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1 | INTRODUCTION
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Abstract

Ensuring Wikipedia cites scholarly publications based on quality and relevancy
without biases is critical to credible and fair knowledge dissemination. We inves-
tigate gender- and country-based biases in Wikipedia citation practices using
linked data from the Web of Science and a Wikipedia citation dataset. Using
coarsened exact matching, we show that publications by women are cited less
by Wikipedia than expected, and publications by women are less likely to be
cited than those by men. Scholarly publications by authors affiliated with non-
Anglosphere countries are also disadvantaged in getting cited by Wikipedia,
compared with those by authors affiliated with Anglosphere countries. The level
of gender- or country-based inequalities varies by research field, and the gender-
country intersectional bias is prominent in math-intensive STEM fields. To
ensure the credibility and equality of knowledge presentation, Wikipedia should
consider strategies and guidelines to cite scholarly publications independent of
the gender and country of authors.

comprehensiveness, accessibility, readability, and currency
(Eijkman, 2010; Mesgari et al., 2015; Okoli et al., 2014;

Wikipedia may be the largest and most accessible knowl-
edge source in the contemporary world (Mesgari
et al., 2015). Between 2019 and 2021, English Wikipedia,
the largest Wikipedia edition, had 40,000 active page edi-
tors and 9.5 billion page views from 844 million distinct
devices per month (Wikimedia Foundation, 2022). Wiki-
pedia users, including students, educators, researchers,
professionals, and the general public, often deem Wiki-
pedia a credible knowledge source, given @ its

Abbreviations: BHS, Biomedical and Health Sciences; CEM, coarsened
exact matching; CWTS, Center for Science and Technology Studies at
Leiden University; DOI, digital object identifier; LES, Life and Earth
Sciences; MCS, Mathematics and Computer Science; OA, open access;
PSE, Physical Sciences and Engineering; SSH, Social Sciences and
Humanities; WoS, Web of Science.

Thelwall & Kousha, 2016). Popular search engines retrieve
information from Wikipedia as authoritative answers to
search queries and use Wikipedia as a knowledge base
(Ford et al., 2015). Wikipedia has also become a primary
online source for health and legal information for the pub-
lic (Laurent & Vickers, 2009; Okoli et al., 2014). Usage
of Wikipedia in scholarly research (Tomaszewski &
MacDonald, 2016), K-12 education (Hew & Cheung, 2009),
and patenting (Orduna-Malea et al., 2017) is rising. Thus,
Wikipedia is widely seen as an authoritative platform for
knowledge and facts, which has significant power in repre-
senting and disseminating knowledge to the public and
professional communities.

Wikipedia's “authoritativeness” is primarily built
upon its performative behavior of citing credible sources
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(Ford et al., 2015; Priem, 2014), including scholarly publi-
cations. Scholarly publications are estimated to account
for about 8.3% of all references cited by Wikipedia (Singh
et al., 2021). Thanks to the contemporary peer review sys-
tem, scholarly publications have become one predomi-
nant way to present and disseminate research discoveries
with high credibility, reliability, authority, and public
trust (Kelly et al., 2014). Wikipedia citations to scholarly
publications partially form the foundation of Wikipedia's
content. With its worldwide social impact and broad
audience, Wikipedia also acts as a platform for communi-
cating and dispersing scientific discoveries from acade-
mia to the public domain (Jemielniak & Aibar, 2016). It
facilitates the spread of scientific discoveries by distilling
the research findings, which are often oriented towards
the research community and published in subscription-
based journals, and amplifies their public values
(Teplitskiy et al., 2017). Wikipedia thus acts as a filter
and decides what scientific knowledge to display to its
users. Therefore, Wikipedia editors, who usually choose
what scholarly publications to cite in Wikipedia entries,
become “janitors of knowledge” (Sundin, 2011), who con-
trol the dissemination of scientific discoveries and
authoritative knowledge to various stakeholders.
Scientists have started to recognize the importance of
having their research cited on Wikipedia. For scholarly pub-
lications, being cited by Wikipedia acknowledges the
authors' work that adds to their symbolic capital (Shuai
et al., 2013). Wikipedia citation is suggested as an alternative
metric (Altmetrics) to complement academic citations, which
is criticized (among others) for neglecting the social impact
of research outside academia (Priem, 2014; Priem
et al., 2010). There is also evidence that academic citations
and Wikipedia citations to scholarly publications are posi-
tively correlated (Heydari et al., 2019; Shuai et al., 2013). Fur-
thermore, under the increasing pressure to show the impact
of funded research, scientists and funders are keen to know
whether Wikipedia cites their research (Reich, 2011). There-
fore, there is a demonstrated role of Wikipedia citations to
scholarly publications in the science ecosystem. Ensuring
Wikipedia cites scholarly publications based on quality and
relevancy but not extrinsic factors such as social demo-
graphics is critical to the impartiality of knowledge dissemi-
nation and the fair recognition of contributions by scholars.
Nonetheless, concerns over Wikipedia's reliability and
accuracy were raised due to its citation practices
(Halavais & Lackaff, 2008; Mesgari et al., 2015;
Thelwall & Kousha, 2016). Under Wikipedia's policies of
“verifiability, not truth” and no original research presen-
tation (Wikipedia, 2022b), Wikipedia editors may arbi-
trarily select sources with exemptions from the truth-
checking responsibility. As Ford et al. (2015) described,
Wikipedia editors are “active co-creators of knowledge”

