The Complex Universe of Citation Data for Bibliometric Systems

An Overview Essay

David Anthony Rew, MA MB MChir (Cambridge) FRCS (London)

Honorary Consultant Surgeon to the Faculty of Medicine, University of Southampton, UK

And to the Clinical Informatics Research Unit.

Subject Chair for Medicine to the SCOPUS Content Selection Advisory Board, Elsevier BV,
The Netherlands, 2009 to the Present

This is an open source document for publication on the ePrint Server, University of

Southampton

15th March 2025

Correspondence to dri@soton.ac.uk

Key words
Citation Analysis; Scopus; Web of Science; Citation Fraud; Bibliometric Systems; Citation
Source Documents; CrossRef; Metadata Manipulation; Citation Cartels; Coercive Citations;

Citation Planting; Ranking manipulation, Article Retractions; Fake Reviews



Abstract

Citation analysis has been the foundation of bibliometrics and of academic performance
measurement for 70 years. Citations are inferred to be a proxy for the significance,
importance or respect in which the cited article is held. They are an important proxy
measure for academic performance. This creates perverse incentives to game the citation
system for personal or institutional gain, and many sophisticated schemes have been

devised to create false and dishonestly enhanced citation scores.

Moreover, the universe of citation activity is more complex than is often understood. The
major commercial citation systems, SCOPUS and the Web of Science, can create detailed
author, article and journal based bibliometric profiles around those journals and other citing
publications which are specifically listed and processed in their systems as primary sources.
However, there is a large sphere of citation sources which produce citations to primary
documents. These are secondary sources. Beyond primary and secondary sources is a global

sphere of content whose size is neither known or readily targetable for bibliometric analysis.

In this essay, | explore the complexities of this “bibliometric universe”.

In conclusion, Citations are an imperfect form of the measurement of the impact of ideas, of
individuals and organisations, but they represent a huge global investment in professional
appraisal systems. These are embedded within the academic evaluation and promotion
systems and in the commercial bibliometric information systems which support this

ecosystem.

Efforts must therefore continue to maximise the trustworthiness of bibliometric data and to
develop information exchange systems and sequences which minimise the opportunities to

game the system for fraudulent purposes.



Introduction

Citation analysis has been the foundation of bibliometrics and of academic performance
measurement for 70 years. Eugene Garfield (1925-2017) is widely regarded as the father of
the discipline, although his insights were reportedly originally stimulated by the Shephards
Citation System. This was a long established methodology for organising US legal case
records. A huge and complex literature has grown up around the mathematical and
statistical analysis of citations in the academic and research literature. Computerisation has
substantially advanced the discipline since his early work on citation indices on punch cards
and the introduction of the concept of the impact factor of a journal. A substantial

commercial quality assurance industry has developed around the core concepts.

The basic principle of bibliometrics relates to the methodologies and referencing (citing) of
an academic article by another article. The reference is inferred to be a proxy for the
significance, importance or respect in which the cited article is held. Therefore, more
frequently and heavily cited articles will be regarded as being more significant and
influential than less cited articles. This in turn will reflect well on the authors of the paper
and their sponsoring institution, and upon the journal, book or conference proceedings in

which the cited work was published.

Careers, institutions and businesses have prospered or foundered on the back of
bibliometric measures of performance, and the discipline is deeply embedded in academia
and the publishing industry. Many new bibliometric measures have been introduced to
account for the performance of individual authors, articles and journals and to give greater

depth and granularity to Garfield’s original concept.

It is not the purpose of this essay to challenge the mathematics or methodology of
bibliometrics. However, it is important that the nuances and significant limitations of the
bibliometric system are understood. | seek to consolidate some insights and nuances from
general observation of the citation system at work and of the increasing complexities
around trust and integrity issues that can be afforded to the citation concept. | also
examine the practical efforts to refine the understanding of citation analysis with lessons

from the continuing development of the SCOPUS citation system and its quality assurance.

