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Abstract

This paper presents a simple five-step guide for validating umbrella reviews—or
literature reviews of existing literature reviews—using bibliometric and network
indicators. The recent and unprecedented proliferation of scholarly output entails a
need for robust review protocols to synthesize and systematize scientific publica-
tions, as well as tools that are suitable for assessing review quality, such as the one
presented in this paper. Adopting our five-step guide as a final robustness check will
improve the rigor, transparency, and objectivity of umbrella reviews and, therefore,
strengthen their representativeness of the knowledge base within a specific research
domain. We apply the developed five-step guide to an existing umbrella review on
flexible work arrangements as a case study. Finally, we discuss the role of artificial
intelligence in the expanding scientific publication landscape. We highlight how
human judgment will remain a pivotal element when using algorithmic tools to
support literature reviews.
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1 Introduction

According to some recent estimates, more than 64 million scholarly texts have been
published between 1996 and the end of 2022. In 2022 alone, over 5 million scientific
articles were published—an increase of about 23% compared to 2018 and 47% com-
pared to 2016 (Curcic 2023; Hanson et al. 2024).

These few figures demonstrate the recent exponential expansion of scientific pub-
lications (Thelwall and Sud 2022) without yet fully capturing the effects of artificial
intelligence, which is expected to further accelerate the trend (Kobak et al. 2025).
Therefore, it has become increasingly necessary to develop effective practices, such
as reviews, to synthesize and systematize the vast body of knowledge represented in
scientific publications. This need arises not only from the imperative to consolidate
existing theories, but also the opportunity to identify potential research gaps and
cross-fertilization areas across scientific domains (Ooms et al. 2023).

Given these developments, it is unsurprising that the practice of writing literature
reviews—together with efforts to develop methodological contributions to guide and
improve their preparation—is gaining momentum as a standalone and independent
research practice' (Kraus et al. 2022; Snyder 2019). Scholars have developed a broad
spectrum of methodologies and techniques to synthesize and systematize scientific
publications (Fan et al. 2022; Onwuegbuzie and Frels 2016; Snyder 2019; Sutton et
al. 2019). As a general descriptive scheme, Table 13 in the Appendix summarizes
some widely recognized and embraced literature review methods.

As a direct consequence of these developments, umbrella reviews—or literature
reviews of existing literature reviews—have become a widespread practice. The pro-
liferation of literature reviews, especially in the health domain, led to the develop-
ment of specific guidelines and protocols to ensure rigorously conducted umbrella
reviews (Abdellatif et al. 2025; Fernandez et al. 2025; Smith et al. 2011). Despite
these advancements, to the best of our knowledge to date, neither practices nor tools
exist for umbrella reviews that can objectively validate the transition from a formal
protocol to a substantial result in terms of knowledge representativeness. In other
words, no comprehensive instruments currently exist to assess the overall quality
of umbrella reviews—an equivalent of the AMSTAR tool developed for systematic
reviews (Shea et al. 2007, 2017).

Therefore, in this rapidly evolving publication landscape, umbrella reviews’ capac-
ity to accurately capture and represent the underlying knowledge base emerges as a
critical research gap and an equally fundamental research question arises: Is there
any way to assess the final quality of an umbrella review aside from its adherence to
a formal protocol?” We address this research question and contribute to closing the

! According to the Scopus database, in 2022, more than 10,000 literature reviews were published (Kraus
et al. 2022).

2 When conducting a systematic (umbrella) review, rigorous adherence to the formal criteria included
in the protocol is essential, and any deviation should be explicitly explained and addressed (Page et al.
2021; Smith et al. 2011). Complementarily, in substantial terms, a systematic (umbrella) review must
accurately reflect the knowledge base derived from the examined primary sources under examination. By
construction, adherence to the former is often assumed to guarantee the latter. In other words, the quality
guarantee of systematic (umbrella) reviews usually lies in their protocol itself being developed to avoid
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related research gap by proposing a method we have operationalized into a five-step
guide for validating umbrella reviews from a substantive perspective.

At the core of our method lies the idea of leveraging the strengths of various exist-
ing review practices and combining them to assess an umbrella review’s final quality.
Therefore, as here designed, the guide we propose does not constitute an expanded
and integrated functional protocol of different review methods that contributes to
the review content’ (Linnenluecke et al. 2020; Marzi et al. 2025). Our guide has no
explicit purpose for content addition, other than residually. Instead, our guide con-
stitutes a corollary tool that follows the umbrella review and serves to assess its final
quality in terms of knowledge representativeness.

As a paradigmatic case study of how to apply the five-step guide, we build on an
existing umbrella review about flexible work arrangements (FWAs) conducted by
Toscano and Zappala (2020). To validate this umbrella review, we performed a com-
parative analysis using two distinct sets of publications that are typically available
when an umbrella review is conducted. On the one hand, we used the formal criteria
(e.g., keywords, time span, subject area, etc.) necessary to construct the umbrella
review. By leveraging these criteria, we can directly identify a parallel set of primary
scientific publications that serve as a control group (direct identification method).
On the other hand, we have used the complete list of publications (i.c., references)
embedded in the literature reviews that are included in the umbrella review (indirect
identification method). We quantitatively and qualitatively compared (Tantardini et
al. 2019) these two datasets via bibliometric and network indicators obtained from
the software packages VOSviewer (Van Eck and Waltman 2007; Eck and Waltman
2010, 2014) and Gephi, respectively.

The remainder of this article is divided into three main sections. Section 2 out-
lines the five-step guide for validating umbrella reviews. This includes a descrip-
tive overview of the bibliometric and network indicators used for the comparative
analysis between the direct and indirect identification methods. Section 3 presents the
umbrella review selected as a case study (Toscano and Zappala 2020) and applies the
five-step guide to it. The results of this section are summarized in the final synoptic
Table 12. Finally, Sect. 4 summarizes our main contributions and examines some
limitations of our method. This section also includes a broader discussion of how
algorithmic tools adopted to support literature reviews still require a pivotal human
component.

arbitrariness and ensure rigor, transparency, and replicability, and, consequently, produce objective and
unbiased results in terms of knowledge representativeness.

3 Similarly, we do not question or scrutinize the protocols of building umbrella reviews per se—this aspect
has been addressed in other studies, including Lunny et al. (2017, 2018).
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2 Five-step guide for validating umbrella reviews

In this section, we outline the five-step guide for validating umbrella reviews through
bibliometric and network indicators. In Sect. 3, we apply this five-step guide to the
selected case study (Toscano and Zappala 2020) and, in that context, describe and
comment on each step in detail.

2.1 Step 1:umbrella review selection or writing

Step 1 entails either selecting an existing umbrella review or identifying a research
domain for conducting an umbrella review to validate. Although this step may seem
superfluous, explicitly specifying the need to select or produce an umbrella review is
essential for at least two reasons. First, it is important to verify whether an umbrella
review on the topic already exists to determine whether we must conduct one. Sec-
ond, we must clarify the motivations underpinning the umbrella review, such as the
rationale for selecting a specific research domain or topic, particularly for validating
a published umbrella review.

2.2 Step 2: dataset construction

Step 2 requires the construction of two distinct publication datasets that will be
compared:

1. Direct identification method. This dataset is created by searching for primary
publications that meet the same criteria (e.g., keywords, time span, subject area,
etc.) used to select the literature reviews included in the umbrella review. This
search should exclude reviews (to avoid loops), and the resulting dataset will
serve as the control group.

2. Indirect identification method. This dataset includes all the references cited in the
literature reviews that the umbrella review encompasses. It constitutes the set of
publications indirectly selected for the umbrella review’s knowledge synthesis.

