascoinedinthisverycontext.Duringtheearly1960s,
theRoyalSocietypublishedareportontheincreaseintheemigrationofscientists
and engi neers from the UK to the United States and Canada, and reac tions to the 
reportreferredtothissituationasadrainofscientistsandadrainoftalent(Oldfield
et al. 1963). The drain of sci en tists and tal ent out of the UK was later labeled brain 
drain (Johnson 1965:299).

Concerns about brain drain less ened dur ing the 1970s, as Brit ish policymak-
ersstartedtoviewitasaninevitablepartofglobalizationandastheUnitedStates
becamealessappealingdestinationforscientistsbecauseofitsroleintheVietnam
War (Godwin et al. 2009). However, fears that Brit ish sci ence was declin ing reap-
pearedinthe1980s.IntheSTEMfields,theUK’sshareofglobalpublicationsand
cita tions decreased by 10% and 15%, respec tively, between 1973 and 1982; the 
sharpest declines, at more than 20%, occurred in bio med i cal research, phys ics, and 
engineeringand technology (Irvineetal.1985). In reaction to theseconcerns, the
1986 ini tia tive Save Brit ish Science called on the gov ern ment to take action and to 
sup port research because “oppor tu ni ties are missed, sci en tists emi grate and whole 
areas of research are in jeop ardy” (“Save Brit ish sci ence” 1986,ascited inNoble
2016).Researchfromtheearly1990sreportedthatBritain’sscientificperformance
was grow ing in some areas, but the over all rel a tive decline con tin ued (Martin 1994).

Although the gen eral impres sion of the per for mance of Brit ish sci ence has been 
ratherpessimistic since theearly1960s, the lackof scientific investmentand the
emi gra tion of sci en tists should not be seen as the only under ly ing rea sons for this 
trend.ThegradualdecreaseinBritishscientificpublicationsshouldalsobeconsid-
eredinlightoftheglobalincreaseinEnglish-languagepublicationsbynonnative
authors, espe cially since the 1990s. Bibliometric data indi cate that by 2018, the 
United Kingdom accounted for 3.82% of global pub li ca tion out put and ranked sixth 
glob ally for pub li ca tion out put (White 2019).ThenegativeevaluationoftheUK’s
scientificperformancebasedonbibliometricdataanalysesandtheimpressionthat
Brit ish sci ence has been declin ing might be due to the increased abil ity of sci en tists 
worldwidetopublishinEnglish,whichmitigatedthebiasinfavorofnativeEnglish
speak ers. Furthermore, from the late 1960s onward, the emi gra tion of sci en tists from 
the UK to the United States and Canada has been offset by the immi gra tion of sci-
en tists from devel op ing countries (and Commonwealth countries) to the UK (“Gaps 
and drains” 1967; Godwin et al. 2009; Watanabe 1969).

These migra tion pat terns were again disrupted when the UK with drew from the 
EUasaresultof thereferendumheldonJune23,2016,andwhenBrexitbecame
officialonJanuary31,2020.Despitelong-standingfearsthatBritainhasbeenlosing
researcherstoothercountries(Irvineetal.1985; Martin 1994; Martin et al. 1987), 
theUKremainsaworldleaderinscientificresearch.In2019,theUKwastheG20
countrywiththelargestshareofthetop10%ofhigh-qualityscientificpublications
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(Adams et al. 2019).Moreover,theUKwasthehighest-rankingEUmemberstatein
termsofthetop1%ofhighlycitedscientificpublicationsin2016(at1.63%),1 rank-
ingthirdgloballyafterSwitzerlandandtheUnitedStatesandexceedingtheEUaver-
age (0.95%) by a con sid er able mar gin (Pereira et al. 2020:figure6.1-8).

TheUKreceived€7.86billioninnetresearchfundingfromtheEUthroughthe
Horizon2020program,making it themember statewith the second-largest share
of fundingreceivedfromthebudget,afterGermany(EuropeanCommissionn.d.). 
ThestrongtiesthatBritishscienceandtechnologyhaveestablishedwiththeEUare
among the rea sons why some research ers have raised con cerns about a poten tial loss 
of these rela tion ships fol low ing Brexit (Golding 2017).

Data

Source of Raw Bibliometric Data

The main data we used in this study were obtained from Scopus through the insti-
tu tional access pro vided by the Ger man Competence Centre for Bibliometrics. The 
Scopusdatabasecontainsdetailedmetadataonmorethan80millionscientificpub-
lications.Foreachpublication,thedatabaseincludestheindividualauthorIDs,the
publicationyear,theaffiliationcountrieslinkedtopublications,andtheAllScience
JournalClassification(ASJC)codeforfieldsofeachpublicationvenue(e.g., jour-
nal, conference proceedings).To obtain the raw bibliometric data,we queried all
ScopusdatafromarelationaldatabaseusingSQL.Thequeryinvolvedtwosteps:(1)
obtainingIDsforallauthorswhohavepublishedatleastoncewithaUKaffiliation
and (2) obtaining data on all  pub li ca tions dur ing 1996–2019 from the list of author 
IDsproducedinthepreviousstep.Throughthisprocess,weobtainedexhaustivedata
on 26,748,770 author–pub li ca tion link ages (author ship record) involv ing more than 
1,619,000 published research ers with ties to the UK and their 12,365,837 Scopus 
pub li ca tions in 1996–2019. The raw data were then preprocessed for use in our ana-
ly ses. The preprocessing steps mainly addressed the chal lenges of miss ing val ues for 
the coun try var i able and author name ambi gu ity.

