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ABSTRACT ARTICLE HISTORY

This paper has been designed in the form of a systematic literature Received 2 April 2024
review intended for evaluating the state-of-the-art of discrete-event Accepted 1 October 2024
simulation (DES) usage in the logistics and supply chain manage- KEYWORDS

ment fields under a scientometric perspective. With this primary aim Discrete-event simulation;
in mind, 127 papers published between 2009 and 2022 are analysed, literature review; logistics
with the specific purposes of: 1) providing an overview of DES studies and supply chain

in logistics and supply chain management, map the main topics management; scientometric
covered within this stream of literature and their evolution in

time; 2) providing a robust ranking of the journals and authors in

the field; 3) evaluating the rigor in the implementation of DES models

in the logistics and supply chain management literature; and finally 4)

correlating, through statistical elaborations, all the previous aspects

to the success of these papers, measured as the citations received

per year, taking inspiration from scientometric disciplines.

1. Introduction

The increased level of complexity and competitiveness of all industrial sectors is pushing
enterprises to strive for an optimization of their organizational processes and to seek new
and improved methods to reduce uncertainty (Antonini, 2019; Terzi & Cavalieri, 2004).
The complexity and dynamic behaviour of supply chains can make supply chain manage-
ment (SCM) challenging. There are different approaches to supply chain design and
analysis, including deterministic and analytical models, stochastic models, economic
models and simulation (Mustafee et al., 2021).

Modelling and simulation are relevant techniques in the fields of industrial engineer-
ing, operations and logistics (de Paula Ferreira et al., 2020). Simulation, according to
Shannon (1975), is ‘the process of designing a model of a real system and conducting
experiments with this model for the purpose either of understanding the behaviour of the
system or of evaluating various strategies for the operation of the system’ (Ingalls, 2011).
In manufacturing and logistics systems, modelling and simulation denote a set of
methods and technological tools that allows for the experimental analysis and validation
of products or processes, for designing systems and predicting their performance (de
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Paula Ferreira et al., 2020). Depending on the type of problem - e.g. on the system
simulated or the simulation goals — the most appropriate type of simulation must be
chosen. Over the years, researchers and practitioners have developed and proposed
numerous simulation techniques. Based on the randomness dimension, simulation
models can be stochastic or deterministic. Deterministic means that the repetition of
the same simulation will result in the same final output, while in stochastic simulation the
repetition of the same simulation will not always result in the same output. As far as the
time factor, simulation can be either static or dynamic. The static simulation is indepen-
dent on time, whereas the dynamic simulation evolves with respect to time (Abid et al,,
2019). Dynamic simulation can be further categorized into continuous and discrete. In
discrete simulation, changes occur at discrete points in time, while in continuous
simulation, time is a continuous variable (Mourtzis et al., 2014). The most widely studied
simulation techniques are Monte Carlo (MC), discrete-event simulation (DES), agent-
based simulation (ABS), continuous simulation and system dynamic (SD). Figure 1
presents a classification of all the simulation models.

By general understanding, a type of simulation that is quite easy to use in practical
cases is DES and, as such, it is commonly used for optimizing business processes
(Jadric et al, 2020; Tako & Robinson, 2012). ‘Discrete event’ systems are systems
whose state changes discretely at some random time points, because of the occurrence
of an event. The main purpose of DES models is therefore to analyse the statistical
characteristics of the system’s events (Qiao & Wang, 2021). DES is well-known in the

Simulation
models
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simulation
1
Stochastic Deterministic
simulation simulation
I 1
Static Dynamic Static Dynamic
simulation simulation simulation simulation
T I_;I
Agent Based Discrete Event Continuous Discrete Event Continuous
Monte Carlo > . " 3 : ) " 3 : :
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Figure 1. Classification of simulation models.
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manufacturing world, wherein Tocher developed the first simulation language in the
late 1950s for constructing a model to reproduce a steel plant in the UK (Vazquez-
Serrano et al.,, 2021). Literature includes some reviews about simulation in general
(and DES in particular); however, most of these studies have not focused on the area
of logistics, rather treating specific supply systems (e.g. (Kim et al., 2023; Kogler &
Rauch, 2018; Opacic & Sowlati, 2017)) or software tools used for simulation purposes
(e.g. (Dagkakis & Heavey, 2016; Garcia-Garcia et al., 2020)). Looking expressively at
the logistics and SCM context, Semini et al. (2006) have made a survey of 52 papers
from a main conference on simulation, by investigating the kind of decision sup-
ported by simulation tools, the characteristics of the (possible) case study, the
methodological issues and the software tool used. Manuj et al. (2009) have made an
extensive review of the literature about logistics and supply chain studies in which
DES modelling is adopted; from an analysis of those studies, the authors have
delineated a framework for the development of DES models in the context of logistics
and SCM. Tako et al. (2012) have analysed 127 peer-reviewed journal papers pub-
lished between 1996 and 2006, that use DES or SD as decision support systems for
logistics and supply chain modelling. Mustafee et al. (2021) have reviewed 130 studies
about distributed supply chain simulation, as a tool that enables the coordinated
execution of simulation models using specialist software packages; the role of tech-
nologies like Internet-of-Things and cloud computing for providing data useful to
simulation studies are also explored.

Compared to the available reviews, this paper contributes to the literature in several
ways. First, from a general point of view, review studies focusing on DES models in
logistics and SCM are somehow outdated and would benefit from an update of the
relating contents. Second, from a more specific perspective, after the work by Manuj et al.
(2009) no studies have further attempted to evaluate the rigor of implementation of DES
models applied to logistics and SCM by assessing their compliance with the framework
proposed by these authors. As that study dates back to more than a decade ago, it would
be interesting to investigate whether the approach proposed by Manuj et al. (2009) has
somehow been taken as a reference in subsequent studies. Third, as opposed to the
previous reviews, this paper takes a scientometric perspective, for evaluating whether
some characteristics of the paper (for instance, the specific topic investigated, but also the
rigor of implementation of the DES model) can affect the success of the manuscript
among the scientific community.

To capture all the points listed above, this paper has been conceived as a literature
review of DES studies in the logistics and SCM area, targeting papers published from
2009 to 2022, for a total of 127 manuscripts. The specific aims of this study are:

(1) to provide an overview of the published literature on DES in the logistics and SCM
areas, map the main topics covered within this stream of literature and their
evolution in time. Descriptive statistics and keyword analyses supported this goal
(Fadlalla & Amani, 2015);

(2) to classify and rank the studies retrieved based on a structured approach. The
procedure by Bottani et al. (2022), consisting in a revisited Pareto ranking of
journals and authors, was selected for categorization and ranking purposes;
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(3) to evaluate the rigor in the implementation of DES models available in literature,
on the basis of their compliance with the guidelines proposed by Manuj et al.
(2009), taken as reference;

(4) and finally, taking inspiration from scientometrics, to identify correlations
between the outcomes resulting from the previous analyses and the success of
a paper, measured as the citations/year received.

The remainder of the paper is organised as follows. The methodological part of the study
is presented in Section 2, which details the sample creation and the full framework of the
analysis. The key findings of the analyses made are presented in Sections 3-6. In
particular, Section 3 provides an overview of the sample of studies and maps the topics
covered in the literature; Section 4 shows the outcomes of the classification and ranking
of the literature, looking at authors and journals; Section 5 details the evaluation of the
papers’ contents, in terms of their consistency with the reference framework by Manuj
et al. (2009); correlations between the previous outcomes, as well as with the citations
received by the papers, are presented in section 6. A discussion of the overall outcomes,
with implications for researchers and managers, is finally proposed in Section 7, together
with limitations and suggestions for possible future research directions.

2. Materials and methods
2.1. Sample creation

A systematic review is based on a well-defined methodology which makes it less likely
that the literature results will be biased, although it does not protect against publication
bias in primary studies (Ben Rabia & Bellabdaoui, 2022). This kind of review identifies,
selects and critically appraises research, for answering a clearly formulated scope, which
in this study, consists in achieving the set of goals previously delineated. The pertinent
literature, relating to DES usage in logistics and SCM, was retrieved from the online
database Scopus (www.scopus.com) in November 2022.

A crucial point when carrying out systematic literature reviews is the usage of key-
words that allow for the relevant literature to be found and retrieved. Scientific writing
does not impose any specific rule to authors for the usage of keywords in their papers
(Hartley, 2008; Murphy, 2010); as a consequence, what frequently happens is that authors
use various terms (or synonyms), all relating to the topic under investigation, for
indicating similar concepts. An effective way to identify the appropriate keywords for
the scope of the study is thus to start retrieving and checking some papers resulting from
a tentative query, evaluate their relevance to the targeted topic or area of research and
then, if relevant, check the keywords used and update/refine the query or make new
queries (Bottani & Franchi, 2021). Following this procedure, two groups of keywords
were delineated and combined to capture research papers relevant to this study (see
Figure 2), as follows:

¢ Keywords related to the application context, such as supply chain, logistics or supply
chain management;
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Selection of the [
search terms

«simulation model», «simulation», «discrete event» }

Query settings
in the Scopus &8
database

TITLE-ABS-KEY («simulation model» OR «simulation» OR
«discrete event» AND «supply chain» AND «logistics»)

EXCLUDE (LANGUAGE «Spanish» OR «Chinese» OR
«German»)
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//,»{ LIMITTO (SRCTPE «J») ] [:
SR S LIMIT TO (DOCTYPE «AR» OR «RE») }

LIMIT TO (PUBYEAR<2023 AND PUBYEAR>2008) }

{ Description of the simulation steps (Manuj et al., 2009) }

Figure 2. Papers selection process.

o Keywords related to the tool investigated, such as simulation model, simulation or
discrete event simulation.

Looking at the query settings, the following inclusion criteria were adopted:

(1) Papers must be written in English. Other languages were excluded.

(2) Papers must be published on international journals, which are recognized as the
primary source of scientific studies. Other publication types were excluded.

(3) The paper type was set at ‘article’ or ‘review’, to complement the previous setting,
as well as to ensure that the full text was available for download.

(4) The publication timespan was set from 2009 to 2022, covering approximately 14
years, which is a typical timespan for scientometric studies (Haghani, 2023). The
setting of this timespan is justified by the fact that the reference study (Manuj
et al, 2009) was published in 2009 and that at the time of the query
(November 2022), almost all papers referring to 2022 could be assumed to be
available online.

Using these settings, 164 results were initially obtained and were screened by reading the
abstract, title and keywords, to ensure that they were relevant to the present study. As far
as the criteria for retaining the pertinent studies, the main one refers to the fact that the
papers retrieved must deal expressively with DES, which is also the focus of the article
taken as reference. In line with this, the preliminary screening led to the exclusion of
papers that did not focus on that simulation technique. Hybrid approaches (e.g. DES
coupled with ABS or SD) were instead retained, as they are quite common in simulation
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studies (Brailsford et al., 2019). A final check was made by reading the full texts of the
remaining papers to ensure correspondence with the inclusion criterion. Figure 2 shows
the screening process just described, highlighting the final sample of 127 articles. The full
list of studies retained can be found in (Bottani & Casella, 2024b).

