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Abstract
Dimensions was introduced as an alternative bibliometric database to the well-established 
Web of Science (WoS) and Scopus, however all three databases have fundamental differ-
ences in coverage and content, resultant from their owners’ indexation philosophies. In 
light of these differences, we explore here, using a citation network analysis and assess-
ment of normalized citation impact of overlapping publications indexed in all three data-
bases, whether the three databases offer structurally different perspectives of the biblio-
metric landscape or if they are essentially homogenous substitutes. Our citation network 
analysis of core and exclusive 2016–2018 publications revealed a large set of core publi-
cations indexed in all three databases that are highly self-referential. In comparison, each 
database selected a set of exclusive publications that appeared to hold similarly low levels 
of relevance to the core set and to one another, with slightly more internal communica-
tion between exclusive publications in Scopus and Dimensions than WoS. Our comparison 
of normalized citations for 41,848 publications indexed in all three databases found that 
German sectors were valuated as more impactful in Scopus and Dimensions compared to 
WoS, particularly for sectors with an applied research focus. We conclude that the data-
bases do present structurally different perspectives, although Scopus and Dimensions with 
their additional circle of applied research vary more from the more base research-focused 
WoS than they do from one another.
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Introduction

Just as the introduction of Scopus in 2004 challenged the Web of Science’s (WoS) posi-
tion as the leading bibliometric database, the launch of Digital Science’s Dimensions may 
change the bibliometric landscape once more. Like WoS and Scopus, Dimensions has 
amassed a huge index of scientific documents, however Dimensions has important funda-
mental differences to its predecessors that may offer a different bibliometric perspective. 
Further, Digital Science’s position as part of the Holtzbrinck Publishing Group, owner of 
the Springer Nature publishing house, has embedded Dimensions in a content-rich envi-
ronment not unlike Scopus’ position within Elsevier. Given the potential uptake of Dimen-
sions for bibliometric studies, it is important we understand how any diverging coverage of 
Dimensions, WoS, and Scopus might influence the results of bibliometric analyses.

Bibliometric analyses reflect their underlying databases’ characteristics in that the data-
bases’ coverage fundamentally defines what is included in the analysis and bibliometric 
evaluation further contextualises the analysed content against the database, again empha-
sizing its coverage. As such, divergences between databases can have implications for bib-
liometric assessments. The primary differences between WoS, Scopus, and Dimensions for 
standard impact and production analyses lay in the scope of documents indexed as defined 
by the content selection processes. Consequently, other influencing factors such as meta-
data accuracy, classification of document types, and discipline assignments are treated, in 
a statistical sense, as nuisance parameters that have to be controlled for in order to improve 
the validity of the emphasized coverage analysis.

Clarivate Analytics operates WoS under its founder Eugene Garfield’s law of concen-
tration arguing that the majority of significant scientific literature is published in only a 
small number of journals and only these journals must be indexed to achieve sufficient 
coverage of a discipline (Garfield, 1971; “Editorial selection process”). Clarivate’s Emerg-
ing Source Citation Index and the diverse regional indices part from this concept without 
affecting the standard indices Science Citation Index Expanded, Social Science Citation 
Index, and Arts & Humanities Index focused on in this study. Elsevier describes Scopus 
as the “most comprehensive overview of the world’s research outputs”, intending it to be 
the largest possible database of research items of acceptable quality (Elsevier, 2020), while 
Digital Science planned that Dimensions should be “open to integrate all relevant research 
objects”, excluding predatory or otherwise unfit journals (Bode et al., 2019). In line with 
these philosophies, WoS and Scopus use selection panels to curate their content to that of 
a certain quality—with WoS enacting a higher threshold than Scopus (“Editorial selection 
process”, Elsevier, 2020)—whereas Digital Science applies minimal editorial judgement to 
what is indexed in Dimensions, allowing the user to choose their own filters. This not only 
affects the visibility of single documents and their respective authors but also influences 
bibliometric impact analyses because all three calculate citation counts from the database-
specific coverage of indexed items. As such, citation counts are influenced by the database 
coverage, while an underlying Matthew effect in the science system may result in higher 
citation counts with larger collections.

Once content is selected, there are also differences between databases in how it is clas-
sified into document types and assigned to disciplines. All three databases use their own 
disciplinary classifications, however content in WoS and Scopus is assigned based on the 
discipline(s) of the publishing journal and both have been criticised both for the lack of 
transparency in how their classifications are applied and for inaccuracies in classification 
(Wang & Waltman, 2015). In contrast, Digital Science classifies each item using natural 
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language processing and AI technology (Bode et al., 2019; Hook et al., 2018), which elimi-
nates the common issues associated with categorising content from multidisciplinary jour-
nals. These differences in classification practices can have important implications for the 
set of documents against which a publication is normalized and compared in the context 
of each database. Additionally, the respective document type classification may also con-
stitute an important interaction effect as different citation practices between types, such as 
between an often excluded journal editorial and a typically included journal article, affect 
bibliometric analyses. While differences in these classifications of research outputs make 
for interesting topics on their own, we focus our analysis on coverage differences and only 
strive to control these nuisance parameters.