Data Preprocessing

We had to address two tech ni cal chal lenges asso ci ated with the raw bibliometric 
data before using them to analyze scholarlymigration: (1)missing countries and
(2) author name ambiguity. In the extract of the raw bibliometric data obtained
throughqueriesbasedonaffiliationtiestotheUK,thecountryvariablewasmissing
forasmallnumberofrecords.WemodifiedtheneuralnetworkalgorithmMiranda- 
Gonzálezetal.(2020) devel oped to use it to pre dict the miss ing val ues. This neu ral 
net work algo rithm was trained and tested on a large sam ple of author ship records 

1 Thefigurereferstothepercentageofthescientificpublicationsproducedinacountrythatareamongthe
top 1% of most-cited pub li ca tions world wide.
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for which the coun try var i able was avail  able. The trained neu ral net work algo rithm 
tooktheaffiliationaddressasaninputandpredictedthecountryassociatedwiththe
affiliationaddresswithahighdegreeofaccuracy.SectionAoftheonlineappendix
pro vi des sta tis tics on our implementation of this method for han dling miss ing val-
ues. For more tech ni cal details on the devel op ment of the neu ral net work, refer to  
Miranda-Gonzálezetal.(2020).

ScopusprovidesauthorIDstoidentifythepublicationsofeachresearcher.These
authorIDsappeartobesufficientlyreliableforanalyzingthemigrationofresearchers
(Aman 2018),givenpreviousresearchshowingthat98.3%ofauthorIDsprecisely
iden tify one researcher2 (Paturi and Loktev 2020).Despite thehighdegreeofpre-
cisionof theScopusauthorIDs,weconsiderScopus tobean imperfectsourceof
dig i tal trace data for study ing the migra tion of research ers. The lack of pre ci sion in 
theScopusauthorIDsimpliesthat,onaverage,1.7%ofauthorIDsmightinvolve
pub li ca tions from mul ti ple indi vid u als who share the same name. To address this 
prob lem sys tem at i cally, we applied a con ser va tive author dis am big u a tion pro cess 
(D’AngeloandvanEck2020;Miranda-Gonzálezetal.2020)totheauthorprofiles
thatweremorelikelytobeaffectedbytheprecisionflawsoftheScopusauthorIDs.
The author dis am big u a tion algo rithm we implemented was based on recent devel-
op ments in the use of unsu per vised learn ing for dis am big u at ing bibliometric data 
(D’AngeloandvanEck2020). This algo rithm was designed using a con ser va tive 
approach: it assumes that every two author ship records are from dis tinct indi vid u als 
unlesssufficientevidencedemonstratesthesimilarityofthetworecords.Weconsid-
eredtheauthorprofilesthatexceededeitherofthesethresholdssuspiciousandtreated
themwith thedisambiguationalgorithm.Theseauthor IDswereassociatedwitha
sus pi ciously high num ber of countries or pub li ca tions, with those thresh olds being 
more than 6 and more than 292, respec tively. We chose the 292 thresh old to imply 
thatagivenauthorIDhadanaverageofmorethanonepublicationpermonthacross
24 years and four months. These thresh olds were cho sen by trial and error. The aim 
of this screen ing of out li ers was to reduce the risk that the lack of pre ci sion in 1.7% 
ofauthorprofiles,whichmighthaverepresentedmorethanoneindividualresearcher,
would lead to the over es ti ma tion of migra tion. For fur ther details on data preprocess-
ing, see the online appen dix (sec tion A).

A Focus on Active Researchers

Migration is well-known to be a selec tive pro cess. However, partly because of a 
lack of data, the mea sure ment of high-skilled migra tion has typ i cally been based on 
broad categories, such as edu ca tional attain ment or eco nomic sec tors. Unobservable 
char ac ter is tics that might be related to the poten tial for break throughs are more dif-
ficulttomeasure.TheresultsofouranalysesusingthedisambiguatedScopusdata
show that although migrant research ers were outnumbered by those who remained  

2 AccordingtothelatestaccuracyevaluationinAugust2020,theprecisionoftheScopusauthorprofiles
is 98.3%, and the com plete ness is 90.6% (Paturi and Loktev 2020).Inthiscontext,precisionistheper-
centageofauthorprofilesthatcontainthepublicationsofonlyoneindividual.Completenessistheratioof
individualresearcherswhosepublicationsareallinoneauthorprofile.
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affiliatedwithUKinstitutionsonly,thescientificimpactofmigrantswassubstantially
larger. For exam ple, our data indi cate that migrant schol ars received, on aver age, 
90%morecitationsperyear.Inthisstudy,wefocusonthemigrationofupper-tier
researcherswhowereconsistentlyactiveinproducingscientificpublicationsoverthe
study period (here af ter, active research ers). By con cen trat ing on migrant and active 
research ers in our empir i cal anal y sis (i.e., the top end of the dis tri bu tion), we aimed 
to iden tify those groups who are typ i cally the tar gets of immi gra tion pol i cies intended 
to attract top tal ent.

Methods

Detecting Migration Events

Webuildonprevious researchonbibliometricdata todefineacademicmigration.
Throughout this arti cle, we use the coun try of aca demic ori gin to refer to the coun-
tryoffirstpublication.Theacademicoriginisnotconsideredaproxyforascholar’s
nationalitybutasthecountrymostlikelytohaveinvestedintheindividual’spre-or
post doc toral period of aca demic devel op ment that led them to become a published 
researcher, regard less of their nation al ity (Aref et al. 2019;Robinson-Garcíaetal.
2016;Robinson-Garcíaetal.2019; Subbotin and Aref 2021; Zhao et al. 2021, 2022). 
Foreachyearandscholar,weassessed themodecountryofaffiliation,given that
someresearcherswereaffiliatedwithmultiplecountriesinagivenyear.Weuseda
calendaryearas the timeunit,per thedefinitionof long-terminternationalmigra-
tionasachangeofthecountryofusualresidenceforatleastoneyear(International 
Organization forMigration2019:125),which is also the definition theOffice for
NationalStatistics(ONS)usesintheUK(ONS2020).Wedefinedmigrationacross
countries as a change in this mode coun try. For exam ple, a sci en tist who published 
withanaffiliation(s)mostlyfromGermanyin2016andthenpublishedwithanaffili-
ation(s) mostly from the UK in 2017 was con sid ered by our algo rithm to have moved 
from Germany to the UK in 2016. To be pre cise, we cal cu lated the year of the move 
using the rounded mid point between the last year when the researcher had Germany 
asamodecountryofaffiliationandthefirstyearwhentheresearcherhadtheUKas
themodecountryofaffiliation.Becauseofthetimeittakestoconductandpublish
research, the pub li ca tion years did not nec es sar ily match the years of move. How-
ever, according to our method, when a con tin u ously active researcher has at least one 
pub li ca tion every year, the move year becomes the last year of the com mon usage of 
theoldaffiliation.Foraresearcherwithlessfrequentpublications,thepotentialgap
between the actual move year and the move year that our algo rithm esti mated could 
be larger.

