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Tis study aims to survey the bibliometric properties of distributed decisions, decentralized decisions, and fuzzy articles published
between 1995 and 2023 in the Web of Science (WoS) database. During the analysis process, the keywords “distributed decision,
decentralized decision, and fuzzy” were scanned in all languages, both in the titles and the content of all publication types. As
a result of the analysis, 79 articles in all felds comprised the dataset. Te most used keywords in the articles were related to the
distributed decision, decentralized decision, and fuzzy logic, and the most frequently cited publications were examined using the
social network analysis method, which uses VOSviewer (version 1.6.19) to visualize the relationships. Te study’s goal on “active
researchers, active journals, journal metrics, title document type, active countries, and active institutions” was to look at the words
most frequently used in articles on distributed, decentralized, and fuzzy logic. Te social network analysis represented the
relationships between these keywords and the most frequently cited publications. Te fndings demonstrated a signifcant
correlation between using these keywords in academic literature and their contribution to this feld’s research. Tese results can
assist researchers in fnding potential partners and keeping up with current research trends. Overall, this study ofers important
new perspectives on the state of research on fuzzy logic, distributed decision making, and decentralized decision making.

1. Introduction

In today’s complex and interconnected world, decision
making plays a signifcant role in various domains, ranging
from engineering systems to business operations [1]. Tra-
ditional decision-making approaches, centered around
centralized control and deterministic logic, often face
challenges when dealing with uncertain, dynamic, and
distributed environments.

Distributed decision making refers to the process of
making decisions collaboratively among several autono-
mous entities. To achieve a consensus or reach optimal
decisions, it uses the collective intelligence and expertise of
these entities, which can be individuals, organizations, or
intelligent agents. Te participants in distributed decision
making share information and the decision-making

authority is distributed among them. In addition to en-
hancing scalability, fault tolerance, and decision quality, this
approach ofers several advantages. Furthermore, distrib-
uted decision making facilitates the efcient utilization of
resources and can be adapted to dynamic and uncertain
environments.

Te importance of distributed decision making lies in its
ability to harness the collective intelligence and diverse
expertise of multiple agents. Te distributed decision-
making approach aims to encourage the sharing of in-
formation and collaboration to ensure integrity in the
problem, thereby leading to improved decision-making
outcomes. Additionally, distributed decision making re-
duces the burden on a single decision maker, resulting in
more efcient and faster problem solving in domains that
require immediate responses.
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One of the important points of the decentralized de-
cision procedure is the distribution of decision-making
authority among diferent organizational units [2]. In
contrast to centralized decision making, where decisions are
made by a single entity with authoritative control, decen-
tralized decision making allows multiple autonomous units
to make decisions [2]. While operating independently, these
units are aligned with a common objective. In addition to
facilitating faster decision making, decentralization pro-
motes the utilization of local knowledge and allows efective
coordination between distributed units [3]. In addition, it
enhances the agility and responsiveness of an organization
by enabling local entities to make timely decisions based on
their specifc contexts.

Te importance of decentralized decision making is
derived from its capacity to address problems involving
a high degree of complexity, uncertainty, and scalability. By
decentralizing decision-making authority, this approach
allows for efcient problem solving in large-scale systems,
such as supply chains, trafc management, or multiagent
systems. Furthermore, decentralized decision making en-
sures robustness and resilience to failures or disruptions in
individual units, since the system can continue to function
even if some units become compromised.

Te fuzzy logic framework extends traditional binary
logic by incorporating degrees of truth and uncertainty. By
allowing intermediate values between true and false, it can
deal with vague and imprecise information. By using fuzzy
logic, fuzzy or qualitative concepts can be represented and
manipulated, thereby providing a more realistic and fexible
method of making decisions. With fuzzy logic, complex
systems can be modeled, incomplete or ambiguous data can
be handled, and human-like reasoning processes can be
captured. Tis makes it particularly suitable for solving
decision-making problems involving subjective or uncertain
inputs.