3



The Core Constraints of the Citation System

There are a number of fundamental issues that limit the utility of the citation methodology.
Ultimately, ideas, concepts and the results of academic endeavour must be made available

to the general community, from among whom individuals and organisations will ingest the

knowledge and intelligence in the original work and turn it into practical outputs of societal

impact.

The vast majority of people who learn about original academic work will do so through the
filtration of the written or other media, as for example in newspapers, film, and multimedia
outputs. Only a very small proportion of those who are impacted upon by the output of an
academic work will revert to the source document, and even then it may not be read in full,
let alone cited. Therefore, there may be a substantial disconnect between the content of a

paper, its citation receipts, and its practical impact.

Furthermore, citations are context agnostic, so citations which are posted which are critical
of the malign content of the cited article will be counted in the same way as are positive and
appreciative references. Paradoxically, a “bad actor” article may achieve high citation counts
through notoriety. Moreover, in fields where there may be a number of similar papers,
subsequent authors may only draw at random on source material for citation purposes to
support a particular point. Indeed, the original papers may be misquoted or misrepresented

and inappropriately cited.

The Discoverability and Accessibility of Source Material for Citations

It is self evident that articles will only be cited if they are discoverable and accessible to the
citing authors. Moreover, even if influential articles are found, read and cited, the citations
will only become effective if they are picked up and processed by one or more of the major

bibliometric citation systems.

Citations are made in articles within academic journals or other forms of publication,
including Book Series, Textbooks, Conference Proceedings or Patent Filings. These are then
processed by the bibliometric systems. This creates a problem for the citation system. As

part of the quality assurance process, SCOPUS and the Web of Science (WoS), as the major
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global citation systems, are necessarily selective of the content which they include in their

academic corpus through their expert curation and quality assurance systems.

Primary Source Documents for Citations

The citation-rich documents which are processed by these systems are known as primary
documents. They contribute content directly to the bibliometric calculations and to the
rewards that flow from them. Therefore, citations which are made in journals or other
publications which are not processed by SCOPUS or WoS will not be counted or attributed
to the citable article, because they are either inaccessible or simply unknown to the citation
systems. This unseen content may hold valuable works and reference material which does

not contribute to the bibliometric ecosystem. This challenge is summarised in Figure 1.

The Observable Universe Model of Citation Activity.

Articles notin Scopus nor referred to
from Scopus: Unknown numbers

180Mn
Clusters of 9S00Mn B
Unmatched References

SCOPUS
core
collection

90 Mn articles
1.7Bn matched

references

Figure: The universe of citation activity courtesy of Dr R Schrauwen 2023

Dr Rob Schrauwen (Figure 1, personal communication, May 2023) has encapsulated these
challenges in an elegantly simple conceptual model which he describes as the Observable

Universe of citation data.



This conceptual model is derived from the SCOPUS system but it could be more generally
applied to any citation system. The SCOPUS core collection at the centre (the “Corpus”)
consists of ~100 million quality assured, validated articles from journals, books, conference

proceedings and patents, with >1.7 billion validated and matched references.

Outside this core are > ~900 million references which have been organised into 180 million
clusters of references which can be matched to sources which are not held within the

SCOPUS Core.

Outside these two rings are an “Oort Cloud” of unknown numbers of knowledge sources,
producing an unknown number of references which are not captured in any way by the
SCOPUS system. However rigorous the search for these sources, they will always be too
disparate to permit practical and economic identification, capture and inclusion within the
corpus of a major commercial citation system. This creates a fundamental constraint on the
precision of any citation system in terms of measuring the overall societal impact of

academic outputs through bibliometric measures.

