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Abstract

Mobility of researchers is closely linked to knowledge diffusion, scientific innovation, and international collaboration. While
prior research highlights the role of networks in shaping migration flows, the extent to which personal and institutional ties
influence the direction of scientific mobility remains unclear. This study leverages large-scale digital trace data from Scopus,
capturing the complete mobility trajectories, co-authorship networks, and collaboration histories of 172,000 authors over
two decades (1996-2020). Using multinomial and conditional multinomial logit models, we examine scholars’ first career
move by (i) classifying moves into four network-defined mobility-type categories and (ii) modeling destination choice as
a function of co-authorship connection strength, institutional linkages, and institutional prestige. Our findings show that
not only first- but also second-order co-authorship ties—connections to a scholar’s collaborators’ collaborators—are a
strong correlate of the direction of a move. Scholars with extensive individual professional networks, particularly those
migrating abroad, are more likely to move along individual ties. In contrast, scholars from prestigious institutions, and
those moving within national borders, are more likely to follow institutional routes. The destination-choice models
confirm that both individual and institutional ties are associated with a higher probability of moving to specific research
institutions, with a larger estimated association for individual than for institutional ones. Overall, this research provides
empirical evidence on how individual and institutional connections shape scholars’ first career mobility. The findings
have important implications for migration theory and policy, emphasizing the need to support both individual and
institutional collaboration networks to foster global scientific and knowledge exchange.

Keywords scientific mobility, science of science, co-authorship networks, bibliometric data

Significance Statement

Understanding scholars’ mobility between institutions is important for understanding scientific innovation and the global re-
search system. Although both professional networks, individual and institutional ones, and prestige shape academic mobility,
their roles have often been conflated. This study disentangles these relationships, revealing that prestigious institutions attract
talent with less dependence on prior individual professional ties, whereas less-prestigious institutions depend more heavily on
such connections when recruiting scholars. We further show that individual connections are especially important for cross-border
mobility, whereas national mobility is more often observed along institutional pathways. Together, these findings provide a clear-
er picture of how first academic moves unfold and how policies can better support global knowledge flows.
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Introduction

Scholarly migration is a significant and growing form of mobility
that not only influences individual careers (1-3) but also shapes
the development of entire research fields, institutional collabora-
tions, and innovation systems (4-6). Scholars are key actors in
the global flow of knowledge, and their movements across bor-
ders can accelerate the spread of ideas (7, 8), foster innovation
(9), and strengthen international partnerships. The first mobility
event in a scholar’s career, often around the transition out of the
PhD, marks the entry into the academic labor market and is fre-
quently realized through a first postdoctoral or faculty appoint-
ment. This transition can have lasting consequences for
subsequent career trajectories (10). Understanding how co-
authorship and institutional connections are associated with
these moves is critical for informing policies aimed at enhancing
scientific cooperation and knowledge transfer within and be-
tween countries.

Unlike many other migrant groups, scholars are extensively
documented through publicly available data on their publica-
tions, collaborations, and career trajectories, which are in-
creasingly used for demographic research at subnational
and international levels (11, 12). Traditional migration data,
such as census records, visa applications, and employment
statistics or surveys, often lack the granularity needed to
track scholars’ movements across institutions and countries.
In addition, these data sources do not provide evidence on
scientific collaboration networks that might influence mobil-
ity decisions. In contrast, digital trace data from bibliometric
sources provides real-time, longitudinal insights into individ-
ual career trajectories, co-authorship networks, and institu-
tional affiliations (13, 14), offering a level of detail and
transparency typically not available for other migrant groups.
By analyzing this rich data, we can better understand how
academic networks and institutional partnerships shape the
first career move of scholars, thereby contributing to broader
theories of high-skilled labor mobility and the knowledge
economy.

These same networks also offer a rare opportunity to empiric-
ally examine a longstanding insight from migration theory: that
networks shape the opportunity structures individuals face
when making mobility decisions (15). Both kin ties, such as family
and friendships, and weaker connections to broader communi-
ties, help individuals navigate the migration process. These net-
works serve as channels for information and sources of social
and economic support (16). Despite their importance, these net-
work effects remain difficult to quantify (17). Sociological and an-
thropological studies of migration provide strong ethnographic
evidence that social and institutional networks shape migration
flows, often using diaspora communities to demonstrate how
household-, community-, and macroeconomic-level contextual
factors contribute to stable migration pathways between specific
origins and destinations (18, 19). With regard to scholars, both
co-authorship connections and institutional relationships (eg be-
tween universities or research organizations) play critical roles in
facilitating movement (20). The availability of these networks,
both individual and institutional ones, can shape career oppor-
tunities, access to research resources, and long-term profession-
al success (21-27). This makes scholarly migration not only a
relevant and increasingly significant phenomenon but also a

unique case for analyzing migration through the lens of network
effects. Which leads us to our first two research questions

RQ1: What role do individual-level connections play in shaping
the first career moves of scholars? Specifically, do scholars
preferentially move to institutions where they have prior co-
authors or are connected to via their co-authors?

RQ2: Do institutional partnerships and connections influence
the likelihood of scholars moving between specific institu-
tions? Specifically, do scholars preferentially move to insti-
tutions that are connected to their home institution?

Under the assumption that both individual and institutional
ties may affect mobility, the strength of these ties is likely to mat-
ter, too. Recent research has emphasized not only direct ties but
also higher-order connections as influential in career advance-
ment and information diffusion (28-30). However, it is unclear
whether individual or institutional ties more strongly shape mo-
bility decisions, and whether these effects are additive, non-
linear, or whether simply having “at least one” connection is
sufficient. This leads to our third question:

RQ3: Do the effects of individual- and institutional-level con-
nections on mobility outcomes scale with the strength of
those connections?