Inferringthemigrationeventsretrospectivelyfrompublicationsposedachallenge
of the right-cen sor ing of the data. Because not every researcher nec es sar ily publishes 
every year, the num ber of mov ers at the end of our period was inev i ta bly under-
estimated, which can not be corrected until more recent data become avail  able. For 
the last few years of our dataset, we were  able to iden tify only the most imme di ate 
migra tion events. We thus assume that the num ber of migra tion events we detected 
is an under es ti mate. Therefore, we used the par tial infor ma tion we had for 2020 to 
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1905Academic Migration From Bibliometric Data

detect migra tion events but did not include 2020 in the anal y sis, given that those esti-
ma tes would be unre li able. Furthermore, to pre vent the right-cen sor ing from bias ing 
our results, we restricted our sam ple to the research ers for whom loca tional sig nals 
fromaffiliationcountriesareavailableforeveryyearof theanalysis—agroupwe
refer to as active research ers.Althoughweidentified946,991publishedresearchers
with ties to the UK in 1996–2019, only approx i ma tely 11% of them (102,058) were 
classifiedasactive,irrespectiveofwhethertheywereinternationallymobile.Weused
the dataset that included all  research ers in the descrip tive and visual ana ly ses only, 
apply ing addi tional cau tion in our sta tis ti cal ana ly ses and inter pre ta tions because of 
the right-cen sor ing issue.

Therefore, our sam ple for the sta tis ti cal anal y sis consisted of research ers who 
were either con tin u ously active (had at least one pub li ca tion for each year of the 
analysisperiod)orpublishedwithsuchafrequencythatwiththeabove-mentioned
inferenceofmigrationevents,theirlocationinformationcouldbeidentifiedforthe
sevenconsecutiveyearsbetween2013and2019.Restrictingour sample toactive
research ers enabled us to observe the migra tion pat terns of research ers (with respect 
to the UK) who would be con sid ered the poten tial tar get of pol i cies to attract tal ent 
owing to their pro duc tiv ity, as mea sured by their pub li ca tions.

Focusing on a selected group of peo ple (i.e., active research ers) also enabled us 
to cre ate a panel dataset and observe how the migra tion pat terns of a large group of 
researcherswithrelativelyhighlevelsofscientificproductivityandtiestotheUK
changed in the years before and after the Brexit ref er en dum. Our use of strongly bal-
anced panel data also avoided the prob lem of attri tion.

Inferring Gender

The most likely gen der of each active researcher included in the dataset was inferred 
fromthefirstnamesoftheresearcherusingthegenderizeRpackageinR(Wais2006). 
Studies of big bibliometric data anal y sis typ i cally rely on var i ous gen der esti ma-
tion algo rithms (Krapf et al. 2016). However, because these algo rithms were ini tially 
devel oped for mar ket ing rather than for research, they are more accu rately applied to 
cer tain pop u la tions than to oth ers. Generally, the gen der infer ence algo rithms work 
betterforAnglo-SaxonandEuropeannames,forwhichthetrainingsampleislarge.
Incontrast,becauseAsianandAfricannamesareunderrepresented in the training
data, the predicted gen der is less accu rate for these names. Moreover, for uni sex 
names, the prob a bil ity of the inferred gen der being reported is low, indi cat ing that 
the result is unre li able. Therefore, for our anal y sis of gen der, we used three cate-
gories: female name, male name, and unknown. The last cat e gory contained all  the 
author ship records for which gen der could not be esti mated or the gen der esti ma tion 
lacked accu racy. The accu racy of the gen der esti ma tion was based on the prob a bil ity 
reported by the genderize func tion from the genderizeR pack age. We used two prob-
a bil ity thresh olds to infer the most likely gen der of research ers: 75% and 90%. We 
con sid ered the gen der infer ence accu rate enough if the reported prob a bil ity of being 
maleorfemaleforagivennamewasat least75%.If thegenderestimationfailed
to meet this cri te rion, the predicted gen der was tagged as unknown. For robust ness 
checks, we cre ated a sep a rate gen der var i able that used the same logic but had a  
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1906 E. Sanlitürk et al.

min i mum thresh old of 90%. The dis tri bu tion of esti mated gen der is presented in 
Table A1 in the online appen dix.

Statistical Modeling

Toquantifychanges inbraincirculationpatterns in theUKafter theBrexit refer-
en dum, we narrowed our focus to the sam ple of active research ers in our sta tis ti-
cal anal y sis. The sam ple of active research ers formed strongly bal anced panel data 
for 2013–2019. We applied a ran dom-effects logis tic regres sion model to the panel 
dataofthe45,316internationallymobileresearcherswhowereclassifiedasactive
between 2013 and 2019. The depen dent var i able is binary, tak ing the value of 1 to 
rep re sent a year with an out- or in-migra tion event and 0 oth er wise for each active 
researcher and for each year between 2013 and 2019. Our main explan a tory var i ables 
are (1) Brexit, representedbyabinaryvariableequal to1after2016and0before
2016; and (2) aca demic ori gin,definedasthecountryoftheauthor’sprimaryinstitu-
tionalaffiliationwhentheypublishedtheirfirstarticle,goingasfarbackas1996(see
theDetectingMigrationEventssection).

The panel data we com piled con sist of 45,316 inter na tion ally mobile, active 
researcherswithat leastoneUK-affiliatedpublication throughout their career, for
whom loca tion (of res i dence) infor ma tion is avail  able via Scopus-indexed pub li ca-
tion ref er ences or infer ences of migra tion events dur ing 2013–2019. Our strongly 
bal anced panel data with annual obser va tions for each active researcher in the sam-
ple, which were derived from the infor ma tion from mul ti ple pub li ca tions, pro vided 
uswitharobustresourceforourstatisticalanalyses.Inaddition,therandom-effects
model allowed us to explore the poten tial effects of the time-invari ant var i ables (e.g., 
academicorigin)andcontrolvariables(e.g.,scientificfieldandgender).Therefore,
weselectedtheindividual-specificrandom-effectsmodelasthemainmodelforour
anal y sis. For robust ness, we also apply and pres ent the results of its rep li ca tion using 
sim ple logis tic regres sion.