2.2. Bibliographic and citation data extraction

The relevant pieces of information (i.e. authors, keywords, source title, year of publica-
tion, first page, last page, number of citations, publication type) of the 127 papers were
extracted in .csv format from the Scopus database using the ‘export’ function and
imported in MS Excel™ for being elaborated. Data were extracted at the time of the
query (i.e. November 2022). An update of the citations of all papers was made in
January 2024 (approximately reflecting the citations received up to 2023), on the basis
of the consideration that papers are likely to attract citations when some years have
elapsed since their publication (Fronzetti Colladon et al., 2020; Ioannidis et al., 2016).
These (more realistic) citation data were used in the analyses made.

Besides the data extracted from Scopus, the MS Excel™ database was enriched by
adding the classification of the journals taken from the Scimago Journal and Country
ranking' database. This database categorizes journals based on various parameters,
mainly relating to the citations received and the prestige of the journals where the
citations come from, resulting in their grouping into four quartiles (QI, ...Q4) for
each subject category a journal belongs to.> Whenever a journal belongs to multiple
Scopus subject categories® with a different positioning, the best quartile was retained.
Moreover, because the data extraction was made in 2022, the journal rank of the
same year was taken, for consistency; if not available, for instance because the journal
was no longer indexed by Scimago, the last available rank was used.”

2.3. Statistical analyses

2.3.1. Sample description

Some descriptive statistics were first made on the sample of papers and their key
characteristics, for which the trend in time was evaluated. This is the case for the number
of publications, publication type (open access vs. traditional), journals or number of
authors per paper. Statistical analyses were also made, with the same aim of depicting the
trend in time, on all the parameters used for classifying the journals, authors and papers
(see Section 2.4 for the relating description).

2.3.2. Keyword analyses

Keywords (or research terms) are crucial in any research area, as they help researchers
have access to papers, books and works related to their field of expertise (Amini et al.,
2021). Indeed, keywords are deliberately selected or created by the authors themselves,
with the aim to (correctly) delineate the main subject of their papers (Yang et al., 2018).
Keywords are also related to scientometrics, as they are recognised to reflect research
topics, and specifically, they are regarded as ‘unique’ topics inside a wider evolving theme
(Zhang et al., 2016). Dedicated analyses were made on the papers’ keywords. The first set
of analyses follows the approach by Fadlalla and Amani (2015), which highlights the key
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topics covered by the published articles by evaluating the frequency of usage of the
keywords among the papers reviewed and their persistency in time. The former index
reflects the number of occurrences of a term, while the latter represents the continuity of
a given concept over time and is measured as the number of years since a term was first
introduced as a keyword (Bigliardi et al., 2021, 2022). By combining low/high values of
the frequency and persistency, a matrix with four quadrants can be built, in which the
topics can be classified as follows:

(1) The first quadrant identifies keywords with high frequency and persistence,
corresponding to well-established topics, which have been dealt with extensively
and whose relevance has lasted over the years.

(2) The second quadrant identifies the keywords with low frequency, but high persis-
tence. This corresponds to intermittent topics, not particularly treated by research-
ers, or discussed in the literature in a discontinuous way.

(3) The third quadrant identifies keywords with low frequency and low persistence,
and thus reflects emerging topics, which have not (yet?) been treated extensively,
probably because of their recent introduction. These topics can evolve in two
directions, i.e. they may become less interesting (thus moving to the first quadrant)
or they could become trendy topics, if their frequency of usage increases in time.

(4) The third quadrant finally identifies keywords with high frequency and low
persistence, framing a series of highly trendy topics, relatively new to researchers
but very promising.

The second set of analyses made on the papers’ keywords takes inspiration from Wang
and Chai (2018), who have suggested that the corpus of keywords reflects the develop-
ment stage of a given discipline. Accordingly, the evolution in time of the keywords
categories previously determined, as well as the introduction of new keywords or the
demise of previous terms, was traced. From a practical point of view, this means that the
keyword categories were evaluated at different moments in time, and to this end, the
timespan of the published papers was divided into three periods, i.e. 2009-2013 (per-
iod 1), 2014-2018 (period 2) and 2019-2022 (period 3). Sankey diagrams show the
evolution of the terms across the three periods.

2.4. Journals and authors classification

The procedure developed by Bottani et al. (2022) was used for classifying and ranking the
journals and authors of the papers in the sample; the proposed approach makes use of
citation analysis, which is coupled with considerations concerning the authors’ productiv-
ity. For the sake of clarity, some key steps of the procedure are described in the subsections
that follow, using the nomenclature in Table 1; the reader is referred to (Bottani et al,,
2022) for an exhaustive description of the classification method.

2.4.1. Authors’ classification

Authors are classified using a revisited Pareto (also known as ‘“ABC’) analysis, incorpor-
ating the number of papers published by each author and the number of citations
received by his/her papers.
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Table 1. Nomenclature used for the journals, authors
and papers classification.

Acronym Description

NP Number of papers

LYP Last year of publication

FYP First year of publication

ACY Average citations per year of authors
oy Average citations per year of journals
PCY Average citations per year of papers
M Mean (of a statistical distribution)
Subscripts Description

J Journal

A Author

The first step for this classification is an evaluation of the number of publications of
each author and, most importantly, of the average number of papers published per
author M(NP),, which reflects the mean of the distribution of papers across the authors.
The first and last year (FYP and LYP) of the paper(s) published by each author should be
tracked. Then, the following classes are set for ranking the authors.

- Class A: NP,2M(NP),: active authors on the selected topic;

- Class B: NP,<M(NP), and FYP>first year+T/2: less active authors but relatively new
to the targeted field of study;

- Class C: NP,<M(NP), and LYP<first year+T/2: no longer active authors.

About the citations, which are used as a second parameter for classifying the authors,
a preliminary analysis is to be made on the sample of papers for determining the total
number of citations received by an author, weighted by number of publications and ‘age’
of the publication. This preliminary elaboration is necessary to get the ACY of an author,
according to the following formula:

(1)

ACY — <Z of the author’s citation)

NP xpublication age

In eq.l, NP, is the number of publications (of the sample) written by an author, as
defined previously. The numerator, i.e. the sum of citations received by the author, can be
easily obtained by adding up the citations received by the set of NP, papers of the sample
published by that author, as they were extracted from the scientific database. Finally, the
publication ‘age’ reflects the number of years elapsed from the publication of the paper.
This parameter tries to normalize the resulting average citations, taking into account the
fact that older publications have been available in literature since more time and their
potential of being cited is higher. Hence, an alternative (and maybe simpler) way for
computing the ACY is to immediately evaluate the publication per year of an author and
then divide it by the number of papers authored. Again, by analysing the distribution of
ACY values, it is immediate to determine its overall average, M(ACY), according to which
the following classes can be defined:
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- Class A: ACY>M(ACY): prominent authors;
- Class B: M(ACY)>ACY> M(ACY)/2;
- Class C: ACY< M(ACY)/2: not well-established authors.

By crossing the set of classes obtained above, a final ranking of the authors into nine
classes can be determined. Classes will be labelled from AA (i.e. class A in NP, and class
A in ACY) to CC (with an obvious meaning of the acronym) and will then be assigned
a score, according to the list below:

- Class AA (excellent): 4 points;

- Class AB or BA (good): 3 points;

- Class AC, BB or CA (average): 2 points;
- Class CB, CC or BC (weak): 1 point.

2.4.2. Journals’ classification

A similar ABC classification is suggested for journals. To be more precise, the first step
for journals’ classification is an evaluation of the number of publications per journal and
of the average number of papers published by each journal, denoted as M(NP),, which
corresponds to the mean of the distribution of papers across the journals. The first and
last year (FYP and LYP) of the paper(s) published by each journal should also be tracked.
On the basis of these parameters, the following classes are suggested for ranking the
journals.

- Class A: NP;=M(NP);: journal that publishes frequently on the selected topic;

- Class B: NP,<M(NP); and FYP>first year+T/2: journals that have published less
frequently on the topic, but have started publishing on that research field in recent
times;

- Class C: NP;<M(NP); and LYP<first year+T/2: journals that have not published much
on the topic and, most importantly, have not embraced the selected topic in recent
times.

In the above set of classes, the first year is to be determined on the basis of the sample
of papers under examination. Next, the total number of citations received by a journal
(i.e. the sum of the citations received by the papers published on that journal) should be
evaluated and normalised by dividing it by the number of publications and the ‘age’ of
each publication. This preliminary elaboration leads to determining the JCY, namely the
average number of citations per year received by each study published in each journal,
according to the following formula:

oY = (Z of the citations of thepaperspublished) @

NPjxpublication age

The numerator of eq.2 can be easily obtained by adding up the citations received by the
set of NP; papers of the sample published on the same journal, while, as already
mentioned, the publication ‘age’ reflects the number of years elapsed from the
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publication of the paper. Otherwise, the number of citations per year can be preliminarily
computed for each paper, which avoids dividing by the publication age in eq.2.

By analysing the distribution of JCY values, its overall average M(JCY) can easily be
computed and used to classify the journals as proposed below:

- Class A: JCY= M(JCY): highly cited journal in the targeted field of research;
- Class B: M(JCY)>JCY= M(JCY)/2;
- Class C: JCY<M(JCY)/2: not well-established journal.

As can be seen from the above list, the suggested boundaries of the classes are M(JCY)
and M(JCY)/2. Obviously, these boundaries can be slightly adjusted on the basis of the
numerical values of the citations in the database of papers, which in turn, can exhibit
differences depending on the research field under examination (Waltman & van Eck,
2015). By crossing the above categories, a final ranking of journals into nine classes can
be obtained, from AA to CC. A score will then be assigned to each class, according to the
same ranking used for author classification, i.e.:

- Class AA (excellent): 4 points;

- Class AB or BA (good): 3 points;

- Class AC, BB or CA (average): 2 points;
- Class CB, CC or BC (weak): 1 point.

Compared to the Scimago ranking of journals, previously mentioned, it is important to
mention that the classification described above does not capture the same aspects.
Indeed, the Scimago database provides a general and wide ranking of journals in
a given subject area, while the ABC classification used in this paper is obtained starting
from a smaller group of papers and (most importantly) refers to a specific research topic,
whose boundaries are significantly more limited compared to a Scopus subject category
on one hand, but could somehow span across different subject areas on the other hand.
Hence, outcomes of the two classifications cannot be expected to perfectly overlap. At the
same time, however, it is also true that a Q1-ranked journal in Scimago is likely to obtain
more citations regardless of the specific theme of the papers published, which could
result in higher JCY. Hence, a comparison of the outcomes of the two classifications has
been made, for evaluating whether the classification used in this paper somehow com-
plements the Scimago ranking by capturing additional or different aspects.

2.5. Evaluation of the paper contents

The guidelines by Manuj et al. (2009) have defined a set of eight steps that delineate
a rigorous process to be followed when applying DES in logistics-related studies. By
reading the papers of the sample, these simulation steps were divided into sub-steps for
a better clarification of the single phases of the development of the DES model. The full
list of steps and sub-steps, for a total of 14 phases, is provided in Figure 3 for the sake of
completeness.

It is important to recall that, for the purpose of this study, evaluating the rigor of
a DES model for logistics means assessing its correspondence with the procedure by
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7.1. Defining the warm-up time
7.2. Defining the run time

7.3. Determining the number of replicates
7.4. Determining the simulation scenarios

8 - Results analysis

- Simulation run

N
= a®
e

e computer-based model

5.1. Choosing the software environment
5.2. Checking the model

d dependent variables

1 - Problem fomulation

3.2. Validation of the conceptual model

3.1. Development of the conceptual model
3.3. Definition of the assumptions

Figure 3. Steps in the approach by (Manuj et al., 2009).