There are many explanations for this exclusion. They include:

- journals and sources which have been excluded from the citation systems following
failures in the evaluation during the quality assurance and selection processes;

- journals and sources which are eligible for consideration for inclusion in SCOPUS or WoS
but which have not been submitted, from where-ever and for whatever reason

- journals and sources which predate the content coverage of SCOPUS and WoS. For
example, rigorous SCOPUS coverage goes back to 1970, but the costs and challenges of
sourcing and processing older and historic material have generally precluded their inclusion
in the data base.

- sources for which permission has not been obtained for inclusion in the citation systems
on commercial or other grounds

- sources which fall outside the inclusion policies of SCOPUS or WoS.

- sources in languages other than English which have not been tapped.



Further complexities in Citation Data: The significance of Crossref
The Initiative for Open Citations (140C) has been established as a collaboration between
scholarly publishers, researchers, and other interested parties to promote the unrestricted

availability of scholarly citation data”( https://i4oc.org/.). The 140C website notes that “the

number of scholarly publications is estimated to double every nine years. Citations and the
computational systems that track them would allow researchers to track significant
developments in any subject field, given unrestricted access to bibliographic and citation
data in machine-readable form. The present scholarly communication system inadequately
exposes the knowledge networks within our literature. Citation data are not usually freely
available to access, and they are often subject to inconsistent, hard-to-parse licenses, and

they are usually not machine-readable”.

Crossref was founded in 2000 as a not for profit organisation. It now has more than 20,000
contributing members among publishers, research institutions, Universities, funding bodies,
museums, data repositories and other content creators around the world. These include
Elsevier (for SCOPUS) and Clarivate Analytics (for Web of Science). Each contributing
organisation creates standard Digital Object Identifiers (DOIs) for metadata records that

describe and locate their research under Crossref supervision and governance.

Nees Jan van Eck and colleagues explored the relationships between citation data in
Crossref, SCOPUS and Web of Science in detail in a blog post in 2018 (van Eck 2018). They
noted that at that time, “a large share of the scholarly literature indexed in WoS and Scopus
is also available in Crossref. For recent years, 68% of the WoS publications and 77% of the

Scopus publications can be matched with Crossref using DOIs.”

They also noted that “these figures may underestimate the true overlap between the data
sources, since matching based on DOIs presents several difficulties, such as missing,
incorrect, and duplicate DOls. To improve matching, publishers and data providers need to
work together to offer more comprehensive and more accurate DOl data”. They
commented on the variety of reasons for the incompleteness of the reference data and the
DOl allocations. There is of course a substantial cost to such data cleansing, which is borne

by the major commercial systems in optimising the integrity of their own data sets.
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These observations are summarised in an evolution of Rob Schrauwen’s observable universe

model, as in Figure 2.

Reference
clusters —

With .‘
DOI |

Figure 2. Citation data in the observable universe with the Digital Object Identifier (DOI)

overlay of April 2023 (courtesy of Dr Rob Schrauwen)

In this representation, the overlying DOI oval contained 146 Million articles from CrossRef in
May 2023. 17 Million articles also had abstracts, and 37 Million articles had references.
Within Scopus, 70 Million articles had DOIs. This data highlights the continuing challenges of
aligning the SCOPUS (and WoS) content with the wider universe of bibliometric data.
However, it also suggests cooperative routes to greater identification and integration with

bibliometric sources which presently lie outside the SCOPUS core data set.

In the outer reaches of the bibliographic universe lie the well defined collections of the
Preprint servers and the global Patent Libraries, whose content has been increasingly
incorporated within SCOPUS (Figure 3), along with the Dissertations and Theses collections
from Proquest which are now linked to the Web of Science. The Medline collection is
independently curated by the US National Institute for Health, but it is fully incorporated
within SCOPUS.