Finally, the literature on academic stratification highlights the
role of institutional prestige in structuring career trajectories
(31-34). Prestige can influence who gets hired where and may con-
dition how scholars are able to leverage their networks. Because
high-status departments already attract a large applicant pool,
they can screen candidates based on publicly visible merit signals,
thereby reducing their dependence on personal referrals (35). For
lower-ranked universities, the situation often looks different, and
hiring through trusted co-author links can mitigate informational
uncertainty (36). Following these lines of thought, we hypothesize
that prestige moderates the use of networks. Likewise, scholars
with larger personal networks may be better positioned to access
desirable opportunities, while those with smaller networks may
face structural constraints (12, 37). Together, these factors may
structure scientific mobility. Thus, we ask:

RQ4: Do institutional prestige and the size of a scholar’s profes-
sional network moderate the relationship of a scholar’s em-
bedding on the direction of first academic mobility?

To answer these research questions, we use a 2021 extract of
Scopus data, which includes complete historical records of au-
thors’ publications and affiliations up to the end of 2020.
Mobility events are identified by analyzing changes in author af-
filiations at both subnational and international levels (12). We fo-
cus on the first career moves of scholars and the direction of
mobility, which are key transitions that often shape academic
trajectories in the long term (10, 38). Mid- or late-career moves
are excluded here, as they could be influenced by family circum-
stances, life events, and gendered macro structural factors (39).
We deliberately set aside both these moves and the equally im-
portant question of whether a scholar becomes mobile, which
may be governed by different mechanisms and could be investi-
gated in the future work. Instead, we focus on the first career
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move that is the entry point to the national or global academic
labor market, likely to coincide with the first postdoctoral or fac-
ulty employment.

To assess the role of individual- and institutional-level connec-
tions on the first career mobility outcomes, we construct co-
authorship networks at both individual and institutional levels.
At the individual level, we measure first- and second-order ties
between scholars—that is, direct collaborators as well as the col-
laborators of collaborators—and track their affiliations. We de-
fine the individual level connection strength as the proportion
of a scholar’s co-authorship network that is affiliated with a given
institution, where the network is defined as the set of unique
first- and second-order co-authors (each co-author counted
once, regardless of the number of joint publications).

At the institutional level, we assess collaborative links between
institutions. The institutional strength measure captures the rela-
tive intensity of collaboration between two institutions, measured
yearly by the number of joint publications scaled by the focal insti-
tution’s total collaboration volume across all partners. Figure 1 il-
lustrates this analytical strategy. Our network variables capture
co-authorship-documented professional ties, a conservative proxy
for scholars’ broader social and mentoring networks (40, 41).
Because many influential relationships, eg advisors, informal men-
tors, conference contacts, do not always culminate in joint publica-
tions, our estimates should be interpreted as lower-bound effects
of network embeddedness (see Data and methods section for de-
tails). Institutional prestige is captured using the Leiden Ranking
(42) (see Data and methods section for details).

To model mobility outcomes, we use logit models in two com-
plementary specifications. First, we estimate multinomial logis-
tic regressions that classify mobility events into four
network-defined categories based on the presence of individual
and institutional ties. Second, we model destination selection us-
ing a conditional multinomial logit (discrete-choice) specification
that incorporates alternative-specific predictors, including con-
tinuous measures of individual and institutional level connection
strengths. Both specifications control for institutional attributes
(eg institutions’ prestige rankings, and geographic location). In
the multinomial logit we additionally control for individual char-
acteristics (such as gender, career age, and academic discipline).
These types of individual-level covariates cannot meaningfully
be estimated in the discrete-choice specification and are hence
not part of the latter. Together, this design allows us to compare
how individual and institutional embeddedness relate to schol-
ars’ first career mobility.

Results

All results are conditional on mobility: they describe how a re-
searcher’s individual and institutional embedding is associated
with the choice of destination, not with the prior decision to
move at all. The decision to remain nonmobile could be studied
in the future.

Network size matters

The size of a scholar’s individual professional network plays a
crucial role in shaping the direction of mobility. Our multinomial
models consistently indicate that the number of first and second-
order connections—measured through co-authors and co-authors

of co-authors—is among the most influential factors relating to
scholars’ movement patterns. This finding is further supported
by an additional analysis using a Decision Tree to predict mobility
outcomes (see Supplementary material Part 2, Fig. S1 and Tables
S2, S3, and S4). As shown in Fig. 2A, scholars with large personal
networks are significantly more likely to follow individual connec-
tions or a combination of individual and institutional ties (see “in-
dividual connections” and “both connections” in the figure). In
contrast, those with smaller networks mostly follow pathways un-
related to preexisting connections (ie “neither connection”).
Scholars with medium-sized networks show a relatively higher like-
lihood of moving along institutional pathways compared to highly
connected scholars and are more likely to rely on individual ties
and a combination of both types of ties compared to those with
smaller networks. Because the categories depend on prior ties, lar-
ger networks mechanically increase the likelihood that a tied des-
tination exists; thus, the association with network size reflects both
availability and selection.

