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1 | INTRODUCTION

Abstract

This review examines the role of open citations in fostering transparency, repro-
ducibility, and accessibility in scholarly communication. Through a critical syn-
thesis of diverse sources—articles, proceedings, presentations, datasets, and blog
posts—it explores the motivations behind citing, the evolving meanings of cita-
tions, and key milestones in the open citation movement. Particular attention is
given to initiatives like OpenCitations and the Initiative for Open Citations
(T40C), highlighting their contributions to advancing open scholarship. Key find-
ings indicate that open citations democratize research by providing free access to
citation data, improving discoverability, and facilitating the creation of public
citation graphs. Technological advancements, such as advanced data models and
reference mining tools, have significantly contributed to the management and
utilization of citation data. Despite these benefits, challenges such as ensuring
data quality and standardization, addressing structural inequalities in citation
networks, and achieving universal publisher adoption persist. The study con-
cludes with recommendations for future efforts, emphasizing policy advocacy,
technological innovation, global collaboration, and educational initiatives to pro-
mote the widespread adoption and effective use of open citations. These strate-
gies aim to make the “frozen footprints” of scholarly communication accessible
to all, fostering a more equitable and transparent scientific landscape.

in accessing citation data due to problems such as the lack
of accurate and standardized citation data, the failure of

Cronin (1981) defined citations as frozen footprints in sci-
entific achievement, stating that they offer a forensic tool
that provides seductive power and versatility. Today, the
meanings of citations and the motivations behind citing
have evolved, and the number of citations in the literature
has reached enormous proportions. Citation data is used
for a variety of purposes, such as research evaluations, bib-
liometric research, and mapping scientific fields, making it
a vital element of the knowledge organization domain for
analytical study. However, existing systems pose challenges

publishers to support open citation movements and inter-
operability issues of information systems. To address these
challenges and ensure accessibility to everyone interested,
various “open citation” initiatives and organizations have
been launched (Heibi et al., 2019b; Ortega, 2021; Peroni
et al., 2015; Shotton, 2013, 2018). Funders require open
citation data sharing, and countries support open citations
in their national systems, recognizing their importance.
The primary objective of this review is not merely to
summarize existing efforts but to critically examine how
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open citations can enhance transparency, reproducibility,
and equitable access to scholarly data. To achieve this, a
systematic review was conducted, encompassing meta-
data and full texts from a variety of sources, including
but not limited to articles, conference proceedings, blog
posts, presentations, data models, initiatives, datasets,
and other relevant materials.

This review is intended to serve as a comprehensive
resource for researchers, practitioners, and policymakers,
offering a holistic understanding of the open citation
movement, its key milestones, and ongoing efforts. The
main research question guiding this review is:

» How does the open citation initiative enhance research
by fostering transparency, reproducibility, and accessi-
bility in scholarly communication?

To address this overarching question, the following
sub-questions are explored:

« What is the current landscape of open citations in
scholarly communication, and how has it evolved
over time?

« What are the key milestones in the development of
open citation initiatives?

+ How have open citation practices evolved within the
field of information science?

« What are the primary challenges and opportunities
highlighted in the literature regarding open citations?

« What fundamental challenges and motivations drive
the development and adoption of open citation
initiatives?

Before addressing these research questions, it is essen-
tial to understand why authors cite and the meanings of
citations. Citations serve not only as a means to acknowl-
edge prior work but also reflect the motivations and
behaviors of researchers in scholarly communication.
Understanding these diverse motivations is crucial
because open citations aim to enhance transparency, fair-
ness, and accessibility in citation practices. By recogniz-
ing how citations function and the biases that can
influence them, we can better appreciate the need for
open citation initiatives to ensure a more equitable and
reproducible academic landscape.

1.1 | Why do authors cite, and what is
the meaning of citations today?

According to the Cambridge Dictionary, a citation is “a
word or piece of writing taken from a written work”
(“Citation,” 2024). Through citations, authors establish

clear connections between their current work and previ-
ous studies in the vast archive of scholarly literature,
symbolizing the concepts or ideas they discuss
(Garfield, 1997). Citations are essential parts of research
papers as they represent the relationship between the
cited and citing documents (Smith, 1981), and as Ziman
(1968) defines it, citation is the acknowledgment between
documents.

Many researchers have explored the question, “Why
do authors cite?” and have found similar answers, such
as paying homage to pioneers in the field, explaining
methods, providing a literature background, criticizing
previous claims, confirming or falsifying ideas, or verify-
ing data (e.g., Garfield, 1970; Weinstock, 1971). My classi-
fication scheme (Taskin & Al, 2018) for citation content
covers the meanings of citations (positive, negative, and
neutral), their purposes (literature review, definition,
methods, comparison, proof, support, etc.), their forms
(mentioning authors’ names, multiple citations, and quo-
tation marks), and their arrangement (citation section,
number of uses in the text, etc.). However, to count cita-
tions accurately, all citations must be considered equal,
though this was not always the case from the beginning.