Manuj et al. (2009) only. Hence, basically, the measure of the rigor of the model is the
presence or lack of the steps/sub-steps in Figure 3, disregarding the relating technical
aspects (e.g. the reliability of the validation process, the way it is conducted, its
effectiveness, or the completeness of the results analysis). In this respect, it is also
obvious that the steps listed in Figure 3 could be performed in various ways by the
researchers; as an example, Kleijnen (1995) has explained that the validation of
a simulation model (step 6) can be made in at least three ways, such as by obtaining
real-world data, by comparing simulated and real observations through statistical
tests, or by testing whether simulated and real responses are positively correlated.
These considerations, together with other evidence available in literature, have been
taken into account when screening the manuscript for determining the presence or
lack of a step/sub-step in the DES model developed by the authors. While screening
a paper, a score of 1 was assigned for each step/sub-step covered, while a score of zero
was assigned if the study failed to implement that step/sub-step. The maximum total
score (TS) a paper can get is therefore 14 points.” The papers were then classified and
ranked on the basis of the TS as follows:

e TS <4 — weak: score = 1;

e 4<TS§< 8 — average: score = 2;
8<TS < 12 — good: score = 3;
TS > 12 — excellent: score = 4.

2.6. Scientometric analyses

Scientometrics, a sub-field of informetric, is a discipline whose aim is to measure and
analyse the scholarly literature, focusing primarily on the impact of research papers and
academic journals, the usage and interpretation of scientific citations (Leydesdorff &
Milojevic, 2013).
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Scientometric studies acknowledge that the success of any scientific paper is reflected
by the impact it has on subsequent works, i.e. the number of citations received annually
(Fronzetti Colladon et al., 2020), which consistently, is used in this paper as a measure of
the paper's success. This value will be correlated with the whole set of relevant informa-
tion previously derived about papers, journals and authors, such as:

« for authors:
1. The author class. Publishing with well-established authors (e.g. doctoral supervisors)
can influence scientific reasoning of the researchers and generate high-quality output,
which can result in a more cited paper (Singh, 2018);
2. The number of authors of the paper. Scientometric studies suggest that the number of
authors plays an important role in enhancing the citation potentials of a paper
(Fronzetti Colladon et al., 2020);

« for papers:
3. The rigor of implementation of DES models, measured as the TS resulting from the
number of steps detailed in the study (cf. section 2.5). The underlying assumption is
that more rigorous papers, or papers in which the description of the model is more
complete, include extra (or more precise) contents and as such, have greater potentials
to attract citations, as more authors can take inspiration from these papers (Bornmann
et al., 2014);

The keyword class: new (trendy) topics are expected to attract more citations com-
pared to traditional topics, because of their timely relevance to the scientific community
(Sjogarde & Didegah, 2022);

« for journals:

5. The journal class. A prestigious journal in a given research area is more frequently
searched for by researchers and therefore could attract more citations, suggesting
a relationship with the success of the paper (Fronzetti Colladon et al., 2020). In addition,
a prestigious journal is likely to publish papers describing more structured simulation
models, or - reversing the line of reasoning - the rigour in the description of the
simulation model is crucial for having a paper published in top journals. In both cases,
this suggests a positive correlation between the journal score and the TS. Ultimately, top
authors are expected to publish in highly ranked journals (Ioannidis, 2023), suggesting
a positive relationship between authors’ class and journals’ class.

Opverall, the relevant analyses made are listed in Table 2. Statistical elaborations
(correlations, cross-tabulations or tests) were supported by the IBM Statistical package
for the social science (SPSS), v.28 for Windows.

3. Results: statistical analyses
3.1. Sample description

An initial set of statistical analyses was made for delineating the trend in time of some
basic characteristics of the sample of papers reviewed. As an overview, Figure 4 shows the
distribution of the sample of papers by publication type (open access vs. traditional)
and year, with the purpose of determining the trend in time of the publications dealing
with DES in logistics and SCM. From that figure, it can be seen that the number of studies
published per year was particularly high (16 papers) in 2019 and 2020, with a relevant
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Table 2. Scientometric analyses made and rationale.

Item Analysis made Expected outcome Rationale
Author’s (descriptive statistics) Increasing trend Prominent authors (higher author
score Trend in time of the average score) probably continue working in
and maximum author score of the area of DES in logistics and SCM,
papers leading to a progressive increase in

the average or maximum score of
authors in recent papers (Brito et al.,

2023)
Journal’s (descriptive statistics) Increasing trend Authors are increasingly paying
score Trend in time of the journal attention to publish in highly ranked
score journals
Paper's TS (descriptive statistics) Increasing trend Because the simulation steps have been
Trend in time of the TS detailed in a study of 2009, it could

be expected that the rigor in the
description of the simulation models
progressively increases in time after
the publication of the framework.

Number of (descriptive statistics) Increasing trend The progressive maturity of the research
authors Trend in time of the number of field leads to the progressive
per authors establishment of collaboration
paper mechanisms between authors

(Bontekoning et al., 2004),
(Koningsveld, 1987).

Author’s (correlation analysis) Positive correlation Highly ranked authors probably target
score Correlation between the highly ranked journals for their

average (and maximum) publications (loannidis, 2023).
author’s score and journal’s
score

Paper's TS (cross-tabulation) Positive correlation Papers with high TS are expected to be
Relationship with the journal published in highly ranked journals.
score

Paper's TS (correlation analysis) Positive correlation A more detailed description of the DES
Correlation with the number model is expected to result in a more
of citations/year successful paper, because of the

higher completeness and variety of
concepts to be cited (Hasan &
Breunig, 2021).

Number of (correlation analysis) Positive correlation When using online database for
authors Correlation with the number literature search, the title of a paper is
of citations/year crucial for having it retrieved and,

hopefully, cited (Fronzetti Colladon
et al,, 2020), (Guo et al., 2018).

Author’s (correlation analysis) Positive correlation Papers written by highly ranked authors
score Correlation between the could attract more citations
average (and maximum) (Tahamtan et al., 2016).

author’s score and the number
of citations/year

Journal's  (correlation analysis) Positive correlation Papers in highly ranked journals could
score Correlation with the number attract more citations (Tahamtan
of citations/year et al., 2016).
Keyword (T-test) Significant differences in New (trendy) topics are expected to
category  Difference in the average the number of citations attract more citations compared to
citations/year of the papers as between the keyword traditional topics (Sjogérde &
a function of the keyword class ~ categories Didegah, 2022).

increase compared to the previous years. The trend towards an increase in the research in
this field is also confirmed by the dashed line in Figure 4. In the last years (2021 and
2022), outcomes are slightly lower; nonetheless, the papers published since 2019 include
more than 40% of the sample. The average number of publications per year is 9.14. The
quota of open access (OA) papers has also progressively increased in time, reaching high
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Figure 4. Publications per year and trend line.

percentages in the latest years (from 2017 onwards), and sometimes also overcoming the
quota of papers published in traditional mode.

The papers of the sample were published on 85 different sources. Most of the journals
(65, >76% of the total — Figure 5a) have published one study only in the selected area of
research, while the greatest number of papers published by the same journal is 7 (reached
by one journal only, i.e. International Journal of Production Research — Figure 5b).

Overall, International Journal of Production Research, Vaccine, Sustainability and
European Journal of Operational Research were the journals that published the greatest
number of studies (from 4 to 7) and taken together, cover approx. 19% of the sample. The
journal Vaccine could seem to be off-topic, as it is classified among the medical journals and
not among the engineering ones. On the basis of this consideration, the papers published on
that journal, i.e. (Assi et al., 2012, 2013; Haidari et al., 2015; Lee et al., 2017; Mueller et al.,
2016; Wedlock et al., 2019), were checked accurately and were found to be almost all related
to the usage of DES in modelling the vaccine supply chain, which makes them consistent with
the intended aim of this review. The relevance of this journal to the DES literature is also
confirmed by the recent review by Vieira et al. (2020), that quotes numerous references from
Vaccine. Out of the 85 sources, the first one that focuses expressively on simulation is the
Journal of Simulation, which ranks sixth with 3 papers published (Byrne et al., 2010; Mittal &
Krejci, 2019; Rabe et al., 2020). Overall, these outcomes indicate that DES is a methodology
used for optimizing logistic processes in very different contexts, from industrial to medical
ones, as reflected by the variety of journals that published studies on that topic.

Looking at the journal classification by Scimago, it emerged that 80 papers were
published in Q1 journals, followed by 25 papers in Q2, 17 papers in Q3 and 5 papers
in Q4. If evaluating the trend in time of the distribution of papers per journal quartiles
(Figure 6), it is easy to deduce that from 2017 onwards, researchers have paid particular
attention in targeting high-ranked (i.e. Q1 or Q2) journals as an outlet for their papers,
while almost disregarding journals in low-ranked quartiles.

The studies reviewed were published by approx. 400 different authors. The majority of
articles analysed have been written by two, three or four authors, and in particular, the
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Figure 5. Number of papers published per journal (a) and top journals (>2 papers) (b).

most frequent number of authors is 3 (found in 41 papers, 32% of the sample —
Figure 7a). In a limited number of studies, more than 10 authors collaborated (Assi
et al., 2012; Haidari et al., 2015; Lee et al., 2017; Wedlock et al., 2019). These studies all
come from the healthcare field and have been published in the previously discussed
journal Vaccine; this is a possible indicator of different publishing behaviours in terms of
number of authors in the healthcare area, compared to the engineering area: indeed,
collaborations do not spread uniformly across different disciplines, with some scientific
fields being naturally more prone to incorporate collaborations (Qin et al., 1997). The
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average number of authors per paper is 3.82. As far as the scientific production of the
researchers (Figure 7b), most of the authors have published one paper only; the max-
imum number of papers published by the same author is 7.

The evolution of the average number of authors per paper across the years
(Figure 8) is also interesting to be analysed and shows a slightly increasing trend,
from 2.5 in 2009 to the peak of 7.5 in 2017; more recent values are always
between 3 and 4.75. This evolution is also confirmed by the trendline (dashed
line) and its equation. Various explanations could be conjectured for this trend.
One could be related to the establishment of more sound collaboration mechan-
isms between authors, which leads to wider research groups and ultimately, to
more authors per paper. This is also a typical symptom of progressive maturity of
a research field (Bontekoning et al., 2004; Koningsveld, 1987).

8 8
7 7
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5 5
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4 4
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Figure 8. Trend in time of the average number of authors per paper.
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3.2. Keyword analyses

3.2.1. Mapping of the topics

A first keywords’ analysis was conducted by evaluating the various terms based on their
frequency and persistency. Two papers were excluded from the analysis because they lack
the authors’ keywords; six terms used to make the search query on the Scopus database
were excluded as well, as their frequency is obviously expected to be high and could bias
the classification of the remaining terms. Moreover, a screening of the terms found
confirmed that authors can use slightly different keywords to express the same (or
a similar) concept (e.g. ‘transport’ and ‘transportation’); this is to be expected, because
as mentioned, as in scientific writing there are no strict rules for defining the keywords.
Singular or plural forms or small changes in the spelling of the same word are also
possible; these terms were obviously treated as a unique entry. Overall, 352 single terms
were found, which were subject to the analysis (the full list of keywords can again be
found in (Bottani & Casella, 2024b)). An extract of the terms with frequency >2 is
proposed in Appendix (Table A1) together with the relating classification. By combining
the frequency and persistency parameters, a graph that allows to categorize the literature
on DES in logistics and SCM has been built, with two axes and four quadrants. The x-axis
defines the frequency; the boundary between high and low values (vertical line) was set at
frequency = 2, which is the average value of frequencies (rounded to the closest integer
number) across the whole set of keywords. The y-axis defines the persistence, and the
relating boundary (horizontal line) was set at persistence = 7, reflecting half of the time-
span of the sample of papers. Figure 9 presents the results of the keywords’ classification.