Strength effects

The destination-choice (conditional multinomial logit) models
allow us to compare the relative salience of individual- and
institutional-level ties in destination selection. The underlying
choice sets, however, also include institutions with no prior con-
nection. Figure 2C visualizes how the probability of selecting a
destination institution varies with the strength of a connection.
The effects are plotted conditional on a tie being present, since
strength percentiles are defined only for nonzero connections.
We observe a nonlinear relationship: When connected to an insti-
tution through only one type of tie (individual or institutional), a
noticeable increase in the predicted probability of choosing that
institution occurs only for connection strengths in the highest
percentiles (80th percentile and above). In contrast, when both
types of ties are present (ie a combination of individual and insti-
tutional ties, see red and orange lines), the likelihood of choosing
an institution is associated almost linearly with connection
strength up to the 75th strength percentile, and then rises
more rapidly with especially strong ties. The strongest effect is
observed when scholars have strong individual ties and an aver-
age institutional embedding (red line).

One note on Fig. 2C: the percentile ranks are computed only
among nonzero ties, which visually accentuates the upper bound
of our strength measure. In the data, connection strengths above
0.9 are extremely rare (0.4% of nonzero individual ties; 0.005% of
nonzero institutional ties). Re-estimating the model after exclud-
ing these cases yields substantively unchanged results.

Individual and institutional connections
are differently relevant for national and
international mobility

Mobility direction patterns differ significantly between national
and international moves (see Fig. 2B). For national moves, the
largest proportion of scholars follows a combination of individ-
ual and institutional ties, or, less frequently, institutional ties
only, reinforcing the importance of overlapping personal and in-
stitutional ties. In contrast, international moves frequently fall
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Figure 1 Illustration of the analytical strategy and retrospective measurement of scientific collaboration and mobility. A) Mapping individual-level and
institutional-level collaboration ties. Visualization of the focal author’s individual connections to different institutions prior to the mobility event (blue dotted
lines). We trace the focal author’s direct co-authors as well as the co-authors of co-authors, and record the institutions they are affiliated with. The
institutional-level connections could be independent of the focal author and represented by the gray dotted lines, while those ties depending on the focal author
are the blue dotted lines. The snapshot at time T, ie the year before the mobility event, is used to map past connections and calculate the respective connection
strengths. B) Detecting migration events through affiliation addresses in publication records. Timeline showing the stream of papers published by both the focal
author (in blue, on the top) and their first- and second-order co-author (in black, on the bottom) prior to the observed mobility event of the focal author at time
T + 1. All authors’ affiliations are documented for each publication, and a mobility event is recorded when the focal author’s affiliation changes consistently

between different years.

into the “neither” category, with the highest predicted probabil-
ity among all types (close to 0.6), indicating that many inter-
national moves occur outside established career networks.
When ties do influence international moves, they are most likely
individual rather than institutional ties, however, appear to play
a limited role in shaping international mobility and are mainly at
play in national mobility.

Prestige conditions the role of
connections

The prestige of both source and target institutions substantially
shapes how connections influence migration decisions. Scholars
affiliated with higher-ranked source institutions are more likely
to follow institutional connections and less likely to rely on indi-
vidual ties (see Fig. 3A.1), suggesting prestige homophily in hiring
practices—a finding consistent with previous work (43). In add-
ition, we did not find any differential effects in how connection
strength (individual or institutional) operates based on the pres-
tige of the source institution (see Figs. 3B.1 and C.1). The prestige
of the target institution, however, exerts a more complex effect:
The probability of moving along individual ties is associated with
institutional rank, but peaks at medium-high ranks before declin-
ing at the highest levels. In contrast, the probability of moving
along institutional pathways, or via a combination of both indi-
vidual and institutional ties, rises steadily as the target

institution’s prestige increases (see Fig. 3A.2). These findings sug-
gest that moving from a high-prestige institution is commonly
linked to institutional pathways, whereas moving to a high-
prestige institution relies more on individual connections.

When examining how the effect of the connection strength var-
ies by the prestige level of the target institutions, we find that
lower-ranked institutions rely more heavily on both individual
and institutional ties when recruiting scholars (see Fig 3B.2 and
3C.2). This effect becomes more pronounced as connection
strength increases. In contrast, high-ranked institutions exhibit
less reliance on preexisting ties, suggesting that other selection
mechanisms, such as merit-based evaluation, play a stronger
role in these contexts. Finally, when moves are classified as up-
ward, lateral, or downward, no strong hierarchical asymmetry
emerges, suggesting that relative prestige does not function as
the primary organizing principle for early-career mobility (see
Supplementary material Part 8, Fig. S3 and Table S12).