It is unrealistic to expect that all authors have meticu-
lously and consistently cited their sources (Price, 1963),
and citations have often been viewed as necessary triviali-
ties by some authors (Kaplan, 1965). Authors' citing
behaviors can be influenced by their expectations or envi-
ronments. For instance, authors may cite many papers
because scientific articles without reference lists are seen
as “chatty” and can create suspicion (Tagliacozzo, 1967).
Moreover, rewarding authors based on the number of
citations can lead to practices such as gift citations to col-
leagues, and authors may avoid citing their competitors
(Goudsmith, 1974). This issue still persists in the litera-
ture today. Authors may focus on some works while
ignoring others (Sokolov, 2023). There are significant
structural inequalities in scientific citation networks, par-
ticularly against female authors and minority researchers
(Nettasinghe et al., 2021). These inequalities are exacer-
bated by the emerging trend of using artificial intelli-
gence in writing literature reviews, with tools like
Connected Papers' or scite’ potentially deepening the
Matthew Effect in citations (Merton, 1968), as they rely
on current citation networks. Additionally, authors’ ten-
dency to cite papers without thoroughly reading them
(Simkin & Roychowdhury, 2006) in the publish-or-perish
world makes citations one of the gamed metrics
(Ioannidis & Maniadis, 2024).

One key aspect is that “accessible citations” enable
comprehensive analysis of the literature. A review from
the early years of citation analysis revealed that citation-
based studies measured the aging of scientific literature,
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identified key research, discovered trends, and evaluated
citation indexes (Tagliacozzo, 1967). However, when cita-
tions are not common and widely available, issues arise
regarding the reproducibility and accuracy of scientific
research (Peroni et al.,, 2015). Differences in citation
numbers, indexed sources, and citation structures across
databases, as well as restrictive access policies like finger-
print proof (Peroni et al., 2015; Piwowar & Vision, 2013),
pose significant challenges. Today, with advanced tech-
niques and network analysis, the importance and use of
citations in information science and other fields have
grown significantly. To ensure reproducible and accurate
studies, there is a critical need for openly accessible struc-
tured citations. Thus, understanding the importance of
open citations in scholarly communication is crucial.

1.2 | The politics and power of citations
As Latour argues (Latour, 1988), citations are more than
mere acknowledgments; they are strategic tools that
researchers use to lend strength to their arguments, bol-
ster credibility, and navigate the politics of scientific dis-
course. The presence or absence of references can
determine the perceived legitimacy of a scientific work. A
paper rich with references creates an impression of
authority, while one lacking citations is vulnerable, akin
to “a child without an escort walking at night in a
big city.”

Latour emphasizes that references do not simply sup-
port claims but also play a role in constructing scientific
authority. By carefully selecting and arranging references,
authors can neutralize opposition, strengthen alliances,
and align themselves with influential paradigms. This
practice highlights the rhetorical power of citations,
which serve not only to reinforce the writer's position but
also to shape the trajectory of future scholarship. For
instance, a paper with meticulously curated references
forces dissenters to engage with an extensive network of
prior literature, adding weight to the author's argument
and deterring superficial critique.

Moreover, Latour points out that citations contribute
to the lifecycle of a scientific fact, as the validation of a
claim depends on its adoption and reinforcement by sub-
sequent research. Much like genes that require propaga-
tion, scientific statements rely on being cited by future
works to gain stability and recognition within the scien-
tific community. This perspective underscores the impor-
tance of open citations. When citation data is openly
accessible, the dynamics of scientific discourse become
more transparent, enabling a deeper understanding of
how ideas evolve and how power structures within aca-
demia influence the flow of knowledge. Open citations
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can thus democratize these processes, ensuring that the
“frozen footprints” of scholarly communication are avail-
able for critical scrutiny and equitable use.

2 | METHODOLOGY

To provide a systematic review of open citations, a struc-
tured methodology was employed (see Figure 1). The
details of the methodology are as follows:

« Selection of Keywords: The main keywords selected for
this study are “Open citation*,” “open-citation*,”
OpenCitations, and I40C. Although terms like “cita-
tion data” or “bibliographic reference data” are used in
papers on open citations, these keywords are used for
many purposes in the literature, from defining meth-
odology and sources of data to citation analysis studies,
resulting in thousands of unrelated papers. Therefore,
only keywords directly related to open citations and
the main initiatives were considered.

» Data Sources: Most review studies cover only major
commercial citation indexes such as Web of Science
and Scopus. However, as of May 2024, there are only
53 papers indexed in Web of Science on this subject.
To reach a wider range of outputs, the data sources for
this review were extended (Web of Science, Scopus,
Dimensions, OpenAlex, Google Scholar, Arxiv, and fig-
share), as suggested in the literature (Martin-Martin
et al., 2021; Visser et al., 2021). Additionally, OpenCita-
tions has a significant blog for current developments in
the subject. The full texts of these blog posts were also
included in the study.

« Languages: As multilingualism is a consideration for
open citation studies (e.g., Malinek et al., 2024), mak-
ing it problematic to focus solely on English-language
publications. If searches retrieved outputs in different
languages, they were included in the study by translat-
ing the titles and abstracts to English using Google
Translate. However, it is important to note that only
papers with English-language keywords in their meta-
data were included in the review, which is the main
limitation of the study. Languages covered in the study
are English, Spanish, German, Chinese, Japanese, and
Finnish.

« Data Collection and Cleaning Process: All metadata
and abstracts of 284 research items, including datasets,
presentations, and images, were collected using a
Zotero Library. Afterward, a deduplication and elimi-
nation process were conducted to remove duplicates
and unrelated records from the dataset. In the end,
174 outputs were retained. Blogs were considered a
separate dataset, with the full texts of 149 blog posts
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collected for a separate review. After creating the main
datasets, all words used in titles, keywords, and
abstracts were standardized. The standardization pro-
cess included unifying plural/singular forms, abbrevia-
tions, and different spellings of words (such as
“behavior” and “behavior”).

