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1 | INTRODUCTION
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Abstract

This study provides the first systematic, international, large-scale evidence on the
extent and nature of multiple institutional affiliations on journal publications.
Studying more than 15 million authors and 22 million articles from 40 countries
we document that: In 2019, almost one in three articles was (co-)authored by
authors with multiple affiliations and the share of authors with multiple affilia-
tions increased from around 10% to 16% since 1996. The growth of multiple affilia-
tions is prevalent in all fields and it is stronger in high impact journals. About 60%
of multiple affiliations are between institutions from within the academic sector.
International co-affiliations, which account for about a quarter of multiple affilia-
tions, most often involve institutions from the United States, China, Germany and
the United Kingdom, suggesting a core-periphery network. Network analysis also
reveals a number communities of countries that are more likely to share affilia-
tions. We discuss potential causes and show that the timing of the rise in multiple
affiliations can be linked to the introduction of more competitive funding struc-
tures such as “excellence initiatives” in a number of countries. We discuss implica-
tions for science and science policy.

introduction of performance-based institutional funding
mechanisms which it believes will encourage greater

Institutions have an important role in academic
research. They impact researchers’ work as they control
access to resources, networks and research infrastruc-
ture, and thus partially determine scientific discovery
(Stephan, 2012). Institutional affiliation moreover
affects the value ascribed to individual researchers
through institutional prestige, with consequences for
research and career trajectories. Science policy has fur-
ther lifted the value assigned to institutions, through the
use of domestic and international rankings and the

research performance (Salmi, 2016).

We suggest that as a consequence of the inflated impor-
tance of affiliations, more academics are now affiliated to
multiple institutions and are reporting these on their aca-
demic work. Yet, so far multiple affiliations (or co-affilia-
tions), where researchers are formally attached to more than
one institution at the same time (Hottenrott & Lawson, 2017,
Katz & Martin, 1997), are largely unexplored. A three coun-
try and three field study conducted by Hottenrott and Law-
son (2017) provides some first evidence on the extent and
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structure of multiple affiliations, showing an increase in
the three countries and scientific fields under study.
Matveeva and Ferligoj (2020) reported an increase also
for Russia. In this article, we expand on this prior
research. In an analysis of a set of 40 countries over a
24 year time period we focus on international differ-
ences in multiple affiliations, which are important to
understand potential drivers and consequences of this
phenomenon.

There are a number of reasons why multiple affiliations
may occur and which may explain why they differ interna-
tionally. For one, they may be driven by individual research
trajectories. A prestigious affiliation can serve as a “mecha-
nism for cumulative advantage” (Way, Morgan,
Larremore, & Clauset, 2019) and researchers may seek out
affiliations to institutions outside their main employment to
gain or maintain access to resources and networks. For
instance, many science systems have prominent public
research organizations (PROs) that contribute substantially
to research production, but not teaching. The prestige and
high level of research infrastructure available at these PROs
make them attractive for academics at universities. More-
over, in a number of countries PRO affiliation is encouraged
or linked to professorial posts. For instance, the Chinese
Academy of Science which offers affiliation to leading Chi-
nese scientists and has more than 50,000 members is listed as
the top publishing institution on Nature Index,' a database
of author affiliations on articles in selected top journals
(Li, 2016). Further, in internationalized research with high
levels of mobility, diaspora networks form (Meyer &
Wattiaux, 2006; Miguelez & Noumedem Temgoua, 2020).
Such networks may be informal or formal, and can include
association with learned societies, visiting positions, or dedi-
cated diaspora initiatives in the home country (Baruffaldi &
Landoni, 2012). Institutions and mobile researchers may for-
malize these linkages in multiple affiliations to enable
knowledge exchange and curb the effects of brain drain.
Such international linkages could be particularly important
for the Global South to redress inequalities in research pro-
duction (Langa, 2018).

The importance of domestic research and diaspora
differ between countries and therefore the prevalence
and types of multiple affiliations differ too. Hottenrott
and Lawson (2017), for instance, find in a sample of arti-
cles drawn from the Web of Science that international
co-affiliations are dominant for academic authors in the
United Kingdom, while cross-sector co-affiliations are
more common in Japan. This reflects the importance of
internationalized communities and domestic PROs
respectively, and providing first clues towards the inter-
national differences we may observe.

Any increases in multiple affiliations, however, will not
be entirely due to individual research trajectories. Rankings
and research assessments, mentioned above, can also be a

