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Rigorous evidence identification is essential for systematic reviews and meta-

analyses (evidence syntheses) because the sample selection of relevant studies

determines a review's outcome, validity, and explanatory power. Yet, the sea-

rch systems allowing access to this evidence provide varying levels of precision,

recall, and reproducibility and also demand different levels of effort. To date, it

remains unclear which search systems are most appropriate for evidence syn-

thesis and why. Advice on which search engines and bibliographic databases

to choose for systematic searches is limited and lacking systematic, empirical

performance assessments. This study investigates and compares the systematic

search qualities of 28 widely used academic search systems, including Google

Scholar, PubMed, and Web of Science. A novel, query-based method tests how

well users are able to interact and retrieve records with each system. The study

is the first to show the extent to which search systems can effectively and effi-

ciently perform (Boolean) searches with regards to precision, recall, and repro-

ducibility. We found substantial differences in the performance of search

systems, meaning that their usability in systematic searches varies. Indeed,

only half of the search systems analyzed and only a few Open Access databases

can be recommended for evidence syntheses without adding substantial

caveats. Particularly, our findings demonstrate why Google Scholar is inappro-

priate as principal search system. We call for database owners to recognize the

requirements of evidence synthesis and for academic journals to reassess qual-

ity requirements for systematic reviews. Our findings aim to support

researchers in conducting better searches for better evidence synthesis.
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1 | INTRODUCTION

Research output, as measured by the number of aca-
demic publications, continues to grow exponentially,1,2

placing scientists in danger of becoming decoupled from
the discourse with which they are engaged. The growing
volume of research makes it ever harder for practitioners
and researchers to keep track of past and current findings
in a specific discipline and across disciplines. As a result,
research agendas neither build on nor advance previous
findings but exist in isolation from the greater body of
evidence. Scientific discourse and cumulative knowledge
are threatened if researchers fail to connect their empiri-
cal or theoretical analyses with past knowledge. As a con-
sequence, the relevance and impact of their research is
reduced.3 In academia, it is true that “we are drowning in
information, but starving for knowledge”(4, p12).

Evidence syntheses—the collective term for robust
summaries of evidence—aim to mitigate the issues of
decoupled empirical evidence amidst ever-growing
research output. In particular, high-quality evidence syn-
thesis, in the form of systematic reviews, systematic
maps, and meta-analyses (which themselves should be
based on systematic searches and critical appraisal), aims
“to produce an unbiased description of the cumulative
state of evidence on a research problem or hypothesis”(5,
p32) and syntheses are thus “viewed as the most reliable
sources of evidence for practice and policy.”6 In this way,
evidence synthesis is capable of highlighting important
developments in a particular field of research.

It is the way in which evidence synthesis is undertaken
that “may enhance or undermine the trustworthiness of its
conclusion or, in common social science parlance, can cre-
ate threats to the validity of its conclusions.”(5, p33) By fol-
lowing strict rules and guidance, a systematic review
provides a comprehensive synthesis of a well-defined area
of research. The research team conducting the review must
be capable of undertaking online searches using a fit-for-
purpose set of search systems, which will enable the
researchers to search for and identify all available relevant
research in a procedurally unbiased manner.7 The con-
structs and phenomena in question need to be well-defined
by the review team so that the online search can use these
linguistic cues as frames for searching. Documentation of
the search process “makes the search replicable and pro-
vides a clear starting point for later updates.”8 Building a
systematic review team that incorporates diverse expertise
in areas such as content, systematic review methods,
searching, and quantitative synthesis has been shown to sig-
nificantly improve the quality of the review work.9 Building
on an understanding of constructs, a systematic search is
the gatekeeper that establishes the basis for subsequent syn-
thesis.10 This process defines the scope of the examination

and thus influences the outcome of the analysis. The same
analysis employed with different samples might lead to dif-
ferent results. Similarly, as search systems differ in function-
ality and characteristics, the same query employed with a
different search system may result in a different sample.

Today, evidence synthesis can benefit considerably from
innovations in information and communication technology.
The introduction of improved tools and methods (also
called “evidence-synthesis technology”) makes it easier to
conduct synthesis work. Technologies such as word
processing and reference management software, data analy-
sis, and web-based literature searches allow the more effi-
cient and effective identification, analysis, synthesis, and
reporting of research. In particular, online literature search
tools now cover most disciplines and have made millions of
scientific records searchable within seconds; in some cases,
free-of-charge. However, the time saved in physically

What is already known

• Evidence identification in systematic reviews
and meta-analyses requires the right search
strategy using the right search systems.

• Until now, researchers have lacked compre-
hensive guidance on which search systems are
suitable for systematic searches.

What is new?

• This study provides a systematic evaluation
and comparison of search and retrieval quali-
ties of 28 widely used academic search systems,
including Google Scholar, PubMed, and Web
of Science.

• Evaluation profiles for each of those 28 systems
allow researchers to assess why and to what
degree a particular system is suitable for their
search requirements.

Potential impact for RSM readers
outside the authors' field

• By making qualities and limitations of search sys-
tems transparent, this study creates awareness
across disciplines among journals and among
database providers to pay particular attention to
the search requirements of evidence synthesis.

• We hope our findings assist researchers to per-
form better searches that require less time,
identify more relevant evidence, and adhere to
systematic review guidance.
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searching for evidence must now be spent in carefully plan-
ning searches that make use of complex syntax and search
facilities to mine the textual data within titles, abstracts,
keywords, and full texts. Accordingly, collaboration with
librarians, as information experts in these complex litera-
ture search processes, has been shown to benefit study qual-
ity.9,11,12 In evidence syntheses, online databases should
“form the backbone of any comprehensive literature search.
These sources probably contain the information most
closely approximating all research.”(5, p112) Indeed, it is now
impossible to imagine undertaking academic work without
using web-based literature search systems.

Rigorous evidence syntheses, such as systematic
reviews, have specific requirements for literature searches.13

These requirements are stipulated in conduct guidance
issued by renowned institutions dedicated to warrant and
elevate the quality of evidence synthesis in academia. We
have based our further analysis on guidance published by
three institutions: Cochrane, The Campbell Collaboration,
and the Collaboration for Environmental Evidence (CEE).
We decided not to include PRISMA and ROSES guidance,
as these resources offer guidance on reporting rather than
conduct. Below, we provide an overview of how searches for
studies to be included in the evidence base should be per-
formed in systematic reviews.

Guidance for systematic reviews (Table 1) refer to
three recurring quality requirements that are critical for
literature searches: First, the goal must be to identify all
relevant records (or as many as the resources of the
reviewer permit). Second, the search must be transparent.
Third, the search must be reproducible.

Reviewers must take great care when following the
steps of the systematic review in order to meet quality
requirements. The choice of one or more adequate search
systems that allow the user to meet these quality require-
ments is one major consideration because these systems
determine the number of relevant articles that will be
identified. If a system has limitations of some sort, even
the most skillful searcher might find them difficult or
impossible to circumvent. Because the search systems dif-
fer in technical characteristics and scope, their suitability
for systematic searches and thus for systematic reviews
varies; however, reviewers are often unaware of the tech-
nical characteristics and limitations of search systems.
Reviewers consulting methods-guidance on search sys-
tems will find only advice pertaining to certain systems;
advice which is often not based on a systematic review of
search functionalities. Accordingly, review efforts can
still benefit significantly from guidance on which search
systems are most suitable for a specific search task.

The first goal of a systematic review is to identify all
or as many as possible relevant resources. Hence, the
reviewer needs to select a search system that provides the
best coverage of the chosen search topic. Coverage of a
search system is denoted relative to a specific criterion—
for example, a specific subject (eg, medicine and physics),
resource type (eg, articles and books), time span (eg, ret-
rospective coverage), or geographic location. A search
system might provide high coverage of articles in medi-
cine, yet low coverage of articles in physics. Greater over-
all size of a search system in this sense does not
necessarily denote greater coverage on a specific topic.
For example, while the multidisciplinary search system
JSTOR has more than 12 million records and is consider-
ably larger than IEEE Xplore with four million records,
the coverage of IEEE Xplore on the specific topic of engi-
neering records is still broader and thus more appropriate
for evidence synthesis in engineering. Accordingly, sys-
tematic review guidance advises the use of suitable spe-
cialized databases that provide high coverage of a specific
topic as well as generic resources that have broad cover-
age. Reviewers should thus consider their specific review
topic when deciding which search systems might prove
suitable for a systematic search. To assist with selection,
there is considerable research on the coverage of search
systems,17-19 especially with regard to search systems
such as Google Scholar which have built up an aura of
secrecy around the size of their databases.20-22

TABLE 1 Quality requirements of systematic searches derived

from evidence synthesis guidelines

Source Quality Requirements

Cochrane Handbook, 2011 “The key characteristics of a
systematic review are: […] an
explicit, reproducible
methodology; a systematic
search that attempts to identify
all studies that would meet the
eligibility criteria […].”14

Campbell Methods Guides,
2016

“Systematic reviews of
interventions require a
thorough, objective and
reproducible search of a range
of sources to identify as many
relevant studies as possible
(within resource limits).”15

CEE Guidelines and
Standards for
Environmental Evidence
Synthesis, 2018

“To achieve a rigorous evidence
synthesis searches should be
transparent and reproducible
and minimise biases. A key
requirement of a review team
engaged in evidence synthesis
is to try to gather a maximum
of the available relevant
documented bibliographic
evidence in articles and the
studies reported therein.”16
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While coverage is an important criterion based on the
specific requirements of the systematic review, it does not
indicate how well a reviewer can in fact access these
resources on the chosen search system. A search system
must allow a reviewer to specify queries that search with
high recall and precision. While recall (or sensitivity) is the
percentage of relevant article records that are returned in
the result set from all relevant records known to exist, preci-
sion (or specificity) is the percentage of records in the result
set that are relevant.23,24 While high recall indicates a search
contains many of the relevant items, high precision indi-
cates a search retrieves relatively few irrelevant records.5

Generally, the more recall is improved, the greater the
reduction in precision, and the more precision is improved,
the worse the effect on recall.23 “Although precision and
recall are typically at odds, there's one way to overcome the
constraints of this trade-off: more features.”(23, p80) More fea-
tures in this context means that recall and precision can
both be improved if the search query of a reviewer can be
refined so it more accurately includes relevant records,
while excluding irrelevant records. The ability of a reviewer
to manipulate their search query depends on the capabili-
ties of a search system and thus they significantly influence
recall and precision.25 The capability of search systems to
retrieve results in an effective and efficient manner deter-
mines its suitability in systematic searches. A suitable sea-
rch system provides good coverage in the specific area of
interest and allows the user to specify a query with high
precision and recall. Accordingly, search systems “should
be evaluated against the background of what is found for—
and what remains hidden from—the users.”(26, p1570)

While the goal is to identify all records on a given
topic, in practice, this goal has to be pursued within
resource limits. Reviewers thus must make reasonable
judgements on where to best invest time and funds based
on a cost/benefit analysis: “Searches for systematic
reviews aim to be as extensive as possible in order to
ensure that as many as possible of the necessary and rele-
vant studies are included in the review. It is, however,
necessary to strike a balance between striving for com-
prehensiveness and maintaining relevance when devel-
oping a search strategy. […] The decision as to how much
to invest in the search process depends on the question a
review addresses and the resources that are available.”(15,
p26) As a consequence, reviewers must select search sys-
tems that allow them to make the best use of their
resources, that is, to retrieve the most relevant records in
exchange for the least amount of time or funds.

The second and third goal of systematic reviews,
reproducibility (also “replicability,” “reliability,” and
“repeatability”) and transparency, require an explicit,
transparent, and documented search process that allows
reviewers to update or replicate a given synthesis search.

“The search process needs to be documented in enough
detail throughout the process to ensure that it can be
reported correctly in the review, to the extent that all the
searches of all the databases are reproducible.”(15, p41) Con-
duct and reporting guidance explicitly describe the steps
necessary for a reviewer to ensure the rigorous and trans-
parent documentation necessary to foster reproducibility.
However, the functionality and capabilities of specific sea-
rch systems can also influence reproducibility themselves.
The reproducibility of a search determines whether that sea-
rch can be replicated employing the same methods with a
given search system. If the same query leads to the same
search results, the search is considered reproducible. A lack
of reproducibility can indicate a form of sampling bias or
so-called search engine bias27,28: Repeated tests of the same
query can lead to different results.(29, p37) It is important to
note that because the size of the database provided by a sea-
rch system typically increases over time, repeated queries
will naturally yield a larger set of results than the initial
query, and this has to be taken into account in assessing
search system reproducibility and should not be seen as a
lack of reproducibility. Researchers must thus pay close
attention to reporting the date on which searches took place
to make changes in the database of the search system
comprehensible.

In summary, it is important to consider how far a sea-
rch system supports the user in articulating and framing
a query in a systematic search context, with special atten-
tion to high levels of coverage, recall, precision, and
reproducibility.

The objective of the current research is to test and
describe the usability and functionality of search systems
that are frequently used in evidence syntheses, focusing
on limitations that may influence the quality of system-
atic reviews. While some of these limitations impede the
rigor required for systematic reviews as laid out by meth-
odological guidance (necessary condition), others make
systematic reviews more challenging or resource inten-
sive (desired condition). Failing at some necessary condi-
tion does not mean the search system should be avoided
entirely in the systematic review process, but does mean
it should perhaps not be used for query-based searching:
the fundamental underlying search method for system-
atic reviews. Nevertheless, such systems might be used in
supplementary search methods.

Previous studies examining the suitability of search
systems for evidence synthesis have focused on a limited
number of search systems and/or based their analysis on
a review of the search interface, yet without any in-depth
examination of core functionalities that allow reliable
query-based searching.19,30-32 Previous studies have also
calculated precision and recall of search systems from
data reported by specific evidence-synthesis
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TABLE 2 Description of tests performed to evaluate academic search systems, based on systematic search requirements regarding coverage, recall, precision, efficiency, and

reproducibility

Number
Tested
Quality

Test
Scope Test Criterion Test Procedure

Performance
Threshold of
Test Criterion

Necessity
of Meeting
Threshold

1 C, R, P,
E

DB Subject coverage Review of content description: type of academic
disciplines covered

Subject
coverage:
maximum

Desired

2 C, R, P,
E

DB Size Review of information provided by the official website of
each search system concerning number of records
provided on a database.

Estimations of sizes based on query method by
Gusenbauer, 201937.

Size: maximum Desired

3 C, R, P,
E

DB Record type Review of types of scholarly resources offered. Types of
records:
maximum

Desired

4 C, R, P,
E

DB Retrospective coverage Limitation of time span to oldest years available. Time span:
maximum

Desired

5 C, R, P,
E

DB Open access content Review of search system and description of content
provided: type of usage rights attributed to resources.

Content: open Desired

6 R, P, E Q Controlled vocabulary? Review of search options. Is a controlled vocabulary
available and what is its coverage and accessibility?

1. Available: yes/no
2. Retrospective coverage: years available
3. Hierarchically structured: yes/no
4. Searchable: yes/no

Available: yes Desired

7 R, P, E Q Field code search: query refinement Listing of all field codes and limiters visible in the search
interface.

≥5 field codes Necessary

8 R, P, E Q Full text search option available? Review of search options (field codes). Available: yes Desired

9 R, P, E Q Search string:
1. maximum length of word combination
2. maximum number of characters

1. maximum search string length (trial and error)
2. maximum number of characters (web search)

≥25 terms Necessary

10 R, P, E Q Server response (time and number
of records) for max. word combination

Test of the longest search string the system still could
handle and review of search results in terms of
whether longer search strings produced more results.

1. test via maximum word combination from test 9
2. test of next shorter word combination

Longer search
string = more
hits

Timeout: no

Necessary

(Continues)
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TABLE 2 (Continued)

Number
Tested
Quality

Test
Scope Test Criterion Test Procedure

Performance
Threshold of
Test Criterion

Necessity
of Meeting
Threshold

11 R, P, E Q Search string language support: English, Chinese,
Cyrillic

1. English tested with test number 9
2. Chinese tested with 的 (means “bright”)
3. Cyrillic tested with и (single letter)

Support: full
(Chinese and
Cyrillic)

Desired

12 R, P, E Q Boolean “OR” functional? Test of six terms (research, define, paper, Asterix, table,
and analysis) through step-wise addition with “OR”
operators à does record count increase?

Functional: yes Necessary

13 R, P, E Q Boolean “AND” functional? Test of six terms (research, define, paper, Asterix, table,
and analysis) through step-wise addition with “AND”
operators à does record count decrease?

Functional: yes Necessary

14 R, P, E Q Boolean “NOT” functional? Test of six terms (research, define, paper, Asterix, table,
and analysis) through step-wise addition with “NOT”
operators à does record count decrease?

Functional: yes Necessary

15 R, P, E Q Comparative test: “AND”/”NOT”comparative test:
“OR”/”NOT”

Comparative test of AND/NOT-operators: Does
“research” minus “research AND define” equal
“research NOT define”?

Comparative test of OR/NOT-operators: Does “define”
plus “research NOT define” equal “research OR
define”?

Functional: yes Necessary

16 R, P, E Q Literal vs. expanded queries Comparison of various similar (ill-written) terms:
1. Defin, “Defin”
2. Definx, “Definx”
3. Define, “Define”
Do databases interpret queries literally, ie, retrieve only
few hits for ill-written terms? Do quotation marks
(usually used as limiters to search for verbatim) reduce
the number of results, indicating that queries without
quotation marks were automatically expanded?

Comparison of British and American English:
4. Organise, “Organize”
5. Colour, “Color”
Does variation in British/American spelling lead to
differences in search results. If not, queries are
expanded automatically to include both British and
American versions.

Literal queries:
yes

Desired

(Continues)
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TABLE 2 (Continued)

Number
Tested
Quality

Test
Scope Test Criterion Test Procedure

Performance
Threshold of
Test Criterion

Necessity
of Meeting
Threshold

17 R, P, E Q Truncation/wildcards available? Use of most common symbols:
1. “*” for right-hand truncation
2. “?” for single character placeholder
3. “$” for zero- or one-character placeholder

Functional: yes Desired

18 R, P, E Q Exact phrase search functional? Exact phrase search was tested using “”:
1. Organise team, “Organise team”

Does the use of quotation marks change search results?

Functional: yes Necessary

19 R, P, E Q Parenthesis functional? Scope tested with different positions of parentheses:
1. (Research OR define) AND Asterix
2. Research OR (define AND Asterix)

Functional: yes Necessary

20 R, P, E F Filtering: Post-query refinement Listing of all filters that allow refinement of a query
results set visible in the search interface.

Number of
filters:
maximum

Desired

21 R, P, E CS Forward citation search available? Review of search options. Available: yes Desired

22 E Q Advanced search string input field Review of search options. Available: yes Desired

23 E Q, F,
CS

Search help? Review of search options. Available: yes Desired

24 R, E Q, F,
CS

Maximum number of accessible hits Last accessible results page of a large results set. ≥1000 results Necessary

25 E Q, F,
CS

Bulk download supported? For how many records can citation information be
downloaded at once (involving a single selection and
download request) to be exported to some reference
management software or other destination?

Supported:
maximum

Desired

26 RP Q Reproducibility of search results at different times Repeated query after few seconds. Search result:
same

Necessary

27 RP Q Reproducibility of search results at different locations Repeated query after few seconds with different, foreign
IP address, or different institutional access.

Search result:
same

Necessary

Abbreviations: C, coverage; CS, citation search; DB, database; E, efficiency; F, filter; P, precision; Q, query; R, recall; RP, reproducibility.
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studies.24,32-34 This analysis focuses instead on evaluation
criteria for systematic reviews across disciplines, follow-
ing universally accepted conduct guidance (ie, Cochrane,
Campbell, and CEE). This research thus fills a need for
support in the choice of search system, currently lacking
in evidence-synthesis methodology, and follows calls for
comparative studies on the effectiveness of search sys-
tems25 or the “need to develop ‘bias profiles’ for search
engines.”(35, p1193) This study provides a much-needed
overview of academic search systems from a user perspec-
tive. It compares a large selection of popular academic
search systems and examines their unique characteristics
to draw conclusions on their suitability for evidence syn-
thesis. Specifically, the study tests whether a system
allows the user to precisely specify a search so it retrieves
as many relevant results as possible, how efficiently sea-
rch results can be retrieved, and if the search results
could be reproduced with the same methods. Hence, our
study contributes to evidence synthesis as “[…], the value
of a systematic review depends on what was done, what
was found, and the clarity of reporting.”)36, p1) Overall,
the question framing this research is: How suitable and
usable are commonly-used academic search systems for
systematic searches in evidence synthesis? Definitions of
the terms used throughout this study can be found in
Appendix I, the detailed tests in Appendix II (supplemen-
tary online material).

2 | METHOD AND ANALYSIS

This study measures the suitability of a number of popu-
lar search systems for evidence synthesis using specific
criteria. These criteria were assessed based on the 27 tests
outlined in Table 2.

2.1 | Selection of search systems

The search systems analyzed in this study represent com-
mon resources in highly cited systematic reviews and
meta-analyses in recent years. According to a search of
Web of Science, for systematic reviews and meta-analyses
across all databases available to us,* there were 63 “hot
papers” that were “published in the past two years and
received enough citations in September/October 2018 to
place it in the top 0.1% of papers in its academic field.”
All search systems and databases that were mentioned in

at least two of these 63 studies were included in our anal-
ysis. The result was a list of 16 databases and search sys-
tems: CINAHL, ClinicalTrials.gov, Cochrane Library,
EbscoHost, Embase, ERIC, Google Scholar, LILACS,
ProQuest, PsycINFO, PubMed, ScienceDirect, Scopus,
SportDiscus, TRID, and Web of Science. While most of
the search systems mentioned were databases, some
authors mentioned platforms without stating the exact
databases searched (eg, Web of Science is a platform,
while Web of Science Core Collections is its main data-
base)—a common reporting error of search scope.

In addition, to obtain a broader picture of the qualities
of academic search systems, we also included other search
systems that are regularly used among academic researchers
across disciplines38: AMiner, ACM, arXiv, Bielefeld Aca-
demic Search Engine (BASE), CiteSeerX, Digital Bibliogra-
phy & Library Project (DBLP), Directory of Open Access
Journals (DOAJ), IEEE Xplore Digital Library, JSTOR,
Microsoft Academic, Semantic Scholar, SpringerLink, Wiley
Online Library, WorldCat, and WorldWideScience. Thus,
we examine the quality of a total of 28 search systems that
access 34 databases either via web search engines (eg, Goo-
gle Scholar or Microsoft Academic), via platforms that allow
access to one or more discrete databases (eg, ProQuest or
OVID) or other bibliographic databases (eg, Transport
Research International Documentation). Below, we present
an overview of the 28 search systems; if the database is
accessed via a platform, the database's name is given in
parentheses as follows:

1. ACM Digital
Library

11. Education
Resources
Information
Center

21. Semantic
Scholar

2. AMiner 12. Google Scholar 22. SpringerLink

3. arXiv 13. IEEE Xplore
Digital Library

23. Transport
Research
International
Documentation

4. Bielefeld
Academic
Search Engine

14. JSTOR 24. Virtual Health
Library (LILACS)

5. CiteSeerX 15. Microsoft
Academic

25. Web of Science
(Medline, Web of
Science Core
Collection)

6. ClinicalTrials.
gov

16. OVID
(Embase/Embase
Classic,
PsycINFO)

26. Wiley Online
Library

(Continues)

*Web of Science Core Collection, BIOSIS Citation Index, BIOSIS
Previews, Data Citation Index, Derwent Innovations Index, KCI-Korean
Journal Database, MEDLINE, Russian Science Citation Index, SciELO
Citation Index, and Zoological Record (accessed on February 11, 2019;
search string: ti(“systematic review” OR “meta-analysis”)
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7. Cochrane
Library
(CENTRAL)

17. ProQuest
(ABI/Inform
Global,
Nursing & Allied
Health Database,
Public Health
Database)

27. WorldCat–
Thesis/
Dissertations

8. Digital
Bibliography &
Library
Project

18. PubMed
(Medline)

28. World
WideScience

9. Directory of
Open Access
Journals

19. ScienceDirect

10. EbscoHost
(CINAHL Plus,
EconLit, ERIC,
Medline,
SportDiscus)

20. Scopus

We selected a large set of popular specialized and
multidisciplinary search systems that are relevant not
only for disciplines where evidence synthesis is already
well-established (eg, medicine, health sciences, or envi-
ronmental studies) but also other disciplines, such as
management, where these methods have been increas-
ingly used just in the last years. To include all search sys-
tems or databases in this study would be an impossible
task, as hundreds of bibliographic databases and search
systems exist across subjects.

Our sample of search systems covers a range of
types of technology (eg, platforms and web search
engines), target audience (eg, academic discipline and
resource restriction), and provided content (eg, tradi-
tional academic literature and grey literature). Some
platforms examined provide access to multiple data-
bases at once, allowing us to assess the basic qualities
and functionalities on a system level as well as a data-
base level. While we find that most of the functionali-
ties are determined by the system itself, other qualities
might be closely linked to the underlying database—
such as the number and type of field codes or the
availability of a controlled vocabulary. We included
proprietary, nonproprietary, and Open Access data-
bases, a distinction especially relevant for reviewers
who have only limited access to expensive database
subscriptions. While the focus was on bibliographic
databases, we also included sources that include grey
literature (eg, arXiv, Google Scholar, and WorldCat-
Thesis/Dissertations). Grey literature refers to any doc-
ument produced by an organization at any level whose
primary purpose is not commercial publishing and

includes theses, white papers, organizational reports,
and consultancy documents.39 By searching for grey lit-
erature, systematic reviews aim to maximize compre-
hensiveness and mitigate publication bias.16 Typically,
systematic reviews will conduct dedicated searches for
grey literature (for example, searching organizational
websites), but the ability to include grey literature in
formalised, systematic searches of bibliographic data-
bases can provide benefits, including the ability to
assess eligibility concurrently with bibliographic search
results, potentially increasing efficiency.

2.2 | Evaluation approach: Different
search systems—One overarching method

It is important to note that the search systems we analyze
in our sample are diverse in their functionality, syntax,
and features. All of these systems have different underly-
ing databases and indexing methods, data presentation,
and curation methods. Crawler-based web search engines
(eg, Google Scholar), for example, function differently
from bibliographic databases which have a curated cata-
logue of information (eg, Scopus). Some of these search
systems are large and multidisciplinary (eg, Scopus),
while others have a narrower focus on a single or a few
domains of research (eg, PsycINFO) (see Appendix II).
We examine these diverse search systems through the
lens of the users that access them and test how well the
search facility performs to link the query to the underly-
ing database. We do not test the searchers' ability to for-
mulate such strings/queries40-44 and we do not test the
completeness of the underlying dataset provided by the
search system.24,45 This study instead examines the sea-
rch system as the gatekeeper that mediates between a
database of potentially relevant records and a reviewer
that wishes to access, retrieve, analyze, and synthesize
that information in a systematic, rigorous manner.

Hence, we assessed the functionality of these data-
bases with standard queries from the perspective of the
user (see Table 2). In querying diverse databases with a
diverse set of inputs, we tested the capacity of the data-
bases to interpret the user's query so that the dataset is
retrieved effectively. We examined the results of the sea-
rch systems both quantitatively (eg, how many hits a
query retrieved or how much time the server needed to
respond) and qualitatively (eg, the nature of the search
options and the search interface). The quantitative
methods based on tested methods that use variations of
search queries to iteratively determine sizes of different
types of search systems.37 In our analysis, we did not
assess the quality of the retrieved records, in terms of
their fit with a given search intent for example. Quality
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TABLE 3 Review of search methods used in systematic reviews

Number Study

Search

System with

Largest

Result Set

Use of

Field

Codes

Length of Longest

Search String

(Boolean Operators,

Field Codes Not

Counted)

Use of

Boolean

Operators

(AND, OR,

NOT)

Use

of

“”

Use

of ()

Use of

Truncation,

Wildcards

Total Number of

Studies Screened

(Incl.

Duplicates)

Studies

Identified with

a Single Search

String

Non-query

Identification

(Total)

Size of

Final

Sample

Search

Precision

1 Aune et al58 PubMed,

Embase

N/A 68 terms OR, AND Yes Yes No 49 772 40 744 4 (handsearch,

all relevant)

142 0.28%

2 Barnett et al.

(2017)59
Scopus N/A N/A N/A N/A N/A N/A 19 005 5681 3 (handsearch,

all relevant)

100 0.53%

3 Baur et al60 PubMed Yes 57 terms OR, AND Yes Yes No 1169 1113 (sum

of all

databases)

56

(handsearch,

not all

relevant)

76 6.50%

4 Bediou et al61 N/A N/A 11 terms OR, AND Yes Yes No 958 147 N/A 0 82 0.01%

5 Bethel et al62 PubMed N/A 16 terms OR, AND Yes N/A No 12 N/A N/A

(post-query

filtering)

4 33.33%

6 Bourne et al.

(2017)63
Embase (via

OVID)

Yes 12 terms (sets were

later combined)

Or,

And,not

Yes Yes Yes 3878 2539 N/A

(post-query

filtering)

288 7.42%

7 Brunoni

et al64
PsycInfo (via

OVID)

Yes 10 terms OR, AND Yes Yes Yes 1121 N/A N/A 81 7.23%

8 Carlbring

et al65
PubMed N/A 29 terms OR, AND Yes Yes No 2078 2078 N/A

(handsearch,

post-query

filtering)

20 0.96%

9 Chu et al66 Medline,

Healthstar

(via OVID)

Yes 25 terms

(sets were

later

combined)

OR, AND Yes Yes Yes 1784 N/A N/A 26 1.46%

10 Cipriani et al67 N/A N/A 10+ terms

(combined

with

undisclosed

keyword list)

OR, AND Yes Yes Yes 28 552 24 200 (sum of

all databases)

4352

(handsearch,

other

sources)

421 1.47%

Recommended

threshold?

≥25 terms OR, AND, NOT Yes Yes Yes Post-query

(Continues)
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criteria have previously been used to evaluate search sys-
tems in terms of recall and precision indicating their suit-
ability of search in general and systematic search in
particular.25,33,46-57 If available, we searched with the
advanced search interface of the search system. Tests
were performed between February and March 2019.

2.3 | Necessity to meet requirements

Our evaluation of search systems involves applying
27 unique criteria each of which tests the performance of
a specific quality. In our evaluation of the search systems,
we differentiate between capabilities that are necessary or
merely desired for a systematic review. In order to meet
the requirements of the guidance of Cochrane, The
Campbell Collaboration, and CEE for systematic reviews,
a necessary criterion needs to be fulfilled by a search sys-
tem, irrespective of the context of the study. A desired cri-
terion is necessary to be met only for systematic reviews
with specific requirements or foci. Further, a desired cri-
terion that is not met, can, if the reviewer is aware, be cir-
cumvented with extra effort of using suboptimal search
methods. Reviewers should decide whether the fulfilment
of a desired criterion is important for their specific sea-
rch. Necessary criteria, however, should always be met
by search systems. Each criterion was classified as either
desired or necessary according to evidence synthesis
guidance (see Table 2).

In order to support our decision to determine mean-
ingful performance thresholds, we reviewed the search
methods of 10 random articles from the sample of 63 -
articles (see Table 3). We reasoned search systems should
at least come close to enabling the searches described in
these studies. We extracted information concerning the
search methods these studies used to obtain their
search results. The single thresholds are explained in
detail in the description of each single criterion used in
our test.

2.4 | Requirements translated to
evaluation criteria of search systems

The requirements for systematic reviews are largely
agreed upon in evidence-synthesis guidance: (a) identify
a maximum number of relevant records for a specific
topic, (b) within the resource limits, and (c) use trans-
parent and reproducible search methods. These require-
ments focus on the search process of the reviewer and
the type of methods that are employed; yet, evidence-
synthesis guidance provides no clear technical require-
ments for search systems. Hence, for our analysis, weT
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translated these requirements to technical criteria that
search systems needed in order to meet the require-
ments of evidence synthesis. A search system thus
needs to be (a) effective in finding most of the relevant
results while filtering out the irrelevant, (b) efficient all-
owing the reviewer fast identification and retrieval of
records, and (c) must allow the reproduction of search
results with the same methods:

First, effective search depends in the reviewer's choice
of a suitable search system offering the best coverage of
records searched for. Coverage can be determined in mul-
tiple ways: for example, concerning time frame (retro-
spective coverage), academic subject (discipline) or usage
rights (Open Access). Additionally, effectiveness is deter-
mined by the search system's capability to translate the
search frame determined by the reviewer to enable pre-
cise searching with a high level of recall. To provide a
thorough search for relevant records, the reviewer can
combine different methods of (a) queries with keywords
and a controlled vocabulary, (b) post-query filtering, and
(c) handsearching of relevant journals, issues, or refer-
ence lists (citation search). While all of these methods
provide value for a rigorous search that aims to identify
all or at least most relevant records, it is particularly
queries using keywords or a controlled vocabulary that
are able to search the corners of a database that would be
inaccessible with citation searching, handsearching, or
post-query filtering alone. The Cochrane Review of
Stacey et al68 is an example of a study that uses an elabo-
rate query-based search strategy relying on “AND,”
“NOT,” “OR” operators, database-specific field codes and
controlled vocabularies. Searching five databases from
different providers, they retrieved a total of 46 054 hits
from which they included 105 studies in their final meta-
analysis. A perfect query would, in theory, make citation
searching and handsearching obsolete, yet perfect cita-
tion searching and handsearching could not do the same
to make the use of queries obsolete. This logic is
supported by our review (see Table 3) where most identi-
fied results were derived from query-based searches—
some studies based their search strategies on queries
alone. Accordingly, using queries for systematic search is
necessary for systematic reviews as evidenced in both
research practice and in evidence-synthesis guidance.
The other search methods are supplementary techniques
desired to improve the search result of the query. Second,
the efficiency with which a reviewer can retrieve relevant
results is largely determined by recall and precision.
Therefore, the choice of a suitable search system with
suitable coverage and capabilities of searching with func-
tional search strings, filters, and citation search impacts
tremendously on effectiveness, that is, precision and
recall. Nevertheless, other functionalities associated with

downloading search results or user-friendly data-input
also influence search efficiency (along with the subse-
quent stage in a systematic review, eligibility assessment).
Third, reproducibility can be determined how well the
system is capable to retrieve same results again with
same search methods.

2.5 | Test procedures and performance
requirements

We reviewed and tested the 28 search systems with
27 criteria determining each search system's (a) coverage
and (b) capability to perform systematic searches via
queries, filters, and handsearching so that a reviewer can
obtain reproducible results, efficiently, and with high
recall and precision.