Both datasets must be cleaned (e.g., removing duplicates, fixing structural errors,
etc.). At this stage, other filters can also be applied, such as excluding publications
that are not peer-reviewed or that are not research articles. The construction of the
datasets requires rigor, as any oversight in this step will be reflected in biased results.
Moreover, different umbrella reviews might require specific adjustments, which must
be explicitly documented. These choices will mostly depend on the research domain
under investigation.

2.3 Step 3: bibliometric and network indicators and software selection
In Step 3, a set of bibliometric and network indicators necessary for comparing the
two publication datasets constructed in Step 2 must be identified. Concurrently, the

software programs needed to calculate the selected indicators must be selected. In
the absence of standard protocols, researchers retain full discretion in choosing both
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the sets of indicators and the software, especially as these choices may depend on the
specific characteristics of the umbrella review under examination.

2.4 Step 4:indicator calculation and preliminary similarity assessment

Step 4 entails actively processing the two datasets and calculating the outputs or
values of the selected indicators for each dataset. In this step, an initial assessment of
the degree of similarity between the indicators is conducted, and both convergences
(which indicate quality) and divergences (which may reflect scope, expertise, or other
biases in the umbrella review) are noted for each indicator.

2.5 Step 5: discussion of the overall similarity between the two datasets and final
assessment

Step 5 is a final, overall assessment of the quality of the umbrella review. Broadly,
the basis of the comparison in this step is: If the majority of indicators calculated on
the list of publications identified indirectly coincide with the indicators based on the
list of publications identified directly (i.e., the control group), the umbrella review
can be considered valid and, therefore, representative of the knowledge base under-
pinning the literature under investigation. In our case, this would mean that Toscano
and Zappala (2020) have provided an accurate overarching representation of FWAs
(until 2017), with no significant omissions of fundamental literature. Conversely, if
the two datasets do not produce similar indicators, major discrepancies may exist,
and the umbrella review should be considered ineffective in illustrating the key ele-
ments of the literature under consideration. In the latter case, it might be appropriate
to assess whether the differences originate from methodological flaws or deliberate
scope choices, as well as to consider using the information from the two datasets to
complement each other and integrate the umbrella review.

3 Application of the five-step guide to a case study
3.1 Step 1:umbrella review selection or writing

In 2020 and 2021, the global COVID-19 pandemic and resulting lockdown measures
disrupted daily routines and generated unprecedented changes in working tasks.
Given the magnitude of the phenomenon—with millions of individuals suddenly and
involuntarily involved in flexible work arrangements (FWAs)—researchers quickly
and widely explored this historical shift (Klaser et al. 2023; Leonardi 2020). The
number of publications on the topic of FWAs rapidly increased* (Bailey and Breslin
2021; Cuel et al. 2022; Lamovsek and Cerne 2023). Contextually, a synthesis and
systematization of the existing (fragmented) literature was necessary to support the

4 According to an elementary search on the electronic Scopus database (December 1, 2025), in 2019, 35
articles with the terms telework, telecommuting, remote work, or hybrid work in the title were published.
The same search produces 97 results in 2020, 218 in 2021, 338 in 2022, and over 400 in 2023 and 2024.
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new wave of scholarly attention on the subject. Intercepting this demand, Toscano
and Zappala (2020) conducted an umbrella review.

As the guide indicates, the motivations underpinning the choice of umbrella
review are relevant. First, Toscano and Zappala (2020) reacted swiftly to the need to
systematize the existing literature in the growing domain of FWAs research. Second,
theirs is among the first umbrella reviews outside of the health sciences.’ Because of
this (forced) celerity and the (new) research domain, validating their umbrella review
is of the utmost importance.

3.2 Step 2: dataset construction

For their umbrella review, Toscano and Zappala (2020, p. 206) adopted three filters to
identify relevant literature reviews on FWAs. They considered reviews:

e Published between 2000 and 2018.

e In the fields of psychology or management.

e Including, in the title or® abstract, the keywords telecommuting, telework, remote
work, flexible work, or flexplace, and any of these accompanied by the term re-
view.

For their umbrella review, Toscano and Zappala (2020) identified a total of 16 rele-
vant literature reviews (Table 1). The right column of Table 1 reports the total number
of primary references for each literature review according to Scopus at the moment
of our analysis.” For, Allen et al. (2015) considered 193 primary publications in their
literature review, while De Lorenzi Cancelier et al. (2017) utilized a comparatively
lower number of references (26). An important aspect to consider during this valida-
tion step is that some primary references might not be strictly functional for the main
goal of reviewing the existing literature. Instead, they might be methodological or
seminal publications that play a contextual role.

To assess the quality of Toscano and Zappala’s (2020) umbrella review, we con-
structed and then compared two different datasets of primary publications:

e Direct identification method. On Scopus, we applied the same filters originally
adopted by Toscano and Zappala (2020, p. 206), excluding the word review. In
other words, we looked for all the publications on Scopus that contained the key-
words telecommuting or telework or remote work or flexible work or flexplace
within their titles or abstracts. Drawing on the original criteria, we limited the

5 Toscano and Zappala’s (20220) early attempt—together with a few other recent examples (Johnson et
al. 2022; Pahlevan-Sharif et al. 2019; Shehata et al. 2023) —could mark an emblematic passage to the
broader adoption of umbrella reviews outside of the health sciences (Kitchenham et al. 2009), extending
this review practice to other research domains, including the social sciences (Zupic and Cater 2015).

% Toscano and Zappala (2020, p. 206) technically write “in the title and in the abstract,” but the Boolean
connector “and” seems to be incorrect, as the (key)word review often fails to appear in the titles of the
review articles they used. Instead, it appears only in the abstracts. Therefore, we interpreted this as a typo
and deduced that the correct Boolean connector was “or.”

7 In the meantime, further references may have been indexed on the Scopus database.

@ Springer



A five-step guide for validating umbrella reviews with bibliometric and...

Table 1 Literature reviews

. Literature review article Total primary references
E);Sczx(i))on Toscano and Zappala Allen et al. (2015) 193
Bailey and Kurland (2002) 103
Baker et al. (2006) 26
Baruch (2001) 111
Bélanger et al. (2013) 84
Kowalski and Swanson (2005) 60
Bessa and Tomlinson (2017) 53
De Lorenzi Cancelier et al. (2017) 26
De Menezes and Kelliher (2011) 206
Golden (2009) 60
Martin and MacDonnell (2012) 58
Ng (2016) 48
Pyorid (2011) 53
Shin, El Sawy, Sheng, and Higa (2000) 65
Siha and Monroe (2006) 163

Spreitzer, Cameron, and Garrett (2017) 153

search to the two subfields of psychology and management. Unlike the original
filters, we omitted the lower bound year. Moreover, we introduced an upper time
bound, restricting our search to contributions published until 2017, the year of
the last systematic reviews identified by Toscano and Zappala (2020).® Through
this search, after cleaning some duplicates (7), we identified 858 unique publica-
tions, of which 659 (77%) were classified as research articles published across
318 different journals. Chess and Lyman (1969) produced the oldest article in this
dataset, cited only eight times.” We define this procedure as the “direct identifica-
tion method” because it identifies a set of primary publications directly through
the original keywords used in the original umbrella review. The resulting dataset
constitutes the control group for our comparative analysis.

o [ndirect identification method. As indicated in the guide, we created a parallel
dataset with all the references retrieved from the 16 literature reviews (Table 1)
selected by Toscano and Zappala (2020). We downloaded this list of references
from the Scopus database, as all 16 original reviews were indexed on it. In prin-
ciple, this step requires no other filters. With this procedure, we identified an
initial set of 1,462 publications. From these, we discarded the duplicates (269).
There were substantially more duplicates than those identified through the di-
rect method. However, this reflects the different search processes construction.
The references of multiple literature reviews on the same topic are very likely
to feature the same set of primary publications. Cleaning duplicates reduced the
dataset to 1,193 single records, of which 573 (48%) were classified as research
articles and published across 230 different journals. Trist and Bamforth (1951)

8 De Lorenzi Cancelier et al. (2017) and Spreitzer et al. (2017). These reviews cannot refer to contribu-
tions published in 2018 or later. As mentioned in the guide, specific adjustments might be needed to make
the two datasets fully comparable. In this case, the time filter used for the umbrella review (from 2000 to
2018) and the criterion used to circumscribe the direct set of primary references for our validation (upper
bound set to 2017) needed to be distinct.