rather than “passive collectors of knowledge held in
sources” because they support facts using “specially cho-
sen sources.” In reality, Wikipedia editors may have inad-
equate professional training to distinguish valuable
research: two surveys in 2010 (Glott et al., 2010) and 2011
(Wikimedia Foundation, 2011) showed that only 4.43 and
8% of Wikipedia editors completed doctoral education,
respectively. When faced with the uncertainty of distin-
guishing sound scholarly publications, editors may lever-
age other features to help make decisions (Murray
et al., 2019). Studies suggested that certain groups of
scholarly publications are more likely to be cited by Wiki-
pedia: Wikipedia prefers studies published in highly pres-
tigious journals (Arroyo-Machado et al., 2020; Benjakob
et al., 2022; MacHado et al., 2020; Nielsen, 2007). Publica-
tions in specific fields, for example, biomedical fields, are
more cited than those in other fields (Arroyo-Machado
et al., 2020; Teplitskiy et al., 2017). A publication’s open
access (OA) status also increases its likelihood of being
cited by Wikipedia (Benjakob et al., 2022; Teplitskiy
et al., 2017). Wikipedia entries may have an inflated focus
on recent events and tend to cite recent resources
(Jemielniak et al., 2019; Sundin, 2011; Wikipedia, 2022a).

Despite the revelation from prior research, scarce
research focused on the likely gender- or country-based
biases of citation practices in Wikipedia. This topic is sig-
nificant as the gender- and country-based disparities are
stark in global academia. While there are slightly contra-
dictory conclusions regarding women's disadvantage in
academic citations (Lariviere et al., 2013; Thelwall, 2020),
recent research agrees that men appear more often as first
authors in highly cited publications than women
(Thelwall, 2020; Zhang et al., 2021). Publications from
highly developed countries are also found to be cited more
often (Sugimoto et al., 2015). If Wikipedia holds gender or
country biases when citing scholarly publications, it may
aggravate the existing disparities in global academia, mar-
ginalize minority researchers in knowledge dissemination,
and distort the representation of knowledge to human
beings. Unfortunately, gender and country biases in Wiki-
pedia’s coverage and content have been revealed. Demo-
graphic studies showed over 80% of Wikipedia editors are
men (Glott et al, 2010; Hill & Shaw, 2013; Lam
et al., 2011; Wikimedia Foundation, 2011). A significant
number of editors across language versions speak English
(Wikimedia Foundation, 2011). As the largest edition,
English Wikipedia editors are more likely to be White and
live in the United States and the United Kingdom
(Wagner et al., 2016). A study shows that 56 and 13% of
English Wikipedia's sources are from the United States
and the United Kingdom (Ford et al., 2013). Consequently,
Wikipedia is criticized for its “masculine culture” (Ford &
Wajcman, 2017) and “geek culture” (Reagle, 2013), which
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alienates women and expands gender disparities in Wiki-
pedia. Wikipedia is suggested to reflect the Anglo cultures
more than other cultures (Callahan & Herring, 2011). This
can further exacerbate the disparity between countries
with strong editing cultures and those on the peripheries
that fail to reach critical masses (Graham et al., 2014).

