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ABSTRACT

We present a large-scale comparison of five multidisciplinary bibliographic data sources:
Scopus, Web of Science, Dimensions, Crossref, and Microsoft Academic. The comparison
considers scientific documents from the period 2008-2017 covered by these data sources.
Scopus is compared in a pairwise manner with each of the other data sources. We first analyze
differences between the data sources in the coverage of documents, focusing for instance on
differences over time, differences per document type, and differences per discipline. We then
study differences in the completeness and accuracy of citation links. Based on our analysis,
we discuss the strengths and weaknesses of the different data sources. We emphasize the
importance of combining a comprehensive coverage of the scientific literature with a flexible
set of filters for making selections of the literature.

1. INTRODUCTION

Over the past 15 years, Web of Science (WoS; Birkle, Pendlebury et al., 2020; Schnell, 2017),
Scopus (Baas, Schotten et al., 2020; Schotten, el Aisati et al., 2017), and Google Scholar have
been the three most important multidisciplinary bibliographic data sources, providing metadata
on scientific documents and on citation links between these documents. It is very challenging to
perform large-scale analyses using Google Scholar. WoS and Scopus have therefore long been
the only options for large-scale bibliometric studies. This has changed in recent years with the
introduction of two new multidisciplinary bibliographic data sources: Microsoft Academic
(Sinha, Shen et al., 2015; Wang, Shen et al., 2019; Wang, Shen et al., 2020) and Dimensions
(Herzog, Hook, & Konkiel, 2020; Hook, Porter, & Herzog, 2018). At the same time, Crossref has
become an increasingly valuable data source (Hendricks, Tkaczyk etal., 2020; see also Van Eck,
Waltman et al., 2018). Thanks to the Initiative for Open Citations (14OC; https://i4oc.org/),
launched in 2017, hundreds of millions of citation links between documents have been made
openly available in Crossref. Likewise, the open availability of abstracts in Crossref is increasing
thanks to the recently launched Initiative for Open Abstracts (I4OA; https:/i4oa.org/).

Both for bibliometric research and for bibliometric practice, it is important to understand the
strengths and weaknesses of different bibliographic data sources. Because most researchers do
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not have the possibility to retrieve large amounts of data from data sources such as Scopus and
WoS, bibliographic data sources are typically compared in small-scale case studies, focusing for
instance on documents in a specific research field or on a small number of researchers and the
documents they have authored (e.g., ). A large-scale comparison of Scopus and
WoS was presented by . A similar comparison, including not only
Scopus and WoS but also Dimensions, was carried out by . However,
both comparisons were performed at the level of journals rather than individual documents.
Recently, reported a document-level comparison of Scopus,
WoS, and Microsoft Academic based on a fairly large amount of data (i.e., documents published
by 15 universities). Their comparison has the limitation that documents in the different data
sources are matched based only on Digital Object Identifiers (DOlIs). Another recent document-
level comparison was performed by ; see also

. This comparison considers Scopus, WoS, Dimensions,
OpenCitations, Microsoft Academic, and Google Scholar. The comparison starts by selecting a
limited number of highly cited documents and then analyzes the overlap between the different
data sources in terms of documents that cite the selected highly cited documents. The comparison
involves over three million citing documents.

In this paper, we present a large-scale document-level comparison of five major bibliographic
data sources: Scopus, WoS, Dimensions, Crossref, and Microsoft Academic. Our focus is on
differences between the data sources in the coverage of documents. In addition, we also study
differences in the completeness and accuracy of citation links. We consider only scientific doc-
uments, such as journal articles, preprints, conference proceedings papers, books, and book
chapters, in our analysis. Some data sources also provide data on other types of entities.
Dimensions, for instance, offers data on grants, data sets, clinical trials, patents, and policy doc-
uments. Likewise, the WoS platform provides data on data sets and patents. While these data can
be of great value, they fall outside the scope of our analysis.

A number of major bibliographic data sources are not covered by the comparison presented
in this paper. Google Scholar is not included in the comparison because we do not have large-
scale access to this data source. Studies of Google Scholar typically focus on relatively small
numbers of documents (e.g., ;

). Large-scale studies of Google Scholar ( , ) require an ex-
traordinary amount of effort ( ). OpenCitations is another important data source that is
not included in the comparison. It is not included because it currently provides more or less the
same data as Crossref ( ). This is expected to change in the near
future ( ), so OpenCitations deserves careful attention in future work.
Finally, the comparison does not cover PubMed. This data source is not included because it does
not provide data on citation links between documents.

To keep the analysis manageable, we use Scopus as a baseline and we perform pairwise com-
parisons of Scopus with each of the other data sources. Because Scopus and WoS are the most
established bibliographic data sources, it seems natural to use one of these data sources as the
baseline in our analysis. We use Scopus rather than WoS as the baseline because we do not have
access to the full WoS database. Our use of Scopus as the baseline does not mean that we con-
sider Scopus to be our preferred bibliographic data source.

The rest of this paper is organized as follows. In Section 2, we provide a more detailed
discussion of the data sources included in our analysis. The procedure developed for matching
documents in different data sources is described in Section 3. We present the results of our
analysis in Sections 4 and 5. Conclusions and limitations are discussed in Sections 6 and 7.
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2. DATA SOURCES

In our analysis, we focus on scientific documents published in the period 2008-2017. Scientific
documents can be articles in journals, but also preprints, papers in conference proceedings,
books, book chapters, and so on. We consider the following five bibliographic data sources:

e Scopus. Scopus is a data source produced by Elsevier. Our center has full access to Scopus
for documents starting from 1996. We use Scopus data delivered to our center in April
2019.

e CWTS WoS. WoS is a data source produced by Clarivate Analytics. Clarivate Analytics
distinguishes between the WoS Core Collection and the broader WoS platform. Our focus
is on the WoS Core Collection. The WoS Core Collection consists of a number of citation
indices. We consider the Science Citation Index Expanded (SCIE), the Social Sciences
Citation Index (SSCI), the Arts & Humanities Citation Index (AHCI), and the Conference
Proceedings Citation Index (CPCI). Our center has full access to these citation indices for
documents starting from 1980. The Emerging Sources Citation Index (ESCI) and the Book
Citation Index (BKCI) are also part of the WoS Core Collection. We do not consider these
citation indices, because our center does not have access to them. We use WoS data
updated until the end of 2018. The data was delivered to our center in XML format. In
the interpretation of our findings for WoS, it is essential to keep in mind that the ESCI
and the Book Citation Index are not included in our analysis. In the rest of this paper,
we use the label CWTS WoS to refer to the WoS data to which our center has access
and to distinguish this data from the full WoS database.