cause for the increase of multiple affiliations, and could pro-
vide an explanation for why they may differ internationally.
Specifically, any country differences in multiple affiliations
may be due to the shift in some countries towards initiatives
designed to improve their competitiveness in international
research. Some countries recently implemented major
reforms in the resource allocation processes within the
research sector, moving towards performance-based alloca-
tion of funding through schemes such as research excellence
initiatives (ExIns). These initiatives aim to accelerate the
transformation of higher education and to boost the research
capacity and productivity of academic institutions
(Salmi, 2016). This is achieved via block grants being made
available to selected institutions or for the establishment of
new centers of excellence such as in the case of Germany, or
via research evaluation such as the Research Excellence
Framework in the United Kingdom (Geuna & Piolatto, 2016;
Salmi, 2016). ExIns thus introduce competition and
performance-based funding elements into higher education
systems, which are said to increase performance (Aghion,
Dewatripont, Hoxby, Mas-Colell, & Sapir, 2014), and are
arguably the most important factor for universities to move
up in global rankings (Benito, Gil, & Romera, 2019). Sources
of such performance change other than the monetary invest-
ments are the concentration of resources, focus on measur-
able research outputs, and orientation towards international
research agendas and publication outputs, which contribute
towards higher international visibility (Salmi, 2016). There is
substantial existing evidence on the impact of ExIns on publi-
cation output, for example from China's 985 project (Zhang,
Patton, & Kenney, 2013; Zong & Zhang, 2019), Russia’s 5-
100 project (Agasisti, Shibanova, Platonova, &
Lisyutkin, 2020; Turko, Bakhturin, Bagan, Poloskov, &
Gudym, 2016), Germany's Excellence Initiative (Civera, Leh-
mann, Paleari, & Stockinger, 2020; Menter, Lehmann, &
Klarl, 2018) or Taiwan's World Class University project (Fu,
Baker, & Zhang, 2020), which provide evidence of positive,
but also mixed performance effects of these initiatives.
Multiple affiliations may increase as a consequence of
ExIns for a number of reasons. ExIns are closely linked
to research assessment and an expectation of perfor-
mance improvement. Universities in an attempt to
upgrade quickly, may buy in external talent instead of
building up capacity locally or restructure their activities.
In Russia, for instance, a performance effect from ExIns
was quickly observed, as was an increase in multiple
affiliations (Matveeva & Ferligoj, 2020), suggesting that
universities hired external talent. Such co-affiliations
were potentially aimed at a quick increase in rankings
based on bibliometric data. In France, in turn, research
and teaching activities needed to be concentrated “under
one roof and one name” to build greater visibility in
international rankings (Paradeise, 2018), achieved via a
closer integration of universities and CNRS research
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centers. In this context multiple affiliations are an out-
come of formalized or institutionalized forms of collabo-
rations (Hicks & Katz, 1996), which have also emerged as
an explicit goal of ExIns in some countries, such as
Germany's Clusters of Excellence (Bornmann, 2016;
Froumin & Lisyutkin, 2015).

There is also some evidence that ExIns aimed at elite
institutions may not only improve the international rank-
ing of “excellence” universities (Benito et al., 2019;
Salmi, 2016), but that they can lift other, unfunded insti-
tutions (Agasisti et al., 2020; Civera et al., 2020; Fu
et al., 2020). The increase in stratification associated with
ExIns and the concentration of resources make emerging
elite institutions very attractive for outside researchers.
Academics at lower ranked institutions may thus seek
access to the resources available there. Hamann (2018)
for instance shows more inward mobility into high-rank
institutions following a research evaluation round in the
United Kingdom. In addition, the metrics that determine
resource allocation also serve as a reference point for
lower ranked or unfunded institutions, who may adopt
similar strategies in an attempt to improve their position
in future evaluation or funding rounds.

Despite first tentative findings, there is need for a bet-
ter understanding of the extent and nature of multiple
affiliations and how they may relate to research excel-
lence initiatives in different countries. In particular, there
is a lack of a complete comparison of multiple affiliation
trends within research nations, especially those that
implemented ExIns. To fill this gap, this study sets out to
answer the following three research questions:

« RQ1: How have multiple affiliations evolved over time
in different countries and scientific fields?

« RQ2: Do we observe any patterns in the geographic
location and in the sectors of co-affiliations?

« RQ3: Do country differences in the evolution of multi-
ple affiliations relate to policy changes in funding allo-
cation (ExIns) in different countries?

To investigate the change of multiple affiliations over
time we present a large-scale bibliometric analysis that
makes use of the affiliation information of 15,234,353 dif-
ferent authors located in 40 countries. All data originate
from Scopus. We use 22,198,910 research articles publi-
shed between 1996 and 2019 that are representative for
26 distinct scientific fields.

The use of publication affiliation data to investigate mul-
tiple affiliations is not only appropriate but also highly rele-
vant, as it is used frequently to assign research achievements
to scientific institutions, such as with university rankings
(Geuna & Piolatto, 2016). For example, the Times Higher
Education ranking since 2016 uses Scopus data for its

| JASIST BUIEER

popular THE World University Rankings.> This is not with-
out problem. If not accounting for multiple affiliations, each
document counts as often as there are distinct affiliations
reported on the publication. A simple example shows that
distortions arise easily. Consider university U with
4 researchers, research institute R with 2 researchers, and
College C with 3 researchers. If each researcher publishes
one article, the ranking obtains as U > C > R. If however
two of U's researchers have a multiple affiliation with R, the
ranking changes to U > R > C. As such the reliance of
research rankings on bibliometric data could create incen-
tives for institutions to offer affiliations to researchers
primarily employed elsewhere. Evidence comes from Bor-
nmann and Bauer (2015), who analyze the affiliations of
highly cited authors and find that Saudi Arabia emerges high
in the country ranking when secondary affiliations are
counted. As a consequence, research discoveries may be
assigned to places where they did not necessarily originate
(Bhattacharjee, 2011; Xin, 2006). In the example above, did
R or did U enable the research of the two researchers that
hold multiple affiliations at both R and U, or did both con-
tribute? While this is not a question we are able to answer, it
is one that emphasizes the relevance of investigating multiple
affiliations.

Our study thus contributes towards a better under-
standing of multiple affiliations which will also inform
how we think about creative places and will thus ulti-
mately impact science policy (de Rijcke &
Rushforth, 2015; Hicks & Katz, 1996).