This result aligns with previously published arguments and
findings: Institutional prestige can be viewed as a positional re-
source (location in a recognized status hierarchy) that shapes
both supply and demand in academic labor markets. Highly pres-
tigious institutions routinely attract a larger pool of high-quality
applicants and can screen them on universally visible merit sig-
nals, such as citations, grants, and awards, which ultimately re-
duces dependence on personal referrals (35, 43). In contrast,
mid- and lower-ranked institutions face higher information un-
certainty and therefore have to rely more heavily on trusted
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Figure 2 Effect of the size of a scholar’s network (A), the type of mobility event (B), and the strength of a scholar’s connection to a potential target institution (C)
on the likelihood of a specific mobility outcome. A) Predicted probabilities of moving along one of the four pathways in the event of scholarly mobility plotted
against the size of a scholar’s personal network (measured by first- and second-order co-authorship ties), as estimated by the multinomial logistic regression.
While the likelihood of moving along individual ties or a combination of individual and institutional connections is associated with the size of a scholar’s
network, the likelihood of moving along no ties or institutional connections decreases. B) Similar analysis as in (A), but here the predicted probabilities are
plotted against the type of mobility, ie national or international. Whereas most scholars who move nationally do so along institutional ties or a combination of
institutional and individual ties, it is most common for scholars who move internationally not to follow any connection at all, or if they do, they move along
individual-level connections. C) Marginal relative predicted probabilities of choosing a certain alternative destination plotted against the percentile rank of the
individual- and institutional-tie strength measure, all else equal, as estimated by a conditional multinomial logit model in the discrete-choice framework. The
probabilities should only be interpreted in relative terms, not in absolute ones, as the absolute values are conditional on the number of options to choose from
(ie the size of the choice set). The percentile ranks were only calculated for connection strength values that were different from zero, ie where a connection was
present at all. The use of percentile ranks allows for the comparison of the individual and institutional strength measures. If a potential target institution is
connected to an author via both individual and institutional ties, the probability of being chosen by the scholar is much higher than if only one of the two
connection types exists. Furthermore, the probability of a potential target institution being chosen increases disproportionately at high percentile ranks,
especially if both types of connections are present. Note that the plotted marginal predicted relative probabilities as shown in (C) should only be interpreted in

relative terms. An interpretation in absolute terms is not meaningful here.

channels, such as referrals from colleagues, to identify suitable
hires (36). Furthermore, mobility along institutional pathways
can be interpreted as being consistent with status-closure dy-
namics and prestige homophily, whereby high-status institutions
preferably exchange talent among each other (34, 44). Our find-
ings also echo a cumulative advantage logic: An early placement
at a prestigious institution amplifies future opportunities inde-
pendently of existing ties (43, 45).

Other moderating factors

While the literature has discussed other personal and institution-
al characteristics which might also shape the direction of mobil-
ity decisions, their effects, in our analysis, tend to be less
pronounced. Career age negatively correlates with network-
directed migration—older scholars are more likely to fall into
the “neither” category. This could mean that more senior schol-
ars have accumulated enough research prestige through their
prior work and publications that they could select destinations
without prior ties. Productivity, measured by past publications,
has a positive impact on moving along individual or a combin-
ation of both types of ties, indicating that more productive schol-
ars are better positioned to leverage their networks. Gender
differences are present but minor: men have a slightly lower

probability of moving along individual ties, or a combination of
both individual and institutional connections (see
Supplementary material Part 4, Table S8). Destination-choice
(conditional multinomial logit) analysis confirms that the direc-
tion of migration decisions is strongly shaped by connection
structures, particularly in combination with institutional pres-
tige. Notably, we did not find any gender effect in the extent to
which men and women use their resources (see Supplementary
material Part 5, Table S10). However, we did not investigate
whether men and women differ structurally in their resources,
ie which institutions they are placed in/they are connected to.
This question is still open for further investigation.

Overall, our findings underscore the intertwined roles of per-
sonal connections, institutional prestige, and migration context
in shaping academic mobility.

Discussion

High-skilled labor migration is often framed as a rational re-
sponse to institutional incentives or career advancement oppor-
tunities. Yet, the decision of where to move is deeply embedded
in social structures. In this study, we focus on the first career
moves of scholars, using digital trace data from 172,000 scholars
that captures their complete mobility trajectories, co-authorship

9z0Z 8unf g| uo Jasn wniuosuo) 7g|3 Aebuny Aq 6g/8/98/891 Bebd/g/g/a0me/snxauseud/wod dno-olwapeoe)/:sdny wolj papeojumoq


http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgag168#supplementary-data
http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgag168#supplementary-data
http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgag168#supplementary-data

PNAS Nexus, 2026, Volume 5, Issue 6

On prestige of the source institution

A 1i00- B 1 cC1
=y 2 0.009- 0.009 -
5 0.75- 2=
gg 53
&% 0s0- B E go0s- 0.008-
BE = o 3
5SS =35
h=} © 5
© 0.25- ~. < g 0003- 0.003-
o &
ol : : ; : : 0.000- 0.000-
0 2 i 4 - Gf i 8 10 000 025 050 075  1.00 0.00 0.25 0.50 0.75 1.00
ogarithm of the o . ind - ; instpen
source institution's prestige level Indivdiual connection strength (Sg”) Institutional connection strength (S; ")
On prestige of the target institution
A 21.00- B 2 C 2
> i i
= 075- o = 0000 0.009
= ZB
a3 T8
o £ o]
83 0.50- E £ 0.006- 0.006 -
o E T 5
2 £Eo
o0 25
o © 5
® 025- =g 0.003- 0.003-
o &
0.00 - ; . . 0.000- 0.000 -
Loqarith ?th 10 000 025 050 075  1.00 000 025 050 075  1.00
ogarithm of the S . ind P . instpcy
target institution's prestige level Indivdiual connection strength (S;") Institutional connection strength (S; ")
— high