2.5.1 | Coverage

Generally, it is assumed that more coverage is better than
less coverage, as without a comprehensive database,
searches would identify few relevant records. This means
higher coverage typically increases the recall of a query.
Nevertheless, it is important to note that while recall
increases, precision simultaneously decreases, disproving
the statement that more coverage is always better. What
records are considered relevant depends on the specific
requirements of the reviewer and thus cannot be general-
ised. For example, a search system with a smaller size,
covering only a single discipline, might bring more rele-
vant search results than a large search system covering
multiple disciplines. Accordingly, all performance
requirements on coverage were framed as desired criteria
as reviewers must decide for themselves what search sys-
tem best fits their unique study requirements.

Criterion 1: “Subject coverage” assesses the type of aca-
demic disciplines that are predominantly covered by a
search system. This criterion determines whether a sea-
rch system specializes in single disciplines or is multi-
disciplinary. While a greater coverage of disciplines
might generally be regarded as beneficial, the greater
breadth of records available might harm search precision.
When working with such multidisciplinary search sys-
tems, the reviewer needs to be more specific about search
context to receive the same precision than when using a
specialized search system.

Criterion 2: “Size” informs about the absolute number
of records available on a database that is made available
through a search system. Searching larger databases, all
things being equal, results in higher search recall. We
assessed sizes by reviewing the official information
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provided by the search systems' websites. If this informa-
tion was up-to-date, we reported the official number; if it
was either outdated or unavailable, we used the method
suggested by Gusenbauer37 to assess search system size.

Criterion 3: “Record type” informs about the types of
records offered by a search system. Here we relied on the
information provided by the search systems. Naturally,
each search system had its own definition of how to cate-
gorize and classify records, which made direct compari-
son of record types difficult. Nevertheless, the availability
of more—as opposed to fewer—document types meant
that reviewers could search with increased precision, if
this field code was available to specify a search.

Criterion 4: “Retrospective coverage” informs about
what year the oldest records on a database are from.
When information on retrospective coverage was pro-
vided by the search system, we included this information,
if not, we manually searched for the oldest records on the
database and reported this year. In doing so, we took care
not to consider incorrectly dated records in our assess-
ment of retrospective coverage.

Criterion 5: “Open Access” was assessed in reviewing
the usage rights of the records offered. If a search system
offered mostly proprietary content with only a marginal
focus on Open Access resources, then it was considered
“proprietary.” If the search system was nonprofit and/or
provided strong emphasis to support Open Access con-
tent—but was also linked to proprietary resources—it
was considered “mixed.” If the search system offered only
Open Access content, it was considered “open.”

2.5.2 | Search

All of our query tests (criteria 6-17) have in common that
the results determine whether a given search system
allows the user to specify a systematic search query that
is targeted at high precision or recall. All these query-
features are helpful to compile a comprehensive search
string to specify exactly what lies inside and outside the
search scope of the evidence synthesis.

Criterion 6: “Controlled Vocabulary” was assessed by
reviewing the search options provided by the search sys-
tem for a given database. Where databases are accessed
via broader platforms (eg, ProQuest), the options avail-
able often differed across databases, such that a single
platform may have different search functionalities for its
databases. The controlled vocabulary is more useful for
some disciplines, while it is less useful for others. For
example, “databases in the social sciences tend not to be
as thoroughly indexed as those in medicine and may use
methodological indexing inconsistently, if at all.”(15, p33)

Hence, guidance by Campbell Collaboration, for

example, advises for cautious use of controlled vocabular-
ies: “When searching for studies for a systematic review,
[...] the extent to which subject terms are applied to refer-
ences should be viewed with caution. Authors may not
describe their methods or objectives well and indexers are
not always experts in the subject areas or methodological
aspects of the articles that they are indexing.”(15, p28) Fur-
ther, because retrospective coverage of the controlled
vocabulary may be limited, reviewers should take care if
relying on this method, especially for searches over lon-
ger time periods including earlier studies. It is difficult to
quantify the quality of such controlled vocabulary as
their features are diverse. Accordingly, we provide addi-
tional information on coverage, the option of a search-
able index, and the availability of a hierarchical
structure. We leave it to reviewers to decide whether such
information is helpful for their specific search tasks. In
summary, we regard the availability of a controlled
vocabulary a desired condition as a thorough query-based
search can compensate for some of the advantages of a
controlled vocabulary.

Criterion 7: “Field Code Search: Query Refinement” is
important for systematic searches to provide the user
with options to search with high precision and recall. We
reviewed the search options to assess which field codes
were provided by search systems allowing reviewers to
detail which parts of documents should be searched. The
availability of field codes is a necessary criterion, since
the user must be able to specify exactly where the
requested information is located within the records. We
defined five field codes as the lower threshold. With the
exception of the option of a full text search (criterion 8),
we do not test for the availability of single field codes, as
we assume that in general, the more field codes are avail-
able the better the chances of a reviewer being able to
search with high recall and precision.

Criterion 8: “Full Text Search”. In some cases,
reviewers need to search the full texts to identify specific
study types. As full text search is however not necessary
in every systematic search, we considered this criterion
desirable.

Criterion 9: “Maximum Search String Length” was an
essential determinant of how long and thus how specific
the search string can be. We determined the maximum
length of search strings that still retrieved results but did
not result in timeouts or other system failures through
trial and error of search strings varying in length. For this
purpose, we used the 2008 Oxford Word List69 and inter-
linked strings of the top 1000, top 500, top 100, top
50, top 25, top 10, or fewer most utilized English words
with Boolean “OR”-operators. It happened that some
Boolean queries were aborted due to timeouts or search
string length limitations. Here, we iteratively searched
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for the largest query the search system could still handle.
We considered a Boolean search needs to support at least
25 terms, so the user is able to specify the minimum nec-
essary outlines of a search, i.e. to adapt the search string
to the linguistic particularities of the scientific (sub-)
topics of interest using keywords. Our quick review of
systematic searches (Table 3) revealed that while appro-
priate search strings can be significantly longer, 25 terms
should allow reviewers to specify their search scope to a
reasonable extent. Search string length is critical for
searching with high recall and precision and thus a nec-
essary criterion. If reviewers needed a larger search string
than supported by the search system, it might be possible
to circumvent this limitation by splitting search strings.
This practice can, however, be extremely laborious and is
prone to error.

Criterion 10: “Server Response (Time and Number of
Records)” was a test to determine the server's response
time for the longest search string still supported by the
system and was conducted together with the test for crite-
rion 9. Additionally, we tried the next shorter search
string combination to determine whether longer search
strings actually resulted in longer loading times. Further,
in order to pass this test, the system needed to produce
more results for broader searches than for narrower ones.
As the technical performance of the search system and
the correct interpretation of long search strings are criti-
cal for information retrieval, we deemed this test
necessary.

Criterion 11: “Search String Language Support” tested
the search systems' capacity to interpret English, Chi-
nese, and Cyrillic characters using frequently used terms
and characters to determine the response of the search
system. If the system retrieved results, it was deemed to
support such characters, if the result was an error mes-
sage or zero results, we deemed the system was not work-
ing. This was considered a desired criterion, as reviewers
typically search with English characters only and because
a number of databases index non-English records using
translated English language titles and abstracts, thus
being identifiable also with English language.

Criteria 12 to 15: “Boolean Functionality” were some
of the most important tests in our study and tested the
search systems' capability to effectively interpret the most
common Boolean operators OR, AND, and NOT.55 The
system must retrieve results as anticipated by the Boolean
logic. Boolean operators (AND, OR, NOT) are an integral
part of systematic searches,26 allowing the user to pre-
cisely specify the scope of the query as no other tech-
nique could. While AND and OR are used to link single
concepts to a common search string, NOT is mostly used
for disambiguation. Because evidence synthesis has very
specific information needs determined by choices of

constructs, methods, and research questions, it needs
complex search strings to determine queries that link
concepts of interest. Boolean operators have been shown
to be essential for sampling in evidence synthesis70 as
they “allow the searcher to use set theory to help define
the items that will be retrieved by a search.”(5, p103) They
provide “a great range of strategies are available to
increase ‘recall’ and ‘precision.’”(26, p1570) We used a com-
bination of a total of six terms—research, define, paper,
Asterix, table, and analysis—to see whether the result set
increased, decreased, or remained constant after adding
one more term. For strings with OR operators the results
set should increase or at least remain constant with each
additional term, with AND operators, it should decrease
or remain constant, and with NOT, it should decrease or
remain constant. We deliberately chose words from the
research context and one—the word “Asterix”—that is
very unlikely to appear frequently in scholarly articles to
test the systems' responses. Adding the nonscholarly term
Asterix to a Boolean OR string would not add many addi-
tional hits on a scholarly database yet would reduce the
set of an AND string to almost zero or decrease it only
slightly in a NOT combination. We also tested how many
results the term Asterix would retrieve when searched as
a single term to cross-check these results against the
changes in the different Boolean strings. Further, we
used alternative notations for Boolean operators if they
were explicitly stated in the help or FAQ files of the indi-
vidual search systems. We confirmed that “how websites
are represented and the precise commands used to do the
Boolean syntax search will differ somewhat for each sea-
rch engine.”(5, p103) It was not uncommon, for example,
that “AND NOT” would be used instead of NOT or blank
would be interpreted as AND. If we could not find any
information on whether and how Boolean operators were
supported by the search system, we utilized the most fre-
quently used syntax - OR, AND, and NOT - to test these
systems. In addition, to test the Boolean operators indi-
vidually, we added two comparative tests (criterion 15)
and evaluated whether queries with different Boolean
operators retrieved a valid number of hits. Specifically,
we tested first whether the number of hits for “research”
minus the number of hits for “research AND define”
equalled the number of hits for “research NOT define.”
Second, we tested whether the number of hits for
“research OR define” minus the number of hits for
“define” equalled the number of hits for research NOT
define. If both tests were passed, we considered Boolean
operators functional. Accordingly, the functioning of all
three Boolean operators were considered necessary for
systematic reviews.

Criterion 16: “Literal vs Expanded Queries” deter-
mined whether a search system automatically expands
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queries impacting on precision and recall. We tested dif-
ferent correct and incorrect versions of the word define to
check whether the search system would use autocorrect
or would expand the query to different word forms. Addi-
tionally, we compared the number of results for terms
with different spellings for British and American English.
If the number of records for different spellings was the
same, we assumed automatic query expansion. As knowl-
edgeable reviewers are able to circumvent automatic
query expansion via the use of quotation marks, this cri-
terion was considered desired.

Criterion 17: “Truncation/Wildcards” determined
whether different frequently used truncation or wildcard
symbols were functional. For this criterion, we tested
whether terms with truncation or wildcards resulted in
more search results than terms without the use of trunca-
tion and wildcards. If words with truncation and
wildcards produced more hits, they were assumed to
function. Similar to criterion 16, the knowledgeable
reviewer might circumvent the absence of functional
truncation or wildcards by incorporating diverse word
forms manually into a search string. Hence, this criterion
was considered desired.

Criterion 18: “Exact Phrase Search” determined
whether the use of quotation marks—symbols typically
used to deem an expression should be searched liter-
ally—would result in fewer results than for terms lacking
them. This is an important feature that allows reviewers
to specify exact meanings. In reviewing systematic
searches (Table 3), we found that exact phrase searching
was used by all systematic reviews. Hence, we deem this
criterion necessary.

Criterion 19: “Parentheses” determined whether the
parentheses functioned in compiling search strings. To
create comprehensive search strings with high recall
and precision, it is vital to rely on the use of parenthe-
ses as these symbols allow a user to group individual
concepts and to link them logically. The quick review
of systematic searches (Table 3) showed that all sys-
tematic reviews used parentheses in their searches.
Accordingly, we consider functional parentheses a nec-
essary criterion.

Criterion 20: “Filtering: Post-Query Refinement” deter-
mined a search system's capacity for post-query refine-
ment through a so-called faceted search. We listed the
different filters available to users to refine their search
results sets to increase the precision of their search after
a query was computed. The more powerful the post-
query filter options are, the greater the potential preci-
sion of a given query. If search queries work flawlessly
and offer options to comprehensively determine search
scope, post-query filtering should not be necessary.
Hence, we rated post-query refinement of search results

as a desired criterion as it is helpful to further specify sea-
rch scope.

Criterion 21: “Forward Citation Search” determined a
search system's capacity for forward citation search, that
is, the system listing records that cite a specific records of
interest. The logic is that records that cite a relevant
record will be relevant themselves. Through association,
the set of relevant search results can be increased beyond
what could have been found through query alone. We
reviewed whether forward citation information was
offered by a search system, yet did not check the quality
of the forward citation search, as this depends on the
capacity of the citation index. As the forward citation sea-
rch is considered a supplementary search method to sea-
rch queries, we consider it a desired criterion. We did not
check search systems' capacity for handsearching in
terms of backward citation search, or the search of spe-
cific issues or journals.

Criterion 22: “Advanced Search String Input Field”
was assessed through a review of the search interface. An
advanced search input field would allow users to more
easily compose advanced search strings. As this limita-
tion can be circumvented with the basic search interface
offered by the search system, this criterion is only
desired.

Criterion 23: “Search Help” was assessed through
reviewing the search interface to determine whether
the search system provided some documented form of
search help to assist users in formulating their search
strategies. Search help would primarily mean guidance
on which search operators or field codes are available
and how users can use the search interface effectively.
We consider this criterion to be desired for systematic
search.

Criterion 24: “Maximum Number of Accessible Hits”
was assessed by determining the maximum number of
hits made accessible by the search system with a single
search. This test required navigating to the last search
results page of a query with millions of results to deter-
mine how many results were accessible to the reviewer.
While hit counts may sometimes run into the millions, it
is only a relatively small fraction of this theoretical
results set that is actually retrievable in practice. Hence,
if a reviewer is interested in the full results set and the hit
count goes beyond a set threshold, it is impossible or at
least cumbersome to retrieve the full set. One work-
around might be to fine-slice the query into smaller
results sets that lie below this maximum that can then be
handled sequentially. Nevertheless, while this procedure
requires significant effort, it is far from certain if it is
supported by the specific search system to compile such
precise search strings with Boolean operators. We intro-
duced the number of accessible hits as a necessary
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criterion. If the criterion was above 1000 records, the per-
formance of the search system was considered sufficient
for systematic reviews, yet still not ideal. While searches
of with more than 1000 results are common as indicated
by our review of systematic searches (Table 3), we opted
for a rather conservative threshold as reviewers might
mitigate this limitation by dividing search strings to
retrieve multiple result sets comprising fewer than 1000
records.

Criterion 25: “Bulk Download Supported” was assessed
through reviewing the search interface and attempting to
download large quantities of results at once. A major
time constraint in retrieving search results for subsequent
synthesis is search systems' requiring reviewers to down-
load search results in small batches instead of offering
full download capabilities. While search system providers
want to protect their data from theft and therefore do not
provide bulk downloads, this constitutes a tremendous
time constraint for reviewers in evidence synthesis and
limits their resources for other review activities. We con-
sider this criterion to be desired for systematic search.

Criterion 26: “Reproducibility of Search Results at Dif-
ferent Times” tested whether these search queries show
signs of bias.(5, p112,54, p141) These tests show whether
queries could be repeated so that identical queries
retrieve identical results sets, a criterion also described as
“the extent to which the search engine returns, from our
query, similar results under consistent conditions.”(20,
p945) Reproducibility is a quality central to systematic
reviews that qualifies a search system capable of retriev-
ing results independent of time and place. Accordingly, it
is necessary for any search system to offer reproducible
results across time in order to meet the quality guidance
for systematic searches.

Criterion 27: “Reproducibility of Search Results at Dif-
ferent Locations” assessed whether changes in the place
from which searches were performed influenced the sea-
rch results. The place was changed in two forms: we used
VPN services to simulate foreign IP addresses and
repeated the same query and we logged onto the search
system and repeated queries with different institutional
access schemes. If these variations produced changes in
the search results that could not be explained by the peri-
odic database growth of search systems or by minor dis-
crepancies in the database based on institutional
subscription (eg, with Web of Science Core Collections
made up of multiple indices that can differ across institu-
tions), the services had to be considered biased. Similar
to criterion 26, it is necessary for any search system to
offer reproducible results across place in order to meet
the quality guidance for systematic searches. A systematic
search was considered reproducible when it passed both
tests for criteria 26 and 27.

2.6 | Principal vs supplementary
resources

In our evaluation, a search system could be either rated
suitable as a principal or supplementary resource. A prin-
cipal resource needed to meet all necessary quality
requirements or was otherwise considered supplemen-
tary. Supplementary resources could be used in addition
to a principal resource for its specific qualities that could
retrieve additional records and to further improve the evi-
dence base. Hence, if a system failed a test for one search
method, it might be still considered a good choice for
some other search type—for example, while Google
Scholar is considered unsuitable for primary review
searches, it is considered a suitable supplementary source
of evidence (including on grey literature).57 The distinc-
tion between principal and supplementary resources for
systematic reviews was also used in previous assessments
of search system qualities.33,57

Desired quality requirements were not taken into
account in this rating of principal and supplementary
resources. Instead, these criteria were included in our
tests to inform reviewers about functionalities of search
systems that were useful or important but still not
entirely necessary to meet quality requirements of sys-
tematic reviews. The more reviewers are aware of the
specific functionalities of a search system, the better they
can optimize their search strategy. Accordingly, the tests
performed in this study evaluated single search function-
alities (see Table 2) so that reviewers received a granular
view of how search systems perform for each test. This
way, reviewers can quickly consult individual quality
criteria for detailed evaluations and reflect on whether a
search system of interest offers a service suitable for their
needs.

3 | RESULTS

Our analysis assessed the suitability of 28 search
systems for systematic reviews with 27 test criteria.
Each of these criteria assessed a single functionality of
the search system. Jointly, these tests showed to what
degree a search system was capable of searching effec-
tively and efficiently: qualities necessary for evidence
synthesis in the form of systematic reviews. The system-
atic assessment with these performance tests showed sub-
stantial differences in functionality among search
systems (see Table 4). While some search systems could
be recommended almost without limitation, others failed
important tests limiting their suitability for systematic
reviews. In other words, not all search systems allow
reviewers to perform queries, apply filters, or undertake
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citation searching with the high standards required in
systematic reviews. Our work makes it possible to classify
search systems transparently and objectively according to
their suitability for systematic evidence synthesis. We
describe the results of these tests that answer questions of
interest to a reviewer engaging in systematic search as
follows:

1. What is the coverage of the search system, to ensure I
access a database suitable for my review?

2. How effectively can I articulate my search via queries,
filters, or citation searches so I can retrieve results
with high recall and precision?

3. Can I reproduce my search, so that repeated queries
will retrieve the same results?

4. How efficiently can I search the system, so I can per-
form the review within my resource limits?

3.1 | Coverage

Our coverage tests assessed five desired criteria a
reviewer must consider when choosing a suitable search
system. We found that there are significant differences in
the databases across all tested criteria. Of the 34 databases
offered by the 28 search systems, we found that 16 had a
multidisciplinary focus while the remainder were special-
ized, that is, with a focus on medicine, health sciences,
sports, computer science, education, economics, electrical
engineering and electronics, psychology, business and
management, biomedicine, and transportation studies.
The sizes of databases indexed ranged from more than
300 000 to almost 400 million records. Similarly, retro-
spective coverage ranged between 1550 and 1999, while it
is important to note that the number of publications dat-
ing back as far as 1550 was small. Further, the number of
available record types varied between two and 81 different
records. Our sample examined five Open Access
resources (“open”), six search systems that focused on
Open Access literature, while also providing proprietary
resources (“mixed”), and 17 search systems that almost
exclusively focused on proprietary content
(“proprietary”).

3.2 | Search queries

We tested the most frequent Boolean operators OR, AND,
and NOT via incrementally extended strings adding up to
a maximum of six terms and also tested whether Boolean
search worked if used with parentheses. Additionally, we
assessed exhaustive OR-combinations of different lengths

to verify if longer strings also produced more hits. If Bool-
ean operators would not work for short ones, we were
not surprised if they also did not work for long ones.
Overall, the tests revealed that 17 of the 28 search systems
support Boolean operators flawlessly. The remaining sea-
rch systems retrieved implausible results for search
strings consisting of one or more types of Boolean opera-
tors. Particularly, AMiner, DBLP, Google Scholar, Micro-
soft Academic, and WorldWideScience failed all or all but
one of the Boolean tests we performed. Further, we found
that ERIC seemed to support Boolean searches with our
tests of up to six keywords yet failed with longer Boolean
searches. The maximum length of the search queries han-
dled without timeouts varies considerably among search
systems from only some seven terms (JSTOR) to more
than 1000 (EbscoHost, OVID, PubMed, Scopus, Virtual
Health Library, Web of Science, and WorldWideScience).
For some search systems, we identified restrictions con-
cerning maximum search string length measured in char-
acters, as for example, Google Scholar only allows
searches of up to 256 characters. However, for most sea-
rch strings, the length is determined by the load it puts
on the server and thus fails to deliver search results if the
request results in a server timeout. The server load seems
not only to be determined by search string length but is
especially influenced by search scope determined by field
codes (eg, title, abstract, or full text search) and the size
of the underlying database (searching one or multiple
databases via a platform provider).

Of the 28 search systems, 16 seemed to use a form of
automatic query expansion to interpret what the user
meant instead of processing search strings verbatim.
Whenever the default setting is such that queries are
expanded automatically, the user can mitigate the effect
by adding explicit limiters (in most cases “”) to search for
keywords literally. On the contrary, explicit limiters (“”)
were not working or not working correctly in seven sea-
rch systems. In the cases of AMiner, CiteSeerX, and
WorldWideScience, this was especially problematic as
these systems expand queries automatically and do not
seem to support explicit limiters, forcing reviewers to sea-
rch via automatically expanded queries. However, for
most (21) of the tested search systems, the limiters func-
tioned correctly. We found that while all systems
supported the English language, some failed to support
Chinese or Cyrillic characters. This may be due to the
fact that most texts indexed on these databases were writ-
ten in English and hence there is little necessity to sup-
port additional non-Latin characters. Our tests showed
that no search system provided all forms of wildcards
and truncation we tested for. Reviewers must exercise
caution and test whether the specific truncation or
wildcards they use work appropriately.
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TABLE 4 Assessment of 28 academic search systems on their suitability for evidence synthesis

Name of Search

System

Database(s)

Searched;

Search Settings 1) Subject 2) Size

3)Record

Type

(Selectable

Separately)

4) Retrospective

Coverage

(Oldest Entries)

5) Open

Access

Content?

6)

Controlled

Vocabulary?

7) Field

codes/

Limiters?

8) Full

Text

Search

Option?

9) Search

String Length

10) Server

Resp. Time/

Records:

Max. Word

Comb.

D D D D D D N ≥ 5 D N ≥ 25 N

ACM Digital

Library

Full index:

Full-text

collection

Computer science 2,000,000+ 4 1947 Proprietary √ 17 √ 100 √

AMiner Full index Multidisciplinary

with a focus on

computer

science

233,127,915 2 Unknown Mixed X 3 X 10 X

arXiv Full index;

settings: All

fields

Multidisciplinary 1,518,677 2 1991 Open √ 17 √ 100 √

Bielefeld

Academic

Search Engine

(BASE)

Full index Multidisciplinary 144,252,584 10 Unknown Mixed √ 12 √ 100

≤ 1024

characters

√

CiteSeerX Full index Multidisciplinary

with focus a on

computer and

information

science

8,401,126 3 Unknown Open X 9 X 500 X

ClinicalTrials.gov Full index Medicine 301,373 4 1999 Open √ 23 X 37 √

Cochrane Library Cochrane Central

Register of

Controlled

Trials

(CENTRAL)

Medicine 1,317,434 5 1908 Proprietary √ 15 √ 100 √

Digital

Bibliography &

Library Project

(DBLP)

Full index Computer science 4,539,285 9 1936 Open X 6 X 10 X

Directory of Open

Access Journals

(DOAJ)

Full index Multidisciplinary 3,902,698 2 1874 Open √ 13 X 100 √
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TABLE 4 (Continued)

Name of Search

System

Database(s)

Searched;

Search Settings 1) Subject 2) Size

3)Record

Type

(Selectable

Separately)

4) Retrospective

Coverage

(Oldest Entries)

5) Open

Access

Content?

6)

Controlled

Vocabulary?

7) Field

codes/

Limiters?

8) Full

Text

Search

Option?

9) Search

String Length

10) Server

Resp. Time/

Records:

Max. Word

Comb.

D D D D D D N ≥ 5 D N ≥ 25 N

EbscoHost Selection: ERIC;

Medline;

EconLit

ERIC: Education

studies;

Medline: Health

studies;

EconLit:

Economics

ERIC:

1,730,508

Medline:

29,456,831

EconLit:

1,661,780

12 ERIC: 1907

Medline: 1946

EconLit: 1886

Proprietary √ 11 X 50 √

EbscoHost Selection:

CINAHL Plus

Health studies 6,304,949 7 1937 Proprietary √ 48 X 500 √

EbscoHost Selection:

SPORTDiscus

Sports studies 2,449,690 6 1800 Proprietary √ 27 X 1,000 √

Education

Resources

Information

Center (ERIC)

Full index Education studies 1,600,000+ 24 1907 Proprietary √ 19 √ 100 X

Google Scholar Full index Multidisciplinary 389,000,000

+

3 1700 Mixed X 5 √ 25

≤ 256

characters

X

IEEE Xplore Full index Computer

science,

electrical

engineering,

electronics

4,831,568 7 1872 Proprietary √ 29 √ 10

≤ 15 search

terms (can

be longer

than stated)

√

JSTOR Full index Multidisciplinary 12,000,000+ 4 1857 Proprietary √ 12 X 7 (via max.

search

boxes)

√

Microsoft

Academic

Full index Multidisciplinary 213,850,455 6 Unknown Mixed X 0 Unknown 10 X

OVID Selection:

Embase,

Embase Classic

Health studies 30,000,000+ 9 1947 Proprietary √ 123 X 500 √

OVID 4,000,000+ 8 1806 Proprietary √ 97 X 1,000 √

(Continues)
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TABLE 4 (Continued)

Name of Search

System

Database(s)

Searched;

Search Settings 1) Subject 2) Size

3)Record

Type

(Selectable

Separately)

4) Retrospective

Coverage

(Oldest Entries)

5) Open

Access

Content?

6)

Controlled

Vocabulary?

7) Field

codes/

Limiters?

8) Full

Text

Search

Option?

9) Search

String Length

10) Server

Resp. Time/

Records:

Max. Word

Comb.

D D D D D D N ≥ 5 D N ≥ 25 N

Selection:

PsycINFO

Psychological,

social,

behavioral,

health sciences

ProQuest Selection:

ABI/INFORM

Global

Business,

management

24,190,026 13 1855 Proprietary √ 29 √ 50 √

ProQuest Selection:

Nursing &

Allied Health

Database;

Public Health

Database

Nursing & Allied

Health

Database:

Health studies;

Public Health

Database:

Health studies

12,954,446 14 Nursing & Allied

Health

Database:

1857; Public

Health

Database: 1934

Proprietary √ 34 √ 25 √

PubMed Full index:

Medline (and

others)

Biomedicine;

health studies

29,000,000+ 3 1790 Mixed √ 29 X 1,000 √

ScienceDirect Full index Multidisciplinary 15,000,000+ 24 1823 Proprietary X 14 X 25

≤ 8 Boolean

connectors

allowed

(actually

more

possible)

√

Scopus Full index Multidisciplinary 70,000,000+ 13 1861 Proprietary √ 79 X 1,000 √

Semantic Scholar Full index Multidisciplinary

with a focus on

computer

science and

medicine

72,366,665 10 1931 (or earlier) Proprietary X 0 Unknown 500 X

Springer Link Full index Multidisciplinary 12,731,539 10 1815 (single

documents)

Proprietary √ 4 X 50 √
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TABLE 4 (Continued)

Name of Search

System

Database(s)

Searched;

Search Settings 1) Subject 2) Size

3)Record

Type

(Selectable

Separately)

4) Retrospective

Coverage

(Oldest Entries)

5) Open

Access

Content?

6)

Controlled

Vocabulary?

7) Field

codes/

Limiters?

8) Full

Text

Search

Option?

9) Search

String Length

10) Server

Resp. Time/

Records:

Max. Word

Comb.

D D D D D D N ≥ 5 D N ≥ 25 N

Transport

Research

International

Documentation

(TRID)

Full index Transportation

studies

1,200,000+ 5 1900 Proprietary √ 14 X 100 √

Virtual Health

Library

Full index Health studies 865,836 10 1902 (single

studies); 1966

full

Proprietary √ 13 X 1,000 √

Web of Science Selection: Web of

Science Core

Collectiona

Multidisciplinary

(depends on

selected

databases)

73,000,000+ 21 1900 (depends on

underlying

subscription)

Proprietary √ 18 X 1,000 √

Web of Science Selection:

Medline

Health studies 29,303,305 81 1950 Proprietary √ 24 X 1,000 √

Wiley Online

Library

Full index Multidisciplinary 8,000,000+ 3 1798 Proprietary √ 7 X 100 √

WorldCat Selection: Thesis/

dissertation

Multidisciplinary 8,000,000+ 17 About 1550 for

earliest theses

Proprietary √ 13 X 25 √

WorldWideScience Full index Multidisciplinary 323,000,000 17 1869 (single

studies)

Mixed √ 6 √ 1,000 X
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TABLE 4 Assessment of 28 academic search systems on their suitability for evidence synthesis

Name of Search

System

Database(s)

Searched;

Search Settings

11)

Language

12) Boolean

Functional?

OR

13) Boolean

Functional?

AND

14) Boolean

Functional?

NOT

15)

Comparative

Test

16) Query

Interpretation/

Query

Expansion

17)

Truncation/

Wildcards

Available?

18) Exact

Phrases

Functional?

19)

Parenthesis

Functional?

20)

Post-query

Results

Refinement

D N N N N D D N N D

ACM Digital

Library

Full index:

Full-text

collection

√ (E, Ch,

Cy)

√ √ √ √ √ X √ √ 9

AMiner Full index √ (E, Ch,

Cy)

X X X X X X X X 0

arXiv Full index;

settings: All

fields

√ (E),

X (Ch, Cy)

√ √ √ X √ X √ X 0

Bielefeld

Academic

Search Engine

(BASE)

Full index √ (E, Ch,

Cy)

√ √ √ √ √ X √ √ 9

CiteSeerX Full index √ (E, Ch,

Cy)

X √ √ X X X X X 0

ClinicalTrials.gov Full index √ (E, Cy)

X (Ch)

√ √ √ √ X X √ √ 12

Cochrane Library Cochrane Central

Register of

Controlled

Trials

(CENTRAL)

√ (E, Ch,

Cy)

√ √ √ √ X X √ √ 3

Digital

Bibliography &

Library Project

(DBLP)

Full index √ (E, Cy)

X (Ch)

X X X X √ X X X 4

Directory of Open

Access Journals

(DOAJ)

Full index √ (E, Ch,

Cy)

√ √ √ √ √ X X X 6

EbscoHost Selection: ERIC;

Medline;

EconLit

√ (E, Ch,

Cy)

√ √ √ √ X X √ √ 13

EbscoHost Selection:

CINAHL Plus

√ (E, Ch,

Cy)

√ √ √ √ X X √ √ 12
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TABLE 4 (Continued)

Name of Search

System

Database(s)

Searched;

Search Settings

11)

Language

12) Boolean

Functional?

OR

13) Boolean

Functional?

AND

14) Boolean

Functional?

NOT

15)

Comparative

Test

16) Query

Interpretation/

Query

Expansion

17)

Truncation/

Wildcards

Available?

18) Exact

Phrases

Functional?

19)

Parenthesis

Functional?

20)

Post-query

Results

Refinement

D N N N N D D N N D

EbscoHost Selection:

SPORTDiscus

√ (E, Ch,

Cy)

√ √ √ √ X X √ √ 12

Education

Resources

Information

Center (ERIC)

Full index √ (E)

X (Ch, Cy)

√ √ √ √ √ X X √ 11

Google Scholar Full index √ (E, Ch,

Cy)

X X √ X X X √ X 2

IEEE Xplore Full index √ (E)

X (Ch, Cy)

√ √ √ √ X X √ √ 12

JSTOR Full index √ (E, Ch,

Cy)

√ √ √ √ X X √ √ 4

Microsoft

Academic

Full index √ (E, Ch,

Cy)

X X X X √ X X X 7

OVID Selection:

Embase,

Embase Classic

√ (E)

X (Ch, Cy)

√ √ √ √ √ X √ √ 5

OVID Selection:

PsycINFO

√ (E)

X (Ch, Cy)

√ √ √ √ √ X √ √ 6

ProQuest Selection:

ABI/INFORM

Global

√ (E, Ch,

Cy)

√ √ √ (with

adapted

search

string)

√ X X √ √ 10

ProQuest Selection:

Nursing &

Allied Health

Database;

Public Health

Database

√ (E, Ch,

Cy)

√ √ √ (with

adapted

search

string)

√ X X √ √ 13

PubMed Full index:

Medline (and

others)

√ (E, Cy)

X (Ch)

√ √ √ √ X X √ √ 10
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TABLE 4 (Continued)

Name of Search

System

Database(s)

Searched;

Search Settings

11)

Language

12) Boolean

Functional?

OR

13) Boolean

Functional?

AND

14) Boolean

Functional?

NOT

15)

Comparative

Test

16) Query

Interpretation/

Query

Expansion

17)

Truncation/

Wildcards

Available?

18) Exact

Phrases

Functional?

19)

Parenthesis

Functional?

20)

Post-query

Results

Refinement

D N N N N D D N N D

ScienceDirect Full index √ (E, Ch,

Cy)

√ √ √ √ X X √ √ 4

Scopus Full index √ (E, Ch,

Cy)

√ √ √ √ X X √ √ 11

Semantic Scholar Full index √ (E, Ch,

Cy)

X √ √ X √ X √ X 4

Springer Link Full index √ (E, Ch,

Cy)

√ √ √ √ √ X √ √ 6

Transport

Research

International

Documentation

(TRID)

Full index √ (E, Ch,

Cy)

√ √ √ √ √ X √ √ 14

Virtual Health

Library

Full index √ (E, Ch,

Cy)

√ √ √ √ √ X √ √ 13

Web of Science Selection: Web of

Science Core

Collectiona

√ (E)

X (Ch, Cy)

√ √ √ √ X X √ √ 18

Web of Science Selection:

Medline

√ (E, Ch,

Cy)

√ √ √ √ X X √ √ 13

Wiley Online

Library

Full index √ (E, Ch)

X (Cy)

√ √ √ √ X X √ √ 6

WorldCat Selection: Thesis/

dissertation

√ (E, Ch,

Cy)

√ √ √ X X X √ √ 7

WorldWideScience Full index √ (E, Ch,

Cy)

X X X X X X X X 12
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TABLE 4 Assessment of 28 academic search systems on their suitability for evidence synthesis

Name of Search

System

Database(s) Searched;

Search Settings

21) Citation

Search

(Forward)

22) Advanced

Search String

Field?

