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Abstract
This paper introduces a novel scientometrics method and applies it to estimate the sub-
ject coverages of many of the popular English-focused bibliographic databases in aca-
demia. The method uses query results as a common denominator to compare a wide vari-
ety of search engines, repositories, digital libraries, and other bibliographic databases. The 
method extends existing sampling-based approaches that analyze smaller sets of database 
coverages. The findings show the relative and absolute subject coverages of 56 databases—
information that has often not been available before. Knowing the databases’ absolute sub-
ject coverage allows the selection of the most comprehensive databases for searches requir-
ing high recall/sensitivity, particularly relevant in lookup or exploratory searches. Knowing 
the databases’ relative subject coverage allows the selection of specialized databases for 
searches requiring high precision/specificity, particularly relevant in systematic searches. 
The findings illustrate not only differences in the disciplinary coverage of Google Scholar, 
Scopus, or Web of Science, but also of less frequently analyzed databases. For example, 
researchers might be surprised how Meta (discontinued), Embase, or Europe PMC are 
found to cover more records than PubMed in Medicine and other health subjects. These 
findings should encourage researchers to re-evaluate their go-to databases, also against 
newly introduced options. Searching with more comprehensive databases can improve 
finding, particularly when selecting the most fitting databases needs particular thought, 
such as in systematic reviews and meta-analyses. This comparison can also help librar-
ians and other information experts re-evaluate expensive database procurement strategies. 
Researchers without institutional access learn which open databases are likely most com-
prehensive in their disciplines.
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Introduction

Researchers rely on searches to be comprehensive to identify the most scholarly records 
relevant to their work. More than ever, researchers need to know how and where to search, 
predominantly because of four trends: First, exponential increases in the output of scholarly 
records require scholars to think where they can best access these records (Gusenbauer, 
2021). Second, an increasingly diverse search system landscape makes it increasingly dif-
ficult to select the best databases and systems with which scholarly records are accessed. 
Most scholars still rely on Google Scholar for many of their search needs (Gusenbauer, 
2021; Nicholas et al., 2017). Third, conduct guidance for specific scientific methods—par-
ticularly in the field of evidence synthesis—requires increasingly higher levels of rigor in 
identifying scholarly records (e.g., Higgins et al., 2020; Kugley et al., 2016). Fourth, insti-
tutional resources available to researchers only show a partial picture of the entire range of 
bibliographic databases available—often the most suitable databases remain hidden behind 
paywalls without the knowledge of researchers. Because of these trends, researchers need 
guidance on which bibliographic databases are best in their discipline.

In general, two criteria determine the optimal search system for a given purpose: the 
search functionality offered and the coverage provided. Search functionality describes a 
searcher’s options when accessing the records on a database, such as query building, filter-
ing, citation searching, or a controlled vocabulary. In a review of search functionalities, we 
have demonstrated the variance of systems’ search functionalities (Gusenbauer & Hadda-
way, 2020) and their importance for particular search types (Gusenbauer & Haddaway, 
2021). Coverage, is the second important criterion and describes the number of (poten-
tially) relevant records a system provides. There are different types of coverage: subject 
coverage, retrospective coverage, geographical coverage, language coverage, journal cov-
erage, etc. For researchers knowing the subject coverage of a scholarly database is likely 
to be key in determining its suitability for subsequent search steps. Knowledge of subject 
coverage informs a researcher of the number of records on a specific subject or discipline a 
database hosts. A health scientist, for example, will be interested in systems with high cov-
erage in medicine, dentistry, or nursing and low coverage of irrelevant subjects. The higher 
the coverage, the more relevant articles can be identified. At the moment, researchers have 
various ways of learning about the subject coverage of systems:

First, the database owners use textual descriptions to delimit subject coverage (see 
Tables 1, 2, 3, 4). These are, in most cases, severely outdated and only provide information 
at the coarsest level of granularity. For example, the database of EconLit is described by 
EBSCOhost (2021c) as “the American Economic Association’s electronic database, is the 
world’s foremost source of references to economic literature. The database contains more 
than 1.1 million records from 1886 to present. EconLit covers virtually every area related 
to economics.” At the time of writing, EconLit covers more than 1.8 million articles and 
covers topics related to Business and Social Sciences in addition to Economics. Outdated 
and inaccurate descriptions are not the exception, but the rule, and can be found particu-
larly across aggregator providers (EBSCOhost, Ovid, ProQuest, Web of Science). Most 
databases and search systems only provide rudimentary information on subject coverage, 
and some do not provide any (e.g., Google Scholar or scite).

Second, database providers give some lists of journal coverage, so authors can verify if 
and to what extent particular journals are covered by a database, albeit that information is 
not always current. While the information is precise at the journal level, it is also inconven-
ient as these lists are not always available. Furthermore, researchers might be interested in 
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the coverage of an entire discipline rather than in single journals. Researchers do not get a 
clear picture of how well one database compares with others.

Third, because of the great relevance of coverage as a decisive factor for optimal data-
base choice, a considerable number of scientometrics studies analyze the coverage of 
databases. Some analyze single databases (Hug & Braendle, 2017), some compare pairs 
(Chadegani et al., 2013; Mongeon & Paul-Hus, 2016; Moya-Anegón et al., 2007), triples 
(García-Pérez, 2010; Harzing & Alakangas, 2016; Martín-Martín et  al., 2018a; Singh 
et al., 2021), or up to five or six databases (Harzing, 2019; Martín-Martín et al., 2021; Vis-
ser et al., 2021). Next to the number of databases that are compared, these studies differ in 
which data they analyze. Some analyze databases via journals (Harzing, 2019; Mongeon & 
Paul-Hus, 2016; Moya-Anegón et al., 2007; Singh et al., 2021) or individual records (Vera-
Baceta et al., 2019) and their citations (Martín-Martín et al., 2018a). The goal is to assess 
language coverage (Vera-Baceta et  al., 2019), geographic coverage (Singh et  al., 2021), 
record type coverage, subject coverage, (Martín-Martín et al., 2018a; Meho & Yang, 2007), 
journal coverage, citation coverage (García-Pérez, 2010) or a mix of those (Harzing, 2019; 
Harzing & Alakangas, 2016; Moya-Anegón et al., 2007; Singh et al., 2021; Visser et al., 
2021).

One recent study was particularly influential in assessing the overlap of subject cate-
gories between the databases of Google Scholar, Web of Science Core Collection (WOS 
CC), and Scopus (Martín-Martín et al., 2018b). Its results show differences in the degree to 
which databases cover records from specific subjects. The analysis was novel as the data-
set of citations was particularly comprehensive and the data were presented at multiple 
levels of granularity of the underlying Google Scholar subject classification. The authors 
followed that paper with a similar method expanding the databases analyzed to include 
Microsoft Academic, Dimensions, and OpenCitations’ COCI (Martín-Martín et al., 2021). 
Both studies are informative on the overlap of databases regarding a specific sample of 
records, in this case, highly-cited documents.

Nevertheless, when researchers want to know the subject coverage of an entire database, 
sampling-based methodologies have some limitations. A sample, even when it covers as 
many as 2.4 million (Martín-Martín et al., 2018a) or 3.1 million citations of highly-cited 
documents (Martín-Martín et al., 2021), is likely to inaccurately assess the subject cover-
age of databases whose total coverage are more than 254 million (Microsoft Academic) 
or more than 389 million records (Google Scholar) (Gusenbauer, 2019). Deriving an even 
more comprehensive sample is difficult, as database providers are highly protective of their 
bibliographic data. Extracting data from databases, most of which restrict downloads by 
various measures makes scientometric analyses strenuous and the burden increases in par-
allel with the number of databases investigated. Accordingly, current estimations of data-
bases’ subject coverage are limited to specific document types and are limited in the num-
ber of databases they analyze.

This study takes a new methodological route of analyzing, estimating, and comparing 
subject coverage across databases—an approach necessary to allow the assessment of over-
all subject coverage for a large number of databases. It applies the method of query hit 
counts (QHC) used in scientometric analyses (e.g., Da Teixeira Silva et al., 2020; Gusen-
bauer, 2019; Kousha & Thelwall, 2020; Lazarus et al., 2020; Orduña-Malea et al., 2015) to 
determine subject coverage. The QHC method is particularly beneficial as it allows access 
to the entire database without requiring the download of individual records. Furthermore, 
the QHC method can assess many systems, with high reproducibility, at relatively low 
marginal cost, and with a relatively high level of precision (see validation of results). The 
method’s compatibility allows the relatively straightforward addition of new systems to the 
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analysis and for subject coverage information to be rapidly updated. As the methodological 
considerations are novel, this study describes them in detail; first addressing the methodo-
logical consideration in general, and second the detailed analytical steps taken.

This study presents detailed results on the absolute and the relative coverage of 56 
academic databases and discusses the precision of estimates and how the results can be 
applied in research practice. It also discusses these results in light of the limitations inher-
ent to the new method. An overview of the central concepts used throughout this study can 
be found in the Appendix.

Methodological considerations

The foremost goal of this study is to estimate the number of records available on a database 
relating to a specific subject. Knowing the absolute number of records on a subject avail-
able on a database can be used to calculate its relative share of all records. Both the abso-
lute and the relative number of subject-attributable records on a database are key criteria 
for optimal database selection.

This study applies a new way of assessing subject coverage. The procedure can be seen 
as a new method to be added to existing sampling-based methods. Unlike existing meth-
ods, I propose and rely on carefully selected keywords to estimate the subject coverage of 
databases. Below I list the fundamental assumptions underlying this new method:

•	 Keyword-based queries are universally available across scholarly databases and are 
by far the most common way of accessing scholarly records. Only a few bibliographic 
databases provide no query-based search options.

•	 Information based on query hit counts—the number of records identified with a spe-
cific keyword-based query—is generally available and mostly accurate.

•	 Searching with a specific keyword will retrieve a set of records that contain the key-
word in a specified body of text. This makes it possible to determine coverage, even 
without downloading the individual records. Knowing the number of hits makes it pos-
sible to assess the contents of a database.

•	 Keyword-based queries are an effective way of accessing all records available on a 
database (method see e.g., Gusenbauer, 2019). Extracting samples of records is not 
necessary.

•	 Each record stored in a scholarly database is attributable to one or multiple subject 
categories from a general science classification system (e.g., the All Science Journal 
Classification).

•	 Keywords are more or less subject-specific, that is, keywords are more or less attribut-
able to a specific subject category. Some keywords are more clearly attributable to a 
single subject category than others. The degree of attributability is a keyword’s degree 
of specificity: its keyword precision.

•	 If a database has high coverage of records identifiable with specific keywords, then the 
subjects associated with these keywords will also be highly prevalent on that database. 
If a database search does not retrieve records for certain subject-specific keywords, it is 
unlikely that it will contain records from that subject.

•	 The more subject-specific keywords estimate the subject coverage of a database, the 
more reliable the resulting estimate. Marginal rates of additional precision decrease 
with the number of keywords.
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•	 The capacity of a keyword to identify records from a specific subject, that is, its preci-
sion and recall, is the same across databases, if the underlying databases and search 
functionalities are the same. Under these conditions, a keyword will accurately esti-
mate subject coverage across databases and systems. If differences in either one or both 
the database or the search functionalities occur, the keyword will estimate subject cov-
erage less accurately.

•	 To derive a sufficiently accurate estimate of subject coverage across databases, the key-
word-based method requires a universal approach that holds as many aspects of search 
functionalities and database composition constant.

•	 Primarily, two kinds of biases must be accounted for, mostly by selecting the types of 
search systems to which the method is applied. First, biases are introduced by differ-
ences in search functionality, mostly through inaccurate query interpretation and the 
unavailability of comparable field codes. Second, biases in the method are introduced 
by differences in the nature of the records available at the estimated databases, most 
importantly in terms of language and record type.

Having outlined the fundamental assumptions of the method, the following explains the 
detailed consideration of the keyword-based logic, query hit counts, the classification sys-
tem, accuracy assessment, database, and keyword selection.

Basket of keywords (BOK)

The logic the keyword-based method employs can be described as a basket of keywords 
(BOK). The term BOK is inspired by economics, where a basket of goods is used to deter-
mine the consumer price index, a vehicle to determine inflation (Bryan & Cecchetti, 1993; 
OECD, 2021). The consumer price index is estimated by selecting different goods that 
are more or less regularly purchased by consumers. The variation in prices of those goods 
determines the overall inflation. Similarly, the BOK approach uses selected keywords and 
analyzes various databases using the same method. As inflation can be compared across 
countries and time, the BOK approach allows comparisons across databases at various 
points in time.

Just as the basket of goods only uses selected goods, the basket of keywords also relies 
on a representative selection of keywords: In this study, 14 keywords for each of the sub-
ject categories. As the 14 keywords are a selection of the most distinctive terms used in the 
subject category, the estimate based on these keywords is valid to determine overall subject 
coverage. Just as the inflation score assumes that overall prices increase when the prices 
of bread and butter increase, the BOK logic assumes high subject coverage in Physics and 
Astronomy if the database has many hits for the keywords boson or quark. The likelihood 
of an accurate coverage estimate increases with the number of subject-specific keywords 
that estimate a similarly high coverage.

Query hit counts (QHC)

The BOK approach does not use the crude query hit count (QHC) data to estimate overall 
coverage but relies on the keywords’ representativeness to access all records from a specific 
subject; in other words, its recall. For example, a title search with the term boson identi-
fies 0.22% of all records from Physics and Astronomy at Scopus, the database chosen to be 
the representative database. Each QHC of a keyword will provide an estimate of the subject 
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coverage of a system. For example, a title search for boson identifies 12,329 hits at WOS CC 
(indexes see Table 2), estimating the size of the total coverage of Physics and Astronomy 
at 5.5 million records. This is one of many estimates used as input to determine the overall 
subject coverage of databases. Having addressed the problem of a record having multiple 
subjects, the exact method will be explained in more detail in the analytic steps section.

While this study is the first to compare a large set of bibliographic databases with the 
BOK method, the underlying QHC method is not new. It has been applied to estimate or 
determine, for example, the sizes of bibliographic databases (Gusenbauer, 2019), deter-
mine the coverage of Covid-19 literature (Da Teixeira Silva et al., 2020; Kousha & Thel-
wall, 2020; Lazarus et al., 2020) and to estimate institutions’ contributions to UN sustaina-
ble development goals (Jayabalasingham et al., 2019). Because of the great accessibility of 
data (compared to the other sampling methods), the BOK approach allows the comparison 
of a great number of databases.

Selection of reference database and its subject classification: Why ASJC by Scopus?

In determining the subject coverage of each database, one of the biggest decisions was the 
choice of subject classification system. There are numerous systems classifying scientific 
records into the known science disciplines. They differ in depth (number of hierarchies), 
the levels of granularity (number of categories at a level of hierarchy), level of multi-attri-
bution (the number of subjects attributed to a single record), and scope (all science vs. 
subfields of science).

The two main classification systems used in research and often compared are the WOS 
classification and Scopus All Science Journal Classification (ASJC) (Franceschini et  al., 
2016; Wang & Waltman, 2016). Those systems are the most prominent because the data-
bases to which they are mainly applied are central in research discovery, and accordingly, 
researchers rely on the subject filters based on those classifications. Next to WOS and ASJC, 
other prominent classification systems include OECD’s Field of Science and Technology 
(FOS) (OECD, 2007), or the Dewey system that was continuously replaced by the Library of 
Congress classification used in libraries (Shorten et al., 2005). These classification systems 
mostly rely on manual curation mechanisms at the journal level to classify records (Walt-
man & van Eck, 2012). With new computational methods, new classification approaches 
became available. Microsoft Academic Graph for example classifies records directly with its 
Fields of Study system that includes 713,888 different machine-generated topics at different 
levels (Shen et al., 2018). This classification is also adopted by Dimensions, but the accu-
racy and completeness of the approach have been questioned (Bornmann, 2018; Herzog & 
Lunn, 2018; Orduña-Malea & Delgado-López-Cózar, 2018; Visser et al., 2021).

Classification systems are not perfect. While WOS classification and ASJC have high 
standards in data curation and classification, they are also criticized for misclassifying 
records (Shu et al., 2019), the journal-level classification, and a lack of transparency (Wang 
& Waltman, 2016). One of the limitations of ASJC is that it assigns categories to records 
quite liberally, and consequently, many records are assigned to multiple disciplines.

There is no overarching standard in classification systems. Various systems are used and 
there is little compatibility between them that would permit straightforward comparison. 
Accordingly, it was important that this study adopted a single classification system used 
throughout to guarantee comparability across databases. The decision of which system that 
should be was based on both the classification system and the system and database through 
which it was analyzable. Accordingly, in choosing the best system, four main aspects had 
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to be accounted for: First, the classification system should be rolled out over all records in 
a large-scale, all-science database, and the classification information should be retrievable 
from its search interface. Second, the classification system should possess an intermediate 
level of granularity; meaning it should be sufficiently coarse to limit the number of catego-
ries serving this analysis and fine enough to be useful as a decision tool for researchers. 
Third, the search system that employs the classification had to be searchable through some 
widely used field codes such as title, abstract, and an ‘all fields’ field code. That degree of 
searchability permits comparability between data in the consecutive analysis. Fourth, the 
search system should have some history that would indicate its likely continuity (notable 
exceptions are the discontinued Microsoft Academic and Meta).