° We always consider the citations recorded by the Scopus database.
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review e dataset articles
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Fig. 1 Flowchart of the construction of the direct and indirect datasets for comparison

Direct method Indirect method
I I
keywords 16 reviews
I N
865 1462
references references
I:I:I III
’ 858 final 269 1193 final
Lduplicates records duplicates records

659 articles 573 articles

Fig.2 Summary of the identification of our datasets

produced the oldest article in this dataset, which was cited 1,421 times. We define
this procedure as the “indirect identification method” as it identifies a publication
set through the reference lists of the literature reviews included in the umbrella
review.

As indicated in the guide, further specific adjustments or methodological choices
might be possible or necessary at this point. For example, we decided to focus on the
subset of publications classified by Scopus as research articles. This choice offered
advantages and disadvantages: On the one hand, excluding other types of publica-
tions reduces the risk of spurious comparisons (e.g., comparing articles identified via
the direct method with books identified via the indirect method). On the other hand,
the comparative picture might be incomplete because it might lack the fundamental
shades added by various types of publications. Such concerns must be addressed and
balanced in each umbrella review, depending on the rationale for the validation. This
time we opted for a prudential approach for our validation. Therefore, to guarantee
as much homogeneity as possible between our datasets, we considered only research
articles as units of analysis. In total, 659 and 573 publications were identified for the
direct and indirect datasets, respectively.

The main sub-steps of the two methods for our analysis are presented in Figs. 1
and 2.
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3.3 Step 3: bibliometric and network indicators and software selection

To assess the quality of Toscano and Zappala’s (2020) umbrella review, we must
compare the two publication datasets through bibliometric and network indicators.
As previously mentioned in the guide, so far, there is no standardized validation
protocol, and the specific sets of indicators and software might be context-dependent.
For our case study, we propose some possible indicators, gathering them into three
main categories. For the sake of synthesis and clarity, we only list the relevant indica-
tors here. We describe them in detail in Step 4.

Performance indicators (Ayoko et al. 2022):

Number of publications.

Number of shared publications between datasets.
Number of publications per year.

Total and average number of citations.

Number of citations per year.

The 20 most cited publications.

The 20 most time-weighted cited publications.

Bibliometric indicators and science mapping'® (Caputo et al. 2021; Donthu et al.
2021; Ferreira 2018; Torres-Prufionosa et al. 2020):

Bibliographic coupling (articles, journals, and authors).
Total link strength (articles and authors).

Co-citation (articles and journals).

Keyword co-occurrence.

Network indicators:

Number of connected nodes.

Number of edges.

Number of clusters.

Average degree (the ratio between the number of edges and the number of nodes).

Graph density (the ratio between the actual number of edges and the maximum

number of edges that a network can potentially contain).

e Modularity (within-cluster node connection with respect to between-cluster node
connection).

e Average clustering coefficient (average degree to which nodes in a network tend
to cluster together).

e Average shortest path length (average number of steps along the shortest paths for
all possible pairs of network nodes).

e Betweenness centrality (number of times a node is on the path between two other

19 Bibliometric analysis permits the conversion of hundreds or even thousands of publications into a few
indicators or network charts that summarize the performance and map the evolution of a given research
domain (Donthu et al. 2021).
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nodes).
e Closeness centrality (average of the farness—that is, inverse distance—of a node
to all other nodes).

From the various available software for bibliometric analysis (Aria and Cuccurullo
2017; Moral-Mufoz et al. 2020), we selected VOSviewer (Van Eck and Waltman
2007; Eck and Waltman 2010, 2014), which provides simplified visualizations, or
maps (i.e., clusters), of the relationships between the constituents under investiga-
tion. For network metrics, we adopted Gephi (Bastian et al. 2009).

3.4 Step 4:indicator calculation and preliminary similarity assessment

In this step, we present the bibliometric and network descriptive results obtained
from the two datasets. Contextually, we provide a preliminary assessment of the simi-
larity and dissimilarity of the datasets. We provide an overall assessment of the qual-
ity of the umbrella review in Step 5.

3.4.1 Performance indicators

Through the direct and indirect methods, we identified 659 and 573 research articles,
respectively. At first glance, these absolute numbers are comparable.

The two datasets have 156 articles in common. This means that only 15% of the
total number of unique research articles (1,076) belong to both datasets. Although
this overlap is not negligible, there is relatively little shared material.

Figure 3 presents the total number of publications per year for each dataset. The
paths of the two datasets follow a broadly similar pattern until 2012. After this year,
the number of publications diverges, with a noticeable decrease in the number of arti-
cles identified indirectly. However, this divergence should be considered a structural
time lag, rather than a methodological bias. By construction, literature reviews are
published after primary publications, so the review authors have no access to newly

e Direct === Indirect

Fig. 3 Number of publications per year (1951 —2017). Visualization. Number of publications per year
(1951-2017) for the direct (black line) and indirect (gray line) datasets. By construction, the number of
publications per year is fairly similar until 2012, when the direct dataset begins to surpass the number
of publications included in the indirect dataset. There is a discontinuity in the x-axis of the years before
1980 because years when there were no publications in either dataset were excluded from the figure
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(or subsequently) published research articles. The comparison might be improved by
artificially truncating the examined time period at the year in which the two datasets
begin to diverge.

The total (average) number of citations'! of the articles identified directly is 26,785
(41). The total (average) number of citations of the articles identified indirectly is
114,851 (200). The citation count of the indirect dataset is four to five times greater
than that of the direct dataset, indicating potential differences between them.

Figure 4 plots the absolute number of citations per year for each dataset. A differ-
ent citation path is evident for the two datasets, with the direct dataset following a
more linear path. Moreover, two notable citation peaks for the indirect dataset emerge
in 1995 and 1998. Again, this divergence in citations might reflect a structural differ-
ence and should not immediately be interpreted as indicating bias in the methodol-
ogy: literature reviews often rely on methodological or seminal publications that are
not strictly linked to the domain of interest—FWAs, in this case—but which may be
repeatedly cited (see Table 2).

Table 2 ranks the 20 most-cited articles according to the Scopus database. The
most-cited direct article is Olson and Olson (2000), cited 1,119 times. The most-
cited indirect article is Baumeister and Leary (1995), with 10,727 citations. The
data presented in Table 2 suggests three empirical regularities: (1) the 20 most rel-
evant articles of the indirect method accrued about ten times more citations than the
equivalently ranked articles identified through the direct method; (2) the most-cited
research article from the direct dataset has almost the same number of citations as
the twentieth most-cited article of the indirect dataset, and the most-cited indirect
article achieved more citations than the total of the whole direct dataset; (3) the two
rankings have no articles in common. The other citation patterns might be explained
by the fact that literature reviews likely include in their references (indirect method)
methodological contributions or seminal articles in their references (indirect method)
that are not identified through the direct method using subject-specific keywords.