23)

Search

Help?

24) No. of

Accessible

Hits

25) Bulk

Download?

26)

Repeatable?

Time

27)

Location-Independent?

IP Assessment

D D D N ≥ 1,000 D N N

ACM Digital Library Full index: Full-text

collection

√ √ X Full 2,000 √ √ PRINCIPAL

AMiner Full index √ √ X 1,000 X √ √ SUPPLEMENTARY

arXiv Full index; settings: All

fields

√ √ √ 10,000 X √ √ SUPPLEMENTARY

Bielefeld Academic

Search Engine

(BASE)

Full index X √ √ 1,000 100 √ √ PRINCIPAL

CiteSeerX Full index √ √ √ 500 X √ √ SUPPLEMENTARY

ClinicalTrials.gov Full index X √ √ Full Full √ √ PRINCIPAL

Cochrane Library Cochrane Central Register

of Controlled Trials

(CENTRAL)

X √ √ Full Full √ √ PRINCIPAL

Digital Bibliography &

Library Project

(DBLP)

Full index X X √ Unknown

(most likely

full)

X √ √ SUPPLEMENTARY

Directory of Open

Access Journals

(DOAJ)

Full index X √ X 10,010 X √ √ SUPPLEMENTARY

EbscoHost Selection: ERIC; Medline;

EconLit

X √ √ 25,000 25,000 √ √ (depends on database

access)

PRINCIPAL

EbscoHost Selection: CINAHL Plus X √ √ 25,000 25,000 √ √ (depends on database

access)

PRINCIPAL

EbscoHost Selection: SPORTDiscus X √ √ 25,000 25,000 √ √ (depends on database

access)

PRINCIPAL
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TABLE 4 (Continued)

Name of Search

System

Database(s) Searched;

Search Settings

21) Citation

Search

(Forward)

22) Advanced

Search String

Field?

23)

Search

Help?

24) No. of

Accessible

Hits

25) Bulk

Download?

26)

Repeatable?

Time

27)

Location-Independent?

IP Assessment

D D D N ≥ 1,000 D N N

Education Resources

Information Center

(ERIC)

Full index X X √ Full 200 √ √

Google Scholar Full index √ √ √ 1,000 X X X SUPPLEMENTARY

IEEE Xplore Full index X √ √ 2,000 2,000 √ √ SUPPLEMENTARY

JSTOR Full index X √ √ 1,000 X √ √ SUPPLEMENTARY

Microsoft Academic Full index √ X X 5,000 X √ √ SUPPLEMENTARY

OVID Selection: Embase, Embase

Classic

√ √ √ Full 1,000 √ √ (depends on database

access)

PRINCIPAL

OVID Selection: PsycINFO √ √ √ Full 1,000 √ √ (depends on database

access)

PRINCIPAL

ProQuest Selection: ABI/INFORM

Global

√ √ √ 10,000 100 √ √ (depends on database

access)

PRINCIPAL

ProQuest Selection: Nursing & Allied

Health Database; Public

Health Database

√ √ √ 10,000 100 √ √ (depends on database

access)

PRINCIPAL

PubMed Full index: Medline (and

others)

√ √ √ Full Full √ √ PRINCIPAL

ScienceDirect Full index √ √ √ 6,000 100 √ √ PRINCIPAL

Scopus Full index √ √ √ 2,000 20,000 √ √ PRINCIPAL

Semantic Scholar Full index √ √ √ 10,000 X √ √ SUPPLEMENTARY

Springer Link Full index X √ √ 19,980 1,000 √ √ SUPPLEMENTARY

Transport Research

International

Documentation

(TRID)

Full index X X √ 15,000 X √ √ PRINCIPAL

Virtual Health Library Full index X √ √ Full Full √ √ PRINCIPAL

Web of Science Selection: Web of Science

Core Collectiona
√ √ √ 100,000 5,000 √ √ (depends on database

access)

PRINCIPAL

206
G
U
SE

N
B
A
U
E
R

A
N
D
H
A
D
D
A
W
A
Y



W
e

foun
d

th
at

all
but

four
search

system
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TABLE 4 (Continued)

Name of Search

System

Database(s) Searched;

Search Settings

21) Citation

Search

(Forward)

22) Advanced

Search String

Field?

23)

Search

Help?

24) No. of

Accessible

Hits

25) Bulk

Download?

26)

Repeatable?

Time

27)

Location-Independent?

IP Assessment

D D D N ≥ 1,000 D N N

Web of Science Selection: Medline √ √ √ 100,000 5,000 √ √ (depends on database

access)

PRINCIPAL

Wiley Online Library Full index √ √ √ 2,000 X √ √ PRINCIPAL

WorldCat Selection: Thesis/

dissertation

X √ √ 5,000 X √ √ SUPPLEMENTARY

WorldWideScience Full index X √ √ Limited (only

top results

are shown)

20 X X SUPPLEMENTARY

Note. √, passed test; X, failed test;
Abbreviations: D, desired; N, necessary.
aScience Citation Index Expanded (1900-present); Social Sciences Citation Index (1900-present); Arts & Humanities Citation Index (1975-present); Conference Proceedings Citation Index- Science (1990-present);

Conference Proceedings Citation Index- Social Science & Humanities (1990-present); Book Citation Index– Science (2010-present); Book Citation Index– Social Sciences & Humanities (2010-present); Emerging
Sources Citation Index (2015-present); Current Chemical Reactions (2010-present); (Includes Institut National de la Propriete Industrielle structure data back to 1840); Index Chemicus (2010-present).
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accordingly. Forward citation searching was available on
more than half (15) of all search systems.

3.3 | Search results

We found that the maximum number of retrievable
records varies greatly among search systems. While some
allow access to all records, the functionality of CiteSeerX
and WorldWideScience is severely restricted as their
threshold lies below 1000 records. Most notably, ACM
Digital Library, ClinicalTrials.gov, Cochrane Library,
ERIC, OVID, PubMed, and Virtual Health Library allow
full access to all datasets returned from a single search.
For DBLP, we could not determine the scope of retriev-
able records since its results set expands dynamically
rather than using numeration or pagination. Similarly,
bulk download options differed significantly across sea-
rch systems. Some allow the download of the entire sea-
rch results set in one go, while almost half of the
examined systems provided no support for for exporting
multiple records. Most positively, the medical databases
of Virtual Health Library, ClinicalTrials.gov, and
Cochrane Library supported efficient data retrieval by all-
owing full download options. While many databases
offered an application programming interface (API) to
access their database, these options are only accessible to
reviewers with programming skills.

3.4 | Search reproducibility

In our sample of 28 academic search systems, all but
two—Google Scholar and WorldWideScience—were
reproducible in terms of reporting identical results for
repeated identical queries. While WorldWideScience
failed to deliver replicable results at all times, Google
Scholar failed to deliver them only during certain
periods: sometimes, search results were replicable with
two consecutive queries; then with a third query or
with queries after some queries in between, they were
no longer replicable and the results set differed in a
way not explainable by natural database growth. Natu-
ral growth means that the dataset indexed on a data-
base increases with the identification and curation of
new records and thus that results sets retrieved tend to
increase with repeated queries as the underlying data-
base has expanded in the meantime. All the other
26 search systems appeared to provide reproducible
results.

Further, in our analysis of search results retrieved via
a changed retrieval location, we found differences for
varying institutional subscriptions, yet not for differences

in IP addresses. Certain subscription-based platforms—
for example, EbscoHost, OVID, ProQuest, and Web of
Science—delivered notably different results depending
on the institution through which we accessed the under-
lying databases. For these systems, the number of records
depended on the subscriptions to different databases or
indexes subscribed to by the organization. In most cases,
differences depended on the databases available, yet
there were also differences within the same databases.
We found the coverage of the same database was differ-
ent as the number of years accessible varies from package
to package. These differences can be visible in the
description of the database, as with ProQuest offering its
popular ABI/Inform package in different versions con-
taining substantially different results sets. Nevertheless,
these differences are sometimes not so obvious for users,
requiring closer examination. Web of Science's Core Col-
lection also varies significantly in scope containing differ-
ent indices depending in the subscription. These single
indices, again, vary in scope for the subscribing libraries.
For the same index, one institution might have sub-
scribed to a retrospective coverage since 1996, another
since 2010. The variations highlight that reviewers should
be familiar with their institution's subscription and that
they need to document this in detail in their review
reports.

4 | DISCUSSION

Overall, we found that only 14 of the 28 academic search
systems examined are well-suited to evidence synthesis
in the form of systematic reviews in that they met all nec-
essary performance requirements (Table 4). These 14 can
be used as principal search systems: ACM Digital Library,
BASE, ClinicalTrials.gov, Cochrane Library, EbscoHost
(tested for ERIC, Medline, EconLit, CINHAL Plus, Spo-
rtsDiscus), OVID (tested for Embase, Embase Classic,
PsychINFO), ProQuest (tested for Nursing & Allied
Health Database, Public Health Database), PubMed,
ScienceDirect, Scopus, TRID, Virtual Health Library,
Web of Science (tested for Web of Science Core Collec-
tion, Medline), and Wiley Online Library. In contrast, the
remaining 14 were unsuitable for use as the principal sea-
rch system for systematic reviews due to failing to meet
one or more necessary criteria. For these 14 search sys-
tems, our tests uncovered severe performance limitations
with regard to formulating queries, the correct interpreta-
tion of queries by the system, data retrieval capabilities,
and the reproducibility of searches. These systems should
only be considered supplementary to the principal sys-
tems, especially for nonquery-based search methods
where they might still provide great benefit. Desired
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performance criteria inform about other-nonessential
functionalities relevant for systematic search, where
reviewers need to assess individually how important
these criteria are for their specific search. We next pre-
sent the results of our analysis. The criteria we base our
assessment on can be found in Table 2, and the detailed
outcomes of the tests conducted can be found in
Appendix II (supplementary online material).

4.1 | Necessary criteria

In most systematic reviews, Boolean queries retrieve the
largest portion of relevant records because they allow the
user to search large databases with the highest recall.
Accordingly, the query-based search form is the back-
bone of systematic reviews. It is striking that half the sea-
rch systems we examined have at least some issues with
Boolean queries. This is particularly unfortunate because
Boolean searching is effective, especially for systematic
search strategies: “medical research indicates that expert
searching based on Boolean systems is still the most
effective method [of searching].”(26, p1570)

Our tests revealed that the help files of numerous sea-
rch systems promise a Boolean search functionality that
our tests could not verify. These findings were especially
alarming because users of such systems rely on function-
alities that they assume to work properly, but that may
not be the case. In a review of search FAQs, we found
that arXiv, CiteSeerX, DBLP, ERIC, Semantic Scholar,
WorldCat, and WorldWideScience promote support for
Boolean searching, yet our tests identified issues with
searches using Boolean operators. Semantic Scholar, for
example, writes in its FAQ “you may search for papers
on Semantic Scholar using AND/OR query terms,” yet it
failed most query-based tests (criteria 10, 12, 15, and 19).
For these services, the negative performance results
might hint at glitches that the system administrators
should examine. The other systems that failed query
tests—AMiner, DOAJ, Google Scholar, and Microsoft
Academic—do not state support for Boolean search
functionality.

Given the findings in this study, we advocate
reassessing the advice given in evidence-synthesis guid-
ance for systematic reviews. For example, the searching
guidance of The Campbell Collaboration states: “Given
an Internet search engine (Google, Google Scholar, Bing,
etc.) […], many of these search strategies may also be
applied. For example, Phrase searching, Boolean Opera-
tors and Limiting features are typically all offered. Using
the search engine's Advanced search screen can provide
an easy way of accessing these features.”(15, p34) This pas-
sage might incorrectly advise users to pursue full Boolean

search strategies with search systems such as Google
Scholar that do not offer such functionality. Further, our
results contradict systematic review guidance that
assumes that “all the search engines in some way [would]
permit the use of Boolean syntax operators to expand or
restrict the search.”(5, p103) The results of our study show
that when it comes to search functionalities that are nec-
essary for systematic reviews, a reviewer must look
closely at which search systems are in fact suitable and
why. If reviewers are comfortable with search systems
failing specific desired criteria, while query capabilities
are sufficient, they should not be discouraged from using
it as their principal search system.

4.2 | Desired criteria

Search systems failing one or more necessary test criteria
are always in conflict with the fundamental quality
requirements of systematic reviews, especially for
searches with search strings. Accordingly, we advise
reviewers to use these systems solely for supplementary
search methods as they might still be valuable in improv-
ing search outcome. Such supplementary methods
include handsearching of backward and forward cita-
tions, specific issues or journals, or the use of filters to
limit search results. We explicitly tested for
handsearching in the form of forward citation searching,
as this information needs to be provided by a citation
index that contains information on which records have
cited a specific record. This citation index is, however,
not available through every search system. While our
methods did not allow the testing of the comprehensive-
ness of citation indexes, larger, multidisciplinary search
systems seem to provide more complete citation informa-
tion than smaller specialized search systems. Compari-
sons of citation indexes generally rate Google Scholar as
the most comprehensive.71-73 These comparisons support
the idea that larger search systems tend to have greater
citation coverage. While our results show that 15 of the
28 systems examined have cross-citation information,
because of the limited coverage of many of these systems',
their citation information might be limited as well.
Hence, if the reviewer's goal is to reach beyond the limi-
tations of a specialized search system, it might prove ben-
eficial to use citation information from a large,
multidisciplinary search system to broaden the search
scope.

Desired performance criteria need to be evaluated rel-
ative to the specific systematic search requirements of the
reviewer. Our analysis made some important evaluation
criteria transparent, so it is possible for reviewers to
reflect on how these criteria could facilitate or limit their
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systematic searches. For reviewers, it is important to
choose a search system that is suitable for a given
research domain, a certain retrospective focus, and that
covers the specific record type of interest. Coverage of a
search system and/or its underlying database(s) might be
important for evaluating a search system's potential
recall. Coverage is, however, only beneficial when the
necessary retrieval capabilities are offered as well. Other-
wise, searching large, multidisciplinary databases might
involve low search precision, making systematic search
inefficient and laborious. Alternatively, reviewers might
want to test systems offering the option to download
resources in bulk. Compared with systems without this
feature, bulk download allows efficient data handling in
combination with reference management software and
data analysis tools.

Our analysis showed that of the five Open Access sea-
rch systems examined that catalogue Open Access
records only (arXiv, CiteSeerX, ClinicalTrials.gov, DBLP
and DOAJ), only ClinicalTrials.gov passed all tests relat-
ing to necessary criteria. Among the six systems offering
mixed access, that is, using a dataset offering both propri-
etary and Open Access content, BASE and PubMed were
found to be suitable for use as principal search systems.
Accordingly, for reviewers having no access to proprie-
tary databases, our findings mean they only have a lim-
ited selection of Open Access database alternatives.
Reviewers interested in medical evidence synthesis could
access all three—BASE, PubMed, and ClinicalTrials.
gov—but should be aware that BASE also indexes
PubMed. Reviewers from other disciplines who want syn-
thesise Open Access content systematically, however, are
limited to the multidisciplinary system BASE, which pro-
vides full texts for 60% of its close to 150 million records
under Open Access licence. Other open, or partially open,
search systems that fail to meet the criteria for query-
based search might still be useful for supplementary sea-
rch methods.

4.3 | Differences in search systems

The tests applied in this study not only
compared individual search systems but also underlying
databases accessed through different platforms.
For example, ERIC's database is accessible via its dedi-
cated search system, but also through EbscoHost. Simi-
larly, we accessed Medline through EbscoHost, PubMed,
and Web of Science (and indirectly through BASE and
other systems that use the Medline index). The analysis
detailed above detected some performance differences.
While the underlying database seemed largely identical,
determined by its size, the functionalities of the

search system through which it was accessed varied.
ERIC (the search system), for example, failed some neces-
sary tests, whereas when accessed through EbscoHost,
the search functionalities in searching the ERIC database
were superior. We also identified differences in the case
of Medline. While PubMed allows bulk download of the
full dataset, EbscoHost allows 25 000 and Web of Science
5000. Hence, we conclude that in these cases the search
capabilities depended on the system through which it
was accessed and less on the underlying database.

Additionally, the platforms in our sample—
EbscoHost, OVID, ProQuest, and Web of Science—all
underwent multiple tests where individual platforms
were tested with varying databases. These repeated tests
were aimed to provide another perspective on perfor-
mance determinants of platforms and should show
whether changing underlying databases influenced nec-
essary and desired performance criteria. As the underly-
ing databases changed, so accordingly did the results for
tests of these databases, such as scope, available record
types, controlled vocabulary, retrospective coverage, field
codes, or filters. Further, we found that the maximum
length of the search string a platform could handle with-
out timeout differed significantly depending on the size
and number of underlying databases. The scope of the
search determined by field codes also seems to influence
server load and thus maximum search string length. This
means a full text search puts a heavier load on the system
than, for example, a search of titles or abstracts. Hence, it
is not the number of characters (alone) that determines
the longest still computable search string. Reviewers may
thus need to balance search string length with database
selection and field code selection in the case of more
exhaustive searches. Another option might be to split the
string into pieces and search systems sequentially,
although doing so would extend the workload associated
with documentation and deduplication.

The quality of systematic searches not only depends
on the queries or filters specified for searching a data-
base, but also depends on the database itself. Database
providers/platforms, such as EbscoHost, OVID, ProQuest,
and Web of Science, provide access to multiple databases
simultaneously. Hence, for these platforms, reviewers
need to report on the exact databases they have searched.
Nevertheless, inexperienced researchers frequently
wrongly assume they are searching a single, distinct data-
base, while in truth, that search system aggregates multi-
ple databases. The consequence is that these authors
report using a search system but omit to record using its
underlying databases. With this limited information, the
search process is insufficiently documented and replica-
tion is impossible. Hence, for systematic searches of plat-
forms such as EbscoHost, OVID, ProQuest, and Web of
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Science, we remind authors that they must report the
underlying databases and the indices they contain.74 Fur-
ther, it is necessary to bear in mind that databases update
frequently—sometimes multiple times a day or even on
an hourly basis—thus the underlying dataset changes
accordingly. While most of the time the dataset will
increase through the addition of records, databases can
also shrink through the deletion of duplicates or the
occurrence of errors that affect the dataset provided. It is
therefore essential to report—in addition to the exact
database accessed—the time the dataset was accessed
too. One option to facilitate these reporting practices
might be to include such requirements in the “guide for
authors” section of journals and to advise the use of
reporting guidance such as PRISMA36 or ROSES.74

4.4 | Emergence of semantic search
systems

There has recently been an upsurge in using semantic
search engines over traditional ones, as is evident in the
birth of Semantic Scholar (2015), the relaunch of Micro-
soft Academic (2017), and the expected launch of Meta, a
project of the Zuckerberg foundation. These semantic
search engines tend to be designed to reward exploratory
rather than systematic search behavior. These tendencies
add to the notion that “the problem is […] that an ideo-
logical tendency to make things ‘user friendly’ (and the
market bigger) tends to hurt the development of systems
aimed at increasing the selection power of users and sea-
rch experts.”(26, p1570) Our findings indicating that these
systems are inadequate to be used as principal systems in
systematic searches support this notion. The criticism of
user-friendliness at any cost is especially directed at Goo-
gle Scholar, which is more concerned with “tuning” its
first results page(75, p15) than with overall precision. This
makes Google Scholar highly precise for exploratory
searches conducted by a user interested in only a few rel-
evant results on the first search engine results page.76,77

Nevertheless, overall, Google Scholar's search precision
has been found to be significantly lower than 1% for sys-
tematic searches.25 This is not surprising, since our find-
ings show that Google Scholar does not support many of
the features required for systematic searches. Our find-
ings support the criticism of Bramer et al,33 Bramer
et al,34 and Boeker et al25 and indicate that
Google Scholar's coverage and recall is an inadequate rea-
son to use it as principal search system in systematic
searches.53 If a system such as Google Scholar fails to
deliver retrieval capabilities that allow a reviewer to sea-
rch systematically with high levels of recall, precision,
transparency, and reproducibility, its coverage is

irrelevant for query-based search. Google Scholar's
extraordinary coverage acting as a multidisciplinary com-
pendium of scientific world knowledge should not blind
users to the fact that users' ability to access this compen-
dium is severely limited, especially in terms of a system-
atic search.

While popular search systems such as Google Scholar
or Microsoft Academic being inadequate for query-based
search is already unfortunate on its own, the situation is
made worse by users seemingly being unaware of these
shortcomings. Users are perhaps guided by convenience
rather than strategic considerations when choosing their
search system. In fact, it was due to its great ease of use
and performance in informational and exploratory
searches78 that Google Scholar emerged as the number
one go-to academic search engine for most academic
users.79-82 Students in particular utilize Google as a main
source in information seeking.52,83,84 The requirements
for evidence synthesis are not always obvious to
reviewers as they are used to navigational or exploratory
searching that comes intuitively.78,85-87 Students espe-
cially seem to have tremendous difficulty in mastering
online literature searches.83,88-91 Other search systems,
such as bibliographic databases or platforms, are less
popular due to the elevated skills they require and, in
some cases, more difficult access due to paywall restric-
tions. We advocate educated use of these systems, so
users have the right tool for the right purpose fully aware
of its strengths and weaknesses.

4.5 | Limitations

While we took the greatest care to include a large
evidence-based selection of meaningful methods to test
the capacity of search systems, there may be other tests
unknown to us that could be performed. The tests con-
ducted here do, however, rigorously and transparently
assess whether and to what extent search systems suc-
ceed in such tests compared to other systems. Generally,
we did not directly test a search system's level of precision
or recall, but rather the capacity of allowing the user to
specify queries with high levels of precision and recall.
From a methodological standpoint, this study is particu-
larly influenced by the research of Gusenbauer37 and
Boeker et al(25, p11) that sought to, “to compare the effec-
tiveness of Google Scholar and other retrieval tools” Our
approach provides great practical benefit, as it illumi-
nates some of the most critical strengths and weaknesses
of search systems that are often only communicated with-
out comparative evidence of actual performance criteria.
This study contributes such tangible criteria. Neverthe-
less, from a theoretical standpoint, our study can only
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provide evidence that search systems behave incorrectly
in failing to comply with certain test criteria. It is impos-
sible to be absolutely certain that a system that has
proved successful in our specific tests would not fail in
slightly different tests or under different circumstances.
For instance, a system providing a functional 1000-term
OR-string could theoretically fail one consisting of 1001
terms or let us say 521 terms. Similarly, it is impossible to
rule out that search systems have temporal performance
variations that cannot be captured with cross-sectional
analysis. While we also included a test for temporal varia-
tion through reproducibility tests where we determined
search engine bias, we have to assume that the systems
are otherwise stable in scenarios that lie beyond our
tested scope.

One possible limitation might be that whenever a cer-
tain threshold is defined, someone asks why it was not
some other threshold. In this study, we tried to alleviate
this criticism by basing our thresholds on the quality
guidance issues by Cochrane, The Campbell Collabora-
tion, and the CEE. Further, if we needed to decide on
specific numeric thresholds such as the minimum length
of search strings or the minimum number of field codes,
we based our decision on a review of best practices from
previously published and highly cited systematic reviews.

As most of the search systems update not only their
database, but also their search functionalities, the perfor-
mance results tested in this study might change over
time. However, during the period covered by writing-up
the results of this study, those results remained relatively
stable, which most likely reflects the fact that our perfor-
mance tests evaluated fundamental functionalities of sea-
rch systems that are rarely updated. Nevertheless, to be
sure to have an accurate picture of search functionalities,
reviewers can easily replicate our tests and evaluate them
immediately before they access their search system of
interest.

5 | CONCLUSION

Selection of suitable search systems is essential for the
outcome of evidence-synthesis research. Reviewers must
consider the different functionalities offered, or not
offered, when interacting with a given search system. In
particular, they must be cognisant of the trade-off
between search precision and recall. Searching search
systems with the greatest effectiveness and efficiency is a
skill that is necessary yet generally undervalued in educa-
tion and research practice. Reviewers should always con-
sult information specialists or librarians and enlist their
support in designing systematic review search strate-
gies.9,13 Only if reviewers are aware of a search

system's functionalities, they can take advantage of all
methods and functionalities and design good search
strategies.

Yet, so often convenience guides the method of search
system choice. Unfortunately, awareness of the differ-
ences between search systems is not yet sufficiently
developed in the area of scientific education. Indeed,
librarians affirm the lack of search skills prevalent espe-
cially among students89,92 and so-called digital
natives.88,93 We hope our study helps to create awareness
of the importance of search literacy. This study shows the
limitations of such convenience. This research encour-
ages responsible and knowledgeable researchers to be
aware of search system qualities so they can then use the
appropriate tool for the task at hand. Just as artisans have
particular tools for particular tasks, we should under-
stand our digital tools are not one-size-fits-all solutions.
Crawler-based search engines like Google Scholar or
Microsoft Academic function differently to database pro-
viders such as ProQuest or EbscoHost, or journal plat-
forms such as SpringerLink or Wiley. The overview
provided here should make it easier for scholars to
choose the most adequate search system according to
their unique information requirements.

The many limitations we identified affecting most
of the search systems in our study clearly call for
researchers - especially those who engage in systematic
searches - to ensure that they possess considerable
knowledge of the search systems they intend to use;
however, those qualities are not always evident. With-
out this knowledge, search results might be mis-
interpreted in a way that impinges on research
validity. A high number of hits resulting from an
extensive Boolean search string might, for example, be
seen as indication of a high number of relevant
records—yet in truth, due to faulty interpretation of
the search system, might reflect the malfunction of
limiting AND or NOT operators.

It has often been unclear exactly why certain sea-
rch systems perform better or worse than others. Per-
formance issues, especially those concerning the
correct interpretation of Boolean search strings by sea-
rch systems, may have remained undetected so far. We
aimed to make these performance differences explicit.
Since we used the same metrics for all systems, our
assessment makes a large set of systems comparable. If
impediments of search systems are made transparent,
experienced reviewers could perhaps circumvent these
limitations by using search systems differently.
However, researchers lacking such knowledge run the
risk of expecting too much of search systems (even
when searched in a systematic way) and drawing erro-
neous conclusions based on biased sets of search
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results. The establishment of the 27 testing criteria
here may help to create awareness among reviewers of
where they need to look when selecting and using sea-
rch systems.

If the results of scientific research are to be cumu-
lative, researchers in general, and especially those
aiming to conduct evidence syntheses, should know
how to effectively and efficiently gather scientific
knowledge. Our evaluation offers reviewers a means of
transparent evaluation. While some researchers high-
light the benefits of easy-to-use academic search
engines like Google Scholar53 that allow non-experts to
make use of scholarly resources,94 our work highlights
the specific pitfalls of those systems. In contrast, we
demonstrate that using search systems correctly is not
always as straightforward as slick user interfaces might
suggest. Further, our detailed assessment based on
27 transparent criteria is also especially helpful for
experienced reviewers of all disciplines when they
decide on which criteria their search system of choice
must meet. The distinction between necessary and
desired criteria should create awareness of why certain
search systems are suitable and others unsuitable, and
that simple distinction could be helpful, especially for
non-expert reviewers or those who are not information
specialists.

Our analysis reveals that few Open Access search sys-
tems can be recommended as a principal resource for sys-
tematic searches. It seems there is currently almost no
getting around proprietary search systems if one attempts
a rigorous systematic review. This finding is extremely
unfortunate, as Open Access databases advocate barrier-
free access to information, yet for systematic reviews,
they most often do not provided the necessary functional-
ities to be used as principal search systems. For
researchers from resource-constrained contexts, we could
perhaps recommend the multidisciplinary BASE, as it is
a comprehensive resource with a large share of Open
Access content and it also met necessary testing criteria
in our analysis.

We advocate that search system operators—Open
Access or not—review the capabilities and improve per-
formance criteria where necessary. Ideally, search system
providers would use our insights to further develop their
systems according to the high standards of evidence-
synthesis guidance. It becomes evident that these pro-
viders need to balance the pros and cons of “exact-match
systems” and “best-match systems” or find ways of allevi-
ating the effects of trade-offs between both concepts.26

The metrics used in this research might prove helpful in
defining some of the specifications an improved system
should possess—something especially relevant for those
systems in which we uncovered severe performance

limitations. Such scientific performance requirements
might become increasingly relevant with the current
research trend of replicating existing studies, and with
the continued increase in the number of published sys-
tematic reviews.

The criteria established in this study are relatively
straightforward as they are defined from the viewpoint of
the reviewer. Therefore, it is easily possible for reviewers
to update these assessments frequently by identifying
changes in the qualities of the single search systems or
adding previously unexamined search systems to the
comparison set. Until now, studies have largely examined
the suitability of search systems for certain scholarly
tasks for individual systems or by comparing a few sys-
tems.33,50,95 Our methods allowed a comprehensive
review of many different search systems. As a result we
found significant performance differences among the sea-
rch engines examined, confirming that no single search
system is perfect. Their efficient use thus demands
searchers are well-trained and can weigh up a system's
strengths and weaknesses and make informed decisions
on where and how to search. Only then can reviewers
evaluate search systems and match our tested search sys-
tem suggestions to their subjective information
requirements.
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Abstract
Systematic literature reviews are an increasingly used review methodology to synthe-
size the existing body of literature in a field. However, editors complain about a high
number of desk rejections because of a lack in quality. Poorly developed review articles
are not published because of a perceived lack of contribution to the field. Our article
supports authors of standalone papers and graduate students in the Entrepreneurship
domain to write contribution-focused systematic reviews e.g. by providing a concrete
guideline. Our article analyzes the strengths and weaknesses of a systematic literature
review and how they can be overcome. Furthermore, we provide a combined list of
highly ranked journals in the Entrepreneurship domain as a basis for quality appraisal.
Finally, this article builds a scenario for the future of the systematic literature review
methodology and shows how technological improvements have changed this method-
ology and what can be achieved in the future.
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Introduction

The systematic (also known as “structured”) literature review (SLR) entered manage-
ment research as a promising methodology for reviewing previous literature to bring
the field closer together (Tranfield et al. 2003). High quality SLRs support better
decisions for policy-makers and entrepreneurs and help researchers to synthesize the
literature under review. Due to the rapidly growing popularity of this methodology
within the overall management domain, the SLR received more attention, and initial
papers created rules and suggestions on how to conduct such review articles in the field.
The SLR became increasingly popular, almost even replacing traditional reviews for
individual review papers in management (Jones and Gatrell 2014). The main advan-
tages of an SLR are transparency in data collection and synthesis that results in a higher
level of objectivity and reproducibility (Tranfield et al. 2003).

When talking about traditional literature reviews, we basically mean non-structured,
−systematic or -transparent reviews with a higher level of subjectivity in data-collection
and data-interpretation. Systematic reviews are also not novel. The first examples
emerged at the end of the nineteenth century when the term systematic review was
used for nearly every review article (Petticrew and Roberts 2006). These reviews
changed a lot over time. If, for example, we compare the situation Hart (1998) describes
with today, we see major differences. This is most evident in the increased availability
of literature in general, especially online databases (such as EBSCO, Scopus, ABI/
Inform etc.) allowing researchers to conduct quicker and much more transparent review
processes than was possible in the final years of the last century. However, while Hart
mainly regards the SLR as one method of giving an overview on the topic e.g. within a
larger research project, they have also established themselves as a standalone method-
ology by itself to create evidence in a topic. In 1998, Hart criticized a lot of the review
articles published at that time for their lack in quality, and we often face the same
problem today; for example, in traditional Research Methods courses at universities, the
SLR does not receive the same attention as statistical methods, meaning that a
significant cohort of the research community is more dedicated to subjectively sum-
marizing the extant literature in their field than synthesizing it in a systematic manner.

With this article, we focus on the SLR in Entrepreneurship research – more
specifically its delimitations, the state-of-the-art, its limitations and outlook for this
methodology. We also provide advice which is best practice. Our article addresses
researchers/scholars, Ph.D. candidates and graduate students – especially in the Entre-
preneurship domain, as it specifically includes the field specifications in the discussion.
Our aim is to discuss potential further developments based on the SLR in order to
overcome the main limitations of the methodology by comparing it with other relevant
review methods and setting it in the context of the Entrepreneurship domain.

With this contribution to Entrepreneurship research, we aim to further support the
importance of the synthesis of previous works and help to consolidate the existing body
of literature in a certain field. SLRs offer the possibility of combining existing literature
and create solid definitions and foundations for further research. This study supports the
strengthening of SLRs as a methodology in Entrepreneurship. In science, there are
several reasons to write a literature review. One of these is for the literature review to set
a beginning for a dissertation and detect research gaps and questions that can be
answered by the dissertation. Last, but not least, our article aims to provide (particularly
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young) scholars in Entrepreneurship (and related areas) at all academic levels with a
specific guideline to carry out their literature reviews in Entrepreneurship.

The need for reviewing the literature

In research, there are different aims and situations in which scholars write a literature
review. Typically, the aim of literature reviews is to summarize and integrate the
existing knowledge about a topic (Rowley and Slack 2004). The situations where
literature reviews are written and used are independent from the authors that deal with
the topic. In broad terms, there are three main situations for writing a literature review
(Knopf 2006; Okoli 2015):

1. A standalone review article of the literature for a specific topic.
2. An introduction to an empirical paper and foundation for hypotheses.
3. The first stage of a bigger research project (e.g. a dissertation).

For this article, we mainly concentrate on the first of these, the standalone SLR (Okoli
2015). However, for a dissertation (especially at doctoral level), we believe that an SLR
is more useful than a traditional literature review. SLRs are a specific methodology that
allow for the creation of a whole article based on reviewing the literature without
collecting empirical data. They try to answer a research question, usually about the
status quo of a field of research. In empirical articles, on the other hand, a literature
review does not need to answer a research question on its own; instead, it provides a
short overview of the topic and helps to derive the main hypotheses of the paper.
Therefore, a traditional literature review might in some cases be more suitable for
empirical articles, where the main focus is not the literature review itself.

We can differentiate two different streams of literature reviews: traditional
(subjective) and structured reviews (see Table 1). Unlike SLRs, traditional literature
reviews do not follow a reproducible and transparent methodology.

The traditional literature review

The majority of literature reviews in management research are not systematic by nature,
i.e. they follow a narrative rather than a transparent methodology (Briner and Denyer
2012). They are thus often regarded to be “unscientific” because of their use of
unrepresentative samples and unsystematic procedures (Mulrow 1994; Oakley 2002).
Traditional literature reviews often do not evaluate the quality of articles nor do they
follow any specific rules. They are often used in introductions to empirical papers or
conference presentations to support the hypotheses the author has developed. There-
fore, the authors are often less interested in showing previous studies which are
contradictory to their intended hypotheses, and create a bias by omitting them. In
“cumulative” (article-based) Ph.D. dissertations, traditional reviews are usually used to
tie the topic together and create a “bracker” around the individual papers.