« Visualization: To create topic networks of the outputs,
the Java-based software VOSviewer was used. The res-
olution parameter for all VOSviewer visualizations was
set to 1.0, which is the default value in VOSviewer.

3 | FINDINGS

3.1 | Whatis an open citation?
In 2013, Shotton (Shotton, 2013) highlighted the irony that
in an era of open access, reference lists from journal
articles—essential components of scholarly communica-
tion that allow for credit attribution and integration of
independent research—are not freely accessible to all
scholars, including the authors themselves. Citations are
crucial in connecting scholarly knowledge and can be
obtained directly from references, databases, or citation
indexes. When citation data is freely accessible, download-
able, and reusable, it is termed “open citation” (Peroni &
Shotton, 2018a).

It is important to note that being just accessible is not
sufficient for being “open citation.” To qualify as “open

citation,” the citation must meet certain criteria
(Initiative for Open Citations (I40C), 2020; Peroni, 2018):
It should be structured, separate, and open (see Figure 2
for examples).

Open citations provide numerous benefits that contrib-
ute to a more transparent, equitable, and efficient scientific
research ecosystem. The key benefits of open citations can
be listed as follows (Hutchins, 2021; Initiative for Open
Citations (I40C), 2020; Peroni & Shotton, 2020):

« Transparency and reproducibility: Open citations
enhance the transparency and reproducibility of biblio-
metric and scientometric analyses by allowing the pub-
lication of source data.

« Enhanced discoverability: They increase the discover-
ability of scientific articles, enabling researchers to fol-
low citation trails and find relevant literature easily.
This is particularly beneficial for individuals outside
academic institutions with subscriptions to commercial
citation databases.

« Commercial activity stimulation: Open citation data
stimulate downstream commercial activities by allow-
ing businesses to develop new tools and services based
on this data.

« Improved science policy: Access to open citation data aids
in making informed decisions regarding science policy
by providing comprehensive and accurate data.

 Equitable access: Open citations ensure that all scholars,
regardless of institutional affiliation or financial
resources, have access to crucial bibliographic data.
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FIGURE 2

 Support for open scholarship: They support the broader
open scholarship movement, promoting the free
exchange of knowledge and reducing reliance on pro-
prietary data sources.

« Building new services: The ability to build new services
over the open citation data benefits publishers,
researchers, funding agencies, academic institutions,
and the general public, and enhances existing services.

« Creation of a public citation graph: Creating a global
web of interconnected scholarly citation data improves
the discoverability of both subscription-based and
open-access content. This citation graph allows for the
exploration of relationships between knowledge fields
and tracks the development of ideas and academic
disciplines.

By providing a robust framework for citation data,
open citations foster an environment where scientific
knowledge can be freely accessed, analyzed, and utilized
for various scholarly and practical applications. However,
the review reveals that while open citations significantly
enhance discoverability and transparency, disparities in
adoption persist among publishers, particularly those
with substantial market control. These findings directly
address the question of how open citations can democra-
tize research by broadening access and promoting inclu-
sive scholarly communication.
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. 0.1002/1eap. 1096",

Open citation criteria (Initiative for Open Citations (I40C), 2020; Peroni, 2018).

3.2 | Clarifying open citations: The
movement, OpenCitations infrastructure,
and I140C

The terms open citations, OpenCitations, and the Initia-
tive for Open Citations (I40C) are often used inter-
changeably or misunderstood, even though they refer to
distinct but related concepts within the scholarly commu-
nication landscape. For many, the boundaries between
the broader open citations movement, the OpenCitations
infrastructure, and the I40C initiative remain unclear.
To avoid confusion and provide clarity, it is essential to
define each of these entities and explain their roles
within the open scholarship ecosystem.

As mentioned earlier, the term open citations refers
to citation data that is freely accessible, reusable, and
downloadable without restrictions. Citations, which are
essential to scholarly communication, serve as the con-
nective tissue between research outputs by attributing
credit and facilitating knowledge integration. Despite
the rise of open access, Shotton (2013) pointed out that
reference lists, which are crucial to scholarly work,
have often remained inaccessible to many scholars, cre-
ating a paradox in the scholarly ecosystem. To address
this gap, open citations emerged as a movement advo-
cating for citation data that is structured, separable,
and open.
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Closely linked to this movement is the OpenCitations
initiative, a key player in the open citations space. Open-
Citations® is a not-for-profit infrastructure organization
committed to publishing open bibliographic and citation
data using semantic web technologies. OpenCitations
fully embraces the principles of Open Science and the
FAIR data principles—data should be findable, accessi-
ble, interoperable, and reusable. In addition to providing
open citation data, OpenCitations plays an advocacy role
as a founding member of I40C. The organization has
made significant strides in advancing open citation prac-
tices, including the creation of globally unique and per-
sistent identifiers for bibliographic citations, known as
Open Citation Identifiers (OCIs) (OpenCitations.net,-
n.d.).

The Initiative for Open Citations (I40C),* launched
as a collaborative effort among scholarly publishers,
researchers, and other stakeholders, seeks to promote the
unrestricted availability of scholarly citation data. 140C
emphasizes that for citation data to be truly open, it must
be structured, separable, and open, facilitating both
human and machine access. The initiative aims to estab-
lish a global public web of linked citation data that
enhances the discoverability of scholarly content—
particularly benefitting those without access to commer-
cial citation databases. By making citation data openly
available, 140C not only fosters transparency and accessi-
bility in research but also enables the creation of new ser-
vices and insights, such as the ability to build a public
citation graph to track the evolution of ideas and schol-
arly disciplines over time (Initiative for Open Citations
(140C), 2020).