18,000
16,000
14,000
12,000

10,000

@ DireCt s Indlirect

Fig. 4 Total number of citations per year (1951-2017). Visualization. Number of citations per year
(1951-2017) for the direct (black line) and indirect (gray line) datasets. The indirect dataset shows
peaks in 1995 and 1998. There is a discontinuity in the x-axis of the years before 1980 because years
when there were no publications in either dataset were excluded from the figure

1" All citation metrics reflect those recorded by the Scopus database until March 16, 2022.
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Table2 The 20 most relevant N°  Direct method Citations  Indirect method  Citations
articles ranked by absolute

.. 1 Olson and Olson 1,199 Baumeister and 10,727
number of citations (2000) Leary (1995)
2 Gajendran and 706 Nahapiet and 9,633
Harrison (2007) Ghoshal (1998)
3 Gilmore and Pine 600 Meyer and Alien 4,226
(1997) (1991)
4 Baltes et al. 485 Hackman and 3,971
(1999) Oldham (1976)
5 Kossek et al. 448 Davis et al. 3,611
(2006) (1992)
6 Cascio (2000) 351 Hackman and 3,554
Oldham (1975)
7 Lapierre and 335 Goldberg (1990) 3,497
Allen (2006)
8 Allen et al. 304 Goodhue and 2,908
(2013) Thompson (1995)
9 Malone and Lau- 267 Harter et al. 2,101
bacher (1998) (2002)
10 Straub and Kara- 254 Quinn and 1,608
hanna (1998) Rohrbaugh
(1983)
11 Hill etal. (1998) 251 Kimberly and 1,478
Evanisko (1981)
12 Hornung et al. 234 Sproull and 1,446
(2008) Kiesler (1986)
13 Staples et al. 232 Akerlof (1982) 1,425
(1999)
14 Cooper and Kur- 230 Trist and Bam- 1,421
land (2002) forth (1951)
15  Rauand Hyland 223 Ashforth et al. 1,285
(2002) (2000)
16  Golden et al. 218 Morgeson and 1,236
(2008) Humphrey (2006)
17  Shockley and 202 Cramton (2001) 1,232
Allen (2007)
18  Leslie et al. 198 Faraj and Sproull 1,116
(2012) (2000)
19  Gittell (2000) 194 Thomas and 1,099
Ganster (1995)
20  Sullivan and 191 Allen (2001) 1,074
Lewis (2001)

One further factor to consider is that the number of citations can be biased due to
publication year. Indeed, ceteris paribus, long-published articles are likely to have
more citations than recently published articles recently published. A common prac-
tice to mitigate this time effect is to take the ratio between the absolute number of
citations of each article and the total number of citations of all the articles published
in the same year within a dataset, producing a time-weighted number of citations.
Table 3 lists the 20 most relevant articles ranked according to the time-weighted
number of citations. This reveals: (1) several articles published during the second
half of the 20th century have scores equal to 1.00 because they are the only articles
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Table3 The 20 most relevant N°  Direct method Weight- Indirect Weight-
articles ranked by time-weight- ed ed
ed number of citations citation citation
1 Golembiewskiet 1.00 Golembiewski etal. 1.00
al. (1974) (1974)
2 Metzger and Von  1.00 Golembiewski and  1.00
Glinow (1988) Proehl (1978)
3 Winett and Neale  1.00 Trist and Bamforth ~ 1.00
(1981) (1951)
4 Chess and Lyman 1.00 Lodahl and Kejnar ~ 1.00
(1969) (1965)
5 Gordon and Van 1.00 Pierce and News- 1.00
Arsdale (1986) trom (1980)
6  Cooper and David- 1.00 Hackman and Old-  0.99
son (1983) ham (1976)
7  Grayetal (1977) 1.00 Sproull and Kiesler  0.98
(1986)
Olson (1989) 0.98 Davis etal. (1992) 0.97
O’Conaill et al. 0.72 Hackman and Old-  0.97
(1993) ham (1975)
10 Katz (1987) 0.59 Kimberly and 0.95
Evanisko (1981)
11  Hartman et al. 0.58 Quinn and 0.93
(1991) Rohrbaugh (1983)
12 Olson and Olson  0.58 Nahapiet and 0.87
(2000) Ghoshal (1998)
13 Pierce and News-  0.55 Harris and 0.86
trom (1982) Schaubroeck (1988)
14 Yap and Tng 0.55 Goldberg (1990) 0.85
(1990)
15 Gilmore and Pine  0.54 Meyer and Alien 0.79
(1997) (1991)
16  Thompson and 0.50 Baumeister and 0.68
Scalpone (1985) Leary (1995)
17  Elling (1985) 0.50 Akerlof (1982) 0.66
18  Hirschhorn and 0.47 Wiley (1987) 0.57
Gilmore (1992)
19  Winett et al. 0.43 Gilmore and Pine 0.57
(1982) (1997)
20  Olszewski and 0.42 Huber (1984) 0.55
Mokhtarian (1994)

in the dataset published in that specific year; (2) there are two articles in common
across datasets (Gilmore and Pine 1997; Golembiewski et al. 1974), showing some
convergence compared to the Table 2 rankings. A refinement of the methodology
might consider excluding the stand-alone items from the indicator to avoid biasing

the results in these terms.
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3.4.2 Bibliometric indicators, science mapping, and network indicators

In the following part of the analysis for each bibliometric indicator, considering each
dataset separately, we present two contextual results: (1) a reduced visual map of
the investigated constituents using VOSviewer software; (2) the full network prop-
erties calculated on the whole set of connected constituents using Gephi software.
This double perspective—zoom-in and overview, respectively—provides adequate
information from which we can draw some conclusions on the general similarity or
dissimilarity between the direct and indirect datasets.

Bibliographic coupling (Kessler 1963) produces a measure of similarity between
articles, authors, or journals based on the references they have in common, and con-
sidering that related and similar constituents draw upon the same knowledge basis.
Essentially, the greater the number of common references (i.e., publications) between
constituents, the stronger their similarity in terms of content. This indicator is a static
metric because the relationship between two constituents cannot change over time.

Figure 5 visually compares the networks of the 20 most relevant articles (according
to the bibliographic coupling indicator) of the direct and the indirect dataset. The cen-
tral node of the two networks coincides (Gajendran and Harrison 2007). This result
is affirmed by the betweenness centrality and closeness centrality reported in Table 4.
The combined evidence from Fig. 5; Table 4 suggests that the articles (nodes) identi-
fied through the direct method have greater interconnectivity than those identified
through the indirect method. This is plausible if we consider that all the articles iden-
tified directly share some topical commonalities, as they were all retrieved through
the same string of keywords, whereas the indirect dataset contains methodological
and seminal articles that might not be strictly related to FWAs.

The total link strength measures how much an article is embedded in the knowl-
edge structure of the considered research domain (of FWAs). The higher the link
strength value, the more relevant that single article is within the network. Table 5
shows the 20 most relevant articles according to the total link strength calculated on
the whole network with VOSviewer.

The total link strength analysis reveals two results: (1) the two highest ranked
articles in the direct and indirect datasets are the same, and they have a comparable

Direct method Indirect method

s sienci 2007

Fig. 5 Bibliographic coupling, network map of the 20 most relevant articles. Any color similarity be-
tween the two networks does not imply substantial similarities between them
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Taple 4 Bi‘t.)liographic cou- Indicator Direct Indirect
pling Of articles, full network Number of connected 534 (out of 659) 493 (out of
properties nodes 573)
Number of edges 20,789 16,358
Number of clusters 14 10
Average degree 77.86 68.38
Graph density 0.146 0.139
Modularity 0.293 0.348
Average clustering 0.564 0.507
coefficient
Average shortest path 2.129 2.039
length
Betweenness centrality 3,585.40 2,886.53
Stavrou and Iero-  Gajendran and
diakonou (2011) Harrison (2007)
Second in order (2,639.99) Closeness centrality 0.6.59 0.6.58
was Gajendran and Harrison Gajendran and Har- Gajendran and
(2007). rison (2007) Harrison (2007)

total link strength (Gajendran and Harrison 2007; Golden 2007); (2) out of the 20
top-ranked articles, 14 publications are common to both datasets, suggesting strong
similarity in terms of core literature.