Fuzzy logic is valuable in the modeling of real-life
problems because it can handle and address the inherent
uncertainties and complexities of human decision making.
Using fuzzy sets, fuzzy logic, fuzzy rules, and fuzzy inference
systems allows the representation and analysis of qualitative
and subjective factors that often infuence decision-making
processes. Tis methodology can be implemented in dif-
ferent manufacturing industries, image processing, expert
systems, and optimization.

Fuzzy logic, decentralized decision making, and dis-
tributed decision making are alternative paradigms to
conventional centralized decision making and address the
challenges posed by distributed, dynamic, and uncertain
environments and provide more fexible and adaptive
decision-making frameworks. Distributed decision making
harnesses collective intelligence, whereas decentralized de-
cision making empowers local entities, while fuzzy logic is
capable of handling uncertainty and imprecision. Com-
bining these concepts can enhance decision-making pro-
cesses across a wide range of domains and open avenues for
further research and practical applications.

With the rapid technological change, the increase in
population, and how business and business conduct are

carried out in all areas, the world is becoming more complex
and dynamic daily. Tus, the importance of the decision-
making mechanism in diferent problems that await solu-
tions in many diferent areas of life increases. Supply chain
and energy have complex and dynamic decision-making
processes [4, 5], including management, scheduling, energy
systems, optimization, network management, control sys-
tems, and many others. Terefore, decentralized decision
making and distributed decision making are the particular
ways of accomplishing in this feld.

Distributed decision making takes place by distributing
the decision-making procedure among the various decision
makers. Also, every decision is related to each other due to
afecting the outcome of diferent decisions. Tere is also
uncertainty in the dynamic and variability of real life.
Terefore, in real-life problems, several uncertainties occur.
Te uncertainty in these decision-making mechanisms gives
rise to fuzzy logic.

Distributed decision making, decentralized decision
making, and fuzzy logic ofer alternative paradigms to
conventional centralized decision-making approaches. Tey
address the challenges posed by distributed, dynamic, and
uncertain environments and provide more fexible and
adaptive decision-making frameworks. While distributed
decision making harnesses collective intelligence, decen-
tralized decision making empowers local entities, and fuzzy
logic handles uncertainty and imprecision. Te combination
of these concepts can signifcantly enhance decision-making
processes in various domains and open avenues for further
research and practical applications.

Tis paper is organized as follows. In Section 2, the
novelty and motivations of this investigation are discussed.
In Section 3, we illustrate the dataset and methodology. Te
analysis result is examined in Section 4. In Section 5, dis-
cussion and limitations are explained. In Section 6, impli-
cation of the study is included. In Section 7, the conclusions
and future research are presented.

2. Structure, Novelty, and Motivations of
This Investigation

In this article, bibliometric analysis is carried out to facilitate
the acquisition of formal and quantitative data on the current
state of the feld in which the specifed topics are studied and
to monitor academic trends through visualization articles.
Te ultimate goal here is to obtain quantitative data and
numerical measurement indicators about the research per-
formance. Comments on these indicators should be inspired
by the researchers’ experiences and knowledge in the feld.
Trough bibliometrics, quantitative fndings were achieved
from various types of analysis such as co-authorship, orga-
nization, citation, and most used keywords.

As a result, alternative paradigms have emerged to ad-
dress these limitations and provide more fexible and
adaptive decision-making frameworks. Tis paper explores
three prominent concepts in this regard: distributed decision
making, fuzzy logic, and decentralized decision making. In
conclusion, these three concepts play vital roles in modeling
and addressing real-life problems.Tesemethodologies ofer
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powerful tools to handle complex, dynamic, and uncertain
scenarios that traditional approaches may struggle to cap-
ture. By leveraging collective intelligence, autonomy, and
fuzzy reasoning, these techniques enhance decision-making
processes, improve problem-solving capabilities, and enable
more accurate and adaptable models for real-life
applications.

In this study, the VOSviewer software tool (version
1.6.19) was utilized for knowledge visualization. Tis soft-
ware structures networks of linguistic elements extracted
from scientifc articles, encompassing articles, authors,
countries, citations, and keywords, and the fowchart is
demonstrated in Figure 1.

We surveyed the bibliometric properties of distributed
decisions, decentralized decisions, and fuzzy articles pub-
lished between 1995 and 2023 in the WoS database.

