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Chapter 1

Introduction

In the contemporary information environment, scientific knowledge is more abun-
dant and accessible than ever before. From peer-reviewed publications to insti-
tutional datasets and preprints, the volume and diversity of scientific outputs
have expanded rapidly (Piwowar et al., 2018; Fraser et al., 2019; Lin et al., 2020).
While this proliferation holds promise for democratizing access to science, it also
introduces new complexities. Members of the public must navigate an increas-
ingly fragmented and unevenly accessible information landscape (Brossard, 2013;
Nisbet and Scheufele, 2009). In this context, questions surrounding how scientific
knowledge is filtered, translated, and made publicly legible have become ever more
pressing.

Wikipedia occupies a central position in this shifting landscape of public
knowledge. As the largest open and collaboratively edited encyclopedia, it is a
dominant information source worldwide. Its articles consistently rank among the
top results for science-related web searches, and its multilingual content structure
supports a global readership that includes students, educators, journalists, and
policymakers alike (Nielsen, 2007; Heilman and West, 2015; Jemielniak, 2020;
Kittur et al., 2007a). Wikipedia does not produce original research. Instead, it
curates and organizes information derived from external sources, both academic and
non-academic, and makes this knowledge publicly available through a distinctive
editorial process rooted in community norms1. These norms include an emphasis
on verifiability, neutrality, and reliance on reliable sources (Mesgari et al., 2015).
Together, they reflect Wikipedia’s epistemological commitment to serving as a
trustworthy public knowledge infrastructure, even though it operates outside
traditional academic gatekeeping mechanisms (Pavalanathan et al., 2018; Arazy
et al., 2006; Forte et al., 2009).

As an intermediary between the scientific community and the broader public,
Wikipedia serves as a powerful interface for science communication (Mesgari
et al., 2015). Its editors face the task of evaluating sources, resolving disputes,

1https://en.wikipedia.org/wiki/Wikipedia:Neutral_point_of_view.
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2 Chapter 1. Introduction

contextualizing technical content, and presenting complex ideas in accessible
ways (Forte et al., 2009). These challenges are particularly acute in articles
dealing with rapidly evolving topics, interdisciplinary subjects, or politically
contested issues (Keegan et al., 2013; Greenstein and Zhu, 2012b). At stake in
these editorial decisions is not merely the accuracy of individual claims, but the
broader public framing of what counts as credible scientific knowledge, who gets
to speak for science, and how knowledge is structured and legitimized in open
digital platforms (Hu, 2024; Avieson, 2022).

This thesis investigates how Wikipedia supports the public communication
of science through its practices of citation and knowledge organization. Scien-
tific journal articles and news media sources are central to how information is
sourced and substantiated on the platform. References serve not only to bolster
claims, but also to signal reliability, highlight specific viewpoints, and shape the
perceived authority of content. Citation practices thus play a crucial role in
structuring Wikipedia’s knowledge base and, by extension, influence how science
is represented in public discourse. Despite their significance, the selection and
use of references on Wikipedia remain relatively underexplored from a systematic,
empirical perspective.

The overarching aim of this thesis is to examine how Wikipedia incorporates,
filters, and recontextualizes external scientific and media sources, and how these
citation practices reflect and shape the platform’s function as a public science
communication tool. This investigation is situated at the intersection of science
communication, information infrastructure studies, and platform governance. It
engages with key questions about how epistemic authority is constructed in digitally
mediated environments, how disciplinary hierarchies and accessibility barriers
shape knowledge visibility, and how editorial decisions are made in collaborative
online contexts.

A central focus of this inquiry is the knowledge structure of Wikipedia’s
science-related content. Wikipedia articles are highly heterogeneous in scope and
depth, ranging from concise overviews to densely referenced entries. This raises
the research question of which scientific sources are cited and how different areas
of Wikipedia rely on them. Prior research shows that only a small fraction of
Wikipedia’s total citations point to peer-reviewed scientific literature, and that
these citations tend to cluster within specific domains, particularly biology and
medicine, often drawn from a narrow set of high-impact journals (Nielsen, 2007).
Building on this, our analysis of citation patterns in this thesis finds that STEM
literature indeed dominates Wikipedia references, and that biographies act as
important bridges connecting STEM fields to the humanities. These findings
suggest that Wikipedia not only reflects the hierarchies of academic science but also
reshapes them, privileging certain forms of expertise while potentially reconfiguring
disciplinary boundaries to respond to public-facing concerns.

Another important dimension of Wikipedia’s knowledge infrastructure is its
reliance on news media (Fetahu et al., 2015). News sources are frequently used
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to document recent developments and sociopolitical contexts surrounding sci-
entific topics. However, media outlets differ widely in factual reliability and
political orientation, raising concerns about potential biases in knowledge represen-
tation (Saez-Trumper, 2019; Morgan, 2019). This leads to the research question of
whether political bias and factual reliability of news sources shape their selection
on Wikipedia. Our analysis indicates a moderate yet systematic liberal bias in the
selection of news media sources, largely independent of factual reliability. This
suggests that editorial choices may be influenced by factors beyond mere accuracy.
Understanding how media sources are selected and cited is therefore essential
for assessing the platform’s epistemic practices and its broader impact on public
discourse. These findings highlight the challenges of implementing Wikipedia’s
guidelines for reliability and neutrality in a dynamic, volunteer-driven environ-
ment (Aragón and Saez-Trumper, 2021), and underscore the role of editorial
decisions in shaping public perceptions of science.

The question of accessibility is also central to the thesis. As the open access
(OA) movement gains momentum in scholarly publishing, concerns have arisen
about how freely available research influences the visibility, credibility, and con-
testation of scientific information on public platforms (Tattersall et al., 2022).
In particular, it is unclear to what extent OA status affects the likelihood of a
publication being cited on Wikipedia and its involvement in editorial disputes.
To address this, we examine how the open access status of scientific publications
shapes their integration into Wikipedia and their use in contested content. Our
analysis shows that OA articles are cited more frequently than paywalled articles,
with the effect especially pronounced for recent and highly cited works. We also
find that OA articles are more likely to be involved in disputes, particularly in
social sciences and humanities, and that contested claims appear sooner after
publication. These findings highlight that accessibility does more than facilitate
inclusion; it also accelerates engagement and scrutiny in collaborative editorial
processes. Openly available research is easier to mobilize in Wikipedia editing,
influencing both the speed and content of scientific knowledge dissemination.
This underscores the strategic as well as logistical implications of OA for public
communication of science, revealing a complex interplay between accessibility,
visibility, and contestation (Hara and Doney, 2015; Wyatt et al., 2016; Steiert,
2025).

Each of these dimensions, including knowledge structure, media source re-
liability, open access, and editorial dynamics, offers a distinct perspective for
understanding how Wikipedia operates as a platform for scientific communication.
This thesis approaches Wikipedia not as a passive repository of information but
as an active knowledge infrastructure. It is a space where decisions about what
constitutes knowledge are continuously negotiated, where credibility is actively
constructed, and where various publics interact with science in ways shaped by
technological, social, and political contexts.

By investigating citation patterns across scientific and media sources, and by
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analyzing how editorial norms and accessibility constraints shape knowledge rep-
resentation, this thesis contributes to a growing body of interdisciplinary research
on digital epistemology, public engagement with science, and open knowledge
platforms. It seeks to illuminate the evolving relationship between science and
society, as mediated by one of the most influential public repositories of knowledge
in the digital age.

The findings are of relevance to multiple stakeholder communities. For science
communicators and educators, they highlight the importance of curating and
contextualizing scientific content for general audiences. For platform designers
and policy-makers, the results underscore the need for infrastructures that support
equitable, reliable, and transparent knowledge integration. For researchers in
science and technology studies, communication, and information science, this
thesis offers empirical insights into how epistemic norms are enacted in one of the
world’s most impactful digital knowledge platforms.

1.1 Thesis Overview

This thesis consists of two parts with the overarching goal of understanding how
Wikipedia serves as a platform for scientific communication. A background chapter
sets the stage for both parts by outlining the broader context relevant to the thesis
as a whole.

Background In this chapter, I first focus on the role of scientific knowledge
within Wikipedia, exploring how Wikipedia integrates and manages scientific
sources. It covers Wikipedia’s editorial principles and policies, the characteristics
of scientific and news media citations, and the challenges posed by political
polarization and reliability of news sources. This sets the stage for understanding
Wikipedia as a dynamic platform for scientific communication and knowledge
curation.

The second part addresses the interaction between open access publishing and
the dissemination of scientific knowledge through Wikipedia. It examines how
open access influences Wikipedia’s citation practices and its impact on public
understanding of science. Furthermore, it considers Wikipedia as a site of scientific
disputes where open access publications play a significant role. Together, these
two parts offer complementary perspectives on how Wikipedia shapes and reflects
the broader ecosystem of scientific communication.

Part One: The Science in Wikipedia
The first part of this thesis investigates how Wikipedia engages with both

scientific literature and news media by analyzing the Wikipedia Citations (Singh
et al., 2021). It focuses on two key aspects: the distribution of scientific knowledge
within Wikipedia and the reliability and political orientation of the news media
sources it cites.

Chapter 4 presents a comprehensive analysis of Wikipedia’s use of scientific
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publications. Drawing on Wikipedia Citations, the study reveals that the majority
of journal articles cited in Wikipedia originate from STEM disciplines, particularly
biology and medicine. Furthermore, Wikipedia’s biographical articles help bridge
scientific domains with the humanities, especially history. These findings enhance
our understanding of Wikipedia’s function as a broker of scientific knowledge and
its role in facilitating public access to science.

Chapter 5 shifts attention to the citation of news media sources. While
Wikipedia relies on a wide range of external references, news outlets account
for nearly one-third of all citations, prompting concerns about their impact on
content neutrality and credibility. This chapter systematically examines the
political polarization and factual reliability of these sources. Through quantitative
analysis, it explores how Wikipedia’s open editorial model influences media source
selection and how media bias may shape perceptions of trustworthiness. The
results underscore the complex interplay between user-generated knowledge and
external media ecosystems, offering insights into how Wikipedia mediates between
scientific content and broader public discourse.

Part Two: The Role of Open Access in the Dissemination of Science
The second part of this thesis focuses on the role of open access (OA) publishing

in shaping the flow of scientific knowledge into Wikipedia and, by extension, into
broader public discourse. It examines how the accessibility of scientific literature
influences citation patterns in Wikipedia and how open access affects knowledge
representation in both routine article development and in editorial conflicts.

Chapter 7 investigates whether open access facilitates the integration of
scientific knowledge into Wikipedia. Using Wikipedia Citations, this study analyzes
how the open access status of scientific articles affects their likelihood of being
cited. The results show that Wikipedia cites open access articles at significantly
higher rates than would be expected based on their overall presence in the scientific
publishing landscape. This effect remains robust even when controlling for other
factors such as citation counts and publication year. Open access articles are more
likely to be cited, particularly when they are recent or highly cited, indicating
that accessibility plays a key role in shaping which scientific knowledge becomes
part of the public record. These findings emphasize the importance of open access
in enabling timely and equitable dissemination of research through widely used
public platforms like Wikipedia.

Chapter 8 extends the analysis by exploring the role of open access in contexts
of editorial controversy. Focusing on disputed or contested Wikipedia articles,
the study combines citation data with edit histories to examine which types of
scientific sources are invoked during content disputes. The analysis reveals that
open access articles are more likely to be cited in controversial articles and tend to
be introduced shortly after publication. This pattern suggests that ease of access
not only supports citation, but also accelerates the incorporation of scientific
findings into contested spaces where knowledge is actively negotiated. The chapter
also shows that disputes involving open access sources are particularly common
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in the social sciences and humanities, reflecting differences in how disciplines are
represented and debated in Wikipedia.

Together, these chapters highlight the dual function of open access: increasing
the visibility and use of scientific knowledge, and shaping how that knowledge is
mobilized in collaborative and contested environments. This part contributes to
broader discussions around open science, knowledge equity, and the governance of
digital public knowledge infrastructures.

Conclusion (Chapter 9) In this chapter, I summarize the key findings and
contributions of the thesis, reflect on its limitations, and outline directions for
future research. This chapter also considers broader implications for open science,
platform governance, and public engagement with scientific knowledge.

Overall, the research presented in this thesis contributes to our understand-
ing of how scientific information flows into Wikipedia, how different types of
sources—particularly open access articles and news media—shape the encyclope-
dia’s representation of science, and how these dynamics influence public access to
and engagement with reliable knowledge. The findings shed light on the informa-
tional structures underpinning one of the most widely used knowledge platforms in
the world, highlighting both the opportunities and challenges involved in making
science more open, visible, and democratically negotiated in the digital age.

1.2 List of Publications

The contents of this thesis are based on the following publications, listed in the
order they appear in the chapters:

• Yang, P., & Colavizza, G. (2022). A Map of Science in Wikipedia. In
Companion Proceedings of the Web Conference 2022 (pp. 1289–1300).

• Yang, P., & Colavizza, G. (2024). Polarization and Reliability of News
Sources in Wikipedia. Online Information Review, 48 (5), 908–925.

• Yang, P., Shoaib, A., West, R., & Colavizza, G. (2024). Open Access Improves
the Dissemination of Science: Insights from Wikipedia. Scientometrics,
129 (11), 7083–7106.

• Yang, P., Traag, V. A., Costas, R., & Colavizza, G. (2025). Weaponized
Citations: The Role of Open Access Publications in Wikipedia’s Scientific
Disputes. arXiv preprint arXiv:2510.14071.

I list below the other works that I contributed to during my PhD:

• Yang, P., & Colavizza, G. (2025). Research Data in Scientific Publications:
A Cross-Field Analysis. arXiv preprint arXiv:2502.01407.
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During my PhD, I have presented my work in the following international
events:

• 2025 International Conference on Science, Technology and Innovation Indi-
cators (STI), Bristol, United Kingdom.

• 2025 International Society for Scientometrics and Informetrics (ISSI), Yere-
van, Armenia.

• 2023 CZI Hackathon: Mapping the Impact of Research Software in Science,
San Francisco, United States.

• 2023 Workshop on Open Citations and Open Scholarly Metadata, Bologna,
Italy.

• 2023 International Society for Scientometrics and Informetrics (ISSI), Bloom-
ington, United States.

• 2023 CWTS Scientometrics Summer School (CS3), Leiden, Netherlands.

• 2022 The 26th International Conference on Science, Technology and Inno-
vation Indicators (STI), Granada, Spain.

• 2022 The Web Conference 2022 (WWW), Lyon, France.





Chapter 2

Background

2.1 Wikipedia as a Knowledge Infrastructure

Wikipedia is the world’s largest free online encyclopedia, with over 65 million
articles in more than 300 languages and about one billion unique monthly vis-
itors1. Unlike traditional expert-authored encyclopedias, Wikipedia is created
and maintained through a decentralized editorial model driven by volunteers who
continuously create, revise, and update content in real time. This allows Wikipedia
to remain responsive to emerging events and to offer dynamic, up-to-date knowl-
edge (Mesgari et al., 2015; Jemielniak and Aibar, 2016; Black, 2008).

As a complex network of interlinked articles representing concepts connected
through semantic hyperlinks, Wikipedia facilitates nonlinear exploration and
contextual navigation of knowledge (Kim et al., 2019). This structure reflects its
nature as a collaborative and evolving knowledge infrastructure.

Wikipedia’s credibility is upheld by three fundamental content policies: Neutral
Point of View (NPOV), Verifiability, and No Original Research (Mesgari et al.,
2015; Borra et al., 2014). These require fair representation of significant viewpoints
and that all content be supported by reliable, published sources, emphasizing
verifiability over absolute truth (Kaffee and Elsahar, 2021; Lewoniewski et al.,
2023). Editors must avoid personal interpretations and cite external, verifiable
publications.

The platform embodies a broader epistemological shift from traditional expert-
driven knowledge production toward socially constructed, collaborative modes (Fal-
lis, 2008; Fuchs, 2007). Its decentralized governance and focus on verifiability
exemplify this transformation.

Wikipedia relies on collective intelligence, where contributions from diverse
users aggregate into high-quality content (Surowiecki, 2005). The editorial com-
munity is heterogeneous, comprising a core of highly active, experienced editors

1https://en.wikipedia.org/wiki/Wikipedia:About
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10 Chapter 2. Background

alongside many occasional contributors and newcomers, supporting both content
stability and growth (Halfaker et al., 2013).

The community has developed complex editorial norms and collaborative work-
flows that function as a self-governed regulatory system. Quality is maintained
through transparency, public deliberation, and procedural legitimacy. A key prac-
tice is citing “reliable, independent, and published” secondary sources to ensure
content reflects established knowledge rather than original interpretation (Teplit-
skiy et al., 2017).

The definition of “reliable sources” on Wikipedia is context-sensitive rather than
fixed. Peer-reviewed academic publications are generally prioritized in scientific
topics, while reputable journalistic or institutional sources may be accepted for
contemporary or interdisciplinary subjects, especially when scholarly sources
are unavailable or outdated. Editorial consensus determines source reliability,
considering independence, publication status, and recency.

Academic literature plays a significant role in Wikipedia’s citation ecosystem.
Approximately 8.3% of references are to scholarly sources, underscoring peer-
reviewed research’s importance in establishing credibility (Singh et al., 2021).
Editors act as gatekeepers who select scientific findings to include, shaping the
public dissemination of authoritative knowledge (Jemielniak and Aibar, 2016).
However, editor expertise varies widely, with only a minority holding doctoral
degrees (Glott et al., 2010). This can affect source evaluation, especially when
distinguishing reliable academic work is complex (Murray et al., 2018). Wikipedia
favors research from prestigious journals, with recent and open-access publications
more likely to be cited (Arroyo-Machado et al., 2020; Benjakob et al., 2022).

Beyond scholarly references, Wikipedia extensively cites news media, particu-
larly for breaking news and topics with limited academic coverage. News sources
typically constitute 20–30% of external references in English Wikipedia (Fetahu
et al., 2015). The editorial community applies quality filters, favoring reputable,
centrist outlets such as Reuters, BBC, and The New York Times, while avoiding
hyperpartisan or low-credibility media (Greenstein and Zhu, 2012b). This selective
sourcing acts as an informal gatekeeping mechanism, influencing how scientific
and political narratives are presented.

The platform’s decentralized governance model offers flexibility but also leads
to conflicts, especially on politically sensitive topics. “Edit wars” may arise when
contributors repeatedly change content to reflect opposing views (Yasseri et al.,
2012). In these disputes, citations to scientific or high-impact sources often serve
as rhetorical tools to assert authority or challenge alternative perspectives (West
et al., 2010).

Wikipedia functions as a socio-technical infrastructure that blends user partic-
ipation, transparent rules, and automated tools. Bots and algorithms help detect
vandalism, flag citation needs, and evaluate source reliability, while human editors
retain central judgment in content disputes and neutrality enforcement (Zagorova
et al., 2021; Lewoniewski et al., 2020).
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Research into Wikipedia’s citation graph structures reveals patterns in how
scientific domains interconnect, highlighting emergent knowledge flows (Silva
et al., 2011). Comparative studies between Wikipedia’s category taxonomy and
formal classification systems like the Universal Decimal Classification expose
differences between emergent online taxonomies and traditional curated knowledge
organization (Salah et al., 2012).

Wikipedia’s role extends beyond knowledge dissemination to influencing schol-
arly visibility. Although only a small fraction of academic articles—such as 4% of
PLOS articles—are cited on Wikipedia, such citations significantly amplify public
exposure and contribute to altmetric measures (Lin and Fenner, 2014; Kousha and
Thelwall, 2017). Articles cited tend to come from high-impact, often open-access
journals, reinforcing specific forms of scientific authority (Nielsen, 2007; Teplitskiy
et al., 2017).

The content on Wikipedia shows a temporal bias towards recent events and
newer sources, reflecting both its dynamic editing culture and editors’ prefer-
ences (Jemielniak et al., 2019; Sundin, 2011). Maintaining long-term accuracy
amid ongoing updates remains a challenge.

Wikipedia’s public scientific influence has grown with its integration into
broader technology ecosystems. Its content is indexed by search engines, used by
digital assistants, and incorporated into educational and media workflows (Yang
and Colavizza, 2022a; Maggio et al., 2017). The COVID-19 pandemic illustrated
Wikipedia’s capacity for rapid, collaborative updating based on evolving scientific
knowledge, balancing timeliness with reliance on peer-reviewed and open-access
sources (Colavizza, 2020).

While news media sources contribute to Wikipedia’s timely coverage, they
also introduce epistemic challenges. News outlets vary in reliability and editorial
standards, which can subtly affect content quality. The risk of polarization,
especially in politically sensitive topics, highlights the importance of carefully
evaluating news sources for both factual accuracy and potential bias (Lazer et al.,
2018; Patterson, 2011).

2.2 Quantitative Research on Wikipedia and Sci-
entific Citations

Wikipedia has long been a subject of interest for researchers studying large-scale
collaborative knowledge production. Its transparent and publicly available revision
history provides a uniquely rich dataset for quantitative inquiry. Scholars have
used a variety of computational and statistical methods to examine editorial
behavior, content evolution, citation dynamics, and platform infrastructure.

One of the earliest systematic analyses was conducted by Voss (Voss, 2005), who
studied the German-language edition of Wikipedia. His work modeled exponential
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growth in article counts, database size, user participation, and hyperlink density,
noting that article and author contributions follow Lotka-like distributions, similar
to those found in scientific publishing.

Visualization tools have helped illuminate editorial patterns. Viegas et al. (Vié-
gas et al., 2007) introduced the “History Flow” tool to trace article development
and visualize individual editors’ contributions. Chromograms and edit timelines
were used to distinguish between original content creation, maintenance, and
vandalism reversion.

Subsequent research has examined the relationship between editor activity
and article quality. Wilkinson and Huberman (Wilkinson and Huberman, 2007)
observed that articles with higher visibility, measured by network centrality, tend
to attract more edits and exhibit greater stability. Ortega et al. extended this
work across multiple language editions, identifying differences in editing patterns
between short articles and longer, more mature entries. They found that a small
core group of contributors is responsible for the majority of edits, reflecting a
long-tail distribution in participation (Kittur et al., 2007a).

Temporal analyses have revealed bursty and self-similar editing behavior,
deviating from the random Poisson processes that characterize general web ac-
tivity (Almeida et al., 2007). These findings suggest that editorial attention
on Wikipedia is highly clustered in time, particularly around controversial or
high-interest topics.

Citation practices have also received significant attention. Articles in domains
such as medicine, biochemistry, and physics are cited more frequently than those
in the humanities or social sciences (Teplitskiy et al., 2017). Biomedical entries,
in particular, often rely heavily on academic sources and are widely consulted
by both the public and professionals (Heilman et al., 2011; Maggio et al., 2017).
Editors tend to prefer peer-reviewed, high-impact, and open-access sources (Yang
and Colavizza, 2022a), reinforcing established hierarchies of scientific authority.
Recent studies using bibliometric datasets such as OpenAlex and Unpaywall show
that open-access status significantly increases the likelihood of citation, especially
during high-urgency situations like the COVID-19 pandemic (Yang et al., 2024;
Piwowar et al., 2018).

Analyses of citation timing suggest that most references are added once an
article reaches a stable phase of development and receives frequent contribu-
tions (Kaffee and Elsahar, 2021; Chen and Roth, 2012).

To study the relationship between Wikipedia and the broader scientific ecosys-
tem, researchers have integrated Wikipedia citation data with external biblio-
graphic databases such as Crossref, PubMed, and Dimensions (Teplitskiy et al.,
2017; Arroyo-Machado et al., 2020; Torres-Salinas et al., 2019). These connections
allow for analyses of journal prestige, funding sources, and disciplinary representa-
tion. Co-citation and bibliographic coupling studies show that citation patterns
on Wikipedia often mirror those found in the scholarly literature (Nicholson
et al., 2021), with medicine, molecular biology, and environmental sciences being
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especially prominent (Arroyo-Machado et al., 2020; Torres-Salinas et al., 2019).
Editor expertise and community structure significantly shape how citations are

selected and maintained. While Wikipedia is open to contributions from anyone,
studies show that citation decisions are often made by a relatively small group
of experienced editors whose choices reflect implicit hierarchies of knowledge and
trust (Yarovoy et al., 2020).

Despite Wikipedia’s extensive readership, user engagement with its references
remains limited. Click-through data suggest that external citations are rarely
accessed (Piccardi et al., 2020). However, references are more likely to be consulted
in shorter or lower-quality articles, indicating that they serve a more functional
role when article content is sparse or ambiguous (Piccardi et al., 2023). User
behavior varies by context, with browsing patterns differing between casual readers
and those seeking academic information (Singer et al., 2017).

Controversies over citation practices have also drawn scholarly attention. Dis-
putes over source selection frequently arise in politically sensitive topics, where
opposing ideological positions clash. Tools such as revert tracking, edit-distance
metrics, and temporal clustering have been used to study the dynamics of “edit
wars” and content stabilization (Yasseri et al., 2013; Brandes and Lerner, 2008;
Wagner et al., 2015).

To support editorial practices, researchers have developed automated tools that
assist in citation management. Machine learning and natural language processing
have been used to detect biased or unsupported claims (Hube and Fetahu, 2018),
identify citation gaps (Fetahu et al., 2016), and recommend relevant sources based
on article content (Przybyla et al., 2022). These systems help reinforce Wikipedia’s
core principles of verifiability and neutrality at scale.

Despite the breadth of existing research, notable gaps remain. Most studies
focus on the English-language Wikipedia, with limited comparative work across
other language editions. In addition, many quantitative approaches emphasize
citation frequency without considering the rhetorical or epistemic roles of references
in context (Benjakob et al., 2022; Esteves Gonçalves da Costa and Cukierman,
2019). As a result, scholars increasingly call for interdisciplinary approaches that
combine large-scale data analysis with qualitative methods to better understand
how knowledge legitimacy is constructed on Wikipedia.

2.3 Wikipedia, Open Access, and Scientific Visi-
bility

Open Access (OA) refers to the unrestricted and cost-free availability of scholarly
publications, aiming to enhance the visibility, accessibility, and impact of scientific
knowledge regardless of readers’ financial or institutional barriers (Tennant et al.,
2016; Redalyc et al., 2003). Various OA models exist, including gold OA (fully
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open and publisher-hosted), green OA (archived in institutional repositories),
hybrid OA (subscription journals offering OA options), and bronze OA (freely
available without explicit licensing) (Piwowar et al., 2018). These models reflect
evolving norms and practices in scholarly communication.