Because of the lack of systematization and transparency, traditional reviews are
more likely to be biased by the subjectivity of the author (Hodgkinson and Ford 2014;
Mulrow 1994). The difference between traditional and systematic reviews mostly lies
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in the methods of data collection and possibilities of replication. Traditional reviews do
not follow a strict rule of how studies are collected and therefore it is highly possible
that the study selection is driven by the subjectivity of the author. The same issue is
criticized when it comes to quality control of the studies. In both cases, the driving
factor that takes the final decision is the authors themselves (Tranfield et al. 2003).

Nevertheless, traditional literature reviews have several advantages. One of the most
important reasons for writing one is that it is written more easily than an SLR. Traditional
reviews are driven by the intuition and the experience of the authors, but they are also
subjectively influenced by them. Thanks to advances in electronic databases, SLRs today
can be conducted quicker andmore transparently thanwas previously possible. Previously,
even if researchers created a transparent process, their ability to search for keywords to
uncover contributions from other fields was limited. Thus, subjective literature reviews
were important early on and therefore have a long tradition in science. Hart (1998) gives a
useful overview on literature reviews. In her article, the author outlines what constitutes a
good literature review, which from today’s perspective, differs significantly from an SLR.
However, this overview does not separate subjective reviews from SLRs.

The systematic literature review

Origin and development of systematic literature reviews

An SLR is a form of research that deals with existing publications and follows a
systematic methodology for synthesizing data that is already published (Tranfield et al.
2003). An SLR follows a pre-defined process to analyze literature in a reproducible
manner. Besides its transparent methodology, SLRs rank literature by its quality. SLRs
tend to follow a research question and aim to answer it in the best way. They reach a
conclusion and exhibit knowledge about a specific topic in research. SLRs have their
own limitations and contrary to traditional literature reviews, they admit to these
limitations and transparently list them (Frank and Hatak 2014). As the transparent
process allows a reproducible methodology and all necessary literature is integrated,
this is a sound basis to draw conclusions and create evidence.

Based on the descriptions above we define a SLR as follows:

“An SLR is a review of an existing body of literature that follows a transparent
and reproducible methodology in searching, assessing its quality and synthesiz-
ing it, with a high level of objectivity.”

Systematic reviews are not new per se, however they have changed dramatically in the
recent years. At the end of the nineteenth century, the term “systematic review” was
used for almost every review article. With the rise of meta-analysis as a more advanced
(statistical) review methodology, the field was elevated to a new standard. Policy-
makers identified the potential of systematic reviews for evidence-based decision
making (Petticrew and Roberts 2006). The evidence-based approach has been adapted
from the field of medicine, which suffered from a major increase in the body of
literature so that existing studies e.g. on one treatment had to be aligned to derive
evidence, and has generally led to an increase in the value of systematic reviews
(Ohlsson 1994). Based on a broad investigation of the similarities and differences of
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medicine and management, Tranfield et al. (2003) developed a first overview to support
the rise of systematic reviews in management research. The publication of this article
can be regarded as the tipping point for SLR in management.

With regard to evidence-based decision-making, systematic reviews are considered
to be a powerful form of research. Tranfield et al. (2006) refer to a table of the hierarchy
of evidence in health care which shows that systematic reviews are considered the
highest standard of evidence. Individual studies can show different results for the same
or similar issues; however, a systematic review provides an overview of all these
individual studies. Petticrew and Roberts (2006) compare an individual study with an
individual answer in a quantitative study. Only the sum of more than one answer can
help to overcome biases and create a reliable answer on the hypotheses. For SLRs, this
is the same, resulting in a high level of confidence in the review article when it comes to
answering questions or hypotheses.

There are also differences among SLRs themselves. A SLR can significantly vary in
quality which is dependent on the authors. Later in this article, we analyze common
mistakes an author can make in his SLR. Further differences occur in the chosen topic.
Based on the amount of literature which is available to conduct a review article, the
author must find a balance between width and depth. Another important factor is the
heterogeneity an author allows within the search process (Frank and Hatak 2014).

First steps for a systematic literature review

Before beginning an SLR, the author always has to ask if and why a SLR is needed or
if a traditional review is adequate (Pittaway et al. 2014). If the author sees a

Table 1 Comparison between systematic and traditional review

Systematic Literature Review Traditional Literature Review

Identification for the
need for a review
article

SLRs only make sense if there is a
need for one.

Traditional reviews are part of nearly every
publication.

Development of a
review protocol

Essential for the objectivity of an
SLR

Not common for traditional reviews

Identification of
research

Structured, replicable and
transparent process

Subjective process

Evaluating studies Transparent protocol of eliminated
studies, objective process of
elimination

The author takes the literature that helps to
support their hypotheses

Conducting data
extraction

Driven by a general protocol Driven by the intuition of the authors

Conducting data
synthesis

Concept driven; central part of an
SLR

Not necessary; resembles a summary of
existing literature

Reasons for a SLR Standalone paper, creates evidence
and answer a research question

To set a literature foundation for an upcoming
empirical project, as individual paper
(formerly)

Labor costs /Time Very time consuming Less consuming than
an SLR
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requirements for an SLR, a research question needs to be specified (Briner and
Denyer 2012). The research question is one of the general differences among
traditional literature reviews and SLRs. The evidence the SLR aims to create is
highly connected to the research question specified at the very beginning. Often-
times, the main research question of a SLR is to synthesize what we know and what
we do not know about a research question, hypotheses, applied methods or topics
(Briner and Denyer 2012), i.e. to offer a state-of-the-art overview of the research in a
current field, which identifies research gaps and potentially even already develops an
own research model which might then be used as a basis for further (empirical)
research. As a “good practice examples”, we would recommend e.g. the SLR about
entrepreneurial intentions by Liñán and Fayolle (2015) or the one about innovation
in family firms by Calabrò et al. (2019).

The basis to write a SLR is the availability of sufficient literature on the subject to
justify a synthesis (Hodgkinson and Ford 2015). A literature review on a very narrow
niche with only a very limited amount of papers can only very rarely provide new
insights or theories. Alternatively, in research areas with a broad range of literature
which is fragmented and based on inconsistent terminologies, a systematic review can
help to consolidate the topic in the sense of a “status quo of current research”. In other
words: When a research field is rather new in itself, and mostly case studies or
qualitative research is present, and only very few quantitative research, then all
identified sources should be analyzed – whereas when there is already a sufficient
amount of quantitative research being published (i.e. when the research field in itself
has already evolved from theory development to theory testing), previous qualitative
research might be excluded from the literature review.

Another reason to conduct an SLR is the lack of a rugged theoretical design, as a
good and carefully developed SLR have the ability to create new insights in form of a
new theoretical construct (Pittaway et al. 2014).

By contrast, an SLR should not be conducted if it is not the right methodology to
answer the research question. In research areas where good SLRs are published
recently, there might also be a lack of further knowledge that can be synthesized.
Exceptionally, an SLR can be a useful tool if the existing review lacks a good synthesis
or if groundbreaking progress has been made in the interim period. SLRs should also be
avoided if the research question that should be answered is not detailed enough or if it
sets the wrong focus (Petticrew and Roberts 2006).

Contributions of systematic literature reviews

In Entrepreneurship, as a still comparatively young discipline (Ferreira et al. 2019),
sub-research fields developed quickly in the last decades (Pittaway et al. 2014).
Therefore, many papers are published from authors with different backgrounds using
slightly different terminologies for the same research object or same terminologies for
different objects. Therefore, within a certain research field, authors with diverse
backgrounds see constructs, theories and so on with their own eyes, which results in
a scattered field. SLRs can help to overcome this issue by synthesizing the field and
creating a common language. On this foundation, an SLR can increase awareness
within the field and show current perspectives (Frank and Hatak 2014) even from
different disciplines and backgrounds (Pittaway et al. 2014).
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When conducting an SLR, the author gains an overview of the most important
literature on the topic. On this basis, the author has the opportunity to create a map of
all the knowledge that was gathered in the field (Armitage and Keeble-Allen 2008;
Frank and Hatak 2014). As the process of collecting literature is standardized by the
author on basis of hit keywords, he can also discover publications from other disci-
plines. This knowledge map and the broad view from different disciplines help to give a
holistic view and provide the foundation to synthesize the research field across the
disciplines (Pittaway et al. 2014). The creation of a knowledge map can also help the
author and other researchers to set a personal research focus and define a niche that
enables the development of new research (Tranfield et al. 2003). Furthermore, the
knowledge map can show growing research trends and directions of the field.

Besides the positive effects of the knowledge map outlined above, it can help to
further develop a theory. A broad overview on a specific topic with the influence of
different disciplines can help researchers to devise new theories. This result can be one
of the main aims of an SLR (Pittaway et al. 2014). The creation of new theoretical
constructs may lead to new directions in the research area and support the overall
discussion (Frank and Hatak 2014).

The period since the late 1990s has seen more and more evidence-based movements
arise. Their objective is to take decisions based on evidence from science. SLRs and
meta-analyses are the primary evidence producers in other disciplines too. Systematic
reviews are largely seen as strong evidence (Table 2), as they are less vulnerable to error
and bias (Tranfield et al. 2003). Briner and Denyer (2012) summarize that systematic
reviews are important as they create evidence to support decisions in research and
practice. This linkage from research to practice is a reason why SLRs are used for
research funding requests (Frank and Hatak 2014).

A survey among scientists in America showed that 0.3% falsify their data
(Martinson et al. 2005). Therefore, the process of systematically reviewing a bulk of
literature constitutes an important quality test for published articles. While peer reviews
basically check the article, but not the data itself, they do not have the ability to check
for manipulation. A systematic review might thus help to uncover manipulation or at
least criticize individual studies. So, if the author deals with several studies that all
show the same results but there is a study that shows significantly different results,
suspicion may be raised and the study can be investigated in more detail (Rousseau
et al. 2008). The author should check how the authors try to justify their results.

SLRs and (statistical) meta-analyses are generally supposed to constitute the highest
possible evidence. However, within Entrepreneurship as a social science, the

Table 2 Hierarchy of evidence in medicine (Davies and Nutley 1999)

I-I Systematic review and meta-analysis of two or more double blind randomized controlled trials,

I-2 One or more large double-blind randomized controlled trials,

II-1 One or more well-conducted cohort studies,

II-2 One or more well-conducted case-control studies,

II-3 A dramatic uncontrolled experiment,

III-1 Expert committee sitting in review; peer leader opinion,

IV Personal experience.

International Entrepreneurship and Management Journal (2020) 16:1023–1042 1029



elimination of a bias is not expected to be possible and therefore accepted. So no final
evidence is possible (Denyer and Tranfield 2006). The authors themselves remain a
limitation. Although, the transparent process tries to minimize the subjective influence,
the authors’ bias remains. Basically, authors are never completely objective when they
review the literature.

The SLR methodology has received increased attention in Entrepreneurship research
in recent years. Database searches on the keywords “Entrepreneurship” and “System-
atic Review” typically yield hundreds of publications. Hence, there is an extensive and
growing list of high quality SLRs in Entrepreneurship. The best practice is to check
review articles published in journals with a high ranking (see Table 3) and journals that
specialized on review articles.

About the entrepreneurship research domain

Research on Entrepreneurship is still getting more and popular today, and the domain
has grown significantly in recent years. The sophistication of the research domain
established new sub-fields. Family business management, entrepreneurial behavior,
small business management, female entrepreneurship, technology entrepreneurship or
social entrepreneurship – just to mention a few – emerged as their own sub-fields. In
the coming chapter, we provide a broad overview of the specific top journal outlets of
this Entrepreneurship research domains, and list all Entrepreneurship journals ranked in
the three major academic journal rankings VHB Jourqual (JQ) 3 (Germany) from 2015,
the Academic Journal Guide/ABS (UK) from 2018 and the JCR Impact Factors (IF) by
Clarivate Analytics from 2018.

Some journals are ranked in different sub-categories within the rankings. For
example, the Journal of Technology Transfer is part of the “Entrepreneurship” section
in JQ3, while it is part of the section “Innovation” in the ABS. If a journal is mentioned
in the section of Entrepreneurship in at least one of the rankings, it is inserted into the
table.

The three journal rankings follow different methodologies. Bouncken et al. (2015)
created a transformation table to compare the rankings (Table 4), which we have
adapted accordingly to account for the increase in the Impact Factors over the recent
years. The quality criteria of the journals can be used for quality appraisal, as well as for
limiting down the number of publications if the search strings result in too many
publications by the application of a “quality threshold” (e.g. of only including a
publication in a target journal which is rated “C” or equivalent in at least one of the
three rankings).

In the last few years, more and more journals started to specifically publish review
articles. For example, the International Journal of Management Reviews, the Academy
of Management Review and Management Review Quarterly specifically focused on
review articles, whereas some other journals (such as the e.g. the Review of Managerial
Science) have their own categories for review articles (as opposed to “regular articles” –
in the submission system). Some journals, such as the Journal of Management or the
Journal of Business Research, have published distinct review issues which deal with
literature review articles only. SLRs in general and journals focused on review articles
in particular, usually generate above average citation counts with these issues.
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Table 3 Top Entrepreneurship Journals based on VHB, ABS and JCR (as of 2020)

No. Journal VHB JQ3 ABS JCR IF

1 Journal of Business Venturing A 4 6.333

2 Entrepreneurship: Theory and Practice A 4 6.193

3 Strategic Entrepreneurship Journal A 4 2.956

4 Family Business Review B 3 6.188

5 Small Business Economics B 3 3.555

6 Journal of Small Business Management B 3 3.120

7 Entrepreneurship & Regional Development B 3 2.928

8 Journal of Technology Transfer B 2 4.037

9 Industry & Innovation B 2 3.157

10 International Journal of Innovation Management B 2 –

11 International Journal of Entrepreneurial Venturing B 1 –

12 International Entrepreneurship and Management Journal B/C 1 2.537

13 Technovation C 3 5.250

14 International Small Business Journal C 3 3.706

15 International Journal of Entrepreneurial Behavior & Research C 2 3.225

16 Journal of Family Business Strategy C 2 2.605

17 Creativity and Innovation Management C 2 2.015

18 International Journal of Entrepreneurship and Innovation C 2 –

19 International Journal of Entrepreneurship and Small Business C 2 –

20 International Journal of Innovation and Technology Management C 2 –

21 International Journal of Entrepreneurship and Innovation C 2 –

22 Venture Capital: An International Journal of Entrepreneurial Finance C 2 –

23 International Journal of Entrepreneurship and Innovation Management C 1 –

24 Journal of Enterprising Culture C 1 –

25 International Journal of Globalisation and Small Business C 1 –

26 Journal of Entrepreneurship C 1 –

27 Journal of International Entrepreneurship C 1 –

28 Journal of Small Business and Entrepreneurship C 1 –

29 Journal of Developmental Entrepreneurship C – –

30 Journal of Entrepreneurial Finance and Business Ventures C – –

31 Journal of Entrepreneurship Education C – –

32 Journal of Family Business Management C – –

33 Frontiers of Entrepreneurship Research C – –

35 Journal of Research in Marketing and Entrepreneurship C – –

36 Journal of Small Business Strategy C – –

37 Zeitschrift für KMU und Entrepreneurship C – –

38 Entrepreneurship Research Journal – 2 1.625

39 Journal of Small Business and Enterprise Development – 2 –

40 International Review of Entrepreneurship – 2 –

41 Journal of Social Entrepreneurship – 2 –
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The process of writing a systematic literature review
in entrepreneurship

Several authors presented a model for the different stages of an SLR (Briner and
Denyer 2012; Frank and Hatak 2014; Jones and Gatrell 2014; Okoli 2015; Pittaway
et al. 2014; Tranfield et al. 2004; Tranfield et al. 2003). While Tranfield et al. (2003)
separate five stages in 10 steps, Frank and Hatak (2014) split them into six steps. Okoli
(2015) explains four steps and Pittaway et al. (2014) uses three steps for an SLR. The
main steps for all descriptions are always the same, namely: Planning the review,
Conducting the review and Reporting of the findings. Some authors pay particular
attention to the creation process, while others give more importance to reporting the
results. We follow the three main steps and divide conducting the review into the
identification and the synthesis of literature to underline the importance of these two
steps in the process (Table 5).

Planning the review

A good systematic review can be conducted to be published as an individual
(standalone) paper and should be considered that way. However, it can further be part
of a larger research project (e.g. a cumulative dissertation), where it is not only a
published paper, but more importantly, a useful overview to show the importance of the
main topic and to help identify further white spots the dissertation can search answers
for. In both cases, it is important that the literature review is executed in a professional
manner. Thus, the planning of the review article is of significant importance.

Table 4 Conversion table of
leading academic journal rank-
ings (based on Bouncken et al.
2015; amended/updated)

VHB JQ3 ABS JCR IF

A+ 4* ≥5.0
A 4* ≥3.5
B 3* ≥2.5
C 2* ≥1.5
D 1* ≥0

Table 5 Process for SLR in Entrepreneurship (adapted from Tranfield et al. 2003, 2004)

Stage 1: Planning the review

- Identify the need

- Develop protocol

Stage 2: Identifying and evaluating studies

Stage 3: Extracting and synthesizing data

- Conducting data extraction

- Conducting data synthesis

Stage 4: Disseminate the review findings
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Identify the need

In a first step, authors must identify if there is a need for an SLR. Therefore, they must
become familiar with the literature. Check if there is already an SLR covering the topic
being published or if this is the first of its kind. To do so, we suggest starting with
literature searches on Google Scholar or potential databases that cover most of the
Entrepreneurship literature. If there already is an SLR you must decide if different
questions can be asked that can be answered with new research or if the existing
research has been carried out badly. Both situations allow the author to think about
writing new research. To answer the questions, the author has to be familiar with the
methodology of SLR. This paper provides a first step to support you. The following list
provides some topics and benefits SLRs deal with in general (Palmatier et al. 2018).
The list is neither is extensive but not exhaustive. If the literature allows further
contributions, the authors should take advantage of this.

& Create clear definitions by considering defining approaches of several authors from
different perspectives,

& synthesize the existing literature and highlight important issues,
& point out irregular or special results,
& assess methodologies and results,
& take advantage of existing research to develop frameworks
& Highlight research gaps and potentially fruitful research directions

An SLR is basically created around a research question that it tries to answer. Independent
of the purpose of the SLR, there is a general aim, hypothesis or question it addresses. This
issue is built around the question of what we are looking for with the review article (Briner
and Denyer 2012). There are different strategies, and in more mature fields, an SLR can
handle very specific questions and be used for review articles that are strongly focused on
depth than breadth to deal with specific types of research (qualitative, quantitative, case
studies) only. The research question is a central part of the SLR and motivates the topic
(Fisch and Block 2018). Most review articles in Entrepreneurship cover wide topics and
provide a synthesis of general topics. They provide useful information for further contri-
butions on the topic; however, we further want to encourage authors to conduct literature
reviews that deal with the topic in an in-depth manner. They could help to cover and
overcome the often-occurring definition problem in Entrepreneurship.

Develop a review protocol

To ensure a transparent and high-quality process, authors have to create a review
protocol at the beginning (Tranfield et al. 2003). The protocol is the basis for the
ongoing research. It contains the whole process and therefore supports the methodology
of the review article. The protocol outlines the parameters for the data search. This
comprehensive protocol deals with the search strings, the databases, the criteria for
including or excluding literature, quality criteria and so on (Pittaway et al. 2014). There
are several worthy articles and books that deal with the topic of a review protocol. It is
essential that you do not consider a review protocol to be set in stone, but rather that
every change should be mentioned and protocoled.
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Several authors encourage the writers of a literature review to search for all available
literature, as books, conference papers and grey literature (Briner and Denyer 2012).
However, for Entrepreneurship literature reviews, we would encourage authors to con-
duct their search mainly via online databases and for journal articles only (as the most
“valuable” sources in research), as this search strategy helps to create a more transparent
process that can be applied globally. There is an ongoing discussion today is about the use
of grey literature (such as working papers, conference proceedings etc.) in systematic
literature reviews, but we would advise against including those. Peer reviewed journal
articles are checked through the academic process, while other literature is mostly
unchecked (Podsakoff et al. 2005), which makes these supposedly “stronger” and thus
more widely accepted as higher quality source (acknowledging the potential inherent
publication bias, as without any question good research can also be published in other
sources of publication as a journal). In research, we already see several systematic
reviews that follow the process of including peer-reviewed articles only (e.g. Bouncken
et al. 2015; Jones et al. 2011). For Entrepreneurship, following the vast majority of
previous research in the field, we suggest concentrating on the main databases: ABI
Inform/ProQuest, EBSCO/ Business Source Premier, JSTOR, MENDELEY,
ScienceDirect, Scopus, SpringerLink, and Web of Science. Authors should use more
than one database to cover most articles (Bramer et al. 2017). While Google Scholar can
help to find full texts of papers and discover grey literature (Haddaway, 2015), and
although it can also serve as an additional basis for cross-checks, it is not reproducible as
the algorithm shows results for the author based on the prior searches and interactions
(Gusenbauer and Haddaway 2019) and lists too many non-academic sources, and should
therefore not be used for a systematic literature review.

Based on the keyword strings that are created for the review protocol, the author
searches the databases. After a first search, a cross read through some articles helps to
identify missing keywords for the search strings. Especially in Entrepreneurship, there
is often more than one keyword for the same topic. For example, “Corporate Entre-
preneurship” and “Intrapreneurship” deal with more or less the same topic, but they are
completely different keywords. Thus, the author has to be careful to find all the
necessary literature. To identify more keywords, consultations with experts in the topic
are useful. Furthermore, educational literature helps to uncover synonyms. Another
important question the author must answer is where to search. ‘Only in Title’ or ‘in
Title and abstract’ or even ‘in the text’. This decision can be a challenge, but is very
important and should always be considered with the question of whether the scientists
is writing a literature review in breadth or depth.

Identifying and evaluating studies

The identification of studies for the review article is based on the topics handled
previously. As already mentioned, we encourage Entrepreneurship authors to concen-
trate on electronic databases and peer reviewed journal articles only. This approach
helps to ensure the highest standards of transparency. By contrast, there are authors that
do not believe that a critical appraisal of a topic is possible with published journal
articles only, and because of a publication bias, grey literature is needed (Briner and
Denyer 2012). However, traditional reviews are criticized for subjective literature
selection and quality appraisal (Denyer and Tranfield 2006). The use of grey literature
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would open the SLR to this criticism. Petticrew and Roberts (2006) justify the search of
grey literature, as in 2006 there existed cases where only a third of the literature finally
used could be found in electronic databases. This should be reconsidered today as the
availability of literature in electronic databases has increased dramatically. Furthermore,
their process of searching for literature is highly complicated and difficult to be set into
a transparent methodology. Through their encouragement of adding grey literature, they
open the sciences to non-scientific publications. Even if the quality of these publica-
tions is evaluated by the authors themselves, it at least provides a more subjective filter
than trusting into the academic processes from the beginning on where a double-blind
review system is used to ensure high quality. So, we rather disagree with that view, and
encourage authors to trust the journal reviewers and editors as this process is more
objective than the exclusion on the literature reviewer’s opinion.

Authors should not rate the publications by themselves as they can trust in the three
main journal rankings available. For Entrepreneurship we suggest to only include
literature that is published at least on level “C” of the VHB rating or equivalent (see
Table 5). If there is some literature that is very suitable for the literature review but not
published in a highly ranked journal, the author can give reason based on the quality of
the article to add it into the bulk of reviewable literature. However, these additional
publications should be added carefully and evaluated deeply as other journals are likely
to have already rejected the article. The combination of the three major journal rankings
are a transparent and reliable way of evaluating studies.

After excluding studies that do not meet the quality criteria, the authors must start by
reading through the titles of the remaining studies. Often the title alone can reveal
whether a study fits the review criteria mentioned in the review protocol or not. After a
first read through the titles and this exclusion round, another one can be conducted
based on the abstract and the research question the author wants to answer. This is
especially relevant for research questions that want to dig deep in a narrow niche the
abstract can help to further exclude articles. If a title only search already creates enough
literature to allow for a synthesis this will be enough. However, if there needs to be
more literature, the search should be expanded to the abstract too. A search in the whole
text may be useful to uncover the keyword in papers that are only loosely related to the
main topic. Therefore, we suggest not to search whole texts. After excluding all articles
that does not provide any useful information to answer the question or do not fit the
quality criteria, the data extraction can start.

Extracting and synthesizing data

Conducting data extraction

For an SLR, the data extraction has to be systematic and transparent. Therefore, the
author has to describe the data for the extraction in the review protocol and create an
extraction sheet at the beginning. As mentioned before, the protocol and the sheet can
be adapted if important issue arises during the extraction. However, the change of both
tools must be noted. During this process, the author could create a “data extraction
bias” by different judgement of the studies (Petticrew and Roberts 2006). To overcome
the bias, prevent missing important data and create a higher level of objectivity, more
than one author should conduct the data extraction (Rousseau et al. 2008).
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The actual data extraction depends on the studies investigated and the research
question. Tables are considered a useful support to create an overview and a transparent
matrix for the ongoing synthesis (Petticrew and Roberts 2006). The table should
contain all the necessary information for the synthesis and every paper reviewed needs
to be outlined there. A first step necessary to allow for a concept centric synthesis is the
organization of papers by the author. There is no all-embracing rule for this organiza-
tion as it is dependent on the research question and the nature of the papers being
analyzed. The categories that the author wants to sort papers into should be considered
in the table. For this section, we would like to mention Newbert (2007) as an example
of how to use tables for the data extraction and further on for the synthesis.

Conducting data synthesis

The data synthesis is one of the most important steps in writing an SLR. While an
increasing number of SLRs replace traditional reviews in journals, the main reason for
rejection is a lack in the quality of the review article. SLRs have to analyze and
compare existing literature instead of just summarizing it (Jones and Gatrell 2014).
Increasing numbers of papers, constructs and methodologies create a more difficult
environment to conduct a professional synthesis of the topic which often leads to more
specific and deeper review articles on a limited topic (Palmatier et al. 2018).

To synthesize the data, authors can follow different strategies. For an SLR, it is
important to concentrate on concepts and not on authors and their studies. This concept
centric writing style should be constituted in the microstructure of the paper (Fisch and
Block 2018). An author- centric approach is not suitable for a successful literature
review, as this strategy is more likely to end in a summary than a synthesis (Webster
and Watson 2002).

For the synthesis of the literature, an objective view of the author is necessary. It is of
major importance that the author not only analyses the results of the study but also the
methodology to identify problems and make comparisons to other studies results. If
not, there is a high probability that the synthesis is biased as results from two studies
can be contradicting, based on the quality of the methodology used (Light and Smith
1971; Sutton et al. 2000). The synthesis of the literature review basically depends on
the question and the goals of the review article. Practical tips for the implementation of
a particularly successful synthesis therefore largely depend on the circumstances. So,
we exclusively refer to successful and good SLRs here (e.g. Liñán and Fayolle 2015;
Newbert 2007; Pittaway and Cope 2007; Stephan 2018).

Disseminating the review findings

A systematic review like the SLR is located high on the level of evidence hierarchy.
While a lot of empirical papers deal with specific situations, the review article combines
and synthesizes a lot of these studies and helps to create evidence-informed informa-
tion. So, we can say individual empirical studies are more likely to be considered in
research, but they still need to address the problems the practitioners face. An SLR, on
the other hand, is strongly tied to practitioners too as the findings are more general. So,
in Entrepreneurship, the target groups of an SLR are the entrepreneurs and or managers
and fellow researchers. Bem (1995) further supports this statement by dealing with the
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review topic in Psychological Bulletin. He states that publications reviewing the
literature should be understandable by more than pure experts in the topic, therefore
he provides a range of writing techniques that address a broad audience.

General settings

Reviewing team

In research, few articles are single authored today. A strong team increases the value of
a paper, as the team can be seen as pre-reviewers. For an SLR, this issue also applies
and we encourage authors to team up. Jones and Gatrell (2014) provide a section on
how a team could be put together. An opening pieces of advice suggests heterogeneity
by age, constituted through a balance between more experienced scholars and younger
researchers – a combination of Ph.D. graduates and their supervisors for example
(Akinci and Sadler-Smith 2012). SLRs are often described to be interdisciplinary as
they search for and synthesize literature that is founded in different disciplines.
Therefore, the suggestion is also to create interdisciplinary teams to overcome potential
bias when not understanding the other disciplines that are included in the SLR (Jones
and Gatrell 2014).

Structure of a review

The general structure of a review article is very similar to an empirical article. It starts
with an introduction to motivate the topic and deals with its contributions to research
and practice (Webster and Watson 2002). The article then deals with the methodology
(Denyer and Neely 2004) and the synthesis of the reviewed literature. This is followed
by a discussion section and a conclusion (Fisch and Block 2018). However, this
structure is not compulsory and can be adapted. In Entrepreneurship SLRs, authors
often include an extra chapter after the introduction to give some background infor-
mation about the theoretical underpinnings of the topic before dealing with the
methodology (e.g., Dorn et al. 2016; Hakala 2011; Stephan 2018). Thus, they try to
organize the paper very similarly to an empirical paper. This first theoretical back-
ground does not need to exist independently to the literature that is used for the
systematic review later on. Rather, it can be seen as a short traditional review to
motivate the research question of the SLR.

From a microstructure perspective, the organization of the paper within the chapters
is more difficult than in empirical papers (Bem 1995). The microstructure can be very
diverse among different papers and is always driven by the main research question and
the synthesis of the authors.

Number of articles

An SLR is dependent on existing data, i.e. previous research on the topic. We have
already dealt with the issue of “when is an SLR suitable”. However, another important
question is how many articles a literature review should contain. Authors answered that
question quite differently ranging from several hundred articles to a few dozen (Frank
and Hatak 2014). At this point, we differentiate between SLRs in immature or mature
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research fields. Depending on the maturity, the SLR can be used to follow different
aims.

In a less mature field, the number of available articles is limited and more scattered
as a lot of research questions remain unanswered. At this point, an SLR can help to
establish a new theory on the basis of existing articles (Frank and Hatak 2014). Another
reason to conduct an SLR in an immature field is to point out missing data and call for
empirical research at the right point of time (Petticrew and Roberts 2006). An early
SLR can further provide a better-established definition and understanding of the
research field, so researchers can start to work on the field with a general understand-
ing. In immature fields, review articles are less hypothesis or research question driven,
and more strongly focused on synthesizing the basic foundations of the field and
provide valuable insights. The evidence-based approach is not the focus there.

In a more mature field, the pattern of a literature review can change and is more
evidence driven. It follows research questions and tries to answer hypotheses. At this
stage, the number of published articles is higher and therefore more topics are inves-
tigated. A major question arising at this point is how deep and broad the SLR should be
(Fisch and Block 2018).

For both scenarios, immature and mature, it is always important to tie the number of
articles to the aim of the SLR. However, in immature fields and for theory creation, a
lower number of articles is plausible (Frank and Hatak 2014). A low number of articles
can also be justified for an SLR that covers a very specific topic in a mature field.

Furthermore, we want to draw attention to the opposite case of a very high number
of articles being available. Although modern technology enables researchers to choose,
collect and analyze publications quicker for the synthesis of the articles, a high level of
resources is needed, as the quality of an SLR is highly dependent on this step. Claiming
an SLR on hundreds of articles is not enough if the important connections among these
articles are not identified. The author should limit the topic or be more selective and
maintain the quality. We finish our article with a list of concrete tips which might be
helpful for conducting your own SLR (see Table 6).

Conclusion

In recent years, SLRs have become more popular in Entrepreneurship literature, and an
increasing number of journals started to publish literature reviews as standalone
articles. However, one of the main reasons review articles are regularly rejected is the
lack of quality of their synthesis. This issue can only be overcome by better guidance of
the authors. Our paper shows the main differences of a traditional literature review and
an SLR. When reading about systematic reviews, we can see that this methodology has
changed a lot in recent years because of technical innovations and software support.
Dated publications about the topic are clearly written with a limitation in mind due to
software logic. The authors evidently did not trust these databases and their search
functions. They also did not have the possibility to download literature to the same
extent as can be done today. Therefore, we suggested some steps to be conducted
differently today.

For the literature search, we strongly believe that authors can trust the major online
databases and take the literature from there. We do not foresee a lack of literature by
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only searching online databases in the Entrepreneurship domain. However, it should be
clear that a database search cannot be limited to a single database. While in former
times, the hard part was to detect and gain access to literature, today it is to define the
perfect keywords and strings. Pittaway and Cope (2007) defined 27 keywords and 10
final search strings to discover the literature needed. Furthermore, the ongoing trend of
“open access” and the reduction of pay-walls provides easier access to the literature
(Jones and Gatrell 2014). In contrast, this overflow of literature increases the impor-
tance of perfectly defined database search strings, as otherwise the author is faced with
hundreds of potentially irrelevant articles.

One of the major differences among traditional reviews and the SLR is the higher
level of objectivity and transparency that the SLR provides. While some authors argue

Table 6 Concrete tips for your SLR

1. Find an area of research of scholarly (and potentially also practical) interest.

2. Undertake an initial short literature search to gain an overview on the topic. Google Scholar can be used for
this. Find keywords and synonyms. Actively search for already existing literature reviews.

3. Find questions in the area of research that can be answered with an SLR and define the purpose of your
review article: answer questions, map the literature (in case of dissertation project).

4. The review of literature (i.e., of the state-of-the-art of research in your field) leads (as a result) to the research
question/empirical model.

5. Create a review and data extraction protocol based on the purpose of your SLR. Excel is a useful tool to do
so.

6. Define keywords and search strings. Get feedback on the search strings so you do not miss any synonym or
relevant literature.

7. For the SLR, you need to at least try to find EVERYacademic source on your topic by using the academic
literature databases (such as EBSCO/Business Source Complete, Web of Science, ScienceDirect, ABI--
Inform/ProQuest, JSTOR etc.). Always use more than one, if not all to which you have access! Do not use
Google Scholar for this step of the process; concentrate on academic journal articles ONLY, since those are
the “best” sources because they are peer reviewed (by other scholars).

8. Be transparent: Note the date you searched for the literature and record the number of articles you found in
each database.

9. If you find a potentially relevant article in your literature search, but to which you do not have access over
all used databases in full text, you need to utilize the following possibilities to get this text: ResearchGate.
net, contact the corresponding author, check if friends at other institutions might have increased access to
databases.

10. Check the quality of the articles found through the journal rankings. As a rule of thumb, everything from
“A” to “C” is more than acceptable. Use the journal ranking transformation table in this paper to decide
which article should be used or not for the SLR.

11. Read through abstracts to decide if the article can really help to answer the research question.

12. Extract data into your data extraction form. Record changes on the data extraction form. Provide a
transparent and objective process.