All studies except a few were published in diferent
journals. Te quarterly percentages of these journals are
shown in Figure 2. According to the quartile analysis, 51%
were published in Q1 journals; 12% in the Q2 journals; 20%
in Q3 journals; and 17% in Q4 journals, and H-Index of
publications is 17.

As a result of the bibliometric analysis, 79 studies in all
felds comprised the dataset, and these data are presented in
the tables and fgures. Te data in the tables and fgures,
published papers in years, were analyzed under the titles of
active researchers, active journals, active countries, and
active institutions in the following sections.

3. Dataset and Methodology

Today, many databases can be used to obtain data and to
conduct bibliographic or bibliometric research. WoS covers
many journals in the feld of science and is widely used in
bibliometric studies because it provides great convenience
for researchers to analyze [4–6].

It can be said that scientifc developments are experi-
enced continuously, and scientifc publications are in-
creasing every year. Tis situation has made it very difcult
for researchers to dominate the feld, and so the requirement
of bibliometric methods has emerged, which deals with the
direction in which the developments in the scientifc feld
have evolved, how the dynamics and structure of the feld
are, and which are the most important felds of study
through various flters.

Bibliometric methods undoubtedly continue to develop
day by day thanks to the systematic knowledge in the feld.
Te concept of bibliometrics, which dates back to the 1920s,
was frst used by Alan Pritchard [6]. Te “impact factor” put
forward by Garfeld [7] and the “Hirsch index” developed by
Hirsch [8] contributed signifcantly to the development of
bibliometrics. Bibliometrics is based on analysis with various
statistical and mathematical methods using data obtained
from various databases.

Bibliometric methods are based on obtaining biblio-
graphic data from databases and obtaining an image of the
feld of interest [9] and are generally performed for two
purposes which are various types of analysis and scientifc
mapping. While type analysis refers to an author’s or

citation’s performance in scientifc publications, scientifc
mapping attempts to reveal the dynamics and structure of
the scientifc feld [10].

Te scientifc mapping method is quite new among
bibliometric methods, and it represents a spatial represen-
tation of the interrelationship of documents, disciplines,
authors, specialties, and felds. Te scientifc mapping
method is expressed as discovering useful information from
data [10]. Scientifc mapping analysis is done widely through
keywords such as authors, countries, and publications and
fnds a wide application area [11].

In May 2023, 81 results were reached in the research
conducted by selecting “all felds” with the keywords “x.” In
the obtained data, author-citation-keyword and summary
analyses were examined. Content indexed in Web of Science
was taken as a database. Tis search is determined to detect
articles that contain the given keywords together. First of all,
81 publications (documents) of diferent types were found due
to the primary search. According to the years, 57 articles, 25
proceeding papers, 1 book chapter, 1 review article, and 1
early access article from 112 diferent disciplines/areas, the
oldest being 1995 and the newest 2023, were reached. To reach
the sample to be used, some restrictions were made in the
search, and the writing language was chosen as English. As
a result of this secondary search, 79 documents were found.

Te bibliometric analysis aims to summarize a large
amount of bibliometric data showing the knowledge of any
research topic or feld and their change over the years [12].
VOSviewer software version 1.6.19 was used to sort and
visualize the bibliometric data. VOSviewer provides three
types of visualization, namely, network visualization, layer
visualization, and density visualization.

4. The Analysis Result

4.1. Publication Output’s Bibliometric Analysis. Te key-
words searched on theWoS were analyzed into categories. In
this part, the keywords searched on the WoS contain the
main fndings about categories, citation topics, publication
years, document types, publishers, and research areas. Tese
documents have been created in 36 diferent categories, and
the percentages are demonstrated in Table 1 as the top 10
categories. As seen clearly in Table 1, CSAI, EEE, and CSTM
are the most studied categories.

With the increase in the topic of the supply chain, fuzzy
sets, and unconstrained optimization in the world, studies
on these issues have increased the number of studies in the
felds of EEE, OPMS, andM.Moreover, the most cited topics
list is demonstrated in Table 1.