Together, these initiatives and movements form a col-
lective effort to transform citation practices, ensuring that
citation data becomes a public resource accessible to all.
By distinguishing between the broad open citations
movement, the OpenCitations infrastructure organiza-
tion, and the I40C initiative, this review clarifies their
roles and contributions to the open scholarly landscape.

3.3 | Milestones of open citation
movement

Significant milestones and developments from the open
citation movement, highlighting the evolution and ongo-
ing efforts to improve open access to citation data are as
follows”:

» 2010: OpenCitations formally started as a one-year pro-
ject funded by JISC with David Shotton as director.
The project aimed to publish open bibliographic cita-
tion information in RDF and released the

OpenCitations Corpus (OCC), initially populated with
citations from the Open Access Subset of PubMed
Central.

2011: PubMed Central's Open Access full-text papers
more than doubled since they were last harvested into
the OCC.

2015: Silvio Peroni joined as co-director and technical
manager. A new instantiation of the OCC was set up
with a new metadata schema and technologies for
automated citation metadata ingestion.

2016: OCC began ingesting, processing, and publishing
reference lists of scholarly papers available in Europe
PubMed Central, with additional metadata from Cross-
ref and ORCID.

2017: OpenCitations received a grant from the Alfred
P. Sloan Foundation for The OpenCitations Enhance-
ment Project, improving infrastructure and developing
citation indexes, including COCI.

2017: The Initiative for Open Citations (I40C)
launched, encouraging publishers to make citation
data open.

2017: The scientometric community published a letter
urging scholarly publishers to open their citations and
respond to the 140C call (Sugimoto et al., 2017). Addi-
tionally, the I40OC team published an open letter in the
eLife journal for I40C stakeholders (The I40C
Team, 2017).

2018: Springer Nature joined I40C, promoting the
open sharing of citation data.

2018: By September 2018, the percentage of publica-
tions with open citations increased from 1% to 52% out
of 40.8 million articles with references stored in Cross-
ref, resulting in more than 500 million citations being
openly accessible.

2018: Shotton (2018) wrote an opinion piece in Nature
urging funders to mandate open citations, and France
added open citations in its National Plan for Open Sci-
ence (Badolato, 2018).

2019: Another grant from the Wellcome Trust was
awarded for the Open Biomedical Citations in Con-
text Corpus project, aiming to create a new dataset
distinguishing individual in-text references. Open-
Citations was selected by the Global Sustainability
Coalition for Open Science Services (SCOSS) for
crowd-funding support, starting in January 2020, to
transition into a global scholarly infrastructure
organization.

2019: The editors of the Journal of Informetrics
resigned due to growing dissatisfaction with Elsevier's
actions and policies regarding open citations
(Lariviére, 2019).

2019: The NIH released its Open Citation Collection
(Hutchins, Baker, et al., 2019).
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e 2020: The Initiative for Open Abstracts (I40A) was
launched, pushing for open access to study abstracts.
By 2021, 39% of articles with a Crossref DOI had open
abstracts, almost doubling the proportion since 2018.

« 2020: Elsevier announced to open its citations
(Waltman, 2021).

+ 2021: Further development and integration of citation
data from diverse sources such as PubMed Central,
ArXiV, and CrossRef. Enhancements in data proces-
sing, including error correction and augmentation
using bibliographic records and DOI identifiers.

« 2021: One of the important data sources for publica-
tion and citation data, Microsoft Academic Graph
(MAG) was terminated (Chawla, 2021).

» 2022: After the termination of MAG, OpenAlex beta
was launched (OpenAlex support, 2024).

« 2022: Continuous improvements in infrastructure and
data handling capabilities. Expansion of citation data
coverage and improved accessibility.

+ 2023: Introduction of new user interfaces and visuali-
zation tools to enhance the usability and accessibility
of citation data. Emphasis on personalized search
capabilities and social media interactions.

« 2024: The Barcelona Declaration on Open Research
Information® was published, marking a significant
milestone in the open research movement. This dec-
laration advocates for the unrestricted sharing of
research information, including citations, to pro-
mote transparency, equity, and reproducibility in
research. It emphasizes the importance of making
all forms of research information, including cita-
tions, openly available for the global research com-
munity (Barcelona Declaration on Open Research
Information, 2024).

« 2024: OpenCitations is managed by the Research
Centre for Open Scholarly Metadata at the Univer-
sity of Bologna, ensuring its original aim of free pro-
vision of open bibliographic and citation data,
services, and software is maintained. Ongoing efforts
are focused on enhancing reference matching and
incorporating user-generated annotations, with par-
ticular emphasis on CiTO-based citation typing. This
ontology allows for the characterization of citations
in terms of their factual and rhetorical nature,
enabling these descriptions to be published online
(Peroni & Shotton, 2012).

I want to highlight David Shotton's’ tireless efforts,
which are instrumental in propelling the open citation
movement forward. His vision and leadership have
guided OpenCitations from its inception in 2010 to its
current status as a pivotal force in the open access land-
scape. As highlighted in one of his latest blog posts,

| JASIST RUIREE

“From little acorns ... A retrospective on OpenCitations”
(Shotton, 2021), Shotton's metaphor aptly captures the
growth and impact of the initiative. Starting as a modest
project, OpenCitations has blossomed into a robust plat-
form that significantly advances the accessibility and
transparency of scholarly citation data. Shotton's contri-
butions, along with his commitment to the cause, have
laid a solid foundation for future developments and
have inspired a global push toward open science.