This study aims to investigate gender and country
biases in Wikipedia citation practices. The gender bias in
this study is defined as the gap between the proportion of
women-authored publications cited in Wikipedia (Wiki-
cite group) and the proportion of available women-
authored publications in the broader publication data-
base (control group) when the two groups are homoge-
neous regarding other known characteristics. Likewise,
country bias is defined as the gap between the proportion
of publications by authors from certain countries in the
Wiki-cite group and the proportion of available publica-
tions by authors from that country in the control group.
Given English's standing as a global language and
English Wikipedia's overwhelming popularity (Graham
et al.,, 2014), this study uses English Wikipedia as an
example. Accordingly, we dichotomized countries of affil-
iations into two groups by language and culture: Anglo-
sphere and non-Anglosphere. We include the
United States, the United Kingdom, Canada, Australia,
and New Zealand in the Anglosphere countries. The con-
cept of the Anglosphere historically has racial and impe-
rialist roots but now emphasizes more the cultural
homogeneity and collective identity shared by the com-
munity of English-speaking countries (Malcolm, 2021).
These five countries are consistently admitted as the core
of that community with strong historical, political, eco-
nomic, and cultural ties (Vucetic, 2011) and share similar
cultures, values, and ideologies (Legrand, 2016). Non-
Anglosphere countries include other countries in the
world. Using coarsened exact matching (CEM) (Iacus
et al., 2012), this study investigates the biases by research
field: Biomedical and Health Sciences (BHS), Life and
Earth Sciences (LES), Physical Sciences and Engineering
(PSE), Mathematics and Computer Science (MCS), and
Social Sciences and Humanities (SSH). As intersectional
inequalities are indicated to exist in science widely
(Kozlowski et al., 2022), this study also explores the inter-
sectional impact of gender and country to understand
such disparities in Wikipedia citations.

2 | MATERIALS AND METHODS
2.1 | Data

This study mainly relies on two data sources: citations by
English Wikipedia pages by Singh et al. (2020) and the
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Web of Science (WoS). The Wiki-cite dataset contains
about 1.2 million distinct digital object identifiers (DOI)
for scholarly publications cited by 6.1 million English
Wikipedia entries as of May 2020. We then matched
Wiki-cite with WoS and were able to find 746,046 records
overlapped by the two sources. We further filtered these
publications by document type, keeping publications
labeled as articles, reviews, or proceeding papers by WoS.
We also excluded non-English publications, given the
scope of the study being limited to English
Wikipedia only.

Additionally, we adopted the publication classification
system by the 2021 Center for Science and Technology
Studies at Leiden University (CWTS), which categorizes
each publication into a fine-grained microlevel field and
its associated broad main field (Centre for Science and
Technology Studies, 2022). The classification system clus-
ters publications in WoS into 4,139 microlevel fields based
on publication-level citation relationships (Waltman &
van Eck, 2012). The microlevel fields are further aggre-
gated into the five broad main fields used in our analysis.
It is noted that we limited our analyses to publications
published between 2005 and 2020, during which the
CWTS microlevel field classification has the most compre-
hensive coverage. The process kept 383,474 publications
cited by English Wikipedia.

2.2 | Methods
221 | Control group construction
using CEM

To understand the potential citation bias by Wikipedia,
using CEM, we created a control group consisting of
scholarly publications that were not cited by Wikipedia
but shared a list of features with those cited, that is, the
Wiki-cite group (see Appendix). Like the Wiki-cite group,
the control group also derives from the pool of publica-
tions labeled as articles, reviews, and proceeding papers
by WoS and using English as the document language.
The shared features include publication year, publication
venue, publication topic, team size, and open access (OA)
status. Specifically, for each publication in the Wiki-cite
group, we found their uncited pairs that are published
during the same period in the same venue, within the
same topical area, by an author team of similar size, and
of the same OA status.

We selected uncited publications that were published
in the same venue as the Wikipedia-cited ones for the
control group, assuming publications in the same venue
are of similar quality, readability, and disciplinary scope.
Acknowledging publications in the same venue may vary
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significantly in terms of topics of research, we further
used the microlevel field classification by CWTS
(Waltman & van Eck, 2012) as a fine-grained topic con-
trol for publications. With this strategy, only uncited pub-
lications under the same microlevel field as those cited
by Wikipedia were included in the control group. Fur-
thermore, as time accumulation and team sizes are
shown to be related to a publication’s impact, popularity,
and novelty (Huang et al., 2019; Lariviere et al., 2015; Lee
et al., 2015), and the OA status of publications matters
for their accessibility and visibility to the readers
(Teplitskiy et al., 2017), we also controlled publication
year, team size, and OA status in matching. Because we
are interested in understanding Wikipedia citation bias
based on authors' gender and country of affiliation, build-
ing a control group based on the criteria mentioned
above allows us to rule out the potential effect of these
criteria on Wikipedia's citation practices.

222 | Gender and country classification

The gender category of authors in the Wiki-cite group
and control group was assigned using the method
designed by Lariviére et al. (2013), which was built based
on the United States census data and some country-
specific gender-name lists. The country category of publi-
cations was decided based on the country of author affili-
ation information provided by WoS. During the process,
we excluded publications that only list initials for the first
name of authors (16.9% of total) and lack information for
author affiliations (1.1% of total), to which our classifica-
tion approach cannot be applied. We successfully
assigned gender and country classification to the key
(first and last) authors of 89.0% of publications in the
Wiki-cite group and control group, a similar percentage
to Lariviere et al. (2013). The above matching and classi-
fication processes create a collection of 198,344 publica-
tions in the Wiki-cite group and 1,900,708 publications in
the control group with classifications. To examine poten-
tial skewness towards certain groups in our sample, we
compared the distribution of publications in the Wiki-cite
group and the group with gender and country classifica-
tion (see Table S1, Supporting Information). The chi-
square tests showed no significant differences in any
group.