2 | METHODS

2.1 | Data collection
We base our analysis of affiliations on documents published
between 1996 and 2019.> Counting affiliations from publi-
shed articles has the advantage of being available at a large
scale and with high coverage (as opposed to, for example,
CVs or university websites). We derive all data from Scopus
which has three important advantages over other indexing
systems: comprehensive coverage of scientific articles
(Mongeon & Paul-Hus, 2016), disambiguation of authors
and their affiliations along with the assignment of unique
Author IDs, and the availability of additional information on
institution addresses (e.g., country and organization type).
We study all 26 scientific fields as identified by the
All Science Journal Classification (ASIC) codes excluding
the category “Multidisciplinary.” Table 1 lists these
together with the number of papers and authors used.
The analysis focuses on 40 countries: All OECD countries
as of 2019 excluding Latvia, Luxembourg and Iceland
(because they host too few universities), and a group of
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TABLE 1 Number of journals, authors and articles used in the study, by field
Journals Articles Authors
Coverage

Field Total >5years Sampled Sampled research-type Usable Used Share (in %) Used

Arts/Humanities 3,451 3,027 1,503 1,057,138 998,161 890,076 825,418 78.08 849,296
Biochemistry 1,973 1,789 894 3,840,559 3,657,624 3,616,530 3,459,702  90.08 4,460,688
Biology 2,018 1,833 915 2,395,094 2,338,967 2,322,030 2,101,027 87.72 2,537,858
Business 1,197 1,099 548 504,956 484,784 471,073 432,109 85.57 380,911
Chem. 551 490 245 1,313,061 1,286,950 1,280,504 1,141,440 86.93 1,655,801

Engineering

Chemistry 787 747 373 2,864,867 2,813,743 2,802,557 2,546,212 88.88 2,738,343
Computer Sci. 1,441 1,300 650 1,167,238 1,131,391 1,123,201 1,026,233  87.92 1,204,346
Decision Sci. 339 306 152 238,521 232,554 230,957 215,060 90.16 205,877
Dentistry 193 172 86 178,588 165,899 159,827 133,391  74.69 169,910
Economics 915 832 416 389,043 379,147 371,509 349,820 89.92 239,495
Energy 388 338 169 722,958 713,002 710,319 626,275 86.63 919,263
Engineering 2,436 2,216 1,106 3,457,267 3,389,889 3,360,381 3,005,072 86.92 3,270,398
Environ. Sci. 2,437 2,218 1,108 3,470,738 3,403,196 3,373,675 3,017,574 86.94 3,274,732
Health 501 459 229 474,952 441,382 429,627 406,509 85.59 657,647
Immunology 539 490 245 956,989 906,776 895,494 842,936  88.08 1,453,548
Materials Sci. 1,091 985 491 2,761,531 2,719,737 2,708,951 2,433,003 88.14 2,333,041
Mathematics 1,338 1,249 622 1,231,745 1,210,597 1,201,599 1,098,621 89.19 829,208
Medicine 7,086 6,414 3,205 10,166,641 9,158,301 8,908,234 8,283,039 81.47 8,104,289
Neuroscience 552 494 247 899,634 842,383 831,151 803,158 89.28 1,183,954
Nursing 598 551 275 508,495 462,258 444,547 415,122 81.64 693,566
Pharmaceutics 727 668 334 1,057,268 1,015,266 1,003,096 898,004 84.94 1,636,838
Physics 1,010 945 472 3,229,665 3,174,338 3,163,537 2,893,511 89.59 2,437,930
Planetary Sci. 1,073 988 494 1,281,412 1,254,875 1,249,080 1,178,801 91.99 951,187
Psychology 1,119 1,042 519 704,218 675,294 664,295 645,091 91.6 653,761
Social Sci. 5,552 4,899 2,444 1,982,561 1,885,055 1,783,644 1,656,468 83.55 1,488,451
Veterinary 226 208 104 287,436 269,724 255,368 220,001 76.54 334,073
Total (Unique) 23,367 21,106 10,976 22,198,910 15,234,353

Note: The table reports steps of the sampling and selection process. For each field, we select all journals with at least 6 years of publication history in the 1996-
2019 period according to Scopus. Of these we restrict to journals in the upper half of the SJR indicator distribution as of 2019. For each journal, we deduct non-
research type documents, documents with missing author and affiliation information (“Usable”), and finally documents where all authors are from countries

outside our sampling frame. Column “Share” reports the share of “Used” documents over “Sampled” documents. Column “Authors Used” reports the number

of unique authors of the “Used” documents.

non-OECD science producing countries consisting of
Argentina, China, Romania, Russia, Singapore, South
Korea, South Africa, and Taiwan.

We obtain the set of articles that represent a field
through the SCImago Journal Rank (SJR) indicator. The
SJR indicator is a “size-independent indicator of
journals” scientific prestige’ and is also based on the
Scopus database (Gonzalez-Pereira, Guerrero-Bote, &
Moya-Anegén, 2010).* For each field we first remove
journals with fewer than three citations in any year
t during the previous 3 years and we remove sources

with less than 6 years of coverage in the 1996-2019
period. In each of the 26 ASJC fields, we drop journals
with below-median SJR indicator in each field. Thus, we
consider only the top 50% of journals in each ASJC field.
If journals are assigned to multiple fields, we also assign
articles published therein to multiple fields. Forty-three
percent of journals list more than one field and on aver-
age each journal belongs to 1.63 fields, with eight fields
being the maximum. We then retrieve bibliometric
information for all articles published in these journals
during the 1996-2019 period using the “pybliometrics”
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module developed by Rose and Kitchin (2019).° This
stage excludes articles authored by either anonymous
authors or collaborative units.

Next, we remove observations with missing affiliations®
and mark an article “usable” if it provides affiliation infor-
mation for at least one author. The share of articles with
“usable” affiliations is close to 100% in the majority of fields
and increasing over time (Figure Al). Articles are further
removed if: they are not research-type articles
(e.g., editorials, reviews, etc.), the author and/or affiliation
information is completely absent, or none of an article's
authors is from the selected set of countries. Unique authors
are then identified based on their Scopus Author ID.”