As Dimensions was only recently launched, so far only a small number of studies have 
examined the differences in coverage between it, WoS, and Scopus that result from these 
differing practices and philosophies. Orduña-Malea and Delgado-López-Cózar (2018) 
compared samples of Library and Information Science documents, authors, and journals in 
Scopus and Dimensions and found that coverage in Dimensions exceeded that of Scopus, 
but Dimensions recorded fewer citations, potentially due to missing document links. Thel-
wall (2018) tested Dimensions’ retrieval of nearly 90,000 food science articles with DOIs 
in Scopus, alongside a random sample of 10,000 articles from 2012. Over 90% of the food 
science articles were captured in Dimensions, and the citation counts in both databases 
were highly correlated (0.9–1.0), leading Thelwall to conclude that Scopus and Dimen-
sions were interchangeable on coverage and citations. Harzing (2019) compared Dimen-
sions, Scopus, and WoS on retrieval of her own publication corpus and six key Business 
and Economics journals. She found Dimensions and Scopus were approximately equal in 
both their coverage and citation counts, and both produced higher measures than in WoS.

Visser et al. (2020) compared WoS and Dimensions to Scopus, finding that Dimensions 
was the largest database, although there was substantial overlap in content between Sco-
pus and both WoS (overlap of 17.7 million documents) and Dimensions (21.3 million). 
However, the share of Dimensions’ content not in Scopus was nearly double (40.9%, 14.8 
million) that of WoS (22.7%, 5.2 million). Martín‑Martín et al.(2020) also noted that, while 
Scopus and Dimensions offered twice as much exclusive content as WoS, the databases 
contained a high degree of overlapping content; 75–78% of their sample overlapped in 
pair-wise comparisons and 66% was present in all three databases. The largest content con-
vergence occurred in the hard sciences, where 73–78% was in all three databases, with 
more divergent content in the medical sciences and engineering (65% in all three data-
bases), social sciences (54%), and humanities (41%).

Motivated by these observations of coverage differences, we now address the implica-
tions for bibliometric analyses arising from these differences, focusing on impact analyses. 
Coverage differences between WoS and Scopus have already been shown to influence the 
outcome of bibliometric analyses. In a previous study, we found that German sectors with 
a focus on applied sciences had higher citation impact when assessed in Scopus, while 
those more oriented toward basic research fared better in WoS (Stahlschmidt & Stephen, 
2019). Huang et al. (2020) also noted that there were significant changes in the citation-
based rankings of universities depending on which database was used to assess them. Here 
we analyse and compare the database-specific citation graph as a resonance chamber for 
German publications to observe how the different indexation policies affect the normalized 
citation analyses routinely applied in evaluation studies.

Our first step in this examination was to analyse the databases’ citation networks. Pre-
vious studies show that the divergent coverage between the databases results in different 
subsets of publications indexed in only one, two or all three databases (Visser et al., 2020; 
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Martín‑Martín et  al., 2020). The power set of these subsets consists of the set of publi-
cations and citation links between them that are contained in all three databases, partial 
intersections of publications and related citations in two databases, and the residual sets 
of exclusive publications and related citations indexed in only one database. We investi-
gated the role of these subsets for themselves and other subsets. With respect to citation 
analyses, role is understood as relevance and impact, which can be measured for higher 
aggregates by artificially reducing citations to their Mertonian ideal (“give credit, where 
credit is due”), by citations between and within these subsets. Citations between subsets 
represent how information flows and how the publications indexed exclusively in a data-
base are embedded in this information flow. The role of these publications in the overarch-
ing citation network, which is unknown in its population, can be identified and the added 
value of each database as a reflection of previously unobserved scientific communication 
can be approximated.

Using the context provided by the citation network, we then assessed the differences in 
normalized citation impact of overlapping publications, i.e. indexed in all three databases, 
between the three databases. In bibliometrics, priority is given to normalized indicators 
that evaluate a publication in relation to its environment. Due to the different coverage of 
the databases, environment-specific differences arise in the evaluation of the same publica-
tion. We therefore analysed the same publications in the different databases and determined 
how each publication’s valuation changed given the environment of the databases against 
which it was normalized. In doing so, the stratified German science system served as a 
coordinate system to measure and interpret differences. The varying evaluation of the same 
content can be used to illustrate the structural differences in the databases, which is inform-
ative for interpreting bibliometric analyses (Stahlschmidt & Stephen, 2019). Through these 
two analyses, we examined whether the databases offer a slightly varying but essentially 
homogeneous representation of the general citation network and are therefore substitutes, 
or whether the databases show structurally different bibliometric perspectives.

