Scientometrics
https://doi.org/10.1007/s11192-024-05163-4

®

Check for
updates

Open access improves the dissemination of science: insights
from Wikipedia

Puyu Yang'® - Ahad Shoaib? - Robert West? - Giovanni Colavizza*

Received: 8 May 2024 / Accepted: 18 September 2024
© The Author(s) 2024

Abstract

Wikipedia is a well-known platform for disseminating knowledge, and scientific sources,
such as journal articles, play a critical role in supporting its mission. The open access
movement aims to make scientific knowledge openly available, and we might intuitively
expect open access to help further Wikipedia’s mission. However, the extent of this rela-
tionship remains largely unknown. To fill this gap, we analyse a large dataset of citations
from the English Wikipedia and model the role of open access in Wikipedia’s citation pat-
terns. Our findings reveal that Wikipedia relies on open access articles at a higher overall
rate (44.1%) compared to their availability in the Web of Science (23.6%) and OpenAlex
(22.6%). Furthermore, both the accessibility (open access status) and academic impact
(citation count) significantly increase the probability of an article being cited on Wikipe-
dia. Specifically, open access articles are extensively and increasingly more cited in Wiki-
pedia, as they show an approximately 64.7% higher likelihood of being cited in Wikipedia
when compared to paywalled articles, after controlling for confounding factors. This open
access citation effect is particularly strong for articles with high citation counts or pub-
lished in recent years. Our findings highlight the pivotal role of open access in facilitating
the dissemination of scientific knowledge, thereby increasing the likelihood of open access
articles reaching a more diverse audience through platforms such as Wikipedia. Simultane-
ously, open access articles contribute to the reliability of Wikipedia as a source by afford-
ing editors timely access to novel results.
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Introduction

Open access (OA) publishing has emerged as a popular alternative to traditional subscrip-
tion-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).

Citations play a crucial role in supporting Wikipedia’s mission to provide reliable and
verifiable information.! Among various sources, academic and peer-reviewed publications
are widely regarded as the most reliable.> The OA movement provides Wikipedia with a
valuable opportunity to access a vast repository of reliable and verifiable scientific knowl-
edge. By incorporating OA citations, Wikipedia can enhance its role in scientific com-
munication. 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 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 impact
is extending beyond the realm of general knowledge and into the academic sphere (Park,
2011; Kousha & Thelwall, 2017; Tohidinasab & Jamali, 2013).

Wikipedia’s extensive use of citations makes it possible to analyze its reliance on aca-
demic publications, which is a central aspect of our investigation. Previous research uti-
lized 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 jour-
nals 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 con-
straints on the scale of their research. Therefore, an exploration conducted at the granular-
ity of individual articles not only promises a more nuanced understanding of the relation-
ship 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, our study 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. RQI: 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., 2020). To identify the information in arti-
cle-level granularity such as the OA status of publications, we will use the OpenAlex and

! https://en.wikipedia.org/wiki/Wikipedia:Core_content_policies.
2 https://en.wikipedia.org/wiki/Wikipedia: Verifiability#Reliable_sources.
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Scimago data. Our research contributes to understanding the role of OA in the dissemina-
tion of scientific knowledge and the impact of Wikipedia in this process, as well as inform-
ing policy and practice in the realm of open scholarly communication.

The remainder of the paper is structured as follows. “Previous work™ Sect provides an
overview of existing research in the field. “Data and methods” Sect. describes our data-
set and methodology. “Results” Sect. 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 (RQ?2). Finally, “Discussion” and “Con-
clusion” Sects. offer a discussion and conclusion of our findings.

Previous work
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 con-
straints (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 acces-
sibility of scientific journal articles (Bjork et al., 2010). However, the distribution of OA
publications varies depending on the data source. A comprehensive analysis of OA pub-
lications based on Crossref data shows that at least 27.9% of the total 19 million scien-
tific 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 (Archambault et al., 2014,
Martin-Martin, Costas, van Leeuwen, & Delgado Lépez-Cozar, 2018). 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 Bio-
medical research have relatively higher OA rates, while Engineering and Arts &Humani-
ties have lower rates (Archambault et al., 2014; Martin-Martin 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; Archam-
bault et al., 2014). Kristin found that in four disciplines-philosophy, political science, elec-
trical 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 repositories, 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 & Brandes, 2020). Despite these findings, a recent systematic review of
OACA suggests that the debate continues, revealing diverse outcomes across differ-
ent 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
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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.

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 dis-
tribute information based on scientific ﬁndings,3 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 & Krauthammer, 2011). Altmetric.com integrated Wikipedia mentions
into its tracking in 2015*, but doubts have arisen about Wikipedia’s reliability for impact
assessment. Lin and Fenner found that only 4% of PLOS articles were cited in Wikipe-
dia (Lin & Fenner, 2014), and Kousha and Thelwall concluded that Wikipedia citations are
insufficient for impact assessment in most fields (Kousha & Thelwall, 2017).