The above criteria determined that the only two candidates were WOS classification 
and ASJC. After careful consideration and testing of both systems, ASJC was chosen over 
WOS classification, not because it is the best classification system overall (see e.g., Wang 
& Waltman, 2016), but because it is the best classification for the purposes of this study. 
The main reason was the level of classification granularity available at the search inter-
face. In 2021 Scopus provided ASJC information at the 26 (+ 1 multidisciplinary) cat-
egory level (see Table 1 and Elsevier 2022b), compared to the 254-category level at the 
WOS interface (for detailed information see Clarivate Analytics, 2022b). At its most gran-
ular level, the WOS classification system updates frequently adding new categories: last 
from 252 to 254 categories months before data collection in 2021. These regular updates 
are advantageous as it keeps the categories relevant, reflecting changes in research prac-
tice. Yet, to ensure comparability of the collected data over time, a more consistent clas-
sification system/level is preferable. Thus, for the consecutive analysis, the 26-category 
ASJC system was considered a better choice, mainly in terms of its intermediate granular-
ity limiting the number of keywords needed to determine subject coverage and because 
of its superior consistency—the 26-category system was already mentioned by Flanagan 
(2014), after it updated from a 25-category system.

Scopus’ ASJC classification has many merits, particularly compared to its peer and rival 
the Web of Science classification (for a comparison, see Wang & Waltman, 2016). While 
Scopus, has slightly better coverage than WOS CC (for the versions available to me—see 
Table 2), this was only marginally relevant for the selection of Scopus/ASJC (Gusenbauer, 
2019; Mongeon & Paul-Hus, 2016). A more important argument for Scopus as the refer-
ence system of choice is that it does not differentiate in institutional coverage packages, 
while WOS offers tailored database packages, which complicates comparison. This lack 
of comparability of WOS Core Collection (WOS CC) is a problem neglected by too many 
scholars, even those involved in scientometrics research. Too many researchers treat WOS 
as a homogeneous database yet forget that even its most popular product, the Core Collec-
tion, differs substantially in coverage across institutions. For example, in 2021 the Univer-
sity of Innsbruck’s WOS CC access covered 79 million records, the Technical University 
of Munich’s only a little below 71 million. Looking more closely, while the University 
of Innsbruck includes the Science Citation Index Expanded from 1900 to the present, the 
Technical University of Munich only covers it from 1945. Most other indices differ across 
institutions that subscribe to WOS. This is a major comparability and replicability issue 
that is regularly overlooked. It particularly harms the relevance of the many studies com-
paring coverage of WOS and its premier product, the Core Collection.
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Selection of control dataset and its classification system: WOS classification

Another reason for using the less granular ASJC classification over WOS classification as 
the reference system was the option to compare the 26 ASJC categories with the 254 WOS 
categories, but not the other way around. Matching both classification systems makes it 
possible to estimate the subject coverage of WOS in terms of ASJC classification.

While both systems have three different levels of granularity, only one level of granular-
ity is available in the search interface of the systems—the other levels are not available for 
assessing subject coverage and are thus irrelevant here. Therefore, ASJC was chosen as the 
reference dataset, and WOS classification was used to create a control dataset to verify the 
accuracy of the estimation of WOS subject coverage via the ASJC systems. The steps taken 
to determine estimation accuracy via comparing WOS and ASJC are described in the chap-
ter ‘validation of estimates’.

Table 1   The 26 subjects according to the ASJC (+ the excluded multidisciplinary subject)

Subject areas (4) Subject area classifications (or ’Subjects’) (26) Abbreviation

Physical sciences Chemical Engineering CENG
Chemistry CHEM
Computer Science COMP
Earth and Planetary Sciences EART​
Energy ENER
Engineering ENGI
Environmental Science ENVI
Materials Science MATE
Mathematics MATH
Physics and Astronomy PHYS

Life sciences Agricultural and Biological Sciences AGRI
Biochemistry, Genetics and Molecular Biology BIOC
Immunology and Microbiology IMMU
Neuroscience NEUR
Pharmacology, Toxicology and Pharmaceutics PHAR

Social Sciences and Humani-
ties

Arts and Humanities ARTS

Business, Management and Accounting BUSI
Decision Sciences DECI
Economics, Econometrics and Finance ECON
Psychology PSYC
Social Sciences SOCI

Health sciences Dentistry DENT
Health Professions HEAL
Medicine MEDI
Nursing NURS
Veterinary VETE

Multidisciplinary Multidisciplinary—not included –
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Selection of databases for estimation of subject coverage

This study focused on determining subject coverage of the largest number of databases 
deemed popular or important in research (see Table 2). The type of search system—the 
system that makes records on a database accessible—was not relevant when selecting the 
databases to investigate. It did not matter whether a search system was a search engine, 
a repository of some kind, a bibliographic database, a digital library, a journal platform, 
or an aggregator. However, the type of records a database covered and some function-
ality criteria were relevant. Hence, only databases that were active and accessible, had 
a minimum of 1 million records, (likely1) a majority of English records, and that were 
reasonably popular among researchers were selected. The goal was to include all large 
multidisciplinary databases (i.e., Google Scholar, Microsoft Academic, Scopus, WOS 
CC, Mendeley, Crossref, ScienceDirect, JSTOR), particularly the newer ones (i.e., Lens, 
Dimensions, scite, Meta, Semantic Scholar), databases focused on open access records 
(i.e., Core, BASE, arXiv, DOAJ, Paperity, OpenAIRE), A/B-rated journal platforms 
ranked in the WASS-SENSE ranking 2020 (e.g. SpringerLink, Wiley, SAGE), databases 
with high disciplinary relevance (e.g., ACM Digital Library, Medline, Europe PMC, 
Embase, APA PsycInfo) and all applicable databases of the previous Research Synthe-
sis Methods paper examining search functionalities of popular systems (Gusenbauer & 
Haddaway, 2020).

Another selection criterion was the disciplinary focus of a database. The BOK meth-
od’s reliability would decrease if a database mainly covered only a small fraction of one 
of the 26 ASJC subjects. For example, if a system focuses on theater studies alone—a sub-
discipline of Arts and Humanities—the keywords would not be likely to reflect its cov-
erage reliably. To explore the issue of narrow subject focus of the underlying data, this 
study included two popular databases from education research (ERIC) and sports health 
(SPORTDiscus).

Medline, APA PsycInfo, and ERIC were included multiple times via different database 
providers, to validate the BOK method and to see whether database coverage differed. The 
reason for including a large number of popular databases was to help readers decide which 
databases cover the most records in their discipline and demonstrate the merits of the BOK 
method. Data were collected between June and August 2021 via tens of thousands of man-
ual queries (even low marginal cost accumulates to considerable work…).

The following Table 2 lists a total of 56 databases included (not included databases are 
listed here2). The table illustrates database type, absolute database size (ADS), retrospec-
tive coverage, record types, English coverage, and openness of the databases. It also shows 
the subject descriptions provided by the database providers.

1  For 22 of the 56 databases language metadata is not available. It is assumed that these databases—most 
of them are non-proprietary—include at least 50% English content. All these systems’ (default) search 
interface language is English which is regarded as a sign for English-focus. The largest (non-proprietary) 
database is Google Scholar. Given its English content share is estimated at 65%, it can be assumed—at least 
for other large, non-proprietary systems—that their share of English content is also significantly exceeding 
50%.
2  NOT INCLUDED DATABASES: AMiner (no QHC data above 10,000 hits); CiteSeerX (QHC data not 
plausible); ClinicalTrials.gov (Clinical trials); Cochrane Central Register of Controlled Trials (Clinical tri-
als); LI-LACS (via Virtual Health Library; Clinical trials); Transport Research International Documenta-
tion (No QHC data above 15,000 hits); WorldWideScience (QHC data not plausible); WorldCat was only 
included in part (thesis/dissertation).
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Table 2   Databases analyzed for subject coverage
Database 
name  

Abb
revia
tion 

Databa
se type 

Absolu
te 
databa
se size1  

Retros
pective 
covera
ge2 

Record types 
(descending 
prevalence if 
known, max. 10) 

Interface 
access, 
% open 
access 

English 
coverag
e 

Description of subject coverage  
(official information from database websites) 

ABI/Info
rm 
Global 
(via 
ProQuest
) 

ABI Bibliog
raphic 
databas
e (via 
aggrega
tor) 

24,683,
010 

1906-
present 

Trade articles, 
newspaper articles, 
wire feeds, journal 
articles, magazines, 
working papers, 
reports, conference 
proceedings, theses

Paywalle
d 

97.98% “ABI/INFORM Global™ is one of the most 
comprehensive business databases on the market, 
offering the latest business and financial 
information for researchers at all 
levels”(ProQuest 2021a). 

ACM 
Guide to 
Computi
ng 
Literature  

AC
M 

Digital 
library 

2,956,7
80 

1954-
present 

Conference 
proceedings, journal 
articles, newsletters, 
doctoral theses, 
books, posters

Open Unknow
n 
(mostly 
English) 

“The ACM Guide to Computing Literature is the 
most comprehensive bibliographic database in 
existence today focused exclusively on the field of 
computing, making this A&I service”(Association 
for Computing Machinery 2022).

APA 
PsycInfo 
(via 
EBSCOh
ost) 

PSY
2 

Bibliog
raphic 
databas
e (via 
aggrega
tor) 

5,042,9
09  

1829-
present, 
1800s-
present 
(official
) 

Journal articles, 
theses, books, 
electronic 
collections, 
encyclopedias 

Paywalle
d, 4.57% 

93.92% “The APA PsycInfo® database, American 
Psychological Association’s (APA) renowned 
resource for abstracts of scholarly journal 
articles, book chapters, books, and dissertations, 
is the largest resource devoted to peer-reviewed 
literature in behavioral science and mental 
health. It contains records and summaries dating 
as far back as the 1600s with one of the highest 
DOI matching rates in the publishing industry. 
Journal coverage, which spans from the 1800s to 
the present, includes international material 
selected from periodicals in dozens of languages” 
(EBSCOhost 2021a).  

APA 
PsycInfo 
(via 
Ovid) 

PSY Bibliog
raphic 
databas
e (via 
aggrega
tor) 

5,042,1
15 

1830-
present, 
1806-
present 
(official
) 

Journal articles, 
research support, 
randomized 
controlled trials, 
English abstracts, 
clinical trials, case 
reports, news 
articles 

Paywalle
d, 4.64% 

92.09% “APA PsycInfo® is an electronic bibliographic 
database providing abstracts and citations to the 
scholarly literature in the psychological, social, 
behavioral, and health sciences. The database 
includes material of relevance to psychologists 
and professionals in related fields such as 
psychiatry, management, business, education, 
social science, neuroscience, law, medicine, and 
social work” (Wolters Kluwer Health 2022a).

Arts & 
Humaniti
es 
Citation 
Index 
(via Web 
of 
Science) 

AHC Bibliog
raphic 
databas
e (via 
aggrega
tor) 

5,221,1
16  
(1975-
present) 

1974-
present, 
1975-
present 
(official
) 

Book reviews, 
journal articles, 
poetry, editorials, 
art exhibit reviews, 
letters, notes, record 
reviews, music 
performance 
reviews, film 
reviews 

Paywalle
d, 3.34% 

72.89% “Arts & Humanities Citation Index contains over 
1,800 journals across 28 arts & humanities 
disciplines. More than 4.9 million records and 
33.4 million cited references date back from 1975 
to present. Our expert in-house editors use a 
single set of 28 criteria throughout the journal 
selection and curation process. Divided into 24 
‘quality’ criteria and four ‘impact’ criteria, our 
editors select the most influential journals in their 
respective fields (using citation activity as the 
primary indicator of impact) for the Arts & 
Humanities Citation Index”(Clarivate Analytics 
2021) 

arXiv AXV Reposit
ory 

1,916,1
71 

1991-
present 

Preprints Open, 
100% 

Unknow
n 
(mostly 
English) 

“arXiv is a free distribution service and an open-
access archive for 1,916,171 scholarly articles in 
the fields of physics, mathematics, computer 
science, quantitative biology, quantitative finance, 
statistics, electrical engineering and systems 
science, and economics” (arXiv 2021). 

Bielefeld 
Academi
c Search 
Engine  

BAS Search 
engine 

274,167
,470 

About 
1000-
present 

Journal articles, 
text, unknown, 
book chapters, 
conference 
publications, media, 
datasets, reports, 
news articles, books

Open, 
60% 

70.19%  “BASE is one of the world's most voluminous 
search engines especially for academic web 
resources. BASE provides more than 240 million 
documents from more than 8,000 content 
providers” (Bielefeld Academic Search Engine 
2021).  

BIOSIS 
Citation 
Index 

BIO Bibliog
raphic 
databas

30,044,
610  

1924-
present, 
1926-

Journal articles, 
conference 
proceedings, 

Paywalle
d, 
19.65%

94.28% “[BIOSIS Citation Index] is the world's most 
comprehensive reference database for life science 
research. It includes cited references to primary 
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Table 2   (continued)
Database 
name  

Abb
revia
tion 

Databa
se type 

Absolu
te 
databa
se size1

Retros
pective 
covera
ge2

Record types 
(descending 
prevalence if 
known, max. 10)

Interface 
access, 
% open 
access 

English 
coverag
e 

Description of subject coverage  
(official information from database websites)

(via Web 
of 
Science) 

e (via 
aggrega
tor) 

(1926-
present) 

present 
(official
) 

patents, books, 
book chapters, 
letters, data 

journal literature on vital biological research, 
medical research findings, and discoveries of new 
organisms. It also covers original research 
reports and reviews in traditional biological and 
biomedical areas” (Clarivate Analytics 2022a).

CAB 
Abstracts 
(via 
Ovid) 

CAB Bibliog
raphic 
databas
e (via 
aggrega
tor) 

10,435,
701  

1963-
present, 
1973-
present 
(official
) 

Journal articles, 
conference 
proceedings, book 
chapters, annual 
reports, theses 

Paywalle
d 

78.24% “[CAB Abstracts] covers the significant research 
and development literature in the fields of 
agriculture, forestry, human health and nutrition, 
animal health, and the management and 
conservation of natural resources. Over three 
million records have been added to the database 
since its computerization in 1973” (Wolters 
Kluwer Health 2022b). 

CAS 
SciFinder
-n 
(Referenc
es only) 

CAS Bibliog
raphic 
databas
e 

80,235,
321 

1799-
present 

Journal articles, 
patents, reviews, 
biographies, books, 
clinical trials, 
commentaries, 
conference 
proceedings, theses 

Paywalle
d 

61.57% “Details from thousands of global scientific 
references are added to the CAS Content 
Collection every day creating a comprehensive 
resource to access and keep up to date on the 
world’s published scientific literature across 
disciplines including biomedical sciences, 
chemistry, engineering, materials science, 
agricultural science, and many more” (American 
Chemical Society 2022).

CINAHL 
Plus (via 
EBSCOh
ost) 

CIN Bibliog
raphic 
databas
e (via 
aggrega
tor) 

7,902,1
72 

1937-
present, 
1937-
present 
(official
) 

Journal articles, 
magazines, CEUs, 
theses 

Paywalle
d 

97.66% “CINAHL Plus is the expanded version of the 
CINAHL index, providing a wider scope of 
nursing and allied health journals and more 
records. It indexes top nursing and allied health 
literature, including publications from the 
National League for Nursing and the American 
Nurses Association” (EBSCOhost 2021b).

Conferen
ce 
Proceedi
ngs 
Citation 
Index- 
Science 
(via Web 
of 
Science) 

CPC Bibliog
raphic 
databas
e (via 
aggrega
tor) 

11,458,
931 
(1990-
present) 

1987-
present, 
1990-
present 
(official
) 

Conference 
proceedings, journal 
articles, reviews, 
editorials, notes 

Paywalle
d, 
10.02% 

98.83% “Conference proceedings represent the leading 
edge of research – revealing emerging trends and 
new ideas before they appear in journals. The 
Conference Proceedings Citation Index lets you 
use cited reference searching to see the full 
impact of conferences and other professional 
meetings. The Conference Proceedings Citation 
Index contains over 205,900 conference 
proceedings, with 70 million cited references 
dating back from 1990 to present” (Clarivate 
Analytics 2022e).  

Core COR Search 
engine 

208,908
,135 

About 
1000-
present 

Journal articles, 
components, 
conference 
proceedings, book 
chapters, books, 
theses, reports, data, 
reference entries, 
letters, editorials, 
clinical trials, 
preprints

Open, 
100% 

78.78% “CORE is a collection of 208,908,135 searchable 
research papers. CORE is the most 
comprehensive aggregator harvesting from 
institutional, subject and preprint repositories as 
well as gold and hybrid open access journals” 
(CORE 2021). 

Crossref 
(via 
Lens) 

CRO Bibliog
raphic 
databas
e (via 
aggrega
tor) 

127,184
,989 

1800-
present 
(via 
Lens) 

Journal articles, 
book chapters, 
components, 
conference 
proceedings, data, 
books, reference 
entries, reports, 
theses, standards

Open, 
29.19% 

Unknow
n 
(mostly 
English) 

“Search the metadata of journal articles, books, 
standards, datasets & more” (Crossref 2022). 