Overall, 38 keywords (10.8%) were found to belong to the category of the well-
established topics; most of these terms describe core themes of logistics and SCM, such
as disruption, sustainability, food supply chains, closed-loop supply chain, distribution,
supply chain design or order picking. It thus emerges that those topics are also of central
interest to the area of simulation, which is evidently used as a tool for analysing
disruptions in logistic systems, or for observing the behaviour of specific supply chains
without the need for reproducing these systems. Similar considerations can be made for
the topic of order picking, which has been frequently approached using simulation
because of the difficulties in applying analytic or exact models (Casella et al., 2023).
Because of the relevance of these topics, it is to be expected that simulation will also be
used in the future for analysing them. Other keywords in this quadrant describe meth-
odological tools typical of simulation studies, which evidently have also been applied to
the logistics and SCM area; examples of these tools are agent-based modelling, design of
experiments or optimization.

Four terms only belong instead to the trendy topics; they refer to decision support
systems, Covid-19, remanufacturing and Industry 4.0. The newness of research about
COVID-19 is self-evident, as the pandemic was observed in 2020 for the first time.
Similar considerations can be made for topics related to Industry 4.0: although this term
is less recent compared to Covid-19, the keyword classification highlights that the usage
of simulation is this area is, on the contrary, relatively new. Also, Industry 4.0 is an active
field of research (Machado et al., 2024), and evolutions of relating topics are likely to
arise; it is not by chance that we already start talking about Industry 5.0 (as the natural
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advancement of Industry 4.0). Hence, simulation studies in this area are expected to
move towards the well-established quadrant in the future.

The category with the greatest number of terms is that of the emerging topics (173
keywords, 49.18%). Most of the terms in this group introduce new or specific topics; this
is, for instance, the case for blockchain or digital twin. These topics also attracted the
highest number of citations/year (>9). It can be conjectured that in studies dealing with
blockchain, simulation is used as a tool for modelling and analysing the systems under
examination. Other terms, instead, describe very specific aspects, such as the region/
country in which the study has been carried out (e.g. Cote d’Ivoire), or the software
package/methodology used in the study (e.g. fuzzy AHP, MCDM or Arena).

Finally, intermittent topics include 137 terms (38.92% of the keywords). As per the
previous category, these terms refer to very specific topics, such as the aspects of the
supply chain or logistics process under examination (e.g. cross-docking), or again, the
methodology or software package used for solving the problem (e.g. Anylogic), or the
context in which the study has been carried out (e.g. food).

3.2.2. Topics evolution

The analysis shown in the previous section was deepened by evaluating the trend in time of
the keywords’ category, by dividing the timespan into three periods, as mentioned earlier. An
overview of the number of single keywords identified in each period is shown in Table 3,
together with their classification into the categories previously mentioned, and the total
number of papers published in the period (which has obvious relationships with the resulting
number of keywords). As can be seen from Table 3, in general the number of single keywords
increases across the three periods of analysis; assuming that each keyword expresses a single
concept, such an increase reflects the development of the discipline in time, also fuelled by the
increased number of papers published (Wang & Chai, 2018). A second consideration from
Table 3 is that the emerging keywords, in particular, experience the greatest increase; as these
terms typically denote recent topics, that have not been addressed extensively, this outcome
further confirms the development of the discipline under examination, and in particular, its
expansion towards new topics. Again, this behaviour is in general typical of research fields
that tend towards the scientific maturity (Wang & Chai, 2018).

Figure 10 shows the evolution in time of the keywords categories. From this figure, it is
easy to see that moving from the first to the second period of analysis, most of the intermittent
topics disappeared, while a limited quota remained in all the three periods maintaining the
same classification. Similarly, some well-established topics of period 1 remained unchanged
for all periods of analysis; it is to be expected that the relating terms, therefore, denote core
topics to the field of DES in logistics. Some of these terms, indeed, refer expressively to either
logistics or simulation (e.g. closed-loop supply chain, design of experiments, inventory
control, multimodal logistics, optimisation, transportation), while, interestingly, other
terms describe interrelated topics (e.g. sustainability or environmental management),

Table 3. Number of keywords per period.

Keyword category Period 1 (2009-2013) Period 2 (2014-2018) Period 3 (2019-2022)
Intermittent 84 59 9
Well-established 28 31 31
Emerging 0 31 145
Trendy 0 3 4
Total keywords 112 124 189

Number of papers 41 35 51
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Figure 10. Evolution in time of the keywords’ classes (Sankey diagram).

which have gained importance in the field. Figure 10 also shows that the number of new
keywords in quite high in both periods 2 and 3, and that, in the last period, most of the newly
introduced terms fall into the emerging topics. Obviously, it would be interesting to trace the
evolution of these terms across the next years for checking their progress.

4. Results: journals and authors ranking
4.1. Authors’ classification

As recalled earlier, 400 different authors were found in the sample of papers under
examination, and most of them have authored just one paper. The M(NP), computed on
the list of authors scores 1.225.

The first and last year (FYP and LYP) of the paper(s) published by each author was
tracked as well, by elaborating the publication data extracted from Scopus. For the sample
of papers under examination, the timespan T of the publications ranges from 2009 to
2022, as a result of the query settings, and therefore T/2 = 7. Hence, the boundaries for
the authors’ classes are as follows:

o Class A:NP, >1.225
o Class B:NP < 1.225 and FYP >2016
o Class C:NP < 1.225a and LYP < 2016.
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The total number of citations received by an author (ACY) was obtained by adding up the
citations/year received by all the papers written by the same author and dividing by NP,
previously determined. The resulting average number of citations/year M(ACY), scores 4.32;
hence, the boundaries of the citations’ classes were defined as follows:

o Class A:ACY >4.32
o Class B:4.32>ACY >2.16
o Class C:ACY < 2.16.

The ABC cross-analysis made on the authors of the sample led to the results in Table 4
and Figure 11. For being more effective, Figure 11 provides the aggregated outcomes in
terms of the number of authors belonging to each class. Detailed classification of all
individual authors is available in (Bottani & Casella, 2024b).

As shown in Figure 11, most of the authors were classified as ‘weak’ (classes BC,
CC or CB, 60.75% of the sample), followed by ‘average’ (classes AC, BB or CA,
20.5%), ‘good’ (classes AB and BA, 16.0%) and ‘excellent’ (class AA, 2.75%).

Because a paper is typically authored by more than one researcher, it is not
immediate to delineate a trend in time for the authors’ score. In an attempt to
obtain it, a synthetic evaluation of the relating authors was assigned to each paper
of the sample by tracking both the average and maximum values of the authors’
score, and their evolution in time was traced. As indicated in Table 2, what could
be expected is that prominent authors in a discipline continue working on the

Table 4. Aggregated results of authors’ classification.
AA AB BA AC BB CA BC CB CC
TOTAL 11 29 35 14 48 20 132 29 82

£
9

"AA =AB/BA =AC/BB/CA =BC/CB/CC

Figure 11. Authors’ classification.
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Figure 12. Trend in time of the average and maximum authors’ score of the papers.

same discipline, thus gaining ever increasing popularity (Brito et al., 2023); hence,
higher score for authors in the area of DES and logistics could be expected in
recent years. This should lead to a progressive increase in average or maximum
score of authors of a paper in time. Actually, results (Figure 12) do not fully
support this consideration, and no particular trends emerge either on the average
or the maximum value of the authors’ score per paper; it is therefore to be
concluded that prominent authors are too few compared to not well-established
authors, which, taking a different perspective, suggests that many new authors
have entered the field of simulation and logistics during the timespan under
examination.

4.2. Journals’ classification

The average number of papers published by the journals in the sample is M(NP); = 1.51.
The first and last year (FYP and LYP) of the paper(s) published in each journal was
tracked by making some elaborations on the data extracted from Scopus. The publication
timespan does not vary compared to the authors’ classification, and, therefore, the
boundaries for the journals’ classes are as follows:

o Class A:NP; >21.51
o Class B:NP; <1.51 and FYP >2016
o Class C:NP; <1.51 and LYP<2015.

As far as the citations, the total number of citations received by a journal (JCY) was
obtained by adding up the citations/year received by all the papers published on that
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journal and dividing by NP;, previously determined. The resulting average number of
citations/year, M(JCY), scores 2.34; hence, the boundary of the citations classes were
defined as follows:

o Class A:JCY >2.34

o Class B:2.34>JCY >1.17

o Class C:JCY < 1.17.

The ABC cross-analysis made on the journals returned the results in Table 5 and
Figure 13 (which aggregates the outcomes into the four classes). The detailed classifica-
tion of all journals is available in Bottani & Casella (2024b).

As can be seen from Figure 13, 11 journals (12.94%) turn out to belong to class
AA; for the sake of clarity, these journals (which are actually all well known in
scientific literature) are International Journal of Production Research, Vaccine,
Sustainability, European Journal of Operational Research, International Journal of
Production Economics, Journal of Cleaner Production, Applied Energy, Biosystems
Engineering, Computers and Industrial Engineering, Journal of Business Logistics,
and Transportation Research Part E: Logistics and Transportation Review. Instead,
the most numerous class is the last one (corresponding to the aggregated
categories BC, CB and CC), as it could be expected in a Pareto analysis, and
includes 49.41% of the journals.

The ABC analysis was compared to the Scimago ranking of the same journals.
Results of the comparison (Table 6) show that the ‘excellent’ journals (score =4

Table 5. Aggregated results of journals’ classification.
AA AB BA AC BB CA BC B cc
TOTAL 11 5 9 4 9 5 16 8 18

" AA = AB/BA =AC/BB/CA BC/CB/CC

Figure 13. Journals’ classification.
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Table 6. Comparison between journals’ classification and
scimago rank.

JO_score Q1 Q2 Q3 Q4
4 11

3 9 2 3

2 7 9 1 1
1 16 10 12 4

according to the ranking made in this study) all belong to the first quartile of
Scimago; this suggests that the classification made following the approach by
Bottani et al. (2022) correctly captures the top-journals. Results for ‘good’ journals
(score =3) also show correspondence with the Scimago ranking, as these journals
are mainly listed in Q1-Q3 categories. Nonetheless, 16 Ql-ranked journals felt
into the ‘weak’ category defined in this study; probably, this result is due to the
low number of papers published by those journals in the area of DES and
logistics.

It has been observed earlier in the paper that in the latest years, authors have paid
particular attention in publishing on Q1- or Q2-ranked journals; a similar analysis was
thus made looking at the journal classes resulting from the journal score computed in this
study. Outcomes (Figure 14) confirm the trend previously observed, as in the last years
journals with a greater score are more numerous compared to the remaining categories.