We con sider the fol low ing two mod els for the emi gra tion and immi gra tion of 
active research ers, respec tively:

MovesOuti, t = ln
P
1− P

⎛
⎝⎜

⎞
⎠⎟ i, t

= α +β1Brexitt +β2Origini,t

+β3 Brexit ×Origin( )i, t + βkXi, t +ω i + τtk =9( )
K∑

MovesIni,t = ln
P
1− P

⎛
⎝⎜

⎞
⎠⎟ i, t

= α +β1Brexitt +β2Origini, t

+β3 Brexit ×Origin( )i, t + βkXi, t +ω i + τtk =9( )
K∑ .

In these random-effects logistic regression equations, the dependent variables
MovesOut and MovesInarebinaryvariablesequal to1wheninagivenyear t the 
researcher ileavestheUKormovestotheUK,respectively.Weconsiderscientific
immigrationandscientificemigrationastwodifferentmodels,acknowledgingthat
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1907Academic Migration From Bibliometric Data

mov ing into and out of a coun try might fol low different patterns, as is also observed 
in the descrip tive graphs. The main explan a tory var i ables are denoted by the inter ac-
tion term Brexit × Origin, and the con trol var i ables are represented by X. The var i able 
Brexitisabinaryvariablethatequals1for2016–2019and0otherwise.Thecontrol
var i ables include aca demic age and dummy var i ables for hav ing higher-than-aver age 
publicationandcitationcounts,scientificfield,andgender.

Similartotheapproachusedtodefineacademicorigin,academicageismeasured
onthebasisofthefirstpublication.Theyearoffirstpublicationisconsideredtobe
theacademicbirthyearofaresearcher,andtheresearcher’sacademicageiscalcu-
lateddynamicallyforsubsequentyears.Thescientificfielddummyvariableisbased
ontheASJCfieldcodestaggedbyScopusandconsistsoffourgeneralcategories:life
sci ences,3 social sci ences,4 phys i cal sci ences,5 and health sci ences.6

The pub li ca tion and cita tion count var i ables were cal cu lated over the entire dataset 
(starting with 1996) avail  able for each researcher in the active research ers sam ple. 
Thegendervariablewascreatedusingthemethodexplainedearlier(seetheInferring
Gender sec tion).

Results

Descriptive Analysis

Tounderstand thechangingcharacteristicsofbraincirculation in theUK,wefirst
considerdescriptivestatistics.Wevisuallyexplorethedynamicflowsofresearchers
mov ing to and from the UK, by aca demic ori gin, before Brexit (Figure 1) and after 
Brexit (Figure 2). The online appen dix also illus trates the trends in out go ing and 
incom ing research ers by aca demic ori gin in the UK (Figure A1).

The results of our descrip tive anal y sis of lon gi tu di nal Scopus bibliometric data 
sug gest that if the post-Brexit trends we observe con tinue, Brexit might trig ger a 
changein thecompositionof theBritishscientificworkforce.Althoughweuseda
com pre hen sive source of data on published research ers, conducting an empir i cal 
anal y sis with these data was a chal lenge because of the lack of obser va tions in the 
years theauthorsdidnotpublish.For thevisualizationsusing thedatasetwithno
restric tions (to active research ers), we con sider a sharp decline only as a poten tial 
decline in the pat tern that should be reassessed in future work. We expect the slope 
of the trend to change upward in the com ing years when more recent data become 
available that enable us tofill the data gaps for themost recent years.Therefore,
underthesecircumstances,observinganincreasingtrendinsuchvisualizationswith

3 Life sci ences include Agricultural and Biological Sciences; Biochemistry; Genetics and Molecular Biol-
ogy;ImmunologyandMicrobiology;Neuroscience;andPharmacology,ToxicologyandPharmaceutics.
4 Social sciences includeArts andHumanities,Business,Management andAccounting,DecisionSci-
ences,Economics,EconometricsandFinance,Psychology,andSocialSciences.
5 Physical sciences includeChemicalEngineering,Chemistry,ComputerScience,Earth andPlanetary
Sciences,Energy,Engineering,EnvironmentalScience,MaterialsScience,Mathematics,andPhysicsand
Astronomy.
6 HealthsciencesincludeMedicine,Nursing,Veterinary,Dentistry,andHealthProfessions.
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1908 E. Sanlitürk et al.

the min i mum esti ma tes for the most recent years, instead of a sharp decline, would 
be strik ing.

Despite this challenge, the results of the descriptive analysis inFigure 3 point 
to a potential change in researchers’ patterns ofmovement out of and to theUK
byacademicorigin.Indeed,thefigureshowsaslightbutsteadyincreasingtrendin
leavingtheUKforresearcherswithanEUcountryofacademicoriginupto2018.
The decreas ing trend between 2018 and 2019 is prob a bly due to the right-cen sor ing 
in the data. To avoid overestimating immo bil ity dur ing the years with out any pub-
li ca tions, we focused on a sub set of the active migrant research ers: the same sub set 
we used in the sta tis ti cal anal y sis (N =45,316).Wecategorizedtheacademicorigins
intofourgroups:EUcountries,theUnitedStates,theUK,andother.Themigration
trends in leav ing and enter ing the UK among the active research ers in each aca demic 
ori gin cat e gory are shown in Figure 4. Following the Brexit ref er en dum, the share of 
activeresearcherswithanEUcountryofacademicoriginwholefttheUKincreased,
whereas the share of active research ers with a UK aca demic ori gin who left the UK 
decreased. Figure A1 (online appen dix) dis plays a sim i lar pic ture of the num ber of 
active research ers leav ing and enter ing the UK by aca demic ori gin. The com po si-
tional changes after the Brexit ref er en dum are clear among active research ers mov-
ingto(leaving)theUK,giventhattheshareofthosewithanEUacademicorigin

United Kingdom

United States

European Union Other countries

Commonwealth

12,977

3,758

6,776

5,334
7,391

5,403

10,700

7,087

Fig. 1 MigrationflowsandtheoverallpatternsofscholarlymigrationinthethreeyearsbeforetheBrexit
referendum.TheEUhadthelargestflowstoandfromtheUK,followedbytheUnitedStates,theCommon-
wealthcountries,andallothercountries.Thecoloredbandsrepresentthemigrationflowsin2013–2015,
with colors based on the origin node.
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1909Academic Migration From Bibliometric Data

decreased (increased) but the share of those with a UK aca demic ori gin increased 
(decreased).