Previous research indicates that Wikipedia’s topical coverage is similar to that of scien-
tific disciplines. With 13.44% of its citations coming from OA journals (Arroyo-Machado
et al., 2020) and 31.2% of Wikipedia citations associated with OA sources, this percentage
has exhibited an upward trend over the years (Pooladian & Borrego, 2017). Additionally,
STEM fields, particularly biology and medicine, comprise the most prominently featured
scientific topics on Wikipedia (Yang & Colavizza, 2022). Fields such as medicine and psy-
chology 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 & 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).

Citation analyses of Wikipedia

The open release of citation datasets from Wikipedia has led to a surge in studies examin-
ing citation analysis on Wikipedia (Singh et al., 2020; 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., 2020), and the majority of these cited journal articles were
published in the past two decades (Yang & Colavizza, 2022). Benjakob et al. (2022) con-
ducted a study on the quality of 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)

3 https://wikimediafoundation.org/about/mission/.
4 https://www.altmetric.com/blog/new-source-alert-wikipedia/.
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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 Wiki-
pedia. 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 arti-
cles, and accounting for additional confounding factors to better understand the relation-
ship between OA and Wikipedia.

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 Wikipe-
dia Citations (Kokash & 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 jour-
nal. The following sections provide a detailed description of the main datasets used in the
study.

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 Wikipe-
dia (Kokash & Colavizza, 2024). This is an updated version of the 2020 dataset (Singh
et al., 2020). Of these, approximately 2.2 million citations are classified as journal articles,
with 2,197,461 of them containing a DOL.

OpenAlex and Scimago

To examine the impact of OA articles, we used OpenAlex, a free and open platform pro-
viding 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 uti-
lized the OpenAlex API to retrieve relevant article details such as OA status, OA policy,

5 https://docs.openalex.org/how-to-use-the-api/get-single-entities.
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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 Ope-
nAlex, which includes the following categories:

1. Gold: Published in a fully OA journal.
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.
Bronze: Free to read on the publisher landing page, but without any identifiable 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 Scimago.®
Scimago is an OA resource that provides an internationally recognized journal rank indica-
tor for analysis in the fields of scientometrics and informetrics (Falagas et al., 2008; Yuen,
2018; Gonzalez-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 whether an article has been
cited in Wikipedia or not. Since our primary dataset consists solely of articles cited in Wiki-
pedia, 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 Wiki-
pedia, 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.

® https://www.scimagojr.com/aboutus.php.
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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.

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 coeffi-
cients represent the size of each predictor variable’s contribution to the target variable. Fig-
ure 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. Specifi-
cally, we assume that the likelihood of a journal article being cited in Wikipedia is directly
influenced by its 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 Fig. 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 Pub-
lication, 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:

[ Article Age ][ SJR ][ Concept J

L J

I

Article
Features

Citation

Counts

Access Policy
(Open, Closed)

Fig.1 Assumed causal structure of Wikipedia’s OA citation adoption effect, with a black line representing
an assumed causal relationship between two variables
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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 compris-
ing 261,230 entries. When combined with the corresponding sets of Wikipedia-cited arti-
cles, 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 robustness of our analysis. A descriptive over-
view of this curated dataset is provided in Tables 4, 5 and 6 in the appendix.

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 cita-
tions 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 Fig. 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 signifi-
cantly more prevalent than the gold policy.

1200k
@ 800k
1000k H
w -
s 2
£ sook 5 600k
£ 9
5 600k g
° S 400k
@ -
o
€ 400k ht
5 8
E € 200k
200k 2
" 0 "
closed bronze green gold hybrid closed bronze green gold hybrid
(a) Over citations. (b) Over unique journal articles.

Fig. 2 Distribution of open access policy in Wikipedia
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Figure 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 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 arti-
cles within Wikipedia, indicating their significant influence on scientific representa-
tion on the platform. Specifically, since 2015, the percentage of OA article citations
in Wikipedia has consistently exceeded 50%.

We examined the breakdown of OA status and OA policies across the 40,806 jour-
nals in our dataset. To effectively visualize this information, we calculated the num-
ber of citations for each journal and selected the top 20 for further analysis. Figure 8
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 Wiki-
pedia (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 Fig. 9. Our analysis shows a growing trend towards bronze OA
policies among journals. However, some journals that classify themselves as OA, such
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Fig. 3 Fraction of OA citations by publication date of citation
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Fig. 4 Distribution of OA status and count of citations by OpenAlex concept

as “Journal of Biological Chemistry",” contain a significant proportion of articles clas-
sified 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 concepts,
as shown in Figs. 4 and 7. 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 Fig. 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, repre-
sented by the black dotted line in Fig. 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 signifi-
cant variance in OA proportions across different fields.