Following Ayoko et al. (2022), we clustered the lists of publications obtained
through the three ranking methods (Tables 2 , 3, and 5). The direct method generated
a list of 55 unique articles (five duplicates) and the indirect method generated 49
unique articles (11 duplicates). Comparing these two lists shows that 15 articles, or
17% of the total number of the core publications (89), belong to both sub-datasets.
This percentage is comparable to that of the shared number of articles presented
above, suggesting the same type of preliminary assessment.

The bibliographic coupling indicator is also suitable for relating the research
domains, encapsulated in the journals in which articles are published. In the direct
dataset, there are 318 total outlets. In the indirect dataset, there are 230 total outlets.
Only the journals containing at least five published articles were selected for visual
mapping (Fig. 6).

From Fig. 6; Table 6, we can derive the following.

Out of 39 unique journals, 12 (31%) are shared between datasets.

The 26 core journals of the direct method are the outlets for 203 publications
(31% of the total direct articles). Out of 13,249 total citations received by the jour-
nals meeting the threshold of containing at least five publications, the Journal of
Applied Psychology scored the highest (1,831). New Technology, Work and Employ-
ment (24 publications and 1,338 citations) and the International Journal of Human
Resource Management (24 publications and 769 citations), represent the center(s) of
the network.

The 25 core journals of the indirect method are the outlet for 245 publications (43%
of the total indirect articles). Out of 57,927 total citations received by the journals
meeting the threshold of containing at least five publications, the Journal of Applied
Psychology scored the highest (12,397). The Journal of Organizational Behavior (22
publications and 1,945 citations), followed by Organization Science (20 publications
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Table 5 20 most relevant N°  Direct method tls  Indirect method tls
:gglletshr?trlxged by total link 1 Gajendran and Har- 962 Gajendran and Harrison 883
g rison (2007) (2007)
Golden (2007) 805 Golden (2007) 758
3 Golden and Fromen 766 Beauregard and Henry 718
(2011) (2009)
4 Gajendran et al. (2015) 744 Golden and Fromen 671
(2011)
5 Allenetal. (2013) 731 Siha and Monroe (2006) 667
6  Martinez and Gomez 723  Golden (2006) 649
(2013)
Golden (2012) 721 Golden and Veiga (2008) 604
Taskin and Bridoux 715 Gajendran et al. (2015) 593
(2010)
9  Sardeshmukh et al. 713  Taskin and Bridoux 591
(2012) (2010)
10  Siha and Monroe 699  Golden and Veiga (2005) 587
(2006)
11 Golden (2006) 664 Golden (2012) 582
12 Golden (2009) 650 Allen et al. (2013) 555
13 Peters and 628 Golden and Raghuram 550
Heusinkveld (2010) (2010)
14 Golden and Veiga 628 Golden et al. (2008) 547
(2005)
15 Thompson et al. 614 Sardeshmukh et al. 539
(2015) (2012)

16 Lautsch et al. (2009) 601 Batt and Valcour (2003) 505
17  Golden and Raghuram 600 Golden et al. (2006) 505

(2010)

18 Campbell and Heales 581 Martinez and Gémez 487
(2016) (2013)

19 Mayo et al. (2016) 559 Kelly etal. (2014) 479

20  Golden et al. (2008) 555 Pérez Pérez et al. (2004) 463

Direct method (26 journals) Indirect method (25 journals)

Fig. 6 Bibliographic coupling, network map of journals with at least five published articles. Any color
similarity between the two networks does not imply substantial similarities between them

and 5,161 citations) and Human Relations (20 publications and 3,036 citations), rep-
resent the center(s) of the network.

An initial comparison of the journal networks indicates that their underlying struc-
ture is quite different. Specifically, the network of the indirect method seems to be less
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Table 6 Bibliographic coupling
of journals, full network
properties

Second in order (0.789) was
New Technology, Work and
Employment.

Indicator Direct Indirect
Number of connected 260 (out of 318) 197 (out of
nodes 230)
Number of edges 7,768 5,743
Number of clusters 13 8
Average degree 59.75 58.30
Graph density 0.231 0.297
Modularity 0.170 0.175
Average clustering 0.698 0.692
coefficient
Average shortest path  1.913 1.776
length
Betweenness 1,951.54 925.02
centrality New Technology, Work Journal of
and Employment Organization-
al Behavior
Closeness centrality 0.799 0.841
The International Journal Journal of
of Human Resource Organization-

Management

al Behavior

Direct method (46 authors)

andiey)

o s

g
Rl el
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Indirect method (48 authors)

Fig. 7 Bibliographic coupling, network map of authors with at least three published articles. Any color
similarity between the two networks does not imply substantial similarities between them

differentiated and more compact. This result is somewhat expected because authors,
when writing a review article, define clear boundaries for their research question and
domain, and, consequently, for the possible article outlets.

Bibliographic coupling can also produce a network relationship among authors'?
based on the references they share across articles. This analysis can reveal authors
who, despite not directly collaborating, address the same research areas by referenc-
ing the same knowledge base. Only authors with at least three published articles were
selected for visual mapping (Fig. 7). This filter restricted the sample to 46 authors
(out of 1,281) in the direct dataset and 48 (out of 1,063) in the indirect dataset.

12 This is distinct from a co-authorship analysis, which was also performed but did not provide relevant

results.
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Table 7 Bibliographic cou- Indicator Direct Indirect
pling Of authors, full network Number of connected nodes 1,077 (out of 945 (out of
properties 1,281) 1,063)
Number of edges 93,343 78,557
Number of clusters 29 19
Average degree 173.39 166.25
Graph density 0.161 0.176
Modularity 0.367 0.426
Average clustering coefficient 0.645 0.596
Average shortest path length 2.058 1.981
Betweenness centrality 13,068.02 12,402.87
Golden TD Golden TD
Closeness centrality 0.739 0.758
Golden TD Golden TD

Table 8 Most relevant authors ranked by total link strength (tls)

Direct Indirect
Ne Author Docs Citations  tls Author Docs Citations  tls
1 Golden TD 10 1,123 14,117 Golden TD 10 1,196 13,344
2 Allen TD 8 1,149 9,896 Allen TD 11 2,255 11,280
3 Peters P 8 300 6,437 Kelly EL 6 961 7,513
4 Masuda AD 3 318 5,628 Kossek EE 6 992 6,422
5 Shockley KM 4 611 5,421 Moen P 4 740 6,092

In the restricted datasets, only 18% (14 out of 80) of the authors appear in both lists.
Moreover, both Fig. 7; Table 7 underscore the centrality of Timothy Golden in FWAs
research. This centrality is further confirmed by the data presented in Table 8, which
ranks the five most relevant authors based on the VOSviewer total link strength.
However, although these are relevant aspects regarding influential authors, the two
networks exhibit significant heterogeneity in terms of authors and their connections.

Co-citation occurs when two references are cited together by a third article (Small
1973). This indicator essentially measures the frequency with which two articles are
cited simultaneously by other articles. Focusing on the similarities in the references
(third-level sources in our case) '* of the articles included in the two datasets, co-
citation analysis reveals the structure of the background knowledge of the main set
of publications being analyzed. This indicator is dynamic, as the co-citation relation
can change over time as new contributions are published that might connect new
articles or areas of research. Only references cited at least 10 times were included in
the network visualization (Fig. 8).

Among 18 identified unique articles, six (33%) were common to both datasets,
indicating a relatively significant overlap. Bailey and Kurland (2002) emerged as
a cornerstone article of both networks. Table 9 illustrates very similar full network
properties, including Bailey and Kurland (2002) as a central node.