5. Results: paper contents

By mapping the presence of the steps/sub-steps delineated by Manuj et al. (Manuj et al.,
2009) in each paper of the sample and assigning the corresponding score, the outcomes in
Figure 15(a-b) were obtained. From Figure 15(a), it can be seen that a minimum number
of six steps have been detailed in all papers of the sample, and consequently, no papers

0 I I I ‘ II I I I| ‘ | “
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Figure 14. Trend in time of the number of papers vs. journal classes.
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were classified as ‘weak’ with respect to their contents. At the same time, the full set of
steps was observed in five papers only (3.9% of the sample); the ‘excellent’ class, including
papers with 12 steps are detailed, accounts for 22 studies (17.2% of the sample).

A more detailed analysis (Figure 16) shows that some steps of the procedure by Manuj et al.
(2009) have been (almost) universally implemented in the studies reviewed; this is the case for
steps 1, 2 and 4. Other steps, i.e. 5.1, 7.4 and 8, have been detailed in a good percentage of
articles (>90%). Moreover, although validation, as the process of determining whether
a simulation model is an accurate representation of the real system, is a crucial aspect of
simulation (Law, 2013), step 6 (model validation) has been detailed in approx. 65% of the
studies only. By the way, Manuj et al. (2009) themselves have acknowledged that many studies
in logistics and SCM report ‘only a few’ of the steps delineated in their approach, and noted, in
particular, that the validation of the model is not frequently delineated. According to the same
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Figure 16. More popular and less popular simulation steps.

authors, another step rarely treated is step 3 (development and validation of the conceptual
model). Outcomes of this study are only partially aligned with this consideration, because step
3 was divided into sub-steps for a more accurate analysis. More precisely, the attention paid by
researchers to sub-step 3.2 turns out to be low, with only 20% of the studies reviewed
addressing the validation of the conceptual model; on the contrary, sub-steps 3.1 and
3.3 have been typically addressed by researchers. Sub-steps 5.2 and 7.1 have been somehow
neglected as well and have been detailed in 25% of the papers only.

Various explanations could justify these outcomes. A simple one is that the impor-
tance of the different simulation steps varies depending on the type of study carried out,
resulting in some steps being not applicable nor the relating description strictly neces-
sary, without compromising the validity of the study. It could also be conjectured that the
rigor in the description of simulation model is crucial for some scientific journals only,
and probably, to journals dealing with methodological aspects of simulation; on the
contrary, other journals, less focused on the technical aspects of simulation, might not
request the full details of the model development. This point will be tested later, by
correlating the journal classification with the results in terms of paper contents.

Because the framework taken as reference in this study was published in 2009, it is also
possible to conjecture that papers published immediately after that year have not taken
into account the approach by Manuj et al. (2009), merely because of lack of knowledge of
this study (cf. Table 2). Indeed, typically 2-3 years must elapse for an article to gain
success among the scientific community after its publication (Fronzetti Colladon et al.,
2020; Ioannidis et al., 2016). Therefore, the trend in time of the number of steps applied
and of the score obtained by the papers was evaluated, to check whether later studies got
a greater TS compared to older ones. Results (Figure 17) do not support this
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Figure 17. Trend in time of the number of steps (a) and papers’ TS (b).

consideration, as no (positive or negative) trends in time can be identified for the number
of steps detailed in the studies reviewed nor for the TS obtained for the papers. Papers
classified as ‘average’ (TS =2) and ‘good’ (TS = 3), for example, were found in almost all
years of the timespan, with higher frequencies compared to the remaining classes.
Similarly, ‘excellent’ papers span across various years (e.g. since 2010), without showing
a prevalence in recent times. The lack of specific trends is also confirmed by the average
value of TS (dark line in Figure 17b) whose range of variation in the timespan is very
limited (from 2.89 to 3.3). These outcomes seem to suggest that overall, the approach
delineated by Manuj et al. (2009) is not fully taken as a benchmark in simulation-related
studies, but nonetheless, good quality papers exist.

In line with Table 2, it is reasonable to expect that the rigor of implementation of
simulation studies will affect the possibility of a paper to be published in highly
ranked journals. Indeed, a rigorous description of the contents in typically requested
in highly ranked journals (i.e. Q1 journals or AA journals); otherwise, it would be
relatively hard to have a paper published on prominent journals, as they normally
have high rejection rates, and thus, the quality of the paper’s contents must be
particularly high to fit those journals. Results (Figure 18a-b) show that the percentage
of journals in class AA or in QI increases when moving from TS=2 to TS=4,
suggesting that a highly ranked journal is somehow likely to publish papers in
which the rigor in the description (and therefore the implementation) of the DES
model is high as well. However, the correlation between TS and the journal quartile
does not appear to be significant (p=0.55); a similar result is observed for the
correlation between TS and the journal class (p =0.5).
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Figure 18. Paper’s TS vs. journal classification.
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6. Results: scientometric analyses

As mentioned in section 2.6, scientometric studies suggest that the success of a scientific
paper, measured in terms of the citations received, depends on various aspects, including,
among others, the authors’ prestige and number, the journal characteristics and
obviously, the scientific contents and quality of the manuscript. Starting from the last
point, for the sample of studies under examination, the content quality has been
measured with the TS, which reflects the rigor of the implementation of the simulation
model; hence, the relationship between the TS and the citations/year received by the
papers was first analysed. One paper was found to have a very high number of citations/
year (>150), while all remaining manuscripts in the sample had less than 25 citations/
year; hence, the outlier paper was excluded from the analysis for providing effective
outcomes. Results (Figure 19) suggest a possible relationship between the TS and the
citations/year received by the paper, which, however, is not statistically significant (p =
0.48); this outcome, therefore, does not fully support the consideration that being more
rigorous in the description of the simulation approach leads to a greater success of the
study.

Similarly, although a slight increase in time of the number of authors was observed
among papers in the sample, this point does not seem to have any impact on the number
of citations of the paper (Figure 20). However, this result could be partially biased by the
fact that recent papers have slightly more authors compared to older ones, but probably
have less citations, because of their newness.

On the contrary, the (average) score of the authors of a paper seems to be positively
correlated with the citations received by the same paper (Figure 21). The observed
correlation is also significant at p < 0.01. The same analysis was made on the maximum
author score, obtaining a similar outcome, i.e. a positive correlation significant at p <
0.01. It can be concluded that writing a paper with highly ranked authors could be
a strategy for attracting more citations.

As shown in Figure 22, a positive relationship (significant at p < 0.01), was also found
between the author score and journal class, indicating that highly ranked authors are
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Figure 19. Citations/Year vs. TS.
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Figure 21. Citations/Year vs. average author score.

more likely to publish in top journals. This reinforces the previous consideration that
writing a paper with top authors is a winning strategy.

As far as the relationship between the paper topic and its success, the average number
of citations/year received was first computed for the different classes of keywords
(Table 7), referring to the classification in section 3.2.1. Papers dealing with well-
established topics have obtained an average of 8.11 citations/year. Supply chain disrup-
tion is the topic that attracted the highest number of citations, reaching >100 citations/
year, followed by food supply chain with >75 citations/year. None of these concepts is
new by itself, but probably, the outbreak of the COVID-19 pandemic (which is instead
a relatively new topic, as observed earlier) led to an increase in the popularity some of
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Figure 22. Journal class vs. average author score.

Table 7. Citations/Year vs. keyword class.

Keyword class

Well established (n=38) Intermittent (n=137)  Emerging (n=173) Trendy (n=4)
Mean Std. dev. Mean Std. dev. Mean Std. dev. Mean Std. dev.
Citations/year (2024) 8.11 19.91 2.50 2.78 5.56 16.31 2491 36.54

these topics among researchers (hence the high number of citations). Indeed, the
COVID-19 was a special case of supply chain disruption (Ivanov, 2020), and its impact
on the food supply chain was one of the topics most frequently investigated by research-
ers (Hobbs, 2021; Rinaldi & Bottani, 2023). Trendy topics are few in number, but all of
them had a considerable resonance in the scientific community, as demonstrated by the
high number of citations/year received by the relating papers (24.91 on average, with
a peak of =~ 80 citations/year for Covid-19). Emerging and intermittent topics are more
numerous but appear to be less relevant in the scientific landscape — which by the way is
in line with the low frequency of these terms. More precisely, the average number of
citations/year of papers dealing with emerging topics is 5.56, while papers dealing with
intermittent topics have received an average of 2.50 citations/year. A peak of >20 cita-
tions/year was observed for the intermittent topic of food quality, confirming the
relevance of simulation studies in the food supply chain.

The significance in the difference between the average values of the citations was
evaluated by comparing the various classes through t-test.’ Results, shown in Table 8,
clearly indicate that trendy topics attract more citations compared to other topic cate-
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Table 8. Comparison of the average citations/year vs. keyword class and significance.

Well established Intermittent Emerging Trendy
Well established
Intermittent p <0.001
Emerging p=0.164 p=0.038
Trendy p =0.050 p < 0.001 p =0.005

gories, with a difference in the average number of citations received which is always
significant at p < 0.05 (Field, 2005). Well-established topics also exhibit significantly
higher citations/year compared to the intermittent topics.

7. Discussion and conclusions

From the outcomes presented in the previous sections, some remarks can be made.
Looking at the research field, a first general consideration is that the usage of DES models
in the logistics and SCM area has attracted increasing attention in the years, with >40% of
the papers reviewed (51 out of 127) published since 2019; this confirms the timely
relevance of this theme in the literature and implicitly, provides a justification for this
study. Literature appears to be quite dispersed in terms of journals (85 sources for 127
papers), probably because none of these journals expressively focus on the specific topic
of DES models in logistics, dealing, instead, with wider themes (e.g. simulation in general
or logistics/SCM). The only exception seems to be the International Journal of Production
Research, which published a quite relevant number of papers (7 documents). This latter
journal also falls into the top class of the classification made in this study, as well as in Q1
according to the Scimago ranking; these categories were found to have been privileged in
the recent years by researchers, suggesting that authors are paying increasing attention to
the publication outlet. In this respect, it is to be mentioned that some countries expres-
sively value the publication in top-ranked journals; this is, for instance, the case for the
evaluation process of national research carried out in Italy, started in 2010, which still
assigns parts of the research funds based on the outcomes of that evaluation (Abramo
et al., 2020). Under these circumstances, it is to be expected that researchers target top
journals for publishing their papers.

The set of analyses made on the authors also highlighted a fragmentation of the
literature, with >400 different researchers who contributed to the topic under examina-
tion; moreover, authors have typically written one paper only, which reinforces the
previous consideration. Most of the authors turned out to be classified as ‘weak’ accord-
ing to the procedure followed in this study, which indicates that they are relatively new to
DES modelling in logistics, either in terms of number of documents or of popularity of
those documents. At the same time, it was observed that the average number of authors
per paper has slightly increased in time; hence, it could be conjectured that some
collaboration mechanisms among authors started being established, which is a possible
indication of the progressive definition of this research area as an independent research
field (Bontekoning et al., 2004; Koningsveld, 1987); it would be interesting to deepen this
aspect in future studies to check the maturity level of the research field - this is an
ongoing research activity of the authors of this paper (see (Habibzadeh & Yadollahie,
2010)). Obviously, other explanations, and in particular, the logics behind the enrolment
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of academic people, could justify the increase in the number of authors per paper. Indeed,
in some countries, authors are requested to reach a minimum number of publications for
being entitled to apply for an academic position, and from a merely mathematical
perspective, achieving this target is easier if the number of authors per paper
increases.” From the present study, no specific conclusions can be drawn on this point,
because the sample of papers under examination is limited to a specific discipline and to
a defined topic, which prevents the possibility of capturing a general behaviour of
researchers. Future studies, with dedicated scientometric analysis, could confirm or
contradict this consideration.