1.6M preprip

Reference
clusters

SCOPUS
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o 90M
600k MEDLINE 1.7B refs
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Figure 3. The relationship of Patents, Preprints and Medline-specific articles and references

Courtesy of Dr Rob Schrauwen Elsevier

Fraudulent Citation Activity

Citations have acquired critical importance within academic career development, funding
decisions and institutional status. It is therefore no surprise that a range of fraudulent
models have emerged to take advantage of the complexities of bibliometric science and of
computer data systems, so as to boost the citation counts of those who are motivated to do
so. Among the many ways of gaming the system to a greater or lesser extent, the following

tricks and methods are now well recognised as being particularly malign

Metadata Manipulation

Metadata manipulation is the strategy of adding references to the metadata of published
articles, even though the references do not appear in the overt published lists of references
of those article. This criminal activity takes advantage of the way in which bibliometric
systems process the data on accepted journals and articles electronically. Besancon and
colleagues reported in 2024 that:

“This manipulation exploits trusted relationships between various actors: publishers, the

Crossref metadata registration agency, digital libraries, and bibliometric platforms. Extra



references are sneaked into the system at Digital Object Identifier (DOI) registration time,
resulting in artificially inflated citation counts. In a case study of three journals from one
publisher, they identified at least 9% such references (5978 /65,836) which mainly
benefitted two authors. These references only exist in metadata registries and they
propagate to bibliometric dashboards. They also discovered “lost” references: the studied
bibliometric platform failed to index at least 56% (36,939/65,836) of the references which

were present in the HTML version of the publications.

This manipulation is made possible because Crossref trusts publishers to extract, report, and

send them metadata about the publications, including the references.

This trust is bound under their membership terms which include keeping metadata accurate
and up to-date. ... Effectively, because Crossref is not checking the accuracy of the metadata

provided by publishers, this creates a “breach” within the information flow.”

They concluded that “the extent of the resulting distortion in the global literature remains
unknown. It requires further investigations and bibliometric platforms which produce
citation counts should identify, quantify, and correct these flaws to provide accurate data

and to prevent further citation gaming”. (Besancon 2024a)

This sophisticated technical fraud appears to arise at the publisher level. These investigators
cite the Indian Open Access publisher Technoscience Academy and a Hindawi article which
has since been retracted. Although the root cause for the fraud has not been investigated or
explained, the inference is that money passed from the beneficiaries whose citation counts

had been inflated to the corrupt publisher.

In the matter of the potential impact of this fraud on SCOPUS, of the three example journals
published by Technoscience Academy, only one was selected for Scopus coverage and that
title was discontinued following internal re-evaluation in 2020. Moreover, in contrast to
Crossref and Dimensions, where the sneaked references were found, Scopus citation
matching is not dependent on the DOI and its metadata. For Scopus, the references are

captured from the reference list of the original article and through proprietary algorithms
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to identify possible citation matches. Therefore, sneaked references are unlikely to be
captured by Scopus as they do not appear in the original article (Meester W. Personal

communication).

Besancon and colleagues (2024b) point out that citation manipulation has significant
consequences for trust in academic outputs, and for the reputations of those who are
caught out. They note that where once the documented manipulations involved
modifications of the version of record of the published article available in PDF or HTML by
adding references to it, citation manipulation by various actors now occurs in many places

and at different times during the life cycle of a scientific publication.

The major bibliometric systems, SCOPUS and Web of Science, take these issues very
seriously, both with preventive measures to keep unsafe journals out of their systems, and
by rigorous internal processes of data validation and cleansing. Nevertheless, such is the
subtlety and creativity of the bad actors, that the best of contemporary defences are
breached and dishonest citation activity enters the data system at the author, article,

journal and publisher levels.

Citation Cartels and Ranking Manipulations
A citation cartel is a group of academic authors who collude to cite one another's
publications in order inappropriately to increase their citation counts and/or those of their

employing institutions (Kojaku 2021).