Table 1 outlines this sampling and selection strategy. For
each field we list the total number of journals available, the
number of journals sampled following the selection
described above, the number of articles sampled and finally
used, and the number of authors on these articles. The largest
number of journals is selected in the field of Medicine (3,205)
and the fewest in Dentistry (86). Articles can appear several
times if the journal in which they are published is categorized
into two or more different research fields. Authors also
appear several times if they publish in multiple fields. In
other words, we usually study author-field pairs to avoid
assigning an author to a single field based on our own
judgment.

2.2 | Identifying multiple affiliations

To identify multiple affiliations we use authors' affiliation
information on articles in the Scopus database.® An article
is considered to be a multiple affiliation article if at least
one of the authors lists multiple affiliations. When we study
author-year or author-year-field observations, an author is
considered to have multiple affiliations if they list more
than one affiliation on at least one of their articles in that
year and field. We thus consider two different measures of
multiple affiliation, by article and by author.

We assume the first listed affiliation to be the main affil-
iation, and hence take the country of the first affiliation as
“home” country of the author. Table Al shows the number
of authors and articles by country of first affiliation for the
full dataset. Authors are marked as having an international
affiliation if we observe a second affiliation in a country that
is different from the home country.

2.3 | Computing shares of authors with
multiple affiliations

When computing shares of authors with multiple affilia-
tions by country and by field, there are in general two

ways to do so. One way accounts for the different dis-
tribution of articles across fields in different countries
(or the distribution of articles across countries), the
other does not. Formally, let a denote the number of
authors and a™ denote the number authors with multi-
ple affiliations in country c in field f and year of publi-
cation t. Throughout the analysis we use the average
country-year share of authors with multiple affiliations
defined as:

1)

Likewise, when aggregating over fields, we can use
the average share of authors with multiple affiliations per
field as:

(2)

Alternatively to averaging directly across countries or
fields, we can average in two steps by first calculating the
country-field level average share:

o _vay,
cf .t Zacf,t.

and then take the average over these values either by
country or field:

_ mc‘f,[

Set=—=—7". 3
o Zcmcf’f ( )

_ Mgt

Sfp = . 4
f .t mec,f . ( )

Qualitatively both methods paint very similar pictures
as shown in a comparison between Figure la and
Figure A2.

3 | RESULTS
3.1 | The evolution of multiple
affiliations

We firstly investigate the evolution of multiple affiliations
over time to investigate RQ1. The results presented in
Figure 1 and Table 2 show that multiple affiliations are a
global phenomenon and that they are on the rise.
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FIGURE 1 Authors with multiple affiliations. (a) Share of authors with multiple affiliations by field. Authors are assigned to fields

based on the fields to which their article's journal is assigned. Authors can appear multiple times if they publish in different years or in
different fields. See Table A2 for precise values. (b) Share of authors with multiple affiliations by journal quality group. A journal quality
group corresponds to a journal's quartile in the field-wise distribution of the SJR indicator. In cases where a journal is assigned to multiple
fields, the higher quartile applies. See Table A3 for precise values. (c/d) Share of authors with multiple affiliations by country. Authors are
assigned to the country of their first listed affiliation per publication. See Table A4 for precise values [Color figure can be viewed at

wileyonlinelibrary.com]

Figure 1 shows that they have become more prevalent in
all scientific fields, all journal quality groups, and the vast
majority of countries. From Table 2, which reports the
share of articles with at least one author with multiple
affiliations by year and field, we see that, while on aver-
age about one quarter of articles qualify as having multi-
ple affiliations, this figure was lowest in 2001 with a

share of 14.7% and highest in 2018 with 32.5%. While
increasing in all fields, in 2019 the share of articles with
at least one author with multiple affiliations is highest in
Neuroscience (49.3%) and lowest in Arts/Humani-
ties (13.6%).

Looking at the author level, we find that the share of
authors with multiple affiliations increased from 9.8% in
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2001 to 15.9% in 2019 (see Table A2). This corresponds to
an increase of more than 60%. Figure 1 graphically reports
how author affiliation trends differ by field, journal quality,
and country. Based on 109,448,897 author-field-year obser-
vations, multiple affiliations are most common in Neurosci-
ence (20.3% in 2019) and least common in the Social
Sciences (9.3% in 2019) (Figure 1la). Further, relying on
63,935,940 author-journal quality group-year observations
in Figure 1b, we see that the number of authors with multi-
ple affiliations increases in all journal quality groups. A
journal quality group corresponds to a journal's quartile in
the field-wise distribution of the SJR indicator of the
journals included in our study (the top 50%). For example,
the “Top” category is the union of top quartiles of each
field's SJR indicator distribution. Based on this classifica-
tion, we find that top journals have on average a higher
share of authors with multiple affiliations.

Figure 1c,d reports country differences, where we distin-
guish the author-year observations by country of first listed
affiliation (48,352,112 observations). Although there are
increasing trends in multiple affiliations in most countries,
we also see substantial variation. For instance, while in the
United States the share of authors with multiple affiliations
remains rather constant at about 9% since 1996, the shares
in other larger economies increases substantially over time.
For instance, in China the share of authors with multiple
affiliations experience an increase already in the late 1990s,
peaking in 2005 and remaining relatively constant until
2016 (see Figure 1c). In Europe, multiple affiliations
become more common relatively abruptly in the early to
mid-2000s. France and Norway stand out with a steep
increase and a high peak level in 2015, when more than
one in four authors report multiple affiliations on their sci-
entific articles (see Figure 1d). Indeed, the share of authors
with multiple affiliations increases in nearly all countries
(see Table A4 for the full list).

3.2 | Multiple affiliations by
organization type and country

The increase in multiple affiliations globally could be
reflected in increases in affiliations that span different
types of organizations (or not) and national borders
(or not) (RQ2).