Looking at the topics treated in the sample of papers, keyword analysis showed that
the core themes of logistics and SCM literature typically belong to the area of the well-
established topics, thus indicating that these themes are also central to the field of
research under examination. Trendy topics or emerging topics depict less debated themes,
but with potential to become well-established in the next years, thus gaining popularity in
literature. Indeed, the growth of a research field typically lead to higher average citation
rates for new publications within the field (Sjogirde & Didegah, 2022); hence, these
themes could be suggested as research topic on which researchers should focus their
attention in future studies. Another symptom of the progressive maturity of the field is
the increase in time of the number of unique keywords detected in various periods of the
timespan. Indeed, next to a quota of keywords that are central to the topic under
consideration and that were detected in the whole timespan, the presence of new terms
has been observed in more recent studies. Most of the newly introduced terms fall into
the emerging topics, confirming the progressive expansion of the targeted research field
towards new themes. Obviously, it would be interesting to trace the evolution of the
emerging topics across the next years, to check their persistence or decline.

As far as the rigour of implementation of DES models, this paper has first
deepened the approach proposed by (Manuj et al., 2009), including some sub-steps
which resulted from the review, leading to a detailed list of 14 phases for a rigorous
implementation of a DES model in logistics and SCM. The evaluation of the paper
rigor showed that, in general, the quality of scientific publications is good and has not
significantly changed over time. Nonetheless, authors have paid attention to the
description of some specific simulation steps, while other steps are rarely detailed
in the studies reviewed. A logical consideration from this outcome is that, probably,
describing all the steps of a DES model is not always essential; rather, depending on
the specific study, some steps could be omitted without jeopardizing the quality of the
paper, as well as its potential of being published on highly ranked journals. Taking
a more general perspective, this outcome also implies that the study by Manuj et al.
(2009) has not (yet?) been taken as guideline by researchers when developing and
implementing DES models in logistics; otherwise, almost all steps suggested by these
authors would be described by researchers. This consideration could sound strange, as
that study expressively focuses on DES models in logistics, and it is, therefore,
unexpected that studies in this field do not follow the procedure delineated by
Manuj et al. (2009). Obviously, it would be desirable that the present study will
encourage authors to look at that framework when developing simulation models, to
further raise the quality of their research articles on DES application in logistics.
Having said that, conjecturing an explanation for the non-use of the Manuj et al.’s
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(2009) framework is challenging; the simplest consideration is that other studies are
probably taken as reference by researchers when developing DES models in logistics
or SCM. However, this point has not been deepened in this paper and is left for
a dedicated evaluation in future studies.

As far as the success of the papers, in terms of the citations/year received, a summary
of the findings from the scientometric analyses is provided in Figure 23.

As can be seen from this figure, the citations received by a manuscript were found to
be positively correlated with the topic treated and the author score; in turn, the author
score exhibits a positive correlation with the journal score. Taken together, these out-
comes suggest that to enhance the potential of publishing successful papers, a winning
strategy is to carefully select the topic to be investigated. Trendy topics, in general, are
expected to be few in number: in the sample of studies reviewed, four trendy topics only
were found (i.e. decision support systems, Covid-19, remanufacturing and Industry 4.0).
This makes it easy to recognise successful areas of research, which helps precisely
identifying the currently under-studied domains and consequently directing research
studies towards the relating themes; also, trendy topics proved to have the highest
potentials to attract citations, with significant differences with the remaining topic
classes, and thus can lead to successful papers. It is also easy to see that none of the
trendy topics found refers directly to the simulation area; this implies that, obviously,
simulation is to be seen as the tool for studying the selected trendy topic, rather than as
the core theme of the paper. Working with authors recognised in the field of DES
modelling is a second important aspect for enhancing the success of the paper; therefore,
establishing collaboration mechanisms with recognised research groups in this field is
suggested. Highly ranked authors also are more likely to publish on highly ranked
journals, which is always desirable and is a typical target of researchers.

Looking at the non-significant correlations, this study has not demonstrated the
existence of any relationship between the rigor in the implementation of DES model
(TS of the paper) and likelihood of having a paper published in highly ranked journals.
This relationship was somehow expected, and in fact has been partially observed, but
without statistical significance. This could be due to the limited number of papers in the
sample, which prevented the possibility of capturing differences in the paper rigor among
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Figure 23. Summary of the analyses and results.
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the different classes of journals; this is exacerbated by the fact that most of the papers
reviewed are actually published on QI journals, while other classes are significantly less
numerous. A more specific analysis of these aspects is therefore left for future studies.
Similarly, despite the progressive increase in the number of authors per paper, no
relationships were found between this aspect and the success of the manuscript in
terms of citations, as instead suggested in scientometric studies (Fronzetti Colladon
et al., 2020). This could be due to the fact that in engineering studies, the number of
authors per paper is in general low, and thus, it is difficult to capture differences in the
success of the paper as a function of the number of authors. An alternative explanation
could be that more recent papers are likely to have more authors (because of the
increasing trend in the number of authors per paper) but are also likely to have less
citations (because of their newness). Again, a more focused analysis of this aspect is left
for future studies.

Compared to the available reviews on DES modelling in logistics and supply
chain, it is evident that the present study takes a different perspective, thanks to its
scientometric view and as such, it contributes to the literature by highlighting
aspects that have never been captured in the previous research. Besides the sugges-
tions made while commenting on the results of this paper, other recommendations
for future research could be derived. As an example, additional variables that are
recognised as predictors of the paper success could be analysed, to derive additional
guidelines for prospective authors; this is the case for some characteristics of the
manuscript, such as the document length (Bornmann et al., 2014), the title length
(Habibzadeh & Yadollahie, 2010; Jamali & Nikzad, 2011), or the usage of
a particular language when writing the title (Rostami et al., 2014). Also, the same
analysis made in this paper could be repeated for a difference branch of simulation
(e.g. SD, which has been frequently compared to DES modelling — Tako et al. (Tako
& Robinson, 2012)) to check whether the results obtained in this study remain
valid. Finally, authors are currently working on a wider scientometric study of DES
models in logistics, in which the sample of papers is larger and was obtained
without setting any timespan for the Scopus query (Bottani & Casella, 2024a).
Such a study could be effective in capturing the complete evolution of the topic
and in fully evaluating its scientific maturity, thus offering deeper insights on the
DES model in logistics.

From the set of considerations above, it is evident that the contribution of this paper is
mainly scientific, which is in line with the inherent nature of a scientometric study;
practical implications, instead, are more limited, even because of the technical aspects of
the DES models were not explored while analysing the studies. Therefore, some future
research directions could also be delineated in this respect; for instance, mapping the
technical details of the DES models or the benefits achieved when using these models
could be useful to practitioners, for understanding the potential of DES usage in logistics
and SCM, and complementing the results of this study.

Notes

1. https://www.scimagojr.com/
2. https://www.scimagoir.com/methodology.php
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3. For the full list of subject categories: https://service.elsevier.com/app/answers/detail/a_id/
15181/supporthub/scopus/

4. A note in the database was added to the corresponding column to highlight this particular
situation.

5. The choice of assigning one point to each step was made in line with other studies
available in literature, e.g. who used a similar approach to rank survey studies carried out
in the operations management literature. We acknowledge that, depending on the kind
of simulation study, some steps do not necessarily need to be taken, or could be less
important; however, it is hard to take this aspect into consideration when analysing
different manuscripts, and this is why the same importance has implicitly be assigned to
each step.

6. incorporating the Bonferroni correction, because of multiple comparisons with the same set
of data.

7. Again, as an example, this could be the case for Italy, in which the scientific qualification
mechanisms forces candidates to reach a minimum number of publications (cf. https://
www.anvur.it/attivita/asn/asn-2018-2020/indicatori-e-relative-soglie/).

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The author(s) reported there is no funding associated with the work featured in this article.

Data availability statement

Data openly available in a public repository that issues datasets with DOIs. The data that support
the findings of this study are openly available in (Bottani & Casella, 2024b).

References

Abid, S., Radji, S., & Mhada, F. (2019). Simulation techniques applied in reverse logistic: A review.
12th International Colloquium of Logistics and Supply Chain Management LOGISTIQUA 2019,
France, June, 12-14.

Abramo, G., Aksnes, D., & D’Angelo, C. (2020). Comparison of research performance of Italian
and Norwegian professors and universities. Journal of Informetrics, 14(2), 101023. https://doi.
org/10.1016/j.joi.2020.101023

Amini, H., Jabalameli, M., & Ramesht, M. (2021). Development of regional foresight studies
between 2000 and 2019: An overview and co-citation analysis. European Journal of Futures
Research, 9(1), 1-15. https://doi.org/10.1186/s40309-021-00170-7

Antonini, C. (2019). Acknowledging complexity in food supply chains when assessing their
performance and sustainability. Social and Environmental Accountability Journal, 39(1),
73-74. https://doi.org/10.1080/0969160X.2019.1567032

Assi, T.-M., Brown, S., Kone, S., Norman, B., Djibo, A., Connor, D., Wateska, A., Rajgopal, J.,
Slayton, R., & Lee, B. (2013). Removing the regional level from the Niger vaccine supply chain.
Vaccine [Internet], 31(26), 2828-2834. https://doi.org/10.1016/j.vaccine.2013.04.011

Assi, T.-M., Rookkapan, K., Rajgopal, J., Sornsrivichai, V., Brown, S., Welling, J., Norman, B.,
Connor, D., Chen, S.-L, Slayton, R., Laosiritaworn, Y., Wateska, A., Wisniewski, S., & Lee, B.
(2012). How influenza vaccination policy may affect vaccine logistics. Vaccine [Internet], 30(30),
4517-4523. https://doi.org/10.1016/j.vaccine.2012.04.041


https://service.elsevier.com/app/answers/detail/a_id/15181/supporthub/scopus/
https://service.elsevier.com/app/answers/detail/a_id/15181/supporthub/scopus/
https://www.anvur.it/attivita/asn/asn-2018-2020/indicatori-e-relative-soglie/
https://www.anvur.it/attivita/asn/asn-2018-2020/indicatori-e-relative-soglie/
https://doi.org/10.1016/j.joi.2020.101023
https://doi.org/10.1016/j.joi.2020.101023
https://doi.org/10.1186/s40309-021-00170-7
https://doi.org/10.1080/0969160X.2019.1567032
https://doi.org/10.1016/j.vaccine.2013.04.011
https://doi.org/10.1016/j.vaccine.2012.04.041

36 e E. BOTTANI AND G. CASELLA

Ben Rabia, M., & Bellabdaoui, A. (2022). Simulation-based analytics: A systematic literature
review. Simulation Modelling Practice and Theory, 117, 102511. https://doi.org/10.1016/j.sim
pat.2022.102511

Bigliardi, B., Bottani, E., & Filippelli, S. (2022). A study on IoT application in the food industry
using keywords analysis. Procedia Computer Science, 200, 1826-1835. https://doi.org/10.1016/j.
procs.2022.01.383

Bigliardi, B., Casella, G., & Bottani, E. (2021). Industry 4.0 in the logistics field: A bibliometric
analysis. IET Collaborative Intelligent Manufacturing, 3(1), 4-12. https://doi.org/10.1049/cim2.
12015

Bontekoning, Y., Macharis, C., & Trip, J. (2004). Is a new applied transportation research field
emerging?——A review of intermodal rail-truck freight transport literature. Transportation
Research Part A, 38(1), 1-34. https://doi.org/10.1016/j.tra.2003.06.001

Bornmann, L., Leydesdorff, L., & Wang, J. (2014). How to improve the prediction based on citation
impact percentiles for years shortly after the publication date? Journal of Informetrics, 8(1),
175-180. https://doi.org/10.1016/.j0i.2013.11.005

Bottani, E., & Casella, G. (2024a). Exploring the maturity of discrete-event simulation in logistics:
Is this a new research domain?. In Proceedings of the 26th International Conference on Harbor,
Maritime and Multimodal Logistic Modeling & Simulation, Tenerife.