Statistical Analysis

The results of the ran dom-effects logis tic regres sions assessing the out-migra tion and 
in-migra tion pat terns of active research ers between 2013 and 2019 are presented in 
Table 1. For com par i son, Table 2 shows the results of esti mat ing the param e ters of 
the logis tic model with out ran dom effects. These results are shown as robust ness 
checks con sid er ing mov ing out of the UK (leav ing) and mov ing to the UK (enter ing), 
respec tively. The results of the empir i cal anal y sis cor rob o rate the impli ca tions of the 
initialdescriptiveanalysisandconfirmthestatisticalsignificanceofthechangesin
migra tion pat terns. Table 1 shows that the odds of mov ing to the UK after Brexit were 
44% higher for active research ers with a UK aca demic ori gin than for the base line 
groupofactiveresearcherswithanacademicoriginotherthantheUK,anEUcoun-
try, or the United States. Without the inter ac tion with the Brexit var i able, the odds of  

United Kingdom

United States

European Union Other countries

Commonwealth

0.93

1.07

0.88

0.93
0.90

1.03

1.00

0.81

Fig. 2 InthethreeyearsaftertheBrexitreferendum,theflowsdecreased,exceptforthosefromtheUKto
theEU(whichremainedthesame)andthosebetweentheUKandothercountries(whichincreasedinboth
directions).Thebandsrepresentthechangesinmigrationflowsin2016–2018relativeto2013–2015.For
example,theweightofthegreenbandfromtheEUtotheUKis0.93,indicatingthatthetotalflowfrom
theEUtotheUKinthethreeyearsaftertheBrexitreferendumwasequalto0.93ofthecorrespondingflow
during the three years before the Brexit referendum. The colors of the bands are based on the origin node.
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1910 E. Sanlitürk et al.

mov ing to the UK were 64% lower for active research ers with a UK aca demic ori-
gin than for the base line group. Furthermore, after Brexit, the odds of leav ing the 
UKwere36%higherforactiveresearcherswithanEUacademicoriginthanfora
researcherwithanacademicoriginotherthantheEU,theUK,ortheUnitedStates.
Without the con di tion of Brexit, this trend would be reversed, with the odds of leav-
ingtheUK21%lower,foranactiveresearcherwithanEUacademicoriginthanfor
an active researcher from the base line group. Figure A2 (online appen dix) shows the 
chang ing pat terns of the odds of mov ing out of and to the UK.

Figure 5 and Table 3 show the prob a bil i ties of leav ing and enter ing the UK, cal-
cu lated using the results of the ran dom-effects logis tic regres sion, for the active 
research ers by aca demic ori gin, before and after Brexit, respec tively. Figure 5 illus-
trates that among the active research ers, the prob a bil ity of leav ing the UK after 
Brexit declined only for those with a UK aca demic ori gin. For active research ers, 
the prob a bil ity of leav ing the UK fell from 5.25% to 4.54%, representing a 14% 
decrease. All the active research ers except for those with a UK aca demic ori gin 
became increas ingly likely to leave the UK after Brexit. The change in the prob a-
bilityofleavingwaslargestfortheactiveresearcherswithanEUacademicorigin,
risingfromnearly2.96%to5.51%—anincreaseofapproximately86%.Thus,our
results support theargument that active researcherswithanEUacademicorigin,

Brexit referendum Brexit referendum

Leaving the UK Entering the UK
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Fig. 3 NumbersofallresearchersinourdatasetleavingandenteringtheUKbycountryofacademicori-
gin.Insteadofstartingintheyear2013,wereportthenumbersforthelongerperiodof2005–2019.The
figureshowsthepatternsoftheannualtotalnumberofresearchersleavingtheUKontheleftside,and
the patterns of the annual total number of researchers moving to the UK on the right side. The year of the 
Brexitreferendum(2016)ismarkedwithablackverticalline.Inbothgraphs,thesharpdeclineobserved
in the later years should be interpreted as a result of right-censoring. The slope is expected to partially 
flattenwiththeintroductionofmorerecentpublicationdataandrelatedimprovementsfortheinference
of migration events. However, we observe a slightly increasing trend for all researchers leaving the UK 
whoseacademicoriginwasanEUcountryaftertheyearofBrexitanddespitetheright-censoring,except
for 2019, for which we see the impact of right-censoring in the data for all groups.
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1911Academic Migration From Bibliometric Data

whoconstitutedasizableshareoftheacademicpopulationintheUK,weresignifi-
cantly more likely to leave the UK after the Brexit ref er en dum than they were before 
the vote. Although the prob a bil ity of enter ing the UK before and after Brexit did not 
changesignificantlyforactiveresearcherswithaU.S.orEUacademicorigin,the
probability increased significantly for active researcherswith aUKorother aca-
demic ori gin. For active research ers with a UK aca demic ori gin, the prob a bil ity 
of mov ing to the UK increased from 1.97% to 3.24% after Brexit, representing a 
change of approx i ma tely 65%. Active research ers with another aca demic ori gin (a 
non-EUcountryotherthantheUKandtheUnitedStates)experiencedastatistically
significantincrease(by15%)intheprobabilityofmovingtotheUKafterBrexit,
from5.15% to 5.92%.However, active researcherswith aU.S. or EU academic
ori gin had decreased odds of enter ing the UK (see Table 1), although the mar ginal 
probabilitydisplayedstablepatternswithnostatisticallysignificantchanges.This
appar ent diver gence is likely because the other aca demic ori gin group was the base-
line group used for the odds ratio cal cu la tions.