Regarding the journals in which articles are published, the co-citation network
represents the structure of the relationship between journals that are common land-

13 For our analysis, these are the references of the articles we selected (Fig. 2).
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Direct method (12 references)

Indirect method (12 references)

Fig. 8 Co-citation, network map of articles with at least 10 citations. Any color similarity between the
two networks does not imply substantial similarities between them

Table 9 Co-citation of articles, Indicator Direct Indirect
full network properties Number of connected 20,456 (out of 22,717 (out of
nodes 27,170) 27,118)
Number of edges 755,119 988,176
Number of clusters 128 127
Average degree 73.82 86.99
Graph density 0.004 0.004
Modularity 0.878 0.901
Average clustering 0.968 0.969
coefficient
Average shortest path 3.681 3.962
length
Betweenness centrality 17,933,175.35 20,992,324.32
Bailey and Kurland ~ Bailey and
(2002) Kurland (2002)
Closeness centrality 0.426 0.401
Bailey and Kurland ~ Bailey and
(2002) Kurland (2002)

marks for the references of the two main datasets. This analysis provides a deeper
view of the underlying structure of the two sets of articles identified through the
direct and indirect methods. For the network visualization (Fig. 9), we set a mini-
mum threshold of 50 citations for a journal to be included. Out of 10,878 and 9,848
journals represented in the references of the datasets identified through the direct and
indirect methods, respectively, only 55 and 54 surpassed the selected threshold.

In both core networks, the Journal of Applied Psychology and the Academy of
Management Journal play a substantial role (Fig. 9; Table 10). Perhaps even more
relevant is the share of common journals: 43 journals out of 66 unique outlets (65%).
In the references of the articles identified through the direct method, the Journal
of Applied Psychology is cited 827 times, the Journal of Vocational Behavior, 535
times, and the Academy of Management Journal, 460 times. In the references of the
articles identified through the indirect method, the Journal of Applied Psychology is
cited 1,009 times, the Academy of Management Journal, 610 times, and the Journal
of Vocational Behavior, 482 times. These results suggest that both datasets are deeply
rooted in the same journals set in terms of their references.
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Direct method (55 journals)

Indirect method (54 journals)
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Fig.9 Co-citation, network map of journals with at least 50 citations. Any color similarity between the
two networks does not imply substantial similarities between them

Table 10 Co-citation of jour- Indicator Direct Indirect
nals, full network properties Number of connected 10,747 (out of 9,810 (out of
nodes 10,878) 9,848)
Number of edges 407,157 445,090
Number of clusters 81 70
Average degree 75.77 90.74
Graph density 0.007 0.009
Modularity 0.390 0.440
Average clustering 0.907 0.897
coefficient
Average shortest path 2.473 2.424
length
Betweenness centrality 3,640,633.29 2,991,250.54
Journal of Applied ~ Academy of Man-
Psychology agement Journal
Closeness centrality 0.619 0.640
Journal of Applied ~ Academy of Man-
Psychology agement Journal

A final indicator to establish a relationship between articles is their textual content.
The analysis of the co-occurrence of (key)words (Caputo et al. 2021) is based on the
idea that content similarity can be identified by the associations between articles’
(key)words (Lopez-Fernandez et al. 2016). This semi-content analysis is also useful
for identifying and mapping thematic areas, or clusters (Manesh et al. 2020).

Here, we consider only the authors’ keywords. For the network visualization
(Fig. 10), we set a minimum threshold of three times that a keyword must appear
among all the articles of each dataset. In the direct dataset, 108 out of 1,416 keywords
met the threshold. In the indirect dataset, 77 out of 1,033 keywords met the threshold.
This is somewhat counterintuitive as the direct articles were identified through spe-
cific words and should be more specific.

In the network of the direct dataset, telework appears 86 times; telecommuting,
74 times; gender, 26 times; flexibility, 23 times; and teleworking, 20 times. In the
network of the indirect dataset, telecommuting appears 69 times; telework, 41 times;
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Direct method (108 keywords) Indirect method (77 keywords)
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Fig. 10 Co-occurrences of author keywords, network of words appearing at least three times. Any color
similarity between the two networks does not imply substantial similarities between them

Jjob satisfaction, 22 times; teleworking, 20 times; and work-family conflict, 14 times.
Out of 141 unique keywords, a total of 44 (31%) were shared between datasets. As
the full network properties demonstrate, the keywords felework and telecommuting
serve as central nodes in the direct and indirect networks, respectively. Overall, the
two datasets seem to converge in terms of content, as represented by keywords.

3.5 Step 5: discussion of the overall similarity between the two datasets and final
assessment

Before presenting the final assessment, it is important to recall the primary goal of
this paper. We did not seek to track research trends or map the state of knowledge in
a specific research domain. Instead, using bibliometric and network indicators, the
main objective was to propose a procedure for validating umbrella reviews, taking
Toscano and Zappala’s (2020) umbrella review as a case study. Furthermore, it is
important to remark that a bibliometric or network analysis can be performed using
several types of indicators and software, of which we demonstrate only some. As
mentioned in the guide, as long as no standardized validation protocol exists, the
specific sets of indicators and software might be context-dependent. Nevertheless,
whatever the chosen indicator, a single value or result may not offer a comprehen-
sive answer to the research question. Therefore, these indicators must be collectively
interpreted to formulate an overall assessment from a global and complementary per-
spective (Ayoko et al. 2022; Donthu et al. 2021; Kleminski et al. 2020).

From the calculations in Step 4, we can see visual and numerical similarities
between the two datasets, as well as notable differences. Table 11 summarizes these
similarities and differences for each calculated indicator.

As far as similarities are concerned, the number of publications (peer-reviewed
articles) per year squarely coincides across the two datasets. Only toward the end of
the considered period do the datasets diverge. However, this is exclusively because
of structural differences, as literature reviews are published after primary publica-
tions. The total link strength indicator revealed comparable results. Moreover, for
most of the indicators concerning articles, journals, authors, and keywords, we iden-
tified many overlaps in the core networks calculated after introducing reasonable
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Table 11 Co-occurrence of Indicator Direct Indirect
author lfeywords, full network Number of connected nodes 1,252 (out of 852 (out of
properties 1,416) 1,033)
Number of edges 4,429 3,150
Number of clusters 71 54
Average degree 7.07 7.39
Graph density 0.006 0.009
Modularity 0.692 0.698
Average clustering coefficient ~ 0.886 0.882
Average shortest path length 3.655 3.540
Betweenness centrality 307,526.21 158,054.68
Telework Telecommuting
Closeness centrality 0.474 0.491
Telework Telecommuting

thresholds. This was especially true for the co-citation analysis of journals. Finally,
although we did not extensively comment on this aspect in the results, most of the
full network indicators provided comparable values, especially net of the structural
differences between datasets.

However, at the same time, some clear differences emerged. First, a low percent-
age of articles is shared between the two datasets, even when we consider some
sub-datasets defined via the selected indicators (e.g., the most-cited articles). Second,
the total number of citations and the average number of citations are substantially
different between the direct and indirect datasets. However, this divergence might
also be explained by the structural difference between the two datasets. Specifically,
the indirect dataset relies on articles retrieved from the literature reviews underpin-
ning the umbrella review and encompasses some seminal and methodological articles
that are highly popular, that is, frequently connected and cited, but are not identified
through the direct method, which relies on specific keywords. Third, when consider-
ing the bibliographic coupling of articles, the direct dataset network is more compact
than the indirect dataset network, while the opposite holds for authors and journals.