It is seen in Table 1 that the keywords are used in dif-
ferent felds. Te reason for this can be attributed to the
concept of distributed decision, decentralized decision, and
fuzzy being subjects of interdisciplinary studies and being
handled in various sectors. Moreover, the citation topics that
are the most researched and afecting issues of the research
areas are given in Figure 3.

Te research areas of distributed decision, decentralized
decision, and fuzzy logic have been broadly studied and
researched in recent years. Figure 3 provides a comprehensive
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Figure 1: Flowchart of the study.
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overview of these felds’ most researched and afecting topics.
To carry out signifcant studies in the feld, attention should be
paid to the studies in the literature and the citations to these
studies. Researchers can identify the most infuential journals
for publishing their work by doing so.

One of the most signifcant topics within these felds is
decision making in complex systems, which has been ex-
plored through various approaches such as game theory and
artifcial intelligence. Another important area of research is
the development of decentralized algorithms for decision
making, which has potential applications in felds such as
fnance and transportation. Additionally, fuzzy logic has
emerged as a powerful tool for handling uncertainty in
decision-making processes. As these research felds increase
and develop, the contribution of researchers to the feld will
gain maining with the appropriateness of the latest
developments.

Te number of studies carried out between 1995 and
2023 is given in detail in the graphic. According to this
information, it is seen that there were very few studies until
the 2000s and that the studies carried out in the following
years increased, which is shown in Figure 4.

When the productivity of the countries is examined
according to the number of publications, it is seen that 32
countries publish in this feld. Figure 5 shows the ten most
productive countries as follows. China has the most pub-
lications on the researched subject, with 34 articles. Iran
follows this with 12 articles and the USA with ten articles. It
can be said that China and Iran have made signifcant
contributions to the development of literature.

4.2. Knowledge Visualization. To develop a complete anal-
ysis, it is necessary to consider the main factors infuencing
the results. Moreover, co-authorship analysis has three main
units of analysis: authors, their afliations, and countries. A
total of 32 elements (countries) fulflled the threshold re-
quirement, which stipulated a minimum of three documents
per country.Te software identifed 15 links, 18 clusters, and
16 total link strengths. Partnership mostly involved China
with 34 documents and 458 citations, and then the country
that follows it closest is Iran with 12 documents 77 citations.

Scientists collaborate with other researchers because of
the need to combine diferent types of knowledge and skills
to discover new knowledge and specialize in the feld [13].
Scientifc collaboration can also help expand the scope of
a research project and encourage innovation as it provides
access to diferent disciplines [14].

Te co-citation analysis, which represents a quantitative
bibliometric technique, classifes articles or comparable
written scholarly communications based on matching
sources in a publication’s reference list. Tis type of analysis
assumes that a pair of articles cited together is highly

Table 1: Category list.

Web of Science categories Defnition Record count % of 79
CSAI Computer science artifcial intelligence 32 40.5
EEE Electrical electronic engineering 17 21.5
CSTM Computer science theory methods 11 13.9
CSIA Computer science interdisciplinary applications 9 11.4
ACS Automation control systems 8 10.1
CSIS Computer science information systems 8 10.1
ORMS Operations research management science 8 10.1
EI Engineering industrial 7 8.8
M Management 6 7.6
EM Engineering multidisciplinary 5 6.3

30.4
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Figure 3: Percentage of citation topics.
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Figure 4: Number of publications in years.
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correlated in the network [15]. Te co-occurrence of two or
more sources defnes the strength of similarity in content
between publications. Figure 6 presents the network visu-
alization obtained from the analysis of the authors’ joint
citations in the distributed decision, decentralized decision,
and fuzzy logic, and also in Table 2 connections of the
authors are demonstrated, for example, Jie Wei and Jing
Zhao have the strongest connections in the network. For the
analysis of the co-citation of authors, the number of total
authors is 1942, and the software found 8 clusters of sci-
entifc collaboration, 183 links. In the clustered cooperation
network, research sharing the same color indicates similar
clusters. Te curved lines represent the strength of con-
nections. Te closer the distance between two nodes, the
stronger the scientifc connections between authors. Te
relationship between authors and the highest citation
counts is demonstrated based on the network connection
shown in Figure 5. Te software indicated 121 items, 185
links, and 215 total link strengths. For instance, due to Wei
having 638 citations, the size of the node in the network
visualization is larger compared to other authors. Gaz has
the second-highest citation count and a total connection
strength of 329.