Methods

The data used for our analyses were sourced from the German Competence Centre of Bib-
liometrics’ (KB) in-house versions of WoS and Scopus. Access to the Dimensions raw 
data was provided by Digital Science. For WoS, we used the established indices Science 
Citation Index Expanded, the Social Science Citation Index, and the Arts & Humanities 
Citation Index as these indices are curated specifically for journals of the highest quality 
and impact and therefore best represent WoS’ bibliometric ideology under Garfield’s law 
of concentration. Scopus and Dimensions databases are not organised into indices and, as 
such, we used the relevant documents from the entire database. Dimensions data were a 
snapshot of the database as of September 2019 and WoS and Scopus data were snapshots 
as of April 2019.

Citation network analysis

We analysed articles and reviews published in 2016–2018 and their citations to 2016 
publications resulting in a citation network subset defined by a 3 year citation window 
between 2016 and 2018. We restricted our analysis to articles and reviews, however a 
known issue in Dimensions is that all documents in journals are assigned document 
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type “article” (Visser et al., 2020). For instance, Dimensions holds more documents of 
type “article” in 2016–2018 than the intersection of core publications jointly indexed by 
WoS, Scopus and Dimensions does. However, most of these documents do not include 
any references. In comparison, only 1% of WoS and 4% of Scopus articles and reviews 
in 2016–2018 had no source references, and no WoS and only 9 Scopus articles had no 
references at all. To control this nuisance parameter in our coverage-focused analysis, 
we selected articles and reviews indexed in WoS and Scopus, and articles in Dimensions 
with at least one reference. Thus for Dimensions we separated the substantial scientific 
contributions that build on and highlight former contributions via references from other 
journal content to improve the validity of the database comparison.

However, we note that this restriction to ≥ 1 references may result in falsely excluding 
actual articles due to missing reference lists in Dimensions. We investigated this issue 
by extracting two datasets from Dimensions: all articles published in 2016–2018 with 
DOIs (i) and no references, and (ii) with ≥ 1 references. We then matched the documents 
in these datasets to Scopus based on DOIs to examine the document types assigned in 
Scopus, with its more detailed classification system. By examining the rate of true posi-
tives, false positives, and unmatched items, as an indication of uncertainty, in dataset 
(ii) (restriction scenario: ≥ 1 references) and the combined datasets (unrestricted sce-
nario: ≥ 0 references) we could determine the effect of the restriction on the sample. The 
results in Table 1 show that by restricting our sample to documents with ≥ 1 references 
we increase the accuracy (true positives), decrease the uncertainty of our sample sub-
stantially, and decrease the false positives, although this constitutes a higher percent-
age of the sample. However, we acknowledge that this restriction underestimates the 
total number of documents in Dimensions and falsely excludes approximately 700,000 
true articles in Dimensions, plus an unquantified number of articles in the unmatched 
group, although manual validation of a small sample suggest the majority of this group 
is non-articles. As such, this requirement of at least one reference for Dimensions arti-
cles constitutes a partially imperfect lower bound rather than a complete solution to the 
currently diverging document type classification in Dimensions, but WoS and Scopus 
have also been observed to disagree occasionally on document types (Donner, 2017).

We joined the three databases WoS, Scopus, and Dimensions via an exact string 
matching procedure based on DOIs. DOIs uniquely identify publications and are there-
fore suitable for matching purposes. DOIs recorded in bibliometric databases have par-
tially been observed to include errors (Akbaritabar & Stahlschmidt, 2019; Zhu et  al., 
2019), e.g. non-unique DOIs or misread string characters in optical character recog-
nition processes. However, these issues might arise randomly and might not adversely 
affect any structural differences between databases. Instead DOI matching has been 
observed to produce highly valid matching results (Fraser & Hobert, 2019) and less than 

Table 1   Effect of unrestricted references or restricting Dimensions articles to ≥ 1 references according to 
Scopus document type classification

 ≥ 1 references Unrestricted reference count

Number of items 6.39 m 10.76 m
True articles/reviews 77.3% (4.9 m items) 52.4% (5.6 m items)
Unmatched items 14.6% (0.9 m items) 40.6% (4.3 m items)
False articles/reviews 8.1% (0.5 m items) 7.0% (0.7 m items)
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7%, 10%, respectively 1% of articles and reviews in 2016–2018 indexed in WoS, Sco-
pus, and Dimensions were missing DOIs.