Brexit referendum Brexit referendum

Leaving the UK Entering the UK
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Fig. 4 Shares of active researchers leaving (emigration) and entering (immigration) the UK by country of 
academic origin from 2013 to 2019 (N =45,316).Thesharesreflectthepercentagesofthefouracademic
origin groups among all active researchers leaving and entering the UK in a given year. The year of the 
Brexit referendum (2016) is marked with a black vertical line. Building on the descriptive analysis in Fig-
ure 3, we observe that the changing patterns of active researchers by academic origin are more prominent 
when we focus on their shares among all active researchers leaving or entering the UK instead of on the 
sheer numbers. The changes after the Brexit referendum were more remarkable for active researchers 
enteringtheUK.In2015,amongallactiveresearchersenteringtheUK,theshareofresearcherswithan
EUcountryofacademicoriginwasabove40%,whereastheshareofresearcherswithaUKacademic
originwasroughly20%.By2019,theshareofresearcherswithanEUcountryofacademicoriginhad
decreased by approximately 10 percentage points, and the share of researchers with a UK academic origin 
hadincreasedbymorethan10percentagepoints—acceleratinganincreasingtrendrightbeforeBrexitthat
brought both categories to roughly the same level of above 30%.
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1912 E. Sanlitürk et al.

Discussion

Bibliometric data allow us to study the migra tion pat terns of research ers and schol ars 
as high-skilled migrants with respect to aca demic ori gin, aca demic age, and inferred 
gender.They furtherallowus toanalyzehowpoliciesmightdirectlyor indirectly
affect the migra tion deci sions of research ers and schol ars, pro vid ing insights into 

Table 1 Resultsoftherandom-effectslogisticregressionmodelsforleavingandenteringtheUK

Leaving the UK EnteringtheUK

Logit Coef. OddsRatio Logit Coef. OddsRatio

Post-Brexit 0.356** 1.428** 0.152** 1.164**
(0.0399) (0.0570) (0.0361) (0.0420)

EUOrigin −0.231** 0.794** 0.168** 1.183**
(0.0387) (0.0307) (0.0279) (0.0331)

UK Origin 0.378** 1.459** −1.013** 0.363**
(0.0330) (0.0482) (0.0358) (0.0130)

U.S. Origin 0.0122 1.012 0.173** 1.189**
(0.0534) (0.0540) (0.0401) (0.0477)

Post-Brexit ×EUOrigin 0.304** 1.356** −0.098* 0.906*
(0.0517) (0.0701) (0.0450) (0.0408)

Post-Brexit × UK Origin −0.513** 0.599** 0.367** 1.443**
(0.0474) (0.0284) (0.0508) (0.0732)

Post-Brexit × U.S. Origin 0.112 1.118 −0.122† 0.885†

(0.0716) (0.0800) (0.0638) (0.0564)
Academic Age −0.108** 0.898** −0.119** 0.888**

(0.0014) (0.0013) (0.0015) (0.0013)
Above-Average Publications −0.245** 0.783** −0.185** 0.831**

(0.0186) (0.0145) (0.0177) (0.0147)
Above-Average Citations 0.043* 1.043* 0.007 1.007

(0.0198) (0.0206) (0.0193) (0.0194)
Social Sciences 0.154** 1.167** 0.247** 1.281**

(0.0330) (0.0385) (0.0292) (0.0374)
Health Sciences −0.0298 0.9710 −0.0184 0.9820

(0.0285) (0.0277) (0.0279) (0.0274)
Physical Sciences −0.118** 0.888** −0.087** 0.917**

(0.0218) (0.0194) (0.0206) (0.0189)
Life Sciences −0.058* 0.943* −0.091** 0.913**

(0.0247) (0.0233) (0.0238) (0.0218)
Male (75% prob a bil ity) 0.008 1.008 0.144** 1.155**

(0.0277) (0.0279) (0.0277) (0.0320)
Female (75% prob a bil ity) −0.074* 0.929* 0.117** 1.124**

(0.0306) (0.0285) (0.0300) (0.0337)
Constant −1.897** 0.150** −1.597** 0.202**

(0.0672) (0.0101) (0.0383) (0.0079)
NumberofObservations 317,212 317,212 317,212 317,212
NumberofResearchers 45,316 45,316 45,316 45,316

Notes:Forbothmodels,thefirstcolumnshowsthelogitcoefficients,andthesecondcolumnshowsthe
oddsratios.Robuststandarderrorsareshowninparentheses.
†p < .10; *p < .05; **p < .01
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migra tion stud ies and pub lic pol icy. Our aim in this study was to esti mate the imme-
di ate effects of the 2016 Brexit ref er en dum on the mobil ity of top tal ent in Brit ish 
academiabyusingbibliometricdatatofollowscholars’migrationpatterns.Wefocus
on migrant and active research ers as a sam ple of top tal ent that countries wish to 
attract for their continuous scientificproductivity, access to academicnetworks in
mul ti ple countries, and poten tial will ing ness to move.

Our anal y sis did not reveal a pat tern of brain drain for the period after the ref er-
endumandbeforeBritain’swithdrawal fromtheEUbecameofficial.Thisfinding
sug gests that the migra tion pol i cies that the UK implemented after Brexit in 2020 
likely bear more impor tance for the migra tion deci sions of inter na tion ally mobile 
research ers than the uncer tainty of the inter me di ary period between 2016 and 2019. 
This hypoth e sis for research ers, based on the results of bibliometric data anal y sis, 
seems to align with the long-term inter na tional migra tion esti ma tes for the gen eral 
populationintheUK.AccordingtoestimatespublishedbytheONS(2021),theEU
migra tion pat terns with respect to the UK changed dras ti cally in 2020. From 2018 
to 2020, these esti ma tes showed an increas ing trend of emi gra tion and a decreas ing 

UK origin US origin

EU origin Other origin

Pre-Brexit Post-Brexit Pre-Brexit Post-Brexit

2
3
4
5
6

2
3
4
5
6

Pr
ob

ab
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ty
 (%

)