In the network visualization, each node in the network
symbolizes the researcher, and the connections indicate the
relations between the authors. Te distance between these
two authors on the network visualization shows almost the
degree of closeness of the two authors regarding common
citations.Te larger node of the author’s name demonstrates
the greater weight. Moreover, the weight of each node is
decided by the total power of all connections connected to
the node. Figure 7 shows the analysis of the co-citation of
authors.

Bibliographic coupling is the most commonly used ci-
tation type in citation analysis. Moreover, the bibliographic
coupling is two diferent sources fnding an impression of
the same source. As seen in the network visualization
(Figure 8 and Table 3), it can be mentioned that there is an
intense and complex relationship between documents.
However, the relationship between the documents has been
clarifed through coloring. In this relationship, red, blue, and
green colors interact with each other, as well as diferent
colors interact with each other.Te software found 6 clusters
of scientifc collaborations, 160 links, and 519 total strengths.

Te analysis of the relationship among authors, publications,
and countries is achieved through author citations and
bibliographic matching analysis. It is clear that the prom-
inent ones are authors such as Zhao [16, 17], Wei [18], Gao
[19, 20], and Song [21].

Te category, document type, publication year, and
research area information of the 79 articles examined in the
WoS database are shown in Table 4. Some abbreviations
used in this table are given in Table 5. When analyzing the
document types of all the studies examined in Table 4, it is
observed that 73.41% are articles, 31.64% are proceeding
papers, 1.26% are early access, and 1.26% are review
articles.

Figure 9 depicts the results of the bibliometric analysis,
which identifed 431 of the most related keywords and their
connection power to one another. In addition, the key-
words are chosen according to link strength. Te rate of
occurrence is demonstrated by the volume of nodes. Te
analysis yielded a total of 456 keywords, out of which 38
met the threshold criteria (requiring a minimum occur-
rence of 3 for each keyword), 207 links, and 296 total link
strengths. It has been determined that the keywords consist
of 5 clusters, and they are expressed in diferent colors. For
example, the cluster with a green model is related to dis-
tributed decision making, group decision making, multi-
agent systems, neural networks, agent technology,
allocation, and aggregation. In summary, the elements of
fuzzy, decentralized, and distributed decision-making are
as follows: model, coordination, fuzzy, algorithm, fuzzy
optimization, system, optimization, and decision-making.
Te cluster with the green model is a complex system that
encompasses various aspects of decision making. Its rele-
vance lies in its ability to facilitate distributed decision
making, group decision making, and multiagent systems.
Using neural networks and agent technology enables the
system to allocate resources and aggregate data efciently.
Te decentralized nature of the model allows for a more
coordinated approach to decision making, with algorithms
and fuzzy optimization playing a key role in the process.
Te system’s ability to optimize decisions in real time is
a signifcant advantage, allowing for quick responses to
changing circumstances. In summary, the components of
this model include coordination, distributed decision
making, algorithm development, fuzzy optimization
techniques, and overall decision-making capabilities. Tis
system represents an important advancement in decision-
making technology and has numerous applications across
various industries.

5. Discussion and Limitations

A bibliometric analysis ofers a valuable chance to pinpoint
potential literature gaps. As far as we are aware, this con-
stitutes the inaugural bibliometric analysis encompassing
“distributed decision, decentralized decision, and fuzzy”
across all felds. Consequently, these fndings hold promise
for guiding future research endeavors in this domain. Te
outcomes of the bibliometric inquiries suggest that research

34
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FRANCE
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Publications by countries

Figure 5: Publications by countries.
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incorporating these keywords spans various scientifc do-
mains. Additionally, fostering collaborations among re-
searchers is recommended.