Our citation network approach consisted of the out/in degree and internal coverage indi-
cators. The first indicator examines the citations made to (in-degree) and from (out-degree) 
individual publications, which we then aggregated to the level of exclusive and core pub-
lications by examining the distributions of citations between these subsets of publications. 
We also, as far as possible, examined internal coverage, which, as an aggregated value on 
the level of the database, describes the extent to which documents cited by indexed docu-
ments are also themselves indexed within the database and informs us about the level of 
agreement between authors and database providers about the relevancy of content. Using 
both indicators, in addition to the expected increased coverage in Dimensions due to its 
larger size, i.e. the pure “more” of communication, communicative characteristics of the 
databases can also be partially quantified, which provides useful context for the normalized 
citation analysis.

Normalized citation analysis

We selected the German sectors as the level at which we assessed the effect of database 
choice on normalized citation impact. Hence, instead of evaluating several national science 
systems by a single bibliometric database, we evaluated different bibliometric databases by 
a single national science system, i.e. by the stratification of the German system into sectors.

The sectors are the Leibniz Association (WGL), the Max Planck Society (MPG), the 
Helmholtz Association (HGF), the Fraunhofer Society (FhG), universities and colleges of 
applied science constitute the higher education institutions (HEI), and the business sec-
tor (Economy). Each sector has a particular research profile. The universities undertake 
both teaching and research in all disciplines with unequivocal independence for the large 
number of small groups, respectively individual tenured staff, while the colleges focus on 
teaching and technical application in specific areas. The HGF has a health, energy, earth 
and physical sciences infrastructure orientation. The WGL includes a broad range of 
diverse and independent research institutes conducting research in all OECD Fields Of Sci-
ence (FOS) fields, while also providing research infrastructure and maintaining science 
museums. The MPG conducts primarily basic research, and the FhG focuses on applied 
research and transfer. Publications from the Economy group arise from private entities in 
their particular environment defined by specific business needs. Hence, we apply this strati-
fication of the German science system as a coordinate system on base and applied research 
and, according to their resonance with that system, pinpoint databases along these coordi-
nates. Information about the process to disambiguate German institutions and map them to 
sectors is available from Rimmert et al. (2017) and Donner et al. (2020).

We first identified all articles published in 2016 affiliated with German institutions that 
were indexed in all three databases, which we refer to as overlapping publications. We 
retrieved the WoS-Scopus overlapping publications, which were identified by comparing 
hash values on a subset of metadata strings between the two databases. This process identi-
fied 107,800 of the 113,227 in-scope WoS publications (95.2%) and 127,542 Scopus pub-
lications (84.5%) as overlapping publications. We then extracted all German articles pub-
lished in 2016 from Dimensions. This consisted of 118,688 publications, however this is an 
under-estimate of German publications as up to 50% of records in our Dimensions snap-
shot were missing information about the publishing country. We then matched their DOIs 
to the DOIs of the WoS-Scopus overlapping publications to identify the documents in all 
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three databases. This identified 84,332 publications that were in all 3 databases, which was 
66.1% of the total 2016 German publications in Scopus, 71.1% in Dimensions, and 74.5% 
in WoS. After removing review documents, records missing discipline or sector data and 
documents assigned to different disciplines between databases, we had a final sample size 
of 41,848 overlapping publications.

We validated the DOI-based matches by calculating the Jaro-Winkler distance on the 
title strings between the three versions. In all three comparisons, the distances between 
titles ranged from 0.0 to 0.73 with a mean of 0.02. We examined the 3,879 (4.6%) matches 
with distances above 0.25 and found that the higher distances resulted from different 
encoding of special characters, the inclusion of subtitles, or use of a German title in one 
database, but were otherwise correct matches. As such, we concluded that the DOI-based 
matching was accurate. It is possible that DOI matching falsely rejected some matching 
articles, however our sample size is sufficiently large that we expect our results to be robust 
to this likely small number of missing records.

To assess the effect of the database’s environment on the normalized citations, we calcu-
lated for every German overlapping publication from each database the number of citations 
the article received between 2016 and 2018 (observed citations), and the average number 
of citations received in these 3 years by all articles published in 2016 that were allocated to 
the same discipline (expected citations). We then calculated the difference Δ in normalized 
citations between databases as:

where i is each German overlapping publication, and s is the source database.
We normalized each overlapping publication’s citations against documents of the same 

type and discipline within each database. This necessitated that we exclude unclassified 
documents. We also mapped the database-specific discipline classification to the common 
OECD FOS classification and retained only overlapping publications that were assigned 
to the same discipline in all databases to control for the diverse discipline assignment of 
publications as a nuisance parameter. We then aggregated the overlapping publications to 
sectors on a whole-counting basis.