3.4 | Thematic classification of research
subjects

The aim of this section is to systematically classify open
citation efforts based on their subjects or areas of focus.
This classification underscores the diverse approaches
and impacts of open citations across various domains,
synthesized from a collection of datasets. To achieve this
objective, a co-occurrence network was created as an ini-
tial step to understand the basic concepts and main key-
words of the subject. Figure 3 displays the co-occurrence
network of keywords, illustrating the frequency and con-
nections of keywords that appear together.

The co-occurrence map provides keywords from vari-
ous dimensions, ranging from technical aspects to the
open citation movement. However, examining only
the keywords is insufficient to understand the main
themes of the subject because not all papers include key-
words, and keywords alone may not capture the full pic-
ture due to the limitation of five top words for all studies
at most. To address this limitation, a term map, shown in
Figure 4, was created using the titles and abstracts of the
dataset, which includes scientific articles, proceedings,
presentations, and more. The objective of the keyword
analysis is to identify the main themes of the subject and
highlight the most significant ones in this review from a
broader perspective.

After examining the distribution of keywords across
different clusters and systematically evaluating the full
texts of the research, five themes were identified.

34.1 | Theme 1: Open citation movement
and its impact

The open citation movement aims to enhance transpar-
ency, accessibility, and reproducibility in academic
research by making citation data openly available. The
studies within this theme provide comprehensive ana-
lyses of open citations, highlighting their impact on
academic research and their potential to transform cita-
tion practices (e.g., Hutchins, 2021). Advocacy for
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mandatory open citations by funders emphasizes the
benefits of research transparency and accessibility
(Shotton, 2018).

The study, “One Year of the OpenCitations Corpus”
(Peroni et al., 2017) discusses the release of RDF-based
OpenCitations Corpus, illustrating the project's signifi-
cant progress and its implications for the research com-
munity. Additionally, the Initiative for Open Citations
(I40C) is detailed in several presentations, describing col-
laborative efforts to release citation data from publishers
and promote public ownership of the citation graph
(Taraborelli, 2017, 2018).

Numerous studies in the literature, particularly those
authored by the OpenCitations group (Shotton, Peroni,
and Heibi), introduce new developments in this theme.
These studies are cited in various parts of this review.
Researchers seeking preliminary or foundational infor-
mation about the subject should refer to the research in
this theme.

3.4.2 | Theme 2: Data models and reference

mining

Efforts in data models and reference extraction focus on
improving the accuracy and efficiency of citation net-
works and managing bibliographic data. Articles in this
group highlight various methodologies and tools
developed to enhance the extraction, segmentation, and
management of references. Some studies address
domain-specific challenges and solutions in reference
extraction (Arnold & Jidschke, 2022; Birkeneder
et al., 2022). For example, “A Game with Complex
Rules: Literature References in Literary Studies” empha-
sizes the unique challenges of reference extraction in lit-
erary studies compared with STEM fields and social
sciences (Arnold & Jidschke, 2022). Similarly, “A knowl-
edge graph embeddings based approach for author
name disambiguation in open citation data” presents
advanced methods using knowledge graph embeddings
to disambiguate author names in open citation data,
thereby improving network accuracy and efficiency
(Santini et al., 2022). Additionally, tools like the
EXCITE toolchain (Hosseini et al., 2019) and the Linked
Open Citation Database (Alexiou et al., 2016; Lauscher
et al., 2018) are designed to extract, match, and publish
open literature references, significantly contributing to
the availability and utility of citation data. This cluster
also includes software reviews that present technical
approaches to relevant parties (Heibi et al., 2019b). The
research within this theme is intended for professionals
in the field who are seeking technical solutions for open
citations.

| JASIST BUJIREE

34.3 | Theme 3: Empirical research on
research evaluations and open citations

Empirical research in open citations examines the practi-
cal implications and impacts of open citation data on aca-
demic publishing and research evaluation. Studies like
“A construction and empirical research of the journal dis-
ruption” (Jiang & Liu, 2023) and “Do open citations give
insights on the qualitative peer-review evaluation in
research assessments? An analysis of the Italian National
Scientific Qualification” (Bologna et al., 2023) investigate
how open citations influence journal disruption and the
qualitative aspects of research, respectively. The article
“Coverage and correlations between open citations in
Crossref and readership in Mendeley: Different fields of
Brazilian science” (Maricato et al.,, 2023) provides an
empirical analysis of the coverage and correlations
between open citations, while “Open data to evaluate
academic researchers: an experiment with the Italian Sci-
entific Habilitation” (Di Iorio et al., 2019) examines the
effectiveness of using open data for evaluating academic
researchers in Italy. These studies collectively highlight
the importance of open citation data in enhancing the
transparency and reliability of research assessments.

3.44 | Theme 4: Comparative analysis
Comparative analysis of different bibliometric tools and
data sources is crucial for understanding the strengths
and limitations of various citation indexes. The paper
“Can Crossref citations replace Web of Science for
research evaluation?” (Chudlarsky & Dvorak, 2019) com-
pares the coverage and feasibility of using Crossref's
Open Citation Index (COCI) against Web of Science for
research evaluation purposes. Another study, “New
trends in bibliometric APIs: A comparative analysis”
(Velez-Estevez et al., 2023) evaluates the capabilities of
new bibliometric APIs, emphasizing the role of open cita-
tion data in enhancing bibliometric research.