Empirical research indicates that OA significantly improves access to journal
articles (Björk et al., 2010), though estimates of OA prevalence vary depending on
data sources and methodologies. For example, studies based on Crossref data report
approximately 27.9% of scholarly articles as openly accessible (Piwowar et al.,
2018), while analyses using Google Scholar data suggest over 50% OA availability
for articles published since 2007 (Martín-Martín et al., 2018; Archambault et al.,
2014). Bronze OA, which generally denotes articles made freely available on
publisher websites without clear licensing, appears to be the most common OA
type (Piwowar et al., 2018). There are also clear disciplinary differences in OA
coverage, with general science, technology, and biomedical fields exhibiting higher
OA rates compared to engineering, arts, and humanities (Archambault et al., 2014;
Martín-Martín et al., 2018).

The so-called Open Access Citation Advantage (OACA), where OA articles
receive more citations than paywalled ones, has been widely studied but remains
controversial. Reported citation advantages range from 18% to 40% depending on
data sources such as Web of Science and Scopus (Piwowar et al., 2018; Archambault
et al., 2014). Some disciplines, including philosophy, political science, electrical
engineering, and mathematics, show more pronounced citation benefits associated
with OA (Antelman, 2004). Green OA articles in institutional repositories often
attract more citations than gold OA or subscription-only articles (Young and
Brandes, 2020). However, a recent systematic review of 134 empirical studies found
mixed results: 47.8% confirmed a positive citation advantage, 27.6% found no
effect, and 23.9% reported effects only under specific conditions (Langham-Putrow
et al., 2021). These findings suggest that the citation advantage of OA varies
according to discipline, timing, and access pathway.

Wikipedia, as the largest online encyclopedia, provides a unique context to
study the role of OA in scientific visibility. It aims to disseminate knowledge
globally and relies heavily on peer-reviewed research to support its content (Black,
2008). Research shows that articles cited in Wikipedia are often from high-
impact journals and are more likely to be openly accessible than average scholarly
articles (Nielsen, 2007; Teplitskiy et al., 2017). In fields such as medicine and
psychology, Wikipedia serves both as a public information source and a gateway
to academic literature (Maggio et al., 2017; Schweitzer, 2008).

Since 2015, altmetric indicators have tracked Wikipedia citations as measures
of research impact, although their significance remains debated (Lin and Fenner,
2014; Kousha and Thelwall, 2017). For instance, only 4% of PLOS articles have
been found cited on Wikipedia (Lin and Fenner, 2014), with citation coverage
varying widely across disciplines. Nonetheless, Wikipedia’s engagement with OA
sources is growing. One study reported that 13.44% of Wikipedia references come
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from OA journals (Arroyo-Machado et al., 2020), and recent analyses indicate
that over 30% of cited sources are OA, with this proportion increasing over
time (Pooladian and Borrego, 2017).

The reciprocal relationship between scientific literature and Wikipedia high-
lights the platform’s potential as an amplifier of scholarly visibility. By citing
peer-reviewed research, Wikipedia can increase public exposure to scientific find-
ings and potentially influence their impact within academic communities (Nielsen,
2007; Teplitskiy et al., 2017). However, the mechanisms through which Wikipedia
integrates and highlights different forms of scholarly communication, such as
Open Access, are complex (Arroyo-Machado et al., 2020). The diversity of OA
types and their varying accessibility levels may affect how editors select and use
sources (Piwowar et al., 2018).

Moreover, the dynamic and collaborative nature of Wikipedia editing means
that citations are not static endorsements but may be subject to contestation,
revision, and negotiation over time (Yasseri et al., 2012).

Despite these insights, the interaction between OA and Wikipedia remains
underexplored. Previous studies often analyze citations at the journal level and
rely on manual matching methods, potentially overlooking distinctions among OA
types (green, gold, hybrid, bronze) and OA versions hosted outside traditional
publishers (ElSabry, 2017). Additionally, most research treats citations as static,
ignoring the editorial dynamics of how OA articles are introduced, contested, or
maintained within Wikipedia’s evolving content.
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Part One: The Science in Wikipedia
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Chapter 3

Overview

This part investigates how Wikipedia functions as a knowledge infrastructure
through the lens of its sourcing practices. It examines the nature and structure
of scientific and news citations across Wikipedia, and what they reveal about
the encyclopedia’s representation of scientific knowledge, source reliability, and
editorial norms. Chapters 4 and 5 address two complementary dimensions: the
use of scholarly citations and the political and factual character of news media
sources. Together, these studies contribute to our understanding of how Wikipedia
curates, organizes, and legitimizes knowledge from external sources. They also
provide empirical insight into Wikipedia’s citation practices and their implications
for knowledge equity and integrity. I investigate the following research questions:

• What types of scientific articles are cited in Wikipedia, and what
do they reveal about the coverage and topical structure of scientific
knowledge in the encyclopedia?
In Chapter 4, I explore Wikipedia’s use of academic sources by analyzing
large-scale citation data from Wikipedia to scientific journals. I identify
which scientific domains are most prominently represented, and how citation
patterns reflect the organization of scientific knowledge across Wikipedia
articles. Network analysis is used to map relationships between articles
and journals, providing a structural view of how science is embedded in
Wikipedia.

• Are news media sources cited in Wikipedia politically polarized,
and how does their factual reliability relate to that polarization?
Chapter 5 focuses on Wikipedia’s citation of news media sources, with an
emphasis on the political orientation and factual accuracy of those outlets.
Drawing on third-party metadata and a large citation dataset, I assess the
extent of polarization in news citations and whether reliability and political
leaning are systematically related. Regression modeling is used to uncover
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the factors that shape how politically or factually slanted media sources are
cited in different areas of Wikipedia.

By studying both scientific and media citations, these chapters provide a
foundational map of the sources that sustain Wikipedia’s epistemic infrastructure.
They offer a descriptive but essential account of how credibility, coverage, and bias
are distributed in one of the world’s most influential public knowledge platforms.



Chapter 4
A Map of Science in Wikipedia

4.1 Introduction

Wikipedia is the largest, free and collaborative encyclopedia to date. Its impor-
tance cannot be overstated as Wikipedia provides reliable access to information
worldwide. Wikipedia editors use primary and secondary sources in support of the
statements they make in Wikipedia. These sources are quoted, cited and added
to the list of references in any Wikipedia article. While previous work has focused
on the contents of Wikipedia and its collaborative editing, it is only recently that
scholars have begun to systematically investigate Wikipedia’s sources.

Understanding which scientific sources are cited in Wikipedia is a necessary
first step in situating the platform within broader systems of knowledge production.
By mapping the distribution of scientific literature within Wikipedia, this chapter
establishes a foundation for the rest of the thesis. Later chapters will build on
this baseline by examining other types of sources such as news media (Chapter 5),
exploring the role of open access in shaping visibility (Chapter 7), and analyzing
how citations are mobilized in editorial disputes (Chapter 8).

Developing a better understanding of the scientific sources Wikipedia relies
on is important to assess its coverage, reliability and representation of human
knowledge, including in view of informing its future development. Expanding
upon previous work (Teplitskiy et al., 2017; Torres-Salinas et al., 2019; Colavizza,
2020; Arroyo-Machado et al., 2020), we pose here the following two descriptive
research questions (RQs):

1. RQ1: Which scientific sources are cited from Wikipedia and what are their
characteristics?

2. RQ2: Which areas of Wikipedia rely on scientific sources and how do they
relate?

In order to contribute towards answering them, in the present contribution
we focus on citations given from Wikipedia articles to scientific journal articles.

21
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We rely on a recently published dataset as a source of such citation data (Singh
et al., 2021). Firstly, we provide a descriptive overview of the journal articles cited
from Wikipedia (RQ1); secondly, we make use of network analysis and study the
bibliographic coupling network of Wikipedia articles, respectively the co-citation
network of journal articles (RQ2).

4.2 Previous Work

References in Wikipedia Wikipedia is a tertiary source which strives to
provide reliable contents in a neutral way (Mesgari et al., 2015). To this end,
Wikipedia editors follow established standards, guidelines and workflows to expand
Wikipedia articles, and add references to them (Kaffee and Elsahar, 2021). The
bulk of the referencing activity seems to occur when an article has reached a
certain level of maturity and number of edits. Furthermore, references “also tend
to be contributed by editors who have contributed more frequently and more
substantially to an article, suggesting that a subset of more qualified or committed
editors may exist for each article” (Chen and Roth, 2012). Despite this approach,
Wikipedia’s contents vary greatly in quality, including across languages (Roy et al.,
2021).

The automatic improvement of Wikipedia’s contents is an area of active
research. While bots already patrol and improve the quality of Wikipedia’s
references (Zagorova et al., 2021), recent work also focused on automatically
flagging sentences in need for a citation (Redi et al., 2019) and on assessing a
source’s reliability (Lewoniewski et al., 2020).

Using Wikipedia Given its broad scope in contents, the usage of Wikipedia
varies greatly too: “for instance, we observe long and fast-paced page sequences
across topics for users who are bored or exploring randomly, whereas those using
Wikipedia for work or school spend more time on individual articles focused on
topics such as science”(Singer et al., 2017). The usage of Wikipedia is even more
significant when considering countries with varied languages and socio-economic
characteristics (Lemmerich et al., 2019). Wikipedia also fulfills a specific role
within the broader Web: it serves as a stepping stone between search engines and
third-party websites (Piccardi et al., 2021). The complementarity of Wikipedia and
search engines, such as Google, is particularly significant for scientific information
seeking (Mesgari et al., 2015).

Previous studies have explored the use and usability of Wikipedia as a source of
biomedical information. A randomized controlled trial focused on placing evidence
of the effects of treatments (in this case, for schizophrenia) within Wikipedia pages
finds no significant changes in the full-text accesses of the treated pages, but an
effect in their altmetric scores (Adams et al., 2020). The readability of the most
viewed Wikipedia articles on diseases is of varying quality, with many articles still
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too difficult to read for a general readership (Brezar and Heilman, 2019). More
generally, while Wikipedia is a prominent health information source in terms of
views and visibility (e.g., often top in Google searches), the study of its impact in
this respect is still too limited to draw any general conclusion (Smith, 2020).

A distinct set of recent studies explored the use of references in Wikipedia, and
in particular references to external sources. Work on WikiProject Medicine shows
that its readers appear to use links to external sources to verify and authorize
Wikipedia content, rather than to examine the sources themselves (Maggio et al.,
2020). A Wikipedia-wide study of engagement with external references found
that users click on them only very rarely (once for every 300 page views, on
average) (Piccardi et al., 2020). Crucially, users more often look for more when
reading lower quality and shorter articles, which possibly do not contain what
they seek (Piccardi et al., 2020). These findings further underline the importance
of providing high-quality contents within Wikipedia itself.

Science and Wikipedia Wikipedia strives to convey information grounded in
scientific results. It thus provides visibility to scientific research, and is considered
an altmetric source in this respect (Sugimoto et al., 2017), yet the influence
goes both ways. In fact, previous work has established that being cited from
Wikipedia can increase the citation impact of an article (Thompson and Hanley,
2018). Understanding and monitoring which scientific results underpin Wikipedia’s
contents, and why, is therefore of critical importance.

Recent work is gradually improving our understanding of the matter. The
open release of datasets of citations from Wikipedia to its sources is helping in
broadening access to the essential data for tackling the question at hand (Singh
et al., 2021; Zagorova et al., 2021). Furthermore, several previous studies have
been able to rely on altmetric data. Some trends clearly emerge from this literature.
Journal articles cited from Wikipedia are more likely than average published in
high-impact journals (e.g., by impact factor), and in open access (Nielsen, 2007;
Teplitskiy et al., 2017). Articles cited from Wikipedia are ‘uncited’ and untested
by subsequent studies in rates proportional to the rest of the scientific literature,
nevertheless they also receive a higher rate of supporting citations (Nicholson
et al., 2021).

Wikipedia’s capacity to rapidly and reliably integrate novel scientific results to
respond to ongoing public events or crises has also been assessed. The COVID-19
pandemic provides a recent example (Colavizza, 2020). Most notably, the areas of
Wikipedia where the editors are highly organized and include domain experts, for
example several WikiProjects, appear to fare better in this respect. Indeed, the
scope of expert involvement in editing Wikipedia is substantial. A recent study
found that approximately 10%–30% of Wikipedia’s contributors have substantial
subject-matter expertise in the topics that they edit (Yarovoy et al., 2020).

Recent results by Arroyo-Machado et al. (2020), extending previous work by
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the same team (Torres-Salinas et al., 2019), directly relate to our study. The
authors perform a co-citation analysis of Wikipedia’s sources, relying on a dataset
of “847,512 references made by 193,802 Wikipedia articles to 598,746 scientific
articles belonging to 14,149 journals indexed in Scopus.” They use Altmetrics
data to retrieve Wikipedia citations to journal articles. They study the co-citation
network of journals and Scopus main field categories, as referenced by Wikipedia.
The most significant scientific domains cited by Wikipedia include Medicine,
Biochemistry, Genetics, and Molecular Biology. They confirm that the most
important journals are multidisciplinary, and include prominent venues such as
Nature, Science, PNAS, and that articles from high-impact factor journals are
more likely to be cited from Wikipedia. Lastly, they find that only 13.44% of
Wikipedia citations are to open access journals. Directly expanding upon Arroyo-
Machado et al. (2020), we use here a larger and more recent dataset, considering
the more granular level of analysis of journal articles, and we deepen the analysis
by comparing the bibliographic coupling network of Wikipedia articles with the
co-citation network of journal articles.

In conclusion, it is also worth noting that understanding how Wikipedia is
structured according to how it uses scientific publications complements work
relying on its internal link network. For example, previous results have found that
different scientific domains possess distinct internal link network organizations,
with modular structures for Biology and Medicine, but a sparse structure for
Mathematics and a dense core for Physics (Silva et al., 2011).

4.3 Data and Methods

We assemble data from a variety of sources to perform our study.

Wikipedia Citations We use Wikipedia Citations as our main dataset (Singh
et al., 2021). It consists of more than 29M citations extracted from the over 6M
articles composing the English Wikipedia as of May 2020. In Wikipedia Citations,
each citation is automatically classified as being to a book, journal article or Web
content. Approximately 2.5M citations are classified as to a journal article, of
which 1,705,085 are equipped with a DOI, either from Wikipedia itself or retrieved
from Crossref. These citations to journal articles come from 405,358 distinct
Wikipedia article pages and refer to 1,157,571 distinct DOIs. Citations to journal
articles clearly comprise a relatively limited share of all citations contained in
Wikipedia, and thus likely serve a specific purpose (Singh et al., 2021). A large
share of these citations are given to articles published over the past 20 years,
and the most cited journals include Nature, Science, the Journal of Biological
Chemistry and PNAS. We use this set of citations in what follows.
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ORES Topics, WikiProjects, Dimensions In order to perform our analysis,
we enrich the Wikipedia Citations dataset with other sources of information.
Firstly, we equip Wikipedia articles with information about their topics and the
WikiProject they belong to, if any. The topics of Wikipedia articles are retrieved
using the ORES Web service1, which exposes a topic model of Wikipedia trained
using Language-Agnostic Topic Classification (LATC) (Johnson et al., 2021) and
assigns each Wikipedia article to a taxonomy rooted into the four categories of:
Geography, Culture, History and Society, and STEM.2 Through the ORES API,
we could extract topics for Wikipedia articles covering 99.7% of the citations in
Wikipedia Citations.

Further, we equip Wikipedia articles with information on their WikiProject.
“A WikiProject is a group of contributors who want to work together as a team
to improve Wikipedia”3, for example to focus on a specific topic area such as
WikiProject Mathematics or WikiProject India, or curate a specific aspect of the
encyclopedia, for instance WikiProject Disambiguation. The English Wikipedia
currently includes over 2,000 WikiProjects. Using public data (Johnson and
Halfaker, 2020), we could equip with WikiProjects information Wikipedia articles
comprising 96.3% of the citations in Wikipedia Citations.

Finally, we use Dimensions (Herzog et al., 2020) to retrieve metadata for all
the journal articles with a DOI cited from Wikipedia. While no ideal single biblio-
graphic data source exists yet, Dimensions provides for broad source coverage and
relies in substantial part on the open Crossref repository, making it a meaningful
choice for our study (Visser et al., 2021). What is more, we are further interested
in an article’s Field of Research (FOR) classification.4 The Fields of Research are
organized into hierarchies, with divisions (top, largest), groups and fields (bottom,
smallest). Dimensions exposes divisions as major fields, and groups as minor fields ;
we adopt this naming convention in what follows. By querying the Dimensions’
API we were able to match 96% of all the unique DOIs from Wikipedia Citations.
All these data were retrieved in June 2021.

4.3.1 Methods

For our study we make a comparison between two undirected networks in turn
extracted from the directed citation network of Wikipedia to journal articles:
the co-citation network among scientific journal articles, and the bibliographic
coupling network among Wikipedia articles. Using the conceptual framework

1We made use of the second API at the following address: https://wiki-topic.toolforge.
org/#lang-agnostic-model.

2https://www.mediawiki.org/wiki/ORES/Articletopic#Taxonomy.
3https://en.wikipedia.org/wiki/Wikipedia:WikiProject.
4The Fields of Research classification follows the research areas defined in the Australian and

New Zealand Standard Research Classification (ANZSRC). See: https://app.dimensions.ai/
browse/categories/publication/for.

https://wiki-topic.toolforge.org/#lang-agnostic-model
https://wiki-topic.toolforge.org/#lang-agnostic-model
https://www.mediawiki.org/wiki/ORES/Articletopic#Taxonomy
https://en.wikipedia.org/wiki/Wikipedia:WikiProject
https://app.dimensions.ai/browse/categories/publication/for
https://app.dimensions.ai/browse/categories/publication/for
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of Costas et al. (2021), we can say that the co-citation network is made of co-
Wikipedia citations whereby two journal articles are cited by the same Wikipedia
article(s), and the bibliographic coupling network is composed of Wikipedia articles
connected when they cite the same journal articles. Both networks are clustered
using the Leiden algorithm (Traag et al., 2019), and their modular structures
are compared. In this way, we aim to clarify which areas of Wikipedia rely on
scientific sources. What is more, we seek to show how similar clusters of Wikipedia
articles (bibliographic coupling) and similar clusters of co-cited scientific articles
(co-citation) are internally related (RQ2).

Citation networks While constructing the co-citation network, we remove
nodes (journal articles) that are cited only once from Wikipedia, as they would be
isolated in the co-citation network since they are never co-cited. This results in a
network of 1,050,686 nodes (91% of 1,157,571) and 17,916,861 edges. Similarly,
we remove nodes (Wikipedia articles) that cite only one journal article, as they
would be isolated in the bibliographic network. This gives a network of 257,452
nodes (64% of 405,358) and 27,473,262 edges. This bibliographic coupling network
is thus not only denser, but it also does not include a higher share of isolated
nodes than the co-citation network. Nodes in both networks are equipped with
relevant metadata: WikiProject and ORES topics for the bibliographic coupling
network, Fields of Research for the co-citation network. Furthermore, in both
networks every edge is weighted according to how many times any two nodes are
cited together (co-citation) or jointly cite the same items (bibliographic coupling).

Network clustering In order to equip our networks with a clustering solution,
we use the Leiden algorithm (Traag et al., 2019), a popular choice that is fast and
provides specific guarantees over the resulting clustering.5 The Leiden algorithm
uses a resolution (hyper)parameter to control the balance between the number
of clusters and their size. A higher resolution parameter leads to more, smaller
clusters. We find a reasonable value for the resolution parameter empirically, by
inspecting the number of clusters at varying values of the parameter. Figure 4.1a
shows the number of clusters at the varying size of the resolution parameter for the
co-citation network, and Figure 4.1b does the same for the bibliographic coupling
network. We avoid choosing extreme values, and settle for reasonable elbows
which can be found, in both cases, at a value of the resolution parameter of 1e− 4.

5For our analyses we relied on igraph 0.9.6 and leidenalg 0.8.3.
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(a) Co-citation. (b) Bibliographic coupling.

Figure 4.1: Number of clusters at varying values of the resolution parameter.

Supernetworks In order to further coarsen our networks, we also construct
‘supernetworks’ of clusters. In a supernetwork, each node is a cluster of nodes
from an underlying network. A supernetwork is therefore a network of clusters.
A supernetwork is often easier to visualize and inspect, as it contains a much
smaller number of nodes than the original network. We construct supernetworks
by weighting each node with the number of nodes that a cluster contains, and by
weighting each edge by summing the weights of the edges between the nodes of any
two clusters. The use of aggregated metadata from the nodes of a cluster is detailed
below, when discussing results. In order to identify and focus on the largest and
most representative clusters, we further trim the supernetworks at a given cluster
size threshold. We do so empirically, by inspecting the cumulative share of nodes
that would be included in a supernetwork, at varying cluster size thresholds.
Results are shown in Figure 4.2a (co-citation) and Figure 4.2b (bibliographic
coupling). In both cases, reasonable cutoffs can be found at elbows corresponding
to a cumulative share of included nodes of .7. This cutoff corresponds in turn
to cluster sizes of 98 (co-citation) and 48 (bibliographic coupling), below which
clusters are removed from the supernetworks.
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(a) Co-citation. (b) Bibliographic coupling.

Figure 4.2: Cumulative share of nodes included in the supernetworks, per cluster
size threshold. Clusters are ordered from largest (left) to smallest (right).

4.4 Results

We organise our results into three parts, addressing RQ1 in the first, and RQ2 in
the second and third sections. First, we provide an overview of the scientific sources
cited from Wikipedia. Next we analyse how Wikipedia articles are organised
accordingly using bibliographic coupling networks. Lastly, we analyse how journal
articles cited from Wikipedia are organised in turn, using co-citation networks.
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4.4.1 Science in Wikipedia

Table 4.1: Number of citations and of journal articles per Field of Research (major
fields), using fractional counting.

Field of Research (major field) Citations Journal articles

06 Biological Sciences 440,029.8 (25.8%) 255,382.0 (22.1%)
11 Medical and Health Sciences 371,304.7 (21.8%) 278,289.3 (24.0%)
04 Earth Sciences 69,835.7 (4.1%) 42,865.6 (3.7%)
02 Physical Sciences 69,678.3 (4.1%) 42,405.1 (3.7%)
03 Chemical Sciences 67,931.0 (4.0%) 53,396.7 (4.6%)
17 Psychology and Cognitive Sciences 64,092.0 (3.8%) 48,072.9 (4.2%)
21 History and Archaeology 63,292.9 (3.7%) 40,855.7 (3.5%)
16 Studies in Human Society 57,414.7 (3.4%) 40,640.1 (3.5%)
09 Engineering 42,994.5 (2.5%) 34,626.0 (3.0%)
01 Mathematical Sciences 41,408.8 (2.4%) 31,755.2 (2.7%)
08 Information and Computing Sciences 33,286.9 (2.0%) 25,300.0 (2.2%)
20 Language, Communication and Culture 31,969.4 (1.9%) 23,256.9 (2.0%)
05 Environmental Sciences 22,993.5 (1.3%) 15,069.7 (1.3%)
22 Philosophy and Religious Studies 21,448.8 (1.3%) 15,654.1 (1.4%)
14 Economics 18,230.9 (1.1%) 13,720.5 (1.2%)
07 Agricultural and Veterinary Sciences 15,525.6 (0.9%) 12,146.2 (1.0%)
15 Commerce, Management, Tourism and Services 12,691.6 (0.7%) 10,146.7 (0.9%)
13 Education 10,534.9 (0.6%) 8,714.2 (0.8%)
19 Studies in Creative Arts and Writing 10,304.9 (0.6%) 8,085.8 (0.7%)
18 Law and Legal Studies 9,971.6 (0.6%) 7,189.6 (0.6%)
10 Technology 5,740.8 (0.3%) 4,433.4 (0.4%)
12 Built Environment and Design 2,886.5 (0.2%) 2,274.6 (0.2%)
Missing 221,517.0 (13.0%) 143,291.0 (12.4%)

Total 1,705,085 (100%) 1,157,571 (100%)

Fields of Research Table 4.1 shows the number of citations and the number
of journal articles cited from Wikipedia per Dimension’s major Field of Research.
Given that journal articles (and, later on, Wikipedia articles) are our units of
analysis, we use fractional counting to account for an article belonging to multiple
categories (Perianes-Rodriguez et al., 2016), unless otherwise specified. It can be
seen that almost half of citations are given to articles in the fields of biological,
medical and health sciences, which in turn make up about 46% of all journal
articles cited from Wikipedia. More in general, STEM fields make up for a large
part of both citations and articles, while the most represented areas outside of
STEM are history and sociology. Looking at minor Fields of Research, in Table 4.2
(only the top 10 are shown), we can appreciate how the most cited fields include
genetics and cell biology, evolutionary biology and ecology in biology; clinical
science and public health, psychology and neurosciences in medicine; history in
the humanities. These fields capture over a fifth of all citations from Wikipedia.
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Table 4.2: Number of citations and of journal articles per Field of Research (minor
fields), using fractional counting.

Field of Research (minor fields) Fractional counting Unique DOIs number

0604 Genetics 76,299.8 (4.5%) 39,393.3 (3.4%)
0601 Biochemistry and Cell Biology 71,505.5 (4.2%) 45,098.7 (3.9%)
1103 Clinical Sciences 49,352.5 (2.9%) 38,700.8 (3.3%)
1117 Public Health and Health Services 32,066.8 (1.9%) 23,282.4 (2.0%)
1701 Psychology 27,375.5 (1.6%) 20,623.2 (1.8%)
1109 Neurosciences 25,030.1 (1.5%) 19,117.9 (1.7%)
2103 Historical Studies 24,134.6 (1.4%) 15,873.0 (1.4%)
0403 Geology 23,114.6 (1.4%) 13,464.6 (1.2%)
0602 Ecology 23,033.6 (1.4%) 14,862.2 (1.3%)
0603 Evolutionary Biology 18,246.4 (1.1%) 8,667.2 (0.7%)

Citation counts We assess the distribution of (journal article) citations given
to articles cited from Wikipedia, using data from Dimensions. There is a wide
variation in citations counts, with many articles with no or few citations, and
some with a high number. The maximum number of received citations is 214,886
and the minimum is 0, with a mean at 189 and a median at 33. When considering
recent citations (over the past two years), the maximum is 34,845, the minimum is
0, with a mean at 36.4 and a median at 5. Furthermore, 60% of articles cited from
Wikipedia received fewer than 10 citations in the past two years. Articles cited
fewer than 100 times account for 70% of the total cited articles, and only about
3% of articles are cited 1,000 times or more. It is worth noting that 10.4% of
journal articles are never cited and 22.5% have no recent citations either, according
to Dimensions. Finally, we note that 75,248 (4.4%) articles were missing this
information from Dimensions.