IE‘ Neither connection Individual connections

Both connections E Institutional connections

Prestige level = medium

low

Figure 3 Effect of the prestige of an institution on the predicted probabilities to move from there or be chosen as the destination. A.1 and A.2) visualize results
from the multinomial logit models that classify first moves into four network-defined categories (individual ties only, institutional ties only, both, or neither),
plotted against the prestige of the source and target institutions, respectively. If the prestige of the source institution is low, scholars mostly move along
individual ties or do not follow any connection. If it is high, however, scholars become more likely to move either along institutional connections or a
combination of institutional and individual ties, and it becomes less likely for them to go somewhere where they have no connection yet. With regard to the
target institution, if the prestige of the destination is low, scholars mostly move there without any previous connections. Target institutions of a high prestige
ranking, on the contrary, are more frequently reached via institutional connections or a combination of institutional and individual ties compared to having no
ties or having individual ties only. B.1-C.2) report results from the destination-choice (conditional multinomial logit) models, which relate the probability of
selecting a specific destination institution to alternative-specific measures of (i) individual connection strength (B.1-B.2) and (i) institutional connection
strength (C.1-C.2), and their interactions with source and destination prestige. Strength percentiles are defined only for nonzero ties; accordingly, these panels
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prestige (bottom row): institutions of lower prestige rank benefit from having ties to potential recruits more than institutions of higher prestige rank. This
pattern is consistent across all levels of connection strengths for both individual and institutional connections, but gets more pronounced the stronger the

connections are (see B.2 and C.2).

networks, and collaboration histories. We examine how individ-
ual and institutional connections and institutional prestige
shape the first academic mobility. Using two complementary
logit specifications for classifying move types and modeling
destination choice, we document how professional connections
jointly structure researchers’ opportunity spaces in their first
career moves. The methodological approach adopted here, ie
the use of large-scale bibliometric data to track migration and
map relational structures, enables us to quantify these dynam-
ics in ways that traditional migration data sources, such as sur-
veys, cannot.

Rather than treating ties in isolation or combining different
sets of ties without proper differentiation, we demonstrate that
individual and institutional professional networks play distinct
yet interconnected roles in shaping scholarly migration. We
show that individual professional networks, and especially

higher-order connections, are more strongly associated with
where scholars move than institutional connections, although
both matter, especially when they operate together. For ex-
ample, scholars with large individual networks are more likely
to follow individual connections, while those with smaller net-
works often move outside predefined career pathways. This sug-
gests that professional individual connections not only provide
opportunities but also enhance agency in mobility decisions.
Additionally, international moves often occur outside estab-
lished networks, with individual ties being particularly salient
in cross-border transitions. This highlights the challenges of
international mobility and the importance of personal connec-
tions in overcoming them, which is consistent with longstanding
insights from migration literature (15). In contrast, national
moves are more likely to follow institutional connections or com-
bined ties, potentially amplifying within-country stratification.
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We further find that institutional prestige moderates how a
scholar’s embedding is associated with mobility. Researchers af-
filiated with high-ranking institutions are more likely to follow in-
stitutional pathways or a combination of institutional and
individual-level professional ties, reflecting prestige homophily
(43). Conversely, scholars affiliated with lower-ranked institu-
tions tend to depend more on individual professional networks
when making mobility decisions. Our results also show that pres-
tigious institutions are able to attract researchers with less reli-
ance on preexisting individual ties, while institutions with
lower prestige benefit disproportionately more from strong
individual-level connections during recruitment. This asymmetry
underscores how institutional reputation interacts with social
networks in structuring the first academic mobility.

While this study advances our understanding of how net-
works shape the migration of researchers, and their first career
moves, several limitations must be acknowledged. First, schol-
arly migration represents a specific form of high-skilled mobil-
ity, and the role of networks may differ in other migration
contexts. Second, while Scopus provides extensive data (46),
its temporal and spatial coverage is skewed towards Western
countries and English-language publications. Third, co-
authorship networks may not capture all personal connections
(40, 47), potentially underestimating the influence of individual
ties. Fourth, our analyses are conditional on observing a first
career move and therefore exclude early-career researchers
who remain immobile or exit academia before a first observable
transition. Because nonmobility is selective, and may be more
common among scholars with more limited professional net-
works (26), our results may overrepresent network-mediated
mobility pathways and should not be generalized to all early-
career researchers. At the same time, we find that after adjust-
ing for observable characteristics, movers and nonmovers do
not differ significantly in the size of their co-authorship net-
works (see Supplementary material Part 7, Fig. S2). This sug-
gests that nonmobility is not simply a function of
having smaller professional networks, partially mitigating con-
cerns that our estimates systematically overrepresent
network-endowed scholars. Fifth, while we investigate gender
differences in the use of ties, we do not address structural dis-
parities in access to resources. Finally, our models treat mobil-
ity as a scholar-driven decision, whereas academic hiring is a
two-sided matching process, involving both applicant and insti-
tution. Future work should integrate employer demand, for in-
stance, by combining bibliometric mobility traces with job
postings or department growth metrics.

Despite these limitations, we argue that our study advances
our understanding of the social foundations of scientific mobility
by showing how different types of network ties interact to shape
scholars’ opportunity spaces. Our findings reaffirm that mobility
decisions are not made in isolation but are fundamentally
shaped by the relationships scholars form within the academic
system (15, 17) as well as the reputation of the institutions
they interact with. We propose several directions for future re-
search, namely: (i) integrating a first-stage “move vs. stay” deci-
sion to distinguish between anchoring effects and steering
effects of networks, (ii) exploring structural disparities in access
to resources across genders, (iii) modeling the two-sided nature
of academic hiring more explicitly, and (iv) examining the role of
digital platforms in shaping mobility opportunities. By deepening

our understanding of these dynamics, we can better support glo-
bal scientific exchange and foster a more equitable and efficient
allocation of talent in academia.