There are many studies in this cluster that compare
data sources of citations (e.g., Web of Science, Microsoft
Academic, Scopus, Dimensions, etc.). However, since
most of these studies are discussed in the blue cluster
subsection of the co-citation analysis part of this review,
they are not mentioned here to avoid duplication.

3.4.5 | Theme 5: Infrastructure and
organizational efforts

Infrastructure and organizational efforts in open citations
focus on building and maintaining systems that support
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open scholarship. The article “OpenCitations: an infra-
structure organization for open scholarship” (Peroni &
Shotton, 2020) details the goals and achievements of
OpenCitations as an infrastructure organization dedi-
cated to promoting open scholarship. Another pivotal
comment in Nature, “Open citations” (Shotton, 2013) dis-
cusses the benefits and challenges of making biblio-
graphic citation data freely available, highlighting the
importance of open access and the role of the OpenCita-
tions Corpus (OCC) in facilitating this process.

3.5 | Co-citation analysis

Co-citation refers to the frequency with which two docu-

ments are cited together (Small, 1973). The results of the

co-citation analysis of the dataset are shown in Figure 5.
The co-citation network of the dataset outlines the

path to open citations. The examination of the five

defined clusters is as follows.

3.5.1 | Red cluster: A path from citation
indexing to semantic publishing and
linked data

Co-citations in open citation papers trace their origins to
the creation of citation indexes (Garfield, 1955), followed
by Small's paper on co-citations (1973). This indicates
that citation data and the hidden connections within

sh“&on d, Zogwlos comput b

small h, 1973 §@@m soc inform

[anonymous}, 2806, p 2006 c em

garfigld e, 1988, science, v12

nuzzolese ag, @016, lect note ™

garfield e, 2008§jama jam me

them became significant for scientific studies over
~25 years. In 1998, the development of CiteSeer (Giles
et al,, 1998), an autonomous citation indexing system
capable of parsing and identifying citations in different
formats automatically, marked the beginning of auto-
mated methods for citation indexing. This was a pivotal
advancement, as previous methods relied on manual
indexing.

Post-2000, studies have focused on automatic classifi-
cation of citations (Teufel et al, 2006), ontologies
(Ciccarese et al., 2008; Peroni & Shotton, 2012;
Shotton, 2010), and semantic publishing (Shotton
et al.,, 2009). More recently, papers cited in this cluster
pertain to linked data projects such as LOD (Alexiou
et al., 2016) and The Semantic Web Dog Food (SWDF)
(Nuzzolese et al., 2016). The importance of this cluster
lies in illustrating the evolution of topics from the crea-
tion of citation indexes to the development of new tech-
niques and data structures. The strongest node of this
cluster is the pivotal Nature paper by David Shotton
(2013) which covered all these issues above from citation
indexes to open citation movement.

3.5.2 | Green cluster: Sources of citation data
for bibliometric studies

This cluster began with the foundational paper on the
h-index (Hirsch, 2005). Early papers in this cluster used
Web of Science data to identify citation classics (Brandt
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Co-citation analysis of the dataset (not all research in my dataset includes reference data. Therefore, only articles that

contain references were considered for the analysis. For records not indexed in WoS, the references of these articles were transformed into

the WoS format. Only research that had been cited at least three times was included in the analysis. A total of 64 studies are shown in the

network. The interactive map is available at that link).
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et al., 2010, 2019) or to make comparisons with altmetrics
scores and citations (Costas et al., 2015; Thelwall
et al., 2013). However, following the publication of “Sci-
ence of Science” (Fortunato et al., 2018), the limitations
of citation data in Web of Science began to be discussed.
Even Brandt et al. (2019) acknowledged this as a limita-
tion of their study. Since then, new data sources such as
the NIH Open Citation Collection (NIH-OCC) have been
utilized (Hutchins, Baker, et al., 2019; Hutchins, Davis,
et al., 2019; Mitra et al., 2021). Additionally, there have
been discussions about using CrossRef as an alternative
to Web of Science for research evaluation purposes
(Chudlarsky & Dvorak, 2019), as well as comparisons of
different data sources, including Scopus, Web of Science,
Dimensions, CrossRef, and Microsoft Academic (Visser
et al., 2021). The article entitled “Predicting translational
progress in biomedical research” (Hutchins, Davis,
et al., 2019) is the strongest node of this cluster with
46 links and 85 total link strengths.

3.5.3 | Blue cluster: Comparison of citation
data sources

The blue cluster is one of the youngest among the cited
document clusters. It began in 2016 with Harzing's
paper on Microsoft Academic (Harzing, 2016) and was
followed by papers comparing citation data sources,
including Crossref, Dimensions, Google Scholar,
Microsoft Academic, Scopus, and Web of Science
(Baas et al., 2020; Harzing, 2019; Harzing &
Alakangas, 2016, 2017; Herzog et al., 2020; Hug &
Brédndle, 2017; Martin-Martin et al., 2018; Mongeon &
Paul-Hus, 2016; Singh et al., 2021; Wang et al., 2020).
These papers are all pivotal in their respective fields,
as evidenced by their similar number of links (between
20 and 28) and comparable total link strengths
(between 28 and 51).