13. Synthesize the data you extracted in the best way. Concentrate on concepts and not authors. You should not
do a pure summary of the content. Keep in mind that this section is the reason for most desk rejections. Use
tables and figures to synthesize the data.

14. Depending on the time since the literature search in the databases, the databases should be searched again
for new literature before submission.

15. Write your article and submit it to your target journal.

16. Hope for reviewers who know the field and/or method and provide valuable feedback which helps to
increase the quality of your article in the revision rounds, so that it can finally get accepted for publication!
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that the authors should set the quality criteria, we argued to trust into academic
processes and the results of the three main journal rankings. The use of the journal
rankings to set quality thresholds creates a higher level of objectivity as the deletion of
articles is always transparent and not driven by the opinion of the author.

Literature reviews are also a foundation for dissertations and other research pro-
posals (Heath and Tynan 2010). An SLR opens the topic and maps the literature. While
an SLR as a standalone paper allows to answer a research question, the main purpose of
a SLR for a dissertation is to uncover potential research questions and hypotheses for
the further research on this topic. Therefore, they are following two different aims that
result in slight differences. However, the basic foundations for both purposes are the
same: being systematic and transparent.

A good literature review is generally based on the abilities of the author or the team
that conducts the review article. However, technology plays a role of increasing
importance today. The Internet and online databases have already helped to create a
faster process for SLRs in recent years and allow paper collection to be more trans-
parent. Open access trends further contribute to the possibility of better literature
reviews through easier availability. So, compared with early processes of literature
reviews, current processes are less time consuming and allow for a higher level of
transparency and reproducibility. Furthermore, journal rankings allow authors to set a
first quality criterion for the articles gathered and provide the possibility of a transparent
article selection and exclusion. However, for the step of data extraction and synthesis,
the author is a potential factor for confirmation bias. Furthermore, these are areas where
most SLRs suffer from a lack of quality (Jones and Gatrell 2014). Authors do read a lot
of papers on a specific topic and can never be sure that they have not overlooked
important issues in the papers. Furthermore, the maximum number of papers they can
look through is limited by time and financial resources. Today, software can assist to
overcome some of the limitations of an SLR. Rauch (2019) showed some examples
where software was used to analyze qualitative data (e.g. Kaminski and Hopp 2019;
Short et al. 2010; von Bloh et al. 2019). Automated data analysis would lead to several
advantages for literature reviews. In particular, this analysis can help to analyze a greater
volume of literature in a short period of time. So, the maximum number of articles for an
SLR is not capped by the time resources of the research team. Furthermore, computer-
based analysis can be more objective than comparable human analysis. To ensure this
advantage it is important that transparency is provided. So, authors should use the same
algorithms over time, or contribute their source code publicly on GitHub.

The use of algorithms is so far mainly used only to analyze non-academic texts. To
our knowledge, systematic reviews in Entrepreneurship that are created with the
support of algorithms do not exist yet. Natural Language Processing is needed in order
to analyze texts. This analytical technique is used to make natural language processable
for computers (Yim et al. 2016). Nevertheless, analytic software-supported SLRs can
also result in review articles with a lack of transparency and non-reproducibility.
Accumulated research can influence the algorithm, especially if it is interested in
falsifying the results. For transparency issues it is important that algorithms that
analyzed the literature are available to other researchers too.
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Abstract
New sources of citation data have recently become available, such as Microsoft Academic, 
Dimensions, and the OpenCitations Index of CrossRef open DOI-to-DOI citations (COCI). 
Although these have been compared to the Web of Science Core Collection (WoS), Sco-
pus, or Google Scholar, there is no systematic evidence of their differences across sub-
ject categories. In response, this paper investigates 3,073,351 citations found by these six 
data sources to 2,515 English-language highly-cited documents published in 2006 from 
252 subject categories, expanding and updating the largest previous study. Google Scholar 
found 88% of all citations, many of which were not found by the other sources, and nearly 
all citations found by the remaining sources (89–94%). A similar pattern held within most 
subject categories. Microsoft Academic is the second largest overall (60% of all citations), 
including 82% of Scopus citations and 86% of WoS citations. In most categories, Microsoft 
Academic found more citations than Scopus and WoS (182 and 223 subject categories, 
respectively), but had coverage gaps in some areas, such as Physics and some Humani-
ties categories. After Scopus, Dimensions is fourth largest (54% of all citations), including 
84% of Scopus citations and 88% of WoS citations. It found more citations than Scopus 
in 36 categories, more than WoS in 185, and displays some coverage gaps, especially in 
the Humanities. Following WoS, COCI is the smallest, with 28% of all citations. Google 
Scholar is still the most comprehensive source. In many subject categories Microsoft Aca-
demic and Dimensions are good alternatives to Scopus and WoS in terms of coverage.
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Introduction

Timeline

The first scientific citation indexes were developed by the Institute for Scientific Informa-
tion (ISI). The Science Citation Index (SCI) was introduced in 1964, and was later joined 
by the Social Sciences Citation Index (1973) and the Arts & Humanities Citation Index 
(1978). In 1997, these citation indexes were moved online under the name “Web of Sci-
ence”. Recently, these citation indexes, along with some new ones such as the Conference 
Proceedings Citation Index, the Book Citation Index, and the Emerging Sources Citation 
Index, were rebranded as the “Web of Science Core Collection” (from now on, WoS). The 
availability of this data was essential to the development of quantitative studies of science 
as a field of study (Birkle et al. 2020).

In November 2004, two new academic bibliographic data sources that contained citation 
data were launched. Like WoS, Elsevier’s Scopus is a subscription-based database with a 
selective approach to document indexing (documents from a pre-selected list of publica-
tions). A few weeks after Scopus, the search engine Google Scholar was launched. Unlike 
WoS and Scopus, Google Scholar follows an inclusive and automated approach, indexing 
any seemingly academic document that its crawlers can find and access on the web, includ-
ing those behind paywalls through agreements with their publishers (Van Noorden 2014). 
Additionally, Google Scholar is free to access, allowing users to access a comprehensive 
and multidisciplinary citation index without charge.

In 2006, Microsoft launched Microsoft Academic Search but retired it in 20121 
(Orduña-Malea et al. 2014). In 2016, Microsoft launched a new platform called Microsoft 
Academic, based on Bing’s web crawling infrastructure. Like Google Scholar, Microsoft 
Academic is a free academic search engine, but unlike Google Scholar, Microsoft Aca-
demic facilitates bulk access to its data via an Applications Programming Interface (API) 
(Wang et al. 2020).

In 2018, Digital Science launched the Dimensions database (Hook et al. 2018). Dimen-
sions uses a freemium model in which the basic search and browsing functionalities are 
free, but advanced functionalities, such as API access, require payment. This fee can be 
waived for non-commercial research projects.

Also in 2018, the organization OpenCitations, dedicated to developing an open research 
infrastructure, released the first version of its COCI dataset (OpenCitations Index of Cross-
Ref open DOI-to-DOI citations). The citation data in COCI comes from the lists of refer-
ences openly available in CrossRef (Heibi et  al. 2019). Until 2017, most publishers did 
not make these references public, but the Initiative for Open Citations (I4OC), launched 
in April 2017, has since convinced many publishers to do so. The rationale is that cita-
tion data should be considered a part of the commons and should not be only on the hands 
of commercial actors (Shotton 2013, 2018). At the time of writing, 59% of the 47.6 mil-
lion articles with references deposited with CrossRef have their references open.2 However, 
some large publishers, such as Elsevier, the American Chemical Society, and IEEE have 
not yet agreed to opening their lists of references. Thus, COCI’s only partially reflects the 

1  https​://web.archi​ve.org/web/20170​10518​4616/https​:/acade​mic.micro​soft.com/FAQ
2  https​://i4oc.org/.

https://web.archive.org/web/20170105184616/https:/academic.microsoft.com/FAQ
https://i4oc.org/
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citation relationships of documents recorded in CrossRef, which now covers over 106 mil-
lion records (Hendricks et al. 2020).

The new bibliographic data sources are changing the landscape of literature search and 
bibliometric analyses. The openly available data in Microsoft Academic Graph (MAG) 
has been integrated into other platforms, significantly increasing their coverage (Semantic 
Scholar, Lens.org). There are still some reuse limitations, such as that the current license 
of MAG (ODC-BY) requires attribution, which apparently precludes it from being able 
to be integrated into COCI (which uses a CC0 public domain license). This openness is 
nevertheless an advance on the previous situation, in which most citation data was either 
not freely accessible (WoS, Scopus), or free but with significant access restrictions (Google 
Scholar). At this point, citation data is starting to become ubiquitous, and even owners of 
closed bibliographic sources, such as Scopus, are beginning to offer researchers options to 
access their data for free.3

Other citation indexes have been developed within various academic platforms, but 
these are not analysed in this study, for various reasons:

•	 CiteSeerX,4 from Penn State University, indexes documents in the public web and not 
those that are only found behind paywalls (Wu et al. 2019).

•	 ResearchGate5 generates its own citation index based on the full text documents that its 
crawler finds on the Web and those that its users upload to the platform. However, the 
platform does not offer a way to extract data in bulk, and it is difficult to use web scrap-
ing to obtain data because the complete list of citations to an article cannot be easily 
displayed.

•	 Lens.org6 integrates coverage from Microsoft Academic, CrossRef, PubMed, and a 
number of Patent datasets. It is not included in this analysis because two of its main 
sources (Microsoft Academic and CrossRef) are already included.

•	 Semantic Scholar7 originally focused on Computer Science and Engineering. Later it 
expanded to include Biomedicine, and recently it has integrated multidisciplinary cov-
erage from Microsoft Academic (which is also the reason why we decided not to ana-
lyse it).

•	 There are also several regional or subject-specific citation indexes, which only index 
documents published by journals and/or researchers who work in a specific country or 
region, or in specific topics. Given their specific scope these are not easily comparable 
to sources with a worldwide and/or multidisciplinary coverage.

Previous analyses of coverage

Document coverage varies across data sources (Ortega 2014), and studies that analyse dif-
ferences in coverage can inform prospective users about the comprehensiveness of each 
database in different subject areas. For citation indexes, greater coverage should equate 
to higher citation counts for documents, if citations can be extracted from all documents. 

3  https​://www.elsev​ier.com/icsr/icsrl​ab.
4  https​://cites​eerx.ist.psu.edu/index​.
5  https​://www.resea​rchga​te.net/.
6  https​://www.lens.org/.
7  https​://www.seman​ticsc​holar​.org/.

https://www.elsevier.com/icsr/icsrlab
https://citeseerx.ist.psu.edu/index
https://www.researchgate.net/
https://www.lens.org/
https://www.semanticscholar.org/
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Coverage is not the only relevant aspect that should be considered when deciding which 
data source should be used for a specific information need (e.g., literature search, data for 
bibliometric analyses). Other aspects such as functionalities to search, analyse, and export 
data, as well as transparency and cost, are also relevant, but not analysed here. Some of 
these aspects are analysed by Gusenbauer and Haddaway (2020).

The veterans: WoS, Scopus, and Google Scholar

As the longest-running platforms, many studies have analysed the differences in coverage 
and citation data between WoS, Scopus, and Google Scholar. WoS covers over 75 million 
records in its Core Collection (which includes its main citation indexes), and up to 155 mil-
lion records when other regional and subject-specific citation indexes are included (Birkle 
et  al. 2020). Scopus claims to cover over 76 million records (Baas et  al. 2020). Google 
Scholar does not disclose official figures about its coverage (Van Noorden 2014), but the 
most recent independent studies have estimated that it covers well over 300 million records 
(Delgado López-Cózar et al. 2019; Gusenbauer 2018). At this point most studies agree that 
Google Scholar has a more comprehensive coverage than Scopus and WoS, and includes 
the great majority of the documents that they cover. However, the relatively low quality of 
the metadata available in Google Scholar and the difficulty to extract it make it challeng-
ing to use Google Scholar data in bibliometric analyses (Delgado López-Cózar et al. 2019; 
Halevi et al. 2017; Harzing 2016a, b; Harzing and Alakangas 2016; Martín-Martín et al. 
2018; Moed et al. 2016).

Microsoft academic

Microsoft Academic has been recently reported to cover over 225 million publications 
(Wang et al. 2020). Harzing carried out an analysis of her own publication record and the 
publication records of 145 academics in five broad disciplinary areas (Harzing 2016a, b; 
Harzing and Alakangas 2017a, b). Microsoft Academic found more of her own publica-
tions than Scopus or WoS. For the sample of publications by 145 academics, Microsoft 
Academic provided higher citation counts than both Scopus or WoS in Engineering, Social 
Sciences, and the Humanities, and similar figures in Life Sciences and Sciences. Google 
Scholar reported the highest citation counts in all disciplines.

Hug and Brändle (2017) also analysed the coverage of Microsoft Academic and com-
pared it to Scopus and WoS. Based on publications included in the repository of the Uni-
versity of Zurich as a case study, Microsoft Academic had wider coverage of non-article 
documents than Scopus and WoS, while Scopus had a slightly lower coverage of journal 
articles than Microsoft Academic. Microsoft Academic showed similar biases to Scopus 
and WoS against non-English publications and publications in the Humanities. Haunschild 
et  al. (2018) analysed a subset of the same sample used in the previous study (25,539 
papers also covered by WoS) and found that 11% had no associated cited references in 
Microsoft Academic, while in WoS the same papers had associated cited references. How-
ever, for publications with less than 50 associated references in WoS (24,788) the concord-
ance correlation coefficient applied to the number of references found by each source was 
0.68, indicating a strong tendency for them both to report the same number.

Thelwall (2017) analysed the citation counts of 172,752 articles in 29 large journals 
from various disciplines, and compared them to Scopus citation counts and Mendeley 
reader counts. For articles published between 2007 and 2017, Microsoft Academic found 



875Scientometrics (2021) 126:871–906	

1 3

slightly more citations than Scopus overall, and significantly more than Scopus for docu-
ments published in 2017. In subsequent studies, Thelwall (2018a) found that Microsoft 
Academic did find earlier citations to recently published articles when compared to Sco-
pus. Kousha and Thelwall (2018) studied the coverage and citation counts of books in 
Microsoft Academic and Google Books by analysing a sample of book records extracted 
from the Book Citation Index (BKCI) in WoS. They found 60% of the books in their sam-
ple overall, but this percentage was lower in some categories of the Humanities and Social 
Sciences. Citation counts in Microsoft Academic were higher than in BKCI in 9 out of 17 
fields during 2013–2016. Kousha et al. (2018) analysed whether Microsoft Academic was 
able to find early citations of in-press articles using a sample of 65,000 in-press articles 
from 2016 to 2017, and found that Microsoft Academic was able to find 2–5 times as many 
citations as Scopus. This was mostly because Microsoft Academic (like Google Scholar) 
merges preprints (and the citations these receive) with their subsequent in-press versions, 
and because Microsoft Academic covers repositories such as arXiv.

Visser et al. (2020) carried out a large-scale comparison of WoS, Scopus, Dimensions, 
Microsoft Academic, and CrossRef by matching the entire collection of documents in each 
source. They found that Microsoft Academic was the source with the largest coverage over-
all, and the one with the higher overlap with Scopus documents (81% of Scopus documents 
were found in Microsoft Academic). Some of the documents in Microsoft Academic were 
not of a scientific nature. Microsoft Academic was not able to detect 12.7% of the citations 
found by Scopus after adjusting for coverage differences.

Dimensions

Dimensions covers over 105 million publications, as well as other kinds of records such as 
grants data, clinical trials, patents, and policy documents (Herzog et al. 2020).

Orduña-Malea & Delgado-López-Cózar (2018) analysed several small samples of jour-
nals, documents and authors in the field of Library & Information Science using Dimen-
sions, and compared the data to Scopus and Google Scholar. Dimensions provided slightly 
lower citation counts than Scopus. Thelwall (2018c) analysed a random sample of 10,000 
Scopus articles from 2012, finding that Dimensions covered the great majority of articles 
with a DOI (97%) and high correlations between citation counts in the two sources (median 
of 0.96 across narrow subject categories).

Harzing (2019) analysed coverage of Dimensions and CrossRef, and compared it to the 
coverage in WoS, Scopus, Google Scholar, and Microsoft Academic using her own pub-
lication and citation record, as well as that of six top journals in Business & Economics. 
CrossRef and Dimensions had similar or better coverage of publications, and similar cita-
tion counts to those in WoS and Scopus, but still substantively lower than Google Scholar 
and Microsoft Academic.

Visser et al. (2020) found that Dimensions had a substantially higher coverage than Sco-
pus and WoS, which heavily relied on data from CrossRef. After computing the overlap in 
coverage between Dimensions and Scopus, they found that overall, Dimensions covered 
78% of the documents available in Scopus (35.1 million out of 44.9 million documents in 
Scopus). They also analysed the accuracy and completeness of citation links, finding that, 
after adjusting for coverage differences, there were 489.7 million citations found by both 
sources (percentage of full overlap: 83%), 73.2 million only found by Scopus, and 25.8 
million only found by Dimensions.
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COCI

COCI has detected over 624 million citation relationships involving over 53 million docu-
ments (Peroni and Shotton 2020). The citations recorded in this source are only a fraction 
of the citations that have actually occurred among the documents covered by CrossRef, 
because some publishers that deposit lists of references or CrossRef have not agreed to 
make them available, and other publishers and preprint servers do not deposit any refer-
ences in CrossRef or do it only for some document types (Shotton 2018; van Eck et  al. 
2018). Huang et al. (2020) used citation data from COCI and bibliographic data from WoS, 
Scopus and Microsoft Academic to test the robustness of university rankings created with 
these different sources, and concluded that despite its lack of comprehensiveness COCI is 
already a viable data source for cross comparisons at the system level.

Objective

The citation index coverage studies published so far have analysed a heterogeneous variety 
of samples of documents, disciplines, and data sources. In response, this paper reports a 
systematic comparison of coverage of six data sources (Google Scholar, Microsoft Aca-
demic, Scopus, Dimensions, WoS, and COCI8) across 252 subject categories using a rela-
tively large sample of citations. This allows comparisons across a large number of disci-
plines for the most widely used bibliographic data sources. This study expands and updates 
a previous analysis of Google Scholar, Scopus and WoS (Martín-Martín et al. 2018). The 
main research question that drives this is investigation is:

RQ How much overlap is there between Google Scholar, Microsoft Academic, Scopus, 
Dimensions, WoS, and COCI in the citations that they find to academic documents and 
does this vary by subject?

Methods

Direct coverage comparison versus comparison of citations

The most direct method to compare document coverage across different data sources would 
be to obtain a complete list of all documents covered by each source, match the documents 
across databases, and report the size of the overlaps (Visser et al. 2020). This is not possi-
ble here because of access restrictions. For example, Scopus and WoS charge for this kind 
of access and Google Scholar does not share its database.

Because of these restrictions, studies analysing coverage differences across biblio-
graphic data sources often use an alternative method: they select a seed sample of docu-
ments that are known to be covered by all the data sources under analysis, and then they 
compare the list of citing documents that each data source is able to find for each of the 
seed documents (Martín-Martín et  al. 2018). The rationale of this method is that if data 
source A is not able to find a citation that data source B has found, the reason must be that 

8  In the case of COCI, the results cannot reflect the full coverage of CrossRef given the incomplete avail-
ability of reference lists in this source. Nevertheless, including it in the analysis will inform us of what pro-
portion of citations are currently available in the public domain.
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the citing document is not covered by data source A. This assumes that all data sources 
are equally effective in detecting citation relationships. In fact, each data source has its 
own (usually secret) citation detection algorithms, and small discrepancies in citation data 
across databases exist even when removing the factor of differences in coverage (van Eck 
and Waltman 2019; Visser et al. 2020). Furthermore, it is known that bibliographic data-
bases do not always have access to cited reference lists for all the documents they cover, 
which also affects the citations they can detect. For example, reference lists are only avail-
able in a fraction of the documents indexed in CrossRef, so an analysis of the citations 
detected in this source does not accurately reflect the true size of the bibliographic data-
base. Other sources, especially academic search engines, are also affected by this issue 
to some degree.9 Lastly, academic documents that do not cite and are not cited by other 
documents cannot be detected by this type of analysis. Therefore, results from studies that 
analyse citations to identify relative differences in the sizes of bibliographic databases are 
likely to be affected by these confounding factors.

Of the six data sources that are analysed in this study, only two (Microsoft Academic 
and COCI) offered free and unrestricted access to the complete list of documents (or cita-
tion relationships in the case of COCI) that they covered at the time of data collection, 
although Dimensions now also offers this to researchers. To include all data sources in 
this study in a comparable way, the alternative method (selection of seed sample and anal-
ysis of citations) was used to discover relative coverage differences among data sources 
across subject categories. Since citation extraction discrepancies seem likely to be small 
compared to coverage differences, the results should also be useful to detect differences in 
coverage between sources.

Selection of seed sample

The sample of citations analysed in this paper was taken from a seed sample of highly-
cited documents: those listed in Google Scholar’s Classic Papers product10 (GSCP). This 
sample comprises the top 10 most cited documents published in 2006 according to Google 
Scholar in each of 252 subject categories (except French Studies, which has only 5 docu-
ments). The 252 subject categories are also assigned to one or more of 8 broad subject 
areas. The seed sample contains a total of 2515 highly-cited documents. For more informa-
tion on GSCP, see Orduna-Malea et al. (2018).

This seed sample was considered useful for the purpose of this study, as it is the only 
sample of documents in Google Scholar for which an article-level subject classification 
is available. At the time of data collection, no other sample of documents with an article-
level classification was readily available to us, and a sample with these characteristics was 
considered superior to the journal-level classification schemes that are used in sources such 
as Web of Science and Scopus. Additionally, being aware of the difficulties that extracting 
data from Google Scholar entail (Else 2018), the election of a sample of documents that 
were known to be highly cited also guaranteed a high efficiency in the citation extraction 

9  Visser et al. (2020) found that a large number of citations missing from Microsoft Academic were caused 
by missing reference lists in the citing documents. As far as we know no study has analysed how many 
missing citations in Google Scholar are caused by missing reference lists.
10  https​://schol​ar.googl​e.com/citat​ions?view_op=list_class​ic_artic​les&hl=en&by=2006.

https://scholar.google.com/citations%3fview_op%3dlist_classic_articles%26hl%3den%26by%3d2006
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process (each request to Google Scholar retrieved the maximum amount of records that the 
search engine displays per page).

This study analyses the complete list of documents that cite this seed sample, as reported 
in a variety of citation indexes (Google Scholar, Microsoft Academic, Scopus, Dimensions, 
Web of Science, and COCI). In this study, they are called citing documents, or more sim-
ply, citations. Thus, this study follows the same approach as Martín-Martín et al. (2018).

Collection of citation data

Each of the 2515 highly-cited documents were searched on Google Scholar, Microsoft 
Academic, Scopus, Dimensions, WoS, and COCI (Table  1). For each seed document 
found in a data source, the list of citing documents was extracted, as described below. The 
searches and data extraction were carried out in May and June 2019 (i.e., not re-using the 
data from the previous paper).

Google Scholar has no data exporting capabilities in its web interface and no API. 
Instead, a custom web scraper was used to extract the list of citing documents for each 
highly-cited document in the seed sample (Martín-Martín 2018). CAPTCHAs were solved 
manually when they appeared.

Google Scholar provides up to 1000 results per query. In order to download the com-
plete list of citing documents for those with more than 1000 citations, queries were split by 
the publication year of the citing documents. Using this method, we were able to download 
most of the citing documents available in Google Scholar: for 2429 (96.5%) seed docu-
ments, we were able to extract a list of citing documents, amounting to at least 98% of the 
total citation counts reported by Google Scholar for these seed documents. In eight cases 
(extremely highly-cited seed documents), splitting queries by publication year was not 
enough to find all possible citing documents, and in these cases the number of citing docu-
ments extracted from Google Scholar was lower than 75% of the reported Google Scholar 
citation counts. This disadvantages Google Scholar in comparison to the other sources, for 
which all citing documents could be extracted. 2,689,809 citations were extracted from 
Google Scholar.

The metadata provided by Google Scholar is limited (Delgado López-Cózar et al. 2019). 
For example, Google Scholar does not provide the DOI of a document, which is very use-
ful for document matching across data sources, and therefore relevant to our study. To 
enrich the limited metadata provided by Google Scholar, we followed several approaches. 
First, given that most of the citing documents from Google Scholar had already been ana-
lysed (Martín-Martín et al. 2018), we matched the newly extracted list of citing documents 
to the data from the previous study, and retrieved all the enriched metadata that was avail-
able in the dataset used for the 2018 study. Next, for all the citing documents that could not 
be matched in the previous step (mostly newer citations), metadata was extracted from the 
HTML Meta tags in the landing page of each citing document, and with public metadata 
APIs when a CrossRef or DataCite DOI could be found. These methods produced a DOI 
for 62.9% of all Google Scholar citations.

To collect citation data from Microsoft Academic, the Academic Search API11 was 
used. This API is free with a limit of 10,000 transactions per month. At the moment of data 
collection, this API did not facilitate searching directly by DOI (Thelwall 2018b). For this 

11  https​://msr-apis.porta​l.azure​-api.net/docs/servi​ces/acade​mic-searc​h-api.

https://msr-apis.portal.azure-api.net/docs/services/academic-search-api
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reason, every highly-cited seed document was first searched for by title. Once the seed doc-
ument was retrieved and confirmed to be correct, new queries were submitted to retrieve 
the list of citing documents. Up to 1000 citing documents per query could be extracted 
(seed documents with over 1000 citations required more than one query to extract all cita-
tions). For each citing document, the Microsoft Academic internal Id, as well as the DOI, 
the document title, the list of authors, the publication year, the language, and the citation 
counts, were retrieved. 1,840,702 citations were extracted from Microsoft Academic.

To collect citation data from Scopus, the exporting capabilities of the web interface 
were used. Each seed highly-cited document was searched in Scopus by DOI and title, 
and, if found, the list of citing documents was exported in csv format. Scopus allows 2000 
records per query to be exported. When seed documents had over 2000 citations, the alter-
native email service was used, which allows 20,000 records to be exported. No document 
in the seed sample had more than 20,000 citations in Scopus. 1,738,573 citations were 
extracted from Scopus.

To collect citation data from Dimensions, its API was used, which is free for research.12 
The Dimensions API allows searching by DOI. Therefore, all seed highly-cited documents 
were searched for using their DOI, and, when unavailable, by their title. Once all the seed 
documents had been identified in Dimensions, the API was also used to extract the list 
of citing documents. For each citation, the basic bibliographic information (DOI, title, 
authors, publication year, source, document type) was recorded. 1,649,162 citations were 
extracted from Dimensions.

To collect citation data from WoS, the web interface was used. All citation indexes in 
WoS Core Collection were included in the analysis, including the Emerging Sources Cita-
tion Index (from publication year 2005 to the present). Each seed highly-cited document 
was searched by its DOI, and, when unavailable, by its title. The list of citing documents 
was then exported in batches of up to 500. The exported files were consolidated into a 
single table using a set of R functions (Martín-Martín and Delgado López-Cózar 2016). 
1,503,657 citations were extracted from WoS.

To collect citation data from COCI, the public API was used. The DOI of each seed 
highly-cited document was searched in order to retrieve the complete list of citing DOIs. 
852,413 citation relationships were extracted from COCI.

Table 1   No. of seed highly-cited 
documents and citations found in 
each data source

a Due to the sample selection process, the figures related to the seed 
documents found in each data source cannot be used as evidence that 
Google Scholar has higher coverage than the other sources

Source Seed documentsa Citations

N %

Google Scholar 2515 100 2,689,809
Microsoft Academic 2500 99.4 1840,702
Scopus 2447 97.3 1,738,573
Dimensions 2478 98.5 1,649,162
WoS 2342 93.1 1,503,657
COCI 2471 98.3 852,413

12  https​://www.dimen​sions​.ai/scien​tomet​ric-resea​rch/.

https://www.dimensions.ai/scientometric-research/


880	 Scientometrics (2021) 126:871–906

1 3

Analysis of citation data

To calculate citation overlaps across data sources, the citing documents from different data 
sources were matched. The matching process started with two data sources (WoS and Sco-
pus), and the result was a full join of the two sources: a table containing all citations found 
both by WoS and Scopus, as well as the citations found only by one of the data sources. 
The resulting dataset was matched to the data obtained from another data source (Dimen-
sions), and this process was repeated until all data sources were merged into a master list 
of citations (Table 2). The matching criteria are below, and are the same as previously used 
(Martín-Martín et al. 2018):

1.	 For each pair of data sources A and B and a seed highly-cited document X, all citing 
documents with a DOI that cite X according to A where matched to all citing documents 
with a DOI that cite X according to B.

2.	 For each of the unmatched documents citing X in A and B, a further comparison was car-
ried out (except in the matching round where COCI data was integrated into the master 
table). The title of each unmatched document citing X in A was compared to the titles of 
all the unmatched documents citing X in B, using the restricted Damerau-Levenshtein 
distance (optimal string alignment) (Damerau 1964; Levenshtein 1966). The pair of 
citing documents which returned the highest title similarity (1 is perfect similarity) was 
selected as a potential match. This match was considered successful if either of the fol-
lowing conservative heuristics was met:

•	 The title similarity was at least 0.8, and the title of the citing document was at least 
30 characters long (to avoid matches between short, undescriptive titles such as 
“Introduction”).

•	 The title similarity was at least 0.7, and the first author of the citing document was 
the same in A and B.

The matching criteria described above are intentionally conservative, so a match is 
only accepted when the two documents have very similar metadata. The analysis does 
not attempt to remove duplicate citations within the same data source, although Google 
Scholar and Scopus (and perhaps others) are afflicted by this issue (Orduna-Malea et al. 
2017; van Eck and Waltman 2019). In this study, if there are duplicate citations within 
the same data source only one of the instances will be linked to the same citation in other 
sources, while the rest will (erroneously) appear as unique citations. Therefore, the per-
centage overlaps between sources calculated are conservative estimates (i.e., they might be 
higher than reported here). A replication of the overlap analysis carried in Martín-Martín 
et al. (2018) for one subject category (Operations Management) showed that overlap fig-
ures are affected little when duplicates are identified and removed, however (Chapman and 
Ellinger 2019).

Given that the objective is to detect relative differences in coverage across databases, 
to make comparisons as fair as possible the subset of citations that are considered in each 
comparison is adapted to include only citation relationships where the cited seed docu-
ment is covered by all sources present in the comparison. For example, in a comparison 
of coverage across the six data sources analysed in this study (Table 1, top), only citations 
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to the 2319 seed highly-cited documents covered by all six data sources are considered. 
However, in pairwise comparisons, such as the Venn diagram that represents overlapping 
and unique citations in Google Scholar and Microsoft Academic (Fig. 2a), the citations to 
the 2500 seed highly-cited documents that are known to be covered by these two sources 
were analysed.

Data processing was carried out with the R programming language (R Core Team 2014) 
using several R packages and custom functions (Dowle et al. 2018; Krassowski 2020; Lars-
son et al. 2018; Martín-Martín and Delgado López-Cózar 2016; van der Loo et al. 2018; 
Walker and Braglia 2018; Wickham 2016; Wilke 2019). The resulting data files are openly 
available.13

Results

Overall results (all subject categories)

Relative overlap

Overall, Google Scholar has the highest coverage, as it found 88% of all possible citations 
(2,918,105) to the 2319 highly-cited documents in our sample that were covered by the six 
sources under analysis (Fig. 1, first row). Microsoft Academic, Scopus, Dimensions and 
WoS found substantially fewer (60–52% of all citations). COCI found only 28% of all pos-
sible citations.

In terms of relative overlaps between two data sources, larger data sources are able 
to find a vast majority of the citations found by the smaller data sources (Fig.  1, row 2 
through 6). Thus, Google Scholar found 89% of the citations in the second data source with 
the largest coverage (Microsoft Academic), and up to 94% of the citations in the smaller 
sources (WoS, COCI). On the other side of the spectrum, COCI, the smallest source, found 
between 30% and 51% of the citations found by the other sources (Google Scholar and 
Dimensions, respectively).

For Microsoft Academic, Scopus, Dimensions, and WoS, the relative overlap 
between any two of these sources ranges from high (WoS found 73% of the citations 

Table 2   Rounds of the matching process

Matching round Data sources being matched Resulting dataset Merged citations

1st WoS ⋈ Scopus master_1 1,852,681
2nd master_1 ⋈ Dimensions master_2 1,990,862
3rd master_2 ⋈ Microsoft Academic master_3 2,263,896
4th master_3 ⋈ COCI master_4 2,273,067
5th master_4 ⋈ Google Scholar master_5 3,073,351

13  https​://osf.io/gnb72​/ (2019 folder).

https://osf.io/gnb72/
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found by Microsoft Academic) to almost full overlap (Dimensions found 98% of the 
citations available in COCI). Figure 1 shows that it is not always the case that the larger 
the source, the higher the proportion of citations from another source that it will be 
able to find. For example, Dimensions found 80% of the citations available in Microsoft 
Academic, while Scopus (larger than Dimensions) found 77%. The cause of this might 
be that both Microsoft Academic and Dimensions cover non-journal content, such as 

Fig. 1   Percentage of citations found by each database, relative to all citations (first row), and relative to 
citations found by the other databases (subsequent rows)
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preprints, while Scopus does not. Scopus found 93% of the citations found by WoS, 
while Microsoft Academic (larger than Scopus) found 86%. Dimensions was able to 
find the highest proportion of COCI citations (98%) out of all the other sources (includ-
ing Google Scholar).

Overlaps within the full set of citations

A quarter (26%) of all citations were found only by Google Scholar (Fig. 2), 21% of the 
citations were found by the six sources, while 18% were found by all sources except COCI. 
The remaining 35% were found by combinations of four or less data sources, and the high-
est values were found in sectors that include Google Scholar and/or Microsoft Academic.

When considering all possible pairwise combinations (Fig. 3), the pairs of data sources 
that are most similar in terms of full citation overlap are Scopus/WoS (78% of all cita-
tions found by either were found by both), followed by Scopus/Dimensions (75%), Dimen-
sions/WoS (75%), and Microsoft Academic/Dimensions (74%). Pairs that include Google 
Scholar or COCI display lower percentages of overlap: in the case of Google Scholar this is 
caused by the extra coverage in Google Scholar that is not found in the other sources, while 
for COCI the reason is the opposite.