Most cited articles and journals Among the top journal articles by a number
of received citations (See Appendix, Section A.1), only two are open access, six
are authored by scholars based in the United States, and only one is published
after 2000. The most cited article is “Cleavage of Structural Proteins during the
Assembly of the Head of Bacteriophage T4”, published in Nature in 1970, and
cited 214,886 times according to Dimensions. Instead, the most cited article in
terms of recent citations (past two years) is “Deep Residual Learning for Image
Recognition”, published at the 2016 Conference on Computer Vision and Pattern
Recognition, with 34,845 recent citations. The top citing Wikipedia articles,
instead, frequently include reference or survey articles. For example, the series
“this year in” is often a source of highly citing Wikipedia articles (e.g., “2018 in
paleontology” includes 580 citations to journal articles). In Table 4.3, we list
the most cited journals in Wikipedia. Nature, PNAS and Science top the list,
confirming findings from previous work (Arroyo-Machado et al., 2020).
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Table 4.3: Most cited journals

Journal name Citations

Nature 37,287
PNAS 31,801
Science 26,903
Journal of Biological Chemistry 24,518
PLOS ONE 12,997
Zootaxa 10,006
Cell 9,318
Genome Research 8,961
The Astrophysical Journal 8,882
Astronomy & Astrophysics 7,292

Age of articles and open access In Figure A.1, we show the distribution of
the publication years for journal articles cited from Wikipedia. The trend is clear:
most cited articles were published in the past two decades. We also assess the
open access availability of these journal articles using Dimensions data. We find
that 686,952 (41%) articles are available in some form of open access, while a
majority number of 942,885 (55%) remain closed access, and for 75,248 (4%) this
information is missing. This constitutes a considerably higher fraction of cited
OA articles than what previous work has found (Arroyo-Machado et al., 2020).

Citation flows In conclusion of this first overview section, we analyse the
flow of citations from Wikipedia to journal articles, on the one hand, grouping
Wikipedia articles by ORES topics and WikiProjects, and on the other hand,
grouping journal articles by major FOR categories. We show the river plots of
citations from Wikipedia articles by ORES topics in Figure 4.3 and by (top-
10) WikiProjects in Figure 4.4. The flow of citations from STEM Wikipedia
articles confirms the importance of the biological, medical and health sciences in
Wikipedia, while other topics are more evenly distributed across fields of research.
When considering WikiProjects, we only kept the top-10 by (fractional) number of
Wikipedia articles, which have a strong STEM focus. Partially as a consequence,
the flow of citations again favours the biological, medical and health sciences, but
also distributes across other STEM fields of research. It is worth highlighting the
role of the WikiProject Biography, which focuses on the biographies of notable
persons. This project spans across fields of research, for example by covering the
lives of prominent scientists, and connects them with historical fields in turn.
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Figure 4.3: Citation flow from ORES topics to major fields of research.

Figure 4.4: Citation flow from the top-10 WikiProjects to major fields of research.

4.4.2 Wikipedia from a Science Perspective

Bibliographic coupling network The bibliographic coupling network of
Wikipedia articles includes 257,452 nodes and 27,473,262 edges, with a den-
sity of 0.0008. The corresponding supernetwork has 31,642 nodes (clusters) and
9,158 edges, for a density of 0.000018. We further aggregate information about
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ORES topics and WikiProjects to the supernetwork using fractional counting.
In Figure A.2 we show the distribution of the cluster sizes of the underlying
bibliographic coupling network, distinguishing between isolated and connected
clusters. A large number of small, isolated clusters exists, while at higher cluster
sizes the clusters become increasingly connected.

Figure 4.5: Distribution of ORES topics in the 10 largest clusters of the biblio-
graphic coupling network of Wikipedia articles.

Largest clusters Next, we zoom-in the largest clusters of this network, showing
their ORES topic distribution in Figure 4.5, and their distribution over WikiPro-
jects in Figure 4.6. The combination of topics and projects is helpful in uncovering
what a cluster is about. For example, the largest cluster is devoted to biographies
and has a relatively balanced topic distribution across geography, history and
society, culture. Importantly though, its top WikiProjects include military history,
United States and football, suggesting a certain skew in this respect. Most clusters
are, instead, specialized in specific STEM fields. For example, cluster 2 is focused
on molecular and cell biology, and cluster 9 on entomology (spiders, in partic-
ular). The dominance of STEM in ‘journal-article-citing’ Wikipedia is further
confirmed. Exceptions include history and biographies, and archaeology/physical
anthropology (cluster 7).

Network visualization We conclude by a visual comparison of the bibliographic
coupling supernetwork using the same layout but different coloring according to
its modularity class (Figure A.4), ORES topics (Figure A.5), and WikiProjects
(Figure A.6). These visualizations confirm two patterns we have previously
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highlighted: a) the important role of biographies in connecting this part of
Wikipedia (first visualization); b) the systematic importance of STEM (second
visualization). Furthermore, we can also appreciate the apparently effective role
played by WikiProjects in helping editors coordinate for the curation of specialized
knowledge in a coherent whole (third visualization).

4.4.3 Science from a Wikipedia Perspective

Co-citation network The co-citation network of journal articles cited from
Wikipedia has 1,050,686 nodes and 17,916,861 edges, with a density of around
0.00003. The resulting supernetwork has 71,983 nodes (clusters) and 23,668 edges,
and a density of 0.00001. The distribution of small to large cluster sizes and the
fraction of isolated clusters is, consequently, even more pronounced than for the
bibliographic coupling network, as it can be seen from Figure A.3.

Figure 4.7: Distribution of major Fields of Research in the 10 largest clusters of
the co-citation network of journal articles. The categories in each bar are ordered
by color (in the legend), from left to right, top to bottom. For example, cluster
one top major fields of research include (in order of appearance in the legend):
Biological Sciences, Biochemistry and Cell Biology, Genetics, Medical and Health
Sciences, Other.

Largest clusters In Figure 4.7 we show the distribution of the top major
Fields of Research per top-10 cluster in the co-citation network. This result
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strongly confirms the dominance of biology and medicine as the two top fields
cited from Wikipedia. Virtually all top clusters include a dominant or at least
sizable fraction of citations to these two fields, with the exception of the second
cluster which contains a sizeable share of contributions in earth sciences, geology,
and evolutionary biology, and the third one, focused on physics and astronomy.

Network visualization Also for the co-citation supernetwork we visualize it
using the same layout and different coloring, respectively by modularity class
(Figure A.7) and top major Field of Research (Figure A.8). The results are
consistent with what we previously discussed. Furthermore, the two top clusters,
which from Figure 4.7 we know being roughly focused on cell biology and genetics
(cluster 1) and physical anthropology (cluster 2), group differently by modularity,
with medicine, psychology and clinical sciences showing a stronger connection to
the former than the latter.

4.5 Discussion

We provided a map of science in Wikipedia highlighting clear trends, while rising
some further questions. Firstly, our first research question asked which scientific
sources are cited from Wikipedia and what are their characteristics. The dominant
role of STEM literature clearly emerges, with biology and medicine as the top
fields, followed by earth sciences, physics and astronomy. Furthermore, a sizeable
fraction of this literature is well cited and published in notorious venues. These
results confirm previous studies conducted on smaller datasets (Colavizza, 2020)
or at the journal level of analysis (Arroyo-Machado et al., 2020).

We were able to delve deeper as well, in view of our second research question
asking which areas of Wikipedia rely on scientific sources and how do they relate.
Firstly, the seemingly marginal role of journal articles from non-STEM fields
is attenuated by the connecting role of biography articles in Wikipedia, which
effectively bridge history, geography and culture with STEM topics. Secondly,
the bibliographic coupling network of Wikipedia articles is not only smaller, but
also better connected than the co-citation network of journal articles cited from
Wikipedia. This might showcase the consolidating encyclopedic role of Wikipedia,
as well as the positive impact of WikiProjects as a means to coordinate editorial
efforts.

A set of new questions emerge from our work. To begin with, on the charac-
teristics of journal articles cited from Wikipedia: we have found that on average
these are well cited outside of Wikipedia too, yet many remain poorly cited or
even not cited at all – for example, 70% of journal articles cited from Wikipedia
received fewer than 100 citations from other journal articles at the time of the
study. Furthermore, the fraction of Open Access articles cited from Wikipedia
appears relatively high even though not dominant. Lastly, the age of such jour-
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nal articles is mostly distributed within the past 20 years, possibly hinting at
a chronological debt in Wikipedia: several citations might have been current
when most of Wikipedia articles were created, but might no longer be up to
date. Wikipedia is in this respect a ‘slow altmetric indicator’, which takes time
to accumulate (Fang and Costas, 2020). Secondly, our network analysis finds
interesting clusters of articles which warrant further study. How the central role
of the largest fields of research (biology, medicine) articulates with the networks’
‘periphery’, in particular, remains an open question.

Some of the limitations of our study constitute possible directions for future
work as well. The most important one is that we only considered citations to
journal articles. Adding other cited sources, such as books and Web contents,
would complement the map which we provided here. Secondly, the dataset we
used constitutes a snapshot of Wikipedia at a certain point in time: a study of
citations including time information would provide for a clearer picture of the
dynamics of negotiation and consolidation of knowledge in Wikipedia. Lastly,
Wikipedia’s internal structure can also be mapped using information such as the
internal link structure or the textual similarity of the articles. A comparison of
the citations networks we studies here with these would further enrich the map of
Wikipedia.

4.6 Conclusion

In this chapter, we mapped the organization of Wikipedia according to its use of
scientific journal articles via citations. We made use of a recent dataset of citations
from Wikipedia, and relied on network analysis techniques, in particular network
clustering. We were able to show that Wikipedia heavily relies on scientific contents
from biology, medicine and a handful of other STEM fields, including physics and
earth sciences. Journal articles cited from Wikipedia are, on average, well-cited,
published in notorious journals such as Nature or Science, and have been published
over the past 20 years. While non-STEM fields are only marginally represented
in journal articles cited from Wikipedia, they play an important connecting role
via Wikipedia’s biographies. This is but an example of how Wikipedia is able to
interconnect knowledge across scientific fields and also with other non-scientific
topics. In this respect, the most interesting future work which awaits us is the
extension of this map of science in Wikipedia to include books, Web contents and
all other sources cited in Wikipedia.

These findings show that Wikipedia privileges certain domains of science,
while also connecting them to broader areas of human knowledge. This map
of Wikipedia’s scientific coverage highlights both the strengths and imbalances
of the platform. At the same time, Wikipedia’s knowledge infrastructure relies
not only on scientific literature but also on other types of sources. Among these,
news media outlets are particularly influential, as they provide coverage of current
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events and often serve as key references in politically or socially sensitive topics.
Having examined the role of academic publications in shaping Wikipedia’s

scientific content, the next chapter turns to news media sources. There, I analyze
how their political polarization and factual reliability may affect Wikipedia’s
commitment to neutrality and knowledge integrity.



Chapter 5

Polarization and Reliability of News
Sources in Wikipedia

5.1 Introduction

Building on Chapter 4, which examined the role of scientific publications in
structuring Wikipedia’s knowledge base, this chapter shifts attention to news
media, another cornerstone of Wikipedia’s sourcing practices. Unlike journal
articles, news outlets are more immediately responsive to events and central to
covering current affairs. At the same time, they carry risks of political polarization
and bias, which makes them a crucial site for investigating Wikipedia’s knowledge
integrity.

Wikipedia is one of the most extensive encyclopedias worldwide, providing an
open go-to reference for reliable online content and a key hub to the Web (Piccardi
et al., 2020). Wikipedia’s articles are contributed by volunteers, following the
policies of taking a neutral point of view (NPOV), verifiability of facts and
sources, and contributing no original research. In principle, all Wikipedia articles
should be “based on reliable, independent, published sources with a reputation
for fact-checking and accuracy”.1 Sources are usually cited in footnotes and
references. News media outlets provide a sizeable share of Wikipedia’s cited
sources, yet they often contain both factual contents and opinions or viewpoints
around them (Fetahu et al., 2015). News reporting from well-established outlets
is generally considered reliable for statements of fact. However, a potential for
viewpoint bias remains and may affect the integrity of knowledge in Wikipedia, or
at least Wikipedia’s neutral point of view. While millions of volunteer contributors
create and maintain free knowledge in Wikipedia (Aragón and Saez-Trumper,
2021), new challenges emerge in terms of information quality and reliability (Saez-
Trumper, 2019; Morgan, 2019). What is more, news media often polarize around

1https://en.wikipedia.org/wiki/Wikipedia:Verifiability#What_counts_as_a_
reliable_source.
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opposite political viewpoints (Patterson, 2011; Sutter, 2000). While previous work
has focused on assessing the reliability of Wikipedia contents (Przybyla et al.,
2022) and editors’ possible biases (Rogers and Sendijarevic, 2012; Yasseri et al.,
2013), researchers still have to systematically investigate Wikipedia’s knowledge
integrity (Wikipedia, 2022; Sugandhika and Ahangama, 2022). We contribute to
this line of work by exploring the political polarization of news media sources in
Wikipedia. We further assess their reliability and determine whether there is a
relationship between the two effects. To this end, we ask the following research
questions:

1. RQ1: Is there political polarization in the news media sources cited in
Wikipedia?

2. RQ2: What factors influence news media polarization in Wikipedia? Specif-
ically, is there a relationship between news media political polarization and
factual reliability?

In order to answer these questions, we rely on the large-scale dataset Wikipedia
Citations (Singh et al., 2021); we use third-party sources to estimate the political
polarization and reliability of news media outlets: the Media Bias Monitor (MBM)
and the Media Bias Fact Check (MBCF). Following the approach taken by MBM,
we consider political polarization across a mono-dimensional spectrum between the
liberal left and conservative right, acknowledging this as a limitation. Reliability
conveys an estimate of the factual correctness of an outlet, in terms of contents
and framing. We speculate that reliability and polarization might be related, for
example with media outlets closer to a given political leaning being considered
more reliable on average. Firstly, we provide a quantitative overview of news
media sources’ political polarization in Wikipedia (RQ1); secondly, we make
use of regression analysis to clarify the relationship between news media source
polarization, on the one hand, and an article’s topic, WikiProject and a source
factual reliability, on the other hand (RQ2). Our aim is to inform Wikipedia’s
knowledge integrity agenda (Taraborelli, 2019) by rising awareness on possible
biasing effects in Wikipedia’s sources.

5.2 Previous Work

5.2.1 Wikipedia’s Core Policies

Wikipedia strives to take a neutral viewpoint and provide reliable contents (Mesgari
et al., 2015). To this end, Wikipedia abides to three core content policies:

1. Neutral Point of View (NPOV): “representing fairly, proportionately, and, as
far as possible, without editorial bias, all of the significant views that have
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been published by reliable sources on a topic.”2

2. Verifiability: “other people using the encyclopedia can check that the infor-
mation comes from a reliable source.”3

3. No original research: “Wikipedia articles must not contain original research.”4

These three policies could help to improve Wikipedia’s article quality (Pavalanathan
et al., 2018) and could enable us to collectively address many of the practical issues
stemming from collaboratively curating encyclopedic content (Arazy et al., 2006).
However, from an epistemic perspective, they lay the responsibility for assessing
content quality and reliability to third parties via reliable sources (Saez-Trumper,
2019). On the one hand, reliable sources are essential to Wikipedia’s status of
a neutral encyclopedia, yet on the other hand the selection of sources invariably
leads to controversies (Borra et al., 2014) and even edit wars (Sumi et al., 2011).
To be sure, this might largely be a feature as some researchers believe that the
existence of such controversies ultimately leads to better quality articles (Shi et al.,
2019).

5.2.2 Knowledge Integrity in Wikipedia

As one of the main repositories of free knowledge available today, Wikipedia plays
a central role on the Web (Arazy et al., 2006; Smith, 2020). Its very widespread
usage and radical openness to readers and contributors make Wikipedia vulnerable
to malicious information attacks and disinformation (Saez-Trumper, 2019), which
in turn could compromise Wikipedia’s knowledge integrity (Aragón and Saez-
Trumper, 2021).

Knowledge Integrity is one of the research priorities individuated by Wikimedia
Research, whose aim is to identify and address threats to contents in Wikipedia,
to increase the capabilities of patrollers, and to provide mechanisms for assessing
the reliability of sources (Taraborelli, 2019). As of August 2022, Wikipedia is
active in 318 language versions and each version is maintained by a dedicated
(or language-specific) community 5, thus, knowledge integrity risks can arise in
many different forms. If we compare the size of the active editor communities
with the scale of the Wikipedia project, it is clear that resources for patrolling and
verifying contents remain on high demand (Morgan, 2019; Saez-Trumper, 2019).
Besides, a lack of geographical diversity might favor nationalistic biases (Sato,
2021). From the perspective of contents, disputes between community members
due to disagreements about the content of articles (Rogers and Sendijarevic, 2012;
Yasseri et al., 2013), content verifiability (Lewoniewski et al., 2019; Redi et al.,

2https://en.wikipedia.org/wiki/Wikipedia:Neutral_point_of_view.
3https://en.wikipedia.org/wiki/Wikipedia:Verifiability.
4https://en.wikipedia.org/wiki/Wikipedia:No_original_research.
5https://en.wikipedia.org/wiki/List_of_Wikipedias#cite_note-3.
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2019) and quality (Lewoniewski et al., 2017; Rogers and Sendijarevic, 2012) are
significant and enduring aspects of Wikipedia.

5.2.3 Wikipedia’s Sources

The ‘verifiability’ policy guarantees the existence of an important aspect of
Wikipedia: citations (Kaffee and Elsahar, 2021). Citations serve several im-
portant roles: “they uphold intellectual honesty and reduce the risk of plagiarism,
they attribute prior work and ideas to their authors, they allow the reader to
independently determine whether the referenced material supports the statements
made by an editor in Wikipedia, and thus they help the reader gauge the strength
and validity of the material an editor has relied on.”6 However, evidence shows
that references in Wikipedia are not too actively used by readers (Piccardi et al.,
2020). In Wikipedia, scientific or scholarly literature takes up a large proportion
of citations to sources (Nielsen et al., 2017; Singh et al., 2021), and Wikipedia’s
citation rates are often aligned with those in the scholarly literature (Shuai et al.,
2013; Mesgari et al., 2015; Yang and Colavizza, 2022a). Although it has been found
that Wikipedia can have an influence on scientific research (Thompson and Hanley,
2018), and some professional journalists have also begun to use Wikipedia in their
work (Messner and South, 2011), the debate on using Wikipedia as a credible
academic information resource is still active (Tomaszewski and MacDonald, 2016).

Despite the efforts of Wikipedia’s contributors, many or even most articles in
Wikipedia may still contain unsubstantiated or outdated claims, especially those
flagged as being of lower quality (Lewoniewski et al., 2017). Sometimes editors’
might not use citations systematically (Chen and Roth, 2012; Forte et al., 2018)
or engage in polarized edit conflicts (Umarova and Mustafaraj, 2019). Research
suggests that some editors’ violations might be caused by biases (Hube, 2017),
such as cultural (Callahan and Herring, 2011), political (Greenstein and Zhu,
2012a) or gender bias (Wagner et al., 2015).

Das and Lavoie (Das and Lavoie, 2014) determine the topics an editor is
interested in and the editor’s stance by editors’ behaviour and interactions, finding
that bias exists especially when a single point of view dominates controversial
topics. Hube (Hube, 2017) provides a method to detect both explicit and implicit
bias in Wikipedia articles and observe its evolution by analyzing language, editing
and citation styles. Greenstein and Zhu (Greenstein and Zhu, 2012a) analyse
political bias in Wikipedia by measuring the degree of political leaning of an
article. They rely on a content-based method (Gentzkow and Shapiro, 2010)
which calculates the frequency of particular phrases to measure the degree of
political bias. They find that Wikipedia had a liberal bias in the early years, but
that bias declines over time, supporting “a narrow interpretation of Linus’ Law,
namely, [that] a greater number of contributors to an article makes an article more

6https://en.wikipedia.org/wiki/Citation.

https://en.wikipedia.org/wiki/Citation
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neutral”. Besides, since Wikipedia has many language versions, different language
versions can also contain specific biases. A study on the Wikipedia pages of UK
politicians surfaced a substantial polarization of editors across political lines, in
turn reflected in their choice of news media sources (Agarwal et al., 2020). Ewa
and Susan (Callahan and Herring, 2011) find systematic biases in the focus on a
particular topic or person in Wikipedia versions in different languages. Zhou et
al. (Zhou et al., 2015) find that people’s attention to war-related topics affects the
number of words and the number of subjective concepts, which in turn affects the
bias of emotional expression. Last but not least, several studies have analyzed
gender differences in Wikipedia. Wagner et al. (Wagner et al., 2015) find that
while women on Wikipedia are covered and featured well in many Wikipedia
language editions, the way women are portrayed might differ from the way men
are portrayed. Reagle and Rhue (Reagle and Rhue, 2011) study gender bias by
comparing Wikipedia and Encyclopedia Britannica. They illustrate that while the
number of articles related to women is increasing, compared to the articles on men,
the articles on women are more likely to be missing on Wikipedia. Researchers
have also made efforts to improve the verifiability of Wikipedia’s contents for
example by flagging unsupported contents in view of adding citations to reliable
sources (Fetahu et al., 2016; Redi et al., 2019).

5.2.4 News Media Sources in Wikipedia

Wikipedia supports the use of sources from news media outlets: “news reporting
from well-established news outlets is generally considered to be reliable for state-
ments of fact.”7 News media sources are indeed among the most-used in Wikipedia.
Fetahu et al. (Fetahu et al., 2015) find that almost 20% of the external references
in the English version of Wikipedia are to news articles. In the dataset we use for
this contribution such proportion is closer to 30%. Previous work also found that
Wikipedia’s news sources are overall factually reliable, yet not uniformly so (Yang
and Colavizza, 2022b). Nielsen uses a Wikipedia dump from 2008 to find that the
BBC, the New York Times, and the Washington Post were the most cited news
media outlets at the time, with the BBC far ahead of the other outlets. Among the
top 20 most-cited news outlets, most are American and four each being Australian
and British (Nielsen, 2010). However, it is difficult to ignore the potential for
polarization in news media (Patterson, 2011; Wolton, 2019), as well as their uneven
reliability across the spectrum of outlets (Lazer et al., 2018). Previous work has
focused on providing methods to assess the reliability of Wikipedia’s content.
Hube and Fetahu (Hube and Fetahu, 2018) proposed a supervised classification
approach based on a self-build bias word lexicon, which could be able to detect
biased statements with an accuracy of 74%. Przybyła et al. (Przybyla et al., 2022)
collect a corpus of over 50 million citations to 24 million identified sources from

7https://en.wikipedia.org/wiki/Wikipedia:Identifying_reliable_sources.
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Wikipedia Complete Citation Corpus (WCCC) and build a search index using
multiple meaning representations, using NLP (Natural Language Processing) and
ML (Machine Learning), enabling the automatic retrieval of sources to support or
disprove a claim. While a considerable amount of work has been done to assess
the polarization and reliability of Wikipedia’s contents separately, their systematic
and combined assessment for news media sources remains an open challenge.

5.3 Data

Our work is primarily based on Wikipedia Citations, a public dataset of citations
from English Wikipedia to all its sources, including news media (Singh et al.,
2021). We enrich Wikipedia Citations with data from the Media Bias Monitor
(MBM) and the Media Bias Fact Check (MBFC): two authoritative indices of
news media outlets providing an estimate of their political leaning and factual
reliability. The combination of these sources allows us to quantify the political
polarization and factual reliability of news sources cited from Wikipedia.

5.3.1 Wikipedia Citations

Wikipedia Citations includes more than 29M citations extracted from the over 6M
articles English Wikipedia in May 2020. In Wikipedia Citations, each Wikipedia
page contains several citations pointing to external sources. Of these, 25M (85.2%)
are equipped with external links (URLs). For these URLs we extract the domain
name using the tldextract package.8 Domain names are critical in our approach as
they allow linking to the Media Bias Monitor (MBM) and Media Bias Fact Check
(MBFC) indices, which are based on Web domains and sub-domains. For example,
given the external link https://www.nbcnews.com/politics/politics-news/al-gore-
compares-climate-deniers-uvalde-law-enforcement-officers-nobod-rcna39707, after
domain extraction we end up with www.nbcnews.com. With this method, we
extract 1,554,632 unique domains. Then, we link domain names to MBM and
MBFC by querying their APIs. The main limitation of this approach is that it
works at the news media outlet level, which corresponds to the domain name, and
not at the specific source level (the actual cited news article).

We further enrich Wikipedia Citations with information about an article’s
topics and WikiProjects. With the data from ORES Web service9 and public
data (Johnson and Halfaker, 2020), we equip Wikipedia articles with topic (cov-
erage of 99.3%) and WikiProjects (coverage of 17.5%). In this paper, we also
use fractional counting to account for an article belonging to multiple topics or
projects at the same time.

8https://pypi.org/project/tldextract.
9https://wiki-topic.toolforge.org/#lang-agnostic-model.
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5.3.2 Media Bias Monitor (MBM)

To estimate the political polarization of Wikipedia citations, we use the Media
Bias Monitor (Ribeiro et al., 2018). This system collects demographic data about
the Facebook followers of 20,448 distinct news media outlets via Facebook Graph
API 10 and Facebook Marketing API 11. These data include political leanings,
gender, age, income, ethnicity and national identity. For political leanings, the
Facebook Audience API 12 provides five levels: Very Conservative, Conservative,
Moderate, Liberal, Very Liberal. To measure the political leaning of an outlet,
MBM firstly finds the fraction of readers having different political leanings, and
then multiply the fraction for each category with the following values: very liberal
(–2), liberal (–1), moderate (0), conservative (1), and very conservative (2). The
sum of such scores provides a single polarization score for the outlet, ranging
between –2 and 2, where a negative score indicates that a media outlet is read
more by a liberal leaning audience, while a positive score indicates a conservative
leaning audience.

Figure 5.1: Cumulative distribution of Wikipedia citations to distinct domain
names.

In the original paper, MBM is compared to alternative approaches used to
infer the political leanings of news media outlets, finding that this method highly
correlates with most alternatives. What is more, MBM covers 20,448 news media
outlets and provides multi-dimension data. On these grounds, we use MBM in
our study. As we have 1,554,632 unique domains from Wikipedia Citations, which

10developers.facebook.com/docs/graph\protect\discretionary{\char\hyphenchar\
font}{}{}api.