In normalizing the observed citations in each database against the expected citations in 
the same database, we achieved a database-specific valuation of each article indexed in all 
three databases. The content of the database was influential here as the inclusion or exclu-
sion of particular articles in the corpus may influence both the citations received by the 
article and the average citations received by all articles in the discipline, affecting the ratio 
between the two observations. In examining the difference in normalized citation impact 
between databases, we can examine how the same content is valuated differently between 
databases due to the database’s environment and hence infer the databases’ latent charac-
teristics based on the coordinate system supplied by the German science system.

(1)Δnorm. cit. =
obtained citations

(s1)

i

expected citations
(s1)

i

−
obtained citations

(s2)

i

expected citations
(s2)

i
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Results

Citation network analysis

We show in Fig.  1 the number of articles and reviews published in 2016–2018 in each 
database, and the intersection and exclusive content in each combination of databases as 
identified through the matching process. According to the inclusion criteria detailed above, 
Dimensions indexed the largest number of publications (> 6.3 million), followed closely 
by Scopus (5.9 million), while WoS includes substantially fewer documents (4.8 million). 
The difference between Dimensions and Scopus and WoS may actually be larger than 
reported here as we observed that the aforementioned imperfect document type solution we 
applied requiring Dimensions articles to have at least one reference falsely excluded at least 
700,000 Dimensions-indexed articles due to missing reference lists and falsely included 
500,000 Dimensions-indexed documents that Scopus does not consider to be articles.

It seems the degrees of freedom to differentiate a database by its exclusively indexed 
publications are limited. Indeed, the majority of publications (4.3 million) were indexed in 
all three databases and this set of core publications is by far the largest intersection, con-
stituting 67%, 71%, and 88% of the entire Dimensions, Scopus, and WoS corpuses, respec-
tively. On top of the jointly indexed publications, Dimensions indexed an additional 1.3 
million exclusive publications, or about 20% of its entire corpus, and Scopus exclusively 
indexed 0.6 million publications or approximately 10% of its corpus, while WoS’ exclusive 
37,566 publications constituted less than 1% of its corpus. Hence WoS differentiated itself 
from the other databases not by exclusively indexed publications, but seemingly by forego-
ing the indexation of more publications.

Fig. 1   Number of publications with a DOI in 2016–2018 (left), magnitude of intersections (top) and rela-
tion between total databases and intersections (bottom)
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Given these sizable differences between the databases, we analysed how the internal 
coverage of core publications varied due to the different indexation practices. By observing 
if a reference in an indexed publication was or was not itself indexed in the same database, 
we compared the relevance attributed to the work by the author with the relevance attrib-
uted by the database provider. A pronounced difference in assumed relevance, manifesting 
as low coverage, indicates that a database only partially captures the communication flow 
perceived relevant by authors and hence a bibliometric analysis might be less informative 
on any such out-of-sync dataset.

As documents in the core set of jointly indexed publications have unanimously been 
deemed relevant by the three database providers and hence allow for a comparison, we 
used their reference lists to observe potential differences in the database-specific coverage. 
References to non-core publications especially differentiate the databases in this coverage. 
Figure 2 shows the database-specific percentage of indexed, or so-called source references, 
via a density plot across the 4.3 million core publications. The upper panel shows the over-
all internal coverage of 2016–2018 publications, while the middle panel restricts the refer-
ences to publications published in 2004 or earlier, and the lower panel depicts the share of 
indexed references published in 2016.

Fig. 2   Internal coverage of references in jointly indexed publications published 2016–2018
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The upper panel shows large variability in the overall internal coverage with val-
ues from zero to one hundred percent. All three distributions are skewed to the left, 
indicating that although a large share of references in core publications were indexed, 
some indexed core publications had few of their references indexed in the respective 
database. In particular, the social sciences and humanities, with their minor focus on 
journal articles as the primary communication device, have been observed to lack inter-
nal coverage (Kulczycki et al., 2018). Apart from this discipline-specific effect affecting 
all databases, we observed notable differences in the overall internal coverage between 
databases: whereas Dimensions and WoS demonstrated relatively high internal cover-
age, with over 90% of references from many core publications also indexed, Scopus 
exhibited lower agreement with the authors’ relevance attribution.