Analyzing keywords proves to be a benefcial method
for delineating predominant themes and establishing
a document framework within a research feld. Te
knowledge visualization utilizing VOSviewer demon-
strated a satisfactory correlation among the terms (key-
words). Trough network analysis, eight clusters were
identifed, showcasing a diverse dispersion of utilized
keywords, indicative of a broad spectrum of covered topics.
Conversely, the knowledge mapping indicated that primary
scientifc collaborations among researchers or institutions
are primarily centered around China and Iran. Te con-
stituents of most related keywords analysis comprise co-
ordination, distributed decision making, algorithm
development, fuzzy optimization techniques, and com-
prehensive decision-making abilities. Tis system signifes
a signifcant stride in decision-making technology and
holds multifaceted applications across diverse industries.
Additionally, the topics in which these words are most
citation topics are supply chain, fuzzy sets, unconstrained
optimization, feature selection, and wireless sensor net-
works. Moreover, the co-authorship analysis of authors
indicates a defciency in collaborative eforts among them.
With limited group characteristics observed in the co-
operative networks, authors tend to publish independently.
Consequently, there exists an imbalance in research de-
velopment across diferent countries, emphasizing the
essential need to bolster partnerships. Te reasons behind
these gaps necessitate further analysis.

Tis analysis has various limitations. Te search and
methods were confned to articles extracted and analyzed
solely from the WoS database. Although it encompasses all

SCI and SSCI listed journals, this strategy also includes
articles present in other datasets (for instance, Scopus and
ProQuest). Additionally, the citation search within WoS
may lack comprehensiveness (e.g., certain subject areas
might be inadequately covered, and authors’ keyword se-
lection might not be appropriate). Nevertheless, this ap-
proach is widely utilized in bibliometric research. Moreover,
our principal aim in this study was to encourage research
development and address existing scientifc gaps. In-depth
bibliometric investigations will be necessary to focus on
diferent indicators. We chose VOSviewer due to its focus on
aggregate-level visualizations. Te string we used for bib-
liometric analysis (“distributed decision (All Fields),
decentralized decision (All Fields) and fuzzy (All Fields)”)
resulted in a nonexhaustive number of articles by specifcally
excluding relevant documents. Additionally, since the re-
cords exported from the WoS core collection included the
“full record,” we attempted to capture these keywords in all
articles. Our analysis shows that there are obvious gaps in
this area of research.

6. Implications of the Study

Tis study’s analysis provides valuable insights into the
keywords and highly cited publications concerning dis-
tributed decisions, decentralized decisions, and fuzzy logic.
Tese fndings can be practically applied in multiple ways:
research collaboration, strategic decision making, emerging
trends identifcation, and knowledge transfer. Te in-
formation and fndings from this study are anticipated to be
utilized for promoting research collaboration, supporting
strategic decision-making processes, identifying emerging
trends, and facilitating knowledge transfer. While re-
searchers can use this information to identify potential
collaborations and track current trends, managers in aca-
demic institutions or R&D organizations can allocate re-
sources efectively, identify priority research areas, and
establish partnerships aligned with prevailing trends. Fur-
thermore, through social network analysis, new trends
emerging in these research domains can be identifed. Tese
insights can contribute to a deeper understanding of current
research areas and the dissemination of knowledge, par-
ticularly through educational programs or workshops or-
ganized for researchers or professionals.

VOSviewer

Figure 6: Te analysis of the country of co-authorship.

Table 2: Te authors of total link strength.

Author Total link strength
Wei, Jie 30
Zhao, Jing 30
Gao, Jw 17
Liu, Bd 17
Li, Yong Jian 8
Hafezalkotob, Ashkan 7
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VOSviewer

Figure 7: Te analysis of the co-citation of authors.

VOSviewer

Figure 8: Te analysis of bibliographic coupling of documents.

Table 3: Te list of bibliographic coupling of documents.

Document Citation Total link strength
Zhao (2017) 19 116
Zhao (2014) 37 110
Wei (2012) 26 89
Gao (2005b) 57 85
Gao (2004) 4 85
Song (2014) 1 84

Table 4: Summary of papers.