11developers.facebook.com/docs/marketing\protect\discretionary{\char\
hyphenchar\font}{}{}apis.

12developers.facebook.com/docs/marketing\protect\discretionary{\char\
hyphenchar\font}{}{}api/audiences\protect\discretionary{\char\hyphenchar\
font}{}{}api.

developers.facebook.com/docs/graph\protect \discretionary {\char \hyphenchar \font }{}{}api
developers.facebook.com/docs/graph\protect \discretionary {\char \hyphenchar \font }{}{}api
developers.facebook.com/docs/marketing\protect \discretionary {\char \hyphenchar \font }{}{}apis
developers.facebook.com/docs/marketing\protect \discretionary {\char \hyphenchar \font }{}{}apis
developers.facebook.com/docs/marketing\protect \discretionary {\char \hyphenchar \font }{}{}api/audiences\protect \discretionary {\char \hyphenchar \font }{}{}api
developers.facebook.com/docs/marketing\protect \discretionary {\char \hyphenchar \font }{}{}api/audiences\protect \discretionary {\char \hyphenchar \font }{}{}api
developers.facebook.com/docs/marketing\protect \discretionary {\char \hyphenchar \font }{}{}api/audiences\protect \discretionary {\char \hyphenchar \font }{}{}api
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mostly are not news media outlets, we focus the matching of unique domains
to MBM on the most frequently cited domains from Wikipedia. In Figure 5.1,
we show that the top 140,000 unique domains cover up to 90% of all Wikipedia
Citations. We thus decided to only keep these top 140,000 domain names for our
study, and match them in MBM (Baigutanova et al., 2023b,a; Zheng et al., 2023;
Valentim et al., 2021).

When looking a domain name up via the MBM API 13, we can get four different
query results:

1. No match; example: trove.nla.gov.au.

2. One exact match; example: www.breitbart.com.

3. More than one result, including the exact match; example: www.abc.com.

4. More than one result, not including an exact match; example: www.nytimes.com.

In each case, we proceed as follows. We label domains without a match (result
1) as NaN, while we use the polarization score of the exact match for domains
with result 2 or 3. For domains with result 4, we use the average polarization score
of all the matches, under the assumption that this approximates the polarization
score of the exact match. To test our assumption, we use the 1113 unique domains
that have multiple results including an exact match (result 3), and compare
the distribution of exact polarization scores and average polarization scores in
Figure 5.2. We can see that the two distributions are overall comparable, which
supports our assumption. Following this procedure we are able to equip 4,866,377
citations (16.6% out of a total of 29.3M) with polarization scores. These 4.9M
citations are all the citations in Figure 5.3b, while 29.3M are 100% of citations
in Figure 5.3a. We note again that 29.3M is the total number of citations in the
dataset, while citations to news media sources are estimated at 8.9M (Yang and
Colavizza, 2022b).

5.3.3 Media Bias Fact Check (MBFC)

To answer our research questions, we not only need the political polarization of
a news media outlet, but also an estimate of its factual reliability. In order to
get the reliability data we use Media Bias Fact Check, which offers the largest
set of labels of any news source rating service (Bozarth et al., 2020). For each
news media outlet, a minimum of 10 headlines are reviewed and a minimum of 5
news stories are reviewed to get a reasonable factual rating 14. MBFC classifies
reliability in 6 levels: VERY HIGH (a score of 0), which means that the source is
considered to be always factual; HIGH (a score of 1 to 2), which means that the

13https://twitter-app.mpi-sws.org/media-bias-monitor/index.php.
14https://mediabiasfactcheck.com/methodology.

https://twitter-app.mpi-sws.org/media-bias-monitor/index.php
https://mediabiasfactcheck.com/methodology
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Figure 5.2: Distribution of polarization score for multiple results.

(a) With NaN. (b) Without NaN.

Figure 5.3: Fraction of matches in MBM for a given domain name, and their
citation coverage.

source is considered to be almost always factual; MOSTLY FACTUAL (a score of
3 to 4), which means that the source is considered to be usually factual but may
have failed a fact check or two that was not promptly corrected; MIXED (a score
of 5 to 6), which means the source does not always use proper sourcing or sources
to other mixed factual sources; LOW (a score of 7 to 9), which means the source
rarely uses credible sources and is not trustworthy for reliable information; VERY
LOW (a score of 10), which means the source rarely uses credible sources and is
not trustworthy for reliable information. For example, in MBFC the New York
Times is rated HIGH as they are mostly reliable except for some Op-Eds and Fox
News is rated MIXED because they may publish misleading reports.

We crawled all the news media outlet data on MBFC and got a dataset
including the ratings for 3,586 outlets. Since we already have the domain names
of each URLs in Wikipedia Citations, we use the same method to extract the
domain names from the MBFC dataset as well. We then match the two datasets
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via domain names. 689 (19.2% out of 3,586) domains are matched resulting in
3,041,283 Wikipedia citations with both a factual rating and political polarization
score, or 10.4% of all citations. In Figure 5.4 we show a bar plot of the number of
Wikipedia citations by reliability scores, noting that, while there are only 1467
citations rated as “VERY LOW”, there remains a sizable fraction of citations to
low or mixed reliability outlets.

Figure 5.4: Distribution of Wikipedia’s news media citation reliability scores.

5.4 Results

We start by providing the overall distribution of Wikipedia’s citation political
polarization score in Figure 5.5. We remind that the polarization score (x-axis)
ranges between -2 (very liberal) and 2 (very conservative). The average Wikipedia
citation polarization score (red line) is -0.51 (median -0.52), therefore leaning
towards liberal. The bulk of citations also falls between the range -1 and 0.
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Figure 5.5: Distribution of Wikipedia’s news media citation political polarization
scores using Kernel Density Estimates (KDE). Negative: liberal; positive: conser-
vative.

We attempt to break down these results using the information on Wikipedia’s
articles, namely their topics and WikiProject. Topics are organised hierarchically,
with four macro topics: Culture, Geography, History and Society, STEM. The
overview of citation political polarization per macro topic is given in Figure 5.6.
On the left side, we use a violin plot to show the distribution of polarization
scores for each macro topic. From this plot, we cannot see differences among
macro topics. The bar plot on the right side provides the relative size of a topic
in Wikipedia, showing how articles in Culture takes up nearly 50% of all citations,
while STEM covers 6.5% of them.

Similarly, we show the distribution for the top 10 topics in Figure 5.7 and for the
top 10 WikiProjects in Figure 5.8. We again confirm the general trend discussed
above, while also finding minor shifts from it. For example, the topic sports has a
higher conservative-leaning fraction of citations, all the while maintaining a liberal-
leaning skew. The WikiProjects Politics and India are more liberal-leaning than
the average, instead. Taken together, these results confirm that the overall trend
towards liberal political polarization is not specific to some areas of Wikipedia,
but seems to be widespread across topics and WikiProjects.
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Figure 5.6: Distribution of Wikipedia citation political polarization scores per
macro topic. Negative: liberal; positive: conservative.

Figure 5.7: Distribution of Wikipedia citation political polarization scores for the
top 10 topics. Negative: liberal; positive: conservative.
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Figure 5.8: Distribution of Wikipedia citation political polarization scores for the
top 10 WikiProjects. Negative: liberal; positive: conservative.

In principle, in Wikipedia the neutrality and reliability of contents are tied
together. Nevertheless, in practice, we speculate that editors may introduce
political polarization in their sources in order to prioritise reliable ones. We have
shown before, in Figure 5.4, that most cited news outlets are labelled as highly
reliable or mostly factual, even if a significant share of mixed or low reliability
sources remains. More details are given in Figure 5.9, where we plot the top 5 news
outlets per polarization score group, and show their reliability class as well. In this
plot, we divide the news outlets into four groups according to polarization scores:
Very Liberal [-2 to -1], Liberal (-1 to 0], Conservative (0 to 1], Very Conservative
(1 to 2]. For each group, the x-axis shows the percentage of a news outlet by
citations within its group. We can see that, for example, The Guardian is labelled
as mixed reliability and takes more than 50% of citations in the Very Liberal group,
while the NYT is the second Very Liberal source and is considered highly reliable.
Fox News is the top Very Conservative news outlet, with mixed reliability score.
We note that in the group Liberal we also have YouTube, with a low reliability
score. YouTube is not an outlet with an editorial policy per se, but a repository of
contents of any kind. We therefore test whether our results hold when removing
citations to YouTube from the dataset, finding that after removal the political
polarization distribution moves slightly further liberal overall, while the effect of a
conservative polarization in low reliability sources fades substantially (see below).
Nevertheless, these changes do not alter out main findings.
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Figure 5.9: Top 5 news outlets reliability class for different political polarization
groups.

Next, we make use of multiple linear regression to address RQ2 and explore
whether there is a relationship between political polarization and reliability of
news media sources in Wikipedia. In our model, we take the political polarization
score as the dependent variable, using Wikipedia article topics and WikiProjects
as independent variables and set reliability as a control variable. To simplify the
model, we proceed as follows. For topics, we use the macro topic: Geography,
History and Society, Culture and STEM. For WikiProjects, we focus on the top 10
WikiProjects and set the rest of WikiProjects as “Other”. For reliability, we take
MOSTLY FACTUAL as the reference class, which is the one in between high and
low reliability classes. Thus, our final model is based on the following formula:

Polarization score = Reliability +Geography + Culture+History and Society + STEM+

Biography +Medicine+Biography science and academia work group+

United States+ Articles for creation+ Politics+ India+

Pharmacology + Lists+Military history +Other

We provide the results of our regression analysis in Table 5.1. Firstly, while
most effects appear to be significant, their coefficient magnitude is always small.
We first notice how small the effect of topics is, confirming our previous intuition.
Some WikiProjects show slightly larger effects, for example India (more liberal)
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and Pharmacology (less liberal). Considering reliability in turn, we cannot see
a clear pattern emerge. While high reliability shows a liberal skew, very high
reliability shows a conservative skew in turn. Mixed sources tend to be more
liberal, while low and very low reliability ones tend to be more conservative.

To test our results, we develop several different models. First of all, we test
only for polarization score and Wikipedia topics. In this model, all macro topics
have a significant effect on the polarization score with small coefficients, that
is, Geography and STEM will bring a less liberal skew while Culture History
and Society will have an ever stronger liberal skew. When using a model with
reliability and topics, our results converge and become very similar to the model
discussed above which also includes WikiProjects. As mentioned previously, we
also test our final model without citations to YouTube. After removing them,
the most important change is that the low reliability coefficient becomes non
significant and goes close to zero, thus making the case for a possible association
between low reliability and conservative news outlets disappear.

Table 5.1: Regression results for the effect of news media reliability on political
leaning, controlling for Wikipedia topics and projects.

Variables coef std err t P>|t| [0.025 0.975]
Intercept -0.56 0.005 -118.360 0.000 -0.569 -0.550
C(factual, Treatment(reference=’MOSTLY FACTUAL’))[T.HIGH] -0.09 0.002 -37.653 0.000 -0.090 -0.081
C(factual, Treatment(reference=’MOSTLY FACTUAL’))[T.LOW] 0.09 0.003 30.143 0.000 0.083 0.095
C(factual, Treatment(reference=’MOSTLY FACTUAL’))[T.MIXED] -0.20 0.002 -82.082 0.000 -0.201 -0.192
C(factual, Treatment(reference=’MOSTLY FACTUAL’))[T.VERY HIGH] 0.16 0.004 42.224 0.000 0.149 0.163
C(factual, Treatment(reference=’MOSTLY FACTUAL’))[T.VERY LOW] 0.07 0.023 2.833 0.005 0.020 0.112
Geography 0.03 0.002 16.010 0.000 0.023 0.030
Culture -0.00 0.002 -0.758 0.448 -0.004 0.002
History and Society -0.02 0.001 -16.579 0.000 -0.027 -0.021
STEM 0.01 0.002 7.098 0.000 0.009 0.016
Biography -0.04 0.002 -23.958 0.000 -0.047 -0.039
Medicine 0.01 0.004 2.037 0.042 0.000 0.015
Biography_science_and_academic_work_group -0.04 0.004 -10.502 0.000 -0.047 -0.032
United_States 0.06 0.002 36.096 0.000 0.060 0.067
Articles_for_creation 0.01 0.005 2.874 0.004 0.004 0.022
Politics -0.01 0.002 -6.233 0.000 -0.017 -0.009
India -0.09 0.004 -24.027 0.000 -0.101 -0.086
Pharmacology 0.11 0.007 14.672 0.000 0.092 0.120
Lists 0.04 0.003 15.955 0.000 0.037 0.047
Military_history 0.03 0.002 11.020 0.000 0.022 0.032
Other 0.02 0.004 3.986 0.000 0.008 0.023
No. Observations: 604459 R-squared: 0.047

5.5 Discussion

Wikipedia editors follow core policies when editing articles (Pavalanathan et al.,
2018), in an attempt to provide a neutral point of view and reliable contents (Mes-
gari et al., 2015). Nevertheless, biases might still be found in Wikipedia in a
variety of forms, and as such they require a never-ending effort on the part of the
community. We find a moderate yet systematic liberal polarization in Wikipedia’s
news media sources. The average polarization score of Wikipedia sources is -0.5,
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with the distribution of polarization scores concentrated around -1 to 0, on a
scale between -2 (very liberal) and 2 (very conservative). Our results partially
confirm and extend previous ones (Agarwal et al., 2020), while also showing that
Wikipedia remains polarized towards liberal news media (Gentzkow and Shapiro,
2010). This finding is relevant as it signals a possible systematic biasing effect
whose causes and effects will have to be further studied. News media sources not
only select and provide specific information, but also convey it with a certain
framing which might influence how a topic is discussed in Wikipedia.

We initially speculated that the presence of political polarization might be
partially explained by the editors’ need to balance a source factual reliability with
its political leaning. Interestingly, we find no clear relationship between reliability
and polarization. The relationship between reliability and political polarization
is complex, with more conservative sources being associated with both high and
low reliability, while liberal sources tend to more often be of mixed reliability.
This finding leaves the question of the motivations for political polarization open.
We speculate that a multiplicity of factors might play a role, from pre-existing
leanings in the composition of the editors’ community, to an increasingly polarized
media landscape making it difficult to find neutral news media sources to use. Our
results may also help the case for changing Wikipedia’s sourcing policies, which
might prevent information lacking accepted reliable secondary sources from being
considered, and at the same time prevent broad and important areas of knowledge
from entering the Wikipedia project. This is especially the case for cultures that
rely on the non-written transmission and expression of knowledge (such as oral
sources) (Taraborelli, 2019). Relying on a more diverse set of sources could be an
approach to reduce possible bias in Wikipedia.

We acknowledge several limitations of our study, some of which constitute
possible directions for future work. First of all, we rely also on external sources to
measure political polarization and reliability. While such sources are considered
authoritative, their coverage is only partial and they use specific approaches to
score news media outlets which could be complemented in the future. We also
mainly focus on the binary political polarization distinction between liberal and
conservative sources. Several other political dimensions exist which could be
considered in the future. Exploring the relationship between source polarization
and reliability remains an open challenge, one that should focus on more dimensions
than what we considered here, including time. In this respect, our work scores
news media sources at the domain level, while a more granular analysis should be
done at the level of the individual source contents. Similarly, we did not consider
how a source is used in Wikipedia, and whether its use reflects such polarization
or not. Our study remains focused on English Wikipedia, while its extension to
more languages would provide for a broader picture.
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5.6 Conclusion

In this chapter, we analyzed a potential source of bias in Wikipedia, by considering
citations to news media sources and their political polarization. We used a large-
scale dataset of citations from Wikipedia, enriching it with metrics of political
media polarization from the Media Bias Monitor, and of factual reliability from the
Media Bias Fact Check. We found a moderate yet systematic liberal polarization in
Wikipedia’s news media sources. We also showed that there is no clear relationship
between a news media source’s reliability and its political leanings.

These results offer a foundation to inform Wikimedia’s research agenda about
possible sources of disinformation and bias, in view of upholding its neutral point
of view policy. Specifically, to keep Wikipedia as a neutral source of information,
a better understanding of possible sources of bias is needed not only considering
contents or editors, but also Wikipedia’s external sources. Here we provided a
preliminary analysis of political polarization in Wikipedia from the perspective
of citations to news media sources, while much remains to be done. On the one
hand, the measurement of political polarization, reliability and other potential
signals of bias could be considered more comprehensively, although we have relied
here on authoritative sources. On the other hand, a more granular study on
the level of the contents of sources and how they are used in Wikipedia would
significantly enrich our preliminary findings. The relationship between polarization
and reliability would benefit from a higher dimensional analysis. Therefore, we see
our work as fostering further attention to the always-open challenge of preserving
and improving Wikipedia’s knowledge integrity.

By highlighting the role of political polarization in shaping Wikipedia’s ex-
ternal references, this chapter complements the analysis in Chapter 4. Taken
together, the first two chapters show that both scientific and media sources under-
pin Wikipedia’s epistemic foundations, but in different ways: scientific publications
through disciplinary concentrations, and news media through ideological align-
ments. These insights naturally lead into Chapter 7, which examines a third
dimension of sourcing practices: the accessibility of scholarly publications through
open access models.
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Part Two: The Role of Open Access
in the Dissemination of Science
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Chapter 6

Overview

This part investigates the role of open access (OA) in shaping how scientific
knowledge is disseminated, accessed, and contested on Wikipedia. While OA
publishing is often promoted as a means of improving access to scholarly work, its
downstream effects on platforms like Wikipedia remain insufficiently understood.
In this part, I examine how OA status influences both the visibility of research in
Wikipedia and its involvement in citation-related editorial disputes. Chapters 7
and 8 offer two complementary perspectives: the first on the dissemination of
OA publications via Wikipedia, and the second on their mobilization in areas of
epistemic conflict. Together, these studies shed light on how openness intersects
with credibility, access, and contestation in one of the most influential public
knowledge infrastructures. I address the following research questions:

• To what extent does open access publishing increase the visibility
and uptake of scientific work on Wikipedia?
In Chapter 7, I revisit prior claims about the OA advantage in Wikipedia
by focusing on individual articles rather than journals, and by leveraging a
large-scale citation dataset linked with OpenAlex and Scimago metadata.
Using regression modeling and descriptive analysis, I find that OA articles
are more likely to be cited from Wikipedia, and that this effect is partially
mediated by citation count. The chapter also explores how this relationship
has evolved over time, contributing new insight into the mechanisms through
which OA supports public engagement with science.

• Do open access publications play a distinctive role in scientific
disputes on Wikipedia?
Chapter 8 turns to the contested side of science communication by analyzing
citation disputes within Wikipedia. Drawing on a newly constructed dataset
of over 3,500 publications involved in more than 2,200 dispute cases, I
evaluate whether OA articles are disproportionately cited in contentious
editing contexts. By comparing dispute intensity and employing logistic
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regression models, I assess how publication characteristics—including OA
status, field, and citation impact—influence the likelihood of being used in
epistemic conflicts. The findings suggest that OA publications are more
accessible not only to the general public but also to editors engaged in
debate, and may thus be more readily mobilized in citation-driven disputes.

These chapters together highlight that open access is not only a policy goal
but also a practical factor shaping the real-world use and contestation of science
in public knowledge platforms. They offer empirical insight into how accessibility,
authority, and controversy are intertwined in the digital dissemination of science.



Chapter 7

Open Access Improves the Dissemination
of Science: Insights from Wikipedia

7.1 Introduction

Having established in Chapters 4 and 5 that Wikipedia relies heavily on certain
types of sources and that these can reflect disciplinary and political biases, we
now turn to the question of access. Beyond the issue of which sources are cited,
it is equally important to consider which sources are available for citation in the
first place. The open access (OA) movement directly influences which scientific
knowledge is accessible to both editors and readers, and therefore has important
implications for Wikipedia’s role as a public knowledge infrastructure.

Open access (OA) publishing has emerged as a popular alternative to traditional
subscription-based models, with the goal of making research more widely accessible
to the public. This movement has gained momentum over the years, with many
scholars recognizing the benefits of open access in promoting the dissemination of
scientific knowledge and funding bodies adopting OA mandates (Piwowar et al.,
2018; Holmberg et al., 2020). In this context, OA not only expands readership
within academia but also provides a crucial channel through which reliable scientific
knowledge can enter public-facing platforms such as Wikipedia.

Citations play a crucial role in supporting Wikipedia’s mission to provide
reliable and verifiable information1. Among various sources, academic and peer-
reviewed publications are widely regarded as the most reliable2. The OA movement
provides Wikipedia with a valuable opportunity to access a vast repository of reli-
able and verifiable scientific knowledge. By incorporating OA citations, Wikipedia
can enhance its role in scientific communication. (Tattersall et al., 2022). As
a dynamic platform for sharing and disseminating knowledge across the globe,
Wikipedia is relied upon by millions of users every day to satisfy a wide range

1https://en.wikipedia.org/wiki/Wikipedia:Core_content_policies.
2https://en.wikipedia.org/wiki/Wikipedia:Verifiability#Reliable_sources.
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of information needs (Singer et al., 2017). It has become a critical source of
information for both the general public and academic researchers, and its im-
pact is extending beyond the realm of general knowledge and into the academic
sphere (Park, 2011; Kousha and Thelwall, 2017; Tohidinasab and Jamali, 2013).

Wikipedia’s extensive use of citations makes it possible to analyze its reliance
on academic publications, which is a central aspect of our investigation. Previous
research utilized the Scopus database and an English Wikipedia database dump
extracted from 2014, culminating in the identification of 32,361 unique articles for
analysis. They found that articles from OA journals exhibit 47% higher odds of
being cited in Wikipedia compared to those from paywalled journals (Teplitskiy
et al., 2017). Notably, their adoption of journals as the unit of analysis, rather than
individual articles, has the possible drawback of wrongly estimating the influence
of OA on scientific knowledge dissemination through Wikipedia. This limitation
also arises from overlooking articles accessible via green or hybrid routes (ElSabry,
2017). Moreover, their manual matching approach imposed constraints on the
scale of their research. Therefore, an exploration conducted at the granularity
of individual articles not only promises a more nuanced understanding of the
relationship between OA and the dissemination of scientific knowledge through
Wikipedia but also unveils the role of citation count in this process.

In light of this, this chapter seeks to fill this gap by examining how OA
publications affect Wikipedia at the article-level granularity. Specifically, we aim
to answer the following research questions:

1. RQ1: To what extent does Wikipedia rely on open access publications? How
has this been changing over time?

2. RQ2: To what extent does the open access status of an article influence its
likelihood of being cited in Wikipedia?

To address these questions, we will use descriptive statistics and regression
analysis based on the Wikipedia Citations dataset (Singh et al., 2021). To
identify the information in article-level granularity such as the OA status of
publications, we will use the OpenAlex and Scimago data. Our research contributes
to understanding the role of OA in the dissemination of scientific knowledge and
the impact of Wikipedia in this process, as well as informing policy and practice
in the realm of open scholarly communication.

The remainder of this chapter is structured as follows. Section 2 provides
an overview of existing research in the field. Section 3 describes our dataset
and methodology. Section 4 presents descriptive statistics of OA publications
in Wikipedia (RQ1), and then uses regression analysis to model the influence of
OA status on the likelihood of a paper being cited in Wikipedia (RQ2). Finally,
Sections 5 and 6 offer a discussion and conclusion of our findings.
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7.2 Previous Work

7.2.1 Open Access in Science

The key idea behind OA is to provide unrestricted and free access to scientific
outcomes, thus enhancing their visibility and reach regardless of financial or
geographical constraints (Tennant et al., 2016; Redalyc et al., 2003). The increasing
popularity of OA in academic publications has generated extensive discussions
among scholars in recent years. Empirical studies have shown that OA has had a
significantly positive impact on the accessibility of scientific journal articles (Björk
et al., 2010). However, the distribution of OA publications varies depending on the
data source. A comprehensive analysis of OA publications based on Crossref data
shows that at least 27.9% of the total 19 million scientific articles are OA (Piwowar
et al., 2018). In contrast, studies report that around 55% of articles in the Google
Scholar database from 2009 to 2014 are OA, and more than 50% of scientific
papers published since 2007 can be accessed freely (Martín-Martín et al., 2018;
Archambault et al., 2014). Among the various OA policies, Bronze OA is the
most common type (Piwowar et al., 2018). Although the distribution of OA varies
across different fields, General Science, Technology, and Biomedical research have
relatively higher OA rates, while Engineering and Arts&Humanities have lower
rates (Archambault et al., 2014; Martín-Martín et al., 2018).

An “open access citation advantage" (OACA) has also been a topic of ongoing
debate. Some researchers have observed that a citation advantage linked to OA
exists, although the effect magnitude varies based on the dataset and methods
used. For example, OA articles have been found to receive 18% more citations than
average based on Web of Science, while Scopus reports an even higher, positive
40% effect (Piwowar et al., 2018; Archambault et al., 2014). Kristin found that in
four disciplines—philosophy, political science, electrical and electronic engineering,
and mathematics, OA articles exhibit a greater research impact (Antelman, 2004).
Distinct advantages are found for green OA articles hosted in institutional reposi-
tories, receiving 106% more citations than gold OA or non-OA articles, and OA
articles receive up to 36% more diverse, interdisciplinary citations than non-OA
articles (Young and Brandes, 2020). Despite these findings, a recent systematic
review of OACA suggests that the debate continues, revealing diverse outcomes
across different studies (Langham-Putrow et al., 2021). Out of 134 included studies,
47.8% confirm the existence of OACA, 27.6% deny it, 23.9% find OACA only in
subsets, and 0.8% are inconclusive, with a notable association between the focus on
multiple disciplines and the identification of OACA in subsets (Langham-Putrow
et al., 2021). Therefore, the effects of OA on citation patterns remain a topic of
interest and active investigation.
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7.2.2 Science and Wikipedia

With the rapid development of the internet, traditional peer review processes need
to adapt to keep pace with the rapid knowledge creation in the 21st century (Black,
2008). As the largest encyclopedia worldwide, Wikipedia aims to effectively and
globally distribute information based on scientific findings3, thereby making it a
valuable altmetric source (Sugimoto et al., 2017; Mesgari et al., 2015). Evans and
Krauthammer observed higher citation counts for articles linked in Wikipedia,
suggesting its potential for impact assessment (Evans and Krauthammer, 2011).
Altmetric.com integrated Wikipedia mentions into its tracking in 20154, but
doubts have arisen about Wikipedia’s reliability for impact assessment. Lin and
Fenner found that only 4% of PLOS articles were cited in Wikipedia (Lin and
Fenner, 2014), and Kousha and Thelwall concluded that Wikipedia citations are
insufficient for impact assessment in most fields (Kousha and Thelwall, 2017).