Digital 
Bibliogra
phy & 
Library 
Project 

DBL Digital 
library 

5,690,1
31 

1973-
present 

Conference and 
workshop papers, 
journal articles, 
informal 
publications, books, 
theses

Open, 
21.78% 

Unknow
n 
(mostly 
English) 

“The dblp computer science bibliography is the 
on-line reference for bibliographic information on 
major computer science publications” (dblp 
computer science bibliography 2022). 

Dimensio
ns 

DIM Search 
engine 

120,767
,627 

1667-
present 

Journal articles, 
book chapters, 
conference 

Open, 
28.41% 

Unknow
n 

“Dimensions contains more than 100 million 
publications, ranging from articles published in 
scholarly journals, books and book chapters, to 
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Table 2   (continued)
Database 
name  

Abb
revia
tion 

Databa
se type 

Absolu
te 
databa
se size1  

Retros
pective 
covera
ge2 

Record types 
(descending 
prevalence if 
known, max. 10) 

Interface 
access, 
% open 
access 

English 
coverag
e 

Description of subject coverage  
(official information from database websites) 

proceedings, 
preprints, 
monographs, edited 
books 

(mostly 
English) 

preprints and conference proceedings. All 
publications are contextualized with linked data 
sets, funding, publications, patents, clinical trials, 
and policy documents. You can also view 
associated categories, funders, institutions, and 
researcher profiles” (Dimensions 2022).

Directory 
of Open 
Access 
Journals  

DOA Journal 
platfor
m 

6,320,0
66 

1891-
present 

Journal articles Open, 
100% 

Unknow
n (notes: 
"search 
terms 
need to 
be in 
English"
)

“Today, this independent database contains over 
16 500 peer-reviewed open access journals 
covering all areas of science, technology, 
medicine, social sciences, arts and humanities” 
(DOAJ 2022). 

EconLit 
(via 
EBSCOh
ost) 

ECL Bibliog
raphic 
databas
e (via 
aggrega
tor) 

1,817,3
49 

1892-
present, 
1886-
present 
(official
) 

Journal articles, 
book chapters, 
working papers, 
books, theses 

Paywalle
d 

93.16% “EconLit, the American Economic Association's 
electronic database, is the world's foremost 
source of references to economic literature. The 
database contains more than 1.1 million records 
from 1886-present. EconLit covers virtually every 
area related to economics” (EBSCOhost 2021c).

Educatio
n 
Resource
s 
Informati
on Center  

ERI1 Digital 
library 

1,844,5
03 
(similar 
to 
ERI2) 

1957-
present 
(via 
ERI2), 
1966-
present 
(official
) 

Journal articles, 
research reports 
(research, 
evaluative, 
descriptive), 
conference 
proceedings, tests, 
theses, opinion 
papers, data, guides

Open Unknow
n 
(similar 
to ERI2) 

“ERIC is a comprehensive, easy-to-use, 
searchable, Internet-based bibliographic and full-
text database of education research and 
information” (ERIC 2022). 

Educatio
n 
Resource
s 
Informati
on Center 
(via 
EBSCOh
ost) 

ERI2 Bibliog
raphic 
databas
e (via 
aggrega
tor) 

1,844,5
03 

1957-
present, 
1966-
present 
(official
) 

Reports, journal 
articles, ERIC 
documents, books, 
theses, electronic 
resources, 
government 
documents 

Paywalle
d 

81.48% “ERIC, the Education Resource Information 
Center, provides access to education literature 
and research. The database provides access to 
information from journals included in the Current 
Index of Journals in Education and Resources in 
Education Index” (EBSCOhost 2021d). 

Embase 
(via 
Ovid) 

EMB Bibliog
raphic 
databas
e (via 
aggrega
tor) 

36,004,
996 
(1974-
present) 

1972-
present, 
1974-
present 
(official
) 

Journal articles, 
conference 
proceedings, 
reviews, editorials, 
letters 

Paywalle
d 

87.58% “Embase (Excerpta Medica Database) is a 
biomedical and pharmacological database 
produced by Elsevier B.V., containing more than 
30 million records including articles from more 
than 8,500 journals published world-wide. It […] 
and is especially strong in its coverage of drug 
and pharmaceutical research, pharmacology and 
toxicology” (Wolters Kluwer Health 2022c).

Emerging 
Sources 
Citation 
Index 
(via Web 
of 
Science) 

ESC Bibliog
raphic 
databas
e (via 
aggrega
tor) 

3,931,5
69  
(2005-
present) 

2005-
present 

Journal articles, 
editorials, book 
reviews, reviews, 
letters, news 
articles, corrections, 
biographical items, 
poetry 

Paywalle
d, 
35.02% 

74.65% “Since launching the Emerging Sources Citation 
Index™ in 2015 we have added over 7,800 titles, 
with backfiles dating back to 2005. Journals 
included in the Emerging Sources Citation Index 
cover all disciplines and range from international 
and broad scope publications to those that 
provide deeper regional or specialty area 
coverage. More than 3 million records and 74.4 
million cited references date back from 2005 to 
present” (Clarivate Analytics 2022f).

Epistemo
nikos 

EPI Bibliog
raphic 
databas
e  

1,165,7
78 

unknow
n 

Systematic reviews, 
broad syntheses, 
primary studies, 
structured 
summaries

Open Unknow
n 
(mostly 
English) 

“Epistemonikos is a collaborative, multilingual 
database of health evidence. It is the largest 
source of systematic reviews relevant for health-
decision making, and a large source of other types 
of scientific evidence” (Epistemonikos 2021a).

Europe 
PMC 

EPM Bibliog
raphic 
databas
e  

39,147,
738 

1799-
present 

Journal articles, 
reviews, preprints 

Open, 
18.17% 

86.75% “Europe PMC is an open science platform that 
enables access to a worldwide collection of life 
science publications and preprints from trusted 
sources around the globe. […] We have over 5 
million more abstracts than PubMed” (Europe 
PMC 2021). 
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Table 2   (continued)
Database 
name  

Abb
revia
tion 

Databa
se type 

Absolu
te 
databa
se size1  

Retros
pective 
covera
ge2 

Record types 
(descending 
prevalence if 
known, max. 10) 

Interface 
access, 
% open 
access 

English 
coverag
e 

Description of subject coverage  
(official information from database websites) 

Google 
Scholar 

GSC Search 
engine 

389,000
,000 
(Gusen
bauer 
2019) 

About 
1700-
present 

Journal articles, 
conference 
proceedings, theses, 
book chapters, 
preprints, technical 
reports, working 
papers 

Open About 
65% 
(Orduña
-Malea 
et al. 
2015) 

“Google Scholar provides a simple way to 
broadly search for scholarly literature. From one 
place, you can search across many disciplines 
and sources: articles, theses, books, abstracts and 
court opinions, from academic publishers, 
professional societies, online repositories, 
universities and other web sites” (Google Scholar 
2022).  

GreenFIL
E (via 
EBSCOh
ost) 

GRE Bibliog
raphic 
databas
e (via 
aggrega
tor) 

1,155,8
06  

1964-
present 

Journal articles, 
magazines, book 
reviews, books, 
reports 

Paywalle
d 

99.63% “GreenFILE offers well-researched information 
covering all aspects of human impact to the 
environment. Its collection of scholarly, 
government and general-interest titles includes 
content on global warming, green building, 
pollution, sustainable agriculture, renewable 
energy, recycling, and more” (EBSCOhost 
2021e). 

IEEE 
Xplore 
Digital 
Library 

IEE Digital 
library 

5,302,0
91 

1902-
present 

Conference 
proceedings, journal 
articles, magazines, 
standards, books, 
courses

Open, 
1.81% 

Unknow
n 
(mostly 
English) 

“IEEE Xplore provides web access to more than 
five million full-text documents from some of the 
world's most highly-cited publications in 
electrical engineering, computer science, and 
electronics” (IEEE 2021).

JSTOR JST Digital 
library 

18,665,
743 

1800-
present 
(images 
not 
counted
) 

Journal articles, 
images, book 
chapters, research 
reports, documents, 
serials, books 

Open, 
12.77% 

59.23% “JSTOR provides access to more than 12 million 
academic journal articles, books, and primary 
sources in 75 disciplines” (JSTOR 2022). 

Lens LEN Search 
engine 

236,413
,556 

1800-
present 

Journal articles, 
book chapters, 
books, theses, 
conference 
proceedings, 
components, 
datasets, libguides, 
reference entries, 
reports

Open, 
17.17% 

Unknow
n 
(mostly 
English) 

“Lens serves over 200 million scholarly records, 
compiled and harmonised from Microsoft 
Academic, PubMed and Crossref, enhanced with 
UnPaywall open access information, CORE full 
text and links to ORCID” (Lens 2022). 

Medline 
(via 
EBSCOh
ost) 

ME
D2 

Bibliog
raphic 
databas
e (via 
aggrega
tor) 

32,883,
561 

1799-
present 

Journal articles, 
magazines, 
guidelines 

Paywalle
d 

85.51% “MEDLINE provides authoritative medical 
information on medicine, nursing, dentistry, 
veterinary medicine, the health care system, pre-
clinical sciences, and much more” (EBSCOhost 
2021f). 

Medline 
(via 
Ovid) 

ME
D3 

Bibliog
raphic 
databas
e (via 
aggrega
tor) 

32,225,
882  

1799-
present, 
1946-
present 
(official
) 

Journal articles, 
research support, 
reviews, case 
reports, clinical 
trials, editorials, 
randomized 
controlled trials, 
letters, multicenter 
studies, 
commentaries

Paywalle
d 

85.67% “Ovid MEDLINE® covers the international 
literature on biomedicine, including the allied 
health fields and the biological and physical 
sciences, humanities, and information science as 
they relate to medicine and health care. 
Information is indexed from approximately 5,600 
journals published world-wide. Records start in 
the early 1800's and go all the way to our daily 
updates” (Wolters Kluwer Health 2022d). 

Medline 
(via Web 
of 
Science) 

ME
D1 

Bibliog
raphic 
databas
e (via 
aggrega
tor) 

32,930,
170 
(1950-
present)  

1823-
present, 
1950-
present 
(official
) 

Journal articles, 
research support, 
reviews, case 
reports, comparative 
studies, letters, 
comments, 
editorials, 
randomized 
controlled trials, 
clinical trials

Paywalle
d, 
28.55% 

85.53% “The U.S. National Library of Medicine® 
(NLM®) premier life sciences database. Explore 
biomedicine and life sciences, bioengineering, 
public health, clinical care, and plant and animal 
science” (Clarivate Analytics 2022c). 

Mendele
y 

ME
N 

Bibliog
raphic 
databas
e 

114,000
,000+ 

About 
1879-
present 

Journal articles, 
conference 
proceedings, book 
chapters, theses, 
books, reports, web 

Open Unknow
n 
(mostly 
English) 

“Search over 100 million cross-publisher articles 
and counting” (Mendeley 2022). 
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Table 2   (continued)
Database 
name  

Abb
revia
tion 

Databa
se type 

Absolu
te 
databa
se size1  

Retros
pective 
covera
ge2 

Record types 
(descending 
prevalence if 
known, max. 10) 

Interface 
access, 
% open 
access 

English 
coverag
e 

Description of subject coverage  
(official information from database websites) 

pages, working 
papers, magazines,

Meta MET Bibliog
raphic 
databas
e  

39,417,
818 

unknow
n 
(similar 
to 
Medlin
e) 

Journal articles, 
conference 
proceedings, data, 
clinical trials, 
software, protocols 

Open Unknow
n 
(mostly 
English) 

“Meta, a Chan Zuckerberg Initiative project, is a 
biomedical research discovery tool that analyzes 
& connects millions of scientific outputs to give 
you a comprehensive view into science” (Meta 
2022). 

Microsoft 
Academi
c (via 
Lens) 

MA
C 

Search 
engine 

264,286
,492 

1800-
present 

Journal articles, 
patents, conference 
proceedings, books, 
book chapters 

Open, 
15.23% 

Unknow
n 
(mostly 
English) 

“Microsoft Academic (MA) employs advances in 
machine learning, semantic inference and 
knowledge discovery to help you explore 
scholarly information in more powerful ways than 
ever before” (Microsoft Academic 2021).

Nursing 
& Allied 
Health 
Data-
base (via 
ProQuest
) 

NUR Bibliog
raphic 
databas
e (via 
aggrega
tor) 

5,745,0
60 

1857-
present 

Journal articles, 
trade articles, 
magazines, wire 
feeds, theses, 
reports 

Paywalle
d 

99.33% “ProQuest Nursing & Allied Health Database™ 
provides users with reliable healthcare 
information covering nursing, allied health 
professions, alternative and complementary 
medicine, and much more” (ProQuest 2021b). 

OpenAIR
E 

AIR Reposit
ory 

142,506
,457  

1800-
present 

Journal articles, 
book chapters, data, 
conference 
proceedings, 
preprints, theses, 
books, images, 
reports, reviews

Open, 
40.56 % 

55.68% “We link research outcomes (e.g., publications, 
data, software) to their creators (e.g., 
researchers, institutions, funders), enabling 
discoverability, transparency, reproducibility and 
quality-assurance of research” (OpenAIRE 2022). 

Paperity PAP Journal 
platfor
m 

8,047,8
46 

1894-
present 

Journal articles Open, 
100% 

61.71% “Paperity is multi-disciplinary and covers all 
fields of research. Today, scholars need wide 
access to literature, from many different fields, 
even from outside of their core research area. 
Research has become interdisciplinary and the 
most ground-breaking discoveries tend to happen 
on the crossroads of different fields” (Paperity 
2022). 

ProQuest 
Dissertati
ons & 
Theses 
Global 
(via 
ProQuest
) 

PDI Bibliog
raphic 
databas
e (via 
aggrega
tor) 

5,222,5
22 

1829-
present 

Theses Paywalle
d 

85.45% “The ProQuest Dissertation & Theses Global 
(PQDT) ™ database is the world's most 
comprehensive curated collection of multi-
disciplinary dissertations and theses from around 
the world, offering over 5 million citations and 
2.7 million full-text works from thousands of 
universities“ (ProQuest 2022a). 

Public 
Health 
Database 
(via 
ProQuest
) 

PHD Bibliog
raphic 
databas
e (via 
aggrega
tor) 

7,778,1
81 

1953-
present 

Journal articles, 
news, reports, trade 
publications, 
magazines, wire 
feeds 

Paywalle
d 

99.73% “ProQuest Public Health is a new and unique 
database; designed to be the ideal starting point 
for public health information and research. It 
delivers core public health literature with 
centralized access to over 800 publications with 
over 500 in full-text. With journals, news, trade 
publications, reports and more, ProQuest Public 
Health covers a wide variety of disciplines 
ranging from social sciences and biological 
sciences to business” (ProQuest 2022b).

PubMed PMD Bibliog
raphic 
databas
e  

32,929,
255 

1799-
present 

Journal articles, 
clinical trials, 
clinical studies, 
randomized 
controlled trials, 
reviews, guidelines 

Open, 
11.51% 

85.53% “The PubMed database contains more than 32 
million citations and abstracts of biomedical 
literature. [...] Citations in PubMed primarily 
stem from the biomedicine and health fields, and 
related disciplines such as life sciences, 
behavioral sciences, chemical sciences, and 
bioengineering” (National Library of Medicine 
2022). 

Sage SAG Journal 
platfor
m 

2,511,8
56 

1881-
present 

Journal articles, 
book reviews, 
reviews, editorials, 
case reports, 
meeting reports, 
letters, abstracts

Open, 
4.28% 

Unknow
n 
(mostly 
English) 

“We are the natural home for leading authors, 
editors and societies. Publishing more than 1,000 
journals, from a wide range of disciplines, SAGE 
is here to meet your needs” (SAGE 2022). 
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Database 
name  

Abb
revia
tion 

Databa
se type 

Absolu
te 
databa
se size1  

Retros
pective 
covera
ge2 

Record types 
(descending 
prevalence if 
known, max. 10) 

Interface 
access, 
% open 
access 

English 
coverag
e 

Description of subject coverage  
(official information from database websites) 

Science 
Citation 
Index 
Expande
d (via 
Web of 
Science) 

SCI Bibliog
raphic 
databas
e (via 
aggrega
tor) 

58,560,
822 
(1900-
present) 

1900-
present 

Journal articles, 
conference 
proceedings, 
editorials, letters, 
reviews, notes, 
news articles, 
corrections, book 
reviews, 
biographical items

Paywalle
d, 
21.67% 

94.25% “Created as SCI in 1964, Science Citation Index 
Expanded™ now indexes over 9,200 of the 
world’s most impactful journals across 178 
scientific disciplines. More than 53 million 
records and 1.18 billion cited references date 
back from 1900 to present” (Clarivate Analytics 
2022g). 

ScienceD
irect 

SCD Journal 
platfor
m 

18,629,
769 

1823-
present 

Journal articles, 
conference 
proceedings, 
reviews, short 
communications, 
book chapters, 
correspondence, 
case reports, 
editorials, 
discussions, news 
articles

Open, 
7.51% 

Unknow
n 
(mostly 
English) 

“ScienceDirect is the world's leading source for 
scientific, technical, and medical research” 
(Elsevier 2021). 