3.2.1 | Organization types of co-
affiliations

In Figure 2, we consider 41,119,839 author-article pairs
to investigate organization type combinations in multiple
affiliations. Organization types (university, research

institute, hospital, governmental, non-governmental,
private, other) are drawn from Scopus. Panel A shows
the different combinations in multiple affiliation.
Panel B, for comparison, shows the shares of organiza-
tion types based on single affiliation authors, illustrat-
ing that university affiliations are by far the most
common type. We can see from panel A that about half
of all multiple affiliations involve either two universi-
ties or a university and a research institute. These are
also the combinations that drive the global upward
trend in multiple affiliations, with the latter in particu-
lar having gained in importance since the early 2000s.
This suggests that there may be benefits to both
researchers and academic institutions from affiliating
across academic institutions. Affiliation with a univer-
sity and a hospital is very frequently observed, primar-
ily as this represents the most frequent type of
co-affiliation in Medicine (26%; see Table A6 for break-
down by field). Co-affiliations that involve governmen-
tal or non-governmental organizations (NGO) play
only a very minor role. Interestingly, multiple affilia-
tions that involve companies are also relatively rare.
This is even true in fields such as Computer Sciences
and Engineering. However, not all company or NGO
affiliations may be recognized as such, especially if an
institution is small and linked affiliations rare and
therefore not identified by Scopus. Figure 2a shows a
substantial share of organization type combinations
involving unknown sectors which could be small firms,
colleges, government bodies or NGOs.? Yet, overall co-
affiliations occur largely between academic institutions
and less so with organizations outside academia.

3.2.2 | International co-affiliations

Multiple affiliations can moreover occur domestically
and internationally. In our data, we find that the share of
authors with an international co-affiliation in all authors
with multiple affiliations differs strongly between coun-
tries and the time period considered.'® The left-hand
panels in Figures 3 and 4 show this share for all 40 coun-
tries during the respective time periods. Color shades
indicate the share of authors with multiple affiliations in
all authors in each country in the same period. Compar-
ing the two we can see that the overall importance of
international co-affiliations decreases over time. In the
1996-1999 period the share of authors with an interna-
tional co-affiliation in all authors with multiple affilia-
tions ranges between 18% for the United States and 75%
for Romania. In the 2016-2019, the shares range between
7% in Argentina and 40% in Austria, while the overall
proportion of multiple affiliations increased. Indeed, the
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multiple affiliations. (b) Author-article observations with single affiliations. See Table A5 for precise numbers for both panels [Color figure
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country-level correlation between the share of authors
with multiple affiliations and the share of authors with
an international co-affiliation is p = —0.295 (1996-1999:

p = —0.380), indicating that in countries where multiple
affiliations are more frequent, these mainly occur
domestically.
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Figures 3 and 4 moreover illustrate the importance of
a small number of host countries, depicted in the right-
hand panels. For the majority of countries the most
important host of a co-affiliation is the United States. Fre-
quent countries among the two most important ones are
China, United Kingdom and Germany. China is also the
most important host for international affiliations of
United States-based researchers. In some instances the
most important host is a neighboring country, for exam-
ple, the Netherlands for Belgium or Spain for Portugal

(right part of Figure 4). Comparing the 2016-2019 period
to the 1996-1999 period reveals a broadened set of host
countries as China and several European countries
became more prominent. Moreover, we see an overall
decrease in the concentration in top partner countries:
The United States and the United Kingdom remain very
prominent, but several European countries, such as Ger-
many and Spain, and particularly China emerge amongst
the top 2 hosts of international affiliations in more recent
years.

Share of multiple aff. authors w/ co-affiliation abroad Top 2 co-affiliation host countries

Argentina
Australia
Austria
Belgium
Canada

I 20%
I 31%

I 41%
I 46%

I 29%

United States
United Kingdom
Germany

Sweden
France
Japan
Canada
Finland
Spain

Chile o 46%
China o 33%

Czechia M 42%

Denmark s 35%

Estonia M 50%

Finland s 29%

France M 33%

Germany IE— 43%

Greece mmmmmmmmmm 28%

Hungary s 49% 25
Ireland P 55%
|srael I 27%

ltaly mo—— 21%
Japan mmmmmm 19%

Lithuania s 46%

Mexico M 36%
Netherlands Te— 34% 10
New Zealand s 49%

Norway M 26% 5
Poland Mo 49%

Portugal me—— 28% 0
Romania M 75%
Russia Mo 65%

Singapore I 52%
Slovakia S 50%
Slovenia W 34%

South Africa T 43%
South Korea M 27%
Spain I 34%

Sweden I 39%

Switzerland I 60%

Share of authors w/ multiple affiliations
| I |I il I|| [

Taiwan

Turkey

United Kingdom
United States

I 19%
I 26%

I 35%

I 18%

o
X

50% 100% 150%

FIGURE 3 International co-affiliations by country (1996-1999 averages). The figure depicts the shares of authors with international co-

affiliations in all author-article observations with multiple affiliations (left) and the two most common host countries for these affiliations
(right) for the 1996-1999 period. Reading example: Argentina has a relatively medium share of authors with multiple affiliations, of which
20% hold their second affiliation outside Argentina. In about 40% of cases the second affiliation is in the United States, in a further approx.
10% it is in Spain [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 4 International co-affiliation by country (2016-2019 averages). The figure depicts the shares of authors with international co-
affiliations in all author-article observations with multiple affiliations (left) and the two most common host countries for these affiliations
(right) for the 2016-2019 period. Reading example: Argentina has a relatively high share of authors with multiple affiliations, of which 7%
hold their second affiliation outside Argentina. In about 35% of cases, the second affiliation is in the United States, in a further approx. 20% it

is in Spain [Color figure can be viewed at wileyonlinelibrary.com]

There are also groups of countries that tend to main-
tain higher levels of international co-affiliation among
themselves rather than with others. Figure 5 reveals such
communities according to the Leiden algorithm (Traag,
Waltman, & van Eck, 2019) based on host linkages when
the link represents at least 10% of country authors with

an international co-affiliation.