2.2.3 | Statistical analysis

We used the relative difference to measure the distance
between the percentage of scholarly publications by a
social group (e.g., gender) in the Wiki-cite group and the

TABLE 1 Authorship composition of the analytical sample
Wiki-cite group Control group
# % # %
Single-authored 21,798 11 174,819 9
Multi-authored 176,546 89 1,725,889 91
Total 198,344 100 1,900,708 100

control group (see Appendix). We also performed
weighted binary logistic regression (using CEM weights)
to estimate the statistical significance of the role by gen-
der or country (Blackwell et al., 2009) in the likelihood of
a publication being cited in Wikipedia. Specifically, we
used the Wikipedia citation status of each publication as
the outcome variable and the gender (or country) classifi-
cation as the independent variable while controlling for
all the coarsened variables.

3 | RESULTS

3.1 | Gender-based biases

We split publications by the number of authors in their
bylines into two subsets: single-authored publications
and multi-authored publications (see Table 1). The gen-
der classification of single-authored publications was
decided based on the gender category of the author. For
multi-authored publications, we considered both the first
and last authors of each publication as key authors, who
are generally the dominant contributors to scholarly pub-
lications (Ni et al., 2021). Therefore, the gender groups of
multi-authored publications include women (both key
authors are women), men (both key authors are men),
and mix-gender (two key authors are of different gender
categories). The country groups of multi-authored publi-
cations include Anglosphere (both key authors are affili-
ated with Anglosphere countries), non-Anglosphere
(both key authors are affiliated with non-Anglosphere
countries), and mix-sphere (two key authors are affiliated
with different country groups).

3.1.1 | Single-authored publications

We first compared the difference between the percentage
of publications by women and men in the Wiki-cite
group and that percentage in the control group. The per-
centage of publications by women in the Wiki-cite group
is lower than that in the control group in every field (fall-
ing into the gray area below the diagonal) (see Figure la
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FIGURE 1 Gender-level comparison of single-authored publications. Percentages in the Wiki-cite and control group and relative

differences of women authors (circle) and men authors (square) by main field in (a) the overall sample, (b) non-Anglosphere subgroup, and
(c) Anglosphere subgroup. (d) Relative differences for the women and men subset. AS, Anglosphere; NAS, non-Anglosphere; rd, relative

difference

and Table S2); the relative difference ranges from —31.7%
(PSE) to —4.8% (SSH) (see Figure 1d). In contrast, the
percentage of publications by men in the Wiki-cite group
is higher than that in the control group in every field
(falling into the white area above the diagonal), with

relative differences ranging from 1.9% (LES) to 5.3%
(PSE). The logistic regression analysis (see Figure 2a and
Table S3) shows that publications by women are signifi-
cantly less likely to be cited by Wikipedia than those by
men in PSE, MCS, and SSH.
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Aggregated by the country of author affiliation,
Wikipedia citations to publications by women and men
display different degrees of skewness. In both non-
Anglosphere and Anglosphere subgroups, the percentages
of publications by women are lower than expected (see
Figure 1b,c). The relative differences for publications by
women and men, however, are both larger in non-
Anglosphere countries than in Anglosphere countries in
most fields, especially PSE and MCS. The logistic regression
analysis (see Figure 2a) suggests that in non-Anglosphere
countries, publications by women are significantly less likely
to be cited by Wikipedia than those by men in PSE, MCS,
and SSH fields. In Anglosphere countries, however, we find
no significant association between a publication's chance of
being cited by Wikipedia and the gender of its author across
all fields.