ScienceO
pen 

SOP Search 
engine 

72,839,
923 

About 
1500-
present 

Journal articles, 
books, book 
chapters, conference 
proceedings, 
reports, data, 
posters 

Open, 
9.50% 

Unknow
n 
(mostly 
English) 

“ScienceOpen is a discovery platform with 
interactive features for scholars to enhance their 
research in the open, make an impact, and receive 
credit for it. […] Our advanced search and 
discovery functions, combined with post-
publication peer review, recommendation, social 
sharing, and collection-building features make 
ScienceOpen the only research platform you’ll 
ever need” (ScienceOpen 2022).

scite SCT Search 
engine 

120,407
,597 

1599-
present 

Journal articles, 
book chapters, 
preprints 

Open Unknow
n 
(mostly 
English) 

“We get our articles from many different sources, 
primarily from indexing agreements with 
publishers (Wiley, Karger, Thieme, Sage, BMJ, 
and many more) and from different open sources 
such as unpaywall, pubmed, fatcat, various 
preprint servers, open access journals, and more. 
[…] We try to cover all fields as much as 
possible” (scite 2022). 

Scopus SCO Bibliog
raphic 
databas
e 

81,523,
838 

1864-
present 

Journal articles, 
conference 
proceedings, 
reviews, letters, 
book chapters, 
notes, editorials, 
short surveys, 
conference 
reviews, books

Paywalle
d, 
20.53% 

86.36% “Scopus uniquely combines a comprehensive, 
expertly curated abstract and citation database 
with enriched data and linked scholarly 
literature across a wide variety of disciplines” 
(Elsevier 2022a).  

Semantic 
Scholar  

SEM Search 
engine 

195,342
,354 

1931-
present 

Journal articles, 
reviews, conference 
proceedings, letters 
and comments, 
editorials, books, 
news articles, 
clinical trials, case 
reports

Open Unknow
n 
(mostly 
English) 

“Semantic Scholar covers all STM and SSH 
disciplines including biology, medicine, computer 
science, geography, business, history, and 
economics. More than 200 million papers are 
sourced from partners such as PubMed, Springer 
Nature, Taylor & Francis, SAGE, Wiley, ACM, 
IEEE, arXiv, and Unpaywall” (Allen Institute for 
Artificial Intelligence 2022).

Social 
Sciences 
Citation 
Index 
(via Web 
of 
Science) 

SSC Bibliog
raphic 
databas
e (via 
aggrega
tor) 

10,352,
385  
(1900-
present) 

1899-
present, 
1900-
present 
(official
) 

Journal articles, 
book reviews, 
conference 
proceedings, 
editorials, letters, 
reviews, notes, 
corrections, news 
articles, 
biographical items, 
discussions, book 
chapters 

Paywalle
d, 
16.10% 

93.46% “Social Sciences Citation Index™ contains over 
3,400 journals across 58 social sciences 
disciplines, as well as selected items from 3,500 of 
the world’s leading scientific and technical 
journals. More than 9.37 million records and 122 
million cited references date back from 1900 to 
present. Our expert in-house editors use a single 
set of 28 criteria throughout the journal selection 
and curation process. Divided into 24 ‘quality’ 
criteria and four ‘impact’ criteria, our editors 
select the most influential journals in their 
respective fields (using citation activity as the 
primary indicator of impact) for the Social 
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Table 2   (continued)
Database 
name  

Abb
revia
tion 

Databa
se type 

Absolu
te 
databa
se size1  

Retros
pective 
covera
ge2 

Record types 
(descending 
prevalence if 
known, max. 10) 

Interface 
access, 
% open 
access 

English 
coverag
e 

Description of subject coverage  
(official information from database websites) 

Sciences Citation Index” (Clarivate Analytics 
2022h). 

SocINDE
X (via 
EBSCOh
ost) 

SOC Bibliog
raphic 
databas
e (via 
aggrega
tor) 

2,896,8
63  

1881-
present, 
1895-
present 
(official
) 

Journal articles, 
reviews, magazines, 
conference 
proceedings, books, 
theses, trade articles 

Paywalle
d  

93.43% “SocINDEX is the world's most comprehensive 
and highest quality sociology research database. 
This database features more than 2.1 million 
records with subject headings from a 20,000+ 
term sociological thesaurus designed by subject 
experts and expert lexicographers. This product 
also contains informative abstracts for more than 
1,300 "core" coverage journals dating as far back 
as 1895” (EBSCOhost 2021g).

SPORTD
iscus (via 
EBSCOh
ost) 

SPD Bibliog
raphic 
databas
e (via 
aggrega
tor) 

2,700,9
70 

1907-
present, 
1800-
present 
(official
) 

Magazines, journal 
articles, books, 
reports, non-print 
resources, theses 

Paywalle
d 

90.48% “SPORTDiscus is the most comprehensive, 
bibliographic database covering sport, physical 
fitness, exercise, sports medicine, physical 
education, kinesiology, training, disabled persons, 
drugs, health, health education, biomechanics, 
movement science, injury prevention 
rehabilitation, physical therapy, rehabilitation, 
nutrition, exercise physiology, sport & exercise 
psychology, occupational health & therapy, 
public health and more” (EBSCOhost 2021h).

Springer
Link 

SPL Journal 
platfor
m 

14,373,
598 

1843-
present 

Journal articles, 
book chapters, 
conference 
proceedings, books, 
protocols, video 
segments, reference 
works

Open, 
0.61% 

77.54% “Providing researchers with access to millions of 
scientific documents from journals, books, series, 
protocols, reference works and proceedings” 
(Springer Nature 2022). 

Taylor 
and 
Francis 

TAF Journal 
platfor
m 

4,641,1
14 

1798-
present 

Journal articles Open, 
3.11% 

Unknow
n 
(mostly 
English) 

“Taylor & Francis Group works in partnership 
with editors, societies, associations, and 
librarians to publish over 2,450 journals, 
delivering crucial research in the fields of social 
science, humanities, science, technology, and 
medicine” (Taylor & Francis 2022).

Web of 
Science 
Core 
Collectio
n3 (via 
Web of 
Science) 

WO
S 

Bibliog
raphic 
databas
e (via 
aggrega
tor) 

79,713,
501 

1900-
present 
(depend
s on 
subscri
ption) 

Journal articles, 
conference 
proceedings, book 
reviews, editorials, 
letters, reviews, 
notes, news articles, 
corrections, poetry

Paywalle
d, 
19.49% 

91.46% “A curated collection, Web of Science Core 
Collection contains over 21,100 peer-reviewed, 
high-quality scholarly journals published 
worldwide (including Open Access journals) in 
over 250 sciences, social sciences, and arts & 
humanities disciplines” (Clarivate Analytics 
2022d). 

Wiley 
Online 
Library 

WL
Y 

Journal 
platfor
m 

9,102,0
95 

1833-
present 

Journal articles, 
book chapters, 
reference works 

Open, 
2.22% 

Unknow
n 
(mostly 
English)

“Explore the world’s broadest multidisciplinary 
collection of online resources covering life, 
health, physical, and social sciences and the 
humanities” (John Wiley & Sons 2022).

WorldCat
–
Thesis/di
ssertation 

WO
C 

Library 
catalog
ue  

20,146,
431 

1578-
present 

Theses Open, 
0.00% 

51.98% “WorldCat is the world's largest network of 
library content and services. WorldCat libraries 
are dedicated to providing access to their 
resources on the Web, where most people start 
their search for information” (OCLC Online 
Computer Library Center 2022).
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Abbreviations of the 56 databases:

ABI = ABI/Inform Global (via 
ProQuest)

ACM = ACM Guide to Comput-
ing Literature

AHC = Arts & Humanities Cita-
tion Index (via Web of Science)

AIR = OpenAIRE
AXV = arXiv
BAS = Bielefeld Academic 

Search Engine
BIO = BIOSIS Citation Index (via 

Web of Science)
CAB = CAB Abstracts (via Ovid)
CAS = CAS SciFinder-n
CIN = CINAHL Plus (via 

EBSCOhost)
COR = Core
CPC = Conference Proceedings 

Citation Index- Science (via 
Web of Science)

CRO = Crossref
DBL = Digital Bibliography & 

Library Project
DIM = Dimensions
DOA = Directory of Open Access 

Journals
ECL = EconLit (via EBSCOhost)
EMB = Embase (via Ovid)

EPI = Epistemonikos
EPM = Europe PMC
ERC1 = ERIC
ERC2 = ERIC (via EBSCOhost)
ESC = Emerging Sources Cita-

tion Index (via Web of Science)
GRE = GreenFILE (via EBSCO-

host)
GSC = Google Scholar
IEE = IEEE Xplore Digital 

Library
JST = JSTOR
LEN = Lens
MAC = Microsoft Academic
MED1 = Medline (via Web of 

Science)
MED2 = Medline (via EBSCO-

host)
MED3 = Medline (via Ovid)
MEN = mendely
MET = Meta
NUR = Nursing & Allied Health 

Database (via ProQuest)
PAP = paperity
PDI = ProQuest Dissertations & 

Theses Global

PHD = Public Health Database (via 
ProQuest)

PMD = PubMed
PSY1 = APA PsycInfo (via Ovid)
PSY2 = APA PsycInfo (via 

EBSCOhost)
SAG = Sage
SCD = ScienceDirect
SCI = Science Citation Index 

Expanded (via Web of Science)
SCO = Scopus
SCT = scite
SEM = Semantic Scholar
SOC = SocINDEX (via EBSCO-

host)
SOP = ScienceOpen
SPD = SPORTDiscus (via EBSCO-

host)
SPL = SpringerLink
SSC = Social Sciences Citation 

Index (via Web of Science)
TAF = Taylor and Francis
WCC = Web of Science Core Col-

lection
WLY = Wiley Online Library
WOC = WorldCat-Thesis/disserta-

tion

a Absolute database sizes, English and open access coverage were determined via QHCs, meta data and offi-
cial information.
b Official coverage information, or starting year was defined as the year a database first covers at least 100 
records and the year is followed by another one with also at least 100 records. Spurious coverage of single 
records prior to that year was not counted. Notice records from periods earlier than 1800 often have a high share 
of records with faulty publication year meta-data. If there was a discrepancy between official retrospective cov-
erage reporting and actually available records, I stated both data.
c INCLUDED INDEXES OF WOS CC: Science Citation Index Expanded (SCI-EXPANDED)–1900-present 
[full coverage]; Social Sciences Citation Index (SSCI)–1956-present [max coverage would be from 1900; Δ 
about 700,000 records]; Arts & Humanities Citation Index (A&HCI)–1975-present [full coverage]; Emerg-
ing Sources Citation Index (ESCI)–2005-present [full coverage]; Conference Proceedings Citation Index-
Science (CPCI-S)–1998-present [max coverage would be from 1990; Δ about 1,500,000 records]; Confer-
ence Proceedings Citation Index-Social Science & Humanities (CPCI-SSH)–1998-present [max coverage 
would be from 1990; Δ about 200,000 records]
NOT AVAILABLE INDEXES OF WOS CC: Book Citation Index (BKCI-S/SSH)–2005-present [Δ about 
1,500,000 records]; Current Chemical Reactions (CCR-Expanded)–1985-present [Δ about 300,000 
records]; Index Chemicus (IC)–1993-present [Δ about 500,000 records]

Table 2   (continued)

Selection of the keywords in the basket

To determine the basket of keywords used to estimate subject coverage, I first tried subject 
description terms, such as Social Sciences or Theoretical Computer Science. However, I 
found that the terms had to be as simple as possible to maximize comparability across sys-
tems that all varied in search functionalities. Accordingly, I chose unigrams, not bigrams. 
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This chosen method meant I could reduce the likelihood of misinterpretation by single 
search systems. Even though bigrams are more individual and would permit higher levels 
of precision, unigrams were chosen due to their higher compatibility.

Query subject counts (QSCs) to determine keyword precision

With a preliminary list of keywords, I tested the effectiveness of keyword queries retriev-
ing accurate estimates of subject coverage. It became clear that the precision of keywords 
was the most critical determinant. The precision of keywords was determined via the query 
subject counts (QSC), which capture the subject-precision of a keyword at the reference 
system Scopus. Based on the ASJC classification system available at Scopus, each keyword 
query retrieves a set of 26 QSCs, denoting the number of records identified for each subject 
category. The precision of a keyword is determined by dividing the QSC of a subject by 
the sum of QSCs for that subject. Each keyword is more or less representative of a subject, 
being reflected by the precision value of the keyword for the specific subject.

Ideally, the subject-precision of a keyword would be most constant over search systems 
and databases—i.e., a keyword should always be similarly representative of a subject. 
However, keywords always run the risk of being ambiguous and associated with different 
subject attributes at different databases. An extreme case would be, for example, “jaguar” 
being an animal or a vehicle manufacturer. The keyword would deliver different estimates 
depending on whether the database is focused on biology or manufacturing. Accordingly, 
I took care to select the least ambiguous keywords, that is to say, the keywords with the 
greatest level of precision in a single subject category. An example is “evolution”, which is 
relatively unsuitable as it is not only used in biology but also refers to progress in general. 
While precision can be as low as 0, the highest precision was identified in title searches for 
“branes”, a keyword used almost exclusively (in 90.3% of records) in Physics and Astron-
omy. The keyword almost unequivocally refers to objects associated with String Theory, 
meaning almost no other subject uses the term. Accordingly, the likelihood of accurately 
estimating the Physics and Astronomy coverage of a system with this keyword is high. 
While QSCs were captured only at the reference database (Scopus), the number of hits a 
keyword retrieved (QHCs) were captured at all other databases.

A systematic approach for selecting keywords

For each of the 26 subject categories from the ASJC classification, 14 keywords were identi-
fied to be used as input to estimate the subject coverage of databases. To maximize the pre-
cision of the selected keywords, I needed a systematic approach to compare promising sub-
ject-specific keywords and select the most suitable ones. Accordingly, I downloaded 6000 
publication records uniquely attributed to each of the 26 subjects from Scopus (a total of 
156,000 records). For each subject, I selected the 2000 most cited records for the three time 
periods of 1991–2000, 2001–2010, and 2011–2020. I downloaded only records attributed 
solely to the subject in question and that had no overlaps with other subjects (no multi-attri-
bution). As tests showed that title-only searches yielded the most precise estimates, keyword 
selection was also based on the title field. I calculated term frequencies (tf) and inverse doc-
ument frequency (idf) for the 156,000 record titles to assess the prevalence and uniqueness 
of the keywords. The keywords chosen were those least shared across subjects, but which 
were highly prevalent within a subject. The focus was to identify the most unique terms to 
determine subject coverage of databases. The more unique a term is (i.e., it is a technical 
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term only used in a specific subject context), the better it is for estimating. Accordingly, I 
ranked the list of keywords with the following formula: tf × idf^5 that favored uniqueness 
over prevalence. Keywords were only selected when they were unigrams, no numbers, no 
terms with three characters or fewer, and no special characters. For a list of the first 60 to 
120 keywords, I retrieved QSC data for each of the keywords from Scopus.

To determine the BOK most suitable for the consecutive analysis of databases, I needed 
to determine their precision and recall of keywords used to determine subject coverage. 
Precision is important, as precise keywords associate records to subjects most unambigu-
ously. Recall is important, as keywords used too infrequently might lead to biased esti-
mates. Pre-tests showed that precision, rather than recall, determined the accuracy of the 
overall subject estimation and I thus gave more weight to precision in selecting the 14 key-
words for each subject. Based on the data, I ranked the keywords with the following for-
mula: recall × precision^5. As a result, I collected 14 keywords for each of the 26 subjects 
resulting in a list of 364 keywords (see “Appendix”).

Analytic steps

The analysis section describes the steps necessary to calculate a plausible and precise esti-
mate of subject coverage from single QHCs. A robust method was arrived at with the help 
of some iterations and a control database to assess changes in the accuracy of estimates. 
The method is suitable for determining precise estimates of subject coverage at 56 bib-
liographic databases. In general, the goal was to create an accurate, yet robust model, that 
is, one that was the least database-fitted. The reasons for the methodological choices are 
described in detail in this section.

Step 1: determination of recall and precision values based on Scopus and ASJC

To derive the first estimates of subject coverage, I needed to determine each keyword’s 
capacity to estimate subjects. This assessment was based on the Scopus database and its 
ASJC classification system, where each keyword query retrieves a set of records attribut-
able to several subjects—the query subject counts (QSCs). I collected information on the 
recall and precision of each keyword. Recall was determined by the share of records attrib-
uted to a subject from all records in the Scopus database on the subject. The recall measure 
reveals that, for example, of all the records from Physics and Astronomy, 0.38% have “neu-
trino” in their title. Precision was determined by the proportion of records attributable to 
a specific subject from the sum of all subject attributions for this keyword, or the QSC for 
a specific subject divided by the QSC for all subjects. The precision measure reveals that, 
for example, of all the records with “neutrino” in the title, 81.4% are attributable to Phys-
ics and Astronomy. If a keyword identified more records from a specific subject, its recall 
was higher. If it identified more records from one subject, and fewer from other subjects, its 
precision was higher. As a result, I had 28,392 recall and precision values derived from 364 
keywords, for each of the 26 subjects, for each of the three field codes considered: ‘title’, 
‘abstract’ and ‘all fields’. These values were all based on Scopus’s ASJC classification of 
about 82 million scholarly records in July 2021.