¢ Dimensions. Dimensions is a data source produced by Digital Science. Our center has full
access to Dimensions. We use Dimensions data delivered to our center in June 2019. In
addition to scientific documents, Dimensions also covers grants, data sets, clinical trials,
patents, and policy documents. We do not include this content in our analysis.

e Crossref. Crossref provides an infrastructure through which scientific publishers make meta-
data available for the content they publish. We use Crossref data downloaded in August
2018 through the public REST API of Crossref. We downloaded the data in JSON format.
The following content types are excluded from our analysis: book-part, book-section, com-
ponent, data set, journal-issue, peer-review, posted-content, proceedings, proceedings-
series, report-series, and standard.

* Microsoft Academic. Microsoft Academic is a data source produced by Microsoft. We use
a dump of Microsoft Academic data from March 2019 ( ).
Content classified as data set or patent is excluded from our analysis.

The different data sources have different content selection policies. WoS has an internal
editorial team for content selection. WoS emphasizes the selectivity of its content selection
policy for the WoS Core Collection, and in particular for the Science Citation Index
Expanded, the Social Sciences Citation Index, and the AHCI ( ;

). Scopus works together with an international group of researchers, referred to as the
Content Selection and Advisory Board, to perform content selection ( ;
). Scopus often emphasizes the size of its database. Compared with the

WoS Core Collection, it therefore appears to focus more on comprehensiveness and less on
selectivity. Dimensions has an even stronger focus on comprehensiveness: “The database should
not be selective but rather should be open to encompassing all scholarly content that is available
for inclusion ... The community should then be able to choose the filter that they wish to apply to
explore the data according to their use case. ( ; see also ).
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Microsoft Academic has the strongest focus on comprehensiveness. It claims to replicate
"the success of Google Scholar, which utilizes the massive document index from a web search
engine to achieve comprehensive coverage of contemporary scholarly materials, many of which
are not published and distributed through traditional channels and not assigned DOls (

).”

Crossref ( ) is a special case. It is a registration agency for DOIs. When a
scientific publisher works with Crossref to register a DOI for a document, the publisher provides
metadata for this document to Crossref. This metadata is then made openly available by Crossref
(with the possible exception of the reference list, for which the publisher determines whether it is
made openly available or not). In this way, Crossref has become a bibliographic data source that
is of significant interest for bibliometric analyses. The completeness and the quality of the data
available in Crossref depend on what publishers provide to Crossref. Crossref itself does not
actively collect and enrich data.

3. MATCHING OF DATA SOURCES

Because of the large amount of data, matching documents in Scopus with documents in the other
data sources is a challenging task. We developed a matching procedure that aims to provide
accurate results within an acceptable amount of computing time. This matching procedure is
discussed in this section.

3.1. Preprocessing

Our matching procedure starts by preprocessing the data obtained from the different data
sources. In the case of publication years and volume, issue, page, and article numbers, the pre-
processing process retains only numerical characters. All other characters are discarded. The
preprocessing process also splits author names in Microsoft Academic into first and last names.
In the other data sources, this has already been done by the data provider. In the matching
procedure, we treat the first character of the first name of an author as the author’s first initial.
The preprocessing process also simplifies document titles, source titles, and author names by
converting non-US-ASCII characters into US-ASCII characters, for instance by removing
accents.

3.2. Identification of Matching Documents

After preprocessing the data, our matching procedure identifies pairs of documents as candidate
matches. This is done in six consecutive steps:

1. Matching of documents with the same publication year and DOI.

2. Matching of documents with the same publication year, volume number, and either
beginning page or article number.

3. Matching of documents with the same publication year, last name of the first author, and
either beginning page or article number.

4. Matching of documents with the same publication year, last name of the first author, and
volume number.

5. Matching of documents with the same publication year, source ID (i.e., ISSN or ISBN),
and either beginning page or article number.

6. Matching of documents with similar titles. Two documents are considered to have a sim-
ilar title if the three longest words in the title of the document in Scopus also occur in the
title of the document in the other data source.
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A matching score is calculated for each pair of documents identified in the above steps as a
candidate match. The calculation of the matching score is discussed in Subsection 3.3. A match
is established between a pair of documents if the matching score of the documents exceeds a
certain threshold. This threshold is set in such a way that the matching procedure favors preci-
sion over recall. If a document has a match with multiple other documents, only the match with
the highest matching score is considered. When a match between two documents is established
in a particular step of the matching procedure, the documents are excluded from the remaining
steps of the procedure.

The first step of our matching procedure uses the most restrictive matching criterion. The next
steps use less restrictive matching criteria. These criteria yield more candidate matches, making
the matching process more demanding from a computational point of view. However, the num-
ber of documents that still need to be matched decreases after each step, and in this way the
computational cost remains acceptable. In fact, for each of the data sources, at least 80% of
the matches are made in the first step of the matching procedure.

Data sources may index multiple versions of (basically) the same document. In some cases,
this happens by mistake'. In many cases, however, data sources deliberately choose to index
multiple versions of basically the same document, for instance a version published in a journal, a
version published in a conference proceedings, and a version published in a repository. Our
matching procedure creates one-to-one links between documents in Scopus and documents
in the other data sources. Suppose, for instance, that document X is indexed in both Scopus
and Microsoft Academic. Scopus indexes only the version of document X that was published
in a journal, while Microsoft Academic also indexes the version that was published in a repos-
itory. Most likely, our matching procedure will then create a link between the journal version of
document X in Scopus and the journal version of document X in Microsoft Academic. For the
repository version of document X in Microsoft Academic, no link will be created. Hence, this
version will be seen as part of the unique content of Microsoft Academic relative to Scopus.