Reference Document type Publication year WoS categories Research areas
[22] Review 1995 ACS; II ACS; II
[23] Proceedings paper 1998 ACS ACS
[24] Proceedings paper 2000 CS, cybernetics; EEE CS; E
[25] Proceedings paper 2002 CSIS; EEE; II; telecommunications CSIS; II; telecommunications
[26] Article 2003 CS, cybernetics; CSTM CS
[27] Proceedings paper 2003 CSAI; CSIS; CSTM CS
[28] Proceedings paper 2004 CSAI; CSIS; CSTM CS
[20] Proceedings paper 2004 CSAI CS
[29] Article; proceedings paper 2004 CSAI CS
[30] Proceedings paper 2005 CSAI CS
[31] Article 2005 Mathematics, applied Mathematics
[32] Proceedings paper 2005 CSAI; CSIA; CSTM CS
[33] Proceedings paper 2006 CS; EEE; telecommunications CS; E; telecommunications
[34] Article 2006 Economics; EF; ES BE; EF; ES
[35] Proceedings paper 2006 EF; EEE EF; E
[36] Proceedings paper 2006 EEE E
[37] Proceedings paper 2007 CSAI; CSTM CS
[38] Article 2007 CSAI CS

8 Discrete Dynamics in Nature and Society



Table 4: Continued.

Reference Document type Publication year WoS categories Research areas
[39] Article 2007 CSAI; CSIS; ORMS CS; ORMS
[40] Article; proceedings paper 2007 M; ORMS BE; ORMS
[41] Proceedings paper 2008 ACS; CSAI; CSTM ACS; CS
[42] Article 2008 CSAI; EEE; ORMS CS; E; ORMS
[43] Article 2008 CSAI; CSIA; CSIS; ORMS CS; ORMS
[44] Article 2008 IE E
[45] Article 2009 CSIA; IE CS; E
[46] Article 2009 CSAI CS
[47] Proceedings paper 2010 M BE
[48] Proceedings paper 2010 ACS; EEE ACS; E
[49] Article 2011 CSAI; EEE; ORMS CS; E; ORMS
[50] Article 2012 CSAI CS
[18] Article 2012 ORMS ORMS
[51] Article 2012 Agriculture, multidisciplinary; CSIA Agriculture; CS
[52] Article 2012 CSAI CS
[53] Proceedings paper 2013 CSAI CS
[54] Proceedings paper 2013 CSAI; EEE; telecommunications CS; E; telecommunications
[55] Article 2014 EM; MIA; mechanics E; mathematics; mechanics
[19] Proceedings paper 2014 EEE E
[56] Article 2014 EM; MIA E; mathematics
[21] Article 2014 MIA MST
[57] Article; book chapter 2014 CSAI; CSIA; ORMS CS; ORMS
[58] Proceedings paper 2015 CSAI; CSTM; EEE CS; E
[59] Article 2016 IE E
[60] Article 2016 CSTM; ergonomics CS; E
[61] Article 2017 CSAI; CSIA CS
[62] Article 2017 ORMS ORMS
[63] Article 2017 CSAI, E, manufacturing CS; E
[64] Proceedings paper 2017 ACS; EEE ACS; E
[65] Article 2017 EM; MIA applications E; mathematics
[17] Article 2017 CSIA; CSAI; telecommunications CS; telecommunications
[53] Article 2018 Mathematics, applied Mathematics
[66] Article 2018 CSAI; EEE CS; E
[67] Article 2018 CSAI CS
[68] Article 2018 ACS; CSAI; CSAI ACS; CS
[69] Article 2018 EI; M E; BE
[70] Article 2018 CE; water resources Water resources
[71] Article 2018 CBT; CE CBT; E
[72] Article 2018 EEE E
[73] Article 2020 CSIS; EEE; telecommunications CS; E; telecommunications
[74] Proceedings paper 2020 CSAI; CSTM CS
[75] Article 2020 CSAI; CSTM CS
[76] Article 2020 CSAI CS
[77] Article 2020 GSST; EF EEE Science & technology; EF; E
[78] Article 2020 CSTM; MA CS; mathematics
[79] Article 2020 EM E
[80] Article 2020 Business; M BE
[81] Article 2021 CSAI CS
[82] Article 2021 Mathematics, applied Mathematics
[83] Article 2021 ACS; CSIA; IE ACS; CS; E
[84] Article 2021 CSAI CS
[85] Article 2021 ACS; CS, cybernetics ACS; CS
[86] Article 2021 M BE
[87] Article 2021 CSIA; IE CS; E
[88] Article 2022 IE; EM E
[89] Article 2022 M BE
[5] Article 2022 EEE; transportation science & technology E; transportation
[90] Article 2022 Mathematics Mathematics
[91] Article 2023 EM; MIA E; mathematics
[92] Article 2023 CSAI; CSIA CS
[4] Article; early access 2022 GSST; environmental sciences Science & technology; ES
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7. Conclusions and Future Research