The fact that the Scopus dataset was based on records that are attributed to one or mul-
tiple subjects (multi-attribution) needed to be reflected in the calculation of recall values. 
The ASJC-based subject sizes had to be deflated to derive estimates that could be compared 
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with ADS data (a value that counts each record once), so each subject was calculated based 
on fractional counting (Perianes-Rodriguez et al., 2016), a value referred to here as single-
attribution. To calculate the number of single-attributed subject sizes in Scopus, I needed 
to determine the specific level of multi-attribution of each of the 26 subjects. Using the 
average of 1.59 subjects across all records would over- and under-value single subjects. 
First, I determined the number of records that were only attributed to a single subject and 
then calculated the fraction of records assigned to two or more subjects. The specific multi-
attribution factors showed that records in Medicine, for example, are attributed to 1.38 cat-
egories on average. In contrast, Decision Science’s and Material Science’s multi-attribution 
factors were as high as 2.75 and 2.67, respectively. Knowing the subject-specific multi-
attribution factors, I could determine the recall of a keyword for a specific subject, whereas 
100% recall would amount to the sum of records on a database and not the sum of records 
assigned to subject categories.

Step 2: collection of estimates and calculation of the aggregate estimate

Harvesting individual estimates of subject coverage required using the most restrictive field 
code to retrieve the QHCs for the 364 keywords (26 subjects × 14 keywords) for each of 
the 56 databases. Each QHC value divided by the subject-specific recall unique to each 
keyword (as determined in Step 1) was matched with the appropriate field code data. For 
example, if QHCs were collected via the ‘title’ field codes, the recall values for the ‘title’ 
field codes were also used. Generally, ‘title’ data was preferred, as the WOS reference data 
showed that ‘title’ estimates were the most accurate. Parentheses and other symbols were 
used to limit the search results to the verbatim meaning of the keywords and to exclude 
automatic stemming or query expansion, wherever possible. Queries were kept as simple 
as possible, for example, by using the same field codes and unigram keywords, to maxi-
mize compatibility of the approach over a maximum number of databases. Accordingly, 
no filters were applied nor were any other steps taken to manipulate the query results. The 
resulting values were independent estimates of subject coverage of the 56 databases.

Calculation of aggregate estimates at different precision levels

Individual estimates with a precision measurement above a specific threshold were used to 
calculate the ‘aggregated estimate’—an estimate with higher average accuracy than indi-
vidual estimates. The ‘aggregated estimate’ accounted for differing accuracy levels, outli-
ers, and other artifacts and excluded estimates below a precision threshold from the calcu-
lation. The exclusion of low-precision estimates was important as low-precision estimates 
were found to systematically produce inaccurate estimates. Using the WOS control data-
set, I could determine the accuracy of the estimates at various precision levels. The result 
showed that the accuracy of the subject estimations was lowest at very low and very high 
precision thresholds. The lower the precision threshold, the less precise the estimate as too 
many outlier values were included. Outliers are matches not due to the intended meaning 
of the keyword. An example of very low precision would be the keyword “comedy” esti-
mating the subject coverage of Engineering. The results of such estimation are far off the 
actual value. The WOS control dataset showed that determining the precision threshold of 
keywords was important for the overall accuracy of the estimations.

The theoretical maximum number of estimations in the dataset would be 9464 if esti-
mates were available for all 364 keywords for all 26 subjects. However, the number of 
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estimates falls considerably with more restrictive precision thresholds, excluding the arti-
facts low-precision keywords produce. Precision thresholds that are too high would exclude 
many keywords that do not meet the threshold. The effect would be to reduce the num-
ber of estimations per calculation, thus also increasing the likelihood of artifacts. The use 
of the ‘title’ field code at the 17% level encapsulated 660 estimations. At the 30% level, 
that number falls to 380. Some subjects have less precise keywords, which renders analysis 
more difficult. Specifically, Decision Sciences, Health Sciences, and Chemical Engineering 
have the least discriminant language, while Earth and Planetary Sciences, Medicine, and 
Physics have highly-specialized keywords.

For the ‘abstract’ field code and the ‘all fields’ field code, the number of estimates is 
slightly lower at the respective precision thresholds, as the field codes include more sec-
tions of document text and thus are less precise. Accordingly, to include as many QSCs as 
possible at a given precision level, the most restrictive field code ‘title’ was chosen for the 
analysis whenever the search system supported the field code.

The median as a robust aggregate estimate based on many QHCs

A robust model based on the median was chosen to ensure the accuracy of subject estima-
tion. Robustness was achieved by basing the estimation on a large set of keywords that 
produced a large number of independent estimates. The reasoning was, if a system had, for 
example, high coverage in Medicine, it would not only cover a significant share of records 
for ‘pain’ but also for other medical keywords. However, a system only having high cover-
age of ‘pain’ but not of other keywords from Medicine could be because of at least one of 
the following reasons: First, the QHC is an artifact as the keyword is used in a notably dif-
ferent way on this database than in the Scopus dataset (e.g., ‘pain’ is interpreted as a name 
rather than a medical symptom). Second, if the keyword was processed differently to the 
reference dataset (e.g., a query that is assumed to be interpreted as verbatim was in fact 
expanded). Third, the QHC is a correct estimate, yet the database does not cover (much) 
more from the subject. In all these cases, the median ensures that the overall subject cover-
age is not inflated by extreme or outlier values but reflects the estimate for the coverage of 
an entire subject, as determined by ASJC. Accordingly, the median was used to calculate 
the ‘aggregate estimate’ at different precision levels.

Median of medians, a robust, parsimonious model for all databases

Analyzing the WOS control dataset shows that the most optimal precision threshold for 
the aggregated estimates differs across different field codes. Similar differences were found 
when using verbatim vs. stemmed queries. Based on these differences in optimal preci-
sion thresholds, I reasoned that no single precision level was optimal for the most accu-
rate estimates. Accordingly, the optimal precision threshold most likely also varies between 
databases.

I decided that generating a robust model would be more likely if, instead of focusing 
on a single precision threshold level, I sought to balance accuracy (reasonably precise esti-
mates) and robustness (many estimates) by using a range of precision thresholds. The WOS 
control dataset showed the broadest array of acceptable precision thresholds was 17–30%. 
Precision levels above 30% increasingly included ever more missing values while levels 
below 17% included more artifacts. Calculating the aggregation of the estimates within 
this range again relies on the median of precision levels. This method again reduces the 
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effect of outliers from the array of values between 17 and 30% precision. This method 
is termed the ‘median of medians’ in mathematics and is applied in deterministic sorting 
and in selecting algorithms (Sen & Kumar, 2019). Using a median across precision levels 
ensured the reduction of outliers when specific precision thresholds produced significantly 
different results or artifacts. The model produced aggregate estimates of all 26 subject cat-
egories following these steps.

Methods that did not improve overall accuracy

In determining the parsimonious model chosen in this study, I also assessed alternative meth-
ods to that described above. Those were either disregarded due to the high likelihood of over-
fitting or lower levels of accuracy. It was important to use the median within a specific thresh-
old range (17–30%), as the median over all estimations or all estimations above a threshold 
produced weaker results. In contrast, all mean-based calculations were neglected because 
subject-specific databases in particular produce more outliers. What also led to inferior 
results was precision weighting and precision weighting normalized by relative subject-preci-
sion levels. While the precision levels were important for the optimal model, recall was found 
to be an inaccurate model calibrator. As these models did not yield significant improvements 
that would be robust across all databases, I chose the most parsimonious and conservative 
model to limit the issue of overfitting the model to the WOS CC control dataset.

Step 3: normalization of aggregate estimates (sum is equal to the number 
of records)

To improve accuracy, it was necessary to normalize the values of the aggregate estimates of 
the absolute number of subject-specific records on a database derived from step 2. Normali-
zation accounts for this systematic issue of under- or overestimations of absolute subject 
coverage. Deviations might occur due to systematic differences in the scope of field codes; 
for example, when the reference database uses the ‘abstract’ field code and the database 
under investigation uses both the ‘title’ and ‘abstract’ field codes (in case of Dimensions). 
Then, because of a systematically wider scope of the QHCs, the aggregate estimates are 
likely to overestimate absolute subject coverage. While the relative shares of subjects likely 
stayed the same, normalization ensured that the estimates were properly scale-adjusted.

Normalization was undertaken via the information on absolute database size, deter-
mined by the number of scholarly records available on a database. The ADS information 
was collected from several sources: If the ADS information was published on an ongoing 
basis by the database provider and was up to date, the normalization relied on that informa-
tion. However, many databases do not publish that information or only provide outdated 
ADS data. In that case, I had to rely on the proven method of QHC data (Gusenbauer, 
2019), where a query retrieves the entire dataset available on a database. Initially, the use of 
‘absurd queries’ to determine database sizes was pioneered by Orduña-Malea et al. (2014), 
a method having “the advantage of not being affected by estimates taken from biased data-
bases” (Orduña-Malea et al., 2015, p. 945). If the QHC method was not working, I relied 
on the latest, albeit outdated, information on database size from the database provider as 
the next best estimate. After normalization, possible systematic under- or overestimations 
were accounted for, and the resulting absolute and relative subject coverage reflected the 
best estimates of the BOK method. To illustrate the rationale of these steps, an example 
estimation based on the chosen BOK model is shown in Table 3.
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Results: estimates of absolute and relative subject coverage

The estimates of subject coverage were determined to answer a central question: “where 
am I likely to find the most relevant records for my specific search goal?” Two search goals 
can be distinguished: the exhaustive strategy (high recall) and the context-focused strategy 
(high precision). I will present the results ranked so as to inform those strategies to allow 
optimal database selection. First, results are ranked by absolute coverage of each subject 
(recall). Second, they are ranked by relative coverage of each subject (precision). Addition-
ally, the results sorted by ADS are available in the “Appendix”. Due to the great wealth of 
data, the results section only describes some noteworthy general findings. For many read-
ers the most helpful tables will be those describing the greatest absolute and relative cov-
erage of databases in their specific subject. How those results might be applied will be 
described in the discussion section.

Database estimates ranked by absolute coverage of each subject (level of recall)

Researchers wishing to search among the greatest number of relevant records need to 
choose a database with the highest absolute coverage of their chosen subject(s). Table 4 
also depicts the absolute size differences of the individual subjects, while Fig. 1 illustrates 
the magnitude of size differences of individual databases and the subjects they cover.

Most comprehensive coverage and runners‑up

In 19 of the 26 subjects, Google Scholar has the greatest coverage. It is estimated to be the 
dominant player and to have an unrivaled ability to amass a unique quantity of scholarly 
records through a combination of publisher cooperation and crawlers. Microsoft Academic 
covers most in Energy, Dentistry, and the Health Professions. BASE has the most cover-
age in Decision Sciences and Neuroscience; Core in Physics and Astronomy, and Seman-
tic Scholar in Veterinary. The remaining subjects are all covered to the largest extent by 
Google Scholar.

For some subjects, the largest database covers substantially more than the second-larg-
est. This difference is greater than 30% in Environmental Science (53%), Social Sciences 
(45%) and Earth and Planetary Sciences (42%), Arts and Humanities (39%), Agricultural 
and Biological Sciences (37%), Materials Science (32%), Psychology (31%), and Medi-
cine (30%). In all these subjects, Google Scholar provides substantially more coverage than 
alternatives, which underlines the great significance of the search engine. These findings 
are in line with previous research examining the overlap between six large search systems 
(Martín-Martín et al., 2021). Among the databases analyzed, Google Scholar was found to 
have the greatest coverage and the largest share of unique records in all of the eight subject 
areas used by the authors. Compared to this study, BOK estimates identified two inter-
esting findings: First, while Martín-Martín et  al. (2021) show Google Scholar has supe-
rior coverage in all of the eight categories analyzed, BOK shows it does not have superior 
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coverage in all of them (analyzing a larger sample of databases). Second, their analysis of 
Google Scholar’s share of unique records can largely also be seen in the data of the BOK 
estimates. Martín-Martín et  al. (2021) found that Google Scholar covers many records 
that are not found among the other five databases; particularly in ‘Humanities, Literature 
& Arts’ (53%), ‘Business, Economics & Management’ (47%), ‘Social Sciences’ (45%). 
In this study, both Social Sciences (45%) and Arts and Humanities (39%) are among the 
subjects where Google Scholar surpasses all other databases by far. In the third subject, 
Business, Economics & Management that Martín-Martín et al. (2021) identified as rather 
uniquely covered by Google Scholar, BOK estimates show a smaller difference. This is 
mainly because of BASE’s substantial coverage of Economics, a database not analyzed by 
Martín-Martín et al. (2021).

Subject sizes

The data show that Medicine, with 93 million records, is by far the largest discipline, 
according to Google Scholar estimates. Second and third are Social Science and Engineer-
ing with 54 million and 30 million records each. The smallest subjects are Veterinary (1.3 
million), Decision Sciences (1.3 million), and Dentistry (1.9 million).

Databases and their promises

The BOK data also show that across subjects, large, multidisciplinary databases always 
cover more than the specialized databases in the sample. The closest a specialized database 
came to covering most records was ABI/Inform Global in Economics, Econometrics, and 
Finance. It covers 5.9 million records from this subject, while Google Scholar only covers 
1.8 million more. This relatively small difference is because ABI/Inform Global contains 
many trade publications and newspaper articles in addition to journal articles and other 
scholarly content. These records are mostly not covered by Google Scholar.

The comparable low absolute coverage is noteworthy also because of the many database 
providers that claim ‘most comprehensive’ coverage in their fields; claims that have not 
been verified until now. Within the dataset, BIOSIS Citation Index, SocINDEX, SPORT-
Discus, and ACM Guide to Computing Literature claim superior comprehensive coverage. 
BOK estimates indicate that these claims are clearly not substantiated. The results show 
that while those databases are important, and perhaps essential in their fields, superior 
coverage is provided by the large, multidisciplinary databases. What these databases do 
particularly well is, however, high relative subject coverage, that is high specialization in 
individual subjects. These results are presented next.
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Table 4   Absolute coverage ranked for each subject (based on single-attribution; abbreviations see last page 
of Table 2)
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Table 4   (continued)
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Table 4   (continued)
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Fig. 1   Absolute subject coverage of 56 databases, sorted from largest to smallest (based on single-attribu-
tion; abbreviations see last page of Table 2)
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Databases estimates ranked by relative coverage of each subject (level of precision)

Choosing the database with the highest absolute coverage is not always ideal. If it were, 
researchers would likely be searching with Google Scholar in most situations. For search 
goals targeting precise results, it makes sense to search through databases with high rela-
tive subject coverage (see ranking in Table 5 and an overview in Fig. 2). Other considera-
tions besides absolute and relative coverage, necessary to select the optimal database, are 
described in the discussion section.

Level of specialization

The variance of relative subject coverage was calculated to determine a database’s level of 
specialization. Low variance indicates subjects are evenly distributed and that the database 
is multidisciplinary. High variance indicates they are unevenly distributed and the database 
is specialized. The first four columns of Table 5 show a ranking of the level of speciali-
zation of the databases in the sample and information on its openness. A comprehensive 
overview of relative subject coverage across all 56 databases is illustrated in Fig. 2. The 
least specialized database, with the most even coverage across subjects, is SpringerLink, 
followed by Semantic Scholar and Core. It is noteworthy that BOK estimates could sub-
stantiate the claim by Springer Nature (2022) of SpringerLink being “… the world’s broad-
est multidisciplinary collection of online resources covering life, health, physical, and 
social sciences and the humanities.” Among the 56 databases analyzed, SpringerLink is 
indeed the most multidisciplinary by a significant margin. The most specialized database, 
with the most diverse coverage across subjects, is Epistemonikos, followed by arXiv and 
the Arts and Humanities Index. Assuming a (somewhat arbitrary) threshold value of 50%, 
a total of 25 databases can be considered multidisciplinary. The remaining 31 databases are 
considered specialized.

All large databases that cover around or more than 100 million records are multidis-
ciplinary. Nevertheless, not all multidisciplinary databases are large: SpringerLink, Pro-
Quest Dissertations & Theses Global, WorldCat-Thesis/dissertation, Wiley, ScienceDirect, 
DOAJ, the Conference Proceedings Citation Index-Science, Taylor and Francis, and the 
Emerging Sources Citation Index all cover less than 25 million records and are considered 
multidisciplinary.