Entering the UK Leaving the UK

Fig. 5 Marginal probabilities of entering (immigration) and leaving (emigration) the UK before and after 
Brexit,with95%confidenceintervals,foractiveresearchers(N = 45,316) by country of academic origin. 
The probability of leaving the UK increased after Brexit for all academic origin groups except for the UK 
group. The probability of leaving the UK decreased by roughly 14% after Brexit for active researchers with 
a UK academic origin, falling from 5.3% to 4.5%. The largest change was observed for active researchers 
withanEUcountryofacademicorigin,whoseprobabilityof leaving theUKincreasedby86%, from
almost 3.0%beforeBrexit to 5.5% afterBrexit.Regarding the probability of entering theUK, active
researcherswithanEUoraU.S.academicoriginshownostatisticallysignificantchange.The“other”aca-
demicorigingroupexperiencedasmallbutstatisticallysignificantincreaseintheprobabilityofentering
the UK after Brexit. The most striking change was in the probability of moving (back) to the UK among 
active researchers with a UK academic origin, which increased by 65%, from nearly 2.0% before Brexit 
to 3.2% after Brexit.
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1915Academic Migration From Bibliometric Data

trendofimmigrationforEUnationals.In2020,asaresultoftheglobalpandemic,
immi gra tion and emi gra tion esti ma tes fell by almost 50% for every group other than 
EU nationals. Coupledwith the fall in immigration estimates for all groups, this
declinecreatedasizablenegativenetmigrationforEUnationalsintheUK.Although
we did not observe a pat tern of brain drain for the study period, our results uncov-
eredasignificantpatternofcompositionalchangeintheacademicoriginsofactive
research ers enter ing and leav ing the UK. The com po si tional change appears to have 
started before the Brexit ref er en dum but sharp ened after 2016, dras ti cally alter ing the 
sharesofactiveresearchersleavingandenteringtheUKwithrespecttoUKandEU
aca demic ori gins within a few years. The early trend of com po si tional change might 
be related to the pub lic dis cus sions about Brexit that pre ceded the 2016 ref er en dum. 
Inthesediscussions,eventheRemaincampaignconsideredtheissueofwithin-EU
immigration, including forhighlyqualifiedmigrants, asoneof themain issues to
negotiatewiththeEU(Cameron2015). Our descrip tive anal y sis dem on strates that 
this trend started before 2016 (Figures 4 and A1), and our sta tis ti cal anal y sis shows 
thatthistrendsignificantlyincreasedforthehighlightedcasesafter2016(Table 3 and 
Figure 5). Unless future aca demic migra tion pol i cies address this trend of com po si-
tional change, it could make Brit ish aca de mia more insu lar.

The descrip tive ana ly ses showed the post-Brexit changes in the migra tion behav-
ior of inter na tion ally mobile research ers by aca demic ori gin. Without restricting our 
dataset to active research ers, we observed a slight increase in the trend toward leav ing 
theUKamongresearcherswhoseacademicoriginwasanEUcountry,despitethe
bias in the data. When we narrowed our focus to active research ers to obtain a more 
accu rate pic ture, we observed that after the Brexit ref er en dum, the share of active 

Table 3 Marginal prob a bil i ties of leav ing and enter ing the UK pre- and post-Brexit, with stan dard errors 
and95%confidenceintervals

Marginal Probability SE 95%CI

Leaving the UK
 Pre-Brexit × Other ori gin 0.0368 0.0010 0.0349 0.0388
 Pre-Brexit ×EUorigin 0.0296 0.0008 0.0281 0.0310
 Pre-Brexit × UK ori gin 0.0525 0.0008 0.0509 0.0541
 Pre-Brexit × U.S. ori gin 0.0373 0.0016 0.0341 0.0404

 Post-Brexit × Other ori gin 0.0515 0.0011 0.0493 0.0536
 Post-Brexit ×EUorigin 0.0551 0.0009 0.0533 0.0569
 Post-Brexit × UK ori gin 0.0454 0.0008 0.0437 0.0470
 Post-Brexit × U.S. ori gin 0.0577 0.0019 0.0539 0.0615

EnteringtheUK
 Pre-Brexit × Other ori gin 0.0515 0.0011 0.0494 0.0536
 Pre-Brexit ×EUorigin 0.0601 0.0010 0.0583 0.0620
 Pre-Brexit × UK ori gin 0.0197 0.0005 0.0186 0.0207
 Pre-Brexit × U.S. ori gin 0.0604 0.0018 0.0568 0.0640

 Post-Brexit × Other ori gin 0.0592 0.0012 0.0569 0.0615
 Post-Brexit ×EUorigin 0.0631 0.0009 0.0613 0.0650
 Post-Brexit × UK ori gin 0.0324 0.0007 0.0310 0.0338
 Post-Brexit × U.S. ori gin 0.0620 0.0020 0.0582 0.0659
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researcherswith anEU academic originwho left theUK increased continuously,
sur pass ing the share of active research ers with a UK aca demic ori gin who left the 
UK. We also observed the reverse trend for active research ers enter ing the UK: the 
share of incom ing active research ers with a UK ori gin surpassed the share of incom-
ingactiveresearcherswithanEUoriginandincreasedcontinuouslyaftertheBrexit
referendum.The visualizations suggest that the trend of compositional change by
aca demic ori gin for leav ing rather than enter ing the UK started in 2015 and con tin ued 
after the Brexit ref er en dum.

The reasons for this shift require further exploration.However, anti-immigrant
and anti-for eigner sen ti ments did not start with the Brexit ref er en dum in 2016. They 
firstbecamethefocusofpublicdiscussionsfollowingthesuccessofBrexitsupport-
ersinthe2014EUParliamentelections.