This peculiarity of Scopus vanished when we restricted the set of references to those 
published in 2004 or earlier, as shown in the middle panel. Here, all three databases 
showed a similar, albeit lower, coverage of this reduced set of references. The previ-
ously described additional exclusive content in Scopus and Dimensions only slightly 
increased their internal coverage compared to WoS. However, the quality of Scopus 
data, a service launched in 2004 and covering publications back to at least 1996, has 
been observed to improve from publication year 2004 onwards (Stephen et  al., 2020) 
and hence the lower coverage of Scopus in the upper panel might not result from cross-
sectional differences in coverage, but rather from differences in coverage over time.

The lower panel shows the 3-year citation window perspective as we restricted the 
analysis to references from 2016 to 2018 publications to 2016 publications. Again here 
we observed no pronounced visual difference between the databases, however, on aver-
age only approximately 5% of all references are considered and most other signals of 
relevance attribution via references are discarded in this typical 3 year citation window 
analysis. As the scale of the x-axis might conceal actual differences between the data-
bases, in the following analyses we focused especially on this lower end of 2016 publi-
cations. In doing so we adopted a maximum contrast approach comparing core publica-
tions indexed in all three databases with exclusive publications indexed solely in one of 
the three databases.

We commenced the analysis of references to 2016 publications by examining the inter-
nal communication patterns within these subsets. Figure 3 shows the share of 2016–2018 
core publications, jointly indexed in all three databases, that cited a core 2016 publication 
(top panel), and the share of 2016–2018 exclusive publications that cited an exclusive 2016 
publication in the same database, highlighting the internal communication flow within 
these sets. As Digital Science currently only provides source references for publications 
indexed in Dimensions, the total number of references in exclusive Dimensions publica-
tions is unknown and for comparability we report instead the share of 2016 publications 
among all source references of 2016–2018 publications.

As to be expected by the overall low share of references to 2016 publications depicted 
in the lower panel of Fig. 2, the share of internal communication is rather small and the 
majority of 2016–2018 publications did not reference a single 2016 publication. This 
observation holds for all databases and hence WoS, Scopus and Dimensions can only be 
compared here and in the following analyses on the residual share of publications that did 
reference a 2016 publication. Comparing across the panels, we observed that core publi-
cations in the top panel possessed a much higher degree of internal communication than 
exclusive publications in the other panels, with a sizeable number of core publications ref-
erencing other core publications. Hence these publications define a highly self-referential, 
interlinked network component. This component was identified and indexed by all three 
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databases and, as previously described, constituted between 67% (Dimensions) and 88% 
(WoS) of the databases.

To the contrary, publications exclusively indexed in one database differentiate the data-
bases from one another, however in all databases these publications seldom referred to 
each other. Compared to core publications, the internal communication within these sets 
of database-specific exclusive publications was hardly visible, indicating they were only 
loosely connected by citation links, if at all. However, a slight difference in the internal 
communication in exclusive publications between databases is observable. WoS-exclusive 

Fig. 3   The share of internal references from core 2016–2018 publications to core 2016 publications (top) 
and from exclusive 2016–2018 publications to exclusive 2016 publications. Y-axis is truncated for visual 
clarity
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publications were the least interconnected, while the much larger sets of Scopus- and 
Dimensions-exclusive publications communicated internally comparatively more often. 
In particular, the observed increase and local maximum around 6% in Scopus-exclusive 
publications indicates that Scopus indexed an additional component of the underlying cita-
tion network that is considerably more densely connected than the WoS or Dimensions 
equivalents. As such, Scopus has uniquely identified additional publications that show a 
relatively high degree of internal communication in parallel to the core publications and 
that might constitute a separate component of the underlying, but unidentified overall cita-
tion network.

Having assessed the internal communication of each set, we then examined how core 
and exclusive publications were interlinked. In Fig.  4 we highlight the relevance of the 
core to exclusive publications by showing the share of references in exclusive 2016–2018 
publications to core 2016 publications. As before, the majority of exclusive publications in 
2016–2018 did not cite a 2016 core publication, so we had to discard most signals of rel-
evance from the exclusive publications. However, we see that the share of references from 
exclusive to core publications is substantially higher than the share of internal communica-
tion within the exclusive publications depicted before in Fig. 3. This observation holds for 
all three databases.

Comparing the three databases, especially WoS-exclusive publications exhibited a 
strong dependence on core publications, resulting in a denser WoS citation graph than the 
Scopus and Dimensions equivalents. Although exclusive publications in these two larger 
databases also relied to a large and similar extent on core publications. Considering the 

Fig. 4   The share of references in exclusive 2016–2018 publications to core 2016 publications
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different number of exclusive publications in each database (Fig. 1), WoS seemingly fore-
goes indexing more publications, but offsets this with a more dense citation graph. Dimen-
sions identified more exclusive publications than Scopus, which showed similar depend-
ence on core publications as Scopus-exclusive publications (Fig.  4) but slightly lower 
internal communication (Fig. 3). Hence, the larger set of exclusive publications in Dimen-
sions is offset by a sparser citation graph, while WoS holds a denser citation graph of sub-
stantially fewer publications.