3.54 | Yellow cluster: OpenCitations

The yellow cluster includes the influential papers
authored by the managers of OpenCitations (Heibi
et al.,, 2019a, 2019b; Peroni et al.,, 2017; Peroni &
Shotton, 2018a; Peroni & Shotton, 2018b). Additionally, it
encompasses significant developments in open citations,
such as the letter to the scientometrics community on the
need for open citations (Sugimoto et al., 2017), the estab-
lishment of the Linked Open Citation Database
(LOC-DB) (Lauscher et al., 2018), and the inclusion of
CrossRef as a data source in VOSviewer (Van Eck
et al., 2018). This cluster also contains a comprehensive

study of book items and their citations using OpenCita-
tions as a data source. Similar to the blue cluster, all
nodes have a comparable number of links (from 19 to 30)
and total link strengths (from 25 to 52).

3.5.5 |
all others

Purple cluster: A cluster connecting

Naming the purple cluster is challenging due to its wide
range of topics, including bibliographic coupling
(Kessler, 1963), paper recommendation systems (Beel
et al., 2016), errors in citation networks (Van der Vet &
Nijveen, 2016), FAIR principles for scientific data
(Wilkinson et al., 2016), open citation data and
data sources (Heibi, 2019; Hendricks et al., 2020; Martin-
Martin et al., 2021), data models, infrastructures, and
APIs (Daquino et al, 2020, 2022; Peroni &
Shotton, 2020). Despite the diverse subjects, they all
relate to the other clusters, making this cluster a connect-
ing hub. This is confirmed by the fact that four of the
papers with the highest total link strength (Heibi, 2019;
Hendricks et al., 2020; Martin-Martin et al., 2021;
Peroni & Shotton, 2020) are part of this cluster.

The results gathered from the co-citation network
clearly demonstrate the evolution of the subject and its
core sources. Additionally, two important findings have
emerged. First, the diversity of document types, ranging
from articles to letters and proceedings, underscores the
need for diversified research evaluation systems that con-
sider various document types. Second, the importance of
citation data is highlighted as essential for properly inves-
tigating knowledge flows and the evolution of scientific
fields.

3.6 | The importance of effective science
communication: OpenCitations Blog

The OpenCitations organization has long engaged in sig-
nificant science communication efforts to raise awareness
about open citations. Through the OpenCitations Blog,®
researchers and interested parties can easily stay
informed on the topic without navigating through exten-
sive scientific articles. Analyzing the blog, which featured
149 posts as of May 2024, revealed the thematic map pre-
sented in Figure 6.°

Before proceeding to the explanation of Figure 6, it is
crucial to highlight that all developments, new models,
publications, and data sets related to open citations are
disseminated to the relevant audience through this blog.
The term map, created using the full texts of the blog
posts, clearly illustrates this point.
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FIGURE 6

VOSviewer has identified six clusters. The largest
cluster (294 keywords), shown in red, encompasses blogs
discussing the services and infrastructures provided by
OpenCitations. Additionally, it includes news about con-
ferences, workshops, new collaborations, and project
updates, all shared through the blog's influence. The
average year for this cluster is 2019. The most common
keywords in this cluster are opencitations, project, service,
university, and infrastructure.

The second cluster (green, 202 keywords) highlights a
critical aspect of open citations: semantic models, ontol-
ogies (such as SPAR, FaBiO, and CiTO), semantic infra-
structures, Functional Requirements for Bibliographic
Records (FRBR), semantic web standards, and Resource
Description Framework (RDF). This cluster is significant
because open citations have a technical dimension, and
for those interested in the technical developments of
open citations, the blog serves as an excellent resource
for any technical needs or questions. The average year for
blogs in this cluster is 2018. The most common keywords
are article, paper, ontology, RDF, and journal.

time agnagtic library

Term map of OpenCitation Blog posts (The interactive map is available at that link).

Another significant cluster is the blue one, compris-
ing 167 keywords. It encompasses APIs, indexes, cor-
puses, identifiers, data models, and datasets. This
indicates that all new developments on the data side of
OpenCitations are communicated to the public. The aver-
age year for this cluster is 2020, supporting this inference.
The most frequent keywords are citation, data, publica-
tion, COCI, and metadata.

The yellow cluster, consisting of 97 keywords, high-
lights the ongoing tensions between publishers and open
citation initiatives. It includes keywords related to major
publishers (such as Elsevier, Taylor and Francis, Ameri-
can Chemical Society, IEEE, Wiley) as well as open cita-
tion corpuses like NIH OCC. The main keywords are
reference, CrossRef, work, publisher, and number, with the
average year for this cluster being 2019.

The final two clusters are very small and not easily
noticeable on the map. One cluster consists of keywords
related to the time-agnostic library and browser devel-
oped by Arcangelo Massari (software) and Silvio Peroni
(supervision) (Massari & Peroni, 2022). The other cluster
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pertains to the creation of the Open Biomedical Citations
in Context Corpus, a 1-year project funded by the Well-
come Trust (Daquino, 2020).

These findings on a blog also highlight the necessity
of diversifying research evaluation systems to encompass
not only scholarly articles but also science communica-
tion pieces. Given that OpenCitations has relatively few
scholarly outputs due to its 14-year history, it is crucial to
recognize the value of alternative dissemination methods.
The blog, in particular, serves as an effective platform for
keeping the audience informed about all developments in
this movement.