Previous research indicates that Wikipedia’s topical coverage is similar to
that of scientific disciplines. With 13.44% of its citations coming from OA
journals (Arroyo-Machado et al., 2020) and 31.2% of Wikipedia citations associ-
ated with OA sources, this percentage has exhibited an upward trend over the
years (Pooladian and Borrego, 2017). Additionally, STEM fields, particularly
biology and medicine, comprise the most prominently featured scientific topics on
Wikipedia (Yang and Colavizza, 2022a). Fields such as medicine and psychology
have a comparatively high number of citations to research papers on Wikipedia
and are sometimes used as a gateway to further academic research (Maggio et al.,
2017; Schweitzer, 2008). Furthermore, journal articles cited in Wikipedia tend
to be published in high-impact journals (e.g., with higher impact factors) and
are more frequently OA than the average article (Nielsen, 2007; Teplitskiy et al.,
2017).

Science significantly contributes to Wikipedia, but the influence is reciprocal.
Previous studies have established that Wikipedia can enhance the citation impact
of the articles it cites (Thompson and Hanley, 2018). Furthermore, Wikipedia
has demonstrated its ability to rapidly and reliably incorporate novel scientific
findings in response to ongoing public events or crises (Colavizza, 2020).

7.2.3 Citation Analyses of Wikipedia

The open release of citation datasets from Wikipedia has led to a surge in studies
examining citation analysis on Wikipedia (Singh et al., 2021; Zagorova et al.,
2021). Among the articles on Wikipedia, 6.7% cite at least one journal article with
an associated digital object identifier (DOI) (Singh et al., 2021), and the majority
of these cited journal articles were published in the past two decades (Yang and
Colavizza, 2022a). Benjakob et al. (2022) conducted a study on the quality of

3https://wikimediafoundation.org/about/mission/
4https://www.altmetric.com/blog/new-source-alert-wikipedia/

https://wikimediafoundation.org/about/mission/
https://www.altmetric.com/blog/new-source-alert-wikipedia/
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citations in Wikipedia during COVID-19 and found that Wikipedia mostly cites
reliable sources and prefers OA articles. Some researchers have focused on user
behavior related to reference usage on Wikipedia. Piccardi et al. (2020) found
that engagement with citations on Wikipedia is generally low, but references are
more frequently looked up when the information is not included.

Despite the growing number of citation studies on Wikipedia, the relationship
between OA and Wikipedia still requires further exploration. Previous research
has examined the effect of OA on Wikipedia, and found that OA articles were 47%
more likely to be cited than paywalled articles when controlling for journal and
research fields (Teplitskiy et al., 2017). However, their focus on analyzing journals
rather than individual articles leads to in an underestimation of OA impact on
disseminating scientific knowledge through Wikipedia. This limitation stems
from the oversight of articles accessible through green or hybrid routes (ElSabry,
2017). Additionally, their manual matching approach constrained the scope of
the research. Consequently, this study aims to build on previous findings by
employing a more rigorous and comprehensive methodology, examining individual
articles, and accounting for additional confounding factors to better understand
the relationship between OA and Wikipedia.

7.3 Data and Methods

The data collection process adhered to the workflow outlined below. First, we
obtained all citations from English Wikipedia to any source using the open dataset
called Wikipedia Citations (Kokash and Colavizza, 2024). Next, to identify journal
articles, we used the classification and DOI information provided by Wikipedia
Citations. Then, to enrich the journal articles with article-level data such as
citation counts, OA status, and OA policy, we used the OpenAlex API to retrieve
relevant information through DOIs for each journal article. Finally, we used data
from Scimago to obtain relevant information for each journal. The following
sections provide a detailed description of the main datasets used in the study.

7.3.1 Wikipedia Citations

The primary dataset used in this research is Wikipedia Citations, a comprehensive
dataset of over 45 million citations extracted from the February 2024 dump of
English Wikipedia (Kokash and Colavizza, 2024). This is an updated version of
the 2020 dataset (Singh et al., 2021). Of these, approximately 2.2 million citations
are classified as journal articles, with 2,197,461 of them containing a DOI.
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7.3.2 OpenAlex and Scimago

To examine the impact of OA articles, we used OpenAlex, a free and open
platform providing data on academic papers and researchers (Priem et al., 2022).
OpenAlex draws data from sources such as Microsoft Academic Service (MAG)
and Crossref, containing more than 240 million academic works. These works are
useful for research in bibliometrics, science and technology studies, and science of
science policy (Bredahl, 2022; Hao et al., 2022). To obtain the necessary data for
journal articles in Wikipedia Citations, we utilized the OpenAlex API5 to retrieve
relevant article details such as OA status, OA policy, publication date, publisher,
and concepts, among others, for each DOI. After matching, we retrieved article
information from OpenAlex for 2,154,524 journal articles.

In our paper, we used OA policy following the classification scheme proposed
by OpenAlex, which includes the following categories:

1. Gold: Published in a fully OA journal.

2. Green: Toll-access on the publisher landing page, but there is a free copy in
an OA repository.

3. Hybrid: Free under an open license in a toll-access journal.

4. Bronze: Free to read on the publisher landing page, but without any identi-
fiable license.

5. Closed: All other articles.

OA status is treated as a binary variable in our analysis, defined as either True
or False. According to OpenAlex, and as supported by previous literature (Piwowar
et al., 2018), an article is considered OA if it has a URL where the full text can
be read without payment or login.

Additionally, we collected journal information to conduct a regression analysis
on the influence of OA. We obtained this information using data downloaded
from Scimago6. Scimago is an OA resource that provides an internationally
recognized journal rank indicator for analysis in the fields of scientometrics and
informetrics (Falagas et al., 2008; Yuen, 2018; González-Pereira et al., 2010). We
equipped each journal with the SCImago Journal Rank indicator (SJR) and other
relevant information.

Model Specification

Dependent variable To assess the potential advantage of OA articles in
Wikipedia, we defined a binary dependent variable, is_wiki, which indicates

5https://docs.openalex.org/how-to-use-the-api/get-single-entities.
6https://www.scimagojr.com/aboutus.php.

https://docs.openalex.org/how-to-use-the-api/get-single-entities
https://www.scimagojr.com/aboutus.php
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whether an article has been cited in Wikipedia or not. Since our primary dataset
consists solely of articles cited in Wikipedia, we use OpenAlex to obtain negative
samples of articles not cited in Wikipedia, via stratified sampling.

Independent variable To assess the impact of OA articles on their citation
rates in Wikipedia, we analyze two types of variables: article-level and journal-
level. At the article level, we consider the number of citations (times_cited),
whether the article is OA (is_oa), the time of publication (article_age), and
the field of research (concept). These features have been shown to influence
citation impact in previous studies (Colavizza et al., 2020; Gargouri et al., 2010;
Yegros-Yegros et al., 2015; Struck et al., 2018; Teplitskiy et al., 2017; Nielsen,
2007). At the journal level, we primarily consider the Scimago Journal Rank
(SJR). To accurately represent the SJR for each article, we use the rank assigned
to journals for the same year in which the article was published. Since a year-by-
year breakdown of journal ranks is only available from 1999 to 2020, we assign
the rank for 1999 to articles published before 1999, as it is the earliest available
representation. This range (i.e., published before 1999) accounts for 29% of the
citations in our curated set from Wikipedia.

Although these variables have been widely used to model citation impact in
previous studies, few analyses have directly linked these indicators to whether an
article is cited in Wikipedia, particularly concerning different OA policies.

Figure 7.1: Assumed causal structure of Wikipedia’s OA citation adoption effect,
with a black line representing an assumed causal relationship between two variables.

In this study, we use logistic regression to analyze the relationship between a
binary dependent variable and one or more independent variables. The logistic
regression coefficients represent the size of each predictor variable’s contribution
to the target variable. Figure 7.1 illustrates the assumed causal structure of
Wikipedia’s OA citation adoption effect, with a black line depicting an assumed
causal relationship between two variables. Specifically, we assume that the like-
lihood of a journal article being cited in Wikipedia is directly influenced by its
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features, citation counts, and OA status. At the same time, OA status can also
influence citation counts, leading to a mediated effect on the article’s adoption in
Wikipedia. Our models measure both the direct effect and the total effect of OA
status on being cited in Wikipedia. The direct effect is shown as a thick black
line in Figure 7.1, while the total effect includes both direct and mediated (via
citation counts) effects.

Dataset construction

We aim to create a balanced dataset of journal articles suitable for regression
analysis. The initial dataset, sourced from Wikipedia, contained 1,499,021 unique
scientific articles. To initiate our regression analysis, we constructed a dataset by
adding Journal, Year of Publication, and Concept as stratifying variables. This
dataset will be used to account for the influence of concept. To restrict our focus
to root-level concepts and avoid ambiguity, we filtered the citations to include
only those with a single associated concept, resulting in a set of 410,573 articles.
Subsequently, we assembled corresponding sets of articles for these two datasets
from OpenAlex based on the stratifying variables, excluding those already cited
in Wikipedia. To reduce noise in the sampling strategy, we removed journals with
no corresponding name in Scimago and those with fewer than 20 citations. We
also removed all articles published before 1900 to eliminate sparsely mentioned
dates and accept a slight recency bias.

After pre-processing, we group the articles within each stratum and proceed
as follows:

1. Filter the entire set of OpenAlex articles to include only those matching the
fields in the strata.

2. If the number of articles in this filtered set is fewer than in the curated
Wikipedia dataset, discard the strata and remove the corresponding articles
from the curated dataset.

3. Otherwise, randomly sample an equal number of articles from the filtered
set and add them to the set of negative samples.

After iterating through all strata (90,019 in total), we derived a final negative
set comprising 261,230 entries. When combined with the corresponding sets of
Wikipedia-cited articles, this results in a comprehensive dataset totalling 522,460
entries.

To ensure the robustness of our sampling methodology, we repeated the process
five times, resulting in five different datasets that were used in the analyses.
Although our method of matching strata to construct a set of negative samples
approximates the more rigorous method of propensity score matching (PSM),
the discrete nature of our strata and the large population size contribute to the
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robustness of our analysis. A descriptive overview of this curated dataset is
provided in Tables B.1, B.2 and B.3 in the appendix.

7.4 Results

We augmented our analysis by incorporating additional metadata from OpenAlex
and Scimago, enabling us to obtain information for 98.0% (2,154,524) of the
2,197,461 citations with a valid DOI. From these, we extracted 1,499,021 unique
publications (DOIs) and their associated OA status. Our findings show that 46.5%
(1,021,820 out of 2,197,461) of the citations and 44.1% (661,068 out of 1,499,021)
of the publications were OA.

Characterizing open access Articles within Wikipedia

We present our findings on the distribution of OA policy in Wikipedia citations
in figure 7.2. Our results show that the most commonly observed OA policy in
Wikipedia citations is the bronze policy, which is aligns with trends in scholarly
literature (Piwowar et al., 2018). The second most common OA policy observed
in Wikipedia citations is green, which is significantly more prevalent than the gold
policy.

(a) Over citations. (b) Over unique journal articles.

Figure 7.2: Distribution of open access policy in Wikipedia.

Figure 7.3 illustrates the distribution of OA articles based on the publication
year. The grey bars represent the total number of articles cited by Wikipedia
each year, encompassing both OA and non-OA articles. The green bars indicate
the number of OA articles within each grey bar. The red dotted line indicates
the annual proportion of OA articles from the Web of Science database, the blue
dashed line represents the annual OA article ratio from the OpenAlex database,
and the black line shows the proportion of OA articles cited in Wikipedia by
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publication year. All three lines are plotted against the right y-axis, representing
the fraction of OA articles, while the left y-axis shows the total article count.

Overall, the data reveal a consistent increase in the proportion of OA articles
cited by Wikipedia over the past four decades. Compared to the overall scientific
literature, as measured by the OpenAlex and Web of Science databases, Wikipedia’s
proportion of OA articles is notably higher. This trend suggests a growing reliance
on OA articles within Wikipedia, indicating their significant influence on scientific
representation on the platform. Specifically, since 2015, the percentage of OA
article citations in Wikipedia has consistently exceeded 50%.

Figure 7.3: Fraction of OA citations by publication date of citation.

We examined the breakdown of OA status and OA policies across the 40,806
journals in our dataset. To effectively visualize this information, we calculated the
number of citations for each journal and selected the top 20 for further analysis.
Figure B.2 displays the total number of citations for the top 20 journals, where
blue represents OA articles and orange represents non-OA articles. Consistent
with previous studies, high-impact journals such as Nature, PNAS, and Science
appear frequently on Wikipedia (Nielsen, 2007), accounting for 5.7% of all citations.
However, inferring the OA status of articles based on whether journals are classified
as “Open Access” or “Closed Access” can be misleading (Teplitskiy et al., 2017),
due to the high variance in OA status among articles within the same journal.
For instance, although some articles in Nature and Science are OA, others are
non-OA.. Therefore, studying the relationship between OA and Wikipedia at the
journal level is inappropriate.

To further explore the distribution of OA policies among the top 20 journals,
we visualized the data in Figure B.3. Our analysis shows a growing trend towards
bronze OA policies among journals. However, some journals that classify them-
selves as OA, such as “Journal of Biological Chemistry"7, contain a significant

7https://www.elsevier.com/journals/journal-of-biological-chemistry/

https://www.elsevier.com/journals/journal-of-biological-chemistry/0021-9258/open-access-journal
https://www.elsevier.com/journals/journal-of-biological-chemistry/0021-9258/open-access-journal
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proportion of articles classified as Hybrid or Gold OA. Despite potential limitations
in OpenAlex’s classification of OA articles, we adhered to their classifications in
our study.

Additionally, we analyzed the distribution of OA status across OpenAlex con-
cepts, as shown in Figure 7.4 and Figure B.1. The analysis utilized the OpenAlex
dataset, which comprises 65,000 concepts, including 19 root-level concepts. We
employed fractional counting to assess the number of citations for each root-level
concept. In Figure 7.4, the left side displays the percentage of cited publications
with OA status for each concept, while the right side shows the total number of
citations per concept, ordered from the largest to the smallest. The blue bars
represent the fraction of OA citations within each OpenAlex concept, while the
red bars represent the fraction of paywalled articles. Given that 46.5% of citations
on Wikipedia are OA, we used this percentage as a baseline for OA proportionality,
represented by the black dotted line in Figure 7.4. Additionally, the black star
in the same figure denotes the percentage of OA articles for each concept across
the entire OpenAlex dataset, serving as a benchmark for the broader scientific
landscape. Our analysis revealed significant variance in OA proportions across
different fields.

Figure 7.4: Distribution of OA status and count of citations by OpenAlex concept.

Notably, the OA proportions for all concepts in Wikipedia significantly exceed
those observed in OpenAlex, underscoring the critical role of OA articles in
shaping Wikipedia’s information sources. Although the overall proportion of OA
on Wikipedia is 46.5%, certain concepts have a relatively higher OA citation rate.
Specifically, Biology (57%), Physics (53%), Medicine (50%), Environmental Science
(49%), and Mathematics (49%) demonstrate a greater reliance on OA publications
for shaping their scientific content. Conversely, Political Science (33%), Art (27%),
and History (24%) show the lowest proportions of OA articles among Wikipedia’s

0021-9258/open-access-journal.
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cited sources. Generally, Wikipedia exhibits a stronger dependence on OA articles
in STEM-related fields than in the humanities, where citations of scientific articles
are less prevalent.

OA Citation Advantage

To comprehensively assess the impact of an article’s OA status on its likelihood of
being cited by Wikipedia, we developed a series of statistical models utilizing the
datasets outlined in the data and methods section. The objective of this analysis
is to elucidate the role of OA articles within the scientific discourse of Wikipedia,
and identify any potential advantages associated with their citation patterns.

Model results

We use logistic regression for its interpretability and expressiveness, and we apply
log transformations to continuous variables. To thoroughly evaluate the overall
impact of OA status on citation adoption, our primary logistic regression model,
designed to examine the influence of is_oa, is formulated as follows:

is_wiki = is_oa + ln(article_age) + ln(SJR) + concept
+ is_oa × ln(article_age) (7.1)

To assess the direct influence of OA status on the likelihood of being cited
in Wikipedia, while accounting for the interplay between citation count and OA
status, we introduce the second formula:

is_wiki = is_oa + ln(article_age) + ln(SJR) + concept
+ ln(times_cited + 1) + is_oa × ln(article_age) (7.2)

To validate the robustness of our model, we evaluated the statistical significance
of each coefficient across all five samples. A coefficient is considered statistically
insignificant if it lacks significance in at least one of the samples. We then present
the effects in terms of odds ratios, calculated from the mean odds ratios across all
five samples. Additionally, we conducted a multicollinearity check on the variables
in the model and found that all Variance Inflation Factors (VIF) were below 10,
indicating the absence of significant multicollinearity issues.

Our analysis of the results is summarized in Table 7.1, which lists the regression
results of model 1 and model 2. From Table 7.1, it is evident that OA articles
exhibit substantially higher odds of being cited in Wikipedia compared to paywalled
articles. Specifically, in model 1, OA articles have 80% higher odds of being cited,
and this becomes 64.7% in model 2 when considering citation counts. These
findings highlight that the OA status of an article plays a crucial role in its
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likelihood of being used as a reference on Wikipedia, suggesting that Wikipedia is
more inclined to cite OA articles over paywalled ones.

Incorporating citation counts into the model enhances the interpretability and
reveals additional insights. Similar to OA status, citation counts play a significantly
positive role in the odds of scientific articles being cited in Wikipedia. This
suggests that articles with higher citation counts are more likely to be referenced
on Wikipedia, reflecting their impact and visibility within the scientific community.
In terms of conceptual classification analysis, we use biology, which has the highest
citation count on Wikipedia, as our reference point. By incorporating citation
counts into our analysis, we identified 14 concepts that significantly influence
the likelihood of articles categorized as OA being cited on Wikipedia. Notably,
several concepts from the humanities and social sciences, such as Art, History,
Philosophy, and Political Science, exhibited notably positive coefficients. This
finding reflects the unique characteristics of these domains, known for being low-
citation fields (Patience et al., 2017), despite their substantial importance within
the Wikipedia ecosystem. Additionally, Environmental Science also demonstrated
a high coefficient, likely due to its interdisciplinary nature, which incorporates
knowledge from both natural and social sciences.

Furthermore, the age of the article demonstrates a modest yet significantly
negative effect on the likelihood of OA articles being cited by Wikipedia. This
finding implies that newer publications are more likely to be cited by Wikipedia
compared to older articles, indicating a preference for recent and up-to-date
scientific content on the platform.

Despite the negative effect of the SJR, insights can be gleaned from the
distribution of SJR among Wikipedia citations, as shown in Figure B.4. In Figure
B.4, the x-axis represents the SJR value obtained from Scimago, while the y-axis
represents the proportion of Wikipedia citations. It is evident that nearly 90% of
the cited journals on Wikipedia have an SJR value of less than 10. Additionally, the
mean SJR in our dataset is 3.68, with a third quartile of 4.38. This finding further
supports our regression results, indicating that in Wikipedia, most citations come
from journals with small SJR values. Thus, as the SJR decreases, the likelihood
of OA articles being cited by Wikipedia increases.

To gain insight into the interaction between OA status and citation counts
in Wikipedia, we use Formula 2 to create a graph that plots these two variables
along with article features.

The graph, shown in Figure 7.5, displays the dependent variable, is_wiki, on
the y-axis and the citation counts (variable times_cited) on the x-axis. Articles
are grouped according to their OA status. We plot the average model prediction for
each group using the first data sample and provide 95% bootstrapped confidence
intervals for each group (faded color). The red line illustrates the trend of OA
adoption by citation count under the condition that the OA status is closed,
while the blue line shows the trend under the condition that the OA status is
open. This graph reveals several insights. Firstly, when the citation counts are
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Table 7.1: Regression results for the first sample with models 1 and 2.

Regression Model Model 1 (R2 = 0.00034) Model 2 (R2 = 0.07182)
Feature Coef Odds Ratios P>z Coef Odds Ratios P>z
Intercept -0.363 0.695 0 -0.979 0.376 0
ln1p_times_cited 0.442 1.557 0
ln(article_age) 0.064 1.066 0 -0.067 0.935 0
ln(SJR) -0.002 0.998 0.487 -0.246 0.782 0
is_oa 0.588 1.800 0 0.499 1.647 0
is_oa:ln_article_age -0.091 0.900 0 -0.103 0.902 0
Art -0.001 0.999 0.980 0.669 1.952 0
Business 0.001 1.001 0.992 0.38 1.462 0
Chemistry -0.002 0.998 0.845 0.014 1.014 0.237
Computer science -0.004 0.996 0.846 0.251 1.285 0
Economics -0.006 0.994 0.885 0.042 1.043 0.387
Engineering 0.000 1.000 0.999 0.523 1.688 0
Environmental science 0.002 1.002 0.987 0.75 2.118 0
Geography -0.007 0.993 0.877 0.583 1.791 0
Geology 0.008 1.008 0.626 0.09 1.095 0
History -0.004 0.996 0.914 0.646 1.908 0
Materials science 0.009 1.009 0.822 -0.069 0.934 0.109
Mathematics 0.002 1.002 0.931 0.415 1.514 0
Medicine 0.003 1.003 0.675 0.03 1.03 0
Philosophy -0.003 0.997 0.915 0.703 2.02 0
Physics -0.012 0.988 0.386 0.227 1.255 0
Political science -0.006 0.994 0.851 0.681 1.977 0
Psychology -0.002 0.998 0.905 -0.069 0.934 0
Sociology 0.002 1.002 0.981 0.466 1.594 0
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very low (near 0), there is a significant initial citation advantage for OA articles
compared to the paywalled articles. As the citation count increases (up to 200),
this advantage gradually expands. However, as the citation count continues to
grow, this advantage becomes less distinguishable. Our previous work (Yang and
Colavizza, 2022a) shows that articles cited fewer than 100 times account for 70%
of all cited articles, while only about 3% are cited 1,000 times or more. Therefore,
most citations in Wikipedia benefit from this OA effect. We speculate that the
OA adoption effect arises because Wikipedia editors may find it easier to discover
and access open research results earlier in the publication timeline, before these
articles accumulate citations and gain broader peer recognition.

Figure 7.5: OA adoption effect at varying citation counts, based on model 2.

In addition, we examined the interaction between OA status and article age
on Wikipedia using model 2, as illustrated in Figure 7.6. The figure reveals
a significant advantage for younger articles, especially those aged less than 48
months (4 years). OA articles in this age group have a 10% higher likelihood of
being cited by Wikipedia compared to a paywalled article. However, as the age of
the articles increases to around 240 months (20 years), the likelihood of adoption
begins to decline. This trend highlights Wikipedia’s preference for newer articles,
particularly those published within the last four years, over older publications.
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Figure 7.6: OA adoption effect at varying article age, based on model 2.

Moreover, we employed two regression models to investigate the impact of OA
policy on citation adoption, using “closed” as the baseline. The results, presented
in Table 7.2, demonstrate that all OA policies significantly enhance the overall
adoption rate for OA articles. Additionally, the interaction between OA policies
and article age shows a significant negative effect on OA adoption. Table 7.3
presents the results from the second model, which explores the indirect effect of
OA policy and reveals a similar trend. However, the bronze policy exhibits a
slightly significant negative impact. To validate the robustness of our findings, we
conducted regressions across all five samples, with the results reported in Tables
B.6 and B.7.

Table 7.2: Coefficients for OA adoption by policy. Results for the first sample,
model 1, R2 = 0.0013.

Feature coef odds_ratios P>z
bronze 0.101 1.106 0.000
gold 0.032 1.032 0.000
green 0.162 1.176 0.000
hybrid 0.190 1.210 0.000
ln_article_age 0.019 1.019 0.000
ln(SJR) -0.036 0.965 0.000
bronze:ln_article_age -0.0398 0.961 0.000
gold:ln_article_age -0.1392 0.870 0.000
green:ln_article_age -0.1868 0.830 0.000
hybrid:ln_article_age -0.2230 0.800 0.000
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Table 7.3: Coefficients for OA adoption by policy. Results for the first sample,
model 2, R2 = 0.073.

Feature coef odds_ratios P>z
bronze -0.111 0.895 0.054
gold 1.090 2.974 0.000
green 0.834 2.302 0.000
hybrid 1.156 3.177 0.000
ln_article_age -0.070 0.933 0.000
ln(SJR) -0.244 0.783 0.000
bronze:ln(article_age) 0.029 1.030 0.007
gold:ln_article_age -0.245 0.783 0.000
green:ln_article_age -0.171 0.843 0.000
hybrid:ln_article_age -0.274 0.760 0.000
ln(1 + times_cited) 0.447 1.564 0.000

7.5 Discussion

The surge in popularity and growth of OA has significantly contributed to the
dissemination of scientific knowledge. Our research highlights Wikipedia’s increas-
ing reliance on OA articles, constituting 46.5% of all scientific citations on the
platform, a notable rise from the 31.2% reported in the prior study (Pooladian
and Borrego, 2017). This trend has shown continuous growth, particularly evident
in scientific articles cited by Wikipedia that were published after 2011, where
at least 50% are OA. In comparison, only 30% of articles in the Web of Science
database and 20% in the OpenAlex database were OA during the same period
These findings align with the broader scientific community’s trend, as evidenced by
the percentage of OA articles steadily increasing to 28% in 2018, with OpenAlex
reporting 47% (Piwowar et al., 2018). Despite high-impact journals remaining a
preferred source for Wikipedia (Nielsen, 2007), variations in the distribution of
OA articles within journals emphasize the necessity for a nuanced, article-level
approach.

Our examination of OA policies in scientific articles and Wikipedia unveils a
parallel trend (Piwowar et al., 2018). Bronze policy (16.10%) and green policy
(13.52%) dominate as the most common OA policies in Wikipedia. The higher
prevalence of green policy in Wikipedia compared to scientific articles suggests
differences in reference acquisition methods between Wikipedia editors and re-
searchers. This trend further reinforces the importance of not overlooking articles
accessible through green routes, thereby avoiding underestimating the impact
OA can have on disseminating scientific knowledge through Wikipedia (ElSabry,
2017).

Our study further reveals disparities in OA Wikipedia citations across disci-
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plines, with biology, physics, and mathematics exhibiting higher OA citation rates,
while social sciences and humanities show comparatively lower rates. Neverthe-
less, Wikipedia’s robust reliance on OA articles persists across all OpenAlex root
concepts.