Fig. 2   Overlaps of citations found by Google Scholar, Microsoft Academic, Scopus, Dimensions, Web of 
Science, and COCI. Values expressed as percentages relative to N = 2,918,105 citations to 2319 documents. 
Combinations with values below 1% are not displayed
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Fig. 3   Comparison of citing document overlaps between Google Scholar, Microsoft Academic, Scopus, 
Dimensions, Web of Science, and COCI (pairwise). Figures within Venn diagrams expressed as percentages
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Analysis by subject areas and categories

Relative overlap

Disaggregating the data by broad subject areas provides a more detailed picture of the cov-
erage of these sources. Google Scholar found the great majority of citations (85–90%) in 
all eight subject areas (Table 3) and COCI found the fewest. COCI has differences in cover-
age across areas: in the Humanities and Social Sciences it found 18–20% of all citations, 
while in the STEM areas (Science, Technology, Engineering, and Mathematics) it found a 
higher proportion of citations (27–32%).

Between these two extremes, the other four sources (Microsoft Academic, Scopus, 
Dimensions, and WoS) tend to have similar coverage of each field, but differences between 
fields (Table 3). They have more comprehensive coverage for Chemical & Material Sci-
ences (69–72%), followed by Life Sciences & Earth Sciences (60–68%). Conversely, 
their coverage is much lower in Humanities, Literature & Arts (25–39%), Social Sciences 
(33–47%) and Business, Economics & Management (29–47%). Among these four, Micro-
soft Academic seems to have the most comprehensive coverage, except in Physics & Math-
ematics, where it found fewer of the citations (57%) than the other sources.

Further disaggregating the data to identify the percentage of relative citation overlap for 
each pair of sources in each subject area (Table 4), the patterns for the complete dataset (Fig. 1) 
recur. Google Scholar consistently found most citations found by the other sources across all 
areas; there is a higher relative overlap between Microsoft Academic and Dimensions/COCI 
than between Microsoft Academic and Scopus/WoS; conversely, the relative overlap between 
Scopus and WoS is always higher than between Scopus and other sources; the highest relative 
overlap in each area is always for Dimensions/COCI; Microsoft Academic seems to lack cov-
erage in Physics & Mathematics, as evidenced by its lower relative overlap in this area.

Table 3   Percentage of citations found by each data source, relative to the total number of citations found 
overall and by broad areas

N
% of citations found (relative to N)

Google 
Scholar

Microsoft 
Academic Scopus Dimensions Web of 

Science COCI

Humanities, Literature & 
Arts 89,337 87% 39% 31% 29% 25% 18%

Social Sciences 406,661 88% 47% 40% 36% 33% 20%
Business, Economics & 

Management 235,338 88% 47% 34% 32% 29% 19%

Engineering & Computer 
Science 691,164 88% 63% 61% 54% 48% 30%

Physics & Mathematics 317,320 90% 57% 64% 59% 59% 36%
Health & Medical 

Sciences 1,001,507 85% 63% 59% 58% 51% 27%

Life Sciences & Earth 
Sciences 571,817 89% 68% 64% 63% 60% 32%

Chemical & Material 
Sciences 253,990 90% 69% 75% 72% 72% 32%
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Table 4   Relative pairwise overlaps between data sources (%). Overall and by broad subject areas
A

B

C

D

E
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Table 4   (continued)

F

G

H

Full overlap

The differences in coverage between the older (Google Scholar, Scopus, WoS) and newer 
(Microsoft Academic, Dimensions) sources across subject areas are also evident from 
three-way comparisons (Figs. 4, 6, 8). The three-set combinations of data sources that are 
not displayed here are accessible from “Appendix 1”. The combinations that include more 
than one of the older sources are not included here because they were discussed in a previ-
ous study (Martín-Martín et al. 2018) and the results have barely changed. The combina-
tions that include COCI are not displayed here because it is essentially a subset of the other 
sources (especially Dimensions).

Venn diagrams for the 252 specific subject categories are also accessible from “Appen-
dix  1”. Figures  5, 7, 9 and 10 display the distribution of the proportions of citations that 
would fall in each section of the Venn diagrams calculated at this level of aggregation, for 
various pairs of data sources. The remaining combinations are accessible from “Appendix 2”.

Google Scholar and the new sources: Microsoft Academic, and Dimensions

For Google Scholar, Microsoft Academic, and Dimensions, the largest percentages of full 
overlap (citations found by the three sources) occur in the STEM fields (Fig.  4). These 
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Fig. 4   Overlaps between citations found by Google Scholar, Microsoft Academic, and Dimensions in broad 
subject areas. Figures within Venn diagrams expressed as percentages

range from 46% in Physics and Mathematics, to 63% in Chemical and Material Sciences. 
Full overlap in the areas of Humanities and Social Sciences is distinctly lower (25–34%). 
This is caused by lower coverage of these areas in Microsoft Academic and Dimensions. 
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Fig. 5   Distribution of citations that fall within each sector of the Venn diagrams that compare Google Scholar to 
Microsoft Academic and Dimensions. Calculated at the level of subject categories, and aggregated by subject areas
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The percentage of citations in Microsoft Academic and/or Dimensions that is not covered 
by Google Scholar ranges from 6% (in Chemical and Material Sciences) to 11% (in Health 
& Medical Sciences).

At the level of specific subject categories, for pairwise comparisons between Google 
Scholar/Microsoft Academic and Google Scholar/Dimensions (Fig.  5) the general trend 
of the subject area is followed, with variations in some subject categories. The variation 
seems to be higher between Google Scholar/Dimensions than between Google Scholar/
Microsoft Academic. Nevertheless, in both comparisons the percentages in the sector 
“Only in Google Scholar” are higher in the Humanities and Social Sciences, and lower in 
STEM fields. The sector “In both data sources” almost mirrors the one above, and the sec-
tors “Only in Microsoft Academic” and “Only in Dimensions” have values almost exclu-
sively below 10%, with two major exceptions. These correspond to the categories Astron-
omy & Astrophysics,14 and Psychology.15 In these two categories, many citations found 
by Microsoft Academic and Dimensions were not found by Google Scholar. In the case 
of Psychology, the low citation coverage in Google Scholar is caused by one extremely 
highly-cited document (Using thematic analysis in psychology, by Virginia Braun and Vic-
toria Clarke16), which at the time of data collection had 54,323 citations in Google Scholar. 
However, because of the limitations of Google Scholar’s search interface for data extrac-
tion, only 10,996 citations could be extracted from Google Scholar for this article.

Scopus and the new sources: Microsoft Academic and Dimensions

For Microsoft Academic, Scopus, and Dimensions, none of the sources is always larger 
than the others, with the results varying by subject area (Fig.  6). Microsoft Academic 
sometimes has larger coverage than Scopus (Humanities and Social Sciences), although in 
these areas both contribute many unique citations. Scopus also sometimes provides more 
coverage than Microsoft Academic (Physics & Mathematics, Chemical & Material Sci-
ences). The previously seen trend of higher percentages of full overlap in STEM fields 
also occurs here. The number of citations found by Dimensions is similar to that of Sco-
pus across all subject areas, but there are also many citations that one of them finds that 
the other does not in the Humanities and Social Sciences. Comparing the three sources 
together, Dimensions provides the fewest unique citations.

In most subject categories (Fig. 7), there are large Microsoft Academic/Scopus and Sco-
pus/Dimensions citation overlaps. This is especially evident in STEM categories, where 

14  Google Scholar/Microsoft Academic: https​://osf.io/g8z42​/; Google Scholar/Dimensions: https​://osf.io/
bwv5s​/.
15  Google Scholar/Microsoft Academic: https​://osf.io/jqwah​/; Google Scholar/Dimensions: https​://osf.io/
xnf24​/.
16  https​://www.tandf​onlin​e.com/doi/abs/10.1191/14780​88706​QP063​OA.

https://osf.io/g8z42/
https://osf.io/bwv5s/
https://osf.io/bwv5s/
https://osf.io/jqwah/
https://osf.io/xnf24/
https://osf.io/xnf24/
https://www.tandfonline.com/doi/abs/10.1191/1478088706QP063OA
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Fig. 6   Overlap between citations found by Scopus, Microsoft Academic, and Dimensions, by broad subject 
area. Figures within Venn diagrams expressed as percentages
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Fig. 7   Distribution of citations within each sector of the Venn diagrams that compare Scopus to Microsoft 
Academic and Dimensions. Calculated at the level of subject categories, and aggregated by subject areas
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the overlap in almost all cases exceeds 50%. For Microsoft Academic/Scopus (Fig. 7, top), 
there are 66 (out of 252) subject categories where the overlap exceeds 70%, and for Sco-
pus/Dimensions, 148 categories exceed this overlap. Extreme cases of low overlap between 
sources are almost always in the Humanities and Social Sciences. For Microsoft Academic/
Scopus, the lowest overlaps (below 30%) are in French Studies17 (9%, although in this case 
the results are based only on citations to one seed document, because the rest were not 
covered by Microsoft Academic and Scopus), International Law18 (20%), European Law19 
(21%), American Literature & Studies20 (24%), Law21 (26%), and Film22 (27%). In 182 
categories (out of 252) Microsoft Academic found more citations than Scopus. There are 
also some outlier cases of low overlap in STEM categories, such as over 50% of citations in 
Computer Graphics23 and Discrete Mathematics24 only being available in Microsoft Aca-
demic (compared to Scopus), or 48% of citations in High Energy & Nuclear Physics25 and 
Quantum Mechanics26 only being found by Scopus (compared to Microsoft Academic). 
For Scopus/Dimensions (Fig.  7, bottom), many of the same categories have the lowest 
overlap: French Studies,27 International Law,28 American Literature & Studies,29 European 
Law,30 and History.31 These low coverage figures are caused by Microsoft Academic and 
Dimensions having a lower coverage of citations in these categories than Scopus. In 36 
categories (out of 252) Dimensions found more citations than Scopus.

Web of Science and the new sources: Microsoft Academic and Dimensions

Comparing Microsoft Academic, Dimensions and WoS (Fig.  8), there are many unique 
citations in Microsoft Academic and WoS. Out of these three, Dimensions found the few-
est unique citations (2–6% depending on the area). Again, the divergence is higher in the 
Humanities and Social Sciences, where Microsoft Academic has the highest percentages of 
unique citations. Microsoft Academic also has lower coverage in Physics & Mathematics 
and (to a lower degree) in Chemical & Material Sciences.

The results by subject category confirm that some categories deviate from the trend in a 
broad area (Fig.  9). Considering Microsoft Academic/WoS (Fig.  9, top), Microsoft Aca-
demic’s coverage is large compared to WoS for Computing Systems32 (73% of all citations), 

17  https​://osf.io/gmrju​/.
18  https​://osf.io/bzha2​/.
19  https​://osf.io/f36sn​/.
20  https​://osf.io/7qzmk​/.
21  https​://osf.io/4gtdc​/.
22  https​://osf.io/ctzb7​/.
23  https​://osf.io/rz4cj​/.
24  https​://osf.io/v6bgy​/.
25  https​://osf.io/vafzp​/.
26  https​://osf.io/87cdh​/.
27  https​://osf.io/bqpz4​/.
28  https​://osf.io/p26ua​/.
29  https​://osf.io/fngph​/.
30  https​://osf.io/pdnxt​/.
31  https​://osf.io/xjhfw​/.
32  https​://osf.io/ugvh3​/.

https://osf.io/gmrju/
https://osf.io/bzha2/
https://osf.io/f36sn/
https://osf.io/7qzmk/
https://osf.io/4gtdc/
https://osf.io/ctzb7/
https://osf.io/rz4cj/
https://osf.io/v6bgy/
https://osf.io/vafzp/
https://osf.io/87cdh/
https://osf.io/bqpz4/
https://osf.io/p26ua/
https://osf.io/fngph/
https://osf.io/pdnxt/
https://osf.io/xjhfw/
https://osf.io/ugvh3/
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Fig. 8   Overlaps between citations found by Web of Science, Microsoft Academic, and Dimensions, by 
broad subject areas. Figures within Venn diagrams expressed as percentages
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Fig. 9   Distribution of citations within each sector of the Venn diagrams that compare Web of Science to 
Microsoft Academic and Dimensions. Calculated at the level of subject categories, and aggregated by sub-
ject areas
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Software Systems33 (63%), Educational Administration34 (62%), Chinese Studies & History35 
(60%), and Discrete Mathematics36 (58%). The gaps in coverage of Microsoft Academic in 
International Law,37 and Law38 occur again here, as 47% and 46% of the citations in these 
categories (respectively) are only found by WoS. Something similar occurs in the categories 
included in Physics & Mathematics: the distribution of citations only found by WoS in this 
area has an unusually wide interquartile range when compared with the other areas, which is 
a sign that Microsoft Academic’s gaps in coverage in this area affect more than one category. 
The most extreme cases are again Quantum Mechanics39 and High Energy & Nuclear Phys-
ics,40 with 47% and 44% of citations only found by WoS (respectively). In 223 categories (out 
of 252) Microsoft Academic found more citations than WoS. For the distributions of overlap 
and unique citations between Dimensions/WoS (Fig. 9, bottom), there are some similarities 
with the previous comparison: 51% of the citations in Computing Systems41 are only found 
by Dimensions, and in Humanities and Social Sciences over a third of the citations in Chi-
nese Studies & History,42 and Foreign Language Learning43 are only found by Dimensions, 
which reveals coverage gaps in these categories in WoS. In other Humanities categories, such 
as American Literature & Studies44 (51%), History45 (46%), or Literature & Writing46 (46%) 
WoS found more unique citations than Dimensions. Dimensions also has gaps in coverage in 
Computer Graphics,47 International Law,48 Law,49 and Middle Eastern & Islamic Studies,50 
compared to WoS. In 185 categories (out of 252) Dimensions found more citations than WoS.

Microsoft Academic and Dimensions

At the level of subject categories, the vast majority of citations in Microsoft Academic/
Dimensions are found either by both databases, or only by Microsoft Academic. In 209 out 
of 252 categories, the percentage of unique citations in Dimensions is below 10% (Fig. 10). 
The exceptions are in Physics & Mathematics, where 45% of the citations in Quantum 
Mechanics,51 39% of the citations in High Energy & Nuclear Physics,52 and 26% of the 

34  https​://osf.io/x9g3e​/.
35  https​://osf.io/54xky​/.
36  https​://osf.io/fa8sr​/.
37  https​://osf.io/9584j​/.
38  https​://osf.io/h7jt2​/.
39  https​://osf.io/ghws2​/.
40  https​://osf.io/gpyse​/.
41  https​://osf.io/rsj4m​/.
42  https​://osf.io/bvr3p​/.
43  https​://osf.io/vmdbx​/.
44  https​://osf.io/zd53e​/.
45  https​://osf.io/q529p​/.
46  https​://osf.io/qcdsh​/.
47  https​://osf.io/sfd2g​/.
48  https​://osf.io/a9mtx​/.
49  https​://osf.io/n2e98​/.
50  https​://osf.io/za5ks​/.
51  https​://osf.io/3npwu​/.
52  https​://osf.io/7qb8v​/.

33  https​://osf.io/6vrnp​/.

https://osf.io/x9g3e/
https://osf.io/54xky/
https://osf.io/fa8sr/
https://osf.io/9584j/
https://osf.io/h7jt2/.
https://osf.io/ghws2/
https://osf.io/gpyse/
https://osf.io/rsj4m/
https://osf.io/bvr3p/
https://osf.io/vmdbx/
https://osf.io/zd53e/
https://osf.io/q529p/
https://osf.io/qcdsh/.
https://osf.io/sfd2g/
https://osf.io/a9mtx/
https://osf.io/n2e98/
https://osf.io/za5ks/
https://osf.io/3npwu/
https://osf.io/7qb8v/
https://osf.io/6vrnp/
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53  https​://osf.io/n5j8v​/.

citations in Plasma & Fusion53 (also included in Engineering & Computer Science) are 
only found by Dimensions. This again reveals the gap in coverage of Microsoft Academic 
in these categories. In 226 categories (out of 252) Microsoft Academic found more cita-
tions than Dimensions.

Discussion

Limitations

Because this study uses an updated and extended version of the sample used in Martín-
Martín et al. (2018), many of the limitations declared in that study are also applicable here, 
as summarised below.

•	 The seed sample of documents used all highly-cited documents published in English in 
2006 according to Google Scholar’s Classic Papers product. To generalize the results 
presented here, it must be assumed that the population of documents that cite these 

Fig. 10   Distribution of citations within each sector of the Venn diagrams that compare Microsoft Academic 
and Dimensions. Calculated at the level of subject categories, and aggregated by subject areas

https://osf.io/n5j8v/
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highly-cited documents is comparable to the general population of citing documents 
within each subject category. This might not be true in some cases, because different 
topics within the same category might have different citation patterns (certain highly-
cited topics within a category might be overrepresented). Also, these results prob-
ably do not represent the reality of coverage of academic literature published in lan-
guages other than English and literature about regionally-relevant topics, where Google 
Scholar, Microsoft Academic, Dimensions and COCI may have an advantage.

•	 Google Scholar might have an unfair advantage in this analysis, as the initial seed sam-
ple was selected from a list of the highest-cited documents in this source (the accuracy 
of citation detection of Google Scholar in this specific sample could be higher than the 
average accuracy of citation detection across all documents in Google Scholar, which 
is unknown). However, the correlations between the citation counts of citing docu-
ments available in Martín-Martín et al. (2018) suggest that this advantage is not sub-
stantial: when analysing documents from the entire distribution of citation counts (not 
only highly-cited documents), Google Scholar still consistently reports higher citation 
counts than WoS and Scopus, while providing essentially the same citation rankings at 
the document level in most subject categories as the other two sources.

•	 The algorithm that matches citations across data sources is intentionally conservative: 
it is set to minimize false positives, potentially at the expense of false negatives. There-
fore, the percentages of overlap shown in this study are lower bounds.

•	 Unlike Martín-Martín et  al. (2018), where citations from documents included in the 
ESCI Backfile for documents published between 2005 and 2014 were not included in 
the analysis, in this study all available citation data available in the citation indexes that 
are part of WoS Core Collection is analysed.

•	 Data extraction for this analysis was carried out in May/June 2019. However, the rapid 
development of these platforms may render the results obsolete in the future. Updated 
analyses similar to this one might be necessary to ascertain the current coverage of the 
data sources, especially if regular reports on coverage development are not issued by 
the sources themselves.

Other aspects related to coverage, such as the distribution of document types, language, 
date of publication, or indexing speed are not analysed here and could be investigated in 
future studies, as they are also necessary for users who need to decide which data source(s) 
are most suitable for their needs.

Comparison with previous studies

The results generally agree with previous studies comparing the coverage of Microsoft 
Academic and Dimensions. Similarly to Harzing & Alakangas (2017a, b) and Thelwall 
(2017), Microsoft Academic detected more citations than WoS and Scopus. This citation 
detection advantage seems to be higher in the Humanities, Social Sciences, and Business 
& Economics than in the other areas, where in some cases Microsoft Academic had lower 
coverage (Physics, Chemistry). The results here cannot be directly compared to Hug and 
Brändle (2017), who reported that Scopus had slightly greater coverage of journal articles 
than Microsoft Academic, because this study does not analyse specific document types. 
However, assuming that most citations come from journal articles, Microsoft Academic 
seems to have now surpassed Scopus in raw size, at least in the three areas mentioned 
above.
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For Dimensions, the results also agree with those reported by Harzing (2019), who 
found that it had a similar or better coverage than WoS and Scopus in Business & Econom-
ics. Here the results show that the three data sources offer a similar coverage (Scopus is 
slightly larger, followed by Dimensions), but each can detect a non-negligible proportion of 
citations that the others can’t.

From Visser et  al. (2020) the percentage of documents covered by Scopus that are 
also covered by Dimensions is 78%, but in this study the percentage of citations found by 
Scopus that are also found by Dimensions is higher (84%). The causes of the difference 
between these figures is unclear, but some possibilities are (a) this study uses a sample of 
citations while Visser et al. use the entire collection of source documents, (b) the possibil-
ity that Dimensions has a lower coverage of older documents (our study analyses citations 
from 2006 to 2018, while Visser et al. analysed coverage between 1996 and 2017), or (c) 
that there was an increase in coverage between the time Visser et al. obtained their data 
(December 2018), and the time the data for this study was extracted (May–June 2019). The 
overlap Visser et al. found between Scopus and WoS is significantly lower than found here: 
according to their results (overlap of 29.1 million documents, and 44.9 million documents 
in total in Scopus), WoS covered 65% of the documents available in Scopus. In the current 
study, however, WoS found 83% of the citations found by Scopus. The cause of this signifi-
cant difference is also unknown, but it might be in part caused by the fact that Visser et al. 
analysed only documents in the SCI, SSCI, and A&HCI and the Conference Proceedings 
Citation Index (CPCI), while this study also considers other citation indexes within WoS 
Core Collection, such as ESCI and BKCI. Lastly, the percentage of Scopus documents 
also covered by Microsoft Academic reported by Visser et al. (81%) is very similar to the 
percentage of Scopus citations also found by Microsoft Academic reported here (82%). 
However, the full overlap between the two sources is much higher here (66%) than in Vis-
ser et al. (18%), because in the latter study a much higher amount of unique content was 
detected in Microsoft Academic. One possible reason for this might be that our study only 
considers documents with recorded relationships to other documents (through citations), 
while some of the documents in Microsoft Academic analysed in Visser et al. might not 
have these connections, which would make them undetectable to our methodology.

Although most of the results of the overlap analysis reported here closely match those of the 
previous study with the same seed set (Martín-Martín et al. 2018), several discrepancies were 
found. In two subject categories (Psychology, and Astronomy & Astrophysics), the updated 
analysis showed that Google Scholar had a lower coverage than the other data sources, while 
in the old dataset, this was not the case. In the case of Astronomy & Astrophysics, this appar-
ent fluctuation in coverage is consistent with an editorial published in August of 2019 in the 
journal Astronomy & Astrophysics, which denounced a sharp decrease in the h5-index of this 
journal in the 2019 edition of Google Scholar Metrics (Forveille 2019) caused by a technical 
error in Google Scholar. Therefore, this seems to be a new case of a major coverage outage 
in Google Scholar, similar to one previously reported by Delgado López-Cózar and Martín-
Martín (2018) which affected many journals published in Spain, and which was resolved when 
Google Scholar rebuilt its index a few months later. This issue will be analysed in detail in a 
future study as an example of how coverage in Google Scholar can suffer large (downward) 
fluctuations over time, as this can negatively affect literature search.
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Conclusions

Comprehensiveness of data sources across subject categories

The results show that Google Scholar is still the most comprehensive data source among 
the six studied here. This holds true for the overall results and the results across all sub-
ject areas, with some exceptions such as Astronomy & Astrophysics. Google Scholar found 
nearly all the citations found by Microsoft Academic, Dimensions, and COCI (89%, 93%, 
and 94%, respectively). The largest divergences occur in the Humanities and Social Sci-
ences (lowest value is 84%, which corresponds to the percentage of Scopus citations in the 
Humanities found by Google Scholar). Additionally, there is a significant amount of extra 
coverage in Google Scholar that is not found in any of the other data sources (26% of all 
citations across all data sources). Google Scholar could therefore make an important con-
tribution to the scientific community by opening its bibliographic and citation data, which 
would also facilitate the identification of errors such as coverage fluctuations.

Whilst the results confirm that Microsoft Academic and Dimensions provide at least as 
many citations as Scopus and WoS in many subject categories, some gaps still exist:

•	 Microsoft Academic seems to index the Humanities, Social Sciences, and Business, 
Economics & Management particularly well, although not for all categories.

•	 Dimensions is closely behind Scopus in all areas in terms of citations found, but sur-
passes WoS in all areas, except in two (Physics & Mathematics, and Chemical & Mate-
rial Sciences) where they are tied, although there are also differences at the level of 
subject categories (Dimensions also has coverage gaps in some Humanities categories).

Implications for academic literature search

Although Google Scholar and Microsoft Academic are the two most comprehensive bib-
liographic data sources analysed in this study, their search functionalities have a number of 
limitations, such as limited support of Boolean and other types of search operators, limited 
filtering capabilities (Google Scholar), and non-transparent algorithms to process queries 
and rank the documents in the results page (Microsoft Academic uses artificial intelligence, 
and Google Scholar uses publicly unknown heuristics to rank documents by relevance) 
(Beel and Gipp 2009a, b, c; Martin-Martin et al. 2017; Orduña-Malea et al. 2016; Rovira 
et al. 2019; Wang et al. 2020). These characteristics, which prevent users from being able 
to generate complex search equations that are guaranteed to stay reproducible over time, 
have led some authors to consider Google Scholar and Microsoft Academic inadequate for 
query-based search (Gusenbauer and Haddaway 2020). Dimensions, which does not allow 
complex Boolean searches in its web interface either, was not analysed in that study.

On the other hand, Scopus and WoS have a lower coverage, especially in some areas 
such as the Humanities and Social Sciences, do not cover non-peer-reviewed scientific 
documents (Martín-Martín et al. 2018), are slower at indexing (Moed et al. 2016), and 
are not free. These characteristics reduce their usefulness in  situations where fast and 
unrestricted access to the latest studies is important, such as the COVID-19 pandemic in 
which preprints play a critical role (Fraser et al. 2020). Nevertheless, these sources offer 
advanced search and filtering functionalities, and were considered suitable tools for evi-
dence synthesis in the form of systematic reviews (Gusenbauer and Haddaway 2020).
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Thus, there seems to be a mismatch between the bibliographic data sources that are 
currently the most comprehensive, and those that offer users the most control over their 
searches. Since systematic reviews require both comprehensiveness of coverage and 
control over the search process, it is possible that in some cases no single currently 
available data source is adequate for the task, and instead at least two sources should be 
used. One way to do this would be to expand the concept of systematic search beyond 
the traditional search query to include other non-query-based search processes that can 
also be carried out in a systematic and reproducible manner. One possibility would be 
the expansion of a document collection obtained in a query-based search through the 
analysis of its citation network. This expansion can be carried out in a more compre-
hensive data source, different from the one where the initial search was carried out. As a 
longer term solution, academic search tools should strive to offer more a transparent and 
reproducible search process and embrace community standards for interoperability and 
reuse of document metadata (Haddaway and Gusenbauer 2020).

Lastly, searches suitable for systematic reviews are only one of the many types of search 
that are carried out in these data sources. Indeed, the more recent academic search plat-
forms (Microsoft Academic, Semantic Scholar, Dimensions) have not implemented tradi-
tional advanced query-based capabilities (Dimensions supports them in its API), and seem 
to be instead focusing on the browsing experience (advanced filtering), and in offering ana-
lytics dashboards. Lens.org seems to be an exception, as it also offers advanced structured 
query-based search (Tay 2019). Future studies could focus on the suitability of these and 
other bibliographic data sources to solve specific types of information needs, as it is impor-
tant that researchers are aware of the strengths and limitations of each data source for spe-
cific use cases and in specific knowledge domains.

Implications for bibliometric analyses

As new sources of bibliographic data (including citation data) become openly available 
and validated for specific types of bibliometric analyses, the need to rely on expensive pro-
prietary data sources may diminish. Regarding the findings in this study, the final decision 
about which source to use may depend on properties of the sources other than coverage, 
such as metadata quality and bulk access options. If these factors are not of overriding 
importance, however, then Google Scholar is the best choice in almost all subject areas for 
those needing the most comprehensive citation counts but not needing complete lists of cit-
ing sources. If complete lists are needed, then Microsoft Academic is the best alternative 
and is also free. The amount of citation data in the public domain (through COCI) is still 
low and not useful on its own, presumably because its role is to feed other sources, not to 
be more comprehensive than them.

In use cases where exhaustiveness of coverage is required, but coverage divergence is 
considered to be large (many unique citations in each data source), the combination of sev-
eral sources is recommended.

To conclude, the evidence presented in this study is intended to serve as a tool for 
researchers and other users of bibliographic databases, one that will hopefully help them 
make more informed decisions when they need to select one or more of these data sources 
to solve a specific information need.
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Appendix 1: Complete list of Venn diagrams computed for this study

No subject aggregation

Two-set Venn diagrams (all subject categories) https://osf.io/bwpaq/
Three-set Venn diagrams (all subject categories) https​://osf.io/jkrge​/

Aggregated by 8 subject areas

Google Scholar–Microsoft Academic–Scopus https​://osf.io/h7m8s​/
Google Scholar–Microsoft Academic–Dimensions https​://osf.io/7v4kr​/
Google Scholar–Microsoft Academic–Web of Science https​://osf.io/fn3yh​/
Google Scholar–Microsoft Academic–COCI https​://osf.io/s3bmp​/
Google Scholar–Scopus–Dimensions https​://osf.io/q8ecx​/
Google Scholar–Scopus–Web of Science https​://osf.io/qkc2a​/
Google Scholar–Scopus–COCI https​://osf.io/mrvdb​/
Google Scholar–Dimensions–Web of Science https​://osf.io/nwm83​/
Google Scholar–Dimensions–COCI https​://osf.io/dzs5x​/
Google Scholar–Web of Science–COCI https​://osf.io/64chg​/
Microsoft Academic–Scopus–Dimensions https​://osf.io/hgzn6​/
Microsoft Academic–Scopus–Web of Science https​://osf.io/f7xpa​/
Microsoft Academic–Scopus–COCI https​://osf.io/c6tpz​/
Microsoft Academic–Dimensions–Web of Science https​://osf.io/f5zxs​/
Microsoft Academic–Dimensions–COCI https​://osf.io/ry87a​/
Microsoft Academic–Web of Science–COCI https​://osf.io/vxyj4​/
Scopus–Dimensions–Web of Science https​://osf.io/xqg3y​/
Scopus–Dimensions–COCI https​://osf.io/jmvb6​/

Aggregated by 252 subject categories (zipped)

Google Scholar–Microsoft Academic https​://osf.io/v4ek3​/
Google Scholar–Scopus https​://osf.io/umsyw​/
Google Scholar–Dimensions https​://osf.io/jqmuy​/
Google Scholar–Web of Science https​://osf.io/4b8uq​/
Google Scholar–COCI https​://osf.io/gytuh​/
Microsoft Academic–Scopus https​://osf.io/jw2bt​/
Microsoft Academic–Dimensions https​://osf.io/a2mp7​/
Microsoft Academic–Web of Science https​://osf.io/2hkxq​/
Microsoft Academic–COCI https​://osf.io/ch4gb​/

54  https​://alber​tomar​tin.shiny​apps.io/citat​ion_overl​ap_2019/.
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https://albertomartin.shinyapps.io/citation_overlap_2019/
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Aggregated by 252 subject categories (zipped)

Scopus–Dimensions https​://osf.io/q4swk​/
Scopus–Web of Science https​://osf.io/qcpbh​/
Scopus–COCI https​://osf.io/2xvbh​/
Dimensions–Web of Science https​://osf.io/pdycb​/
Dimensions–COCI https​://osf.io/j7qte​/
Web of Science–COCI https​://osf.io/mnwe7​/

Appendix 2: Complete list of boxplots computed for this study

Subject category-level overlap data aggregated by 8 subject areas

Google Scholar–Microsoft Academic https​://osf.io/b94xp​/
Google Scholar–Scopus https​://osf.io/rvbw9​/
Google Scholar–Dimensions https​://osf.io/ubtrm​/
Google Scholar–Web of Science https​://osf.io/7wb49​/
Google Scholar–COCI https​://osf.io/7ekdr​/
Microsoft Academic–Scopus https​://osf.io/jx7by​/
Microsoft Academic–Dimensions https​://osf.io/x4257​/
Microsoft Academic–Web of Science https​://osf.io/rdw7g​/
Microsoft Academic–COCI https​://osf.io/f8a9e​/
Scopus–Dimensions https​://osf.io/3a97k​/
Scopus–Web of Science https​://osf.io/w4zv3​/
Scopus–COCI https​://osf.io/jtnyu​/
Dimensions–Web of Science https​://osf.io/gsjwm​/
Dimensions–COCI https​://osf.io/sr4wu​/
Web of Science - COCI https​://osf.io/6dkw4​/
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A B S T R A C T

A literature review article provides a comprehensive overview of literature related to a theme/theory/method and synthesizes prior studies to strengthen the
foundation of knowledge. In the growing International Business (IB) research field, systematic literature reviews have great value, yet there are not many reviews
published describing how researchers can design and develop classic review articles. In explaining the purpose, methodology, and structure of a systematic review,
we provide guidelines for developing most insightful and useful review articles. By outlining steps and thumb rules to keep in mind, we present an overview of
different types of review articles and explain how future researchers could potentially find them useful. In addition, we introduce nine articles finally selected for this
special issue of systematic literature review-Looking back to look forward International Business research in the days to come.

1. Introduction

A subject advances when prior studies are synthesized logically
based on the findings of prior studies (Kumar, Paul, & Unnithan, 2019).
Literature reviews, as a research methodology (Snyder, 2019), con-
tribute significantly for conceptual, methodological, and thematic de-
velopment of different domains (Palmatier, Houston, & Hulland, 2018;
Hulland & Houston, 2020). Review papers “are critical evaluations of
prior studies that have already been published” (Bem, 1995, p. 172).
They include, among others, systematic reviews and meta-analytical
reviews exploring quantitative effects. Review articles carefully identify
and synthesize relevant literature to compare and contrast the findings
of prior studies in a domain. Thus, review articles provide readers with
a state-of-the-art understanding of the research topic, help identify re-
search gaps and signal future research avenues. In other words, sys-
tematic reviews, in particular, provide a number of critical discussions
on a specific research theme by integrating extant literature, synthe-
sizing prior studies, identifying knowledge gaps, and developing new
theoretical frameworks (Marabelli & Newell, 2014). Systematic re-
views, in particular, have become an explicitly recognized form of re-
view-based research in many different disciplines (Callahan, 2014, p.
272; Kraus, Breier, & Dasí-Rodríguez, 2020). Many journals such as
Journal of Management, Journal of International Business Studies,
Journal of Organizational Behavior, Journal of Academy of Marketing
Science, International Journal of Consumer Studies etc. have launched
annual special issues for review articles in the recent years. In addition,

there are exclusive journals publishing review articles such as Inter-
national Journal of Management Reviews (IJMR), Journal of Economic
Literature (JEL) and Academy of Management Review.

It is worth noting that hundreds of research papers have been
published using the same old theories, measures, and methods. One of
the important goals of a review article is to identify key research gaps
based on what constructs, theories and methods are widely applied in
different settings and in what contexts (industry as well as country)
studies have been carried out. Accordingly, authors of a classic review
article provide directions for future research with reference to new and
novel ideas, theories, measures, methods and novel research questions.
Thus, a review article can serve as a platform for future research. They
set the goal to discourage researchers from using the same old theories
and methods in a recycled and replete way. A very well crafted litera-
ture review article has the potential to serve as base/platform/lens/
springboard for future research because such an article explicitly syn-
thesizes current knowledge, identifies research gaps, and suggests ex-
citing new directions for future research in a given field of research,
with reference to Methodology, Constructs/Variables, Theory and
Contexts. Similarly, theoretical models developed as part of literature
review studies can be used by both researchers and practitioners as
typologies/base/lens in their research studies using quantitative or
qualitative methods and/or practice. Therefore, once published, they
would/usually become a very welcome and great addition to the lit-
erature.
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2. Methodology and structure of review articles

Systematic literature review articles can be broadly classified as
domain-based, theory-based, and method-based. In addition to these
categories of systematic literature reviews, meta analytical reviews are
also increasingly popular in many different subject areas (Hulland &
Houston, 2020). There are large number of domain-based reviews
available in almost all subject areas both business-related (manage-
ment, marketing, finance and accounting, entrepreneurship, etc.) and
non-business related. However, there are not many well-crafted theory-
based and method-based reviews published in well recognized journals.