3.3. Calculation of the Matching Score of Two Documents

For a pair of documents identified as a candidate match, a matching score is calculated by com-
paring the following attributes:

e DOI

¢ first author (i.e., last name and first initial)

¢ document title

e source (i.e., ISSN, ISBN, and source title”)

* publication year

¢ volume and issue number

* beginning and end page and article number

Each attribute for which there is a match increases the matching score. In the case of the first
author, documenttitle, and source title, the matching procedure uses the Levenshtein distance to

' This problem has been discussed in particular for Scopus. and
found that Scopus sometimes contains multiple records for the same document.
More recently, the Scopus team ( ) reported that the problem of duplicate records has been
addressed in a quality improvement program.
2 In our Dimensions data, the titles of conference proceedings are missing. As a consequence, conference pro-
ceedings papers that are indexed in both Scopus and Dimensions may incorrectly not be matched.
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allow for partial matches. The smaller the Levenshtein distance, the larger the increase in the
matching score. A match is established between a pair of documents if the matching score of
the documents exceeds a certain threshold.

We refer to the appendix for a more detailed discussion of the calculation of the matching
score of two documents.

3.4. Evaluation

We evaluated the accuracy of our matching procedure in terms of both recall and precision.
We first consider recall, followed by precision.

Recall is the extent to which corresponding documents in two data sources have been
matched by our matching procedure. To evaluate the recall of our matching procedure, we
manually examined whether nonmatched documents in one data source indeed do not have
a corresponding document in another data source. Consider for instance the matching of
documents in Scopus and CWTS WoS. We first selected all nonmatched documents in
Scopus and CWTS WoS and we randomly sampled 30 of these documents. For each of the
sampled documents, either in Scopus or in CWTS WoS, we then manually tried to identify a
corresponding document in the other data source. We took the same approach for the matching
of documents in Scopus on the one hand and Dimensions, Crossref, and Microsoft Academic on
the other hand. In this way, we considered 4 x 30 = 120 nonmatched documents. For eight of
these documents, we found that our matching procedure had failed to match the document
with a corresponding document in the other data source.

Looking in more detail at these eight documents, it turned out that for all of them the correct
candidate match had been identified in one of the six steps of our matching procedure (see
Section 3.2). However, the matching score was below the threshold used by the matching pro-
cedure (see Section 3.3) and therefore the candidate match had been rejected. The matching
score was just below the threshold (i.e., matching score between 25 and 30) in six cases and
more substantially below the threshold (i.e., matching score below 25) in the other two cases.
The failure of our matching procedure to match two documents was typically caused by incon-
sistencies in the data provided by two data sources or by incomplete data in one of the data
sources. In one of the eight cases, our matching procedure had failed to match two documents,
one in Scopus and one in Microsoft Academic, because the Chinese author names and the
Chinese document and source titles are presented differently in the two data sources. The author
names and the documenttitle are presented in Chinese characters in Microsoft Academic, while
in Scopus the author names have been Romanized and the document title has been translated to
English.

We now turn to precision. Precision is the extent to which the matches made by our matching
procedure are correct. To evaluate the precision of our matching procedure, we rely on the
results of our comparison of the different data sources in terms of the citation links they cover.
We manually examined 60 randomly selected citation links found in one data source but not in
another. Most of the discrepancies between data sources in the citation links they cover can be
expected to be due to incorrect or missing citation links in one of the data sources. However,
discrepancies between data sources in the citation links they cover may also be due to docu-
ments that have been incorrectly matched by our matching procedure. This applies both to citing
documents and to cited documents. For the 60 citing documents and the 60 cited documents
that we examined, we found two mistakes made by our matching procedure. We refer to
Section 5.1 for more details.
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Scopus: 27.0M
CWTS WoS: 22.9M
Overlap: 17.7M

4. COMPARISON OF COVERAGE OF DOCUMENTS

As already mentioned, in our comparison of Scopus, CWTS WoS, Dimensions, Crossref, and
Microsoft Academic, we use Scopus as the baseline. Figure 1 shows the differences in coverage
of documents between Scopus on the one hand and CWTS WoS, Dimensions, Crossref, and
Microsoft Academic on the other hand. Scopus covers 27 million documents. With 23 million
documents, CWTS WoS is smaller than Scopus. However, as discussed in Section 2, it is impor-
tant to keep in mind that two WoS citation indices, the ESCI and the Book Citation Index, are
notincluded in CWTS WoS. Dimensions and Crossref are of similar size. They cover respectively
36 and 35 million documents, which is substantially more than Scopus and CWTS WoS. As
Dimensions relies strongly on data from Crossref (Hook et al., 2018), these two data sources
largely cover the same documents. Documents covered by Dimensions and not by Crossref
typically seem to originate from PubMed. With 73 million documents, Microsoft Academic
covers by far the largest number of documents.

As can be seen in Figure 1, CWTS WoS has the smallest overlap with Scopus. Almost 18 mil-
lion documents were found both in CWTS WoS and in Scopus. Dimensions and Crossref each
have an overlap of 21 million documents with Scopus. With 22 million documents, Microsoft
Academic has the largest overlap with Scopus.

The most striking observation probably is that Microsoft Academic covers so many more doc-
uments than the other data sources. Some documents covered by Microsoft Academic are not of
a scientific nature. For instance, we found news articles and blog posts about someone’s private
life in Microsoft Academic. To determine the extent to which such nonscientific content artifi-
cially inflates the number of documents in Microsoft Academic, we manually examined a ran-
dom sample of 30 documents that are covered by Microsoft Academic and that do not have a
matching document in Scopus. Of these 30 documents, there are four that are clearly not of a
scientific nature. The other 26 documents can all be regarded as scientific content. Hence,
although Microsoft Academic includes nonscientific content, our manual analysis indicates that
this is a small share of the total content of Microsoft Academic. This means that Microsoft
Academic provides a much more comprehensive coverage of the scientific literature than the
other data sources.

We performed a similar manual examination for a random sample of 30 documents covered
by Dimensions and not by Scopus. These documents can all, or almost all, be considered to be of
a scientific nature. However, for about one-third of the documents, the scientific contribution

Microsoft

Academic

Scopus: 27.0M Scopus: 27.0M Scopus: 27.0M
Dimensions: 36.1M Crossref: 35.1M Microsoft Academic: 73.3M
Overlap: 21.3M Overlap: 20.7M Overlap: 22.0M

Figure 1. Overlap of documents between Scopus and the other data sources.