While almost all countries are linked to the United
States, there are countries additionally (or more impor-
tantly) linked to one common country. For example,

Argentina, Chile, Mexico and Portugal are additionally
linked to Spain. Sweden and France emerge as centers of
small communities, while Germany is the center of a
larger central European community. Interestingly China
and the United States are closely interlinked as part of a
largely Pacific community. While all these communities
share clear geographic or language linkages, a more
diverse community emerges with the United Kingdom at
its center, comprising Greece, Ireland, Italy, Slovenia,
and South Africa. Here we may observe the result of


http://wileyonlinelibrary.com

LA JASIST

HOTTENROTT ET AL.

longer-term brain drain to the United Kingdom (Van Der
Wende, 2015).

Figure 5 also hints at a core-periphery structure in the
network, where few countries are common destinations
for international co-affiliations. This is further apparent
from Figures A3 and A4 which depict the information

Poland

Ireland

Slovenia

FIGURE 5

from Figures 3 and 4 in a network perspective, corrobo-
rating the central position of especially the United States,
China, the United Kingdom and Germany in the 2016-
2019 period. Other community centers, such as France
and the Netherlands are rather peripheral in such a
network.

Czechia
\ : /’

Leiden communities of countries based on international co-affiliation (2016-2019 averages). The figure depicts communities

of countries based on international co-affiliations of authors from a source (home) country. A source node is connected to another if a share
not less than 10% of authors with international co-affiliation from the source hold their co-affiliation in the other country. Node colors
indicate joint community based on the Leiden algorithm. Link width is proportional to the share of authors linked with the target country.
Graph analysis conducted with code provided by Hagberg et al. (2008) and Rossetti, Milli, and Cazabet (2019) [Color figure can be viewed at

wileyonlinelibrary.com]|
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3.3 | The role of excellence initiatives

The relatively sudden rise in the prevalence of multiple
affiliations in the 2000s and the observed country differ-
ences may be related to reforms in the allocation of
research funding that several countries have experienced
during that period (RQ3).

We collected information on ExIns from Froumin
and Lisyutkin (2015) and Geuna and Piolatto (2016).
Some countries introduced several initiatives during the
period of our study. For the purpose of our analysis we

| JASIST BUJIEER

focus on the first introduction and only consider initia-
tives that involved substantial financial resources, that is,
more than US$1 million. We identified 17 countries that
introduced ExIns between 2002 and 2018. Figure 1c/d
above showed that before 2002 most countries had seen
constant (or even slightly declining) shares of authors
with multiple affiliations. Looking at Figure 6, which
shows the trend in the share of multiple affiliations for
countries that did not introduce ExIns (control group)
and those that did (ExIn), we can indeed see how closely
the trends correspond in those early years. The share of

(a)
30 | —— Control group
~ China (2002)
S | Russia (2005) e
= 25| ---- France (2008) - .\\.\
5 Germany (2006) s S
= -7
S 20 ot e
s LT e
= s A e
= A
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E 15 )
; /'/./ "‘...‘..- /J‘—’-—f—/—
1) /." ‘‘‘‘‘ —
5 e
£ 10 "“". H/
R e s
5 ——— ;_Wa_.h“_ ‘/ ........ .
R | T T
5 Pl e e
%]
0
(b)
—— Control group I
§ E ExIn countries o=
£
(2}
S 12
-
=
S 10
()]
a
=
= 8
£
=
2 6
o
S
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S 4
o
2
n 2
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1996 2000 2004 2008 2012 2016 2019
FIGURE 6 Share of authors with multiple affiliations averaged over countries by year. The figure shows the share of authors with

multiple affiliations accounting for countries' differing share in fields, 5.,. Shaded area indicates 95% confidence interval. Plot uses
111,038,114 author-field-country-year observations. See Tables A8 and A9 for precise values [Color figure can be viewed at

wileyonlinelibrary.com]
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multiple affiliations started to increase in the early 2000s
in countries with and without ExIns (see also Figure A5),
though this increase appears stronger for the ExIn group.
Figure 6a reports trends for selected ExIn countries and
indicates some heterogeneity amongst these, with Ger-
many staying close to the control group, while the Russia
experiences an increase some years after the first ExIn.

The question arises whether the increase in multiple
affiliations we can observe descriptively is indeed signifi-
cantly stronger after the introduction of ExIns. To investi-
gate this, we conduct difference-in-differences (DiD)
analyses. In particular, we compare the likelihood that
an author located in a country that introduced some kind
of reform has multiple affiliations to the likelihood in a
pool of authors located in control countries that did not
significantly change their science funding structures. The
DiD is the difference in this comparison before and after
the year the reform came into effect.

We perform separate regressions at the author-article
level for each ExIn country, as ExIns were introduced at
different points in time. We hold the control group of
countries constant,'! that is, we compare each ExIn coun-
try to the same set of control countries which corre-
sponds to the control group in Figure 6. We estimate
linear probability models (LPM) for the likelihood that
an author has more than one affiliation listed on an arti-
cle, and include the number of co-authors, and the time-
varying SJR indicator as control variables. We also
include journal, country, and year fixed effects.

Table 3 shows the results from the different country
DiD models, reporting the year of the respective ExIns in
the top row. Note that the unit of observation is article-
author combination to account for the possibility of inter-
national co-authorship (i.e., an article to be assigned to
more than one country) and multiple affiliations of sev-
eral co-authors on an article. When interpreting the
results, we need to note that there are likely announce-
ment effects at play, which may result in behavioral
changes prior the formal starting point of the reforms.
Since the duration of the post-reform period is naturally
longer for countries that introduced reforms earlier, we
estimate models for the maximum post period (Table 3,
and for a fixed window of one decade for those countries
that implemented reforms prior to 2008 (Table 4).