In addition, our analysis reveals an “OA citation advantage” in Wikipedia,
meaning that OA publications are more likely to be cited as references in Wikipedia
compared to paywalled publications. Specifically, under similar conditions, OA
articles have a 64.7% higher likelihood of being cited in Wikipedia than their
paywalled counterparts. Despite the significantly negative effect of the SJR on
citation likelihood, we found that over 90% of articles cited in Wikipedia have
an SJR below 10, with nearly 80% below 5. This distribution indicates that
Wikipedia editors prioritize the accessibility of reliable sources over the prestige
of the journals in which they are published. Furthermore, the likelihood of an OA
article being cited increases with its citation count but decreases as the article
ages. Wikipedia’s editors demonstrate strong responsiveness to new scientific
developments, frequently updating content referencing OA articles published
within the past four years, reflecting a clear preference for recent and easily
accessible scientific knowledge.

We acknowledge certain limitations in our study. First, by focusing exclusively
on articles with DOIs, we excluded conference papers and earlier literature. Future
research could benefit from including these additional sources. While our regression
model accounted for significant factors, such as OA status, OA policy, and citation
counts, other causal variables like article length may influence article citations
on Wikipedia. Furthermore, our study did not consider time as an analytical
dimension, prompting future research to delve into Wikipedia’s edit history for
specific data at the time of article citation, facilitating a deeper understanding of
the causal mechanisms underpinning the interplay between OA and Wikipedia.
Additionally, Wikipedia supports dual citations, allowing both paywalled and OA
versions of a source to be cited together. This functionality, supported by tools like
Wikipedia’s OABOT8, facilitates the addition of OA links to paywalled citations,
improving access without violating copyrights. As a result, some paywalled
publications can even be accessed through these OA links. Future studies could
more comprehensively explore the impact of OA on Wikipedia by considering this
broader context.

7.6 Conclusion

This chapter assessed the impact of open access (OA) on Wikipedia by analyzing
article-level features using a comprehensive dataset of Wikipedia citations, OA
metrics from OpenAlex, and journal data from Scimago. Our findings reveal that

8https://en.wikipedia.org/wiki/Wikipedia:OABOT#:%7E:text=Wikipedia%20links%
20to%20hundreds%20of,does%20not%20violate%20any%20copyrights

https://en.wikipedia.org/wiki/Wikipedia:OABOT#:%7E:text=Wikipedia%20links%20to%20hundreds%20of,does%20not%20violate%20any%20copyrights
https://en.wikipedia.org/wiki/Wikipedia:OABOT#:%7E:text=Wikipedia%20links%20to%20hundreds%20of,does%20not%20violate%20any%20copyrights
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OA articles are increasingly cited over time, with their proportion on Wikipedia
significantly exceeding that in the broader scientific literature. Moreover, OA
articles enjoy a citation advantage on Wikipedia, with a greater likelihood of being
referenced compared to similar paywalled articles. This advantage is particularly
pronounced for highly cited articles and those published within the past four years.
These results underscore the importance of OA in broadening the dissemination
of scientific knowledge, especially on influential platforms like Wikipedia, where
newer and more impactful articles are more likely to reach a wider audience.

Our study lays the groundwork for further research on Wikipedia and open
science. Future studies should consider a broader range of sources and variables to
more fully understand the OA effect on Wikipedia. Additionally, exploring other
aspects of open science, such as open research data and software, through similar
methodologies could provide further insights. In conclusion, our study highlights
the significance of OA in Wikipedia and its potential broader impact, offering a
foundation for future research and contributing to the understanding of OA’s role
in the dissemination of scientific knowledge.

By demonstrating the citation advantage of OA publications, this chapter
shows how accessibility reshapes which science is visible on Wikipedia. At the
same time, the increased prominence of OA sources also raises questions about how
they are used in contested settings, where openness may amplify both visibility
and conflict. These issues are taken up in Chapter 8, which investigates how OA
publications are implicated in editorial disputes and what this reveals about the
negotiation of scientific authority on Wikipedia.





Chapter 8

Weaponized Citations: The Role
of Open Access Publications in Wikipedia’s
Scientific Disputes

8.1 Introduction

Chapters 4, 5 and 7 examined which sources enter Wikipedia, how they may
be biased, and how accessibility affects their visibility. In this final empirical
chapter, we shift from coverage and access to conflict. Disputes are a central aspect
of Wikipedia’s collaborative process and provide a window into how scientific
knowledge is contested, defended, and negotiated in public. This chapter therefore
examines the role of OA publications within editorial disputes.

Wikipedia has emerged as one of the largest and most accessible online ency-
clopedias in the digital age, serving millions of users worldwide across a wide range
of fields. Its open editing model allows virtually anyone to contribute or modify
content, which has facilitated rapid growth and continuous updates. However,
this openness also introduces challenges, including vandalism, the spread of misin-
formation, and edit conflicts (Priedhorsky et al., 2007; Kittur et al., 2007b; Sumi
et al., 2011). These conflicts often arise when multiple editors repeatedly undo
each other’s contributions due to disagreements (Kittur et al., 2007b; Yasseri et al.,
2012). A core principle guiding editorial practice on Wikipedia is the Neutral
Point of View (NPOV), which requires that articles be written fairly, accurately,
and supported by verifiable sources. This principle is especially important for
articles addressing contentious issues or biographies of living persons1. Within
this framework, not only Wikipedia articles content but also the citations used to
support claims can become central to editorial disputes.

In addition to its encyclopedic function, Wikipedia increasingly serves as
a platform for public engagement with scientific knowledge (Jemielniak and

1https://en.wikipedia.org/wiki/Wikipedia:Neutral_point_of_view
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Aibar, 2016; Segev and Sharon, 2017; Shafee et al., 2017). Its commitment to
transparency, evident in open revision histories, publicly accessible discussion
pages, and community-enforced guidelines, has contributed to its credibility among
both general readers and professionals. Unlike academic journals, which often rely
on closed peer review processes and involve long publication timelines, Wikipedia
allows for immediate updates. Editors can incorporate newly published scientific
findings in near real-time. This responsiveness makes Wikipedia a dynamic
platform where scientific knowledge is not only disseminated but also interpreted,
negotiated, and at times contested in public view (Benjakob and Aviram, 2018;
Black, 2008).

Recent research has recognized Wikipedia as a space where scientific disputes
become visible (Weltevrede and Borra, 2016; Wilson and Likens, 2015). Editors
frequently disagree on how to deal with contested scientific claims, and such
disputes are often mediated through community policies concerning verifiability,
reliable sourcing, and neutrality (Hara and Doney, 2015; Wyatt et al., 2016;
Steiert, 2025). These editorial interactions offer valuable insights into how scientific
authority is constructed, reinforced, or challenged within a collaborative and public
knowledge environment.

While previous research on Wikipedia conflicts has primarily focused on
editorial behavior and content disputes, often using metrics such as edit frequency,
revert patterns, and editor activity (Yasseri et al., 2012), the role of scientific
citations within these disputes has received comparatively less attention. Scientific
publications, typically regarded as authoritative sources, are frequently cited to
support or refute competing interpretations. Examining how these sources are
mobilized in editorial conflicts can offer important insights into the relationship
between scientific knowledge production and its contestation in digital public
settings.

One particularly relevant dimension of this issue concerns the role of open
access (OA) publications. OA publications, which are freely available to all readers,
have become increasingly common and are often associated with greater visibility
and citation impact (Björk and Solomon, 2012; Piwowar et al., 2018). Their
accessibility may make them more likely to be cited in contentious discussions, as
they are easier to retrieve, read, and assess by a broader range of contributors. This
raises the possibility that OA publications are more frequently involved in editorial
disputes on Wikipedia. Despite this plausible connection, empirical research
assessing whether OA publications are disproportionately cited in contentious
editing contexts remains limited.

In light of these gaps, this chapter aims to investigate the role of OA publications
in disputes identified within Wikipedia articles. Specifically, we address the
following research questions:

• RQ1: What are the most important characteristics of scientific publications
that are involved in scientific disputes?
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• RQ2: Are OA publications more likely to be used in scientific disputes
compared to paywalled publications?

To answer these questions, we construct a comprehensive dataset that integrates
Wikipedia edit histories with metadata from Crossref and OpenAlex. This dataset
includes 3,514 scientific publications cited across 2,221 identified dispute cases on
Wikipedia. We analyze the characteristics of these publications and compare OA
and paywalled articles in terms of their involvement in disputes, using multiple
indicators of dispute intensity. Furthermore, we employ logistic regression models
to estimate the likelihood that a scientific publication is cited in a dispute,
controlling for factors such as article age, citation count, field of research, and
journal type.

By examining the relationship between OA status and the likelihood of involve-
ment in citation-related conflicts, this study offers new insights into how scientific
knowledge is mobilized, contested, and negotiated within the digital public sphere.
Our findings contribute to the literature on science communication, OA, and the
governance of user-generated knowledge platforms such as Wikipedia.

8.2 Previous Work

8.2.1 Wikipedia and its Controversies

Wikipedia is widely recognized as a pioneering open knowledge platform, charac-
terized by its collaborative and open editing model (Kittur et al., 2007b). While
this model fosters inclusiveness and facilitates the rapid dissemination of knowl-
edge, it also creates potential for editorial disagreements. One prominent form
of conflict is known as an edit war, where contributors repeatedly override each
other’s edits due to differing perspectives (Yasseri et al., 2012). These conflicts
raise important questions about the reliability and neutrality of collaboratively
produced content (Arazy et al., 2011).

In most cases, Wikipedia articles evolve through a predominantly constructive
and cooperative process. Editors tend to improve each other’s contributions
by expanding content, correcting factual or grammatical errors, and gradually
converging toward a stable, consensus-based version (Wilkinson and Huberman,
2007). According to Wilkinson and Huberman, nearly 99% of articles on the
English Wikipedia develop through this relatively smooth and incremental editorial
dynamic. Representative examples of such evolution include entries like Benjamin
Franklin, Pumpkin, and Helium, which have seen steady refinement without
major conflict.

However, this collaborative ideal does not always hold. In articles dealing with
controversial, politicized, or high-profile topics, editorial collaboration can give way
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to conflict. Disputes often take the form of so-called edit wars2, where opposing
groups repeatedly override each other’s changes. Schneider et al. (Schneider
et al., 2010) estimate that for frequently edited or heavily viewed pages—a pair of
characteristics that tend to co-occur (Ratkiewicz et al., 2010)—around 12% of talk
page discussions focus on reversions or vandalism3. These findings suggest that
article popularity and controversy are strongly linked, with heightened attention
often coinciding with editorial instability.

To address such challenges, the Wikipedia community has established a compre-
hensive set of governance mechanisms aimed at mitigating conflict and preserving
content quality. These include the well-known “three-revert rule,” temporary or
indefinite page protection, editorial tagging to flag controversial material, and ad-
ministrative measures such as user warnings, temporary suspensions, or permanent
bans for persistently disruptive behavior.4

Research in this area has largely focused on editorial behaviors and article-level
indicators of controversy. Various approaches have been developed to quantify
editorial conflict on Wikipedia. For instance, one of the earliest and most widely
used metrics is the count of reverts and total number of edits, where a high
number of reverts suggests a contentious article (Kittur et al., 2007b). Another
commonly used metric is the number of words deleted by one user from another’s
contributions. This approach defines disputes between user pairs based on the
amount of content removed by each party from the other’s edits (Vuong et al.,
2008). A third approach involves analyzing mutual reverts between two editors.
When two contributors repeatedly undo each other’s changes, it often signals the
presence of a sustained disagreement (Suh et al., 2007). Temporal features have
also been employed in measuring controversy. One such measure is the inverse
of the time interval between consecutive edits made by different users. Shorter
intervals between conflicting edits may reflect intense editorial disputes (Brandes
and Lerner, 2008). Similarly, West et al. (West et al., 2010) and Adler et al. (Adler
et al., 2011) utilized temporal patterns of editing behavior to detect instances of
vandalism on Wikipedia. Their central argument is that edits deemed problematic
tend to be reverted more rapidly than non-problematic ones, suggesting that the
time interval between an edit and its subsequent reversion can serve as a reliable
indicator of disruptive activity. Yasseri et al. (Yasseri et al., 2013) proposed a
composite metric of controversy, denoted as M , which aggregates the weights
of mutually reverting editor pairs and multiplies this sum by the total number
of editors engaged with the article. This method captures both the depth and
breadth of conflict within a Wikipedia page.

Although these methods provide valuable insights into the dynamics of editorial
behavior and have been instrumental in identifying controversial content, they

2https://en.wikipedia.org/wiki/Wikipedia:Edit_warring
3Vandalism on wikis includes the insertion of hoaxes, offensive language, or nonsense text.

Reversions are edits used to restore content to its previous, stable version.
4See https://en.wikipedia.org/wiki/Wikipedia:Edit_warring for policy details.

https://en.wikipedia.org/wiki/Wikipedia:Edit_warring
https://en.wikipedia.org/wiki/Wikipedia:Edit_warring
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primarily focus on surface-level interactions such as editing frequency, reversion
patterns, and word-level deletions. The role of references and citations, particularly
scientific ones, has been relatively understudied in this body of work. Given
Wikipedia’s emphasis on verifiability and reliable sourcing—especially in articles
on contentious topics—citations themselves can become a site of disagreement.
Understanding how scientific publications are cited, disputed, or removed during
Wikipedia conflicts could offer new perspectives on the intersection between
scientific knowledge and public discourse.

8.2.2 Scientific Citations and Disputes in Wikipedia

Scientific citations serve not only to acknowledge prior research but also function as
instruments of persuasion, authority, and boundary-setting within both academic
and public discourse (Nigel Gilbert, 1977; Cozzens, 1989). In contested contexts,
citations are often used strategically to support specific claims, challenge opposing
arguments, or align with particular epistemic communities (Gilbert and Mulkay,
1984; Hyland, 1999).

On Wikipedia, where editorial guidelines such as “verifiability” and “no orig-
inal research” place strong emphasis on reliable sourcing, scientific references
play a particularly central role (Benjakob et al., 2022; Lewoniewski et al., 2023;
Konieczny, 2016). Editors rely on scientific publications not only to substantiate
statements, but also to resolve disputes, justify inclusion or exclusion of content,
and negotiate editorial consensus. In articles addressing topics often surrounded by
controversy, such as climate change, COVID-19, or gender identity, the selection
and interpretation of specific scientific sources frequently becomes a focal point of
disagreement (Esteves Gonçalves da Costa and Cukierman, 2019; Benjakob et al.,
2022; Currie, 2012). Despite the importance of citations in these disputes, there
remains a lack of research on the characteristics of the cited literature and how
these characteristics may influence the likelihood of citation-related disputes.

One potentially important factor that has received limited attention is the
role of accessibility to scientific publications. OA publications, which are freely
available to the public, are generally associated with increased visibility, broader
dissemination, and greater uptake in social media and public discourse compared to
subscription-based articles (Piwowar et al., 2018; Björk and Solomon, 2012). This
broader exposure may contribute to a higher likelihood of being cited on platforms
like Wikipedia (Yang et al., 2024). Because OA publications are more readily
accessible to editors and readers alike, they may be more frequently included in
articles, more actively scrutinized by the community, or more easily drawn into
points of contention. However, whether OA articles are more likely to be involved
in citation-related disputes remains an open empirical question.

Previous research has provided important insights into how scientific knowledge
circulates in digital environments. Yet, few studies have directly examined how
specific attributes of scientific publications—such as OA status, citation impact,
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disciplinary field, or publication venue—are associated with their presence in
Wikipedia disputes. Moreover, most existing work has examined either editorial
behavior or citation patterns in isolation, without integrating these perspectives
into a unified empirical framework.

This study seeks to address these gaps by investigating how features of scientific
publications, particularly OA status, are related to their involvement in citation
disputes on Wikipedia. By combining large-scale Wikipedia editing histories with
detailed bibliometric metadata from sources such as Crossref and OpenAlex, this
research provides new insights into how scientific literature is not only cited but
also challenged and contested within one of the world’s most widely used open
knowledge platforms.

8.3 Methodology

8.3.1 Data Collection and Sources

This study draws on data from three primary sources. First, we used Crossref
Event Data curated by CWTS, which records citation-related events on Wikipedia.
These events capture the addition and removal of references to scientific publi-
cations identified by Digital Object Identifiers (DOIs). Second, we utilized the
Wikipedia API to retrieve article revision histories, editor identifiers, and page-
level metadata such as namespace classification. Third, we integrated metadata
from the OpenAlex dataset to obtain attributes of the cited scientific publications,
including OA status, publication year, citation count, disciplinary classification,
and retraction status.

8.3.2 Temporal Scope, Dispute Definition, and Filtering

Crossref Event Data has recorded citation events from April 11, 2017 onward. To
ensure the completeness of revision histories from article inception, we restricted
our sample to English-language Wikipedia articles whose earliest revision date
occurred on or after January 1, 2018. This yielded 609,256 Wikipedia articles
with a combined total of over 71 million revisions.

Previous studies on disputes in Wikipedia have primarily focused on edit wars,
and adopt the definition provided directly by Wikipedia5. These studies have
centred on detecting such conflicts, typically using one of two approaches. The
first involves analyzing the associated talk pages6 for indicators such as cleanup
tags, strong language, or hostile interactions. In some cases, the length of the
talk page may exceed that of the article itself, requiring the archiving of earlier
discussions. The second approach examines the revision history of an article,

5https://en.wikipedia.org/wiki/Wikipedia:Edit_warring
6https://en.wikipedia.org/wiki/Help:Talk_pages

https://en.wikipedia.org/wiki/Wikipedia:Edit_warring
https://en.wikipedia.org/wiki/Help:Talk_pages
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where edit war behavior can often be identified by patterns of repeated reverts
among contributors (Sumi et al., 2011).

In a broader sense, scientific disputes have been characterized as sustained
and public disagreements involving conflicting knowledge claims. According to
McMullin, a scientific controversy exists when both sides assert the validity of
their own views while challenging the other’s, and when these views are presented
as being grounded in scientific reasoning (McMullin, 1987). The disagreement
must also be visible to a wider audience through written or spoken communication,
rather than remaining private, allowing others to evaluate the competing claims.

Building on these prior perspectives and considering the specific context of
scientific publications, we operationalise a scientific dispute as a sequence of
citation changes involving repeated addition and removal of the same DOI by
at least two distinct editors within a short time frame. Specifically, a dispute is
identified when the same DOI is inserted or removed at least three times within a
seven-day period.

We evaluated alternative temporal windows of one, three, seven, and thirty
days. The seven-day window was selected as a compromise: shorter intervals
risked excluding slower-developing disputes, while longer periods tended to capture
unrelated content updates, obsolecense or page evolution. Applying this definition,
and restricting the scope to article pages (namespace = 0)7, we identified 193,416
candidate scientific disputes across 2,807 Wikipedia pages and 9,602 unique DOIs.

8.3.3 Dispute Validation and Consolidation

An initial manual inspection of 100 randomly sampled events revealed that only
33 percent represented genuine disputes. The remaining events primarily stemmed
from incomplete or incorrect records in the Crossref Event Data. To improve
reliability, we implemented a two-step verification process.

First, for each event, we used the Wikimedia API to retrieve the article text
before and after the corresponding revision. We then compared different versions
of the same article and excluded events where the detected text differences did
not include the corresponding DOI. Second, we randomly sampled 100 events
from the filtered dataset for manual validation. Among these, 88 percent were
confirmed as genuine scientific disputes. The remaining cases typically involved
legitimate DOI changes, but lacked clear evidence of disagreement, such as edit
summaries indicating a dispute. The random sampling was designed to ensure
representativeness of the filtered dataset.

After validation, we retained 10,884 confirmed dispute events involving 1,681
Wikipedia articles and 3,548 distinct scientific publications. To account for
prolonged or fragmented disputes, we consolidated overlapping events on the same

7A Wikipedia namespace is a categorization system that groups pages by their function or
content type, helping distinguish between articles, user pages, discussions, drafts, and project-
related content. https://en.wikipedia.org/wiki/Wikipedia:Namespace

https://en.wikipedia.org/wiki/Wikipedia:Namespace
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article into unified conflict episodes. Specifically, two events were merged if they
occurred within overlapping time windows and involved at least one common
revision, the process can be found in 8.1. This conservative merging criterion
minimized the risk of erroneously combining unrelated events, helping ensure that
each episode reflected a coherent editorial disagreement over a specific scientific
source. The final consolidation process yielded 2,221 distinct scientific dispute
episodes.

Wikipedia page 1

Revision date

Old

New

Dispute 1 involved DOI 1

Day1 Day7

Status of doi changed 
at this revision

Dispute 2 involved DOI 2

The statuses of DOI 1 and DOI 2 both changed in this revision, indicating an overlap between 
dispute 1 and dispute 2. Therefore, we can merge them into a single, potentially prolonged dispute.

Day5 Day8 Day12 Day15

Dispute 3 involved DOI 3

Dispute 4 involved DOI 3

Day17

Merge dispute
Wikipedia page 1

Revision date

Old

New

Day1 Day7

Dispute 1 is merged with Dispute 2, forming a larger 
dispute that involves two DOIs: DOI 1 and DOI 2.

Day5 Day8 Day12 Day15

Dispute 3 is merged with Dispute 4 
and involves DOI 3.

Day17

4 days

7 days

Figure 8.1: Merging procedure for scientific disputes.

8.3.4 Metadata Enrichment and Final Dataset

To contextualize the dispute episodes, we enriched the dataset with structured
metadata from both OpenAlex and Wikipedia API. For each cited scientific publi-
cation, we collected information on OA status, publication year, citation volume,
primary disciplinary concept, and retraction status. Additionally, we extracted
topic classifications for each Wikipedia article using the ORES ArticleTopic8

model and retrieved structural characteristics of the articles.
After removing entries with incomplete metadata, the final dataset consisted

of 2,221 consolidated scientific dispute episodes. These episodes involved 1,669
Wikipedia articles and 3,514 unique scientific publications, all with complete
metadata coverage.

8https://www.mediawiki.org/wiki/ORES/Articletopic

https://www.mediawiki.org/wiki/ORES/Articletopic
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8.4 Results

8.4.1 Characteristics of Publications Involved in Scientific
Disputes

We begin by examining the distribution of scientific disputes across academic
disciplines. Figure 8.2 presents the frequency and duration of disputes for each
primary concept, based on scientific articles. Concepts are ordered by the total
number of dispute episodes (shown on the right), while the left panel displays the
distribution of dispute durations in seconds. To aid interpretation, three vertical
reference lines are included: a red dotted line marking one day, a light blue line
marking one week, and a dark blue line indicating two weeks.

Figure 8.2: Distribution of scientific dispute durations across disciplines.

The most frequently contested fields include Political Science, Medicine, and
humanities-related disciplines such as History, Geography, and Sociology. In con-
trast, foundational sciences like Physics, Chemistry, Mathematics, and Engineering
are markedly less represented. Mathematics and Engineering show the lowest
dispute frequencies.

In terms of duration, most disputes are short-lived, typically resolving within
three days. The average dispute lasts less than one day, suggesting that many
editorial disagreements are addressed or lose momentum quickly. Among the ex-
ceptions, materials science exhibits the longest average dispute durations, whereas
geology shows the shortest. The relatively brief duration in Engineering may
reflect the small number of disputes observed (only 21 articles). Overall, we find
limited variation in dispute duration across disciplines, indicating that Wikipedia
editors tend to resolve disputes at similar speeds regardless of topic. Alternatively,
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it is possible that unresolved disputes migrate to talk pages rather than continuing
on the main article pages.

To further understand the temporal dynamics of scientific disputes, Figure 8.3
visualizes when disputes occurred relative to publication year. Each point repre-
sents a scientific article involved in a dispute, with the x-axis showing publication
year and the left y-axis representing dispute count. The point shape indicates
access type (circles for OA, crosses for paywalled), while the point size corresponds
to the number of dispute episodes per article. The red trend line, plotted against
the right y-axis, represents the total number of disputes per year with a shaded
95% confidence interval.

Figure 8.3: Temporal trends and disciplinary distribution of scientific disputes.

To enhance visual clarity, we color only the top 5 most disputed concepts;
all others are grouped under “Other” in light gray. Most articles appear in
only a single dispute episode. However, since the early 2000s, an increasing
number of articles have been involved in multiple disputes. The article with the
highest dispute frequency is a 2019 publication in Frontiers in Genetics titled
“Assortative Mating on Ancestry-Variant Traits in Admixed Latin American
Populations”, which was cited in 11 separate dispute episodes. These disputes
revolved around contested interpretations of genetic admixture and its implications
for demographic classification and racial identity. Editors contested the reliability
of the study, juxtaposing it with sources such as the CIA World Factbook and
the Latinobarómetro survey. Disagreements involved content addition/removal,
accusations of bias or vandalism, and broader tensions over the role of scientific
sources in politically sensitive topics.
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Overall, articles in Political Science and Biology are more frequently involved in
high-frequency disputes. In contrast, articles in History, Sociology, and Psychology
tend to be associated with more moderate or low-intensity dispute activity. Fur-
thermore, we observe a growing number of disputes over time, especially concerning
recently published articles, which are more likely to be cited and edited.

Next, we assess whether citation impact differs between disputed and non-
disputed publications. Using log-transformed citation counts, we find that disputed
articles exhibit slightly higher citation levels (median = 3.66, mean = 3.69, SD
= 1.81) than non-disputed ones (median = 3.56, mean = 3.49, SD = 1.74). A
Mann–Whitney U test indicates that this difference is statistically significant
(p = 0.0002), though modest in effect size. These findings suggest that articles
involved in disputes tend to be marginally more cited, potentially reflecting their
broader visibility or relevance to contested topics.

We also examine the role of journal prestige by comparing the top 10 journals
most frequently associated with disputed publications. Figure 8.4 shows each jour-
nal’s total number of disputes and corresponding average SNIP (source normalized
impact per paper) scores9. Highly prestigious journals such as Nature, Science,
and the New England Journal of Medicine exhibit both high dispute frequencies
and high SNIP scores. This suggests that articles from high-impact journals may
be more likely to attract editorial scrutiny on Wikipedia.

Figure 8.4: Dispute frequency and journal Prestige (SNIP).

Notably, some journals, such as PLoS ONE and PNAS, also rank high in
dispute frequency despite relatively modest SNIP scores. These cases may reflect

9SNIP is a key metric from CWTS that reflects the average citation impact of a journal’s
publications.https://www.journalindicators.com/

https://www.journalindicators.com/
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their multidisciplinary scope, high publication volumes, or frequent citation across
diverse Wikipedia articles. This pattern suggests that both journal prestige and
publication exposure may influence the likelihood of scientific disputes.