Therefore, many of the observed divergences between the indicators used to com-
pare the two datasets can likely be attributed to structural differences in the datas-
ets. These must be considered and discounted when formulating an assessment of
the datasets overall similarity: this aspect was not initially considered in the five-
step guide. Following this reasoning and combining the information obtained from
the indicators into a comprehensive judgment allows us to produce a positive final
assessment about Toscano and Zappala’s (2020) umbrella review: It is accurate and
reliable, that is, it successfully illustrates the key elements of the literature and knowl-
edge concerning FWAs up to 2017, the year of the last included literature review.

However, it is important to note that, in this case, we come to this final assessment
by proof of contradiction, that is, we did not observe any substantive differences that
would disprove a positive assessment. This umbrella review, given its broad scope,
succeeds in retaining the main constituents—articles, authors, journals, and con-
cepts—of the FWAs domain. These are substantially present in the umbrella review
compared to the articles comprising the control group (direct method).
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Table 12 Synoptic table

Caption  Direct Indirect Similarities  Differences

Performance indicators

Total number of  Figure2 Comparable Comparable The number  The number of publica-

publications (659 articles) (576 articles) of published tions identified through
articles in the indirect method is
the two lagged compared to
datasets is the direct method, and

comparable  this might explain the
slightly lower number
of identified articles

Shared 156 articles 156 articles ~ The two The two methods
publications datasets share identify a largely
onlyanon-  heterogeneous set of
negligible articles
fraction of
the unique
articles
(15%)
Total number of  Figure 3 Comparable Comparable The publica- After 2012, there is a
publications per tion path structural time lag as
year of the two literature reviews are

datasets is published after primary
similar until  articles are published

2012
Total number of 26,785 114,851 The magnitude is dif-
citations ferent, possibly due to
structural differences
as literature review
articles rely more on
methodological or
seminal publications
Average number 41 200 The magnitude is dif-
of citations ferent, possibly due to
structural differences
as literature review
articles rely more on
methodological or
seminal publications
Total number of Constant Fluctuating The indirect citation
citations per year chart shows citation
peaks
Bibliometric indicators, science mapping, and network indicators
20 most-cited Table 2 More recent Older There are no articles
publications in common between
(absolute the datasets because
number) the indirect method

literature includes
less-recent seminal and
methodological articles
correlated to the main
topic but not centered
on it
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Table 12 (continued)

Caption  Direct Indirect Similarities  Differences
Performance indicators
20 most-cited Table3  Old Old There are The rankings identify
publications only two two different sets of
(time-weighted articles in articles because the in-
indicator) common direct dataset includes
and, in both  seminal and method-
rankings, ological articles that
the most- unbalance the absolute
cited articles number of citations per
(weighted in- year (denominator of
dicator) were the weighted ratio)
published
before 2000
Bibliographic Figure 5; More compact  More Same The distribution of the
coupling of Table4  network scattered importance  nodes is different: the
articles network of Gajendran nodes (articles) of the
and Harrison direct dataset tend to
(2007) in the ~ cluster more closely
network and be more connected
than those of the indi-
rect dataset
Total link Table 5  Relevant Relevant The two sub-
strength overlap overlap sets almost
(bibliographic coincide (14
coupling of references
articles) are shared
between the
two datasets),
showing that
the core of
the refer-
ences is the
same
Joint rankings Tables 2, 55 unique 49 unique 15 articles The two joint rank-
3and5  articles articles (17%) of the  ings identify a largely
total number heterogeneous set of
of unique articles
research
articles (89)
belong to
both sets
obtained
by joining
the ranking
methods
Bibliographic Figure 6, More scattered ~More com-  One-third The underlying struc-
coupling of Table 6  network pact network of the core ture of the networks is
journals journals is quite different in terms
shared of central nodes (jour-

nals), with the network
of the indirect dataset
being less differenti-
ated and more compact
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Table 12 (continued)

Caption  Direct Indirect Similarities  Differences
Performance indicators
Bibliographic Figure 7, More scattered More com-  Timothy The total number of
coupling of Table 7, network pact network Golden is authors is almost the
authors Table 8 a reference same (about 1,000) but
point in both  only 14 authors out of
datasets 80 (18%) in the core

network are common
to both datasets

Co-citation of Figure 8, Same network  Same In both
articles Table 9  properties network networks,
properties Bailey and
Kurland
(2002)
represent the
cornerstone
article
Co-citation of Figure 9, Same network  Same In the direct dataset,
journals Table 10  properties network the Journal of Applied
properties Psychology is more
central, whereas in the
indirect dataset, the
Academy of Manage-
ment Review is more
central
Keyword Figure Larger set of Smaller set ~ The central A greater variety of
co-occurrence 10, keywords of keywords nodes (key-  keywords occurs in
Table 11 words) are the direct dataset,

comparable  which is somehow
counterintuitive

4 Discussion and conclusions
4.1 Methodological contributions

The number of scientific publications is growing exponentially, and this trend does
not yet fully reflect the potential acceleration that artificial intelligence may induce.
Therefore, synthesizing and systematizing the existing body of knowledge and litera-
ture has become increasingly essential. In this context, umbrella reviews—or litera-
ture reviews of existing literature reviews—are becoming a widely adopted research
device. Their quality is typically associated with adherence to established protocols
designed to prevent arbitrariness and ensure rigor, transparency, and replicability.
These features, in turn, support objectivity and reduce bias in representing the under-
lying knowledge base. Nevertheless, to date, no tools exist to assess the final quality
of umbrella reviews beyond their adherence to and compliance with formal protocols.

We contribute a novel five-step guide for validating umbrella reviews to the
literature review research practice (Kraus et al. 2022; Snyder 2019). This guide
functions as a final quality seal to certify that—after following the rigorous appli-
cation of a formal protocol—an umbrella review also substantially represents the
knowledge base of the research area under investigation. To accomplish this, we
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compared several bibliometric and network indicators calculated on two sets of
publications that are usually available when an umbrella review has been con-
ducted: the set of primary publications directly identified through keywords and
other filters that constitutes the control group for the analysis, and the set of publi-
cations indirectly identified through the reference lists of the literature reviews that
are included in the umbrella review.

Our five-step guide is innovative in many aspects but also offers considerable
room for improvement.

First, it lays the groundwork for developing a more structured validation proto-
col. As currently designed, our guide operates as a corollary tool that is detached
from the main content purpose of the umbrella review and provides a final qualita-
tive assessment—although it is based on quantitative indicators and metrics. These
indicators serve as the foundation for developing robust criteria to improve umbrella
review protocols. Specifically, some indicators might be combined into a final objec-
tive quantitative index (e.g., a percentage of overlap) with a defined minimum quality
threshold.

Second, a failed validation or a negative quality assessment does not imply that
the umbrella review lacks value. Although the validation process does not contain
explicit content purposes, the divergences that emerge afterward have potential either
as warnings for methodological choices or as further information to complete and
complement the umbrella review, making it more representative of the domain’s
knowledge base.

Third, our method offers new insights into the innovative and flexible use of bib-
liometric and network techniques, including the combined deployment of multiple
software tools. Such techniques have traditionally been used to track research trends
or to map cumulative knowledge within a research domain (Marzi et al. 2025). Here,
they acquire a new role in validating the representativeness of knowledge synthesis.

Fourth, and related to the second and third points, our five-step guide can be used
as a preliminary quality check. Before drafting an umbrella review, but after identify-
ing the set of literature reviews to discuss, authors may apply the proposed five steps
to assess the initial robustness of their research strategy.

Fifth, the method is replicable across different domains and fields, especially as
umbrella reviews become widespread outside of the health sciences.

Sixth, the validation guide provides scholars with a tool to evaluate better how
different methodological approaches or protocols for conducting umbrella review
perform in terms of knowledge representativeness. Moreover, in a context where
artificial intelligence tools for literature reviews—such as Elicit, Connected Papers,
Claude, or Research Rabbit—are rapidly evolving, our method can offer an empiri-
cal benchmark to assess the quality and reliability of these emerging supportive
technologies.