3.1.2 | Multi-author publications

For multi-author publications in the women subset (both
key authors are women), the percentages of publications
in the Wiki-cite group are lower than those in the control
group in every field (see Figure 3a and Table S4), indicat-
ing women are cited less than expected in these fields.
This trend also holds for those in the mix-gender subset
(key authors are of opposite genders). Across fields, the
relative differences in the women subgroup range from
—15.8% (PSE) to —5.7% (SSH), and mix-gender subgroup
from —13.3% (MCS) to —2.1% (SSH) (see Figure 3e). The
percentages of publications in the men subgroup (both

FIGURE 2
regression analysis on getting cited and
gender after CEM. The CEM was
conducted by matching author’s country

Weighted logistic

of affiliation, publication venue
—e— women/men P ’

—+— mix-gender/men microlevel field, OA status, number of

authors, and publication year. Men
served as the reference group.
Statistically significant negative odds
ratios are in red color. ***p < .001,

**p < .01, *p < .05. (a) Results of the
single-author publications. Models

All control publication years. (b) Results of
'0****** the multi-author publications. Models

& i control publication years and number of

o authors

@ KKk
& Fxx

- kK
@ kxx

@ Frk

& xRk
0.5 1.0 1.5

key authors are men) in the Wiki-cite group are higher
than that in the control group in every field, with relative
differences ranging from 4.1% (PSE) to 8.2% (MCS). The
logistic regression analysis (see Figure 2b and Table S3)
shows that publications by women are significantly less
likely to be cited by Wikipedia than those by men across
all fields. Publications in the mix-gender subgroup are
also less likely to be cited than those by men across all
fields.

Aggregated by the country of author affiliation
(Anglosphere, non-Anglosphere, and mix-sphere), the
publications by gender groups display different degrees of
skewness. In the non-Anglosphere and mix-sphere sub-
groups, the percentages of publications by women in the
Wiki-cite group are lower than that in the control group
across all the five fields (see Figure 3b,d). Nonetheless, in
the Anglosphere subgroup, the percentage of publications
by women in the Wiki-cite group is higher than that in
the control group in PSE and MCS. In the women subset,
the relative differences are more prominent in non-
Anglosphere and mix-sphere countries than in Anglo-
sphere countries in most fields, particularly PSE and
MCS. In the men subset, the relative differences are also
more significant in non-Anglosphere and mix-sphere
countries than in Anglosphere countries (see Figure 3e).
The logistic regression analysis (see Figure 2b) suggests
that in the non-Anglosphere subgroup, publications by
women and mix-gender subgroups are significantly less
likely to be cited by Wikipedia than those by men across
all fields. In the Anglosphere subgroup, this is the case
only in BHS, LES, and SSH: No evidence shows that in
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Anglosphere subgroup, (c) Anglosphere subgroup, and (d) mix-sphere subgroup. (e) Relative differences of women, men, and mix-gender

subgroups. AS, Anglosphere; NAS, non-Anglosphere; rd, relative difference

the Anglosphere subgroup, publications by women in
PSE and MCS and publications by mix-gender authors in
PSE are less likely to be cited by Wikipedia than those
by men.

3.2 | Country-based biases

3.2.1 | Single-author publications

The percentage of publications by non-Anglosphere
authors in the Wiki-cite group is lower than that in the

control group in every field (see Figure 4a and Table S5);
the relative differences range from —16.4% (MCS) to —9.3%
(LES) (see Figure 4d). In contrast, the percentage of publi-
cations by Anglosphere authors in the Wiki-cite group is
higher than that in the control group in every field, with
relative differences ranging from 4.1% (SSH) to 19.1%
(PSE). The logistic regression analysis (see Figure 5a and
Table S6) shows that publications by non-Anglosphere
authors are significantly less likely to be cited by Wikipedia
than those by Anglosphere authors across all fields.

We further split publications based on author gender:
women and men subgroups. The two subgroups are
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similar in terms of the degree of country-based skewness
in getting cited by Wikipedia. In both subgroups, the per-
centages of publications by non-Anglosphere authors in
the Wiki-cite group are lower than that in the control

group in every field (see Figure 4b,c). The relative differ-
ences in the women subgroup are close to those in the
men subgroup in all fields except MCS (see Figure 4d).
The logistic regression analysis suggests that in the
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women subgroup, Wikipedia's preference for Anglo-
sphere authors over non-Anglosphere authors is signifi-
cant in LES and SSH. In the men subgroup, the
publications by non-Anglosphere authors are signifi-
cantly less likely to be cited by Wikipedia than those by
Anglosphere authors across all fields (see Figure 5a).

3.2.2 | Multi-author publications
The percentages of publications by non-Anglosphere
authors in the Wiki-cite group are lower than those in
the control group in every field (see Figure 6a and
Table S7), with relative differences ranging from —17.3%
(SSH) to —9% (LES) (see Figure 6e). In contrast, the per-
centages of publications by Anglosphere authors and by
mix-sphere authors in the Wiki-cite group are both
higher than those in the control group in every field.
Anglosphere authors' relative differences range from 8%
(BHS) to 24% (PSE), and mix-sphere authors' 0.5% (SSH)
to 17.9% (MCS). The logistic regression analysis (see
Figure 5b and Table S6) shows that publications by non-
Anglosphere authors are significantly less likely to be
cited by Wikipedia than those by Anglosphere authors
across all fields. Publications by mix-sphere authors are
significantly less likely to be cited by Wikipedia than
those by Anglosphere authors in PSE and SSH and are
more likely to be cited in BHS.