Our analysis reveals a significant increase in multiple
affiliations after the introduction of funding reforms in
most of the 17 ExIn cases, where the results (for the full
time window) show a positive and significant DiD (ExIn
X Post-ExIn). The DiD estimates are largest in the case of
France and Norway with an increase in the likelihood to
have an author with multiple affiliations that is 11 per-
centage points higher than in the control group. Russia
shows a higher likelihood of 9 percentage points
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compared to the control group. Australia, Singapore, Tai-
wan and Spain show also significantly higher likelihoods
in the occurrence of co-affiliated authors. Smaller differ-
ences can be found in Canada, China, Denmark, Israel,
and Germany with around two to three percentage points
higher increases than the control group. Comparing these
results to those with a fixed time window (Table 4) shows
that for Japan, the effect is larger in the short-run than in
the long-run (where it is insignificant) unlike in other
countries where multiple affiliations continue to increase.
For the United Kingdom and Italy that have both under-
taken similar research assessments of universities in 2008
(Geuna & Piolatto, 2016), we do find a positive, but not
statistically significant increase in the likelihood to see
authors with multiple affiliations. This suggests that
selective funding mechanisms and not research evalua-
tion systems as such may be associated with multiple
affiliations. We also do not find indications for treatment
effects for South Korea. A negative DiD can be observed
for Poland that—as the only ExIn country—sees signifi-
cantly fewer authors with multiple affiliations after the
implementation of ExIns. The control variables show that
the number of authors on an article is negatively associ-
ated with the likelihood of seeing an author with multi-
ple affiliations indicating that co-affiliations may also
serve as a substitute for co-authorship.

4 | CONCLUSIONS

This paper analyzed affiliation information on published
articles in 40 countries and 26 scientific fields over a
24 year period. We set out to answer three research ques-
tions: (RQ1) how multiple affiliations evolved over time
in different countries and fields, (RQ2) whether these
changes are corresponding to within or across sectors,
and to domestic or international co-affiliations, and
(RQ3) how they are impacted by ExIns.

Our findings regarding RQ1, reported in Section 3.1,
showed increases in multiple affiliations across countries
and fields. We showed that they are prevalent in all coun-
tries, with substantial increases in multiple affiliations in
France and Russia amongst others, and no increase in the
United States. The increasing prevalence of multiple affilia-
tions suggests that fundamental changes to institutional
conditions and the organization of science are at work. Pre-
vious research discussed changes in the complexity of sci-
ence and increases in team sizes and cross-institutional
collaborations on co-authored papers as its consequence
and important coping mechanisms (Adams, Black,
Clemmons, & Stephan, 2005; Jones, Wuchty, & Uzzi, 2008;
Wuchty, Jones, & Uzzi, 2007). The rise in multiple affilia-
tions may be the reflection of another coping mechanism.

| JASIST RWIEER

In response to RQ2, we documented different types of
multiple affiliation in terms of the involved organizations
and countries, reported in Section 3.2. We found that the
majority of co-affiliations are between academic institu-
tions, who drive the upwards trend. Co-affiliations
between PROs and universities, in particular, have seen
an increase. We further found that international co-
affiliations account for slightly more than a fifth of all
multiple affiliations and, while global network patterns
of these international linkages changed over time, their
relative importance did not increase. This indicates that
the rise in multiple affiliations cannot be explained by a
growth in international co-affiliations alone. Indeed,
countries with higher increases have seen mainly more
domestic co-affiliations.

Domestic science and higher education policies could
be a critical driver behind these changes. To answer RQ3
we therefore investigated the effect of ExIns on multiple
affiliations in difference-in-difference  estimations,
reported in Section 3.3. We show that the increase of
authors with multiple affiliations has been particularly
pronounced in countries that implemented substantial
structural funding reforms over the past two decades.
Examples include China (2002), Norway (2003), Russia
(2005), Germany (2006), Singapore (2008), France (2008)
and Israel (2010) (Butler, 2009; Salmi, 2016;
Schiermeier, 2017). A shift in national research funding
towards a higher concentration of resources and research
output in fewer (elite) places (Hamann, 2018; Schiermeier &
Van Noorden, 2015) may constitute an incentive to affiliate
with multiple institutions. In particular, co-affiliations to
well-endowed institutions could provide a means for indi-
vidual researchers to redress any imbalances in resource
access. Some of the funding allocation mechanisms explic-
itly encourage collaboration between organizations which
may result in authors listing all involved organizations on
their publications as to share the output recognition
between all of these. In addition, reorganization in science
to gain visibility in international rankings has also been
observed, and in the case of France can directly explain the
increase in domestic co-affiliations following funding
reforms (Paradeise, 2018).

While our analysis provides some new insights, there
are other potential mechanisms we need to acknowledge.
International co-affiliations could reflect traces of increased
international mobility (Krieger, 2016; Schiermeier, 2017)
and may provide an important source of productivity-
enhancing “home country linkages” (Baruffaldi &
Landoni, 2012), or make it easier for researchers to stay
connected with previous institutions when internationally
mobile. We find evidence of such traces in the co-affiliation
communities, in particular the community centered around
the United Kingdom. Such co-affiliations are likely
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beneficial for international research networks and knowl-
edge exchange, contributing to brain circulation
(Langa, 2018). Yet, the increase in multiple affiliations is
largely driven by domestic, not international co-affiliations,
and international mobility therefore likely a smaller con-
tributing factor. An increase in international co-affiliations
is generally seen in smaller science systems with perhaps
weaker academic institutions. The United Kingdom and
Switzerland are the two leading science nations with an
above average share of international co-affiliations, which
possibly reflects their status as a destination for foreign
scholars and embeddedness in diaspora networks.