To complete the interlinkage between core and exclusive publications, we depict in 
Fig. 5 the share of references in core 2016–2018 publications citing exclusive 2016 publi-
cations. As we could observe the total number of references of these core publications via 
WoS and Scopus, we normalized by the total reference count and not the source reference 
count used before when the total number of references in the Dimensions-exclusive publi-
cations was unknown.

A notable share of core references linked out to exclusive publications across all data-
bases. However, considering the actual percentage is often less than 2.5% of all references, 
it appears that the exclusive publications are of low relevance to core publications. In com-
parison, the range for internal references among core publications in the upper panel of 
Fig. 3 and the share of core publications referenced in exclusive publications in Fig. 4 is 
much higher, often above 5%. As such, the content of core publications seemed to carry 
more relevance than the content of exclusive publications. Exclusive publications might 
then be understood as an outer, consecutive circle building upon the content provided in 
core publications while being of limited relevance to the core publications.

Fig. 5   The share of references in core 2016–2018 publications to exclusive 2016 publications
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Although the databases covered a similar percentage range of references cited in core 
publications, the databases differed in the magnitude of the density in this range. The lower 
density in WoS may reflect that its 38,000 exclusive publications may not appear in the 
4.3 million core publications as often as Dimensions’ 1.3 million exclusive publications. 
Or, put differently, core publications referred to different exclusive publications, but in any 
case the share of these references was relatively low. Overall though, we observed a similar 
low relevance of exclusive publications in all databases and the particular choice of exclu-
sive publications by a database resulted in no apparent difference to the core publications. 
That is, no database apparently managed to identify particularly relevant publications for 
the core publications, but instead all three databases found different exclusive publications 
of the same low relevance to the core. As a seeming paradox, exclusive publications in 
this sense did not distinguish databases from one another, but constituted different samples 
with the same characteristics. As a consequence, core publications might not be enhanced 
by any of the three perspectives offered by the databases.

Normalized citation analysis

As a preliminary examination of the differences in citations, we present in Fig. 6 pair-wise 
comparisons of the citations observed for each overlapping publication between data-
bases. The diagonal lines represent a perfect correlation. Positive correlations were evi-
dent between each database, suggesting all three databases present a comparable picture 
of the bibliometric landscape, however there appeared to be a slight trend toward higher 
citations in Scopus and Dimensions compared to WoS. The greatest variation was between 
WoS and Scopus (mean difference = 1.1), with less between Dimensions and WoS (0.8), 
and least between Dimensions and Scopus (0.3). These variations from a linear trend due 
to the databases’ exclusive content generate changes in the ratio of observed to expected 
citations, which translates to variations in the normalized citation impact of publications 
between databases.

We see in Fig. 7 the macro effect of the databases’ structural differences via the differ-
ences in normalized citation impact detailed in formula (1) of the six sectors of the strati-
fied German science system. Data are presented as the density in the distribution of differ-
ences in each sector’s 2016 overlapping publications, and divided into quintiles.

We see in the bottom panel of Fig. 7 that the majority of all publications in each sec-
tor had higher normalized impact valuations in Scopus compared to WoS. The FhG and 
Economy sectors benefitted most strongly from Scopus’s exclusive content, with around 

Fig. 6   Pair-wise comparisons of overlapping publications’ observed citations in each database
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Fig. 7   Distribution and quintile of differences in overlapping publications’ normalized citations between 
databases by German sector
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70% of these sectors’ publications improving in impact, compared to around 60% in the 
other sectors. Dimensions’ content and characteristics similarly improved the impact of all 
sectors compared to WoS, as shown in the middle panel. The increased impact is nearly 
uniform across sectors, with the 40% of publications constituting the central and middle-
high quintiles in each sector increasing in impact by up to 25%. Finally, the differences in 
normalized impact between Scopus and Dimensions in the top panel are more symmetri-
cal, however there is a slight skew toward improved impact in Scopus, particularly for the 
FhG and MPG where nearly 60% of publications had increased impact.

Overall then, the larger content and specific characteristics of Scopus and Dimensions 
appears to produce higher normalized citations than in WoS, particularly for the sectors 
with a focus on applied sciences, such as the FhG and Economy sectors. However, the dif-
ferences in content between Dimensions and Scopus produced less notable differences in 
normalized impact at this macro level.