Aggregated by gender into women, men, and mix-
gender subgroups, publications by country group display
different degrees of skewness in getting cited by

Wikipedia. The percentage of publications by non-
Anglosphere authors in the Wiki-cite group is lower than
that in the control group in every field. The percentages
of publications by Anglosphere and by mix-sphere
authors in the Wiki-cite group are both higher than those
in the control group in most fields. Yet, among publica-
tions in the women subgroup, those by mix-sphere
authors in the Wiki-cite group are larger than those in
the control group only in LES (see Figure 6b,d). The rela-
tive differences for publications by non-Anglosphere,
Anglosphere, and mix-sphere authors are larger in
women subgroups than in other gender subgroups in
most fields, especially PSE and MCS. The logistic regres-
sion analysis (see Figure 5b) suggests that across all sub-
groups and fields, the publications by non-Anglosphere
authors are significantly less likely to be cited by Wikipe-
dia than those by Anglosphere authors. For mix-sphere
authors, however, their publications are significantly less
likely to be cited by Wikipedia than those by Anglosphere
authors only in PSE (for both the women and men sub-
groups) and SSH (for the men subgroup).

4 | DISCUSSION

Given Wikipedia's dominant role in disseminating
knowledge in the public domain, it is critical to ensure
that Wikipedia's representation of knowledge does not
mirror its imbalanced editorial distribution (Glott
et al., 2010; Hill & Shaw, 2013; Lam et al., 2011; Wagner
et al.,, 2016; Wikimedia Foundation, 2011). Yet, our

85UB01 T SUOWIWOD BA1E81D 8 0ot [dde au Ag peusenob a1e sejolie YO ‘8sn JO S9N 1oy Afeiq8UIIUO /8|1 UO (SUOTIPUOD-PUR-SLLIBYWO A8 | 1M Afe.d1jBul{U0//SdNLf) SUONIPUOD pue SWLB | 8U1 89S *[220z/TT/9T] uo AriqiTauluo Ao ‘ABERA IMed 91SI8AIUN AQ £2/12 5e/200T OT/I0P/W0d™A8|imAfe.d juluo’ [pIsse//Sdny woy papeojumoq ‘0 ‘E79TOEES



ZHENG ET AL.

A JASIST

(a) Overall (b) Within women subgroup
Relative difference A Relative difference A
12% 12% * 6% 70 12% 20% 10%
60 15% 18% W 12% 18% 20%
' A 4% o%
Mix-
50 splﬁere 60 Mixe L
o Q sphere
g ‘ ‘ 3 50
o 40 @ 2
£ 2
‘®
< =
£ ‘ £ 30
ES ES
B =
m BHS 20 m BHS
LES LES
10 BN PSE 10 BN PSE
. MCS = MCS
BN SSH B SSH
10 20 30 40 50 60 10 20 30 40 50 60 70
% in control group % in control group
(C) Within men subgroup (d) Within mix-gender subgroup
Relative difference Relative difference
60 10% 10% % 8% A ® % 16% K 8% .
12% /a\ 15% YK 16% A 60 12% 24%*16%
15% 20% 15%
O s Tas Mx ‘ 5ol Nas  as ‘
sphere sphere
g W g L
= 40 =
S C o 40 ®
9 9
= 30 =
3 ® = 30 ‘
£ c
20 = 0
I BHS B BHS
LES LES
10 * BN PSE 10 BN PSE
\;{\(’ B MCs B MCcs
= SSH > == SSH
10 20 30 40 50 60 10 20 30 40 50 60
(e) % in control group % in control group
Women subgroup Men subgroup Mix-gender subgroup All
rd (% Mix- Mix- Mix- Mix-
) Nas as * | NAs A “ | NAS  AS “ | NAS  AS "
sphere sphere sphere sphere
BHS 95 7.5 2.9 -11.2 (L) 14.8 -10 8.3 13.4 -10.5 8 13
LES -8.5 14.9 15.4 -9.5 9.7 13.5 -8.5 10.9 13.4 -9 10.5 13.5
PSE -18.4 -7.6 -15.8 21.6 4.7 -17.5 27.8 20.7 -16.5 24 8.5
MCS -24.8 -14.7 15.8 18.1 -13.2 14.5 22 -14.6 16 17.9
SSH -22.8 -15.3 9.2 0 -17.4 9.3 2.4 -17.3 9.2 0.5
FIGURE 6 Country-level comparison of multi-authored publications. Percentages in the Wiki-cite and control group and relative