The increase in multiple affiliations may also be
related to the growing importance of bibliometric indica-
tors for research funding distribution more generally
(Geuna, 1997). Institutions may have strong incentives to
affiliate prolific researchers in order to increase their
chances in funding competitions and to improve their
ranking in institutional assessments. We indeed find a
higher share of authors with multiple affiliations on arti-
cles in top journals compared to lower impact journals,
which is indicative of such ranking mechanisms.

In terms of policy implications, blanket condemnation
of multiple affiliations is not a good fix, as researchers and
institutions can benefit. Yet, the increase in multiple affili-
ations also implies that counting publications simply based
on listed affiliations distorts institutional performance
measures and rankings, leading to difficulties in assigning
research efforts and investment to individual universities.
This adds to existing concerns about research metrics cur-
rently used to inform science policy (de Rijcke &
Rushforth, 2015). Multiple affiliations should therefore be
taken into account in any bibliometric evaluations. Just as
we acknowledge the contribution that multiple authors
make to a scientific discovery, we may explicitly acknowl-
edge the contribution of multiple institutions to the scien-
tific work of an author. It may, however, require
consensus about when the listing of an affiliation is justi-
fied based on its contribution.

Multiple affiliations may also reflect (or may be a symp-
tom of) a decline of institutional support for academics,
especially regarding resource constraints in university
based research or the casualization of the academic profes-
sion, which require academics to seek resources and work
roles outside their main institution. These consequences of
resource concentration and stratification in higher educa-
tion need to be considered by science funders.

Our analysis is, however, subject to some limitations.
One limitation arises from heterogeneous standards on
how affiliations are reported on a publication, which may
affect how we assign authors to affiliations, leading to
over- or under-counting of affiliations.

Other limitations arise from some of our assump-
tions. First, we assume that in case of multiple affilia-
tions, the first listed affiliation is the main affiliation of
an author. This might not always be the case, and conse-
quently we may assign the wrong host country. The
assignment of authors to countries also impacts the
regression-based analysis which may result in an under-
estimation of the observed increases in countries with
funding reforms if authors are being assigned to other
countries based on first listing. Second, we assume that
multiple affiliations on publications are co-occurring,
when instead they may represent author mobility, with
authors listing both their old and new employer to rec-
ognize the contribution of both. These limitations are
inherent in bibliometric data and multiple affiliations
therefore warrant further investigation using other types
of data.

Finally, while we investigated ExIns as a potential
driver of multiple affiliations, there may be other impor-
tant factors driving these developments. We therefore
encourage more research on this topic.

5 | INSTRUCTIONS FOR THE
REPLICATION OF THE ANALYSIS

The programming code files to replicate the data collec-
tion, all calculations and the data analysis are available at
https://github.com/Michael-E-Rose/The-Rise-of-Multiple-
Institutional-Affiliations. We used the Python packages
pybliometrics to retrieve the data (Rose & Kitchin, 2019),
pandas to manipulate the data (McKinney, 2010),
seaborn for visualization (Waskom et al., 2020), and
NetworkX for network analysis (Hagberg et al., 2008).
Note that replication requires subscription to Scopus. If
random sampling was applied, the seed was always
equal to zero.
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2 See blog.scopus.com.

3 We use only research articles, reviews, notes, conference pro-
ceedings, in-press articles or short articles, as classified by
Scopus.

4 We obtain the scores from https://www.scimagojr.com/ as of
January 2019.

> The data was downloaded between March 2020 and September
2020.

© Affiliations are missing in the Scopus database when, for exam-
ple, affiliation information is too hard to parse automatically.

7 When generating author profiles, the Scopus algorithm is con-
servative and prefers “split profiles” over “merge profiles”
(Moed, Aisati, & Plume, 2013), that is, it rather casts too many
profiles for the same researcher than lumping publications of
many different researchers into one profile. Accordingly, Baas,
Schotten, Plume, C6té, and Karimi (2020) estimate the precision
of Scopus author profiles (the absence of documents that belong
to someone else) equal to 98.1% and recall (the absence of docu-
ments that belong to this author) equal to 94.4%. Precision and
recall do however correlate with origin of authors. This is likely
the reason behind the high share of Chinese authors (read:
author profiles) in our samples (Table Al). To check for any bias
introduced by this, we compare figures for the full sample to a
subsample excluding China and see only very minor differences.
To illustrate this, Figure A6 plots the share of authors with mul-
tiple affiliations by field, excluding China. The difference to
Figure A2 that shows the share of authors with multiple affilia-
tions by field for the full sample is minimal.

3

Appendix B details two refinements to the affiliation informa-
tion aimed at avoiding to falsely classifying an additional
address as affiliation information.

° A random examination of 100 affiliation profiles with unknown

type suggests the following distribution: university and colleges:
40%, companies: 20%, hospitals: 12%, governmental organiza-
tions: 9%, NGOs: 4%, unclassified: 11%.

10 The share of international co-affiliations also differs by field. See
Table A7. The shares are highest in Economics (55.2% on average
over all years), Business (51.5%) and Decision Sciences (48.3%),
and lowest in Nursing (19.9% and Health (24.2%).

"' Countries in the control group are Austria, Belgium, Chile,
Czechia, Estonia, Finland, Greece, Hungary, Ireland, Lithuania,
Mexico, The Netherlands, New Zealand, Portugal, Romania, Slo-
vakia, Slovenia, South Africa, Sweden, Switzerland, Turkey and
the United States of America.
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