2.1. Domain-based review

Domain-based review articles can be classified into different cate-
gories. Namely – Structured review focusing on widely used methods,
theories and constructs (Canabal & White, 2008; Kahiya, 2018; Paul &
Singh, 2017; Paul & Feliciano-Cestero, 2020; Rosado-Serrano, Paul, &
Dikova, 2018), Framework-based (Paul & Benito, 2018), Bibliometric
review (Randhawa, Wilden, & Hohberger, 2016), Hybrid-Narrative
with a framework for setting future research agenda (Dabić et al., 2020;
Kumar et al., 2019; Paul, Parthasarathy, & Gupta, 2017), and Review
aiming for model/framework development (Paul & Mas, 2019; Paul,
2019). These classifications can be elaborated as follows.

2.1.1. Structured review
When a domain-based review article is structured scientifically and

specifically based on widely used methods, theories, constructs in the
form of tables and figures, readers get insightful information from the
data reported and content. Such information is normally presented in
well designed tables in classic structured review articles. This helps
especially junior researchers to understand what kind of methods have
been already used and what theories and constructs have already been
applied. Researchers can identify research gaps with reference to
methods, theories and constructs based on the compiled information.
Some of the classic review articles found in the extant literature falls in
this category (Canabal & White, 2008, Kahiya, 2018; Paul & Feliciano-
Cestero, 2020). This type of domain review articles usually have be-
tween 5–10 useful tables in structured format.

2.1.2. Framework-based review
A domain-based review article can be called as Framework-based

review if the authors develop it using a framework such as ADO
(Antecedents, Decisions and Outcome), as seen, for instance, in Paul &
Benito’s (2018) review article, or the 6 W Framework developed by
Callahan (2014). This 6 W Framework is comprised of – Who, When,
Where, How, What, and Why. Xie, Reddy, and Liang (2017) demon-
strated how to use this 6 W framework in a literature review article on
cross-border acquisitions. Another useful framework is Theory, Con-
struct, Characteristics and Methodology (TCCM) developed and applied
by Paul and Rosado-Serrano (2019), or the 7-P Framework (Paul & Mas,
2019). Thematic reviews with a framework have proven to be more
acceptable as they are likely to show a more robust structure. There-
fore, authors of framework-based reviews have to either develop their
own framework and use it for structuring their review or, adopt an
already existing framework like ADO duly acknowledging whom they
are borrowing it from if developed by others.

2.1.3. Bibliometric review
Bibliometric reviews analyse an extensive amount of published re-

search by using statistical tools, thus to figure out trends and citations
and/or co-citations of a particular theme, by year, country, author,
journal, method, theory, and research problem. A graphical biblio-
metric review can be developed using Viewer software programs cur-
rently available such as VoS (Visualization of Similarities), which is
widely used to carry out such a type of bibliometric review in diverse

subject areas, including International Business (Rialp, Merigó, Cancino,
& Urbano, 2019). An issue inherent in many bibliometric analyses is
that out of a given pool of articles, a relatively small number of articles
represent a major part of the total citations in the analysis. Some re-
searchers, however, remain somewhat sceptical regarding the overall
impact of bibliometric analyses, compared to other types of reviews
(Fetscherin & Heinrich, 2015). In our view, bibliometric reviews do not
deal with theories, methods, and constructs as much as they usually do
with authors, affiliations, countries, citations and co-citations, etc.

2.1.4. Hybrid review
Hybrid reviews can be developed in, at least, two different ways: i)

When researchers integrate a framework to provide directions for fu-
ture research in a more narrative-oriented type of literature review, it
can be called as a hybrid type review. For example, Paul, Parthasarathy
and Gupta (2017) used Theory, Context and Methods (TCM) framework
in their narrative type review on exporting challenges for small firms to
provide directions for research. ii) A second way of a rather hybrid form
of review may be developed by integrating the tenets of both biblio-
metric and structured reviews. Further in this special issue, Bahoo, Alon
and Paltrinieri, for instance, have followed a similar approach in their
review focused on corruption in international business. They integrated
the tenets of bibliometric review with that of a structured review.

2.1.5. Review aiming for theory development
A very significant number of review articles published in highly

exclusive business journals, such as Academy of Management Review or
Academy of Marketing Science Review, fall in this category. In this
case, authors typically develop theoretical models and/or testable hy-
potheses or propositions in such theory-building review articles.
However, they do not necessarily proceed to test those models and/or
theoretical propositions in the same article. Paul and Mas’ (2019) ar-
ticle on ‘Toward a 7 P framework for international marketing’ is a clear
example for this type of work. Very recently, Post, Sarala, Gatrell, and
Prescott (2020) provide a great contribution with plenty of indications
and guidelines about how to advance theory by means of review arti-
cles.

2.2. Theory-based review

Systematic reviews focused analysing the role of a specific theory in
a subject area/ field are very useful for both senior and junior re-
searchers. Such a review article can be labelled as Theory-based review.
This type of review articles synthetize and help advancing a body of
literature that uses and/or empirically applies a given underlying
theory. For example, Rindfleisch and Heide’s (1997) classic review ti-
tled Transaction Cost analysis in Marketing: Past, Present and Future
Applications’ has been cited more than 2600 times. Other examples of
theory-based reviews in the Marketing field are ‘Resource-Based Theory
in Marketing’ (Kozlenkova, Samaha, & Palmatier, 2014) in the Journal
of Academy of Marketing Science or the one titled ‘Role of self-de-
termination theory in marketing science’ (Gilal et al., 2019). Also, a
very recent review on studies employing Gradual internationalization
versus Born-global models (Paul & Rosado-Serrano, 2019) falls in this
category in the area of International Business/Marketing. Similar re-
views can be developed exploring the role and application of a given
core theory -or even different theories- in a given field (Eisenhardt,
1989), sometimes with a special emphasis on theoretical contributions
and/or empirical developments in specific set of scientific journals
(Colquitt & Zapata-Phelan, 2007). Further developments of this nature
can also imply, for instance, systematically reviewing Agency Theory in
Franchising, or the Theory of Planned Behaviour in International
Business/Marketing or Entrepreneurship, etc.
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2.3. Method-based review

Method-based review articles synthetize and extend a body of lit-
erature that uses an underlying methodology (either quantitative or
qualitative). For example, the paper titled ‘Event Study Methodology in
the Marketing Literature: An Overview’ (Sorescu, Warren, & Ertekin,
2017). Similarly, the article ‘Discriminant Validity Testing in Mar-
keting: An Analysis, Causes for Concern, and Proposed Remedies’ by
Voorhees, Brady, Calantone, and Ramirez (2016) systematically re-
views existing approaches for assessing discriminant validity in mar-
keting contexts applying Monte Carlo simulation to determine which
tests are most effective. However, the number of method-based reviews
available in different subject areas of business administration or Inter-
national Business/Entrepreneurship are not so many (some notable
exceptions in the International Entrepreneurship field being, for in-
stance, Coviello and Jones (2004) or, more recently, Ji, Plakoyiannaki,
Dimitratos, and Chen (2019)). Therefore, there are still great opportu-
nities for developing such method-based review articles. For example,
review articles focusing on Smart PLS applications in global strategy
research or Structural Equation Modelling (SEM) in a specialized area
of International Business/Marketing empirical literature can be devel-
oped and published.

2.4. Meta analytical review

While both focusing mainly on examining quantity or volume of
previous research, systematic reviews and meta-analysis actually differ;
the former seeks to synthesize many previous findings, while the latter
makes a deeper statistical assessment of available data and findings
(essentially correlations among variables) from many previous quanti-
tative studies (Pati & Lorusso, 2018; Piper, 2013). A meta-analysis is a
form of increasingly popular quantitative technique that is being widely
recognized as perhaps one of the best statistical assessment of prior
empirical research on a specific research topic. Meta-analyses help re-
searchers to ‘identify directions and effect sizes based on prior studies
with the help of weighted average techniques, and contextualize the
relationships by considering moderator variables’ (Klier, Schwens,
Zapkau, & Dikova, 2017, p. 3??). We could also refer here to the classic
meta-analytical review developed with a proper methodology and
structure by Knoll and Matthes (2017), published in the Journal of
Academy of Marketing Science. Similalry, Rauch, Wiklund, Lumpkin,
and Frese (2009) focused on the classical relationship between en-
trepreneurial orientation and business performance published in En-
trepreneurship Theory and Practice. Also, two articles in this Special
Issue volume are meta-analytical reviews, i) by Tang and Buckley
(2020) ii) by Schmid and Morschett (2020). They developed meta-
analysis reviews on hard core topics in the field of International Busi-
ness.

3. Thumb rules and suggestions for developing an impactful
review article

Based on our own knowledge and experience as editors, guest edi-
tors and authors of several review articles, and partly complementing
other similar efforts (Fisch & Block, 2018; Reuber, 2010; Webster &
Watson, 2002), we succinctly provide some potentially useful tips and
suggestions for developing more insightful and impactful review arti-
cles in future research.

3.1. Topic selection

Not surprisingly, well-crafted review articles tend to be generally
impactful. However, authors should not select a very recurrent topic for
review when there are already other excellent reviews on the same
topic (especially very recent ones) published in highly reputed journals.
Editors and reviewers may not be keen to consider very traditional

thematic reviews when there are several comprehensive ones already
available elsewhere related to a given theme/topic unless authors de-
monstrating a very novel reviewing contribution by providing a com-
pletely new set of research agenda. It is important then to check this
thematic novelty on key bibliometric databases such as Google Scholar,
Web of Science (WoS) or Scopus before deciding to choose a more
generic versus specific topic for review.

3.2. Journal selection criteria, identification of streams and period coverage

Normally, many researchers and academics tend to select perhaps
the most well-known bibliographic database, Web of Science (WoS)/
Social Science Citation Index (SSCI)/Journal Citation Report which list
academic journals with an Impact Factor (IF), for identifying potential
sources for reviewing. When there are several hundreds of papers on a
highly popular topic already published to be potentially reviewed, one
can even rely upon JCR-indexed journals with an IF above a given
threshold (i.e. 1.0 plus following, for instance, Paul & Rosado-Serrano,
2019). Also, many authors have published review articles using studies
from the indexed journals found in Scopus, which lists a greater number
of journals than WoS. Therefore, relying mainly on Scopus to conduct a
systematic literature review may yield a very long list of references
which may even exceed the word limits set by many journals. On the
other hand, we have come across some published review articles of a
relatively small size samples of articles in a specific field justifying their
selection on 5–10 journals with a minimum rank of 3 star and/or above
in the Journal Quality List (JQL) of the Association of Business Schools
(ABS) or Journals with an A or A star rank in the Australian Business
Deans Council (ABDC) list. At the same time, it is important to keep in
mind that journals might not be extremely interested in your review, if
it does not cover also articles from your target journal. Therefore, it is
advisable to include articles from at least 10–20 significant journals in a
review paper, to minimise the risk of not publishing your work due to
biased journal selection criteria. Most of the review articles in this
Special Issue cover articles retrieved from well-established biblio-
graphic databases such as WoS and/or Scopus. Nonetheless, it was
surprising to note that some of the mainly rejected submissions for this
special issue did not have clear journal selection criteria and most of
them included references from not fully reliable academic sources.

3.2.1. Articles search and inclusion criteria using keywords
A systematic review article can be developed using 40–50 to 500 or

more relevant papers. Sourcing relevant articles can be, however, a
challenge. Authors will have to use their knowledge, judgment and
experience many times for deciding upon clear selection criteria (i.e.
exclusion/inclusion) of articles in their sample. There are two popular
methods for determining, among others, highly convenient inclusion
criteria: i) Keywords decided by the authors of a potential article to be
selected for being reviewed are generally found directly in the title,
abstract or list of keywords. ii) Keywords can be also found in the full
text of the article, apart from in its title or abstract. Therefore, the
sample size of a review article will tend to be relatively small if only the
first criteria is strictly used. However, authors should be aware that
they might get hundreds of papers to be potentially included in their
sample, if they use second criteria including also keywords in the full
text. In that case, wide reading of content, discussion, deliberation, and
consensus among the author/s of a review paper is needed many times
in order to decide the most appropriate final sample.

3.2.2. Identification of streams and time period of the review
Several review articles focus on identifying the main sub-streams of

research conducted in the past on a wider topic or even an entire dis-
cipline like, for instance, Strategic Management (Furrer, Thomas, &
Goussevskaia, 2008; Hoskisson, Wan, Yiu, & Hitt, 1999). Jones,
Coviello, and Tang (2011) proceeded this way in their assessment of the
International Entrepreneurship field published in the Journal of
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Business Venturing. More recently, Dabić et al. (2020) identify different
streams of past research on immigrant entrepreneurship. Another re-
view on Social entrepreneurship published in Journal of Business Re-
search (Gupta, Chauhan, Paul, & Jaiswal, 2020), and a review on Cul-
ture and International Business by Srivastava, Singh, and Dhir (2020),
included in this Special Issue of International Business Review (IBR),
also identify and provide a clear overview of the sub-streams of re-
search in their specific fields.

As regards the time coverage of a review paper, it can be found that
some reviews cover just (or less than) 10 years while there are other
reviews covering up to 50 years or more of prior research in the field
(Paul & Feliciano-Cestero, 2020; Schmid & Kotulla, 2011). Review ar-
ticles covering 20, 25 or 30 years of research are also relatively
common (Furrer et al., 2008). In our opinion, it is important to cover at
least a bare minimum of a 10 year period for a systematic literature
review (Rialp, Rialp, & Knight, 2005).

3.3. Appropriate title

Writing an integrative literature review actually implies using past
and present research to explore the future (Torraco, 2016; Webster &
Watson, 2002). Therefore, it is paramount to mention that beyond
covering past and current research lines, the main goal of an out-
standing review article is also to provide detailed and specific directions
for future research. Therefore, ideally, this objective should be quite
explicit and/or included in the paper’s title (Rialp, Rialp, & Knight,
2014; Rauch et al., 2009; Rialp et al., 2005). For example, some of the
most popular review articles of the guest editors of the Special Issue are
titled as follows: ‘Masstige Marketing: A review, synthesis and research
agenda’ (Kumar et al., 2019); ‘International Franchising: A review and
future research agenda’ (Rosado-Serrano et al., 2018); ‘Marketing in
Emerging countries, A review, theoretical synthesis and extension’
(Paul, 2019). A relative short title highlighting both a thorough review
effort (looking back) and developing a future research agenda (looking
forward) is more attractive if the researcher is aimed at focusing not
only on reviewing prior research in the field but also on providing
meaningful directions for future research with reference to (new)
theory, methods, and constructs.

3.4. research gaps and importance of directions for future research

Authors are required to identify key research gaps in a good review
article based upon a thorough coverage of prior research. Therefore, At
least 20–25 % of the review paper, should be dedicated to develop a
comprehensive future research agenda with reference to theory,
methodology, constructs, and/or context. Authors need to list out and
anticipate the underexplored theories, key constructs and potentially
novel methods that can be used in future research in this particular but
highly relevant section of a review article. Significantly, all the review
studies finally selected for inclusion and publication in this Special
Issue of International Business Review (IBR) carefully included a
dedicated section on directions for future research.

3.5. Tables/figures

Authors need to understand well how tables and figures tend to be
crafted, designed and/or structured in classic, most downloaded review
articles. They should think twice whether such tables, charts or figures
to be potentially inserted in a review article are indeed useful for others
or not, essentially by thinking carefully about how many are needed to
use and how to better design them. It is very recommended to look
carefully at these graphical resources as included in other outstanding
review articles in the field and decide if you want to add/delete some
tables or figures to help the reader to better interpret them. For ex-
ample, three particular recent reviews (Hao et al., 2019; Kahiya, 2018;
Paul & Feliciano-Cestero, 2020) offer several well-structured tables

with useful data and synthesizing content for readers and other re-
searchers.

3.6. And above all: rigor and relevance

Review manuscripts are supposed to thoroughly synthesize a sig-
nificant and important research area. Many times, authors have good
and relevant topics. However, they fail to demonstrate well what gen-
eral or more specific theories, constructs and methods are widely used
and most researched. Unfortunately, many authors do not take enough
efforts to pool the findings of prior studies in the best possible way.
Ideally, pooled findings of prior studies need to be also reported in a
table/chart format, categorising similar or contradictory findings. Also,
authors of review papers have to rigorously complement text and tables
regarding the most widely used methods, theories, variables, and ex-
tensively studied industry contexts, countries, etc. Undoubtedly, re-
views structured both scientifically and logically, and especially
showing very useful outcomes for readers are likely to be more rig-
orous, relevant and impactful.

4. Looking back to look forward: generalizations in international
business research

In this section, we introduce the nine papers selected for this Special
Review Issue based on competitive review process out of 76 submis-
sions received in response to our special issue call for papers. Due to the
bulk of submissions to be managed, the two guest editors assumed
approximately half of the submissions each one, and took full respon-
sibility for their management throughout the review process separately
(including reviewers’ selection and multiple interactions with both
contributors and reviewers), with a final editorial coordination and
joint agreement regarding those finally selected for this Special Review
Issue of International Business Review (IBR). All papers were reviewed
by three or four reviewers.

4.1. Cognitive foundations of firm internationalization: a systematic review
and agenda for future research (Niittymies & Pajunen, 2020)

Niittymies and Pajunen address the fundamental role of managerial
cognition in the internationalization of firms. However, according to
these authors, there exists no coherent understanding of how prior re-
search has examined and captured the cognitive foundations of inter-
nationalization. Niittymies and Pajunen’s review identifies three
mainstreams of research that, overall, consists of nine more specific
research areas. They also show that especially the areas addressing (1)
managerial learning, (2) characteristics of upper echelons, (3) intra-
organizational perceptions, and (4) external actors’ perceptions provide
opportunities for the further advancement of internationalization lit-
erature. For harnessing these opportunities, those authors believe that
the micro foundational approach could support the empirical ex-
amination of the cognitive foundations and would notably contribute to
the Uppsala model-based theorization of the firm internationalization
process.

4.2. Piecing together a puzzle—a review and research agenda on
internationalization and the promise of exaptation (Aaltonen, 2020)

Aaltonen’s review illustrates the commonalities between research
agendas in the internationalization process and provides a starting
point for subsequent theory development utilizing exaptation in pre-
dicting internationalization. Thus, her review contributes to the field of
International Business by offering a conceptual framework to combine
internationalization theories by including non-linear, discontinuous,
and novel events more tightly to the existing foundations of inter-
nationalization. This is a framework-based review using TCCM protocol
developed by Paul and Rosado-Serrano (2019). According to Aaltonen,
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exaptation (seen as discontinuous developmental shifts) and adaptive
behaviour are both Darwinian concepts used in organizational beha-
viour theories. Organizational behaviour also forms the basis of several
internationalization theories, and exaptation is suggested to provide a
theoretical tool for understanding disruptive development in inter-
nationalization. Together with adaptation, the concept illustrates a
joint framework for understanding both disruptive and non-disruptive
development in internationalization.

4.3. Corruption in international business: a review and research agenda
(Bahoo, Alon, & Paltrinieri, 2020)

In their hybrid type review, combining the elements of bibliometric
and structured review, Bahoo et al. (2020) systematically review the
literature on the topic of corruption in International Business (137 ar-
ticles) for the last 17 years between 1992 and 2019. Additionally, they
identify seven research streams in this growing literature stream: (1)
the legislation against corruption, (2) the determinants of corruption,
(3) combating corruption, 4) the effect of corruption on firms, (5) the
political environment and corruption, (6) corruption as a challenge to
existing theories of management, and (7) the effect of corruption on
foreign direct investment and trade. Based on their systematic review,
these authors recommend that strong international laws are needed to
minimize the negative impact of corruption on International Business.
Firms must also consider corruption when formulating strategies to
increase operational efficiency and performance. Finally, corruption
challenges some key assumptions of existing theories of management.
They have developed several research questions for future research in
the area of International Business.

4.4. Export market orientation: an integrative review and directions for
future research. (İpek & Bıçakcıoğlu-Peynirci, 2020)

A firm’s export market orientation has long been the interest of
several scholars and has received theoretical and empirical research
attention in the International Business literature. In this context, İpek
and Bıçakcıoğlu-Peynirci (2019)’s contribution critically investigates
and synthesizes the empirical body of research on the export market
orientation phenomenon in relation to theoretical issues, context,
conceptual approaches, and interrelationships among the constructs of
interest, and methodology. Within the scope of this systematic review,
80 studies on export market orientation published between 1998 and
2018 are subjected to a content-analysis. The findings delineate that
despite the significant progress achieved in the knowledge of export
market orientation, particular concerns should be still addressed to
make the export market orientation literature move toward maturity.

4.5. Decades of research on foreign subsidiary divestment: what do we
really know about its antecedents? (Schmid & Morschett, 2020)

Research on the antecedents of foreign subsidiary divestment has
grown in the last several decades. However, the findings are ambig-
uous. Schmid and Morschett try to clarify this situation by providing,
for 18 antecedent candidates derived from 45 articles, a descriptive
picture of previous studies, theoretical arguments for the expected di-
rection of effect, and quantitative synthesis of the effects by means of
meta-analysis. According to this meta-analytic contribution, ten vari-
ables significantly affect the likelihood of foreign divestment while the
effects of eight antecedents are inconclusive. Overall, subsidiary level
antecedents have stronger effects on the divestment likelihood than
parent firm or host country characteristics. According to Schmid and
Morschett’s findings, the resource-based view and the transaction cost
approach appear to provide better explanations for foreign divestment
than organizational learning theory or institutional theory. For the fu-
ture research agenda, the authors propose investigating strategic mo-
tivations, taking a portfolio perspective, testing full conceptual models,

considering multilevel data structures, and using Boddewyn’s reversed
eclectic paradigm as theoretical framework.

4.6. Host country risk and foreign ownership strategy: meta-analysis (Tang
& Buckley, 2020)

Empirical evidence for the relationship between host country risk
and a firm’s ownership level in its foreign entry strategy is, according to
Tang and Buckley, inconclusive. These authors revisit this relationship
by integrating the internalization logic with an institution-based view
to examine the moderating effects of formal and informal institutions in
the home country. By meta-analysing 64 empirical studies involving
52,229 ownership decisions on foreign market entry, their study gives
support to theoretical arguments that the focal relationship is positively
moderated by institutional constraints on policymakers and risk-taking
tendencies in the home country, but is negatively moderated by the
joint effect of these two institutional factors. Tang and Buckley’s meta-
analytic findings shed new light on the literature of host country risk
and foreign ownership strategy. Besides describing the implications of
the findings for theory and practice, they also discuss the agenda for
future theory development in the International Business field.

4.7. Foreign location decisions through an institutional lens: a systematic
review and future research agenda (Donnelly & Manolova, 2020)

In their article, Donnelly and Manolova (2020) address one of the
most relevant strategic decision in International Business (IB),- selec-
tion or choice of foreign location.. While there is general agreement
that institutions influence location decisions, less is known, according
to them, about the specific levels and mechanisms of institutional in-
fluence. To address these gaps, these authors systematically review and
synthesize 106 articles published in 19 general management and IB
journals from 1998 to 2019. They examine institutions at different le-
vels (e.g. regional, national, or subnational). The characteristics and
experiences of multinational corporations are deeply examined, as well
as the industry conditions that determine the boundaries of institutional
influence. Key findings from Donnelly and Manolova’s descriptive and
thematic analyses reveal both theoretical tensions and empirical gaps.
Using an organizing framework, they outline four main research ave-
nues are also identified.

4.8. The determinants and performance of early internationalizing firms: a
literature review and research agenda (Jiang, Kotabe, Zhang, Hao, & Wang,
2020)

As scholars have examined the antecedents, processes, and perfor-
mance of early internationalizing firms in the past three decades, the
domain has become a full-fledged research field. However, extant re-
views have not yet provided a comprehensive picture of the determi-
nants of early internationalizing firms and their performance although
it is a relevant topic in the literature. In response, Jiang et al. (2020)’s
article seeks to systematically review and synthesize extant research on
the determinants and performance of early internationalizing firms. The
authors critically assess and examine 167 articles that have appeared in
28 academic journals over the last three decades. This study contributes
to the extant literature by highlighting the determinants of early in-
ternationalizing firms and their performance with a focus on the en-
trepreneur, firm, and environment factors. Furthermore, an integrative
framework is developed to account for the relationships among de-
terminants, early internationalization, and outcomes. Finally, the au-
thors reveal some significant gaps to advance an important research
agenda for future research.
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4.9. Culture and international business research: a review and research
agenda (Srivastava et al., 2020)

Srivastava, Singh and Dhir (2020) explores the role of culture and
international business in internationalization outcomes through a sys-
tematic review and analysis of articles published between 2009 and
2019. By mapping the current research domain, their review reflects
the avenues for future research in theory development, context, char-
acteristics, and methodology (using TCCM protocol developed by Paul
& Rosado-Serrano, 2019). They have identified eight research clusters
as follows. (1) national culture, (2) external uncertainty avoidance, (3)
knowledge transfer & collaboration, (4) HRM & management practices,
(5) international diversification research, (6) entrepreneurial mindset,
(7) interaction, and (8) firm performance. The clusters were grouped
into independent factors and internationalization outcome factors. Be-
sides, their framework may provide deeper insights into the theoretical
implications which will lead to further advancement in these research
areas.

5. Conclusion

The main purpose of a review article is to critically analyse the
extant literature in a given research area, theme or discipline, identi-
fying relevant theories, key constructs, empirical methods, contexts,
and remaining research gaps in order to set a future research agenda
based on those gaps. We have provided experience-based information
in the form of insights and guidelines on how to develop scientifically
acceptable and truly impactful literature review articles. It is important
to consider these suggestions, at least partly, to avoid rejection of this
type of research articles in outstanding business-related journals. These
insights are based on our experience as editors of review articles as well
as based on the ideas and comments given by a very exclusive group of
anonymous reviewers. In our opinion, it is, indeed, an “art” to develop a
classic systematic review or a meta-analytical contribution. Although a
single author of a highly original contribution has been also included in
this Special Review Issue, ideally it seems that a team of two or three
scholars are usually required to develop such impactful review articles,
so that they can exchange ideas and use the exposure and experience of
those who have track record and more accumulated knowledge. We
hope readers really enjoy the outcome of our work at least as much as
we have enjoyed its development process as guest co-editors.
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Abstract
There is a  need for more methodological-based articles on systematic literature review 
(SLR) for non-health researchers to address issues related to  the lack of methodological 
references in SLR and less suitability of existing methodological guidance. With that, this 
study presented a beginner’s guide to basic methodological guides and key points to per-
form SLR, especially for those from non-health related background. For that, a total of 75 
articles that passed the minimum quality were retrieved using systematic searching strate-
gies. Seven main points of SLR were discussed, namely (1) the development and validation 
of the review protocol/publication standard/reporting standard/guidelines, (2) the formula-
tion of research questions, (3) systematic searching strategies, (4) quality appraisal, (5) data 
extraction, (6) data synthesis, and (7) data demonstration.

Keywords  Systematic literature review · Basic methodology · Non-health related studies · 
Beginners

1  Introduction

Previous works are fundamental to the creation of new knowledge. When performing lit-
erature review, researchers analyse, interpret, and critically evaluate the existing body of 
knowledge. The process allows them to discover the patterns of prior results, comprehend 
the depth and details of the existing knowledge, and identify gaps for further exploration.
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Traditional literature review has been long practised and regarded as one of the best 
ways to situate a study within the existing knowledge. Currently, there is another alter-
native of a review, which is systematic literature review (SLR). According to Higgins 
et al. (2011), SLR or also known as systematic review (SR) can be defined as follows:

A systematic literature review aims to comprehensively locate and synthesise 
related research using organised, transparent, and replicable procedures at each 
step in the process.

SLR has several advantages compared to traditional review such as its numerous 
unique procedures. SLR encourages researchers to look for studies outside their own 
subject areas and networks through the introduction of extensive searching methods, 
predefined search strings, and standard inclusion and exclusion criteria (Robinson and 
Lowe 2015). This kind of review stress on transparency, all terms in inclusion criteria 
for example, must be defined and justified while exclusion of articles must be reasoned 
(Greyson et  al. 2019). Furthermore, SLR heavily focuses on evidence, impact, valid-
ity and causality, it urges researchers to examine information on research design, ana-
lytical methods and causal chains, and by practising this, SLR is controlling the quality 
of review by ensuring the robustness of evidence (Lockwood et al., 2015; Mallet et al. 
2012). The use of review protocol, publication standard or established guidelines on 
the other hand is effective in guiding and ensuring the researcher are ‘on track’ and 
also improving the methodological transparency of the review (Haddaway et al. 2018). 
Without SLR, the review of existing literature is less comprehensive and the extent of 
comprehensiveness of literature review cannot be answered; furthermore, transparency 
can be a serious issue in several types of review without SLR (Dixon-wood et al. 2005).

The preference of systematic reviews in health-related and other sciences-related 
studies is different from other fields of studies as they have complicated research ques-
tions, various theoretical and epistemological methodologies, and abundant sources of 
information (Berrang-Ford et al. 2015). There are major differences in the development 
of SLR particularly in terms of methodology in other field of studies. Berrang-Ford 
et al. (2015), stressed that such situation, if unintentional, is caused by monopoly of the 
use and application of systematic reviews within health and associated science. Ber-
rang-Ford et al. (2015) further explained the domination of health related studies when 
they demonstrated significant difference in terms of number of review articles, as they 
found only 1% paper from non-health fields with terms of systematic review in Web of 
Science database.

Lacking of methodological guidance of non-health related in SLR can be seen in 
several aspects. In terms of review, protocol for example, those from non-health need to 
rely or adapt on health-based review protocol (e.g. Cochrane, Campbell, Joanna-Briggs) 
as there are none to few guidance from non-health related that are available for them. 
As they are from different field of studies, relying on or adapting these review protocols 
are making SLR of non-health related to fail to fully abide by standard guidance which 
leads to limited penetration and use of systematic approaches (Haddaway et al. 2018).

Furthermore, for those who interested to use the  publication standard of Preferred 
reporting items for systematic reviews and meta-analyses (PRISMA) albeit claimed by 
its inventor, Moher et al. (2009), can either be used for a systematic review that focuses 
on randomised trials or as a basis for other types of research particularly intervention, is 
actually facing several issues especially when it comes to reviewing involving qualitative 
and mixed-method research designs (Haddaway et  al. 2018). Therefore, issues related to 
lacking of methodological guidance and the less suitability of existing methodological 
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references have led to the need for more methodological-based articles on SLR for non-
health researchers.

1.1 � Aim and objective

The present article aims to solve the issue related to lacking of methodological guidance 
and less suitability of existing methodological references by providing a general under-
standing of basic methodologies for SLR that can guide non-health related scholars in their 
review. The guidance is based on seven main aspects of SLR methodology as follows: 
(1) the development and validation of the review protocol/publication standard/reporting 
standard/guidelines; (2) the formulation of research questions; (3) systematic searching 
strategies; (4) quality appraisal; (5) data extraction; (6) data synthesis; and (7) data demon-
stration. The present article is based on the review related to the methodology that has been 
practised by previous scholars in their SLR. It provides diverse perspectives and practices 
by previous scholars that offer more options, guidance, ideas, and understanding of SLR 
for beginners.

Although there are several SLR guidelines available for researchers such (see Xiao and 
Watson, 2019), the current study presented a unique set of SLR guidelines. The main dif-
ference between the current study and the study by Xiao and Watson (2019) lies in how 
SLR is initiated -  the current study emphasised on starting SLR by developing a  review 
protocol or referring to the available guidelines (e.g. publication standards or other estab-
lished guidelines), rather than formulating research question. This  proposed set of SLR 
guidelines was established based on several justifications. Firstly, developing a specific 
review protocol or referring to other established guidelines can assist researchers to plan on 
the key aspects of their research and include or write in their SLR, which eventually allow 
them to present a transparent, transferable and replicable (Mengist et al. 2020). Secondly, 
developing a specific review protocol or referring to other established guidelines as a first 
step in SLR can assist   researchers to formulate good and comprehensive research ques-
tions, strategise their systematic searching efforts, select suitable inclusion criteria, have a 
rigorous process of quality appraisal, strategise their data extraction process and data syn-
thesis, and demontsrate the best data of their review (del Amo et al. 2018).

Furthermore, the current study was expected to advance the current understanding of 
SLR guidance by providing insights from multifaceted perspectives to the suggested meth-
odology of Xiao and Watson (2019). The current study discussed different methodological 
perspectives with regards to searching functions  - for example, Xiao and Watson (2019) 
focused on Boolean operator, while  this study presented  more searching functions such 
as phrase searching, truncation, wildcard and field code functions (please see Table  2). 
Although Xiao and Watson (2019) stressed the importance of validating the developed 
review protocol in planning specific methodology for the review, the current study dem-
onstrated the capacity of publication or reporting standard or other established guidelines 
to perform a similar purpose. As for the process of formulating research question, the 
current study and Xiao and Watson (2019)  shared a similar view on the importance of 
having general or specific research questions. However, the current study viewed certain 
aspects differently - the proposed guidelines include  informing the differences between 
quantitative and qualitative research questions and explaining the ability of research ques-
tions development tools such as PICO, PICOS, SPIDER and TOPICS + M, in assisting 
researchers to formulate the best research questions for their review. Meanwhile, as for the 
scope of database selection, Xiao and Watson (2019) discussed some of  the commonly 
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used databases such as Web of Science, EBSCO, ProQuest, IEEE Xplore, Google Scholar, 
DOAJ and OAIster. However, the current study demonstrated the importance of 14 data-
bases in SLR, in which Gusunbauer and Haddaway (2020)  proved its strength in terms 
of coverage and searching abilities. The current study also demonstrate the importance of 
using Google Scholar as a supporting database and not as a leading database in systematic 
searching strategy. Numerous comparisons can be made between the current study and the 
study by  Xiao and Watson (2019). Nevertheless, the  discussed  differences  in this study 
were expected to advance the understanding and enrich the existing literature from multi-
faceted perspectives, which allow researchers to select the best methods for their SLR.