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%) demon-
strate 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 cited sources. Generally, Wikipedia exhibits a stronger depend-
ence on OA articles in STEM-related fields than in the humanities, where citations of sci-
entific articles are less prevalent.

7 https://www.elsevier.com/journals/journal-of-biological-chemistry/0021-9258/open-access-journal.
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Table 1 Regression results for the first sample with models 1 and 2

Regression model Model 1 (R? = 0.00034) Model 2 (R?* = 0.07182)

Feature Coef Odds ratios P>z Coef Odds ratios P>z
Intercept —0.363 0.695 0 -0.979 0.376 0
Inlp_times_cited 0.442 1.557 0
In(article_age) 0.064 1.066 0 —0.067 0.935 0
In(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:In_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 0914 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

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 trans-
formations 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,,, is formulated as follows:

oa’

is_wiki = is_oa + In(article_age) + In(SJR) + concept + is_oa * In_article_age (1)
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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 + In(article_age) + In(SJR) + concept + In(times_cited + 1)

+ is_oa * In_article_age )
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 Vari-
ance Inflation Factors (VIF) were below 10, indicating the absence of significant multicol-
linearity issues.

Our analysis of the results is summarized in Table 1, which lists the regression
results of model 1 and model 2. From Table 1, it is evident that OA articles exhibit sub-
stantially higher odds of being cited in Wikipedia compared to paywalled articles. Spe-
cifically, 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 likelihood of being used as a reference
on Wikipedia, suggesting that Wikipedia is more inclined to cite OA articles over pay-
walled 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 clas-
sification analysis, we use biology, which has the highest citation count on Wikipedia,
as our reference point. By incorporating citation counts into our analysis, we identi-
fied 14 concepts that significantly influence the likelihood of articles categorized as OA
being cited on Wikipedia. Notably, several concepts from the humanities and social sci-
ences, 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 demon-
strated 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 Fig. 10. In Fig. 10, the x-axis repre-
sents 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 Wikipe-
dia 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,
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Fig.6 OA adoption effect at varying article age, based on model 2

indicating that in Wikipedia, most citations come from journals with small SJR val-
ues. 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 Wikipe-
dia, we use Formula 2 to create a graph that plots these two variables along with article
features.

The graph, shown in Fig. 5, displays the dependent variable, is_wiki, on the y-axis and
the citation counts (variable fimes_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
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Table 2 Coefficients for OA

. . Feature Coef Odds_ratios P>z
adoption by policy
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
In_article_age 0.019 1.019 0.000
In(SJIR) - 0.036 0.965 0.000
Bronze:In_article_age —0.0398 0.961 0.000
Gold:In_article_age —-0.1392 0.870 0.000
Green:In_article_age —0.1868 0.830 0.000
Hybrid:In_article_age —0.2230 0.800 0.000

Results for the first sample, model 1, R? =0.0013

Table 3 Coefficients for OA

adoption by policy 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
In_article_age —-0.070 0.933 0.000
In(SJR) —0.244 0.783 0.000
Bronze:In(article_age) 0.029 1.030 0.007
Gold:In_article_age —0.245 0.783 0.000
Green:In_article_age -0.171 0.843 0.000
Hybrid:In_article_age —-0.274 0.760 0.000
In(1 + timesj.q) 0.447 1.564 0.000

Results for the first sample, model 2, R> = 0.073

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
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 gradu-
ally expands. However, as the citation count continues to grow, this advantage becomes
less distinguishable. Our previous work (Yang & Colavizza, 2022) 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 eas-
ier to discover and access open research results earlier in the publication timeline, before
these articles accumulate citations and gain broader peer recognition.

In addition, we examined the interaction between OA status and article age on Wiki-
pedia using model 2, as illustrated in Fig. 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
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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 pref-
erence for newer articles, particularly those published within the last four years, over older
publications.

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 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 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 sam-
ples, with the results reported in Tables 9 and 10.

Discussion

The surge in popularity and growth of OA has significantly contributed to the dissemina-
tion of scientific knowledge. Our research highlights Wikipedia’s increasing 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 & 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 arti-
cles in the Web of Science database and 20% in the OpenAlex database were OA dur-
ing 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%) domi-
nate as the most common OA policies in Wikipedia. The higher prevalence of green pol-
icy in Wikipedia compared to scientific articles suggests differences in reference acquisi-
tion methods between Wikipedia editors and researchers. 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 disciplines, with
biology, physics, and mathematics exhibiting higher OA citation rates, while social sci-
ences and humanities show comparatively lower rates. Nevertheless, 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
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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 develop-
ments, 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 arti-
cles 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 vari-
ables 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 OABOT,? facilitates the addition of OA links to paywalled citations, improv-
ing 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.