4 | DISCUSSION

The landscape of scholarly communication has under-
gone a significant transformation with the advent of open
citations. The systematic review of the literature reveals a
rich tapestry of initiatives, technological advancements,
and scholarly discussions centered around the theme of
open citations. This section synthesizes the findings from
various studies, highlighting the evolution, impact, and
future prospects of open citations.

4.1 | Evolution of open citations

The journey of open citations began with early efforts to
make citation data freely accessible, with pivotal contri-
butions from projects like OpenCitations and initiatives
such as the Initiative for Open Citations (I40C). These
efforts were driven by the need to enhance transparency,
reproducibility, and accessibility in academic research.
Key milestones include the establishment of the OpenCi-
tations Corpus, the launch of the 140C, and significant
policy endorsements from various stakeholders. The col-
laborative push from the scientometric community and
advocacy from influential figures like David Shotton
and Silvio Peroni has been instrumental in advancing the
open citations movement.

4.2 | Impact on scholarly
communication

Open citations have fundamentally altered the way bib-
liometric and scientometric analyses are conducted. By
providing free access to citation data, they have democra-
tized research, enabling scholars from diverse back-
grounds to engage with scientific literature without the
barriers imposed by subscription-based databases.
The increased transparency and reproducibility of

| JASIST BUIRE

research facilitated by open citations have fostered
greater trust in scientific findings.

The creation of public citation graphs and enhanced
discoverability of research outputs are notable benefits.
Researchers can now follow citation trails more effi-
ciently, uncovering relevant studies that might have oth-
erwise remained hidden. This increased visibility not
only aids individual researchers but also contributes to
the overall progress of scientific fields by making connec-
tions between disparate areas of research more apparent.

4.3 | Technological advancements

The development and implementation of advanced data
models, reference mining tools, and semantic technolo-
gies have been crucial in managing and leveraging open
citation data. Tools and various knowledge graph embed-
ding techniques have improved the accuracy and effi-
ciency of citation analysis. These technologies facilitate
the extraction, segmentation, and management of refer-
ences, enabling more sophisticated and comprehensive
bibliometric studies.

The integration of open citation data with other
scholarly infrastructures and platforms has also been sig-
nificant. Projects like the Linked Open Citation Database
and the NTH Open Citation Collection exemplify the suc-
cessful amalgamation of open citations with broader data
ecosystems, enhancing the utility and reach of
citation data.

44 | Challenges and limitations
Despite substantial progress, several challenges persist in
the realm of open citations. Ensuring the quality and
standardization of citation data remains a critical issue,
as variations in citation formats, the presence of errors,
and inconsistencies across databases hinder the effective
use of open citation data. Ongoing efforts to improve data
cleaning, standardization, and error correction are essen-
tial to address these issues.

Structural inequalities in citation networks also pose
a significant challenge. The tendency to cite certain
works more frequently than others reinforces existing
biases and disparities in scholarly recognition. Further-
more, the adoption of open citations by all publishers is
not yet universal. Some publishers remain hesitant to
release citation data openly, highlighting the need for
continued advocacy and policy interventions.

Achieving the full potential of open citations requires
targeted policy measures and the establishment of uni-
versal standards, directly supporting the research goal of
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enhancing accessibility. By addressing these challenges
through coordinated global efforts, the scholarly commu-
nity can create a more equitable and transparent research
ecosystem.

4.5 | Future prospects

The future of open citations looks promising, with several
avenues for further development and enhancement. Pol-
icy and advocacy efforts must continue to push for man-
datory open citations, encouraging more publishers and
researchers to embrace open data practices. Technologi-
cal advancements will play a crucial role, with ongoing
improvements in data mining, natural language proces-
sing, and semantic web technologies expected to further
enhance the management and utilization of open
citation data.

Global collaboration and the inclusion of multilingual
data sources will be vital in creating a truly comprehen-
sive and inclusive citation database. Educational initia-
tives aimed at raising awareness and promoting best
practices in open citations will also be crucial in ensuring
widespread adoption and effective use of open
citation data.

5 | CONCLUSION

Open citations represent a transformative advancement
in scholarly communication, offering numerous benefits
that enhance the transparency, accessibility, and effi-
ciency of scientific research. The findings of this review
highlight the critical role of open citations in fostering an
open and inclusive research ecosystem. However, realiz-
ing the full potential of open citations requires addressing
challenges related to data quality, structural inequalities,
and publisher adoption. Future efforts should focus on
policy advocacy, technological innovation, global collabo-
ration, and educational initiatives to promote the wide-
spread adoption and effective use of open citations. By
embracing these strategies, the academic community can
ensure that the “frozen footprints” of scholarly communi-
cation are accessible to all, paving the way for a more
equitable and transparent scientific landscape.
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ENDNOTES

! https://www.connectedpapers.com/
2 https://scite.ai/

* https://opencitations.net/

4 https://i4oc.org/

> The timeline of milestones are summarized using OpenCitations
and I40C websites, OpencCitations Blog and “Citation Data Are
Now Open, but That's Far from Enough,” 2022; Peroni, 2018.

® https://barcelona-declaration.org/

7 The Founder and Co-Director of OpenCitations, Prof. David
M. Shotton, passed away on Saturday, 18th May, 2024
(Giambattista, 2024).

& https://opencitations.hypotheses.org/

° The network displays 867 terms out of a total of 9274, with each
term appearing at least five times. Stop words and nonsensical
terms (such as month names) have been removed from the net-
work. Full counting method has been deployed.
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