Data and methods
Data

For this study, we utilize a 2021 extract of Scopus, covering all re-
cords until the end of 2020 (46), a widely recognized data source
for scholarly migration studies (11, 12, 48). These data are pro-
vided by the German Competence Network for Bibliometrics
(49) via the Max Planck Digital Library. Our dataset includes
around 172,000 authors (see Supplementary material Part 1).
We identify mobility events using a cautious “mode-based” ap-
proach that reduces all affiliations recorded within a given year
to the most frequent one, logging a mobility event only when
this modal affiliation changes across successive years (11).
Authors are included if sufficient affiliation information exists
to reliably identify a mobility event, which in the minimum cases
is two publications with different affiliations observed in two dif-
ferent years. To achieve this, we geocode affiliation addresses to
subnational regions, enabling us to distinguish between internal
(within a country) and international (between countries) mobility
events (12). Authors are grouped by the year of first publication,
which we term “academic cohorts”. These cohorts act as a proxy
for entry into the academic system and starting publication activ-
ity. In our sample, we construct five nonoverlapping cohorts,
each spanning five consecutive years, covering the full 1996-
2020 observation period. The 5-year span ensures equally spaced
intervals with sufficient observations per cohort. Importantly,
these cohorts are used as control variables in the multinomial
logit models to account for cohort effects, such as differences
in publication frequency across different periods. They are not
used for selecting subset of the authors as a sample, for aggre-
gating transitions, or for constructing predictors. By taking these
steps, we are able to construct complete individual-level mobility
histories for each author. In addition to the mobility histories, we
create authorship records, including authors’ first- and second-
order co-authorship networks, publication histories, the country
of an author’s affiliation, as well as their discipline, which is in-
ferred based on the discipline classification of the publication us-
ing Scopus’ All Science Journal Classifications (46). We assign a
discipline with the highest share of publications as the main
one for the focal author. An author’s gender is inferred using their
first name, provided by Ref. (48). As we are interested in studying
how researchers’ network embedding influences the direction of
their move, we focus on mobile authors only. Furthermore, we fo-
cus on first mobility events only (the mobility step after an au-
thor’s first publication, which is usually their first position after
obtaining a PhD), as this stage is often especially critical for car-
eer trajectories and long-term outcomes (10, 38).

To measure individual connections, we use one of the most
widely applied proxies for it: co-authorship ties. However, we ac-
knowledge that this proxy only partially captures our interest in
individual connections, as not all professional collaborative ties
are reflected in the form of shared publications (40, 47). Hence,
we expect our findings to be more on the conservative side.
For each migrant scholar—those who moved at least once—we
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calculate the number of co-authors they had before their move,
as well as the number of second-order ties, which represent the
co-authors of their co-authors. This distinction is crucial, as it al-
lows us to differentiate between the influence of direct connec-
tions and “friend of a friend” effects. For institutional
pathways, we aggregate all co-authorships and migration events
between research institutions. Using these distinct measures for
both individual and institutional networks, we categorize the dir-
ection of movements based on whether the scholar’s move fol-
lowed individual or institutional ties, resulting in four possible
directions, namely: along individual ties only, along institutional
ties only, along a combination of individual and institutional ties
(referred to as “both”), and not along any ties (referred to as “nei-
ther”). We then test these categories using different models.
Figure 1 shows a schematic visualization of these individual
and institutional ties before the mobility event and our retro-
spective approach in measuring collaboration and mobility.

We use institutional rankings as a proxy for prestige, consider-
ing it as a potential factor influencing migration decisions (31,
32). Specifically, we use the Leiden Ranking’s® metric for
P(top 50%) publications, which captures the number of publica-
tions ranked among the top 50% most frequently cited within the
same field and publication year. This metric encompasses
~1,400 universities from 2006 to 2018 (42). To account for
individual-level characteristics that may also shape the direction
of mobility, our models include individual characteristics—gen-
der, career age at the time of migration (measured as the differ-
ence between the year of migration and the year of a scholar’s
first publication in our database), academic field (following the
Scopus All Science Journal Classification), and productivity
(measured by the cumulative number of papers published before
the migration event)—alongside network size as control variable
(see the Table S1). We further account for contextual factors,
namely whether a move was national or international, the indi-
vidual’s academic cohort, the year of the move, and the contin-
ent of the source and target institutions.

As the predictors in our observational data vary endogenously
only, and we cannot rule out all potential unobserved confound-
ers, such as individual talent or quality of individuals’ research
output, we interpret the estimated associations descriptively ra-
ther than causally.

Strength measures

In our study, we aim to determine whether an individual (a schol-
ar) moves along an individual direction—that is, influenced by
their co-authorship connections—or along an institutional direc-
tion, shaped by broader affiliations between institutions. We
condition on the event of a move, as we are interested in how
a scholar’s embedding influences the direction of a move, and
not whether it triggers a move in the first place.
Co-authorship-documented ties are a conservative proxy for
scholars’ broader professional networks—just the visible tip of
a much larger iceberg. Survey evidence and previous literature
shows that many mobility-relevant relationships—eg mentor
sponsorship, previous colleagues and acquaintances, informal
conference contacts—never culminate in joint papers, while
some multiauthor papers mask only peripheral interaction (40,
41). We therefore treat co-authorship as necessary but not

sufficient evidence of professional connection, and interpret
our coefficients as lower-bound estimates of network embed-
dedness. In the following, we describe how we operationalize
these two dimensions to quantify the strength of these
connections.