For example, Michele Catanzaro reported for Science journal in 2024, how “cliques of
mathematicians at institutions in China, Saudi Arabia, and elsewhere have been artificially
boosting their colleagues’ citation counts by churning out low-quality papers that repeatedly
reference their work. As a result, their universities now produce a greater number of highly
cited math papers each year than schools with a strong track record in the field... The stakes
are high—movements in the rankings can cost or make universities tens of millions of
dollars... citation manipulation is a symptom of a flawed system of evaluation... Citations and
similar metrics are not refined enough to monitor individual performance, and people are always

going to find ways to game the system.” (Catanzaro 2024a, b)
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In another version of this malpractice, a University that is seeking to manipulate rankings

may pay highly cited researchers to claim the University as their affiliation (Ansede 2024)

Citation Planting
This refers to the inappropriate citation of authors on topics which are unrelated to the

paper in which they appear.

Irrelevant References are a version of this technique. Fake or hijacked journals are another

vehicle for introducing advantageous citations into the bibliometric system.

Editorial and Peer Pressure and Coercive Citations
In this version of citation planting, editors and peer reviewers may oblige authors to add

references which are favourable to them in exchange for assured publication.

Citations for Sale

Hazem lbrahim and colleagues have recently highlighted a further twist on citation
malpractice, with the exposure of citation boosting services, which will sell fake citations in
bulk (Ibrahim et al 2024). They observe that For such a transaction to take place, it requires
three culprits: the researcher who purchases the citations; the researcher who plants them
in their own articles in return for a fee; and an individual or company who brokers this

transaction. They studied 1.6M author profiles from Google Scholar.

Using various measures of citation irregularity, they identified several scientists with
suspicious profiles who may have engaged with citation boosting services. They followed
the trail to a company which provided citations to one of the suspicious scientists. They
generated 20 research articles using a Large Language Model while listing a fictional
character as an author, for whom they created a Google Scholar profile and contacted the
company to ask them to boost the citations of this profile. They purchased 50 citations, thus
proving that citations can be bought in bulk for a relatively small fee in a matter of weeks.
They concluded by questioning the reliance on citation metrics when evaluating scientists,
and specifically the safety of Google Scholar in the evaluation of researchers, noting its

susceptibility to manipulation.
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Misclassification Errors and Skewed Citation Data

Even where there is no deliberate fraud, design challenges in the technology of citation
analysis may provide misleading results. Alexey Lyutov and colleagues at Constructor
University, Bremen have reported on how imprecise journal and article classification in the

scientific disciplines can lead to systematic errors in citation calculations.

They noted that “misclassified articles have different citation frequencies from correctly
classified articles: In the highest 10 percent of journals in each discipline, misclassified
articles are on average cited more frequently, while in the rest of the journals they are cited

less frequently” (Lyutov et al 2024).

The Management of Retractions

Retractions of articles, journals and citations are mandated increasingly frequently when
publication malpractice is detected. Sanctions may most easily be applied at the journal
level, in which case a journal may be discontinued from a listing in a bibliometric system.
SCOPUS is both responsive to external reporting of fraud and runs regular algorithms
(“Scopus Radar”) over its entire corpus of journals to detect significant deviations from
established publication patterns. Journals whose statistics give rise to concern are then re-

evaluated by human subject experts.

When malpractice is detected at the article level, the article may be retracted from the
public record and from the bibliometric systems. This should involve removing both the
article and the related citations from the system, all be it that this may have a significant,

complex and dynamic cascade effect across the wider data set.

Misdemeanours are often discovered after incorporation of a bad item into the data
ecosystem by vigilant independent researchers and white knights, whose reports are always
followed up and acted upon. However, as evidenced in Besancon’s paper, the subtleties of
citation crime can be very challenging to detect, requiring the meticulous follow up of

suspicions with mathematical, statistical and computing prowess.
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Figure 4: retraction notice for an article in Science Direct with fake reviews (see text)