Quantitative Science Studies
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Breakdown by publication year for all documents in each data source (solid line) and for the overlap with Scopus (dashed line).

does not seem very substantial. These documents include meeting abstracts and other very short
items, often with a length of no more than one page. Some of these documents have appeared in
journals covered by Scopus, but Scopus has apparently chosen not to index these documents .
We made similar observations for a random sample of 30 documents covered by Crossref and
not by Scopus. Some documents in Crossref are included in a scientific journal or book, but do
not contain any scientific information themselves. In our sample, we found, for instance, two
documents listing the members of the editorial board of a journal. We also found a document
containing some of the front matter of a book.

The high-level statistics presented in Figure 1 are of limited value because they hide many
important differences between the various data sources. We analyze these differences in the
next subsections.

4.1. Differences in Coverage by Publication Year

Figure 2 shows the time trend in the number of documents covered by the different data sources
and the overlap of documents between Scopus and the other data sources. The yearly number of
documents in Dimensions and Crossref is very similar. This illustrates the strong reliance of
Dimensions on data from Crossref. The number of documents in Microsoft Academic is substan-
tially smaller in 2017 than in the preceding years. We do not know why this is the case.”

* The Scopus Content Coverage Guide (Scopus, 2020) indicates that Scopus does not cover meeting abstracts
and book reviews.

* ltcould be that the data for 2017 was not yet complete when the Microsoft Academic data set used in this paper
was created. However, this does not seem to be the case. In an analysis of a more recent Microsoft Academic
data set, we found a similar drop in the number of documents between 2016 and 2017.
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4.2. Differences in Coverage by Document Type

The top-left plotin Figure 3 provides a breakdown by document type for all documents in Scopus
and for the overlap with the other data sources. The document type classification of Scopus is
used. The plot shows that there are a substantial number of articles and proceedings papers in
Scopus for which there are no matching documents in the other data sources. Microsoft
Academic has the largest overlap with Scopus, followed by Dimensions and Crossref. CWTS

Overlap of Scopus with other data sources
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Figure 3. Top-left plot: Breakdown by document type for all documents in Scopus and for the overlap with the other data sources. Other
plots: Breakdown by document type for all documents in CWTS WoS, Dimensions, Crossref, and Microsoft Academic, and for the overlap with

Scopus (in dark blue).
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WoS has the smallest overlap with Scopus. It can also be seen that CWTS WoS covers hardly any
of the book chapters covered by Scopus. This can probably be explained by the fact that the
Book Citation Index is not included in CWTS WoS.

The other plots in provide the opposite perspective. Using the document type clas-
sifications of CWTS WoS, Dimensions, Crossref, and Microsoft Academic, these plots offer a
breakdown by document type for all documents in CWTS WoS, Dimensions, Crossref, and
Microsoft Academic, and for the overlap with Scopus. The plot for CWTS WoS shows that meet-
ing abstracts and book reviews are missing in Scopus, which is indeed confirmed by the Scopus
Content Coverage Guide ( ). Also, for a substantial number of proceedings papers in
CWTS WoS, there are no matching documents in Scopus. On the other hand, almost all articles
in CWTS WoS can also be found in Scopus.

Unfortunately, the document type classifications of Dimensions, Crossref, and Microsoft
Academic are less detailed. The plots for these data sources therefore offer less information.
The plots for Dimensions and Crossref show that for many articles in these data sources there
is no matching document in Scopus. Importantly, however, any document published in a journal
is classified as an article in Dimensions and Crossref. This may even include content such as the
list of editorial board members of a journal or the cover of a journal issue. Dimensions and
Crossref also cover many more book chapters than Scopus. Only a small share of the book
chapters in Dimensions and Crossref have a matching document in Scopus. For Microsoft
Academic, it is hard to draw clear conclusions, as about half of the documents in Microsoft
Academic do not have a document type.

4.3. Differences in Coverage by Discipline

We now compare the coverage of documents by broad discipline. In Scopus, documents are
assigned to four broad disciplines: Health Sciences, Life Sciences, Physical Sciences, and
Social Sciences & Humanities. In CWTS WoS, we make use of an assignment of documents
to five broad disciplines: Arts & Humanities, Life Sciences & Biomedicine, Physical Sciences,
Social Sciences, and Technology. In Dimensions, we rely on a classification of documents into
22 fields, which we further aggregate into four broad disciplines: Arts & Humanities, Biomedical
Sciences, Physical Sciences, and Social Sciences. Crossref also provides a classification of doc-
uments into broad disciplines, but most documents are not included in this classification. We
therefore do not use this classification. We do not use the disciplinary classification of Microsoft
Academic either. This classification is missing in the Microsoft Academic data dump that we use.

In the disciplinary classifications of Scopus and CWTS WoS, documents are assigned to dis-
ciplines based on the source in which they have appeared. In Scopus, documents in multidis-
ciplinary sources (e.g., Nature, PLOS ONE, PNAS, Science, and Scientific Reports) are assigned
to the Health Sciences discipline”. In CWTS WoS, these documents do not have an assignment
to a discipline. Some documents belong to multiple disciplines in the classifications of Scopus
and CWTS WoS. We use a fractional counting approach to handle these documents. We note
that in an earlier study, significant inaccuracies were identified in the disciplinary classification
of Scopus ( ).

> In our Scopus data, documents are assigned to fields, but not to disciplines. To obtain an assignment of doc-
uments to disciplines, we use the assignment of fields to disciplines provided at
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In the disciplinary classification of Dimensions, documents are assigned to disciplines indepen-
dently of the source in which they have appeared. The accuracy of the disciplinary classification of
Dimensions has been questioned (Bornmann, 2018; Herzog & Lunn, 2018; Orduna-Malea &
Delgado-Lopez-Cozar, 2018). The classification also has the limitation of being incomplete.
Many documents in Dimensions do not have an assignment to a discipline.

The top-left plot in Figure 4 provides a breakdown by discipline for all documents in Scopus
and for the overlap with the other data sources. The disciplinary classification of Scopus is used.
This means, for instance, that a document that is covered by both Scopus and CWTS WoS is
assigned to the discipline to which it belongs in the disciplinary classification of Scopus. The
disciplinary classification of CWTS WoS plays no role. The plot shows that, in relative terms,
the overlap between Scopus and the other data sources is largest in the Life Sciences discipline.
In the Social Sciences & Humanities discipline, the overlap between Scopus and the other data
sources, especially CWTS WoS, is quite limited.