Constructing the individual-level tie strength measure

To quantify the individual-level embedding of an author before a
mobility event occurs at T + 1, we propose the individual-based
strength measure, S‘Fr}d(T), specified in (Eq. 1). It describes how
strongly an individual F is connected to an institution j via their
first- and second-order co-authorship network in the years be-
fore the mobility event (cumulative until 7). If an individual
held several institutional affiliations at any given year, we assign
the modal affiliation of that year. Furthermore, each co-author
(first- and second-order) is counted only once, even if published
with repeatedly. This choice focuses the measure on access to
distinct social contacts rather than repeated interaction inten-
sity. It is defined as follows:

1stand2nd
s‘F"»d(T)=7CF"S . :2(:) :
il Zj Céjstan n (7-)

where C}fta”dznd represents the number of first- and second-order
co-authors the individual F has at institution j at time T, and
Y- Cptand2nd s the total number of first- and second-order co-
authors the individual F has at the same time point T, regardless
of their institution.

Note that SiF?d(T) is the proportion (share) of a scholar’s (first-
and second-order) co-author network located at institution j. The
measure is bound between 0 and 1; it captures relative embed-
dedness rather than the absolute number of co-authors.

A consequence of this definition is that two cases with the
same share (eg 1 of 2 co-authors at j vs. 50 of 100 at j) will
have the same connection strength S‘F'}d(T); differences in abso-
lute network size are captured separately by our network-size
controls.

We also examined the observed effects when only first-order
connections were considered. The respective formula can be
found in the Supplementary material Part 3 (Eq.1).

Constructing the institutional-level connection
measure

To quantify the institutional-level connection strengths, we pro-
pose a time-dependent measure based on past collaborations.
The connection strength is evaluated over the 5 years preceding
the year of the migration event. Two institutions are considered
linked if they co-authored an article in a given year. The
collaboration-based strength measure, SE-IT‘St(T), between institu-
tion i and institution j at a given year T takes the following
form (Eq. 2):

U Aji(t)
s 2ot A (1) ’

where A;j(t) is the total number of articles co-authored by schol-
ars at the two institutions iand j at time t and ), Ai(t) is the total
number of articles co-authored by scholars at any other institu-
tion k in that year. This proportional construction makes institu-
tional strengths comparable across institutions of different sizes.

ST =

9z0Z 8unf g| uo Jasn wniuosuo) 7g|3 Aebuny Aq 6g/8/98/891 Bebd/g/g/a0me/snxauseud/wod dno-olwapeoe)/:sdny wolj papeojumoq


http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgag168#supplementary-data
http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgag168#supplementary-data

PNAS Nexus, 2026, Volume 5, Issue 6

Note that the two strength measures (individual level and institu-
tional level) differ by design: at the individual level we count unique
collaborators (each co-author once), whereas at the institutional
level we weight ties by the number of co-authored publications.

Because institutional collaboration networks are substantially
denser than individual co-authorship networks, we operational-
ize the presence of an institutional tie differently depending on
the analysis. For the decision-tree classification and for con-
structing the four-category move-type outcome, we therefore
operationalize the presence of an institutional tie using a thresh-
old indicator: a move is classified as “along an institutional tie”
only if the source-destination institutional collaboration
strength falls within the top 10% of nonzero institutional connec-
tions from the scholar’s prior institution at the time of the move.
This threshold is used only for defining move categories; the
multinomial logit model is estimated on the resulting four-
category outcome.

In the destination-choice analysis (estimated as a conditional
multinomial logit model), we instead use a continuous
institutional-strength measure to capture gradations in institu-
tional embeddedness. To improve computational efficiency, we
implement a period-specific version of S};‘St(T) (as stated in Eq.
2): rather than a rolling window, we compute institutional con-
nection strength within discrete time intervals (pre-2000, 2000-
2005, 2005-2010, 2010-2015, and post-2015) and by field (Eq. 3).

inst Aj(aT)
SjAT) = 3 field :
ki Ak < (AT)

We use the top-10% indicator S}}‘S‘(T) (based on Eq. 2) to define
institutional tie presence; conditional on presence, institutional
strength is measured using S};’StDCM (AT) (Eq. 3).

As a robustness check, we also tested an alternative specifica-
tion for the institutional strength measure, considering past mo-
bility between institutions instead of past collaborations (see
Supplementary material Parts 3 and 4, Tables S5, S6, S7, and
S9). The corresponding formula can be found in the
Supplementary material Part 3 (Eq. 2). To assess potential multi-
collinearity among key predictors, we examined pairwise
Spearman correlations; productivity and network size exhibit
the strongest association (o =0.51), with all other correlations
remaining modest in magnitude (see Supplementary material
S6, Table S11).

Modeling strategies

In the first set of analyses, we estimate multinomial logit models
with a four-category outcome that classifies each first move
based on its context: moves along individual ties, along institu-
tional ties, along both, or with no prior tie. The model estimates
the probability that a scholar’'s move falls into each category.
Because the four categories are defined by the existence of at
least one prior tie to the destination, scholars with larger net-
works are mechanically more likely to have destinations that
qualify as “along ties.” Thus, network size reflects both structural
exposure (ie the likelihood that a tied destination exists) and po-
tential selection along existing connections.

In the second set of analyses, we estimate destination-
choice models in a conditional multinomial logit (discrete-

choice) framework, shifting the focus from move types to
how individual and institutional connection strengths are as-
sociated with the probability of selecting a particular destin-
ation institution.