Bottani, E., & Casella, G. (2024b). Sample of papers and analyses: Discrete event simulation in
logistics and supply chain.

Bottani, E., Casella, G., Filippelli, S., & Bigliardi, B. (2022). A revisited pareto analysis for ranking
studies, journals and authors in systematic literature reviewS. In Proceedings of ICERI2022
Conference, Seville (Spain).

Bottani, E., & Franchi, B. (2021). A research methodology for systematic literature reviews:
Application to zone picking and preliminary results. In Proceedings of the XXVI Summer
School “Francesco Turco”, Bergamo.

Brailsford, S., Eldabi, T., Kunc, M., Mustafee, N., & Osorio, A. (2019). Hybrid simulation model-
ling in operational research: A state-of-the-art review. European Journal of Operational
Research, 278(3), 721-737. https://doi.org/10.1016/j.ejor.2018.10.025

Brito, A,, Silva, F., & Amancio, D. (2023). Analyzing the influence of prolific collaborations on
authors productivity and visibility. Scientometrics, 128(4), 2471-2487. https://doi.org/10.1007/
$11192-023-04669-7

Byrne, P., Heavey, C., Ryan, P., & Liston, P. (2010). Sustainable supply chain design: Capturing
dynamic input factors. Journal of Simulation, 4(4), 213-221. https://doi.org/10.1057/j0s.2010.18

Casella, G., Volpi, A., Montanari, R., Tebaldi, L., & Bottani, E. (2023). Trends in order picking:
A 2007-2022 review of the literature. Production and Manufacturing Research, 11(1). https://
doi.org/10.1080/21693277.2023.2191115

Dagkakis, G., & Heavey, C. (2016). A review of open source discrete event simulation software for
operations research. Journal of Simulation, 10(3), 193-206. https://doi.org/10.1057/jos.2015.9

de Paula Ferreira, W., Armellini, F., & De Santa-Eulalia, L. (2020). Simulation in industry 4.0: A
state-of-the-art review. Computers ¢ Industrial Engineering, 149, 106868. https://doi.org/10.
1016/j.c1e.2020.106868

Fadlalla, A., & Amani, F. (2015). A keyword-based organising framework for ERP intellectual
contributions. Journal of Enterprise Information Management, 28(5), 637-657. https://doi.org/
10.1108/JEIM-09-2014-0090

Field, A. (2005). Discovering statistics using SPSS. Sage Publications.

Fronzetti Colladon, A., D’Angelo, C., & Gloor, P. (2020). Predicting the future success of scientific
publications through social network and semantic analysis. Scientometrics, 124(1), 357-377.
https://doi.org/10.1007/s11192-020-03479-5

Garcia-Garcia, J., Enriquez, J., Ruiz, M., Arévalo, C., & Jiménez-Ramirez, A. (2020). Software
process simulation modeling: Systematic literature review. Computer Standards and Interfaces,
70, 103425. https://doi.org/10.1016/j.csi.2020.103425


https://doi.org/10.1016/j.simpat.2022.102511
https://doi.org/10.1016/j.simpat.2022.102511
https://doi.org/10.1016/j.procs.2022.01.383
https://doi.org/10.1016/j.procs.2022.01.383
https://doi.org/10.1049/cim2.12015
https://doi.org/10.1049/cim2.12015
https://doi.org/10.1016/j.tra.2003.06.001
https://doi.org/10.1016/j.joi.2013.11.005
https://doi.org/10.1016/j.ejor.2018.10.025
https://doi.org/10.1007/s11192-023-04669-7
https://doi.org/10.1007/s11192-023-04669-7
https://doi.org/10.1057/jos.2010.18
https://doi.org/10.1080/21693277.2023.2191115
https://doi.org/10.1080/21693277.2023.2191115
https://doi.org/10.1057/jos.2015.9
https://doi.org/10.1016/j.cie.2020.106868
https://doi.org/10.1016/j.cie.2020.106868
https://doi.org/10.1108/JEIM-09-2014-0090
https://doi.org/10.1108/JEIM-09-2014-0090
https://doi.org/10.1007/s11192-020-03479-5
https://doi.org/10.1007/s11192-020-03479-5
https://doi.org/10.1016/j.csi.2020.103425

PRODUCTION & MANUFACTURING RESEARCH e 37

Guo, F., Ma, C,, Shi, Q., & Zong, Q. (2018). Succinct effect or informative effect: The relationship
between title length and the number of citations. Scientometrics, 116(3), 1531-1539. https://doi.
0rg/10.1007/s11192-018-2805-8

Habibzadeh, F., & Yadollahie, M. (2010). Are shorter article titles more attractive for citations?
Crosssectional study of 22 scientific journals. Croatian Medical Journal, 51(2), 165-170. https://
doi.org/10.3325/cmj.2010.51.165

Haghani, M. (2023). What makes an informative and publication-worthy scientometric analysis of
literature: A guide for authors, reviewers and editors. Transportation Research Interdisciplinary
Perspectives, 22, 100956. https://doi.org/10.1016/j.trip.2023.100956

Haidari, L., Wahl, B., Brown, S., Privor-Dumm, L., Wallman-Stokes, C., Gorham, K., Connor, D.,
Wateska, A., Schreiber, B., Dicko, H., Jaillard, P., Avella, M., & Lee, B. (2015). One size does not
fit all: The impact of primary vaccine container size on vaccine distribution and delivery.
Vaccine [Internet], 33(28), 3242-3247. https://doi.org/10.1016/j.vaccine.2015.04.018

Hartley, J. (2008). Academic writing and publishing: A practical handbook. Routledge.

Hasan, S., & Breunig, R. (2021). Article length and citation outcomes. Scientometrics, 126(9),
7583-7608. https://doi.org/10.1007/s11192-021-04083-x

Hobbs, J. (2021). Food supply chain resilience and the COVID-19 pandemic: What have we
learned? Canadian Journal of Agricultural Economics, 69(2), 189-196. https://doi.org/10.1111/
Cjag.12279

Ingalls, R. (2011). Introduction to simulation. In Proceedings - Winter Simulation Conference,
Miami, FL, USA, 7-10, December 2008.

Toannidis, J. (2023). Prolific non-research authors in high impact scientific journals: Meta-research
study. Scientometrics, 128(5), 3171-3184. https://doi.org/10.1007/s11192-023-04687-5

Toannidis, J., Boyack, K., & Wouters, P. (2016). Citation metrics: A primer on how (not) to
normalize. PLOS Biology, 14(9), e1002542. https://doi.org/10.1371/journal.pbio.1002542

Ivanov, D. (2020). Predicting the impacts of epidemic outbreaks on global supply chains: A
simulation-based analysis on the coronavirus outbreak (COVID-19/SARS-CoV-2) case.
Transportation Research Part E: Logistics & Transportation Review, 136, 101922. https://doi.
0rg/10.1016/j.tre.2020.101922

Jadric, M., Cukusic, M., & Pavlic, D. (2020). Review of discrete simulation modelling use in the
context of smart cities. In 43rd International Convention on Information, Communication and
Electronic Technology, MIPRO 2020 - Proceedings, Opatija, Croatia, September 28, October 2,
2020.

Jamali, H., & Nikzad, M. (2011). Article title type and its relation with the number of downloads
and citations. Scientometrics, 88(2), 653-661. https://doi.org/10.1007/s11192-011-0412-z

Kim, S., Choi, Y., & Kim, S. (2023). Simulation modeling in supply chain management research of
ethanol: A review. Energies, 16(21), 7429. https://doi.org/10.3390/en16217429

Kleijnen, J. (1995). Verification and validation of simulation models. European Journal of
Operational Research, 82(1), 145-162. https://doi.org/10.1016/0377-2217(94)00016-6

Kogler, C., & Rauch, P. (2018). Discrete event simulation of multimodal and unimodal transporta-
tion in the wood supply chain: A literature review. Silva Fennica, 52(4). https://doi.org/10.
14214/s£.9984

Koningsveld, H. (1987). Het verschijnsel wetenschap: Een inleiding tot de wetenschapsfilosofie.
Boom.

Law, A. (2013). Simulation modeling and analysis. McGraw-Hill.

Lee, B., Wedlock, P., Haidari, L., Elder, K., Potet, J., Manring, R., Connor, D., Spiker, M.,
Bonner, K., Rangarajan, A., Hunyh, D., & Brown, S. (2017). Economic impact of thermostable
vaccines. Vaccine [Internet], 35(23), 3135-3142. https://doi.org/10.1016/j.vaccine.2017.03.081

Leydesdorft, L., & Milojevic, S. (2013). Scientometrics. International Encyclopedia of Social and
Behavioral Sciences Subsection. https://doi.org/10.1016/B978-0-08-097086-8.85030-8

Machado, F., Duarte, N., Amaral, A., & Araujo, M. (2024). Past and future of industry 4.0:
A bibliometric review using bibliometrix and VOSviewer. International Journal of Learning
and Change, 16(1), 53-85. https://doi.org/10.1504/IJLC.2024.135613


https://doi.org/10.1007/s11192-018-2805-8
https://doi.org/10.1007/s11192-018-2805-8
https://doi.org/10.3325/cmj.2010.51.165
https://doi.org/10.3325/cmj.2010.51.165
https://doi.org/10.1016/j.trip.2023.100956
https://doi.org/10.1016/j.vaccine.2015.04.018
https://doi.org/10.1007/s11192-021-04083-x
https://doi.org/10.1111/cjag.12279
https://doi.org/10.1111/cjag.12279
https://doi.org/10.1007/s11192-023-04687-5
https://doi.org/10.1371/journal.pbio.1002542
https://doi.org/10.1016/j.tre.2020.101922
https://doi.org/10.1016/j.tre.2020.101922
https://doi.org/10.1007/s11192-011-0412-z
https://doi.org/10.3390/en16217429
https://doi.org/10.1016/0377-2217(94)00016-6
https://doi.org/10.14214/sf.9984
https://doi.org/10.14214/sf.9984
https://doi.org/10.1016/j.vaccine.2017.03.081
https://doi.org/10.1016/B978-0-08-097086-8.85030-8
https://doi.org/10.1504/IJLC.2024.135613

38 e E. BOTTANI AND G. CASELLA

Manuj, I, Mentzer, J., & Bowers, M. (2009). Improving the rigor of discrete-event simulation in
logistics and supply chain research. International Journal of Physical Distribution & Logistics
Management, 39(3), 172-201. https://doi.org/10.1108/09600030910951692

Mittal, A., & Krejci, C. (2019). A hybrid simulation modeling framework for regional food hubs.
Journal of Simulation, 13(1), 28-43. https://doi.org/10.1057/s41273-017-0063-z

Mourtzis, D., Doukas, M., & Bernidaki, D. (2014). Simulation in manufacturing: Review and
challenges. Procedia CIRP, 25, 213-229. https://doi.org/10.1016/j.procir.2014.10.032

Mueller, L., Haidari, L., Wateska, A., Haidari, L. E. L., Wateska, A., Phillips, R., Schmitz, M.,
Connor, D., Norman, B.,, Brown, S., Welling, J., & Lee, B. (2016). The impact of implementing
a demand forecasting system into a low-income country’s supply chain. Vaccine [Internet], 34
(32), 3663-3669. https://doi.org/10.1016/j.vaccine.2016.05.027

Murphy, A. (2010). Academic writing and publishing matters for the scholar-researcher. Directorate
of Academic Affairs.