The other plots in Figure 4 provide the opposite perspective. Using the disciplinary classifi-
cations of CWTS WoS and Dimensions, these plots offer a breakdown by discipline for all doc-
uments in CWTS WoS and Dimensions and for the overlap with Scopus. As can be seen in the
plotfor CWTS WoS, in the Life Sciences & Biomedicine discipline, a large number of documents
in CWTS WoS do not have matching documents in Scopus. Many of these documents are meet-
ing abstracts, which are not covered by Scopus. From a relative point of view, the large share of
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the documents in the Arts & Humanities discipline in CWTS WoS that do not have matching
documents in Scopus is noteworthy. Various types of documents that play a prominent role in
the Arts & Humanities discipline in CWTS WoS do not seem to be covered at all by Scopus. The
most important one is the WoS document type Book Review. Other examples are the WoS
document types Film Review, Theater Review, Poetry, and Fiction, Creative Prose.

The patterns observed for Dimensions are fairly similar to those observed for CWTS WoS.
However, one-third of the documents in Dimensions do not have an assignment to a discipline,
which limits the conclusions that can be drawn from the results for Dimensions.

4.4. Differences in Coverage by Number of References

The number of references in the reference list of a document may be used as a rough proxy of the
scientific contribution of the document. Although there are all kinds of exceptions, a document
with many references (e.g., a full research article) may often be considered to make a more sub-
stantial scientific contribution than a document with only a few references or no references at all
(e.g., an editorial, a letter, or a meeting abstract). For this reason, we look at a breakdown by
number of references of the overlap between the different data sources.

The left plotin Figure 5 provides a breakdown by number of references for all documents in
Scopus and for the overlap with the other data sources. Documents with a large number of ref-
erences are overrepresented in the overlap between Scopus and the other data sources.
However, even among documents in Scopus with more than 50 references, there are a substan-
tial number for which no matching documents were found in the other data sources.

The right plot in Figure 5 offers a breakdown by number of references for all documents in
CWTS WoS and for the overlap with Scopus. As can be seen, there are only a very limited num-
ber of documents in CWTS WoS that have a large number of references and that do not have a
matching document in Scopus.

We do not show results from the viewpoint of Dimensions, Crossref, and Microsoft Academic.
In Dimensions and Microsoft Academic, we do not know the total number of references of a doc-
ument. We know only the number of references that have been matched with a cited document. In
Crossref, there are quite a lot of documents for which the reference list is missing because the pub-
lisher did not deposit the reference list in Crossref. For these documents, we do not know how
many references they have.

Overlap of Scopus with other data sources Overlap of CWTS WoS with Scopus
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Figure 5. Left plot: Breakdown by number of references for all documents in Scopus and for the overlap with the other data sources. Right
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Quantitative Science Studies

31

220z Aenuer g|. uo Jesn N3AIF T LIFLISYIAINN Aq 4pd-ZL 100 & SSb/L+G9061/02/1/z/4Ppd-8lonie/ssb/npe-iwjosiip//:dny woy pepeojumoq



Large-scale comparison of bibliographic data sources

4.5. Differences in Coverage by Number of Citations

Like the number of references in the reference list of a document, the number of citations re-
ceived by a document offers a proxy of the scientific contribution of the document. We therefore
look at a breakdown by number of citations of the overlap between the different data sources.

The top-left plot in Figure 6 provides a breakdown by number of citations in Scopus for all
documents in Scopus and for the overlap with the other data sources. Documents with a larger
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number of citations are overrepresented in the overlap between Scopus and the other data
sources. Almost all documents with more than 25 citations in Scopus have a matching document
in the other data sources. A limited number of documents with more than five and no more than
25 citations in Scopus do not have a matching document in the other data sources.

The other plots in provide the opposite perspective. These plots offer a breakdown by
number of citations for all documents in CWTS WoS, Dimensions, Crossref, and Microsoft
Academic, and for the overlap with Scopus. Almost all documents with more than five citations
in CWTS WoS have a matching document in Scopus. A limited number of documents with more
than five citations in Dimensions, Crossref, and Microsoft Academic do not have a matching
document in Scopus.

4.6. Differences in Coverage by Language

Scopus and CWTS WoS are dominated by documents written in English (see also

). Although they cover a small share of documents written in languages such as
Chinese, French, German, Portuguese, and Spanish, 90% of the documents in Scopus and 96%
of the documents in CWTS WoS are in English. It is important to keep in mind that the ESCl is not
included in CWTS WoS. Presumably, this citation index covers a more substantial share of non-
English documents. In Dimensions, documents in English are slightly less dominant. 86% of the
documents in Dimensions are in English. We do not have language information for Crossref.
Likewise, language information is missing in the Microsoft Academic data dump that we use.

For most of the documents in Scopus that are not in English, we did not find a matching
document in the other data sources. Only about 40% of the non-English documents in
Scopus have a matching document in Dimensions or Microsoft Academic, and only 21% have
a matching document in CWTS WoS. Conversely, 57% of the non-English documents in CWTS
WoS have a matching document in Scopus. In Dimensions, this is the case for only 19% of the
non-English documents. These statistics show that Scopus, CWTS WoS, and Dimensions differ a
lot in terms of the non-English documents they cover. Although language information is missing
in our Microsoft Academic data, this conclusion also extends to Microsoft Academic. In a
manual examination of a random sample of 30 documents in Microsoft Academic that do not
have a matching document in Scopus, we found that between a third and a half of these docu-
ments are not in English.