The ‘new players’ versus the established (Google Scholar, WOS CC, Scopus)

Among the 56 selected databases are several recently relaunched new players: Microsoft 
Academic, Dimensions, scite, Lens, Semantic Scholar, or Meta. In terms of absolute sub-
ject coverage, only the databases underlying Semantic Scholar and Microsoft Academic 
can outperform Google Scholar, and then in only a few subjects. Overall, Google Scholar 
still is by far the most comprehensive resource across almost all subjects. With the dis-
continuation of Microsoft Academic in 2021, academic discovery has lost its runner-up in 
many subjects.
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How do the remaining new players compare in terms of relative coverage? Dimensions, 
scite, Lens, Semantic Scholar are multidisciplinary databases with large areas of similar 
subject focuses; however, for specific subjects, they differ. For example, Semantic Scholar 
focuses more on Engineering, while Dimensions focuses more on Medicine and less on 
Social Sciences. WOS CC, as the go-to solution for many researchers, has a different sub-
ject focus than the new players. WOS CC features the Arts and Humanities Index and the 
Social Science Citation Index leading to a relatively greater focus on these subjects. The 
difference is considerable. While ‘the new players’ have a 4–6% focus on Arts and Human-
ities, WOS CC has 14%. Similarly, WOS CC covers 16% Social Science, while the new 
players cover 8–13%. For Engineering, the reverse is true: WOS CC covers 5% while the 
new players cover 8–11%. However, it is important to note that the WOS CC can contain 
up to seven different indices (which are subdivided into multiple versions). The number of 
indices the WOS CC contains and those indices’ retrospective coverage will differ among 
subscriptions between institutions. An advantage of WOS CC is that it allows the de-selec-
tion of single indices to permit researchers to customize their search scope. In addition to 
analyzing the WOS CC as a set of indices, this study also analyzed six3 of the indices WOS 
CC can cover individually. That information can help researchers know which indices to 
include or exclude when searching using the WOS CC.

Interestingly, Scopus has a considerably lower coverage of Social Sciences and greater 
coverage of Engineering than all the other databases compared in this section. Scopus’ 
greater focus on the Physical Sciences, in general, is also visible in its greater coverage 
of most of the subjects summarized by this subject area (see Table 1). These differences 
in subject coverage between databases underline the importance of investigating absolute 
and relative subject coverage of both the new and established players when designing an 
optimal search strategy. WOS CC and Scopus are not as similar as they seem in all sub-
jects. This is a new finding, as previous studies have found that Scopus and WOS CC over-
lap considerably (Martín-Martín et al., 2018b, 2021). The divergence in findings might be 
accounted for by the different methodologies used or differences in the underlying WOS 
CC versions. I will discuss this in more detail in the discussion section.

The new player not yet discussed is Meta, a database that is in a different game, as 
it specializes with a deliberate focus on Health Sciences. Compared to the established 
databases of PubMed, Europe PMC, Medline, CINAHL Plus, or Embase it would have 
provided a viable alternative but is set to be discontinued in early 2022. While Meta is 
largely similar in relative subject coverage, it is noteworthy that Meta seems to cover a 
larger share of Nursing records. Comparing these databases reveals how CINAHL Plus has 
a significantly greater focus on Medicine, Nursing, and Health Professions than the other 
databases; a finding that might not be obvious from textual descriptions. Conversely, with 
only 2% CINAHL Plus has a much smaller focus on Biochemistry, Genetics and Molecular 
Biology, while the others have 12–17%.

It is important to remember, the new players are not only interesting in terms of their 
subject coverage but also because of their unique approaches to knowledge discovery. This 

3  Science Citation Index Expanded (SCI-EXPANDED).
  Social Sciences Citation Index (SSCI).
  Arts & Humanities Citation Index (A&HCI).
  Conference Proceedings Citation Index- Science (CPCI-S).
  Emerging Sources Citation Index (ESCI).
  BIOSIS Citation Index.
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emphasis can manifest in terms of advanced filtering, data handling, innovative citation 
information, or ranking metrics.

Subject focus of specialization

It is noteworthy that the relative coverage of subjects in the dataset is very diverse. There 
are few subjects with high relative coverage, while there are many with low relative cover-
age. The great focus of scholars on Medicine is visible in the great relative coverage of the 
subject among most of the 56 databases as 29 databases cover at least 25% and ten cover 
more than 50% in Medicine. Epistemonikos contains most Medicine topics with 82.7% 
coverage. After Medicine, the second most covered subject is Social Sciences, a fact also 
noticeable in the high absolute coverage of the subject.

For nine of the 26 subjects, no database covers more than 10% of the subject. This lack 
of subject focus is due to two reasons: first, some databases specializing in these subjects 
were not included in the analysis, and second, there is some subject overlap where ASJC 
assumes most coverage is attributable to other subjects. In the cases of the Nursing & 
Allied Health Database and the Public Health Database: both are described as focusing 
on Nursing, yet their greatest relative coverage is Medicine, presumably because Nurs-
ing, Medicine, and other health-related subjects overlap, which causes BOK to determine 
that their focus lies on Medicine rather than Nursing. However, this discrepancy does not 
impede selecting the most specialized Nursing databases, as the BOK weighting is the 
same across all databases in the comparison. The comparison shows that the best database 
for Nursing is CINAHL Plus with 16% coverage, followed by the Nursing & Allied Health 
Database and the Public Health Database.

Open access?

For researchers without institutional access, searching specialized databases is not as 
easy as searching multidisciplinary ones. Of the 56 databases analyzed, 30 are openly 
searchable. Of these 30, 60% are multidisciplinary, showing that most specialized data-
bases in the sample are behind paywalls maintained by aggregators (Web of Science, 
Ovid, ProQuest, EBSCOhost). Nevertheless, searchers selecting one of the openly 
accessible systems will however not find that open discovery—the search and access 
of scholarly content via freely available resources—is possible. The data show that the 
open-access rates of the records available on openly accessible databases differ sub-
stantially (see Tables  2 and 5). Particularly journal platforms of the large publishers 
still have open access rates in single-digit percentages, which means that although their 
content is searchable, almost all of it is behind a paywall. Accordingly, open discovery 
is still very limited, both when searchers want to access multidisciplinary or specialized 
databases.
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Table 5   Relative coverage ranked for each subject (based on single-attribution; abbreviations see last page 
of Table 2)
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Table 5   (continued)
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Table 5   (continued)
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Fig. 2   Relative subject coverage of 56 databases, ranked from least to most specialized (based on single-
attribution; abbreviations see last page of Table 2)
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Validation of results

It is important to scrutinize the results of any research claiming to guide search decisions. 
I conducted several tests to determine the validity of the BOK estimation method (internal 
validity) and the accuracy of the results (external validity).

Internal validity: are estimates comparable between each other?

As the method of determining subject coverage estimates is the same, or very similar, 
across systems, the comparability across systems generally can be rated high. A mecha-
nism that generally assures high internal validity of the BOK method is if a system has 
biases in determining the QHC (e.g., stemmed queries or automatic keyword expansion), 
it is likely to have the same biases across all subjects. Accordingly, while the median sorts 
out single outliers, any systematic biases the system has over most or all estimates are 
likely to be netted out because the method calculates relative shares of a subject category 
across the total. As the ADS is known for all databases, the relative shares can be used to 
determine the best estimate of the absolute coverages of subjects. To assess internal valid-
ity, I compared the estimates across systems and variations of the BOK method.

Same databases, estimated via different systems

Comparing the same databases across different systems (e.g., Medline via PubMed, Ovid4, 
Web of Science, and EBSCOhost) shows that the method produces very similar results 
across systems. The Pearson correlation coefficient of the subject coverage for PubMed 
versus Medline (via WOS) and PubMed versus Embase (via Ovid) is 0.998 and 1.000, 
respectively. Among the Medline databases (including PubMed) absolute coverage rates are 
broadly similar, and the small differences are mostly attributable to the different updating 
speeds of database providers (i.e., EBSCOhost, WOS, Ovid). The absolute sizes of the data-
bases vary between PubMed’s and Medline’s 46 million and Embase’s 50 million records 
(multi-attribution estimates), while the relative coverage rates are similar. This shows 
BOK’s ability to estimate consistent results: the system detects similar databases accurately.

Relative interquartile range (RIQR) as an indicator of the consistency of estimates

The relative interquartile range (RIQR) of estimates was the indicator used to show how 
uniformly single QHC values estimated the coverage of a specific subject. RIQR is used 
to indicate the robustness of the median against outliers. It is a value that indicates the 
level of homogeneity of the underlying estimates. (Johnson & Bhattacharyya, 2010). RIQR 
is calculated by dividing the IQR by the median to obtain a relative value comparable at 
different rates of absolute coverage. The data show that RIQRs are particularly high for 
subjects with low levels of coverage. This effect may be explained by a small median value 
making RIQRs appear artificially high at low coverage subjects. In addition, in the case of 

4  To simplify, the ‘Medline’ name was adopted from Ovid, Web of Science, and EBSCOhost describing 
their coverage of what is most likely all of PubMed (they have the same ADS). It is important to note that 
PubMed includes Medline, yet also other databases. A detailed description of PubMed’s coverage can be 
found here: https://​www.​nlm.​nih.​gov/​bsd/​diffe​rence.​html

https://www.nlm.nih.gov/bsd/difference.html
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low-coverage subjects, some keywords produce zero or very low QHC rates, while other 
keywords attributable to the same subject might produce significant QHC rates owing to 
the presence of artifacts. If there is almost no coverage of a subject, then word variations, 
glitches, ambiguities come into play far more than with higher-coverage subjects. Because 
of these discrepancies between QHCs, the RIQR can be high.

To detect high RIQRs beyond low-coverage subjects, I also calculated RIQRs for all 
subjects with at least 2.5% coverage (RIQR2.5). Among all 56 databases in the analysis, 19 
had a mean RIQR2.5 of above one, meaning that the interquartile range (Q3–Q1) was more 
than its median, even for subjects with higher than 2.5% coverage (for data, see “Appen-
dix”). With values clearly above 2, the highest RIQR2.5 rates were prevalent in the Arts 
and Humanities Index (4.0), ERIC (3.2 and 2.75), SPORTDiscus (2.34). All of those data-
bases have a narrower focus than the categories of ASJC (ERIC or SPORTDiscus) or cover 
subjects that are inherently very diverse, like Arts and Humanities (Arts and Humanities 
Index). In all of these cases, high RIQR2.5 rates are plausible and show the limitations of 
the method when the subject focus of systems is too narrow. Then the selected keywords 
are less representative of the overall subject. The data show that RIQR is a useful tool to 
assess the validity of the estimates at the database level. As the results of the coverage of 
the databases were plausible, they were not excluded from the results.

Different field codes

Not all systems allow searching their databases with the preferred ‘title’ field code. There-
fore, it was necessary to additionally use the ‘abstract’ and ‘all fields’ field codes for data 
collection with some databases. For the WOS control dataset, estimations for all three 
field codes were extracted. The data showed that ‘title’ estimates were the most accurate. 
The accuracy (mean deviation) of the estimates was 19.6% for ‘title’ searches, 21.2% for 
‘abstract’ searches, and 22.3% for ‘all fields’ searches. The estimates for the 26 subjects 
correlated between ‘title’ and ‘abstract’ at 0.980 and between ‘title’ and ‘all fields’ at 
0.985. Accordingly, while the ‘title’ field code is preferable, other field codes work reason-
ably accurately to estimate subject coverage.

Verbatim versus expanded queries

The goal of the BOK method is to ensure comparability across systems, and accordingly, 
the process was designed to keep as many aspects as constant as possible. The ideal estima-
tion method would use verbatim queries based on exact matching. Estimations based on 
stemmed matches were validated because not all systems supported exact match estima-
tions. Stemmed queries were tested using QHCs and QSCs based on stemmed data for 
both WOS and Scopus. The results show a Pearson correlation between the verbatim and 
stemmed estimates of 0.999. While this seems reasonable, the accuracy of the estimate 
decreased from 0.196 to 0.224 and the RIQR increased only slightly from 0.31 to 0.36. The 
effect showed that while QHCs are relatively consistent (low RIQR), estimates are likely to 
be less accurate than with more restricted queries.
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External validity: Are estimates accurate so that they actually reflect subject 
coverage?

The external validity of the BOK estimates was assessed by determining their accuracy in 
reflecting actual subject coverage of a database. As RIQRs showed differences between 
multidisciplinary and specialized databases, I have assessed external validity for these 
groups of databases separately: Multi-disciplinarity is assumed with a variance of relative 
subject coverage below 50%, specialization is assumed with variance above 50%. Further, 
the databases of ERIC and SPORTDiscus, which both have a very narrow subject focus, 
were analyzed separately.

Multidisciplinary databases

I used the WOS control dataset to determine the accuracy of multidisciplinary systems. 
WOS CC uses the WOS classification system consisting of 254 categories at its most gran-
ular level in 2021. WOS classification, like ASJC, is considered relatively robust as it uses 
a manually curated classification mechanism. These two classification systems are prob-
ably the best candidates for pairwise subject comparison.

When comparing both classification systems, I first matched and grouped the 254 WOS 
categories to the 26 ASJC categories. I then determined the subject coverage of WOS CC 
via QHC of the grouped WOS categories. This process ensured the QHC data indicated 
the number of records in WOS CC in terms of ASJC classification. The systemic differ-
ences in the extent of multi-attribution between both systems (Wang & Waltman, 2016) 
meant I had to make the QHC results of both classification systems comparable. Accord-
ingly, I deflated the multi-attribution of both datasets, so that both sums of subject attri-
butions matched the number of records on a database. As a result, I could compare WOS 
subject data retrieved via exact subject queries translated into ASJC classification with the 
BOK estimate based on QHCs.

I followed the same logic to create different control datasets to determine the accuracy 
of variations of the QHC method. I tested different field codes, verbatim/stemmed versions 
of keywords, precision levels, and variations in the estimation method (see Step 2 and Step 
3). That process helped me understand the workings of the BOK and QHC method in gen-
eral. Overall, it was important not to fit the model to the database but to allow the most 
accurate estimates across databases. Accordingly, the simplest method that is likely to be 
reliable across databases was chosen as the standard for all databases. The method used 
in this study (i.e., most restrictive field code and restrictive, verbatim queries) produced a 
mean accuracy of the WOS estimate of ± 19.6% with a maximum deviation of 46.6% (see 
the comparison in Table 6).

While this direct comparison between WOS and ASJC classification was very help-
ful in determining variations of the BOK method, the absolute accuracy data should be 
treated with caution. Perfect matching of both classification standards is unlikely to be 
possible at the aggregate level due to both systems extracting different boundaries in 
assigning categories to records. For example, ASJC would classify records from the 
WOS subject ‘OPERATIONS RESEARCH & MANAGEMENT SCIENCE’ partially to 
Decision Sciences and partially to Business, Management and Accounting. Such inac-
curacies cannot be accounted for when matching categories. The alignment of both 
multi-attribution standards is another source of potential inaccuracy. Given these limita-
tions, the comparative results using the control dataset cannot be interpreted as being 
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precise. Nevertheless, the process can illuminate how various calibrations of the BOK 
model affect the accuracies of precision levels. The WOS comparison dataset proved 
helpful in assessing the quality of BOK and QHC method and the performance of 
method variation choices. The estimated mean accuracy of ± 19.6% gives an impression 
of the level of accuracy that can be expected. Consequently, the external validity of the 
BOK method can be rated high for multidisciplinary databases.

Specialized databases

Specialized databases have high coverage rates of a few subjects and low coverage of most 
other subjects. That characteristic is reflected in a high variance in relative subject cover-
age. To verify external validity, I looked at the plausibility of BOK estimates for the six 
most specialized databases in the dataset: Epistemonikos with the greatest variance in rela-
tive coverage (241.4%), arXiv with the second greatest (222.8%), Arts & Humanities Cita-
tion Index with the third greatest (208.0%), IEEE Xplore with the fourth greatest (187.9%), 
CINAHL Plus with the fifth greatest (170.7%) and ACM Guide to Computing Literature 
with the sixth greatest variance (160.83%). For these specialized databases, I verified the 
external validity of results by referring to textual descriptions of the dataset (see Table 2).

Epistemonikos’ (2021a) self-description states: “Epistemonikos is a collaborative, mul-
tilingual database of health evidence. It is the largest source of systematic reviews rele-
vant for health-decision making, and a large source of other types of scientific evidence.” 
According to the BOK estimates, it is the most specialized database and with 83% covers 
by far the greatest share of records in Medicine. The runner-up is also highly specialized, 
CINAHL with 68%. In addition to Medicine, the Epistemonikos content is some 5% Nurs-
ing, 3% Dentistry, 2% Psychology 2% Health Professions, and 1% Pharmacology, Toxicol-
ogy and Pharmaceutics. The remaining 20 subjects cover well below 1% and some even 
have zero coverage, according to BOK. Epistemonikos (2021b) states it excludes records 
from coverage if they “do not address a health problem (we do not use an explicit defini-
tion of health, but encourage our collaborators to understand health in a broad sense), [or 
if they] …do not evaluate individuals or groups of individuals (except for some topics that 
can inform health decision-making, for instance bacterial resistance to antibiotics, levels of 
environmental chemicals in food).” Accordingly, Epistemonikos can be seen as a rigorously 
curated, highly-specialized dataset on health decision-making. This great level of specializa-
tion is well reflected by the BOK estimates, which can be rated highly plausible.

arXiv’s description indicates it covers the following subjects: Physics, Mathematics, 
Computer Science, Quantitative Biology, Quantitative Finance, Statistics, Electrical Engi-
neering And Systems Science, And Economics. This textual statement tells the researcher 

Table 6   External validity of Subject Coverage Of Agricultural And Biological Sciences At WOS CC (via 
QHCs based on title queries; selected WOS CC indexes see Table 2)

Step 3: Normalization of estimate via the absolute 
size of WOS CC based on single-attribution

3,137,832 (sum of all subjects: 
79,713,501)

External validation Estimated WOS CC coverage based single-
attribution

3,049,334 (sum of all subjects: 
79,713,501)

Relative accuracy of the aggregated estimate (the 
mean deviation for WOS CC over all subjects is 
19.6% or a total of 15,176,745 records, with a 
range of − 46.6% to + 45.5%)

deviation of aggregated esti-
mate: + 2.9%
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little about the specific weighting of these subjects. According to the BOK method, arXiv 
covers 79% Physics and Astronomy, 12% Mathematics, 4% Computer Science, 3% Engi-
neering, and 0.3% Economics, Econometrics and Finance—a substantially clearer picture 
on subject coverage than provided by the textual description.