Mustafee, N., Katsaliaki, K., & Taylor, S. (2021). Distributed approaches to supply chain
simulation. ACM Transactions on Modeling and Computer Simulation, 31(4), 1-31. https://
doi.org/10.1145/3466170

Opacic, L., & Sowlati, T. (2017). Applications of discrete-event simulation in the forest products
sector: A review. Forest Products Journal, 67(3-4), 219-229. https://doi.org/10.13073/FPJ-D-16-
00015

Qiao, D., & Wang, Y. (2021). A review of the application of discrete event simulation in
manufacturing. In IOP Conference Series: Earth and Environmental Science, Busan, South
Korea, 14-15, November 2020. https://doi.org/10.1088/1742-6596/1802/2/022066

Qin, J., Lancaster, F. W., & Allen, B. (1997). Types and levels of collaboration in interdisciplinary
research in the sciences. Journal of the American Society for Information Science, 48(10),
893-916. https://doi.org/10.1002/(SICI)1097-4571(199710)48:10<893::AID-ASI5>3.0.CO;2-X

Rabe, M., Klueter, A., & Raps, J. (2020). Evaluating different distance metrics for calculating
distances of last mile deliveries in urban areas for integration into supply chain simulation.
Journal of Simulation, 14(1), 41-52. https://doi.org/10.1080/17477778.2019.1664262

Rinaldi, M., & Bottani, E. (2023). How did COVID-19 affect logistics and supply chain processes?
Immediate, short and medium-term evidence from some industrial fields of Italy. International
Journal of Production Economics, 262, 108915. https://doi.org/10.1016/j.ijpe.2023.108915

Rostami, F., Mohammadpoorasl, A., & Hajizadeh, M. (2014). The effect of characteristics of title
on citation rates of articles. Scientometrics, 98(3), 2007-2010. https://doi.org/10.1007/s11192-
013-1118-1

Semini, M., Fauske, H., & Strandhagen, J. (2006). Applications of discrete-event simulation to
support manufacturing logistics decision-making: A survey. In Proceedings - Winter Simulation
Conference, Monterey, CA, USA, 03-06, December 2006. https://doi.org/10.1109/WSC.2006.
323029

Shannon, R. (1975). Systems simulation: The art and science. Prentice-Hall.

Singh, V. (2018). Comparing research productivity of returnee-PhDs in science, engineering, and
the social sciences. Scientometrics, 115(3), 1241-1252. https://doi.org/10.1007/s11192-018-
2706-x

Sjogarde, P., & Didegah, F. (2022). The association between topic growth and citation impact of
research publications. Scientometrics, 127(4), 1903-1921. https://doi.org/10.1007/s11192-022-
04293-x

Tahamtan, I., Afshar, A., & Ahamdzadeh, K. (2016). Factors affecting number of citations:
A comprehensive review of the literature. Scientometrics, 107(3), 1195-1225. https://doi.org/
10.1007/s11192-016-1889-2

Tako, A., & Robinson, S. (2012). The application of discrete event simulation and system dynamics
in the logistics and supply chain context. Decision Support Systems, 52(4), 802-815. https://doi.
0rg/10.1016/j.dss.2011.11.015

Terzi, S., & Cavalieri, S. (2004). Simulation in the supply chain context: A survey. Computers in
Industry, 53(1), 3-16. https://doi.org/10.1016/5S0166-3615(03)00104-0


https://doi.org/10.1108/09600030910951692
https://doi.org/10.1057/s41273-017-0063-z
https://doi.org/10.1016/j.procir.2014.10.032
https://doi.org/10.1016/j.vaccine.2016.05.027
https://doi.org/10.1145/3466170
https://doi.org/10.1145/3466170
https://doi.org/10.13073/FPJ-D-16-00015
https://doi.org/10.13073/FPJ-D-16-00015
https://doi.org/10.1088/1742-6596/1802/2/022066
https://doi.org/10.1002/(SICI)1097-4571(199710)48:10%3C893::AID-ASI5%3E3.0.CO;2-X
https://doi.org/10.1080/17477778.2019.1664262
https://doi.org/10.1016/j.ijpe.2023.108915
https://doi.org/10.1007/s11192-013-1118-1
https://doi.org/10.1007/s11192-013-1118-1
https://doi.org/10.1109/WSC.2006.323029
https://doi.org/10.1109/WSC.2006.323029
https://doi.org/10.1007/s11192-018-2706-x
https://doi.org/10.1007/s11192-018-2706-x
https://doi.org/10.1007/s11192-022-04293-x
https://doi.org/10.1007/s11192-022-04293-x
https://doi.org/10.1007/s11192-016-1889-2
https://doi.org/10.1007/s11192-016-1889-2
https://doi.org/10.1016/j.dss.2011.11.015
https://doi.org/10.1016/j.dss.2011.11.015
https://doi.org/10.1016/S0166-3615(03)00104-0

PRODUCTION & MANUFACTURING RESEARCH e 39

Vézquez-Serrano, J., Peimbert-Garcia, R., & Cardenas-Barrén, L. (2021). Discrete-event simula-
tion modeling in healthcare: A comprehensive review. International Journal of Environmental
Research and Public Health, 18(22), 12262. https://doi.org/10.3390/ijerph182212262

Vieira, A., Dias, L., Santos, M., Pereira, G., & Oliveira, J. (2020). Supply chain data integration:
A literature review. Journal of Industrial Information Integration, 19, 100161. https://doi.org/10.
1016/j.jii.2020.100161

Waltman, L., & van Eck, N. (2015). Field-normalized citation impact indicators and the choice of
an appropriate counting method. Journal of Informetrics, 9(4), 872-894.

Wang, M., & Chai, L. (2018). Three new bibliometric indicators/approaches derived from keyword
analysis. Scientometrics, 116(2), 721-750. https://doi.org/10.1007/s11192-018-2768-9

Wedlock, P., Mitgang, E., Haidari, L., Prosser, W., Brown, S., Krudwig, K., Siegmund, S.,
DePasse, J., Bakal, J., Leonard, J., Welling, J., Steinglass, R., Phiri, B., & Lee, G. (2019). The
value of tailoring vial sizes to populations and locations. Vaccine [Internet], 37(4), 637-644.
https://doi.org/10.1016/j.vaccine.2018.12.010

Yang, L., Li, K., & Huang, H. (2018). A new network model for extracting text keywords.
Scientometrics, 116(1), 339-361. https://doi.org/10.1007/s11192-018-2743-5

Zhang, J., Yu, Q., Zheng, F., Long, C., Lu, Z., & Duan, Z. (2016). Comparing keywords plus of
WOS and author keywords: A case study of patient adherence research. Journal of the
Association for Information Science and Technology, 67(4), 967-972. https://doi.org/10.1002/
asi.23437


https://doi.org/10.3390/ijerph182212262
https://doi.org/10.1016/j.jii.2020.100161
https://doi.org/10.1016/j.jii.2020.100161
https://doi.org/10.1007/s11192-018-2768-9
https://doi.org/10.1016/j.vaccine.2018.12.010
https://doi.org/10.1016/j.vaccine.2018.12.010
https://doi.org/10.1007/s11192-018-2743-5
https://doi.org/10.1002/asi.23437
https://doi.org/10.1002/asi.23437

40 e E. BOTTANI AND G. CASELLA

Appendix

Table A1. Frequency of keywords and year of appearance (extract of terms with frequency >2).

Keyword

Frequency

Persistency

Year of first appearance

Class

Sustainability

Inventory control
Transportation
Closed-loop supply chain
Optimisation

Distribution management
Reverse logistics
Agent-based modeling
Supply chain networks
Humanitarian logistics
Retailing systems
Decision support systems
Design of experiments
Bioenergy

Lean supply chain

Food supply chain
Environmental management
supply chain design
Multimodal logistics
Facilities location
COVID-19

Energy

Modeling

Immunization
Warehouse management
Blood supply chain
Biofuel

Remanufacturing

Case study

Biomass

Construction industry
Order picking

Container terminals
Returnable transport items
Forest biomass

Risk

Healthcare supply chain
Supply chain disruption
Hybrid methods

Vaccine supply chain
Industry 4.0

Bullwhip effect

Truck

Supply chain logistics

Response surface methodology

Digital twin

Supply chain simulation
Disassembly

Business process

Drugs management
Scenario analysis
Economical analysis
Blockchain

Emergency readiness
Terminal

Anylogic

operations management
Fuel supply chain

NNNNNMNNONNNMNMNNMNNMNNMNNNMNNMNMNNODWWWLWDWWWWWWWWWwWwwwwwbhbhbhs,prpdbbdbA,DDDADADPDDUUUULULO O OV O W WO O O

15
15
14
14
13
14
14
9
10
10
13
6
15
13
9
12
14
14
13
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3
12
1
12
8
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13
6
9
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13
8
12
14
13
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9
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1
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6
14
5
5
1
4
1
4
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8
13
14
4
4
8
11
1
6

2009
2009
2010
2010
2011
2010
2010
2015
2014
2014
2011
2018
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2015
2012
2010
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2011
2013
2021
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2012
2016
2013
2011
2018
2015
2014
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2016
2012
2010
2011
2012
2015
2014
2013
2013
2018
2010
2019
2019
2013
2020
2013
2020
2011
2016
2011
2010
2020
2020
2016
2013
2013
2018

well-established
well-established
well-established
well-established
well-established
well-established
well-established
well-established
well-established
well-established
well-established
trendy
well-established
well-established
well-established
well-established
well-established
well-established
well-established
well-established
trendy
well-established
well-established
well-established
well-established
well-established
well-established
trendy
well-established
well-established
well-established
well-established
well-established
well-established
well-established
well-established
well-established
well-established
well-established
well-established
trendy
well-established
emerging
emerging
intermittent
emerging
intermittent
emerging
intermittent
intermittent
intermittent
intermittent
emerging
emerging
intermittent
intermittent
intermittent
emerging

(Continued)
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Keyword Frequency Persistency Year of first appearance Class
pandemic 2 3 2021 emerging
Geographic information system 2 6 2018 emerging
agent-based simulation 2 5 2019 emerging
Health information systems 2 8 2016 intermittent
Shelf life 2 12 2012 intermittent
IBSAL 2 13 2011 intermittent
Supply chain modelling 2 3 2021 emerging
Last-mile distribution 2 6 2018 emerging
supply chain resilience 2 3 2021 emerging
Value chain 2 1 2013 intermittent
Supply disruption 2 5 2019 emerging
Multi-objective optimization 2 9 2015 intermittent
Trade-in 2 4 2020 emerging
Nanostores 2 6 2018 emerging
Natural calamities 2 4 2020 emerging
Vial size 2 9 2015 intermittent
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