In addition, we distinguished between registered and anonymous editors by
identifying whether an editor’s username was an IP address. Based on this
classification, we analyzed the duration of scientific disputes across different
primary concepts and editor types, as shown in Figure 8.5.

Each dispute was categorized into one of three editor-type groups: disputes
exclusively involving registered editors, those involving only anonymous editors,
and those jointly edited by both types. The y-axis in the figure represents different
scientific concepts, while each cell in the heatmap indicates the average duration
(in seconds) of disputes for the corresponding editor type and concept combination.

The results reveal several noteworthy patterns. First, the majority of scientific
disputes occur either among registered editors or between registered and anony-
mous editors. In contrast, disputes occurring solely between anonymous editors
are relatively rare and tend to be short-lived. An exception is observed in the field
of Geography, where anonymous-only disputes lasted around four days on average.

Moreover, disputes involving both registered and anonymous editors generally
lasted longer than those limited to registered editors, particularly in domains such
as Materials Science, Political Science, Art, and Sociology. This suggests that
dispute dynamics are not only influenced by the scientific topic at hand, but also
by the type of contributors involved in the editing process. The presence of both
editor types may indicate more persistent disagreements or challenges in reaching
consensus.

Figure 8.5: Average dispute duration by editor type and concept.
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8.4.2 Descriptive Analysis of Open Access Articles and Dis-
putes

To address the second research question regarding whether OA publications are
more likely to be involved in scientific disputes, we begin with a descriptive
overview.

First, we examined the distribution of OA types among the disputed articles
in our dataset. Paywalled publications account for the largest share, comprising
54.3% of all disputed articles. This pattern is consistent with earlier findings
(Yang et al., 2024) that indicate approximately 55% of Wikipedia-cited scientific
articles are not openly accessible. Among OA categories, the most frequent are
Bronze (14%), followed by Green (11.5%), Gold (10.5%), Hybrid (7.5%), and
Diamond (2.2%).

Next, we examine how the proportion of OA articles involved in disputes has
evolved over time. Figure 8.6 shows a stacked bar chart based on publication year,
with the left y-axis indicating the count of disputed articles and the right y-axis
showing the proportion of OA articles. Closed articles are shown in red, and OA
articles are in blue. The grey dotted line represents the annual proportion of OA
articles among disputed publications, while the solid green line depicts the overall
OA publication rate in the OpenAlex dataset.

The figure illustrates two key trends. First, more recently published articles
tend to be involved in a higher number of disputes. Second, the proportion
of OA articles among disputed publications has increased steadily over time.
This proportion often exceeds the overall OA prevalence observed in the broader
scientific literature, particularly after the year 2000. These patterns suggest that
OA articles may play an increasingly visible role in the formation of disputed
knowledge on Wikipedia.

Figure 8.6: Temporal trends in OA proportion among disputed articles.
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To explore disciplinary variation in OA involvement, we constructed a heatmap
that illustrates the number of disputes involving each OA type across different
scientific concepts (Figure 8.7). Each cell reflects the frequency of disputes, with
darker colors indicating higher counts.

The heatmap highlights clear differences across domains. Political Science
exhibits the highest dispute frequency, with approximately 72% of these disputes
involving paywalled articles. In comparison, Biology and Medicine show a more
balanced distribution. Although paywalled still dominates, the proportions of
Green, Bronze, and Gold OA are relatively higher in these fields. Diamond
OA appears least involved across all domains, which may reflect either lower
publication volumes or different editorial practices.

Figure 8.7: Heatmap of dispute frequency by OA type and concept.

These descriptive findings provide initial evidence that both OA status and
disciplinary domain are associated with patterns of Wikipedia disputes involving
scientific literature. Subsequent regression and survival analyses further test the
statistical significance and interaction effects of these variables.

8.4.3 The Role of Open Access Articles in Scientific Disputes

To examine whether OA articles are more likely to become subjects of scientific
disputes, we first classified our dataset into two groups: 3,514 articles identified as
involved in scientific disputes, and all remaining articles without dispute records
(N = 1,140,242). A binary variable has_dispute was created to indicate dispute
involvement (1 = involved, 0 = not involved).
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We constructed a logistic regression model with has_dispute as the dependent
variable. Key continuous predictors include:

• Article Age (ln_article_age): The age of the article since publication,
measured in months and log-transformed to reduce skewness.

• Citation Count (ln1p_cited_by_count): The number of citations re-
ceived, log-transformed after adding 1 to handle zero values.

• OA Status (is_oa): A binary indicator where 1 represents OA articles and
0 represents paywalled articles.

• Concept: A categorical variable representing the subject area of the arti-
cle. Dummy coding was applied, with Engineering used as the reference
category.

• Retraction Status (is_retracted): A binary indicator of whether the
article has been retracted.

• Number of References (n_refs): The total number of references cited
by the article.

• Topic: A categorical variable representing the topic of the article, extracted
from OpenAlex. Dummy coding was applied, with Modeling the Dynamics
of COVID-19 Pandemic used as the reference category.

All predictors exhibited variance inflation factor (VIF) values below 10, sug-
gesting no multicollinearity issues. The model formula is as follows:

has_dispute = is_oa + ln_article_age*is_oa + ln1p_cited_by_count +
C(concept, Treatment(’Engineering’)) + n_refs + is_retracted

The logistic regression results are presented in Table 8.1.
Results indicate that OA articles are significantly more likely to be involved

in disputes (β = 0.891, p < 0.001), suggesting that publicly accessible research
is more frequently cited and scrutinized. Articles with higher citation counts
also show a positive association with dispute likelihood (β = 0.197, p < 0.001),
consistent with the idea that high-impact or widely discussed works attract more
editorial attention. Conversely, older articles are less likely to be disputed (β =
-0.521, p < 0.001), especially among OA publications, as indicated by a significant
interaction term (p < 0.001).

Disciplinary differences are also evident. Compared to Engineering articles,
those in Political Science (β = 1.09), Sociology (β = 0.99), History (β = 0.79),
and Philosophy (β = 0.64) are significantly more likely to be disputed (p < 0.01
for all). This aligns with the intuition that fields dealing with social, historical, or
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Table 8.1: Logistic regression predicting likelihood of Wikipedia dispute involve-
ment.

Variable Coefficient p-value Odds Ratio

Intercept -4.069 <0.001 0.017
OA (is_oa) 0.891 <0.001 2.438
Log Article Age (ln_article_age) -0.521 <0.001 0.594
OA × Log Article Age -0.212 <0.001 0.809
Log Citation Count (ln1p_cited_by_count) 0.197 <0.001 1.218
# References (n_refs) -0.0017 <0.001 0.998
Retracted (is_retracted) 0.562 0.429 1.754

Art 0.427 0.062 1.532
Biology -0.465 0.038 0.628
Business 0.247 0.307 1.280
Chemistry -0.310 0.165 0.734
Computer Science 0.145 0.511 1.156
Economics 0.284 0.226 1.328
Environmental Science 0.543 0.076 1.721
Geography 0.345 0.119 1.412
Geology -0.609 0.044 0.544
History 0.793 0.001 2.210
Materials Science -0.312 0.210 0.732
Mathematics -0.234 0.406 0.792
Medicine 0.271 0.218 1.311
Philosophy 0.645 0.008 1.906
Physics -0.054 0.821 0.947
Political Science 1.090 <0.001 2.974
Psychology 0.464 0.056 1.591
Sociology 0.986 <0.001 2.680

Note: Reference category for disciplines is Engineering. Pseudo R2 = 0.0357.
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ideological content are more prone to editorial conflict. In contrast, articles from
Biology and Geology are significantly less likely to be involved in disputes.

We conducted a similar analysis using article topic instead of concept. The
model specification was:

has_dispute = is_oa + ln_article_age*is_oa + ln1p_cited_by_count +
C(topic_top10, Treatment(’Modeling the Dynamics of COVID-19

Pandemic’)) + n_refs + is_retracted

We limited topics to the top 10 most frequently occurring among disputed
articles, grouped all others under an “Other” category, and used the smallest of
the top 10—Modeling the Dynamics of COVID-19 Pandemic—as the reference.
Results are presented in Table 8.2.

Table 8.2: Logistic regression predicting likelihood of Wikipedia dispute by topic.

Variable Coefficient p-value Odds Ratio

Intercept -2.092 <0.001 0.124
OA (is_oa) 0.603 0.005 1.828
Log Article Age (ln_article_age) -0.482 <0.001 0.618
OA × Log Article Age -0.176 <0.001 0.839
Log Citation Count 0.143 <0.001 1.153
# References -0.0021 <0.001 0.998
Retracted 0.346 0.628 1.413

American Political Thought and History -0.681 0.021 0.506
Coronavirus Disease 2019 0.214 0.459 1.239
COVID-19 Research -0.008 0.974 0.992
Genomic Analysis of Ancient DNA 1.237 <0.001 3.445
Intersectionality in LGBTQ+ Mental Health -0.008 0.977 0.992
Other -1.776 <0.001 0.169
Islamic Reform in Middle East -0.115 0.672 0.892
Populism in Contemporary Politics 0.744 0.012 2.104
Stellar Astrophysics -1.598 <0.001 0.202
Politics in Turkey 0.622 0.030 1.863

Note: Reference topic is “Modeling the Dynamics of COVID-19 Pandemic”. Pseudo
R2 = 0.04195.

Again, OA status is positively associated with dispute involvement (OR =
1.83, p = 0.005). Newer articles are more likely to be disputed, particularly when
they are OA, as indicated by the significant interaction effect between OA status
and article age. Citation count is also positively associated with dispute likelihood,
whereas the number of references has a weak negative association. Retraction
status does not significantly predict dispute involvement.
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At the topic level, articles categorized under Genomic Analysis of Ancient DNA
exhibit significantly higher odds of dispute (OR = 3.44, p < 0.001), potentially
reflecting ethical or interpretive controversies. Topics related to contemporary
politics—such as Populism in Contemporary Politics and Politics in Turkey—are
also associated with higher dispute likelihoods. Conversely, technical fields like
Stellar Astrophysics show significantly lower odds of dispute, suggesting that such
topics are less contentious in the public or editorial sphere. Articles grouped under
“Other” topics are the least likely to be disputed, further confirming that less
socially relevant or debated topics are less prone to editorial contention.

While logistic regression provides insight into the likelihood of dispute involve-
ment, we were also interested in understanding how quickly OA articles become
subject to disputes compared to paywalled articles. We defined survival time as
the number of days between an article’s publication and its first involvement in a
dispute. We then applied Kaplan-Meier survival analysis, stratified by OA status,
to visualize the time-to-dispute distributions, as shown in Figure 8.8.

Figure 8.8: Kaplan-Meier survival curves for time to first dispute by OA status.

In the figure, the x-axis represents days since publication, and the y-axis
indicates survival probability (i.e., the probability of not having been involved in a
dispute). Blue and red lines correspond to OA and paywalled articles, respectively,
with shaded areas indicating 95% confidence intervals.

The survival curves reveal notable differences between the two groups. In the
early stage after publication, OA articles tend to become involved in disputes
more quickly than paywalled articles, as indicated by the steeper, near-exponential
decline of the OA curve compared to the more gradual, linear-like decrease of the
paywalled curve. At later time points, however, this pattern reverses: the OA
curve stabilizes, whereas the paywalled curve continues to decline, reflecting a
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more persistent accumulation of disputes over time. A log-rank test confirms that
the difference is statistically significant (p < 7.6× 10−15).

It should also be noted that the majority of articles in the dataset (approxi-
mately one million) never become involved in disputes, while only about 3,000
do. This substantial imbalance explains the narrow confidence intervals observed
across most of the curves, alongside the much wider intervals in the long-tail
region, where data are sparse.

To further explore the timing of dispute involvement, we fitted a Cox propor-
tional hazards model using OA status, citation count, and concept as predictors.
Results are shown in Table 8.3.

Table 8.3: Cox Proportional Hazards Regression Results

Variable Coef HR (exp(coef)) p-value Significance

OA (is_oa) 0.37 1.45 <0.005 ***
Citation count (log, ln1p_cited_by_count) 0.11 1.11 <0.005 ***
Art -0.31 0.73 0.20
Biology 0.10 1.11 0.65
Business 0.56 1.75 0.02 *
Chemistry -1.24 0.29 <0.005 ***
Computer science -0.03 0.97 0.90
Economics -0.43 0.65 0.09
Environmental science 1.67 5.29 <0.005 ***
Geography 0.21 1.23 0.35
Geology 0.61 1.84 0.01 **
History 1.92 6.79 <0.005 ***
Materials science -0.60 0.55 0.02 *
Mathematics -0.39 0.68 0.15
Medicine 0.77 2.15 <0.005 ***
Philosophy 0.62 1.86 0.01 **
Physics 0.03 1.03 0.89
Political science 2.37 10.72 <0.005 ***
Psychology 1.80 6.07 <0.005 ***
Sociology 0.27 1.32 0.22

Note: Reference category for discipline is Engineering. Concordance: 0.60; Signifi-
cance levels: *** p < 0.005, ** p < 0.01, * p < 0.05.

The analysis reveals that OA articles are significantly more likely to be disputed
sooner (HR = 1.45, p < 0.005). Citation count is slightly positively associated
with dispute timing (HR = 1.11, p < 0.005), suggesting that highly cited papers
may attract disputes more quickly, possibly because they draw greater attention
and scrutiny. Relative to Engineering, articles in Chemistry and Materials Science
are significantly less likely to be disputed promptly. In contrast, articles in
Environmental Science, Geology, History, Medicine, Philosophy, Political Science,
and Psychology exhibit substantially higher hazards of dispute. This disciplinary
variation may reflect differences in public visibility, societal relevance, and the
extent to which research in these areas intersects with contentious or value-laden
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issues.
Lastly, we also investigated whether scientific disputes involving OA publi-

cations tend to reach consensus more quickly, as reflected by shorter dispute
durations, compared to disputes involving paywalled publications. Using the
Mann–Whitney U test, we found no statistically significant difference in dispute
duration between OA and paywalled articles (p = 0.274). Additionally, a multivari-
ate regression analysis controlling for primary concept, citation count, and article
age showed that OA status was not a significant predictor of dispute duration (β
= 0.1215, p = 0.213).

8.5 Discussion

This study systematically analyzed the characteristics of scientific disputes on
Wikipedia and examined the role of OA publications in such disputes. The
discussion is organized around the two research questions (RQs) and grounded in
the empirical findings presented in the Results section.

Regarding RQ1: What are the characteristics of scientific publications that
are involved in scientific disputes? Our findings show that scientific disputes occur
more frequently in the social sciences and humanities, particularly in fields such as
Political Science, History, and Sociology. These disciplines often engage with issues
related to social values, ideological differences, and political viewpoints, which
are associated with higher epistemic uncertainty and interpretative flexibility. In
contrast, fields such as the natural sciences and engineering, which tend to rely
on more empirically stable knowledge, are associated with fewer citation-related
disputes.

Although the focus of our study differs, this disciplinary pattern aligns with
prior research by Yasseri et al. (Yasseri et al., 2013), who found that the most
controversial articles on English Wikipedia often concern topics such as individuals,
politics, religion, nations, and global warming. A similar pattern was observed
in their cross-linguistic study of the 1,000 most controversial Wikipedia articles
across ten language editions (Sumi et al., 2011). While these articles are not
necessarily based on scientific publications, they reveal a thematic overlap with
some fields in our dispute dataset.

To explore this further, we compared our list of scientific disputes with the
M-score of article-level controversy as defined by Yasseri et al. (Sumi et al., 2011).
The results indicate little overlap between highly controversial Wikipedia articles
and those containing numerous scientific disputes. For example, the English
Wikipedia article for “Jesus,” which ranks among the top 10 most controversial
with an M-score of 8,421,728, contains only five scientific disputes. This divergence
suggests that public attention to controversial topics does not necessarily translate
into contention over scientific sources. Scientific disputes differ in that they require
a different type of engagement—one rooted in interpretive legitimacy and epistemic
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trust.
Furthermore, the resolution time for scientific disputes is relatively short.

Across nearly all Wikipedia concepts in our dataset (with the exception of materials
science), the median time to resolution is less than one day. This may reflect
the perception of scientific publications as authoritative sources, which facilitates
faster consensus-building. Although prior work has not provided exact durations,
agent-based modeling studies suggest that reaching consensus typically requires
more than 20 rounds of edits (Kalyanasundaram et al., 2015). Additionally, the
presence of heterogeneous editor types (e.g., registered and anonymous users) has
been associated with longer conflict duration (Kalyanasundaram et al., 2015).
Our findings support this observation: disputes involving both registered and
anonymous editors generally last longer than those involving a single user type.
One possible explanation is that anonymous contributors are often viewed as less
credible, and previous studies have shown that edits by anonymous users are more
likely to be reverted and contain disruptive content (Tran et al., 2020).

We also found that disputed articles tend to have higher citation counts and
are frequently published in prestigious journals such as Nature, Science, and PNAS.
These journals are also among the most cited sources on Wikipedia overall (Arroyo-
Machado et al., 2020; Yang and Colavizza, 2022a). This aligns with previous
findings that scientific publications from high-status journals tend to be more
visible to both editors and readers (Teplitskiy et al., 2017). Their broad reach
and authoritative status increase the likelihood of being cited but also raise the
potential for contention when used as evidence in public knowledge spaces like
Wikipedia.

Regarding RQ2: Are OA publications more likely to be used in scientific
disputes compared to paywalled publications? Our analysis shows that OA publi-
cations are significantly more likely to be involved in disputes, and that disputes
concerning OA articles tend to emerge sooner after publication. This pattern
can be explained by the increased accessibility of OA articles (Yang et al., 2024),
which facilitates rapid dissemination and critical evaluation by a broader and
more diverse editor base. These results extend existing literature on OA’s role
in enhancing visibility, readership, and scholarly engagement (Yang et al., 2024).
Furthermore, OA articles may disproportionately address emerging, interdisci-
plinary, or controversial topics, which naturally attract greater contestation and
discussion. This is consistent with prior findings that disputes around contested
content on Wikipedia often mirror broader societal controversies (Borra et al.,
2015).

The steady increase in the proportion of disputed OA articles, outpacing
the general growth of OA publishing, suggests that openness not only increases
accessibility but also accelerates the dynamics of knowledge contestation. These
patterns support the idea that OA fosters a more participatory and transparent
knowledge ecosystem, where scientific claims are more rapidly scrutinized and
negotiated. However, the relationship between OA and disputes varies across
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disciplines. For example, in Political Science, disputed articles more frequently
involve paywalled publications, possibly reflecting disciplinary norms regarding
information gatekeeping or the prominence of certain traditional sources (Severin
et al., 2020). In biological and medical sciences, the distribution of OA and
paywalled articles in disputes is more balanced, indicating different editorial
cultures and accessibility patterns. These disciplinary differences suggest that
openness interacts with field-specific epistemic cultures and norms, reinforcing the
idea that the impact of OA on knowledge contestation is context-dependent.

Although previous research suggests that non-experts may endorse scientific
norms more strongly in highly contested fields (Schug et al., 2025), potentially
facilitating consensus-building, our findings do not support the notion that open
access significantly shortens the duration of disputes. This suggests that while
openness may enhance transparency and participation, dispute resolution is likely
shaped more by the nature of contested content and the dynamics of editorial
deliberation than by access alone.

Taken together, these findings point to several implications. The higher
involvement of OA publications in disputes indicates that OA plays a critical role
in enabling public scrutiny and facilitating dynamic knowledge negotiation in
collaborative platforms. This reinforces the broader vision of OA as not only a
means for democratizing access to scientific information but also a catalyst for
enhanced critical engagement and contestation. Concurrently, the prevalence of
disputes in social sciences and humanities underscores the ongoing challenges of
reconciling diverse perspectives in fields where social, political, and ideological
values are deeply embedded.

Despite these contributions, this study has limitations. First, we relied on
the Crossref Event Data, which, while valuable for efficiently capturing citation
events on Wikipedia, has limitations in temporal coverage and completeness due
to discrepancies with Wikipedia’s own data records. Although strict filtering
ensured data quality, some relevant dispute events may have been missed, poten-
tially biasing results toward more recent or well-documented cases. Second, our
operationalization of scientific disputes, defined by a seven-day time window, while
justified through sensitivity analyses, may benefit from further refinement and val-
idation in future work. Third, as our analysis focused solely on Wikipedia’s main
article pages and did not account for activity on associated talk pages (Arroyo-
Machado and Torres-Salinas, 2024), we may have underestimated the duration
or complexity of some disputes. Future research should incorporate talk page
discussions to more comprehensively understand how disputes involving scientific
articles emerge, evolve, and are eventually resolved. Finally, since disputes may
manifest differently across language editions of Wikipedia (Yasseri et al., 2013),
and our study only examined the English version, further work is needed to explore
cross-lingual variations in the dynamics and representation of scientific disputes.

In summary, this chapter answers the research questions by demonstrating
that scientific disputes on Wikipedia are shaped by the interplay of disciplinary
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context, publication impact, editor identity, and openness. OA publications
emerge as prominent actors in these disputes, facilitating earlier and more fre-
quent contestation. These insights contribute to a deeper understanding of how
scientific knowledge is constructed and contested in an open, collaborative digital
environment and highlight the complex role of openness in shaping knowledge
dynamics.

8.6 Conclusion

This chapter investigated the characteristics of scientific publications involved in
disputes on Wikipedia and examined the role of OA publications in these conflicts.
Our findings reveal that scientific disputes are more prevalent in social sciences
and humanities, where epistemic uncertainty and value-laden topics are common,
compared to the natural sciences and engineering. Publications that attract
greater attention, such as those with high citation counts and those published in
prestigious journals, are more likely to be contested. Registered editors play a
central role in sustaining these disputes, indicating the importance of experienced
contributors in the editorial process.

Furthermore, OA publications are significantly more likely to be used in sci-
entific disputes and tend to become subjects of dispute earlier than paywalled
publications. This suggests that increased accessibility and visibility foster more
rapid and frequent contestation of scientific knowledge. Nevertheless, the relation-
ship between OA and disputes varies across disciplines, highlighting the influence
of field-specific norms on the dynamics of knowledge negotiation.

These findings highlight a dual role of OA: while it democratizes access to
scientific knowledge, it also intensifies public scrutiny and epistemic contesta-
tion. Wikipedia serves as a key arena where scientific authority is continuously
negotiated, not only through content but through the strategic deployment of
citations. Our results offer implications for open science, scholarly communication,
and digital platform governance, suggesting that the architecture of openness
affects not only access, but also the trajectories of scientific controversy in public
discourse.

By situating OA within the dynamics of conflict, this chapter complements
earlier findings on coverage, bias, and access. Taken together, the four chapters
show that Wikipedia is simultaneously a site of dissemination, bias, accessibility,
and contestation. The final chapter of the thesis will integrate these insights and
reflect on what they reveal about Wikipedia’s role as a socio-technical infrastructure
for the public communication of science.





Chapter 9
Conclusion

Scientific knowledge plays a crucial role in shaping public understanding, policy,
and civic life. In the digital era, platforms like Wikipedia have become key
infrastructures for mediating access to science, integrating diverse sources, and
enabling public participation in the making of knowledge. In this thesis, I have
examined how scientific knowledge is disseminated, structured, and contested on
Wikipedia, with special attention to citation practices, open access publishing,
and editorial dynamics. This investigation has been carried out in two main parts.
In Part One, I analyzed how Wikipedia structures scientific knowledge and reflects
the broader information ecosystem through its citation behavior. In Part Two, I
explored how open access (OA) affects the visibility and contestation of scientific
knowledge on the platform. I summarize the findings of these parts in the next
section.

9.1 Findings

Part One This part focused on how Wikipedia integrates and filters scientific
information. In Chapter 4, I examined large-scale citation patterns from Wikipedia
to scientific journals and found that the platform disproportionately draws from
STEM fields, particularly biology and medicine, followed by earth sciences, physics,
and astronomy. A sizeable fraction of this literature is well cited and published
in prestigious venues such as Nature or Science. Biographical articles emerged
as important structural bridges, linking scientific content to broader social and
cultural domains. The seemingly marginal role of non-STEM journal articles is
thus attenuated by their connective function: biographies in particular serve to
bridge history, geography, and culture with STEM topics.

Network analysis further showed that Wikipedia’s bibliographic coupling net-
work is not only smaller but also more tightly connected than the co-citation
network of the underlying academic literature. This reflects both the consolidating
encyclopedic role of Wikipedia and the coordinating influence of WikiProjects.
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More broadly, the results indicate that Wikipedia’s knowledge structure is not
a simple mirror of the academic citation landscape. Instead, editorial practices
actively reshape the organization of knowledge by consolidating disparate fields
into a more integrated whole, thereby serving the platform’s encyclopedic mission.

In Chapter 5, I examined the epistemic and political dimensions of citation
by analyzing the selection of news sources. The results show that most citations
are drawn from reliable outlets, though a non-trivial fraction still comes from
sources with low or mixed reliability. With respect to political orientation, I found
a moderate yet systematic liberal polarization: the average polarization score
of cited news outlets is -0.5, with most sources clustered between -1 and 0 on a
scale from -2 (very liberal) to 2 (very conservative). Notably, there is no clear
relationship between the reliability of a news outlet and its political leanings.

These findings illustrate how Wikipedia’s neutrality principle is operationalized
in practice. Although the platform enforces strict sourcing guidelines, editorial
choices are shaped by the availability, prominence, and perceived legitimacy of
external media. In this way, Wikipedia simultaneously reflects broader patterns
of media polarization and refracts them through its own governance mechanisms.

Taken together, the findings of Part One underscore that Wikipedia does not
merely aggregate external references but actively reconfigures them. Scientific
journal articles and news media are integrated in ways that both reinforce exist-
ing hierarchies, through reliance on prestigious STEM journals, and open new
pathways for interdisciplinarity and public engagement, through biographical and
cross-domain linkages. Similarly, while news media introduce potential biases,
Wikipedia’s editorial norms mediate their influence, revealing the platform’s role
as both a gatekeeper and a negotiator of scientific credibility in the public sphere.

Part Two This part explored the role of open access in mediating science on
Wikipedia.

In Chapter 7, I first examined the distribution of OA articles cited on Wikipedia
across disciplines. Biology, physics, and mathematics exhibit higher citation rates
of OA publications, whereas social sciences and humanities show comparatively
lower OA uptake. Over time, the proportion of OA articles cited from Wikipedia
has steadily increased, reflecting broader trends in scholarly publishing and suggest-
ing that editors actively leverage freely accessible sources to enhance verifiability
and reach. Controlling for citation count, publication age, and disciplinary field,
OA articles are significantly more likely to be cited than paywalled articles. This
“open access advantage” is particularly pronounced for recent and highly cited
publications, highlighting OA’s role in amplifying scientific visibility on this public
platform.