Conclusion

This study assessed the impact of open access (OA) on Wikipedia by analyzing article-
level features using a comprehensive dataset of Wikipedia citations, OA metrics from Ope-
nAlex, and journal data from Scimago. Our findings reveal that OA articles are increas-
ingly cited over time, with their proportion on Wikipedia significantly exceeding that in the
broader scientific literature. Moreover, OA articles enjoy a citation advantage on Wikipe-
dia, 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 Wiki-
pedia, 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.

8 https://en.wikipedia.org/wiki/Wikipedia:OABOT#:%7E:text=Wikipedia%20links %20to%20hundreds %
200f,does %20not%20violate%20any %20copyrights.
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Appendix A: 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
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Table 4 Descriptive statistics for the articles cited in Wikipedia
Cited_by_count Num_references Article_age H index is_oa In(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 1976 1487 1331 1 3.922
Table 5 Descriptive statistics for the articles not cited in Wikipedia. Average over all samples
Cited_by_count Num_references Article_age H index is_oa In(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 44,1324 2891.2 1487 1331 1 3.922
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Table 6 Count of articles by concepts in the final combined dataset

Num. Concept Counts Num. Concept Counts

1 Biology 144,307 11 History 1618

2 Medicine 48,286 12 Art 1589

3 Chemistry 18,135 13 Materials science 1256

4 Physics 10,835 14 Economics 1005

5 Psychology 8491 15 Geography 911

6 Geology 8429 16 Business 480

7 Mathematics 5620 17 Sociology 466

8 Computer science 5274 18 Engineering 241

9 Philosophy 2145 19 Environmental science 211

10 Political science 1931

'I(')a:l: d70p?i((;i:1fﬁcients for overall Index Coef Odds_ratios P>z
In_article_age 0.064 1.066 0.000
In(SJR) —0.002 0.998 0.482
is_oa 0.583 1.791 0.000
is_oa:In_article_age —0.104 0.901 0.000
Average results across all 5 samples, model 1, R? = 0.00032

Table 8 Cpefﬁcients for overall Index Coof 0Odds._ratios P>z

OA adoption
Inlp_times_cited 0.442 1.556 0.000
In_article_age —0.068 0.934 0.000
In(SJIR) —0.245 0.782 0.000
is_oa 0.494 1.639 0.000
is_oa:In_article_age —-0.103 0.902 0.000
Average results across all 5 samples, model 2, R? = 0.072

:lzl;tigoncb(;/e:}?:i;:fisc)f/or OA 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
In_article_age 0.064 1.066 0.000
Bronze:In_article_age —0.031 0.970 0.010
Gold:In_article_age —0.138 0.871 0.000
Green:In_article_age - 0.189 0.828 0.000
Hybrid:In_article_age —-0.232 0.793 0.000
In(SJR) —0.001 0.999 0.654

Average results across all 5 samples, model 1, R? =0.0013
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Table 10 Coefficients for OA

adoption by the policy 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
Inlp_times_cited 0.447 1.564 0.000
In_article_age —-0.071 0.932 0.000
Bronze:In_article_age 0.038 1.039 0.002
Gold:In_article_age —0.241 0.786 0.000
Green:In_article_age -0.173 0.841 0.000
Hybrid:In_article_age —0.284 0.753 0.000
In(SJR) —0.244 0.784 0.000
Average results across all 5 samples, model 2, R?2 =0.073
Table 11 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 3918 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 2253 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 0911 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

underscores the significance of conducting an article-level analysis for a more compre-
hensive understanding of the subject matter.

In Fig. 7, we illustrate the distribution of OA policies across various concepts. Our
analysis reveals that bronze and green policies predominantly characterize most con-
cepts in OA articles, except for Art, where the gold policy assumes significance (Figs. 8§,

9, and 10).
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Appendix B: Tables

The quality of our stratified samples is demonstrated through the descriptive statistics pro-
vided in Tables 4 and 5. Additionally, Table 6 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 Tables 7, 8, 9, and 10.

Appendix C: 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 coeffi-
cients for the is,, variable in Table 11 and the coefficients for the In(1 + times,.4) variable
in Table 12.

Table 11 indicates that OA articles across most concepts exhibit a positive OA Wiki-
pedia citation advantage, with five concepts showing statistically significant advantages.
The top five concepts with the highest OA adoption advantage are Chemistry, Econom-
ics, Psychology, Business, and Physics, suggesting that STEM-related subjects attract more
attention on Wikipedia.

Table 12 Coefficients for OA adoption by concept for all samples ((1 + times,;;,,;))

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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Regarding In(1 + times;.4) 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, 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 fac-
tors in these concepts.
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