differences of non-Anglosphere authors (hexagon), Anglosphere authors (triangle), and mix-sphere authors (star) by main field in (a) the

overall sample, (b) women subgroup, (c) men subgroup, and (d) mix-gender subgroup. (e) Relative differences of NAS, AS, and mix-sphere

authors. AS, Anglosphere; NAS, non-Anglosphere; rd, relative difference

results showed that Wikipedia citations to scholarly pub-
lications reflect its known asymmetries for specific gen-
der and country groups. Wikipedia's preference for citing
scholarly publications by men is prominent. Publications
with women in key authorship positions are significantly
less likely to be cited by Wikipedia than those with men.
This pattern is consistent across most fields, with the
exceptions of BHS and LES when concerning single-
authored publications, which might be related to a more
balanced gender composition in these two fields (Leslie
et al., 2015). While combined with countries of affiliation, we
found that although Wikipedia less favors single-authored

publications by women than those by men in non-
Anglosphere countries, this bias does not necessarily
hold for Anglosphere countries. This indicates an
apparent disadvantage of women scholars in non-
Anglosphere countries for having proper representations
in the world's largest knowledge dissemination platform.
Regarding multi-authored publications, women's disad-
vantage is significant in both non-Anglosphere and Anglo-
sphere groups: Publications with women as key authors
are less likely to get cited by Wikipedia in both Anglo-
sphere and non-Anglosphere countries, except for PSE
and MCS in the Anglosphere subgroup. Our study also
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revealed country biases of Wikipedia citations: non-
Anglosphere authors' publications are less cited by Wiki-
pedia, while Anglosphere authors' publications are more
cited. For multi-authored publications by mix-sphere
authors, their percentage in the Wiki-cite group generally
outstrips that in the control group for the men and mix-
gender subgroups. Publications by mix-sphere authors are
significantly less likely to be cited by Wikipedia than those
by Anglosphere authors in PSE and SSH, suggesting a
potential mitigation effect by having a key author affiliated
with Anglosphere countries.

This study also confirmed the field differences in
the Wikipedia citation biases: The gender gaps between
the Wiki-cite group and the control group in PSE and
MCS are generally larger than in other fields. As math-
intensive STEM fields, PSE and MCS are known to suf-
fer from gender disparities: Women in these fields are
underrepresented, have less productivity and impact
(Huang et al, 2020), and receive fewer awards
(Meho, 2021); their contribution is more likely to be
devalued (Ni et al., 2021). Research partially attributed
these to the fact that women are stigmatized by a ste-
reotyped ability belief that they are less likely to be
gifted with the natural brilliance to succeed in these
fields. This will likely also prevent women's publica-
tions from being acknowledged fairly by others, includ-
ing Wikipedia. BHS, LSE, and SSH do not show equally
large gaps, possibly because women participate and
publish in these fields more (Thelwall & Nevill, 2019)
and feel more sense of belonging and self-efficacy in a
milder masculine culture (Cheryan et al., 2017). More
importantly, our analysis of the intersectional impact of
gender and country further reveals that such a gender
gap in PSE and MCS mainly exists for non-Anglosphere
authors. Even within the subgroup of women authors,
compared with non-Anglosphere or mix-sphere women
authors, women authors from Anglosphere countries
still gain a remarkable advantage in receiving Wikipe-
dia citations. Given Wikipedia's strong global impact on
the public and the professionals, the gender-country
intersectional biases in Wikipedia citations may further
marginalize women authors in non-Anglosphere coun-
tries in the science ecosystem.

Future research may examine the causal mechanisms
of the gender- and country-based biases discovered in this
study. One possible mechanism is Wikipedia editors'
homophily for information source selection. Homophily is
the tendency that people prefer other people, works, or
ideas similar to their own, which has been observed in
other science gatekeeping processes, such as peer review
(Murray et al., 2019). Homophily may explain the found
biases in this study as English Wikipedia editors have been
suggested to be men- and Anglosphere-dominated (see

section 1). Given that the categorization of Anglosphere
and non-Anglosphere countries is based more on cultural
and language ties (Legrand, 2016), it is possible that due to
homophily, publications with key authors being men and
affiliated with Anglosphere countries are more likely to
attract Wikipedia editors who belong to the same social
demographic group. They may favor and prioritize publi-
cations by men and Anglosphere authors who are similar
to them to protect their demographic group's benefits and
social standing (Murray et al., 2019).