Discussion

WoS, Scopus, and Dimensions databases differ in particular fundamental characteristics, 
especially on the inclusion criteria applied to content and the resulting coverage, and the 
accuracy and classification of the accruing metadata. Each of these aspects is important 
as the environment of a database both defines how any particular publication is valuated 
in terms of citations within the database, and also the context against which publications 
are normalized. Previous studies have found these differences resulted in variation in data-
base size and coverage, although there was substantial overlap in the databases’ content, 
and that the databases produced correlated citation counts (Harzing, 2019; Martín‑Martín 
et al., 2020; Orduña-Malea & Delgado-López-Cózar, 2018; Thelwall, 2018; Visser et al., 
2020). In this study, we analysed the subsequent consequences for the citation networks 
and normalized citation impact. We explored if the databases, via their exclusive content, 
offer structurally different or essentially homogeneous perspectives of the bibliometric 
landscape.

In our citation network analysis, we identified core publications jointly indexed in all 
three databases and exclusive publications solely indexed in one of the three databases. 
In a maximum contrast approach we compared the communication flows via references 
across these sets to observe the analytical potential each database revealed by its particular 
indexation practices. The indexation of more publications was accompanied by an offset 
in the density of communication flows in the resulting citation graph, particularly in the 
largest database Dimensions. Irrespective of the database however, we observed exclusive 
publications to mark an outer ring resting substantially upon core publications. Exclusive 
publications brought limited additional relevance to core publications, but the core might 
be characterised by its relatively high degree of self-reference, where former core publica-
tions constitute the base or frame for new core publications. Hence, knowledge is predomi-
nantly generated among the core publications and transferred from the core to the outer 
circle. This transfer was especially visible in Scopus and Dimensions. As the amount of 
parallel communication within exclusive publications seems negligible and the particular 
choice of exclusive publications did not affect its relation with the core, a star model seems 
to emerge of an interconnected core producing knowledge in a self-referential mode, which 
is then disseminated to the outer circle. The exact frontier between core publications and 
the outer ring might be difficult to define as a continuum between the two poles and several 
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jump discontinuities in between arising from highly connected disciplines, geographic 
components or journal indexing practice impede an exact binary definition of each part. 
Scopus seems to adopt a slightly more extreme position on the continuum compared to the 
slightly fuzzier position of Dimensions, while the WoS coverage is focused almost exclu-
sively on the core publications.

The combined effect of larger exclusive content in Scopus and Dimensions than WoS, 
similar reliance on core publications and hardly any relevance of exclusive to core publica-
tions increased the normalized citation impact of the same overlapping core publications 
of all German sectors in Scopus and Dimensions compared to WoS. However, in particu-
lar overlapping publications from German sectors with an applied focus benefited more 
strongly, highlighting the greater emphasis of Scopus and Dimensions on applied research 
among its non-core publications and testifying to the base research orientation of core pub-
lications defined especially by WoS. Scopus and Dimensions’ similar levels of communi-
cation between and within the core and their choice of exclusive publications means there 
was little difference in impact between the databases given the respective indexation poli-
cies and subsequent coverage.

The methodology of our study intentionally highlighted the difference in coverage of 
the three databases and treats other influencing factors as controllable nuisance parameters. 
This somewhat dulled the effect of the databases’ unique environments on the bibliomet-
ric indicators and motivates future studies on these factors, especially given the ongoing 
metadata quality improvements in Dimensions (Forschungszentrum Jülich, 2020). Future 
studies might also investigate whether the differences we observed here also occur in the 
science systems of countries other than Germany, or examine the effect of including the 
Emerging Sources Citation Index (ESCI) in WoS. While excluded in this analysis as we 
aimed to examine the databases in accordance with their bibliometric approaches regarding 
quality and exclusivity, the ESCI represents emerging, regionally and thematically diverse 
journals and its inclusion may influence the outcomes of comparisons between WoS and 
the more inclusive Scopus and Dimensions databases. Still, our analysis partially explains 
why bibliometric databases report different impacts for the same diverse entities. For 
example the stable citation impact in WoS but yearly decreasing impact in Scopus of the 
base research focused MPG can be explained by our observations and exemplifies how the 
choice of a particular bibliometric database partially predetermines the outcomes of subse-
quent bibliometric analyses.

In this respect, WoS with its restrictive indexation policy and Scopus with its selec-
tive indexation policy constitute two separate self-imposed stances with a distinct message: 
WoS largely represents the well-interconnected core citation network component on base 
research, while Scopus allows us to observe some transfer from the core to the applied 
research periphery. Dimensions with its laissez-faire indexation policy conveys, apart from 
the improving metadata quality, more coverage but a similar, although less decisive, mes-
sage to Scopus.
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