Clarivate Analytics’s (2021) description of the Arts & Humanities Citation Index states: 
“Arts & Humanities Citation Index contains over 1800 journals across 28 arts & humani-
ties disciplines.…Our expert in-house editors use a single set of 28 criteria throughout the 
journal selection and curation process.” BOK rated the database as highly specialized and 
estimated its subject coverage at 74% Arts and Humanities and 24% Social Sciences. All 
other categories are estimated well below 1%, 17 subjects cover 0% or close to 0%.

IEEE (2021) states it “provides web access to…publications in electrical engineering, 
computer science, and electronics.” The IEEE Xplore categories ‘electrical engineering’ and 
‘electronics’ can probably be associated with the ASJC category ‘Electrical and Electronic 
Engineering’ which is a sub-category of ‘Engineering’. BOK estimates IEEE Xplore’s sub-
ject coverage at 70% Engineering, 22% Computer Science, 1% Mathematics, 1% Medicine, 
and 1% Materials Sciences. The remaining subjects are covered to an even lesser extent, 
reflecting the high degree of specialization of the database. With BOK, the written state-
ment is quantified and informs that Engineering is more than three times more prevalent than 
Computer Science.

EBSCOhost (2021b) describes that CINAHL Plus “indexes top nursing and allied 
health literature.” The BOK method indicates it covers 68% Medicine, 16% Nursing, 4% 
Health Professions, 3% Psychology, 2% Social Sciences, 2% Biochemistry, Genetics and 
Molecular Biology, 1% Dentistry. Among all databases in the dataset, it is the top Medicine 
and Nursing database (except for Epistemonikos that focuses on evidence syntheses) with 
the highest relative coverage in both subjects. After SPORTDiscus which is focused on 
sports health, CINAHL Plus is the second most specialized database in Health Professions.

The Association for Computing Machinery (2022) describes the Guide to Computing 
Literature as “the most comprehensive bibliographic database in existence today focused 
exclusively on the field of computing.” If comprehensiveness means relative coverage, then 
BOK confirms this statement as it is the most specialized database in Computer Science in 
the dataset (second is dblp). It covers 67% Computer Science, 9% Engineering, 9% Math-
ematics, 4% Decision Science and 2% Social Sciences, 2% Business, Management and 
Accounting, and 2% Medicine.

The quantitative estimates of BOK were all plausible insofar as they reflected the tex-
tual descriptions of the six most specialized databases in the dataset. Accordingly, these 
validations show that the BOK method is capable of consistently quantifying subject cover-
age with reasonable margins of error. As a consequence, BOK can be rated as accurate in 
detecting coverage of highly and least prevalent subjects at specialized databases.

Any interpretation of these results must consider that using different subject classifica-
tion systems that set disciplinary borders differently will rate the subjects’ exact relative 
and absolute coverage differently (see section Comparison of Scopus and WOS CC). For 
example, the relative greater importance of Medicine over Nursing in CINAHL Plus stems 
from BOK detecting a higher prevalence of keywords with an association with Medicine 
according to Scopus’ ASJC, rather than with an association with nursing. As the BOK 
method is employed consistently across all databases in the dataset, the ASJC interpreta-
tion is constant too. In the case of CINAHL Plus, this means that even if Nursing was val-
ued at ‘just’ 16%, it still has by far the greatest relative coverage across all systems in the 
dataset. Accordingly, it does not mean that the BOK estimate is off by a margin, but that 
deviations also arise due to classification systems employing different logics in attributing 
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categories. BOK offers an alternative interpretation of subject coverage, as it also detects 
coverage that is not natively supported by the classification regime of a database.

Specialized databases with very narrow subject focus

Estimates were drawn for the ERIC database via its standalone system that does not sup-
port verbatim queries and EBSCOhost that does. The estimates for both databases were 
highly correlated (0.997). For both systems, BOK method estimated ERIC’s coverage to 
57/52% for Social Sciences, 13/17% for Psychology, 9/12% for Arts and Humanities, 8/7% 
for Medicine. Education Resources Information Center (2021) notes it “being is a com-
prehensive, easy-to-use, searchable, Internet-based bibliographic and full-text database of 
education research and information.” As there is no further textual information on its cov-
erage, its journal list was reviewed. The 17 topics5 it covers are mostly attributable to the 
subject of Social Sciences and some, particularly ‘Counseling and Student Services’ to the 
field of Psychology, confirming the BOK estimation.

A similar analysis was performed for SPORTDiscus, which notes: “it is the most com-
prehensive, bibliographic database covering sport, physical fitness, exercise, sports medi-
cine, physical education, kinesiology, training, disabled persons, drugs, health, health 
education, biomechanics, movement science, injury prevention rehabilitation, physical 
therapy, rehabilitation, nutrition, exercise physiology, sport & exercise psychology, occu-
pational health & therapy, public health and more.” BOK estimated its relative coverage at 
38% Health Professions, 26% Medicine, 13% Social Science, 6% Psychology, 3% Business, 
Management and Accounting, 3% Arts and Humanities, and 3% Nursing. It is interesting 
to see that even with both ERIC’s and SPORTDiscus’ narrow subject coverage, the BOK 
estimates seem plausible. This result is promising as it indicates the BOK method is robust, 
even for selected databases with a subject focus narrower than the ASJC classification.

Discussion

This study presents a novel method to estimate the subject coverage of scholarly databases. 
The BOK method made it possible to rank 56 databases based on their relative and abso-
lute coverage and to determine their level of specialization. These findings are particularly 
helpful as they both quantify a textual description of coverage but also facilitate compari-
sons of subject coverage. BOK estimates have been shown to detect subjects that are not 
described in coverage descriptions. For example, seekers of Psychology literature might 
be surprised to learn about the more than 13% Psychology coverage in ERIC, a database 
focused on education that does not expressly mention its Psychology coverage, albeit list-
ing psychology-oriented journals in its content.

Comparability of the individual database estimates (i.e., internal validity) is rated as 
high due to the BOK method being consistently and rigorously applied across databases. 

5  Adult, Career, and Vocational Education, Assessment and Evaluation, Community Colleges, Counseling 
and Student Services, Disabilities and Gifted Education, Educational Management, Elementary and Early 
Childhood Education, Higher Education, Information and Technology, Languages and Linguistics, Read-
ing, English, and Communication, Rural Education and Small Schools, Science, Mathematics, and Envi-
ronmental Education, Social Studies and Social Science Education, Teaching and Teacher Education, Urban 
Education, General.
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This study aimed to determine subject coverage across databases with sufficient precision 
to inform database selection. For a researcher, it is largely irrelevant whether a system has 
77% or 82% coverage in a specific subject; what is relevant is reliable coverage estimates 
compared to other databases. BOK does that particularly well.

Assessments of the external validity showed the levels of inaccuracies that should be 
accounted for when interpreting the estimates for multidisciplinary systems. For WOS, this 
deviation was calculated at an average of 19.6% across all 26 subject categories, a value 
relatively small compared to the little or imprecise information in existence on subject cov-
erage of most databases. For specialized systems, external validity was assessed narratively 
by comparing BOK estimates with textual coverage statements; overall, all six highly-spe-
cialized databases and two narrowly specialized ones were estimated plausibly. Overall, 
while it is important to note that BOK provides estimates that will reflect actual coverage 
with a margin of deviation, the estimates can be considered robust and to offer plausible 
guidance for selecting databases.

Search advice for each major academic search type

I discuss how researchers can utilize the estimated absolute and relative subject coverage of 
databases. Optimal database selection will depend on the goal of the researchers. Broadly 
speaking, academic researchers frequently have three different search goals: lookup, 
exploratory, or systematic (Gusenbauer & Haddaway, 2021).

Lookup searching

Lookup searches, where researchers know exactly what they are seeking, will require data-
bases with high total absolute coverage (Table 2) or high absolute coverage in a specific 
discipline (Table 4), as the likelihood of a database covering the desired records is com-
paratively higher.

Exploratory searching

Exploratory searches benefit from high rates of absolute coverage of one or multiple poten-
tially relevant subjects (Table 4), as serendipitous findings might occur in databases with 
a broader scope. However, if the goal is solely to explore a discipline or sub-discipline, 
then a database with high relative coverage (Table 5) might be the best choice. The fact 
that Google Scholar, as the largest database available, is used by most academics (Nicholas 
et al., 2017) engaged in lookup and exploratory searching indicates that users prefer com-
prehensiveness (Table 4) for these search types. In exploratory searching, the search moves 
are essential, consequently, search functionalities, such as citation searching or filtering, 
will play a greater role than they would in lookup searching.

Systematic searching

In systematic searches, where the goal is to identify all records on a subject, the optimal 
choice between high absolute and high relative coverage is not straightforward. As keyword 
queries can identify many irrelevant results when the subject focus is too wide, research-
ers need somehow to account for the problem. Researchers must either search specialized 
databases with high relative coverage (Table 5) or search multidisciplinary databases with 
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high absolute coverage (Table 4) and limit the subject focus via subject-specific keywords 
or, when available, via subject filters or a controlled vocabulary. In all cases, users should 
search multiple databases when searching systematically (Konno & Pullin, 2020), includ-
ing databases with specialized content (Table 5) (Bramer et al., 2017). Backward and for-
ward citation searching of multidisciplinary databases with high rates of absolute cover-
age (Table 4) and a citation index helps to identify relevant records from a wide field of 
interest. Additional options are gray literature searching or hand-searching. The former can 
be particularly successful with larger databases that cover scholarly records of all kinds 
(Table 2).

The results of this study should also encourage researchers to use databases that are 
identified as relevant but not familiar. Using a variety of relevant databases will increase 
the number of identified relevant search results which is particularly beneficial in system-
atic searches (Konno & Pullin, 2020).

After we have considered the subject coverage of databases, it is important to remember 
that there are other questions researchers seeking optimal database selection should con-
sider too. Here is a selection of those questions:

•	 Does the top-ranked database cover the record type(s) I seek? For example, most data-
bases cover journal articles, but not all. For an overview of record type coverage, see 
Table 2.

•	 Is the retrospective coverage of the database adequate? For example, if you want to 
know about the origins of computer science, it is not advisable to choose arXiv, a data-
base whose retrospective coverage starts in 1991. For information on retrospective cov-
erage, see Table 2.

•	 Does my institution subscribe to the database that covers most records in my disci-
pline? What is the share of open access records on the database? Paywalls considerably 
limit access to databases that provide specialized records in particular. However, just 
because a database is openly searchable does not mean its records are openly accessi-
ble. For an overview of paywalled versus open databases and their relative open access 
coverage, see Table 2.

•	 In the case of narrow search goals: does the top-ranked database also cover the most 
records for the specific concept I seek? For specific search goals, just a small number of 
records from an entire subject might be relevant. Some databases will cover this sub-
topic more comprehensively than others. Researchers can assess the situation by con-
ducting queries of their narrow concept(s) in several databases among those suggested 
by BOK estimates to contain the most records in the discipline (see Tables 4 or 5). To 
compare coverage results, the researcher must consistently apply queries with the same 
keywords and field codes across databases.

•	 Does searching a combination of databases yield better outcomes than searching a single 
one? Results show which databases are most comprehensive in single subjects. Depend-
ing on search goals (lookup/exploratory/systematic searching), it will make more sense 
to search a single database, multiple multidisciplinary ones, or multiple specialized 
ones. Aggregator systems (e.g., Web of Science, ProQuest, EBSCOhost) in particular 
permit searching multiple specialized databases at once to balance recall and precision.

•	 Does the search system support the search heuristics I want to perform? For example, 
not all search systems allow database access via Boolean queries, citation searching, 
filtering, or controlled vocabularies. It is important that users assess search functionali-
ties relevant to their search goals of databases with good coverage also provide search 
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functionalities relevant to their search goals. An in-depth analysis of approximately half 
of the systems analyzed in this study can be found in Gusenbauer & Haddaway, 2020.

Comparison of the coverage of Scopus and WOS CC

To illustrate how BOK estimates should be interpreted in light of existing assessments of 
subject coverage, I discuss the findings for both Scopus and WOS CC. A recent literature 
review comparing both systems has called them “The Titans of Bibliographic Information 
in Today’s Academic World” (Pranckutė, 2021). As institutions must pay substantial fees 
to access these paywalled systems, particular attention has recently been directed at their 
disciplinary coverage, among other important characteristics (e.g. Aksnes & Sivertsen, 
2019; Bakkalbasi et al., 2006; Chadegani et al., 2013; Harzing, 2019; Harzing & Alakan-
gas, 2016; Kousha & Thelwall, 2008; Martín-Martín et al., 2018a, 2018b, 2021; Meho & 
Yang, 2007; Mongeon & Paul-Hus, 2016; Moskaleva & Akoev, 2019; Singh et al., 2021; 
Vera-Baceta et al., 2019; Vieira & Gomes, 2009; Visser et al., 2021).

Harzing and Alakangas (2016, p. 788) noted that “Web of Science and Scopus provide 
fairly similar results,” based on a review of the literature up to 2015. Recently, Pranckutė 
(2021, p. 7) summarized previous findings to show “better Scopus coverage of all major 
disciplines when compared to WoS.” BOK estimates, assessing coverage in 2021, plau-
sibly update both these statements and offer a more nuanced view of their coverage. Both 
WOS CC and Scopus probably have unique merits because (1) their ADS are almost iden-
tical,6 yet (2) their coverage only overlaps to a certain extent. Previous studies found that 
both databases have significant proportions of unique records (Martín-Martín et al., 2018b, 
2021; Visser et al., 2021), a finding substantiated by the BOK results. While BOK does 
not look at individual records, it is capable of detecting overlap at an aggregate level. The 
BOK estimates are derived from using the same keywords and query settings across data-
bases. Accordingly, if indeed both databases overlapped to the greatest degree, the BOK 
estimates would show this by identifying similar keyword-based query results (QHCs) for 
both databases. Internal validity assessments show that BOK estimates work well in iden-
tifying whether systems access the same records. For example, Medline accessed by Ovid, 
WOS, and EBSCOhost were found to have very similar coverage (see Fig. 2). Accordingly, 
differences in BOK estimates between Scopus and WOS CC will be due to a significant 
share of unique records available in each database and the relative differences in discipli-
nary coverage of those records. Unlike sampling-based studies, BOK is, however, unable to 
determine the extent of the (non-)overlap.

How does BOK estimate Scopus versus WOS CC coverage?

In this study, the results of Scopus’ coverage are precise, as they are not derived from estimates, 
but rather from direct queries based on the ASJC subject classification of Scopus. The WOS 
CC data, and the data from all other databases in this study, is based on BOK estimates relying 

6  WOS CC coverage varies from institution to institution. However, the coverage of about 80 million 
records reported in this study likely falls only slightly short of its maximum full coverage. As of December 
2021, coverage assessments with the methods described in Gusenbauer (2019) show that the full version of 
WOS CC covers only slightly fewer records than Scopus.
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on word frequencies provided by Scopus. Figure 3 compares the absolute subject coverage data 
for Scopus and WOS CC, a selection of the data illustrated is in Table 4. The comparison shows 
that Scopus only covers 47% of the records in Arts and Humanities and only 61% of those in 
Social Sciences that WOS CC does. Conversely, BOK finds Scopus’ coverage is notably supe-
rior in Physics and Astronomy (137% of WOS CC), in Earth and Planetary Sciences (132% of 
WOS CC), in Computer Science (133% of WOS CC), and in Engineering (132% of WOS CC).