The question then arises as to what actually happens once citation fraud is detected. Mrs
Tracy Chen of SCOPUS explains that in the matter of discontinued journals, SCOPUS relies

upon publishers to provide accurate information on journal status and sourcing data. This is

not always a timely process.
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In the matter of article retractions which were published in discontinued journals,
retractions with be processed when and where we become aware of them as was the case
with a number of Hindawi journals. However, we know that this is not always the case. We
aim to continue to record the legitimate content within the scientific record”. (Chen T

Internal SCOPUS communication)

This raises the question as to whether a journal which has been contaminated with citation
fraud should be completely closed, or whether it should be cleansed of the offending
content, while protecting innocent content from the axe. Presently, retracted articles are
marked as “retracted” but are otherwise not removed from the SCOPUS database. This has
the advantage that the articles are appropriately flagged, while still being available for

analysis.

Fake reviews and their Bibliometric consequences
The following example of a retracted article illustrates the process when an article is
retracted, and the complexities that arise from it. The original paper was published during

the covid pandemic with a large number of co-authors (Figure 4).

Following publication in the Elsevier journal Science of the Total Environment, the publisher
was alerted to fraudulent reviews, and the following statement was published in the
journal:

“This article has been retracted at the request of the Editors-in-Chief. Post-publication, an
investigation conducted on behalf of the journal by Elsevier's Research Integrity & Publishing
Ethics team determined that two of the reviews for this manuscript were fictitious. Two
reviews were submitted under the name of known scientists without their knowledge. The
name and fictitious contact details of the reviewers were submitted by the Corresponding
Author Guilherme Malafaia during the manuscript submission process.... The Editors-in-Chief
have lost confidence in the validity/integrity of the article and its findings and have

determined that it should be retracted”.

This necessary step nevertheless highlights a number of dilemmas, and it does not

necessarily discredit the reported science. It also removes the authorship and contributions
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of all of the co-authors, whose contributions (unless the article was entirely fake) are now
discredited, if not wholly annulled within the bibliometric system.
Caitlin Bakker and colleagues have studied in greater detail the fate of citations from

retracted articles. In a paper in the Journal of Clinical Epidemiology in 2024, they noted that:

“Retraction is intended to be a mechanism to correct the published body of knowledge when
necessary due to fraudulent, fatally flawed, or ethically unacceptable publications. However,
the success of this mechanism requires that retracted publications be consistently identified
as such and that retraction notices contain sufficient information to understand what is

being retracted and why”.

They investigated how clearly and consistently retracted publications are being presented to
researchers, using 441 retracted research publications in the field of public health. Records
were retrieved for each of these publications from 11 resources, while retraction notices
were retrieved from publisher websites and full-text aggregators. The identification of the
retracted status of the publication was assessed using criteria from the Committee on
Publication Ethics (COPE) and the National Library of Medicine. The completeness of the

associated retraction notices was assessed using criteria from COPE and Retraction Watch.

2841 article records were retrieved, of which less than half indicated that the article had
been retracted. Less than 5% of publications were identified as retracted through all
resources through which they were available. Within single resources, if and how retracted
publications were identified varied. Retraction notices were frequently incomplete, with no

notices meeting all the criteria.

They concluded that the observed inconsistencies and incomplete notices pose a threat to
the integrity of scientific publishing and highlight the need to better align with existing best
practices to ensure more effective and transparent dissemination of information on

retractions (Bakker et al 2024).
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In Conclusion

It is clear that there are many complexities in the use of bibliometric systems. These arise
both in terms of the practical challenges to the representation of the entire universe of
reference generating academic literature within quality assured bibliometric systems, and in
citation malpractice for career, financial and/or reputational gain by authors and

institutions.

Citations are an imperfect form of the measurement of the impact of ideas, of individuals
and organisations, but they represent a huge global investment in professional appraisal
systems. These are embedded within the academic evaluation and promotion systems and
in the commercial bibliometric information systems which support this ecosystem. Efforts
must therefore continue to maximise the trustworthiness of bibliometric data and to
develop information exchange systems and sequences which minimise the opportunities to

game the system for fraudulent purposes.
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