In Chapter 8, I examined how scientific sources are involved in editorial
disputes, with a particular focus on OA publications. Scientific disputes occur most
frequently in fields with higher epistemic uncertainty and interpretive flexibility,
such as social sciences and humanities, while natural sciences and engineering
experience fewer disputes. Publications that attract greater attention—such as
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those with high citation counts or published in prestigious journals—are more
likely to be contested. OA articles are disproportionately involved in disputes
and tend to become subjects of contention sooner after publication, suggesting
that accessibility accelerates both engagement and scrutiny. This pattern is
particularly evident in socially sensitive domains, indicating that OA not only
facilitates broader readership but also exposes scientific claims to rapid evaluation
and negotiation by a diverse editor base.

Taken together, these findings indicate a complex dual role of OA on Wikipedia.
On one hand, OA democratizes access to scientific knowledge, enabling editors
and readers to interact with research that might otherwise be behind paywalls.
On the other hand, this increased accessibility amplifies exposure to scrutiny and
contestation, revealing a dynamic where visibility, authority, and dispute intersect.
The influence of OA varies across disciplines, reflecting how field-specific norms,
editorial cultures, and the inherent interpretive flexibility of certain topics shape
the likelihood and timing of disputes. Additionally, these results highlight that
Wikipedia is not simply a passive repository; editorial practices, access models, and
community governance collectively mediate how scientific knowledge is presented,
contested, and legitimized in the public sphere.

Overall, Part Two complements the findings from Part One by showing that
not only the selection of sources but also their accessibility critically shapes the
public visibility and contestation of science. OA functions as both an enabler of
knowledge dissemination and a catalyst for public epistemic engagement, reinforc-
ing Wikipedia’s role as a participatory platform where authority and credibility
are continually negotiated. These insights contribute to a deeper understanding
of how digital platforms and open science intersect to influence the dynamics of
knowledge production, dissemination, and contestation.

9.2 Limitations and Future Work

Part One One limitation of this part lies in the reliance on citation data and
metadata, which do not fully capture the interpretive, discursive, and contextual
dimensions of knowledge integration on Wikipedia. While citation patterns provide
a powerful tool for mapping the flow of scientific influence, they cannot reveal how
sources are actually employed in the construction of narrative, argumentation, or
explanation within articles. Our analysis focused exclusively on journal articles,
excluding other types of sources such as books, reports, conference papers, and
web-based content, all of which contribute substantially to Wikipedia’s knowledge
ecosystem. Including these sources in future studies would allow for a more
comprehensive mapping of knowledge integration across both scientific and non-
scientific domains. Additionally, future research could combine citation analysis
with close reading, natural language processing, or topic modeling to examine the
rhetorical and narrative roles of citations, including how editors frame, interpret,
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and integrate evidence in shaping content.
In Chapter 5, our analysis of news media citations also has several limitations.

We relied on external sources to measure political polarization and factual re-
liability. Although these sources are considered authoritative, their coverage is
partial and the scoring methodologies they use are constrained. Future research
could adopt multiple, complementary approaches to assess media bias and re-
liability, including cross-validation with alternative datasets or more dynamic,
longitudinal measures. Our study focused on a binary distinction between liberal
and conservative media, but political orientations exist along multiple dimensions,
including regional, economic, and cultural axes. Future work could examine these
additional dimensions and explore how they interact with reliability and editorial
selection. Furthermore, our analysis was conducted at the domain level, while a
more granular investigation at the level of individual articles or specific news items
could clarify how political orientation and reliability influence citation practice.
We also did not examine how news sources are used in context within Wikipedia
articles, such as whether they are cited to support factual claims, provide back-
ground, or illustrate controversy. Expanding the study to include the functional
role of sources would deepen understanding of Wikipedia’s epistemic practices.
Finally, our work focused solely on English Wikipedia; examining multiple lan-
guage editions could reveal whether different editorial cultures or local information
environments produce different patterns of source selection and polarization.

Another important limitation concerns temporal dynamics. Our analysis is
based on a snapshot of citations at a single point in time. Wikipedia is a constantly
evolving platform, with articles and citations being continually updated, added,
or removed as new knowledge emerges or consensus shifts. Longitudinal studies
that track changes in citation patterns over time would provide insights into the
processes of knowledge consolidation, revision, and obsolescence of references. In
addition, we did not integrate structural information such as internal article links,
WikiProject participation, or textual similarity. Combining citation networks with
these structural features could illuminate how editorial coordination, collaborative
efforts, and networked connections shape the organization and integration of knowl-
edge across different scientific and non-scientific domains. Future research could
also examine the interplay between article edit histories, contributor experience,
and citation patterns to better understand the social and procedural mechanisms
through which knowledge is curated, contested, and maintained on Wikipedia.

Part Two In Chapter 7, several limitations of this study suggest directions
for future research. The focus on articles with DOIs means that other scholarly
outputs, including conference papers, earlier literature, and non-journal publica-
tions, were excluded. Incorporating these additional sources could provide a more
comprehensive picture of the references that shape Wikipedia content. Although
regression models accounted for OA status, OA policy, and citation counts, other
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factors such as article length, editorial prominence, or topic relevance may also
influence the likelihood of citation, and their inclusion could help clarify the mech-
anisms driving reference patterns. Temporal dynamics were also not explicitly
considered in the current analysis. Wikipedia articles evolve continuously, and the
timing of edits, citations, and disputes may influence the visibility, integration, and
contestation of scientific sources. Examining the revision history could capture
these changes, revealing how OA and paywalled publications are incorporated,
updated, and challenged over time. This approach would also provide insight
into the speed at which OA articles are cited after publication and how their
prominence shifts as new evidence emerges.

In Chapter 8, limitations also arise from the reliance on Crossref Event Data
to identify citation-related disputes. While this source efficiently captures many
events, it may be incomplete, particularly for earlier disputes or less prominent
articles, potentially biasing the results toward more recent or highly documented
cases. Defining disputes using a seven-day observation window captures short-
term conflicts but may miss longer or more complex contestations. Refining the
operationalization of disputes and exploring alternative measures could strengthen
the analysis of conflict dynamics. The study focused solely on edits to main article
pages, excluding activity on associated talk pages where extended deliberation and
negotiation often occur. Integrating talk page discussions in future research would
provide a more complete understanding of how disputes arise, unfold, and are
resolved. Finally, the restriction to English Wikipedia limits the generalizability
of the findings. Citation practices, OA adoption, and dispute dynamics may
differ across language editions due to regional access to literature, local editorial
cultures, and distinct norms regarding verification. Comparative research across
multiple languages could illuminate these variations and provide a broader view
of Wikipedia as a global knowledge infrastructure.

Overall, these limitations indicate that future studies should adopt a broader,
temporally informed, and multilingual approach, integrating diverse source types,
structural features, and editorial contexts to more fully understand how OA
shapes the accessibility, contestation, and consolidation of scientific knowledge on
Wikipedia.

9.3 Final Remarks

In this thesis, I have explored how Wikipedia functions as a socio-technical in-
frastructure for the public communication of science. The platform’s open and
collaborative nature allows a wide range of actors, from professional scientists to
volunteer editors, to participate in knowledge production. At the same time, this
openness raises challenges regarding authority, credibility, transparency, and neu-
trality, highlighting the complex dynamics inherent in public knowledge-making.
The aim of this work has been to investigate how scientific knowledge is dissemi-
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nated, structured, and contested on Wikipedia, with a particular focus on citation
practices, open access publishing, and editorial dynamics.

The findings reveal that Wikipedia is not merely a repository of references
but an active arena where knowledge is filtered, legitimized, and negotiated.
Part One showed that citation patterns favor STEM fields, particularly biology,
medicine, and earth sciences, while biographical articles and cross-domain linkages
bridge these with non-STEM topics, enabling interdisciplinarity. Editorial norms
mediate the use of news media sources, balancing reliability with political bias.
Part Two demonstrated that open access publications enjoy a citation advantage,
are integrated earlier, and are more frequently involved in editorial disputes.
This dual effect of openness underscores Wikipedia’s role in both amplifying
scientific visibility and facilitating contestation, especially in socially sensitive
domains. Together, these results illustrate how citation practices, access models,
and community governance shape which scientific knowledge becomes visible and
how it is interpreted in the public sphere.

This thesis also offers avenues for future research. Longitudinal studies could
track how citation patterns and editorial practices evolve, revealing the temporal
processes of knowledge integration and contestation. Comparative analyses across
different language editions of Wikipedia would illuminate the influence of regional
editorial cultures and access to resources on scientific knowledge dissemination.
Expanding the scope of sources beyond journal articles to include books, preprints,
institutional repositories, and web content could provide a more comprehensive
understanding of Wikipedia’s knowledge network. Finally, integrating textual
analysis, network structures, and talk page discussions could deepen insights
into how editorial decisions, argumentation, and dispute resolution shape the
representation and legitimacy of scientific knowledge.

Overall, this work emphasizes that Wikipedia is a key site where science meets
society. By bridging empirical analysis with questions of epistemic authority,
openness, and editorial governance, the thesis highlights both the opportunities
and challenges of public knowledge infrastructures. The findings aim to inform
future studies on digital platforms, open science, and the circulation of scientific
knowledge in the twenty-first century.
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A.1 Top-10 Most Cited Journal Articles

1. Laemmli U. K. (1970) “Cleavage of Structural Proteins during the Assem-
bly of the Head of Bacteriophage T4”. Nature. Open access: closed.
Research organization country: United Kingdom. Number of
citations: 214,886. Number of recent citations: 6,111.

2. Bradford M. M. (1976) “A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye binding”.
Analytical Biochemistry. Open access: closed. Research organization
country: United States. Number of citations: 193,330. Number of
recent citations: 16,578.

3. Perdew J. P., Burke K., Ernzerhof M. (1996) “Generalized Gradient Approx-
imation Made Simple”. Physical Review Letters. Open access: closed.
Research organization country: United States. Number of cita-
tions: 99,164. Number of recent citations: 27,949.

4. G.M. Sheldrick. (2007) “A short history of SHELX”. Acta Crystallographica
Section A: Foundations and advances. Open access: open. Research
organization country: Germany. Number of citations: 72,560.
Number of recent citations: 7,355.

5. Axel D. Becke. (1993) “Density-functional thermochemistry. III. The role of
exact exchange”. The Journal of Chemical Physics. Open access: closed.
Research organization country: Canada. Number of citations:
69,187. Number of recent citations: 8,871.

6. Chengteh Lee, Weitao Yang, Robert G. Parr. (1988) “Development of the
Colle-Salvetti correlation-energy formula into a functional of the electron
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density”. Physical Review B. Open access: closed. Research organiza-
tion country: United States. Number of citations: 66,421. Number
of recent citations: 8,872.

7. Marshal F. Folstein, Susan E. Folstein, Paul R. McHugh. (1975) “ “Mini-
mental state” A practical method for grading the cognitive state of patients
for the clinician”. Journal of Psychiatric Research. Open access: closed.
Research organization country: United States. Number of citations:
64,625. Number of recent citations: 8,428.

8. Stephen F. Altschul, Warren Gish, Webb Miller, Eugene W. Myers, David
J. Lipman. (1990) “Basic local alignment search tool”. Journal of Molec-
ular Biology. Open access: closed. Research organization country:
United States. Number of citations: 63,340. Number of recent
citations: 10,717.

9. F. Sanger, S. Nicklen, A. R. Coulson. (1977) “DNA sequencing with chain-
terminating inhibitors”. PNAS. Open access: open. Research organi-
zation country: United Kingdom. Number of citations: 58,637.
Number of recent citations: 1,046.

10. Piotr Chomczynski, Nicoletta Sacchi. (1987) “Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol-chloroform extraction”.
Analytical Biochemistry. Open access: closed. Research organization
country: United States. Number of citations: 56,286. Number of
recent citations: 993.
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A.2 Figures

Figure A.1: Publication year of journal articles cited from Wikipedia, from 2000
to 2020.

Figure A.2: Distribution of clusters by size in the bibliographic coupling network
of Wikipedia articles.
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Figure A.3: Distribution of clusters by size in the co-citation network of journal
articles.
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Figure A.4: Bibliographic coupling supernetwork coloured by modularity class.
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Figure A.5: Bibliographic coupling supernetwork coloured by top ORES topic
within a node/cluster. Compare with Figure 4.5.
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Figure A.6: Bibliographic coupling supernetwork coloured by top WikiProject
within a node/cluster. Compare with figure 4.6.



118 Appendix A. Appendix to Chapter 4

Figure A.7: Co-citation supernetwork coloured by modularity class.
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Figure A.8: Co-citation supernetwork coloured by top major Field of Research.
Compare with Figure 4.7.
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B.1 Figures

Presented below are two figures depicting the distribution of OA status and
policies among the top 20 journals. We have discussed it in the results part. This
observation underscores the significance of conducting an article-level analysis for
a more comprehensive understanding of the subject matter.

Figure B.1: Distribution of OA policies by OpenAlex concept.

In Figure B.1, we illustrate the distribution of OA policies across various
concepts. Our analysis reveals that bronze and green policies predominantly
characterize most concepts in OA articles, except for Art, where the gold policy
assumes significance.
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Figure B.2: Distribution of OA status by top 20 journals.

Figure B.3: Distribution of OA policies by top 20 journals.

Figure B.4: Distribution of SJR among Wikipedia citations.

B.2 Tables

The quality of our stratified samples is demonstrated through the descriptive
statistics provided in Table B.1, B.2. Additionally, Table B.3 presents a count of
articles by concepts within our dataset. The regression results for formulas 1 and
2 for the entire sample are displayed in Table B.4, B.5, B.6 and B.7.
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Table B.1: Descriptive statistics for the articles cited in Wikipedia.

cited_by_count num_references article_age H index is_oa ln(SJR)
count 261,230 261,230 261,230 261,230 261,230 261,230
mean 146.133 37.797 252.171 249.348 0.504 0.632
std 834.450 49.357 201.939 259.576 0.500 1.166
min 0 0 12 0 0 -2.303
25% 14 10 122 87 0 -0.140
50% 45 28 208 164 1 0.554
75% 124 48 310 305 1 1.460
max 304,415 1,976 1,487 1,331 1 3.922

Table B.2: Descriptive statistics for the articles not cited in Wikipedia. Average
over all samples.

cited_by_count num_references article_age H index is_oa ln(SJR)
count 261,230 261,230 261,230 261,230 261,230 261,230
mean 59.008 28.316 252.137 249.348 0.497 0.632
std 228.084 38.377 202.060 259.576 0.500 1.166
min 0 0 12 0 0 -2.303
25% 3 2 122 87 0 -0.140
50% 18 21 208 164 0 0.554
75% 54 41 310.2 305 1 1.460
max 44,132.4 2,891.2 1,487 1,331 1 3.922

B.3 Supplementary Regression Results

This section provides an in-depth analysis of OA citation advantage for each
OpenAlex concept. To achieve this, we developed 19 distinct regression models,
each dedicated to analyzing the adoption of OA citation for a single concept. We
use the second formulation for each model, with data pertaining solely to the
corresponding concept being considered in each case.

To gain insight into the effect of OA adoption on each concept, we present
the coefficients for the is_oa variable in Table B.8 and the coefficients for the
ln(1 + times_cited) variable in Table B.9.

Table B.8 indicates that OA articles across most concepts exhibit a positive OA
Wikipedia citation advantage, with five concepts showing statistically significant
advantages. The top five concepts with the highest OA adoption advantage
are Chemistry, Economics, Psychology, Business, and Physics, suggesting that
STEM-related subjects attract more attention on Wikipedia.

Regarding ln(1 + times_cited) in each concept, citation counts demonstrate a
significantly positive effect in nearly all concepts, although Environment Science
and Engineering do not show significance. OA articles in several OpenAlex
concepts, including Biology, Computer Science, Chemistry, Medicine, Psychology,
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Table B.3: Count of articles by concepts in the final combined dataset.

Num. Concept Counts Num. Concept Counts
1 Biology 144,307 11 History 1,618
2 Medicine 48,286 12 Art 1,589
3 Chemistry 18,135 13 Materials science 1,256
4 Physics 10,835 14 Economics 1,005
5 Psychology 8,491 15 Geography 911
6 Geology 8,429 16 Business 480
7 Mathematics 5,620 17 Sociology 466
8 Computer science 5,274 18 Engineering 241
9 Philosophy 2,145 19 Environmental science 211
10 Political science 1,931

Table B.4: Coefficients for overall OA adoption. Average results across all 5
samples, model 1, R2 = 0.00032.

index coef odds_ratios P>z
ln_article_age 0.064 1.066 0.000
ln(SJR) -0.002 0.998 0.482
is_oa 0.583 1.791 0.000
is_oa:ln_article_age -0.104 0.901 0.000

Table B.5: Coefficients for overall OA adoption. Average results across all 5
samples, model 2, R2 = 0.072.

index coef odds_ratios P>z
ln1p_times_cited 0.442 1.556 0.000
ln_article_age -0.068 0.934 0.000
ln(SJR) -0.245 0.782 0.000
is_oa 0.494 1.639 0.000
is_oa:ln_article_age -0.103 0.902 0.000

Mathematics, Economics, Geology, Materials Science, and Physics, exhibit, on
average, over a 30% higher likelihood of being cited in Wikipedia compared to
paywalled articles. Citation counts remain important factors in these concepts.
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Table B.6: Coefficients for OA adoption by the policy. Average results across all 5
samples, model 1, R2 = 0.0013.

coef odds_ratios P>z
Bronze 0.194 1.215 0.002
Gold 0.672 1.959 0.000
Green 1.147 3.149 0.000
Hybrid 1.092 2.982 0.000
ln_article_age 0.064 1.066 0.000
Bronze:ln_article_age -0.031 0.970 0.010
Gold:ln_article_age -0.138 0.871 0.000
Green:ln_article_age -0.189 0.828 0.000
Hybrid:ln_article_age -0.232 0.793 0.000
ln(SJR) -0.001 0.999 0.654

Table B.7: Coefficients for OA adoption by the policy. Average results across all 5
samples, model 2, R2 = 0.073.

coef odds_ratios P>z
Bronze -0.158 0.855 0.015
Gold 1.071 2.920 0.000
Green 0.834 2.303 0.000
Hybrid 1.212 3.361 0.000
ln1p_times_cited 0.447 1.564 0.000
ln_article_age -0.071 0.932 0.000
Bronze:ln_article_age 0.038 1.039 0.002
Gold:ln_article_age -0.241 0.786 0.000
Green:ln_article_age -0.173 0.841 0.000
Hybrid:ln_article_age -0.284 0.753 0.000
ln(SJR) -0.244 0.784 0.000
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Table B.8: Coefficients for OA adoption by concept for all samples (is_oa).

concept min OR max OR OR mean Highest P-value Mean R^2
Biology 1.589 1.684 1.621 0.000 0.067
Computer science 1.314 1.737 1.471 0.264 0.052
Chemistry 3.828 4.068 3.918 0.000 0.060
Medicine 2.177 2.390 2.280 0.000 0.134
Psychology 2.524 3.554 3.150 0.001 0.090
Mathematics 1.536 1.748 1.672 0.227 0.073
Economics 2.277 3.635 3.250 0.276 0.104
Geology 1.347 1.531 1.428 0.136 0.053
Sociology 0.937 4.174 2.095 0.967 0.014
History 1.407 2.168 1.768 0.483 0.018
Geography 1.490 2.689 2.066 0.505 0.009
Philosophy 0.400 0.649 0.487 0.301 0.005
Materials science 1.511 3.379 2.253 0.497 0.098
Art 0.783 1.175 0.961 0.902 0.008
Environmental science 0.132 0.551 0.418 0.647 0.008
Physics 2.163 2.559 2.318 0.000 0.064
Engineering 0.863 1.965 1.313 0.911 0.006
Business 2.241 3.556 3.101 0.380 0.032
Political science 0.602 0.805 0.732 0.617 0.017

Table B.9: Coefficients for OA adoption by concept for all samples (ln(1 +
times_cited)).

concept min OR max OR OR mean Highest P-value Mean R^2
Biology 1.594 1.602 1.599 0.000 0.067
Computer science 1.303 1.314 1.308 0.000 0.052
Chemistry 1.545 1.566 1.554 0.000 0.060
Medicine 1.820 1.835 1.824 0.000 0.134
Psychology 1.473 1.490 1.482 0.000 0.090
Mathematics 1.431 1.454 1.442 0.000 0.073
Economics 1.461 1.519 1.490 0.000 0.104
Geology 1.476 1.487 1.481 0.000 0.053
Sociology 1.113 1.211 1.153 0.003 0.014
History 1.252 1.297 1.274 0.000 0.018
Geography 1.124 1.149 1.137 0.000 0.009
Philosophy 1.109 1.126 1.116 0.000 0.005
Materials science 1.551 1.570 1.562 0.000 0.098
Art 1.191 1.267 1.213 0.000 0.008
Environmental science 1.011 1.149 1.069 0.824 0.008
Physics 1.409 1.418 1.413 0.000 0.064
Engineering 1.015 1.144 1.062 0.779 0.006
Business 1.205 1.240 1.221 0.000 0.032
Political science 1.203 1.240 1.227 0.000 0.017
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Samenvatting

Wikipedia is uitgegroeid tot een centraal platform voor het publieke gebruik
van wetenschappelijke kennis. Als een open, collaboratief bewerkt encyclope-
disch project weerspiegelt het niet alleen het bredere informatie-ecosysteem, maar
beïnvloedt het ook hoe wetenschap wordt geraadpleegd, geïnterpreteerd en be-
discussieerd door miljoenen gebruikers wereldwijd. In dit proefschrift onderzoek
ik hoe wetenschappelijke kennis wordt verspreid en betwist op Wikipedia, met
speciale aandacht voor de rol van open access-publicaties (OA). Door gebruik te
maken van grootschalige datasets en een combinatie van kwantitatieve analyse
en netwerkmodellering, analyseer ik de structurele en epistemische dynamieken
die ten grondslag liggen aan het gebruik van wetenschappelijke literatuur op het
platform.

Het proefschrift bestaat uit twee hoofdonderdelen. In het eerste deel onderzoek
ik hoe Wikipedia wetenschappelijke kennis integreert en structureert door grote
citatiepatronen van Wikipedia naar wetenschappelijke publicaties te analyseren.
Ik laat zien dat Wikipedia sterk leunt op tijdschriftartikelen uit STEM-disciplines,
met name biologie en geneeskunde, en dat biografische artikelen fungeren als be-
langrijke bruggen tussen wetenschappelijke en geesteswetenschappelijke domeinen.
Daarnaast onderzoek ik de politieke en epistemische dimensies van citatieprakti-
jken door de selectie van nieuwsbronnen op Wikipedia te analyseren. Hierbij komt
een consistente maar gematigde liberale voorkeur in bronselectie naar voren, zelfs
wanneer rekening wordt gehouden met verschillen in feitelijke betrouwbaarheid.

Het tweede deel richt zich op de impact van open access op de verspreiding
en betwisting van wetenschappelijke kennis binnen Wikipedia. Op basis van
citatiegegevens op artikelniveau constateer ik dat OA-publicaties significant vaker
worden geciteerd op Wikipedia dan betaalmuurpublicaties, zelfs wanneer er wordt
gecontroleerd voor factoren zoals het aantal citaties en de leeftijd van de publicatie.
Dit effect is vooral sterk voor recent gepubliceerde en vaak geciteerde artikelen,
wat de versterkende rol van OA in publieke kennisinfrastructuren onderstreept.
In het laatste hoofdstuk onderzoek ik hoe wetenschappelijke bronnen worden
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ingezet in redactiedisputen op Wikipedia. Ik vind dat OA-publicaties niet alleen
vaker worden geciteerd, maar ook vaker onderwerp zijn van geschillen, vooral in
sociaal gevoelige vakgebieden. Deze bevindingen suggereren dat toegankelijkheid
zowel zichtbaarheid als betrokkenheid verhoogt, maar ook de kans op kritiek en
controverse vergroot.

Al met al biedt dit proefschrift een veelzijdig perspectief op hoe Wikipedia
fungeert als publiek intermediair voor wetenschappelijke communicatie. Door
het analyseren van citatiedynamieken, redactionele praktijken en toegangsvormen
draagt het bij aan ons begrip van hoe wetenschap wordt vertaald naar publieke
kennis en hoe digitale platforms de grenzen van wetenschappelijke autoriteit
vormgeven.



Abstract

Wikipedia has become a central venue for the public consumption of scientific
knowledge. As an open, collaboratively edited encyclopedia, it not only reflects the
broader information ecosystem but also shapes how science is accessed, interpreted,
and debated by millions of users worldwide. In this thesis, I investigate how
scientific knowledge is disseminated and contested on Wikipedia, with a particular
focus on the role of open access (OA) publications. Drawing on large-scale
datasets and combining quantitative analysis with network modeling, I examine
the structural and epistemic dynamics that underpin the use of scientific literature
on the platform.

The thesis consists of two main parts. In the first part, I examine how
Wikipedia integrates and structures scientific knowledge by analyzing large-scale
citation patterns from Wikipedia to scientific publications. I show that Wikipedia
heavily relies on journal articles from STEM fields, especially biology and medicine,
and that biographical articles serve as important bridges between scientific and
humanistic domains. I also explore the political and epistemic dimensions of
citation practices by examining the selection of news media sources on Wikipedia,
revealing a consistent but moderate liberal bias in source selection, even after
accounting for differences in factual reliability.

The second part focuses on the impact of open access publishing on the
dissemination and contestation of science within Wikipedia. Using article-level
citation data, I find that OA publications are significantly more likely to be cited in
Wikipedia than paywalled ones, even after accounting for factors such as citation
count and publication age. This effect is especially pronounced for highly cited and
more recent articles, highlighting the amplifying role of OA in public knowledge
infrastructures. In the final chapter, I study how scientific sources are mobilized in
Wikipedia’s editorial disputes. I find that OA publications are not only more likely
to be cited, but also more likely to be contested in disputes, particularly in socially
sensitive fields. These findings suggest that accessibility increases both visibility
and engagement, but may also heighten exposure to scrutiny and disagreement.
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Taken together, this thesis offers a multifaceted view of how Wikipedia serves
as a public interface for scientific communication. By analyzing citation dynamics,
editorial practices, and access models, it contributes to our understanding of how
science is translated into public knowledge and how digital platforms shape the
boundaries of scientific authority.
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