4.1.1 Limitations
Some important limitations of our approach should be acknowledged as well.

First, in the final assessment, it is important to distinguish the methodological
limits of the five-step guide from objective differences between the two datasets.

@ Springer



A five-step guide for validating umbrella reviews with bibliometric and...

Although the datasets are, in principle, comparable, and we adopted a conservative
approach in building them, they still exhibited several structural differences that sig-
nificantly affected the values of certain indicators. Further research should, therefore,
explore ways to refine Step 2—dataset construction—to minimize these structural
disanalogies and improve comparability.

Second, and related to the first point, we focused exclusively on research articles
to guarantee maximum homogeneity. Although this was a deliberate and conserva-
tive choice, considering other types of publications (e.g., books, conference proceed-
ings, etc.) could reveal additional insights. This must, however, be balanced against
the risk of introducing inconsistencies or spurious comparisons, which may reduce
the datasets’ comparability.

Third, a successful validation assessment result might be context-dependent. We
relied on a single case study to demonstrate the utility of this guide. Furthermore,
we used only the Scopus database, which, while widely acknowledged as one of the
most comprehensive scientific databases, does not index all publications. This issue
is particularly salient as the umbrella review we analyzed concerns FWAs as dis-
cussed prior to the COVID-19 pandemic. The significant wave of new publications
that followed the pandemic may have introduced some relevant changes, modifying
the knowledge network’s structure. However, as we focused on methodology—and
the method is replicable—the guide can be applied to additional cases to strengthen
the generalizability of our conclusions.

As is common in scientific research, these limitations also serve as the founda-
tion for further developments, especially as our approach already serves to advance
umbrella review practices and methods.

4.1.2 Afinal reflection on our guide and literature reviews in the era of artificial
intelligence

In an era in which algorithmic automation is increasingly utilized for routine
and labor-intensive tasks, it may be instinctive—especially in the current phase
of widespread enthusiasm for artificial intelligence adoption—to assume that
machines will replace human labor. Even literature reviews, usually if built on
predefined steps, are not exempt from this speculation: artificial intelligence chal-
lenges traditional review processes in multiple ways, so that reviewers’ work
might appear obsolete, if not redundant (Block et al. 2025). However, when con-
ducting literature and umbrella reviews and using tools such as our five-step vali-
dation guide, human judgment remains indispensable for several reasons (Block
and Kuckertz 2024).

For example, the selection and motivations for the research area in which to con-
duct a literature or umbrella review (our Step 1) remain a human task that likely can-
not be replaced by black-box algorithmic procedures. Although artificial intelligence
can be used to scan the existing literature and automate specific tasks, scholars’ expe-
rience, judgment, and interests remain an essential factor in defining the boundaries
of'areview. Likewise, different individual perspectives and scholarly dialogue within
a research team—elements that foster flexibility and theoretical exploration—result
in different ways of problematizing and theorizing aspects of the research area under
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investigation. This is why, despite its apparent superfluity, we explicitly remarked the
need for Step [ in our guide, anchoring the entire review process in human judgment
from its inception.

During dataset construction in Step 2, human review ensures that inclusion and
exclusion criteria are consistently applied and contextually appropriate. Human
insight also helps to refine the search strategies and validate the completeness and
relevance of the data entries, reducing the risk of omitting important sources or
including irrelevant ones. Algorithms can support this step, but they cannot fully
replace the contextual reasoning required and the transparency used to verify the
selected pieces.

As far as Step 3 is concerned, while artificial intelligence tools may automate
parts of the process, human decision-making remains vital to choosing the most
appropriate set of indicators and software that align with the goal of validating
the umbrella review. As noted, these choices are highly context-dependent (e.g.,
the scientific domain or the broader research question). Machines can compute
metrics, but humans must determine which indicators are appropriate for this
purpose.

And finally, in Steps 4 and 5, at least in the absence of comprehensive indica-
tors, human interpretation to contextualize metrics and assess their overall meaning
remains pivotal. In our case, an algorithm might have judged the validation unsuc-
cessful due to low overlaps and percentages—this is a hypothetical prediction but
also an exercise that could be actually performed. However, as human researchers,
we could consider the structural divergences between the two datasets and the limita-
tions of the selected indicators, leading us to a more nuanced and, ultimately, positive
assessment of the umbrella review’s representativeness. Therefore, human judgment
remains necessary for synthesizing findings, interpreting similarities and differences,
and deriving practical, meaningful conclusions that go beyond numerical similarity
scores.

For these reasons, we advocate for a hybrid and balanced approach to conducting
review studies in which algorithmic tools and human decision-making are combined,
and neither component supersedes the other.

Appendix

See Table 13.
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Table 13 Main review methods

Review method

Purpose and main features

Narrative literature
reviews (Green et al.
2006)

Integrative literature
reviews (Kutcher and
LeBaron 2022)

Scoping reviews (Peters
et al. 2015)

Systematic literature re-
views (Page et al. 2021;
Tranfield et al. 2003)
Bibliometric literature
reviews (Donthu et al.
2021; Mukherjee et al.
2022; Zupic and Cater
2015)

Meta-analysis reviews
(Glass 1976)

Meta-synthesis reviews
(Walsh and Downe
2005)

Machine-learning (van
de Shoot et al. 2023) or
Al-enhanced literature

reviews (Bolafios et al.

2024)

Umbrella reviews
(Choi and Kang 2022)

To examine a specific problem without a predetermined research question
or protocol. Narrative literature reviews offer a broad overview of a topic
without necessarily reaching a comprehensive understanding of the current
state of the science domain related to it.

To offer a more comprehensive and holistic understanding of a particular
problem or topic of interest by incorporating qualitative and/or quantitative
evidence as a more structured and replicable version of a narrative literature
review.

To clarify the definitions and conceptual boundaries of a topic or field when
a body of literature has not yet been comprehensively reviewed through an
exploratory review process.

To critically assess a specific body of scientific literature by adopting strict
protocols and predetermined criteria. The emphasis is on ensuring rigor,
transparency, and replicability throughout the review process.

To use quantitative indicators to analyze large bodies of scientific publica-
tions. This approach enables the exploration of the evolutionary nuances of
a research field, illuminating emerging research areas and identifying cross-
fertilization paths between scientific domains (Ooms et al. 2023).

To combine quantitative findings from multiple studies that address analo-
gous or comparable research questions. The purpose is to estimate the mean
size effect between the variables under consideration, and provide a collec-
tive, comprehensive synthesis of related but independent research outcomes.

To integrate findings from various interrelated qualitative studies. In con-
trast to the quantitative aggregative intent of meta-analysis reviews, a meta-
synthesis review aims to synthesize and interpret qualitative data. It has a
revelatory intent, seeking to derive a deeper understanding of the research
domain under investigation.

To semantically analyze and aggregate large bodies of scientific studies

by employing algorithms based on machine-learning and deep-learning
models. Specifically, these emerging techniques, while still subject to many
challenges given their early development, promise to advance traditional
review methods by automating labor-intensive tasks such as data extrac-
tion, article screening, and thematic coding (Block and Kuckertz 2024; de la
Torre-Lopez et al. 2023).

To provide an overarching synthesis of a research area by comparing and
summarizing the findings of existing literature reviews that address similar
or related topics (Hunt et al. 2018; McKenzie and Brennan 2017).

This list represents a subset of review methods. Other types of reviews might be included as well, such
as historical reviews, exploratory reviews, descriptive reviews, methodological reviews, theoretical
reviews, and critical reviews (Palmatier et al. 2018; Paré et al. undefined2015). Researchers can also
adopt various combinations of the aforementioned methods, thus broadening the formal spectrum
(Linnenluecke et al. 2020; Marzi et al. 2025)
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