Assuming Google Scholar’s index is the most comprehensive collection of academic 
literature (Gusenbauer, 2019), WOS CC and Scopus only cover a small portion of that. 
BOK estimates confirm that both WOS CC and Scopus tend to cover more from the Life 
Sciences, Physical Sciences, and Health Sciences and less from the Social Sciences and 
Humanities than Google Scholar does (Pranckutė, 2021; Singh et  al., 2021). Figure  4 
shows Scopus’ coverage compared to Google Scholar, with Social Science and Humanities 
subjects highlighted in red. It shows how Scopus covers relatively more from the Engineer-
ing, Computer Science, Energy, Chemical Engineering, Chemistry, Veterinary, and Neu-
roscience fields, whereas Social Sciences, Economics, Arts and Humanities, and Business 
and Management are covered to only a smaller degree. A notable exception is Decision 
Science, a subject that is covered almost as well as Computer Science or Mathematics—
subjects it is more closely related to than the subjects in Social Science and Humanities.
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How to compare BOK results against other studies’ results

Some BOK findings confirm previous findings and some contradict them. Previous exami-
nations are not homogeneous in their assessments of the coverage of Scopus and WOS 
CC (Pranckutė, 2021). The extent to which BOK estimates reflect actual subject coverage 
in databases (i.e., external validity) will also depend on what one considers ‘actual cover-
age’. Judging external validity also depends on the reference point, that is, the methodical 
decisions shaping a study. Those factors include the choice of subject classification system, 
sampling-based versus full analysis, retrospective coverage, journal- versus document-level 
analysis. It is also important to consider the variations in those decisions across studies. 
Four factors that will contribute to different subject coverage results across studies (not 
within studies) are discussed below in greater detail: (1) differences in institutional sub-
scriptions of WOC CC, (2) differences in analysis procedures of subject classification, (3) 
differences in subject classification systems, and (4) differences in subject attribution.

Differences in institutional subscriptions of WOC CC

The first factor that needs to be accounted for when comparing WOS CC to other data-
bases is the issue of differences in institutional coverage. That issue necessitates always 
considering WOS CC coverage results in light of the unique access situation of the inves-
tigating researcher. For example, the results of Visser et al. (2021) are difficult to compare 
with as their subscription starts in 1980; the subscription in this study starts considerably 
earlier for most indices. The version of the WOS CC included in this study is comprehen-
sive in that it covers almost all of the records WOS CC provides in its full version. Only 
some minor indexes are not included in this study’s analysis of WOS CC (see Table 2). To 
enhance the assessment of WOS CC, this study includes all major sub-indexes of the WOS 
CC also individually, each index in its full retrospective coverage.

Differences in analysis procedures of subject classification

Second, differences occur in how a single document is determined to be attributable to a 
subject. BOK estimates are accurate insofar as they count each document that matches a 
highly-specialized keyword that represents a subject. These keywords are representative 
of the larger proportion of coverage of an entire subject. Inferences can be made about the 
entire database because the likelihood of a highly-specialized keyword being attributable 
to a document is known. While those inferences will not be exact, BOK estimates have the 
merits of attributing subject-coverage to each individual document in the database.

Sampling-based approaches make assumptions based on a sample of documents from 
the total. A document’s subject is then determined, either directly based on the subject(s) 
the journal is attributed to (e.g., Harzing & Alakangas, 2016) or indirectly where the sub-
ject attribution of a citing document is determined via the subject attribution of the seed 
document (e.g., Martín-Martín et al., 2021). Differences in how samples of documents are 
drawn, and on how directly subjects are attributed to documents will determine the compa-
rability and the precision of results.
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Differences in subject classification systems

Third, results from this study can only be directly compared to studies that also adopt the 
ASJC classification system at the level of analysis of this study. To the best of my knowl-
edge, no studies use ASJC and compare Scopus and the WOS CC. Every classification 
system will demarcate subjects differently, even when the subjects are titled the same way. 
Previous assessments of the subject coverage of Scopus and WOS CC used Scopus’ ASJC 
at the five-category level (Visser et al., 2021), Google Scholar categories at the 252 and 
eight-category levels (Martín-Martín et  al., 2018a, 2018b, 2021), the National Science 
Foundation classification at the four-category level (Mongeon & Paul-Hus, 2016), WOS 
classification at the five-category level (Singh et al., 2021) or not closer specified classifi-
cations at the four-category level (Aksnes & Sivertsen, 2019) and self-specified classifica-
tions at the five-category level (Harzing & Alakangas, 2016). As it is difficult to identify 
the best classification system, a multitude of different approaches might encourage better 
research classifications by comparing and learning (Wang & Waltman, 2016). Neverthe-
less, a drawback of scientometric studies using different classification systems is that com-
paring them will always be a vague process. For the method of BOK, it did not make sense 
to adopt one of the previously used classification systems (see section ‘Selection of refer-
ence database and its subject classification: Why ASJC by Scopus?’).

Differences in subject attribution

Fourth, an important question is how subject coverage is determined in terms of multi- or 
single-attribution. Most of the studies found comparing the subject coverage of Scopus and 
WOS CC assume one record is unequivocally attributable to a single subject: For example, 
Mongeon and Paul-Hus (2016) assume journals are categorizable into one of four disci-
plines, and Martín-Martín et al. (2021) assume cited documents share the same single sub-
ject the seed document was classified against under the Google Scholar categories. Never-
theless, records are often attributable to more than one subject. According to the WOS CC 
classification system, one record is on average attributable to 1.33 subjects, in arXiv the 
figure is 1.12, and in Scopus it is 1.59.

The absolute and relative subject coverage rates determined via BOK are based on frac-
tional counting (Perianes-Rodriguez et  al., 2016; Visser et  al., 2021), which I refer to as 
single-attribution. Consequently, if a record is attributed to both Mathematics and Decision 
Sciences each subject is awarded half of one point, so the sum of subjects equals the sum of 
records. This study relied on single-attribution, as multi-attribution calculations of estimated 
databases would mean overly inflating their coverage. For example, for highly-specialized 
databases with excellent coverage in a single subject, calculating multi-attribution might 
mean that one subject has 100% coverage. Nevertheless, 100% coverage of a single subject 
is very unlikely, as there are likely to always be records from other subjects available in data-
bases. The choice of single-attribution values does not limit comparability across databases 
as the assumptions are applied equally across all databases. Overall, the logic of assigning 
one or multiple subjects to a single document will, however, impact the results of subject 
coverage assessments. The reader needs to be aware that due to single-attribution, absolute 
subject coverage values estimated in this study should be interpreted as indicating that a 
database covers at least that number of records. The actual number of records in a specific 
subject will likely be higher, given that most records are attributable to multiple subjects.
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Contribution of the BOK method

BOK as an additional method for coverage estimation

The BOK method has several advantages over contemporary scientometrics methods in assess-
ing database coverage. BOK is compatible across many databases (high internal validity) and 
has a low marginal cost of updating and adding new estimates. Specifically, BOK can help con-
tinuously analyze databases that are relatively new and regularly updated, such as Lens or scite.

Its merits make BOK an ideal complement to existing sampling-based methodologies to 
assess database coverage. Primarily, BOK estimates are an efficient way to estimate abso-
lute subject coverage values of entire databases, information that is typically missing in 
sampling-based studies because they often calculate overlap- or the coverage values of a 
specific sub-sample. Here BOK’s external validity is considerably improved by calibrating 
(normalizing) absolute coverage values based on the absolute database size—data that in 
most cases can be considered accurate. As the ADS vary greatly across databases—from 
close to 1 million to almost 400 million records—the absolute subject coverage estimates 
of BOK will reflect those differences. Accordingly, this kind of normalization ensures that 
estimates are within a certain absolute margin of deviation anchored at the ADS.

While BOK can provide a picture of the coverage of many databases, sampling-based 
studies can give a detailed view of specific databases (e.g., Martín-Martín et  al., 2018a, 
2018b, 2021; Visser et al., 2021; Walters, 2007). For example, the BOK method can pro-
vide information on databases with similar high subject coverage or information on data-
bases that seem to overlap considerably (e.g., see Fig.  2: EPM, PMD, MED1-3, EMB, 
MET). Sampling-based methods could then analyze the overlap of databases with regard 
to specific types of records. In this example, analyzing the coverage of Europe PMC, Pub-
Med, Medline (via Ovid, WOS, EBSCOhost), Embase, and the newly released/discontin-
ued Meta would give more insights into their areas of overlap and levels of uniqueness.

The successful application of BOK in this study should also promote its application to 
different settings. BOK could be extended to analyze subject coverage of languages, authors, 
specific topics, and other criteria. It is also possible to investigate coverage at a sub-discipli-
nary level to determine an even more granular picture of what specific subtopics are covered 
or otherwise in specific databases. Furthermore, librarians might use the method to inves-
tigate differences between subscription packages offered by WOS, ProQuest EBSCOhost, 
or Ovid. Such an investigation might, for example, reveal the different coverage options of 
the WOS Core Collection. Given its broad applicability, it could be used to compare many 
smaller niche databases that often remain in the shadow of larger databases that promise 
superior coverage. Making these systems readily comparable can provide a promising way 
forward to shed light on databases and systems that have been too long overlooked.

The use of QHC as a measure of bias in search queries in general

BOK uses QHC as its underlying data collection method. If QHCs are inaccurate due to 
inexact keyword matching, these issues will occur for any search of the database in ques-
tion. All users who access the database will find their keyword queries interpreted in some 
non-transparent way so that the search results obtained are biased. Semantic search systems 
such as Google Scholar, Microsoft Academic, or Semantic Scholar are proponents of such 
search functionalities. Microsoft Academic noted in its FAQs: “Traditional search engines 
rely mostly on keyword matching. Usually, they match the keywords you type in the search 
field with words found in the indexed content. The accuracy of the search results depends on 
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the quality of the keywords you type, which puts the responsibility of a successful search on 
the user (Microsoft Academic, 2021).” As more systems take responsibility for articulating 
search goals away from users, the systems will also introduce bias and opaque algorithms that 
impede transparent, reproducible data collection. QHCs reflect what is actually available to the 
user via queries. Other data that is not retrievable via queries—the main way of identifying 
records at most search systems—will probably not emerge and thus will not be accessible. For 
example, in several cases, official information regarding retrospective coverage is inaccurate. 
Manually verifying retrospective coverage for these systems via QHCs showed that many have 
greater or lower retrospective coverage than is reported (see Table 2).

QHC method can illustrate the limitations of limited search functionality (Gusenbauer 
& Haddaway, 2020) and database descriptions. Further, it can illustrate how query results 
can be even more accurate than official information, and in its application of BOK the 
method can be used to get a more accurate picture of the coverage of a database. QHCs 
were used in this study as an efficient tool to determine not only subject coverage but also 
ADS, retrospective coverage, English, and open access coverage (see Table 2).

Limitations

While the BOK method provides good and robust estimates of subject coverage, the results 
should be interpreted with an eye on some limitations.

Language coverage

As the selected keywords are only in English, they will only identify English records. If the 
underlying dataset’s language composition is substantially different from that of Scopus, 
the estimates will be somewhat biased. Biases will occur when a keyword is used in mul-
tiple languages or shares the name with a prominent author. Keyword-specific differences 
were alleviated by selecting suitable keywords yet cannot be fully ruled out. To alleviate 
language bias, this study focused on databases with a majority of English content. Some 
variation in language composition is acceptable when we assume that the relative subject 
composition of the underlying dataset is similar between English and non-English records.

Given that English acts as the lingua franca of science communication, the BOK 
method applies to most popular bibliographic databases researchers use today. Never-
theless, there might be benefits to searching for and including non-English records in 
research, depending on the purpose of the research. For example, in the realm of evi-
dence synthesis, the results of quantitative syntheses are changed by using additional 
non-English sources (Walpole, 2019). Other research found, however, that conclu-
sions from evidence synthesis in health sciences remained similar for a sub-sample of 
all-English sources (Nussbaumer-Streit et  al., 2020). Even though the effect of includ-
ing non-English studies in evidence synthesis is not entirely clear, what is always true, 
however, is that including non-English databases will increase the variety of evidence in 
literature searches (Konno & Pullin, 2020) and thus improve outcomes. While databases 
in this study already partially cover non-English records, researchers seeking non-English 
records too will probably need to search other non-English databases.
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Quality of underlying records

The estimations of databases’ subject coverage provided in this study do not indicate the 
quality of the underlying records. It is important to note that some databases focus on pro-
viding peer-reviewed, published records (e.g., Scopus or Web of Science), while others 
(also) include data of all types and quality (e.g., Core or BASE). Both these database types 
have their merits. The overall quality of records is higher in the former, while the latter 
might be more comprehensive and also include the gray literature important for quantita-
tive analyses (Haddaway et al., 2015). The current research only compares databases that 
exclusively or at least mostly cover the various forms of scholarly records (see Table 2). 
That choice was made to ensure the consistency of the BOK method.

Another area of bias is the number of duplicate records and other database errors a 
database has. For example, duplicate rates vary from almost zero (0.00–0.05%) for Web 
of Science on various databases to almost five percent (1.0–4.8%) for Google Scholar 
(Haddaway et al., 2015; Orduna-Malea et al., 2017). Another study found Google Schol-
ar’s duplication rate to be 4% and Scopus’ rate to be 2% (Moed et al., 2016). Data issues 
and particularly duplicate records are likely to be present in all databases to some degree. 
For example, a study found that WorldCat and other (non-)academic databases contain 
a number of duplicate records (Wilder & Walters, 2021). While the exact duplication 
rates are difficult to assess, duplication rates are likely to be lower for curated databases 
than for crawler-based ones. Google Scholar’s pre-eminent position in terms of supe-
rior subject coverage across most subjects is not at risk, even when factoring in a 5% 
duplicate rate. This secure position is even more likely as the runners-up (BASE, Micro-
soft Academic, Semantic Scholar, Core, Lens) are also likely to have similar duplication 
issues. Overall, these differences should be taken into account when selecting databases 
based on coverage preferences: the higher the duplicate rate, the more BOK estimates 
will overvalue absolute subject coverage. The relative shares of disciplinary coverage are 
unlikely to be particularly affected by duplicates.

Quality of ASJC classification

The liberal approach evident in Scopus with regard to assigning subjects to its records 
has been criticized (Mongeon & Paul-Hus, 2016; Wang & Waltman, 2016). This study 
not only confirms these previous findings but also shows subjects are attributed unevenly. 
The subjects with the least overlap were found to be Medicine (70% unique), Dentistry 
(64% unique), and Veterinary (56% unique), while the greatest overlap occurred in Deci-
sion Sciences (5% unique), Materials Science (10% unique) and Chemical Engineering 
(10% unique). The overlap percentages raise the question of whether categories are suffi-
ciently unique particularly in the case of Decision Sciences and other highly overlapping 
categories. Conversely, larger categories might benefit from being divided. The issue of 
unevenly unique subject categories was also noticeable at the keyword level, where it 
was most difficult to find precise keywords for categories with the most overlap. That 
issue could negatively affect the accuracy of the estimates for those subjects. The differ-
ences in subject overlaps are addressed by using precision thresholds in calculating BOK 
estimates. Overall, this limitation illustrates the need to scrutinize the qualities of the 
subject classification systems in general and ASJC in particular.
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Conclusion

This study acknowledges the substantial need for information seekers to know the subject 
coverage of databases to be able to compare them when designing an optimal search strat-
egy. That great need is particularly illustrated by the number of scientometric studies, and 
the significant attention they receive in terms of citations and other metrics. The results of 
this study should encourage information seekers to compare subject coverages across 56 
academic databases based on a consistent and robust method. Database choices should be 
re-evaluated, particularly in terms of which go-to systems provide superior coverage and 
in how far the ‘new players’ can offer viable search alternatives. I believe data based on 
the BOK method significantly improves the database choice of information seekers across 
disciplines, particularly as even more databases might be compared in the future. Improved 
database choice options will encourage researchers to search for the most suitable systems 
and access more relevant records.

Validation showed BOK estimates are accurate where the estimates are most helpful: 
for multidisciplinary databases. Specialized databases are somewhat known to represent 
specific subjects, but the focus of multidisciplinary databases is more opaque. Accord-
ingly, a medical scientist will most likely be aware of the high coverage of Medicine top-
ics in PubMed, but probably be unaware of the coverage of Medicine in Google Scholar 
or the new(ly discontinued) Meta database. The former is estimated to cover by far the 
most Medicine records and the latter also has significantly greater absolute coverage than 
PubMed or Medline, while having similar relative coverage, which might surprise many 
dedicated PubMed users.

Given the vague information that currently guides database choice, the BOK method 
offers a significant step toward effective literature searching. BOK can be relatively easily 
extended to more databases and continuously updated to track developments over time. 
While this study aimed to inform database choice, the ideal database is not characterized 
by coverage alone. A recent study points to the importance of the differences in search 
functionality between databases and how they are important for specific search require-
ments (Gusenbauer & Haddaway, 2020). Overall, the optimal choice of database system 
(what), is determined by why researchers are searching (the goals) and how they want to 
search (the heuristics)—the so-called ‘search triangle’ (Gusenbauer & Haddaway, 2021).

Future directions

Further improvements in the estimation of subject coverage of databases might come either 
via an improvement of BOK or an update of the sampling method. BOK could be further 
improved when databases allow more accurate and comprehensive searches via their search 
interfaces. Specifically, Boolean searches with multiple keywords and keyword combina-
tions would improve the accuracy of BOK. At the moment, however, such functionality is 
only available for a fraction of the systems covered in this study. Second, sampling-based 
approaches could be improved if the citation data of databases became more readily avail-
able. Currently, database providers guard that information, making comparisons across 
databases extremely labor intensive. If researchers had access to all records and their full 
text, record-level subject classification would be the best way forward. Unfortunately, that 
endeavor has received a serious blow with the discontinuation of Microsoft Academic. In 
the meantime, BOK method is a good compromise to help improve database choice.
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Table 9   RIQR2.5 for 55 databases in the sample (Scopus not included as its values are not based on BOK 
estimates; abbreviations see last page of Table 2)
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