2 � Methodology

2.1 � The process of retrieving articles for the review

The authors divided the searching process based on seven objectives to retrieve relevant 
articles. The appropriate keywords were selected based on each objective for the search-
ing process (refer to Table  1). This study used two main searching techniques, namely 
advanced searching (on the selected databases) and manual searching on four main data-
bases which were Scopus, Science Direct, Google Scholars, and Google engine search. 
The authors also used the phrase searching function and the Boolean operator OR or/and 
AND to combine keywords in their advance searching process. This study used three main 
techniques for manual searching, namely handpicking, backward tracking, and forward 
tracking.

The first stage of keywords searching obtained 141 potential articles. Then, the authors 
determined the inclusion criteria as follows: content of the selected articles, timeline publi-
cation and language. As the paper are much related to guidance on developing an SLR, the 
content of the selected articles must be heavily focus on SLR related methodology. With-
out denying the importance of publication before 2005, the authors are relying on Okoli 
and Schabram (2010) who stress on the impossibility of reviewing all the published articles 
in the entire human history and decided to choose a timeline between 2005-2020 as it is 
in line with the concept of study’s maturity by Kraus et  al. (2020), whereby within this 
period, number of relevant articles is higher and therefore more major topics are investi-
gated and more evidence driven. Furthermore, during this timeline publication, important 
articles such as by Dixon Wood et al. (2005), Petticrew and Roberts (2006) and Whitemore 
and Knafl (2005) have advanced important methodological concepts of SLR (e.g. integra-
tive review; mixed-method synthesis) and should be considered by the authors. Authors 
have decided to review only articles published in English, as Linares-Espinos et al. (2018) 
stressed the importance of selecting publications in languages that they understand as arti-
cles in foreign languages can create further confusion, add more costs for the review, and 
consume time.

Next, two reviewers independently screened relevant articles that match these crite-
ria by examining titles and abstracts as well as results and methodology sections. This 
study only selected articles that are mutually agreed by both reviewers and any disa-
greement on articles selection was resolved by discussions. This process has excluded 
66 articles which left 75 articles for quality assessment.
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2.2 � Quality assessment of the selected articles/documents

The qualities of the remaining articles were independently assessed by two reviewers 
that focus on abstract, method, and main results. Petticrew and Roberts (2006) sug-
gest that reviewers should qualitatively assess the articles by categorising them into 
low, moderate, or high level of quality. Articles only be included if it meets high or 
moderate quality. Adapting on Hong et al. (2018) guidance, the reviewers are guided 
by these five criteria on their quality assessment namely (1) Are the articles’ main aim 
related to SLR methodology?; (2) Are the articles providing all methodology needed 
in developing SLR?; (3) Are the articles clearly defined the SLR methodology to the 
authors?; (4) Is there an adequate rationale for each of the guidance on SLR method-
ology in the articles?; and (5) Are the articles providing any option or alternative to 
their suggested guidance on SLR methodology? For each of the criteria, the reviewers 
have three options of answer namely yes, no or can’t tell. The reviewers decided that 
if the articles fulfill four or five criteria, then the articles are in a high level of qual-
ity, if the articles fulfill at least three criteria, then the categorized it as moderate in 
quality and if the articles fulfill merely one or two criteria, then the articles are in a 
low level quality. The reviewers of this study mutually agreed that 69 articles met the 
minimum requirement (high or moderate). They further discussed the suitability of the 
remaining six articles in the review. Although these six articles are categorized as low, 
the reviewers believed that there are some SLR related methods implemented in the 
articles, can be recommended to other SLR authors. Shaffril et al. (2019) for example, 
although is not a methodology paper, however, have practiced modification of flow 
diagram to fit their SLR and this kind of practice should be considered by others. Due 
to this situation, the reviewers have decided to maintain these six articles in the review. 
The final amount of selected articles was 75.

This study only extracted data from selected studies that fit the objectives. The pro-
cess was performed independently by all the authors. The co-authors provided advice to 
the lead authors when finalising the suitability of the extracted data. The study used the-
matic synthesis to analyse the data by deductively developing the theme based on seven 
aspects of SLR as mentioned earlier.

3 � Results and discussions

This section discusses the answers to the research questions. It discusses the follow-
ing: (1) development and validation of review protocol which are guided by publication 
standards or reporting standards or established guidelines; (2) formulating the research 
question; (3) systematic searching strategies; (4) quality appraisal; (5) data extraction; 
(6) data synthesis; and (7) demonstration of findings.
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3.1 � The development and validation of the review protocol/publication standard/
reporting standard/guidelines

3.1.1 � Development and validation of review protocol

The first step in SLR is developing and validating the review protocol. The review pro-
tocol is the researchers’ plan on things that they want to consider and include in their 
review. The protocol describes the reasons for the review question and proposed meth-
ods besides reducing bias and explaining how the different types of study will be posi-
tioned, evaluated, and produced. It also includes details related to the review’s dissemi-
nation strategy. It is common to alter the protocols of systematic review after the review 
such as the methodology section. Page et al. (2020) stated the need to provide justifica-
tion and document the changes. Researches can refer to several established review pro-
tocols, including BEME Collaboration, Joanna Briggs Institute, Campbell Collabora-
tion, and Cochrane Collaboration. The use of multiple review protocols is advantageous 
for rigorous systematic review, bias reduction in data selection and analysis besides pav-
ing ways for others to adopt a similar protocol for verification and cross-checking stages 
(Page et al. 2020).

3.1.2 � Referring to a publication/reporting standard

Some non-health studies that practised experimental based research can refer to the 
review protocol at a general or specific scale. However, things are not the same to cer-
tain field of studies such as art and humanities, engineering, computer science, and 
architecture. Notably, review protocol is not the only guide for SLR as some research-
ers have developed publication standards/reporting standards that enable researchers to 
assess the reviews’ quality and accuracy. Moher et al. (2009) and Liberati et al. (2009) 
have developed Preferred Reporting Items for Systematic Review and Meta-Analysis 
(PRISMA) that suggests the lowest number of items in systematic reviews and meta-
analyses reporting. PRISMA has 27 items for the review. The main priority of PRISMA 
is randomised trials. However, it can be the guide for the systematic reviews of other 
fields of study which involve the assessments of interventions. Wong et al. (2013) devel-
oped Realist and MEta-narrative Evidence Syntheses: Evolving Standards (RAMESES), 
which is a publication standard for realist syntheses. RAMESES has 19 items for the 
review.

Furthermore, scholars had developed a specific publication or reporting standard for 
their respective field of studies due to these two main reasons: (1) SLR is getting more 
attention from non-health related studies; and (2) the inability of non-health studies to 
refer or adapt to available review protocol or publication/reporting standards which are 
specifically tailored for health-related studies. For example, Haddaway et al. (2018) cre-
ated Reporting standards for Systematic Evidence Syntheses: pro forma (ROSES: pro 
forma), which is a reporting standard for environmental-related studies. Haddaway et al. 
(2018) listed nine main differences between PRISMA and ROSES, which include the 
following: ROSES is specifically created for systematic maps and environmental sys-
tematic reviews, it did not emphasise on quantitative synthesis, and it accommodates 
other types of synthesis.
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3.1.3 � Referring to established guidelines

Besides that, several scholars have developed established guidelines in developing sys-
tematic literature review for their respective field of studies such as software engineer-
ing (Kitchenham and Charters 2007), social science (Petticrew and Roberts 2006), and 
supply chain management (Durach et al. 2017). SLR has the concept of replicate (Hig-
gins et al. 2011). Reim et al. (2015) and Kushwah et al. (2019) refer to previous studies 
as a guide for SLR.

The following are the main key points of first step of SLR

•	 Any SLR must be guided by at least review protocol/publication standard/reporting 
standard/established guidelines/past published SLR articles.

•	 Most of the review protocol/publication standards are tailored for health-related studies.

3.2 � The formulation of research questions

3.2.1 � General and specific research questions

A research question must guide SLR that drives the entire process. The methodology, 
extracted and synthesised data must be able to answer the research questions. Some 
researchers claimed that research questions should not be too general that might result 
in more selected articles, time consumption, and difficulty to compare and manage data 
(Burgers et al. 2019; Johnson and Hennessy 2019). Some researchers suggested the follow-
ing: formulating a specific research question (Okoli 2015) and selecting a subtopic for the 
review (Xiao and Watson 2019). Petticrew and Roberts (2006) affirm that research ques-
tions must not be too specific as there might be too few articles and SLR cannot be con-
ducted on a small sample. On the other hand, Thomas et  al. (2020) claimed that broad 
research questions could offer a wide-ranging summary of previous findings to explore the 
consistency of results which can lead to generalisability.

3.2.2 � Quantitative research questions

There is a difference between the formulation of quantitative and qualitative research ques-
tions. Doody and Bailey (2016) explain that the formulation of quantitative research ques-
tions can be in three forms, namely descriptive, comparative, and relationship. They men-
tion that researchers should avoid words like ‘do’, ‘does’, ‘is’, and ‘are’ that can trigger 
yes or no responses. Onwuegbuzie and Leech (2007) describe the three types of quanti-
tative research questions namely descriptive, comparative and relationship. PICO model 
is commonly used to formulate the clinical question and also research question which 
assists the researchers in data extraction processes and finding relevant evidences from 
database. PICO has four main criteria, namely Population, Intervention, Control, and Out-
comes (Schardt et  al. 2007). Palaskar (2017) revealed several PICO advantages such as 
the improvement of precision and conceptual clarity of clinical problems by frames in 
which information are offered in pre-search reference interviews that lead to more com-
plicated search approaches for accurate search findings. Canon and Butrigo-Gomes (2018) 
criticised PICO for its difficulties to prioritise questions, the lack of time to formulate and 
answer them, the lack of a tool to review literature effectively, besides being too rigid and 
unsuitable for the current research setting. Besides PICO, there are others models or tools 
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that can assist researchers to develop their research questions. Centre for Reviews and Dis-
semination (2006) and Cooke et al. (2012) for example have invented population, interven-
tion, control, outcomes and study design (PICOS) and sample, the phenomenon of inter-
est, design, evaluation and research type (SPIDER) as alternatives. Johnson and Hennessy 
(2019) on the other hand introduced Time, Outcome, Population, Intervention, Compari-
son, and Study Designs (TOPICS + M) in helping formulating research questions.

.

3.2.3 � Qualitative research questions

Qualitative research questions are more flexible, adaptable, and have no directions that 
focus on either general or specific areas of research or sub-categories (Creswell 2013). 
Sub-questions can solve problems and difficulties of explaining the content that aimed 
to determine or explore a process or define experiences. Mantzoukas (2008) noted that 
researchers should scrutinise the content of their research, the link between the content 
with the theoretical plans, and the structure.

Among key points that should be considered in the stage of formulating the research 
questions are.

•	 Research question that guides the entire SLR process.
•	 Researchers should be able to differentiate between quantitative and qualitative research 

questions.
•	 PICO, PICOS, and SPIDER can assist researchers in formulating appropriate research 

questions for their SLR.

3.3 � Systematic searching strategies

This section describes the three sub-processes of systematic searching strategies, namely 
identification, screening, and eligibility.

3.3.1 � Identification

3.3.1.1  Selection and enriching the selected keywords  Researchers enrich basic keywords 
during identification. When researchers use more keywords, the database can retrieve more 
potential articles. Before determining the appropriate keywords, several basic concepts need 
to be understood. According to Wanden-Berghe and Sanz-Valero (2012), researchers should 
put equal focus on comprehensiveness and accuracy when searching. More general key-
words will produce more articles, but it might include too many irrelevant articles. On the 
other hand, too specific keywords will result in more relevant articles but there is the risk 
of losing records.

Kitchenham and Charters (2007) state that basic keywords can be obtained from 
research questions and researchers can categorise research questions into specific domains. 
For instance, researchers can create domains such as climate change, adaptation, and Asian 
fishermen for the research question, what are the climate change adaptation strategies 
practised by the Asian fishermen? These three keywords are inadequate and need to pass 
the identification process to enrich the keywords by identifying their synonyms, related 
terms, and variation. During the process, the researcher will discover that they can also use 
keywords like global warming, extreme weathers, La-Nina, and El-Nino. Instead of using 
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adaptation, they can use adoption or responses. Other alternatives of Asian fishermen are 
Asian fisherfolks and Asian fishers.

The identification process that identifies synonyms, related terms, and variation can use 
some sources such as online thesaurus. However, researchers should carefully select the 
suggested synonyms as not all the suggested terms are suitable. They can also refer to the 
keywords used by past studies. It is common for researchers to refer to previous studies in 
gaining some ideas such as keywords used by previous studies. Besides that, they can use 
the keywords suggested by the database. Indexing databases such as Scopus and Web of 
Science can maximise the function through the keywords that have been used by previous 
studies as researchers can select appropriate keywords for their study. They can also refer 
to experts’ opinions when assessing and validating the comprehensiveness of the search 
(Petticrew and Roberts 2006).

The keywords with synonyms, related terms, and variation can be useful when search-
ing for suitable articles in the database. The searching process can be done by either typing 
the keywords in the database engine or using the advanced search function in a certain 
database. Researchers can use search/query string in the database (see Fig. 1), it is a com-
bination of symbols and coding that allow them to combine all the keywords when search-
ing and avoid repeated searching. Researchers should know the basic symbols and coding 
such as Boolean operator, phrase searching, truncation, wildcard, and field code functions 
(see Table 2) to perform search/query string. Researchers can use the online learning plat-
form to learn some indexing databases engines such as Scopus and Web of Sciences. 

PICO, PICOS, and SPIDER have been used to detect appropriate keywords in the 
searching process besides formulating research questions. Methley et  al. (2014) sug-
gested that SPIDER and PICOS are useful in identifying suitable keywords for the qualita-
tive systematic review. They also suggested that researchers should use PICO for various 
databases.

3.3.1.2  Selection of  databases  Researchers are concerned with the quantity and types 
of databases that should be used in SLR. It is believed that there is no perfect database. 
Although some databases have superior functions and advantages, they still have weak-
nesses such as low sensitivity towards keywords and limited searching functions (Bates 
et al. 2017). Xiao and Watson (2019) revealed that no database is comprehensive and the 
systematic search must be made from several databases. Younger (2010) claimed that this 
technique would allow the selected databases to complement their weaknesses.

Gusenbauer and Haddaway (2020) suggested the use of 14 databases that have the 
strength to act as the leading database in article searching process as follows: ACM Digital 
Library, BASE, ClinicalTri-als.gov, Cochrane Library, EbscoHost (tested for ERIC, Med-
line, EconLit, CINHAL Plus, SportsDis-cus), OVID (tested for Embase, Embase Clas-
sic, PsychINFO), ProQuest (tested for Nursing and Allied Health Database, Public Health 

Fig. 1   An example of symbols and coding in a search/query string developed in Scopus
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Database), PubMed, ScienceDirect, Scopus, TRID, Virtual Health Library, Web of Science 
(tested for Web of Science Core Collection, Medline), and Wiley Online Library. Cooper 
et al. (2018) suggested that researchers should not rely on database searching and diversify 
the sources and searching techniques (please refer to Table 3).

Google Scholars and Microsoft Academics are among the popular searching databases 
in the world (Athukorala et  al. 2016; Gusenbauer 2019). However, these two databases 
are not suitable to be used as the principal database for SLR due to several problems and 
shortcomings (Gusenbauer and Haddaway 2020). Halevi et al. (2017) noted the problems 
related to the lack of quality control in Google Scholar, whereas Fagan (2017) and Housyar 
and Sotudeh (2018) are concerned on technical deficiencies such as less tolerance on com-
plex search string and the lack of advanced search features. On the other hand, Haddaway 
et al. (2015) claimed that Google Scholar could act as a powerful supporting database in 
the searching process.

In addition to database searching, researchers should consider manual searching to max-
imise the list of literature. Some of the important practices in SLR are handpicking, back-
ward tracking (or also known as reference searching), forward tracking (or also known as 
citation searching), citation and reference tracking (or also known as snowballing) to cross-
check the available database (Shaffril et al. 2018) (please see Table 4). Xiao and Watson 
(2019) claimed that no database covers a complete set of published materials. Bates et al. 
(2017) claimed that several databases do not have perfect sensitivity on the keywords used 
by researchers which can be solved using manual searching in minimising the weaknesses. 
Thomas et al. (2017) suggest that the combination of manual and database searching can 
present extensive improvement of systematic reviews.

3.3.1.3  When to stop searching?  There is no absolute answer on when to stop searching 
and determining whether the search is comprehensive and rigorous. For example, one might 
consider 30 articles as sufficient while some might consider it too little for SLR. Several 
scholars provided solutions such as Levy and Ellis (2006) on to stop when several searches 
using the same keywords in different databases produce no new result. Kastner et al. (2007) 
practised Capture-Mark-Recapture (CMR) technique to estimate the horizon of articles in 
the literature with their confidence interval.

The following are the key points to be considered in identification process

Table 4   Explanation of manual searching techniques

Techniques Explanation

Handpicking Is one of manual searching techniques that identify the articles/documents 
relevancy by searching journal content page by page and able to com-
plete the non-indexing searching in the database

Backward tracking Identification and examination of the references and works cited in an 
article/document

Forward tracking Identification of articles that cite an original article/document after it had 
been published

Citation and reference tracking A combination of forward and backward tracking. The researchers will 
first track the authors that had been cited in the text and then based on 
the citation, the researchers will track the full title of the articles written 
by the authors
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•	 Researchers enrich the main keywords in the identification process to retrieve more rel-
evant articles for their SLR

•	 It is advantageous for researchers to master advanced search skills (Boolean operator, 
phrase searching, truncation, wildcard, field code function) in selected databases.

•	 Instead of relying on the database, researchers should rely on manual searching tech-
niques (e.g., hand-searching and citation searching) to retrieve more articles.

•	 Gusenbauer and Haddaway (2020) suggested 14 databases that have the strength to act 
as the leading database in the article searching process.

•	 Google Scholars and Microsoft Academics can function as a supporting database for 
article searching and not the leading database due to several deficiencies.

3.3.2 � Screening based on the inclusion and exclusion criteria

Screening is the second process in the systematic searching strategy that includes or 
excludes articles from the review and it is automatically assisted by the database. The pro-
cess is based on the inclusion and exclusion criteria as determined by the researchers. The 
inclusion process uses the key features of the target population to answer research ques-
tions, whereas the exclusion process considers several characteristics of the population that 
might obstruct the study or increase the risks for undesired results that will be excluded 
from the researcher’s consideration (Patino and Ferreira 2018).

3.3.2.1  Selection of  inclusion criteria  Several scholars tried to explain on inclusion and 
exclusion criteria for the SLR process. Xiao and Watson (2019) stated that it is better to 
have comprehensive criteria. The selected criteria must be able to categorise the research, 
provide reliable interpretation, and provide comprehensive works of literature. Okoli (2015) 
and Johnson and Hennessy (2019) stated that different situations would stimulate different 
needs, and there are no specific criteria in SLR. Kitchenham and Charters (2007) suggested 
that researchers should consider the criteria that can answer their research questions.

Linares-Espinos et al. (2018) mentioned that language, type of design, type of publica-
tion, and publication could overlap with each other. Okoli and Schabram (2010) focus on 
timeline publication as it is almost impossible to review all the published articles in the 
entire human history. Hence, researchers should determine the range of period for their 
review. To determine the best range of publication for their review, researchers might rely 
on the concept of study’s maturity by Kraus et al. (2020). They stated that for a matured 
study where a good number of articles can tracked, the timeline publication might be 
shorter compared to a less matured study. Kraus et  al. (2020) further explain that for a 
less matured study, a longer timeline publication is needed as there are limited number of 
articles and more scattered as a lot of research questions remain unanswered. Furthermore, 
Linares-Espinos et al. (2018) looked into publication language in which researchers should 
only select publications in languages that they understand because selecting articles from 
foreign languages can create confusion, add more costs for the review, and consume time. 
For the document type, Johnson and Hennessy (2019) suggested that researchers consider 
grey literature to obtain a comprehensive review. Grey literature is articles/documents that 
produced outside traditional publishing and distribution channels and it can be in a form 
of report, newsletter, reports, working papers, speeches, government documents, policy 
documents and others (Johnson and Hennessy 2019). There are critiques on the low quality 
of grey literature in which conclusion cannot be made until it is gathered and examined. 
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Delaney and Tamás (2018) explain the importance of grey literature in covering the exist-
ing literature for several fields of study.

In selecting appropriate criteria for the study, researchers might make common mistakes 
such as relying on similar variables when determining both inclusion and exclusion cri-
teria. For example, a researcher might include studies from the Asian region and exclude 
countries from non-Asian regions. They might select criteria that are ineffective to answer 
the research questions and did not explain the key variables in the inclusion criteria when 
clarifying the external validity of the findings (Patino and Ferreira 2018). It is suggested to 
conduct a pilot study on all selected criteria to examine their suitability and maximise the 
potential of obtaining more relevant articles (Kitchenham and Charters 2007).

The following key points should be considered in the screening process

•	 Screening is the process that selects suitable and related articles for the review based on 
the inclusion and exclusion criteria as determined by the researchers.

•	 The criteria are diverse as different situations will stimulate different needs.
•	 Scholars reveal the importance of inclusion and exclusion criteria such as timeline pub-

lication, publication type, and language in their studies.

3.3.3 � Eligibility

Eligibility is a manual screening process. The identification and screening processes are 
assisted by computer and they are vulnerable to errors. Moher et al. (2009) and Liberati 
et al. (2009) state that researchers might include articles that do not conform to the criteria 
determined by the researchers after the screening process For example, there are possi-
bilities to include studies which were conducted outside of Malaysia as the selected stud-
ies might be affiliated to researchers from Malaysia. The database can mistakenly identify 
them as studies conducted in Malaysia. For this issue, researchers can manually exclude 
them from consideration. The process focuses on reading the title, the abstracts, and if 
needed, the methodology section.

Key points to be considered in eligibility process

•	 Eligibility is an important manual process that enables researchers to minimise defi-
ciencies made by the database.

3.4 � Quality appraisal

3.4.1 � Tools that can assist researchers in appraisal of quality process

The remaining articles from the eligibility process need to be examined to ensure that the 
quality of methodology is free from any bias (Higgins et al. 2019). One of the most com-
mon ways to assess the quality of articles is to use tools, scales, checklist, or standard form. 
Siering et al. (2013) claimed that the most comprehensively validated assessment tool is 
the Appraisal of Guidelines for Research and Evaluation (AGREE II). They stated that it 
is necessary to rely on research questions when selecting the best assessment tool for the 
systematic review. Different researchers use different quality assessment tools in systematic 
reviews as they examine different quality criteria due to differences in research perspec-
tives and needs for different systematic review settings (Seehra et al. 2016).
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Higgins et al. (2019) created Cochrane risk-of-bias (RoB 2) tool to examine any bias, 
including biases that might occur in the randomisation process, changing the planned inter-
ventions, and missing outcome data that affect the results of randomised controlled trial. 
The Newcastle–Ottawa Scale is another example which examines the quality of articles 
based on eight items. It is further grouped into three categories as follows: 1) selecting 
the study groups; 2) determining the comparability of the groups; and 3) finding either the 
coverage or result for cohort or case–control studies. According to Hannes (2011), Criti-
cal Appraisal Skills Programme (CASP) is one of the most used quality assessments that 
has ten questions to detect methodological deficiencies. Pace et al. (2012) created Mixed 
Methods Appraisal Tool (MMAT) for the systematic review of mixed studies to ensure the 
value of diverse studies designs in a review. Hong et al. (2018) revised the Mixed Methods 
Appraisal Tool (MMAT) by including 25 criteria that cover five categories.

3.4.2 � Approaches in assessing the quality of the articles

There are two approaches when assessing articles, namely qualitative and quantitative. The 
quality of articles can be examined quantitatively using an inter-rater agreement that refers 
to the score of the consistency given by the same person. There are other practices such 
as Cohen’s Kappa analysis and concordance correlation coefficient (Petticrew and Roberts 
2006). Researchers or experts can categorise the quality into three categories—low, moder-
ate, and high. Reviews should select high-quality articles, followed by moderate quality. 
However, researchers should exclude low-quality articles during the consideration and only 
use them as foundational literature (Petticrew and Roberts 2006).

3.4.3 � Selection of the reviewers

Besides that, it is important to select a suitable person to assess quality. It is suggested to 
hire at least two independent reviewers or the researchers can review the articles indepen-
dently based on the criteria that they mutually agreed (Petticrew and Roberts 2006; Char-
rois 2015). They have to discuss and decide whether to maintain or exclude the articles 
that they failed to reach a mutual agreement regarding their quality (Petticrew and Roberts 
2006). Besides that, researchers can communicate with corresponding researchers of the 
selected studies to gain clarification on the uncertainty in the methods and results (Charrois 
2015).

Key points to be considered in the quality appraisal phase:

•	 Researchers should examine the quality of selected articles to ensure they are free from 
any bias and have a high level of quality.

•	 The systematic reviews use different quality assessment tools which provide different 
quality criteria depending on the need and nature of reviews.

•	 Each study design has its tools or scales or checklist to examine the quality of articles.
•	 Quality of articles can be assessed either qualitatively or quantitatively.
•	 At least two independent experts or two researchers can independently review the qual-

ity of articles based on the criteria.
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3.5 � Data extraction

The research question can guide data extraction as any data that can assist the researchers 
to answer the research questions can be extracted. Data extraction should be performed 
independently by two members to minimise errors in the data compilation process for 
analysis (Charrois 2015; Gomersall et al. 2015). Furthermore, a blinded review can mini-
mise the bias when conducting the review. The team can discuss any disagreement on the 
extracted data in deciding whether to maintain or exclude them (Kitchenham and Charters 
2007).

Key points to be considered in the data extraction phase:

•	 Researchers extract any data that assist them in answering their research questions.
•	 Data extraction should be performed independently by two researchers to minimise 

errors.

3.6 � Data synthesis

Studies can be synthesised either quantitatively, qualitatively, or both. Quantitative syn-
thesis measures can only be used on quantitative studies while qualitative synthesis can be 
applied to both quantitative and qualitative studies.

3.6.1 � Quantitative synthesis

Quantitative synthesis of review data is called meta-analysis which is a synthesis technique 
that focuses on the benefits and/or harms of treatment across multiple studies to offer the 
best estimate regarding the effect of an intervention (Morton et al. 2018). The researchers 
rely on established and systematic methods to determine the variances in sample size, vari-
ability in the results, and sensitivity of the findings on the protocol of systematic review 
(Shorten and Shorten 2013). Several issues need to be considered when conducting quan-
titative synthesis such as wide-range effects size, suspicion of publication, reporting bias, 
and effects of small sample size (Morton et al. 2018).

3.6.2 � Qualitative synthesis

Rousseau et al. (2008) equate the qualitative analysis to the creation via interpretation and 
explanation. Relativist epistemologies such as phenomenology or social construction are 
linked to interpretative and critical realist approaches. The data can be synthesis qualita-
tively using critical interpretive synthesis, ecological triangulation, fledging approaches, 
framework synthesis, grounded theory, meta-ethnography, meta-narrative review, meta-
study, narrative summary, and thematic analysis. Table 5 presents the techniques in detail.

3.6.3 � Qualitative synthesis on mixed research designs

There is also a qualitative synthesis that combines both qualitative and quantitative stud-
ies. According to Soares et al. (2013) and Hopia et al. (2016), this is the best technique 
to solve an issue by looking from a diverse perspective. Prieto and Rumbo-Prieto (2018) 
consider it as the complete type of reviews to integrate methodologies and data for broader 
understanding.
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There are critiques on this kind of analysis such as varying epistemological 
approaches, and political and cultural contexts (Sandelowski et  al. 2006; Mays et  al. 
2005) and the possibility of using narrative review, thematic analysis, meta-ethnog-
raphy, and grounded theory in producing mixed research design (Barnett-Page and 
Thomas 2009). Flemming et  al. (2018) concluded that thematic analysis is the most 
suitable in synthesising mixed research design and researchers need to be cautious on 
the use of framework synthesis. They stated that researchers need to be cautious for 
meta-ethnography when mixing research designs in a review. Dixon-wood et al. (2005) 
warn researchers on several disadvantages of qualitatively mixing research design such 
as the lack of transparency in narrative review, thematic analysis, and grounded the-
ory, the lack of guidance for quality appraisal during studies inclusion in a review of 
grounded theory, and the inability of meta-study to explicitly cope with quantitative 
evidence.

Additionally, Whitemore and Knafl (2005) introduced integrative review that con-
ducts a constant comparison in a broad array of qualitative designs to identify patterns 
based on the extracted data (quantitative and qualitative) and transform them into sys-
tematic categories, themes, variations, and relationships.

Key points to be considered in the data synthesis phase:

Table 5   Qualitative synthesis techniques

Type of qualitative synthesis Details

Narrative summary Covers selection, chronicling, and ordering of evidence to result an account 
of the evidence (Green et al. 2006)

Thematic analysis Identification of prominent or recurrent themes from the collected data of 
selected previous studies, and summarising these data under thematic 
headings (Braun and Clarke 2006)

Grounded theory One of the technique to generate theory and it is ‘grounded’ in data that has 
been systematically composed and analysed (Noble and Mitchell 2016)

Meta-ethnography An inductive, interpretive approach upon which most interpretive qualita-
tive synthesis methods are based. This technique gear towards insights 
or clarifications that were not clear in the individual included studies 
(Paterson 2012)

Meta-study, A combination of meta-data-analysis (focus of analysis in on the findings), 
meta-method (focus of analysis in on the methods) and meta-theory (focus 
of analysis is on the theory) (Patterson et al. 2001)

Meta-narrative review, A meta-narrative review illuminates a heterogeneous topic area by high-
lighting the contrasting and complementary ways in which researchers 
have studied the same or a similar topic (Wong et al. 2013)

Critical interpretive synthesis A combination of meta-ethnography and grounded theory that attempt to 
integrate multi-disciplinary and multi-method evidence (Dixon-wood 
et al. 2005)

Framework synthesis The qualitative analysis will result in a large amount of data and causes 
difficulties for rigorous analysis, therefore, Brunton et al. (2006) have 
come out with framework synthesis idea which offers a highly structured 
approach for data management and analysis

Qualitative meta-summary In qualitative meta-summary, the results are accumulated and summarised 
rather than ‘transformed’. It is way of generating a ‘map’ of the contents 
of qualitative studies (Sandelowski et al. 2007)
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•	 Data can be analysed either quantitatively or qualitatively.
•	 Quantitative synthesis of the review data is also known as meta-analysis.
•	 Some of the qualitative synthesis techniques in SLR are grounded theory, metae-

thnography, narrative summary, and thematic analysis.
•	 Thematic analysis is the most suitable in synthesising mixed research design while 

researchers need to be cautious for framework synthesis.

3.7 � Data demonstration

3.7.1 � Referring to a publication or reporting standards to demonstrate the review

PRISMA and RAMESES can suggest things that should be demonstrated in SLR articles 
besides being a guide for systematic review. There is the need to explain on systematic 
literature review to provide adequate information for others. The details will allow future 
researchers to replicate the entire procedure in their studies.

3.7.2 � Use of advanced search string, inclusion of flow diagrams and developing table 
of findings

Furthermore, researchers should try to ensure that the SLR process is clear and the data 
is supported by conclusions. The search string should utilise all possible coding symbols 
to ensure rigorous searching in retrieving more articles, and all inclusion and exclusion 
criteria should be described and justified (Peters et al. 2015). The flow diagram can be used 
to describe the A–Z process of SLR in an organised manner. Among the established flow 
diagrams are PRISMA flow diagram (Moher et  al. 2009) and customised flow diagram 
(Shaffril et al. 2019). Tables related to search string, inclusion and exclusion criteria can 
be included. It is suggested that the table of findings should be one of the main priorities 
in SLR. The table offers a simple explanation and understanding of the results. One of 
the aims of the literature review is to identify the patterns of previous studies which can 
be done using SLR. SLR can identify research gaps and offer direction for future studies 
(Petticrew and Roberts 2006). Researchers can proceed with their literature review after 
confirming all of these criteria.

Key points to be considered in the data demonstration phase:

•	 PRISMA and RAMESES can suggest things to be demonstrated in the SLR articles.
•	 Each SLR section should provide detailed information.
•	 A flow diagram can be included in SLR.
•	 Table of findings offers a simple explanation and understanding of the SLR results.

4 � Conclusion

SLR have been well advanced in the field of medical or health related. Understandably, in 
recent years, there are increasing number of researchers, especially those from non-health 
field of studies who placed their interests on this kind of review. However, lacking of meth-
odological references in SLR and less suitability of existing methodological guidance are 
making SLR of non-health related fail to fully abide to standard guidance which lead to 
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limited penetration and use of systematic approaches. The main objective of this paper is to 
provide a general understanding of basic methodologies for SLR along with several options 
or alternatives that can be considered by the non-health related scholars in their efforts to 
develop their systematic literature review. To develop this methodological-based papers, it 
was based on information provided by 75 selected articles. The articles were selected from 
several leading sources such Scopus, Science Direct, Google Scholars, and Google engine 
search. All of the selected articles were appraised its quality by two reviewers. The guid-
ance is based on seven main aspects of SLR methodology as follows: (1) the development 
and validation of the review protocol/publication standard/reporting standard/guidelines; 
(2) the formulation of research questions; (3) systematic searching strategies; (4) quality 
appraisal; (5) data extraction; (6) data synthesis; and (7) data demonstration.

The methodological process in SLR should offer a complete guide for future scholars. 
SLR starts with developing and validating the review protocol/publication standard and 
reporting standard/guidance which are manuals of systematic plans that guide researchers 
on things that should be considered in the review. The next step is formulating research 
questions to guide the entire SLR process. Both specific and broad research questions have 
their advantages.

The next process is systematic searching strategies which have three sub-processes: 
identification, screening, and eligibility. Identification is the process to enrich the main 
keywords. Instead of using the main keywords, researchers need to identify their syno-
nyms, related terms, and variation. More keywords basically will produce more related 
potential articles for the review. Researchers need to select the most appropriate and related 
database instead of relying on database searching by diversifying their sources and search-
ing techniques. It is believed that researchers who are equipped with search string/query 
development skills can perform more rigorous searching. The second step is the screening 
process that covers the inclusion and exclusion criteria in the review. Different situations 
have different needs, and the selected criteria must match the research questions.

The last process is the eligibility, which is a manual screening process to minimise the 
deficiencies in the database. Before data extraction and analysis, the quality of selected 
articles needs to be assessed either qualitatively or quantitatively using tools, scales, check-
list, or standard form. The remaining articles can be extracted for relevant data before the 
analysis process. The data can be analysed either using fully quantitative (meta-analysis), 
fully qualitative, or a mix of qualitative and quantitative approaches.

PRISMA and RAMESES can suggest standard things to be considered in the publica-
tion. Any SLR should offer in-depth details to offer guidance for future scholars to repli-
cate the entire procedure in their studies. In addition, any SLR should consider the inclu-
sion of flow diagram, table of search string, table of inclusion and exclusion criteria.
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