5. COMPARISON OF COMPLETENESS AND ACCURACY OF CITATION LINKS

To compare the completeness and accuracy of citation links, we again use Scopus as the base-
line. We present pairwise comparisons between Scopus on the one hand and CWTS WoS,
Dimensions, Crossref, and Microsoft Academic on the other hand. Importantly, in these pairwise
comparisons, we consider only citation links between citing and cited documents that are
covered by both data sources. Hence, we compare the completeness and accuracy of citation
links after correcting for differences in the coverage of documents. The comparisons consider the
original citation links made available in the different data sources. They do not consider citation
links that may be identified using alternative citation matching algorithms (e.g.,

).

shows the overlap of citation links between Scopus and the other data sources.
Relatively speaking, Scopus and CWTS WoS have the largest overlap. Nevertheless, the discrep-
ancies between the two data sources are quite significant. 1.9% of the citation links in CWTS

33

220z Aenuer g|. uo Jesn N3AIF T LIFLISYIAINN Aq 4pd-ZL 100 & SSb/L+G9061/02/1/z/4Ppd-8lonie/ssb/npe-iwjosiip//:dny woy pepeojumoq



Large-scale comparison of bibliographic data sources

Scopus: 176.5M
CWTS WosS: 169.9M
Overlap: 166.4M

Microsoft
Academic

Scopus: 205.0M Scopus: 199.9M Scopus: 209.7M
Dimensions: 189.7M Crossref: 86.3M Microsoft Academic: 193.0M
Overlap: 183.3M Overlap: 84.1M Overlap: 183.1M

Figure 7. Overlap of citation links between Scopus and the other data sources.
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WoS cannot be found in Scopus. Conversely, 5.8% of the citation links in Scopus cannot be
found in CWTS WoS. These discrepancies may be caused by citation links that have been in-
correctly identified in Scopus or CWTS WoS. They may also be due to citation links that incor-
rectly have not been identified in either of these data sources. This will be analyzed below.

The discrepancies between Scopus on the one hand and Dimensions and Microsoft
Academic on the other hand are even larger. 3.4% of the citation links in Dimensions cannot
be found in Scopus. Moreover, for 10.6% of the citation links in Scopus, there is no correspond-
ing citation link in Dimensions. Likewise, 5.1% of the citation links in Microsoft Academic can-
not be found in Scopus, while 12.7% of the citation links in Scopus do not have a corresponding
citation link in Microsoft Academic.

Finally, comparing Scopus and Crossref, we find that 57.9% of the citation links in Scopus
cannot be obtained from Crossref. There are three main reasons for this. First, some publishers
deposit documents in Crossref without depositing their references. Second, there are publishers
(in particular ACS, Elsevier, and IEEE) that deposit references in Crossref but choose not to make
these references openly available”. Third, Crossref has suffered from a technical problem due to
which a large number of openly available references incorrectly have not been linked to cited
documents (Bilder, 2019).

Figure 7 makes clear that Dimensions has an important advantage over Crossref. Our earlier
results indicate that Dimensions and Crossref have a fairly similar coverage of documents, but
Figure 7 shows that Dimensions provides access to many more citation links than Crossref.
Although Dimensions relies strongly on data from Crossref, it also benefits from data received
directly from publishers, enabling the Crossref data to be enriched in various ways, in particular
by adding citation links, but also by adding abstracts, affiliation data, and so on.

5.1.  Analysis of Incompleteness or Inaccuracy of Citation Links

The discrepancies shown in Figure 7 between the different data sources are quite significant. To
better understand these discrepancies, we now analyze the incompleteness or inaccuracy of
citation links in the various data sources.

® When we performed our analysis, Elsevier had not yet made its references openly available in Crossref. In
January 2021, Elsevier opened its references (Plume, 2020). This will result in a large increase in the number
of citation links that can be obtained from Crossref.
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An important explanation for the discrepancies in the citation links covered by the various
data sources is that for some documents no reference list is available in some of the data sources.
Missing reference lists are an important explanation for citation links in Scopus for which there is
no corresponding citation link in Dimensions, Crossref, or Microsoft Academic. For 15 million
citation links in Scopus, the citing document does not have a reference list in Dimensions.
Likewise, there are 18 million citation links in Scopus for which the citing document does not
have a reference list in Microsoft Academic. In Crossref, missing reference lists are a major prob-
lem. Missing reference lists in Crossref are responsible for 107 million of the 116 million citation
links in Scopus for which there is no corresponding citation link in Crossref. Of these 107 million
citation links, 27 million are due to reference lists that have not been deposited in Crossref at all
and 80 million are due to reference lists that have been deposited but which the publisher has
chosen not to make openly available. In CWTS WoS, missing reference lists are highly excep-
tional. Of the 10 million citation links in Scopus for which there is no corresponding citation link
in CWTS WoS, only 0.1 million are due to missing reference lists in CWTS WoS. Finally, in
Scopus, the problem of missing reference lists is more significant than in CWTS WoS but less
serious than in the other data sources. CWTS WoS, Dimensions, Crossref, and Microsoft
Academic each cover between 1 and 2 million citation links for which the citing document
does not have a reference list in Scopus.

In earlier work ( ; see also ), we studied inac-
curacies of citation links in Scopus and WoS. For WoS, three problems were identified. First,
some references are missing in the reference lists of documents in WoS. Second, sometimes
there is an error in a reference in WoS, such as an incorrect publication year or volume number.
Third, some references in WoS have been incorrectly matched with a cited document, leading to
so-called phantom citations ( ). For Scopus, the opposite problem was iden-
tified. Some references incorrectly have not been matched with a cited document, even though
all the information needed to make a match seems to be available.

We now look in more detail at the discrepancies in the citation links covered by Scopus on
the one hand and Dimensions and Microsoft Academic on the other hand, focusing on discrep-
ancies that are not due to documents for which no reference list is available. We manually
examined 15 randomly selected citation links in Scopus that are not in Dimensions and 15 ran-
domly selected citation links in Scopus that are not in Microsoft Academic. It turns out
that in about two-thirds of the cases Dimensions or Microsoft Academic incorrectly has not
identified a citation link. Hence, these data sources both fail to identify a substantial number
of citation links. We found just a few cases in which a citation link has been incorrectly identified
in Scopus.

Conversely, we also performed a manual examination of 15 randomly selected citation links
in Dimensions that are not in Scopus and 15 randomly selected citation links in Microsoft
Academic that are not in Scopus. Of the citation links in Dimensions that are not in Scopus,
about half have incorrectly not been identified in Scopus. A few citation links have been incor-
rectly identified in Dimensions. Of the citation links in Microsoft Academic that are not in
Scopus, only one has incorrectly not been identified in Scopus. About one-third of the citation
links have been incorrectly identified in Microsoft Academic. We also found a substantial num-
ber of cases in which Scopus and Microsoft Academic seem to make different choices, causing a
citation link to be created in Microsoft Academic but not in Scopus. Some cases involve in-print
references (i.e., references to a document that has not yet formally been published), for which
Microsoft Academic tries to create a citation link, while Scopus does not seem to do so. Other
cases involve references to “secondary” versions of a document (i.e., references to, for instance,
a preprint or a proceedings paper instead of a journal article). For such references, it seems that
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Microsoft Academic chooses to create a citation link to the “primary” version of the document
(usually a journal article), while Scopus does not do so.