The gender and country disparities in the symbolic
capital system may also contribute to the observed biases.
Symbolic capital is the degree of accumulated prestige,
celebrity, consecration, or honor founded on a dialectic of
knowledge and recognition (Thompson, 1991). By this def-
inition, an author's symbolic capital may involve multiple
aspects, such as the prestige of affiliations, career rank,
productivity, scholarly impact, awards, and personal repu-
tation. There is credible evidence that women scientists
are disadvantaged in authorship allocation, citation accu-
mulation, honors and awards, and career development
locally and globally (Kozlowski et al., 2022; Lariviere
et al., 2013; Murray et al., 2019; Ni et al., 2021). These dis-
advantages may restrict women's symbolic capital within
the scientific communities, forming a vicious circle of glass
ceilings and lower performance (Van Den Besselaar &
Sandstrom, 2017) and downplaying women's contributions
and achievements (Matilda effect) (Rossiter, 1993). Further-
more, Anglosphere countries, especially the United States
and the United Kingdom, are top global scientific research
powerhouses and are advantaged in their language, as
English is the dominant language for modern scholarly
communication (Ammon, 2011). Anglosphere countries'
economic, political, and cultural hegemony and the Euro-
centrism worldview still shape global knowledge production
(Castro Torres & Alburez-Gutierrez, 2022). These factors
may lead Wikipedia editors to pick publications consciously
or unconsciously by men and Anglosphere authors, who
possess more symbolic capital, over other similar publica-
tions by authors of other gender and country groups. The
effect of different types of symbolic capitals remains to be
tested further.

5 | CONCLUSION

Our study adds new evidence from the perspective of
knowledge dissemination to the existing gender- and
country-based, as well as the intersectional inequalities
in science. Giving scholars of different social demo-
graphic groups across countries equal rights and opportu-
nities to spread their knowledge and increase visibility
should be vital to science equity. Strategies are needed
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from Wikipedia and the scientific communities to ensure
the fairness of knowledge dissemination and advance
gender equality and decolonization in science.

Like many other studies using matching methods,
our research is not immune to potential biases. First,
CEM can only match observable variables when com-
paring two groups (Stuart, 2010). This indicates that the
estimation may be biased by other unobservable vari-
ables that are not measured. In our study, although we
balanced the publication quality, impact, and topical
areas to some extent, we could not cover the unobserva-
ble variables, such as each publication's specific scientific
contribution. This study is also likely limited by relying on
the fine-grained microfield classification by CTWS, as a
microfield may cover more than one topic. Although it
was our goal to precisely match publications at an even
lower granularity level (topic), we were limited by the
resources needed for this task. Second, the Wikipedia
dataset we used does not incorporate the editing history
of the Wikipedia citations, restricting the possibility of
observing and controlling variables that may vary over
time, such as the number of academic citations attracted
by publications. Further research will benefit from using
more advanced datasets and causal inference methods
that counter the confounding effects more effectively.
Third, like in many other science of science studies, we
have limited avenues to reflect the authors' symbolic
capital and thus cannot decide the precise reason for the
biases in Wikipedia citation to scholarly publications.
Future research may consider implementing surveys to
systematically collect relevant data under one universal
framework to represent their symbolic capital.
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APPENDIX A

A1l | Coarsened exact matching

We used the coarsened exact matching (CEM) method to
construct the control group of publications. CEM is a
nonparametric matching method to reduce confounding
effects by creating two new groups with balanced covari-
ates, only different in whether they have been treated.
Instead of exact matching, CEM groups (“‘coarsening”)
each of the n covariates into m; nonoverlapping bins by
predetermined cutoffs and then creating [[m; strata by
the Cartesian product of all sets of bind'Each unit is
assigned to a stratum according to its coarsened covariates.
Units in strata that do not contain at least one unit from
the treatment group and one unit from the control group
are removed. Units that share the same stratum will be
matched. CEM also assigns weight to the units to ensure
that the treated and control groups have the same propor-
tioned distribution of units across strata.

To ensure that the Wiki-cite and control groups
have the same proportioned distribution of publica-
tions across strata divided by the publication-level fea-
tures, CEM assigns weight w; to each matched unit i in
stratum s by
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1, i € Wiki—cite group

w; = { Mgy M

—=—, i € control group,
Mg My

where mg and m, are the numbers of publications
belonging to the Wiki-cite and control group, respec-
tively, in stratum s; > m, and > m, are the numbers of
units belonging to the Wiki-cite and control group,
respectively, in all strata (Iacus et al., 2012).

A.2 | Relative difference

We calculated the relative difference between the Wiki-
cite group and the control group using the following
formula:

P wiki—cite — P control
rd =

El

P control

where rd denotes relative difference, Pyiki_cite iS the per-
centage of publications in a social group (gender or coun-
try) in the Wiki-cite group after CEM weighting, and
Peontrol 1S the percentage of the group's publications in the
control group after CEM weighting.
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