Statisticalanalysisconfirmedthesignificanceofthechangingmigrationpatterns
that emerged from this simple visualization. The marginal probabilities for leav-
ing and enter ing the UK before and after the Brexit ref er en dum by aca demic ori gin 
(Table 3 and Figure 5), cal cu lated via ran dom-effects logis tic regres sions, sup port 
the impli ca tions of the com po si tional changes outlined in the descrip tive ana ly ses. 
We found that for active research ers with a UK aca demic ori gin, the prob a bil ity of 
mov ing (back) to the UK increased by approx i ma tely 65% fol low ing Brexit, ris ing 
fromnearly2.0%beforeBrexitto3.2%afterBrexit.Incontrast,theprobabilityof
leav ing the UK among this group declined by roughly 14% fol low ing Brexit, from 
nearly 5.3% before Brexit to 4.5% after Brexit. Active research ers with a UK aca-
demicoriginconstitutedtheonlygroupofactiveresearchersinthiscategorizationby
aca demic ori gin for whom the prob a bil ity of leav ing the UK decreased after Brexit. 
For the remaining three groups in our anal y sis, the prob a bil ity of leav ing the UK 
increasedafterBrexit.RegardingtheprobabilityofleavingtheUKafterBrexit,the
moststrikingresultwasobservedforactiveresearcherswithanEUacademicori-
gin, who represented a large frac tion of the for eign-trained schol ars in the UK. For 
anactiveresearcherwithanEUacademicorigin,theprobabilityofleavingtheUK
rose by approx i ma tely 86%, from nearly 3.0% before Brexit to 5.5% after Brexit. For 
activeresearcherswithanEUoraU.S.academicorigin,wedidnotobserveastatis-
ticallysignificantchangeintheprobabilityofmovingtotheUKwhencomparingthe
peri ods before and after Brexit. However, active research ers with an aca demic ori gin 
otherthantheUK,theEU,ortheUnitedStatesexperiencedasmallbutstatistically
significantincreaseintheprobabilityofmovingtotheUKafterBrexit.

The con cept of brain cir cu la tion (Saxenian 2005) offers one pos si ble inter pre ta-
tion of the increased prob a bil ity of mov ing to the UK among active research ers with 
anacademicoriginotherthantheUK,theEU,ortheUnitedStates.Theworldwide
pool of inter na tion ally mobile active research ers is lim ited. Considering that the UK 
hosts many inter na tion ally reputed aca demic insti tu tions, one might assume that an 
increased probability of an outflowof active researchers from a certain academic
originmightbeoffsetbyanincreasedprobabilityofaninflowofresearchersfrom
different aca demic ori gins. The Brexit ref er en dum deci sion did not intro duce any 
direct changes in terms of the migra tion bureau cracy or rec og ni tion of degrees for the 
researcherswithanon-EUacademicorigin.Iftheyhappentobenationalsofcoun-
triesotherthantheUK,EU,andtheUnitedStates,theymightfacehighermigration
bar ri ers. However, they would not be affected by Brexit and would not have a rea son 
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to recon sider the UK as an option as a result of Brexit. Conversely, their social cap i tal 
intheinternationalacademiccontextandtransnationallyrecognizeddegreeswould
lower migra tion bar ri ers. Another pos si ble expla na tion for the increased prob a bil ity 
of mov ing to the UK among active research ers with other aca demic ori gin could be 
the poten tial for aca demic upward mobil ity. Complementing the assump tion of brain 
circulationandtheneedtofillthepositionspreviouslyheldbyresearcherswholeft
the UK after the Brexit ref er en dum, research ers in the group of other aca demic ori gin 
would be more likely to con sider this sit u a tion to be an oppor tu nity to move to insti-
tu tions with greater resources and inter na tional out reach. Similarly, research ers with 
a UK aca demic ori gin might per ceive this sit u a tion as an oppor tu nity to move back 
into their pre vi ous social and aca demic net works. Further, research ers with a UK aca-
demicoriginmightutilizethesocialcapitaltheyaccumulatedintheUKatthestart
oftheircareerstoseizethenewlyavailablepositions.

Inourstudy,werefrainedfrommakingcausalassumptions.Instead,weprovidedevi-
dence for schol arly migra tion pat terns asso ci ated with the Brexit ref er en dum. Because 
bibliometric data are not real-time data, we could only ret ro spec tively observe schol arly 
migrationpatterns.BearinginmindthatBrexitbecameofficialinJanuary2021andthat
the avail  able bibliometric data for 2020 were incom plete at the time of our sta tis ti cal anal-
y sis (which there fore ended in 2019), we con sid ered the observed pat terns as a reac tion to 
the Brexit ref er en dum. Further research is needed when the rel e vant data become avail -
able to observe the Brexit effect after 2021 and to enable causal claims.

Although it is too early to assess the full scope of the impact of Brexit on the 
migra tion of active schol ars, our evi dence on active research ers indi cates that the 
anticipationoftheerectionoflegalbarriersbetweentheUKandtheEUhasalready
influencedmigration flows.Top researchers cannot be attracted only by offers of
visas and funding. Many of them have fam i lies that need long-term pros pects along 
many dimen sions, and the sci en tists them selves are key driv ers in attracting other 
suc cess ful research ers (Waldinger 2016). Thus, over the lon ger term, the dis rup tion 
ofBrexitcouldreducethecirculationofscholarsbetweentheEUandtheUK,poten-
tiallynegatively impactingnotonly theUKbutalso theEUand the international
sciencesystem.ExplicitchangesinsciencecollaborationpoliciesbetweentheUK
andtheEUareneededtocounteractthistrend.Theearlysignsarenotcompletely
encour ag ing. On the pos i tive side, the UK has signed a coop er a tion agree ment for 
Horizon Europe, including for the EuropeanResearchCouncil, inwhich theUK
has been highly suc cess ful. On the neg a tive side, the UK will not par tic i pate in the 
Erasmus+collaboration,theflagshipprogramofscientificexchangebetweenuniver-
sitystudentsinEurope.Instead,theUKhasfocusedondevelopingitsownTuring
Scheme,whichwillnotofferplacementsforteachingandcollegestaff.Developing
and funding new pro grams that favor vis it ing peri ods abroad for pro duc tive inter na-
tional schol ars, includ ing for their fam i lies, should become a pri or ity to help com-
pensateforthebarrierstothecirculationofresearchersbetweentheEUandtheUK
thatBrexithaserected.■
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