In total, we manually examined 60 citation links that can be found in one data source but not
in another. In only two cases, we found that the discrepancy is due to a mistake made by our
procedure for matching documents in Scopus with documents in the other data sources (see
Section 3). Hence, in a sample of 60 citing documents and 60 cited documents, we found only
two mistakes made by our matching procedure. This indicates that the matching procedure is
sufficiently precise.

6. CONCLUSIONS

The value of a bibliographic data source depends on many different elements. The coverage of a
data source is very important, but the completeness and accuracy of the data provided by a data
source are of course important as well. For some purposes, the speed of updating is also a key
concern. Another crucial issue for determining the value of a bibliographic data source is the
way in which the data is made available, for instance through web interfaces, APIs, and data
dumps. Finally, the conditions under which a data source can be used are of major importance

( ).

While we recognize the importance of all these elements, we have chosen a specific focus for
the analysis presented in this paper. In our comparison of Scopus, CWTS WoS, Dimensions,
Crossref, and Microsoft Academic, our focus has been on differences between the data sources
in the coverage of documents and in the completeness and accuracy of citation links. In addi-
tion, we have chosen to consider only scientific documents in our analysis. Some data sources,
in particular Dimensions, also provide data on other types of entities, but these data fall outside
the scope of our analysis.

The main findings of our analysis can be summarized as follows:

e Comparing Scopus and CWTS WoS, it turns out that Scopus covers a large number of
documents that are not covered by CWTS WoS, including documents with substantial
numbers of references and citations. Documents covered by Scopus and not by CWTS
WoS have appeared mostly in journals and conference proceedings. We have also iden-
tified a substantial number of book chapters covered by Scopus and not by CWTS WoS,
but this is likely to be a consequence of the fact that the Book Citation Index is not includ-
ed in CWTS WoS. Almost all journal articles covered by CWTS WoS are also covered by
Scopus. However, CWTS WoS covers meeting abstracts and book reviews, which are not
covered by Scopus. A substantial share of the proceedings papers covered by CWTS WoS
are not covered by Scopus either.

¢ The results of the comparison of Scopus with Dimensions and Crossref are somewhat more
difficult to interpret. This is partly due to limitations of the document type classifications of
Dimensions and Crossref. These classifications do not distinguish between different types
of documents published in journals. Dimensions and Crossref turn out to have a similar
coverage of documents. This illustrates the strong reliance of Dimensions on data from
Crossref.

7 Two comments regarding our manual examination of citation links are in order. First, there were a few citation
links for which a full examination was not possible because the citing document was behind a paywall and we
did not have access to the reference list of this document. For these citation links, we were unable to determine
whether they have been correctly identified or not. Second, Scopus reports a precision of 99.9% and a recall of
98.3% for its citation matching algorithm ( ). Our findings seem to confirm the high precision
and recall of citation links in Scopus, although the precision seems to be lower than reported by Scopus.
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Scopus covers a large number of journal articles that are not covered by Dimensions and
Crossref. Conversely, Dimensions and Crossref cover an even larger number of documents
that have been published in journals and which are not covered by Scopus. However, a
significant share of these documents are meeting abstracts and other short items that do not
seem to make a very substantial scientific contribution. Dimensions and Crossref also
cover many book chapters and some proceedings papers that are not covered by
Scopus. On the other hand, Scopus also covers many proceedings papers that are not
covered by Dimensions and Crossref.

¢ Of the five data sources studied in this paper, Microsoft Academic offers by far the most
comprehensive coverage of the scientific literature. It covers many more documents than
the other data sources. Microsoft Academic provides only a very basic document type
classification, which does not give much insight into the nature of the documents covered
by Microsoft Academic. However, a manual examination of a sample of documents cov-
ered by Microsoft Academic and not by Scopus has confirmed that most of these docu-
ments are indeed of a scientific nature. It has also shown that Microsoft Academic covers
many documents that are not in English.
Despite the large coverage of Microsoft Academic, there are still quite a lot of documents
in Scopus without a matching document in Microsoft Academic. This includes journal
articles and also proceedings papers and book chapters.

¢ All data sources suffer from problems of incompleteness and inaccuracy of citation links.
However, our overall conclusion is that, in terms of the quality of citation links, the more
established data sources, Scopus and CWTS WoS, outperform two recent alternatives,
Dimensions and Microsoft Academic. Missing citation links are a significant problem in
Dimensions and Microsoft Academic. These data sources also have the limitation that
they do not provide data for references that have not been matched with a cited document.
In the case of CWTS WoS, we are especially concerned about the problem of phantom
citations ( ; ).
In Crossref, incompleteness of citation links is a major problem. This is partly caused by
publishers that do not deposit references in Crossref. To a significant extent, however, this
is due to publishers that do deposit references in Crossref but choose not to make these
references openly available. Citation links resulting from closed references are available
within Crossref’s internal infrastructure, but they are not accessible to the outside world.
Crossref takes these closed citation links into account in the aggregate citation counts it
provides for documents ( ). This for instance explains
why concludes that Crossref has “a similar or better coverage” of citations
than Scopus and WoS. However, while closed citation links are taken into account in
aggregate citation counts provided by Crossref, the individual citation links cannot be
accessed.