Multinomial logit model for move types

To analyze how individual and contextual factors are associated
with the type of first mobility event, we estimate a multinomial
logit model with four mutually exclusive categories: moves along
individual ties, along institutional ties, along both, or with no pri-
or tie. The model compares each category to a reference cat-
egory and expresses effects as log-odds ratios relative to that
reference. For a model with c categories and p explanatory vari-
ables, the logit for category j, relative to the baseline category
¢, j # ¢, can be expressed as (Eq. 4):

T .
log(ﬂ—’) =+ B +Bpxat+BpXp, j=1,...,c—1
Cc

In this form, a; represents the intercept for category j, and 8, de-
notes the effect of the kth explanatory variable x, on the log-odds
of being in category j rather than the baseline. Each category thus
has distinct parameter values, allowing flexible modeling of var-
ied influences across categories.

The set of control variables includes the following personal
characteristics: (i) gender, (ii) career age at the time of migration
(measured as the difference between the year of migration and
the year of a scholar’s first publication in our database), (iii) aca-
demic field, (iv) productivity (measured by the total number of
papers published before migration), and size of the network
(measured by the size of the first- and second-order co-author
network). Productivity and network size are stratified into tertiles
and quantiles within each academic field, respectively, to ac-
count for variations in publishing behavior. For the size of the
network, those in the first quantile are classified as having small
networks, those between the second and third quantiles as hav-
ing medium-sized networks, and those in the top quantile as hav-
ing large networks. We also include contextual variables to
account for the environment in which migration decisions are
made (50). These variables include (v) whether a move was na-
tional or international, (vi) the individual’s academic cohort (de-
termined by the year of their first observed publication), (vii) the
timing of the move (the time period in which the move hap-
pened), (viii) the region of the source and target institutions,
and, importantly, (ix) the prestige rankings of both source and
target institutions.

Destination-choice model (conditional multinomial
logit)
While the move-type analysis can provide insights into the likeli-
hood of a scholar with certain characteristics (gender, career age,
etc.) exhibiting a particular type of move (along individual ties,
institutional ties, along ties of both kind, or without ties), the
question of how much the actual connection strength matters
for an individual’s decision-making process, and whether individ-
ual or institutional ties more strongly shape the opportunity
space for scholars, remains unresolved.

To address these questions, we formulate the analysis within
the framework of discrete choice analysis (51, 52), estimated as
a conditional multinomial logit model: Here, the decision-making
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process of every author is modeled at the individual level, taking
the characteristics of the alternatives as well as the individual
into account. This allows us to model the connection strengths
as independent variables that influence the choice process of
an author. In this modeling framework, authors are presented
with different institutions they can choose from—hypothetical
ones and the actually chosen ones. These institutions differ in
their attributes, in our case, the individual and institutional con-
nection strengths, as well as the prestige ranking. The probability
that an individual scholar i chooses to move to an institution j is
then given by Eq. 5:

exp(B'X; — log (qgy))
> (e, EXP (5Txij’ — log(gy))

where X;; is a matrix of predictors that describe an individual /’s
attributes as well as alternative-level attributes for the institution
j as seen by the individual i. The index j* denotes each possible
destination institution in individual /s choice set ¢;, over which
the denominator sums.

In the destination-choice analysis, we included the following
variables: (i) a binary indicator for whether an individual has at
least one individual-level tie to a potential target institution,
(i) a binary indicator for whether an alternative is among the
top 10% of institutions in terms of collaborations based on Eq.
2, (iii) a continuous indicator, that given (i), indicates the strength
of the connection as specified in Eq. 1, (iv) a continuous indicator,
that given (ii), indicates the strength of the connection as speci-
fied in Eq. 3, (v) the prestige ranking of the target institution, (vi)
the prestige ranking of the source institution, (viii) whether a
move is international or national, and (viii) in which region of
the world an alternative is located. We furthermore included
interaction terms between the different strength measures and
the ranking of the source and target institution to check for het-
erogeneity in the effect of existing ties, ie between (i) and (v), (i)
and (vi), (ii) and (v), (ii) and (vi), (iii) and (v), (iii) and (vi), (iv) and
(v), and (iv) and (vi). j indexes the alternatives present in individ-
ual i’s choice set.

Because vacancy data are unavailable, we make an assump-
tion about which alternatives a scholar realistically could have
had available as options. For our specific case, we used a strati-
fied sampling approach to generate choice sets of size 50. The
four mutually exclusive sets of institutions from which we
sampled correspond to the categories used to classify mobility
events in the decision tree and multinomial logistic regression
framework, namely: institutions that an individual was con-
nected to via (i) both institutional and individual level ties
(sampled at 20%), (ii) institutional level ties only (35%), (iii)
individual-level ties only (35%), or (iv) neither tie (10%, or as
much was needed to fill the remaining open spots). This stratified
sampling approach implies that choice sets vary across individ-
ual decision-makers. As the alternatives present in the choice
set were not chosen randomly, we included an adjustment par-
ameter in the model to account for their uneven likelihoods of in-
clusion: gj, where g; represents the probability of sampling
alternative j into the choice set of respondent i (53, 54).

Sampling a choice set using prior knowledge can improve the
precision of the estimates, as the choice sets will exhibit more of
the alternatives that an individual is a priori more likely to
choose, rather than noise from alternatives which are unlikely

Pl’(y,'/'=1)=

to be selected. As most institutions in the total set of institutions
are not connected to an individual of interest, ie having a connec-
tion is a rare event, weighted sampling ensures more realistic
choice sets (51). The marginal probability plots were produced
by constructing a prediction dataset using a sample of the indi-
viduals who were presented with the full choice set (all possible
institutions). Note that the plotted marginal predicted relative
probabilities should not be interpreted in absolute terms: They
are meaningful only when interpreted relative to each other.

Notes

https://www.leidenranking.com/
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