With bibliometric analysis, some fndings can be obtained by
examining diferent bibliometric features of studies pub-
lished in an academic feld. Tese fndings can be used to
make comparisons on various subjects, to determine the rate
of use of scientifc communication tools, to determine the
most infuential authors in the relevant literature, to fnd the
most used keywords, to provide information about the
countries with the most publications, and to evaluate
a journal.

It has been observed that there are 79 studies obtained as
a result of the screening performed by the specifed criteria.
It is seen that the years with the most publications between
1995 and 2023 were from 2017 to 2022. Among the countries
that contributed the most to the literature for the criteria
determined, China, Iran, USA, Australia, and Spain are in
the frst fve places, respectively.

In the analysis made to show the link between the
common citation analysis and the authors, it is seen that Jie
Wei and Jing Zhao have the most vital link in the network. It
is revealed by the analysis that the most studied categories
about distributed decision and fuzzy concepts are electrical
electronic engineering, OR management science, and
management. Accordingly, it is seen that the most cited

topics depending on these categories are supply chain, fuzzy
sets, unconstrained optimization, feature selection, and
distributed generation. Moreover, by analyzing the co-
occurrence of the most used keywords and other key-
words to which they are linked in all studies, it was seen that
the most used keywords in the literature were distributed
decision, decentralized decision, fuzzy model, coordination,
distributed decision making, algorithm, fuzzy optimization,
system, optimization, and decision making.

Te use of related keywords and the words associated
with these keywords together in many studies reveals the
trend in the feld. According to the literature, the most
frequently used keywords are distributed decision, decen-
tralized decision, and fuzzy model. Te rising popularity of
decentralized decision-making techniques that use fuzzy
logic to optimize complex systems is refected in these terms.
It is also clear how important coordination is because it
allows distributed agents to work efectively together. Al-
gorithms are considered another essential component of
distributed decision-making systems, which efectively
process massive amounts of data. Te use of fuzzy opti-
mization techniques to resolve complex issues involving
uncertainty and imprecision is on the rise. Tese keywords
generally highlight the importance of distributed decision-
making systems that can handle large amounts of data while
enhancing intricate systems to produce desired results.

Te results demonstrate that the articles on distributed
decision, decentralized, and fuzzy logic in the world have
increased over the years. Te analysis result shows that these
keywords are used for a wide range of work. It can be said
that the increase in citations to these articles and the high
number of multidisciplinary studies are a result that shows
the increasing importance of the subject.

For future studies, various analysis methods like sys-
tematic literature review can be used. Tus, it can be de-
termined which issues about distributed decision,
decentralized decision, and fuzzy logic are mainly studied.
Comparisons between databases can be made using diferent
databases. With the studies carried out, gaps are revealed in
the literature and many diferent results can be determined
for researchers, thus contributing to the feld. Our analysis
shows that there are obvious gaps in this area of research.
More studies can be conducted in the future to provide
a variety of analyses. For further development, with further
increase in studies in the feld, research based on the WoS
database can be supported by the inclusion of other scientifc
databases (Scopus, Elsevier, Google Scholar, etc.). Our
analysis highlights that more eforts are warranted to in-
crease the production of quality papers and enhance the
connections between the various research groups.
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Table 5: Te most used category defnition used in the summary
paper list.

Categories Defnition
CS Computer science
II Instruments & instrumentation
EE Energy & fuels
IAM Mathematics, interdisciplinary applications
ES Environmental sciences
CE Civil engineering
BE Business & economics
MST Mathematics; science & technology
CBT Construction & building technology
GSST Green & sustainable science & technology
EE Engineering

Figure 9: Analysis of the most related keywords.
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