How the differences between the data sources should be assessed depends on the purpose for
which the data sources are used. For many purposes, broad coverage of documents is valuable,
for instance to make sure that locally relevant research is properly taken into account (e.g.,

) and to obtain a good coverage of the literature in disciplines in
which researchers prefer to publish proceedings papers or books rather than journal articles.
However, for other purposes, it may be desirable to work within a more restricted universe of
documents (e.g., ). For instance, to enable
meaningful international comparisons of universities, documents that have not been published
in international scientific journals are deliberately excluded from the calculation of the biblio-
metric statistics reported in the CWTS Leiden Ranking ( ).
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In our view, there is value both in the comprehensiveness offered by Dimensions and
Microsoft Academic and in the selectivity offered by Scopus and WoS. However, comprehen-
siveness and selectivity do not need to be seen as mutually exclusive. In line with the philosophy
of the developers of Dimensions ( ; ), we believe that data
sources should be as comprehensive as possible while filters for making relevant selections of
the scientific literature should be provided on top of the data. Depending on the purpose for
which a data source is used, one may or may not wish to apply certain filters to restrictan analysis
to a particular selection of the scientific literature. In this approach, comprehensiveness and se-
lectivity are no longer mutually exclusive. The ideal data source provides comprehensive cov-
erage of the scientific literature, like Dimensions and Microsoft Academic already aim to do, and
in addition also offers a flexible set of filters for making selections of the literature. Important
examples of such filters are expert-curated journal lists, such as those provided by Scopus,
WoS, Directory of Open Access Journals, and many others. The fine-grained document type
classifications of Scopus and WoS offer another example.

7. LIMITATIONS

Our work has several limitations. First of all, our analysis is not entirely up to date, as it is based
on data sets from 2018 and 2019. The data sources studied in this paper are regularly being
improved and expanded. The most recent developments are not covered by our analysis, and
some of our findings may therefore not be fully representative of the current state of the different
data sources. Furthermore, we have performed pairwise comparisons between Scopus and the
other data sources. CWTS WoS, Dimensions, Crossref, and Microsoft Academic have not been
compared directly with each other. In addition, in the case of CWTS WoS, two citation indices
that are part of the WoS Core Collection, the ESCI and the Book Citation Index, are not included.
This is an important limitation that needs to be kept in mind in the interpretation of our findings
for WoS. Finally, our procedure for matching documents in Scopus with documents in the other
data sources is somewhat conservative. Avoiding false positives (i.e., documents that have been
incorrectly matched) is considered more important than avoiding false negatives (i.e., docu-
ments that have incorrectly not been matched). This means that our analysis underestimates
the true overlap between Scopus and the other data sources.
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APPENDIX: CALCULATION OF THE MATCHING SCORE OF TWO DOCUMENTS

In this appendix, we provide a detailed discussion of the approach taken in our matching pro-
cedure (see Section 3) to calculate the matching score of two documents. There are many ways
in which a matching score could be calculated. We performed extensive comparisons of differ-
ent approaches to calculate matching scores, resulting in the approach discussed below.

Consider two documents, A and B, for which we want to calculate the matching score.
Document A is a document in Scopus. Document B is a document in CWTS WoS, Dimensions,
Crossref, or Microsoft Academic. We first determine the extent to which the documents have a
match based on DO, first author, document title, source, and other attributes. By combining the
results obtained for each of these attributes, we then determine the matching score of the documents.

Documents A and B have a match based on DOI if they have exactly the same DOI. Hence,
mpor equals 1 if the DOIs of documents A and B are identical and 0 otherwise.

The extent to which documents A and B have a match based on first author is determined by
the similarity of the first authors of the documents in terms of their last name and their first initial.

More specifically,

Merst author = 0.8 = 0.8D(Ia, I)/ max(L(a), L(Is)) + 0.2E(fa, f3),

Quantitative Science Studies
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where Iy denotes the last name of the first author of document X and fx denotes the first initial of
the first author of document X.” L(a) equals the length of string a. D(a, b) equals the Levenshtein
distance between string a and string b. E(a, b) equals 1 if a and b are identical and O otherwise.
It follows from the above equation that mgst author €quals 1 if the first authors of documents
A and B have the same last name and the same first initial.

The extent to which documents A and B have a match based on title is determined by the
similarity of their titles. More specifically,

Myige = 1- D(tAa tB)/maX(L(tA)> L(tB))a

where tyx denotes the title of document X. mye equals 1 if the titles of documents A and B are
identical.

The extent to which documents A and B have a match based on source is determined by
looking at ISSNs, ISBNs, and source titles. Mgource €quals 1 if the source of document A has
the same ISSN or ISBN as the source of document B. If the ISSN or ISBN is not the same, Myoyree
is given by

Msource = 1- [D(SAa SB) - |L(SA) - L(SB)”/ min(L(sA)? L(SB))’

where sy denotes the title of the source of document X. mgource equals 1 if the title of the source of
document A is contained within the title of the source of document B or the other way around.
There may be multiple variants of the title of a source, for instance a full variant (e.g., “Journal of the
Association for Information Science and Technology”) and an abbreviated one (e.g., “J. Assoc. Inf.
Sci. Technol.”). In that case, mqouree is calculated for each combination of a source title variant for
document A and a source title variant for document B and the highest value of mggrce is used.

Finally, the extent to which documents A and B have a match based on other attributes is
given by

Mother = 01E(yA, yB) + O.ZE(VA, VB) =+ 01E(IA, IB) =+ OSE(bA, bB) + O.SE(QA, eB),

where yyx, vy, ix, bx, and ex denote, respectively, the publication year, the volume number, the
issue number, the beginning page, and the end page of document X. mue, equals 1 if all five
attributes are identical for documents A and B. Instead of a match based on beginning page, we
also allow for a match based on article number.

Based on mpoy, Miirst authors Miitles Msources AN Mether, the matching score of documents A and
B is given by

SAiB = 15’7'7DOI + 7mﬁrst author 1 14mtitle + Smsource + 14mother-

To establish a match between documents A and B, S g must be greater than 30. Using a thresh-
old of 30, our matching procedure (see Section 3) is relatively conservative and favors precision
over recall. The matching procedure can be made less conservative by decreasing the threshold.
The results produced by the matching procedure are relatively insensitive to a decrease in the
threshold. For CWTS WoS, Dimensions, and Crossref, decreasing the threshold from 30 to 25
leads to an increase of less than 2% in the number of documents for which a matching document
is identified in Scopus. For Microsoft Academic, the increase is less than 4%.

8 In the final preparation of this paper, we found a small mistake in our code for calculating Myt author- In our
code, Mgt author is incorrectly calculated as Myt author = 0.8 — D(l4, Ig)/max(L(l4), L(lg)) + 0.2E( f4, fg), resulting
in values that are somewhat lower than intended. The consequences of this mistake are very limited. No sig-
nificant effects on the results of our analysis are to be expected.
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