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Abstract

Purpose: Multicriteria methods have gained traction in both academia and industry practices for effective
decision-making over the years. This bibliometric study aims to explore and provide an overview of research
carried out on multicriteria methods, in its various aspects, over the past forty-four years.

Design/Methodology/Approach: The Web of Science (WoS) and Scopus databases were searched for
publications from January 1945 to April 29,2021, on multicriteria methods in titles, abstracts, and keywords. The
bibliographic data were analyzed using the R bibliometrix package.

Findings: This bibliometric study asserts that 29,050 authors have produced 20,861 documents on the theme of
multicriteria methods in 131 countries in the last forty-four years. Scientific production in this area grows at a rate
of 13.88 per year. China is the leading country in publications with 14.14%; India with 10.76%; and Iran with
8.09%. Islamic Azad University leads others with 504 publications, followed by the Vilnius Gediminas Technical
University with 456 and the National Institute of Technology with 336. As for journals, Expert Systems With
Applications; Sustainability; and Journal of Cleaner Production are the leading journals, which account for more
than 4.67% of all indexed literature. Furthermore, Zavadskas E. and Wang J have the highest publications in the
multicriteria methods domain regarding the authors. Regarding the most commonly used multicriteria decision-
making methods, AHP is the most favored approach among the ten countries with the most publications in this
research area, followed by TOPSIS, VIKOR, PROMETHEE, and ANP.
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Practical implications: The bibliometric literature review method allows the researchers to explore the
multicriteria research area more extensively than the traditional literature review method. It enables a large dataset
of bibliographic records to be systematically analyzed through statistical measures, yielding informative insights.

Originality/value: The usefulness of this bibliometric study is summed in presenting an overview of the topic of
the multicriteria methods during the previous forty-four years, allowing other academics to use this research as a
starting point for their research.

Paper type: Literature Review

Keywords: Multicriteria; MCDA; MCDM,; bibliometric analysis, AHP, TOPSIS, VIKOR, PROMETHEE, ANP

1. Introduction

With the constant growth of the dissemination of scientific knowledge in its most varied fields of knowledge, the
literature review becomes a challenging task for the researcher, as reported by (Basilio et al., 2021). The challenge
finds adherence in the volume of research published monthly by the thousands of academic publication vehicles.
Based on the theory of limited rationality by (Simon, 1955), it can be said that a researcher, like any other human
being, has his rationality limited by three dimensions: the information available; the cognitive limitation of the
individual mind; and the time available for decision making.

Decision-making is essential for human activities. All such decisions are made based on the assessment of
individual decision options, usually based on preferences, experience, and other data available to the decision
maker (Satabun et al., 2020; Basilio and Pereira, 2020). Some decisions are simple, while others are complex
(Behzadian et al., 2012). According to (Kahraman et al., 2015; Govindan and Jepsen, 2016), decisions may be
relatively simple, especially if the consequences of a wrong decision are not significant, while others may be highly
complex and have substantial outcomes. Real-life problem solving generally involves several conflicting points of
view, which must be considered together to reach a reasonable decision (Wang et al., 2008). Formally, a decision
can be defined as a choice made based on the available information, or a method of action aimed at solving a
specific decision problem (Greco et al., 2016). In practice, multiple-criteria decision analysis (MCDA) evaluates
a collection of possible courses of action or options by selecting a preferred option or sorting the options from best
to worst (Basilio et al., 2019; Basilio and Pereira, 2020a; Basilio et al., 2020, Moreira et al., 2022). In daily practice,
the application of MCDA is crucial in signalling the best rational alternative for the decision maker, so that he can
allocate finite resources between competing and alternative interests. Because in simple or complex decisions,
whether in the organizational or domestic environment, the decision maker is always faced with several paths and
few resources. Researchers refer to multiple criteria methods in different ways. Such methods are frequently
referred to as multicriteria decision-making or multiple criteria decision-making (MCDM). Some authors prefer
the term multiple-criteria decision aid or aiding (MCDA), while others prefer to use the term multiple-criteria
decision analysis (Roy, 1990).

(Zyoud and Fuchs-Hanusch, 2017; Satabun et al., 2020) highlight the most used MCDA methods, which are
basically grouped into two "schools": the American and the European. The methods of the American school of
decision support are based on a functional approach, namely, the use of value or usability. These methods usually
do not take into account the uncertainty, inaccuracy, and uncertainty that can occur in data or decision-maker
preferences. This group of methods is strongly connected with the operational approach using a single synthesized
criterion. The basic methods of the American school are MAUT, AHP, ANP, SMART, UTA, MACBETH, and
TOPSIS. The methods of the European School use a relational model. Thus, they use a synthesis of criteria based
on the relation of outranking. This relation is characterized by transgression between pairs of decision options.
Among the methods of the European School of Decision Support, the groups of ELECTRE and PROMETHEE
methods should be mentioned above all. Other examples of methods from the European MCDA field are NAIADE,
ORESTE, REGIME, ARGUS, TACTIC, MELCHIOR, and PAMSSEM. Many multi-criteria methods combine
the approaches of the American and European decision support school, as an example we can mention the
following methods: EVAMIX, QUALIFLEX, PCCA, MAPPAC, PRAGMA, PACMAN, IDRA, COMET, and
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DRSA. Furthermore, as stated by (Behzadian et al., 2010; Govindan and Jepsen, 2016; Basilio et al., 2017; Zyoud
and Fuchs-Hanusch, 2017), MCDA methods are used to solve decision-making problems in several areas,
including the information and communication technology; business intelligence; environmental risk analysis;
environmental impact assessment and environmental sciences;, water resource management; solid waste

management; remote sensing; flood risk management; health technology assessment; healthcare; transport;
nanotechnology research; climate change; energy; international law and policy; human resources; financial
management; performance and benchmarking; supplier selection; e-commerce and m-commerce; agriculture and
horticulture; chemical and biochemical engineering; software evaluation; network selection; education and social
policy; heating, ventilation, and air conditioning and small-scale energy management systems; and public security.

As Satabun et al. (2020) asserts, despite the large number of MCDA methods, it should be remembered that no
method is perfect and cannot be considered suitable for use in every decision-making situation or for solving every
decision problem (Guitouni and Martel, 1998). Therefore, using different multi-criteria methods may lead to
different decision recommendations (Zanakis et al., 1998). It should be noted, however, that if different multi-
criteria methods achieve contradictory results, then the correctness of the choice of each of them is questioned

(Gershon, 1984). In such a situation, the choice of a decision support method appropriate to the given problem

(Watrobski et al., 2019; Basilio et al., 2019) becomes an important research issue, as only an adequately chosen

method allows one to obtain a correct solution reflecting the preferences of the decision maker (Cinelli, 2020).

Human beings make decisions daily, and decision-making is an intrinsic part of their nature. Some decisions are
straightforward and have minimal influence on people's lives; others, on the other hand, directly impact people's
lives, cities, and nations. In this regard, and in light of the importance of multi-criteria methods in assisting
decision-makers in various fields, the current study seeks to answer the following questions and develop a

reference framework on academic productivity about multi-criteria decision-making methods:

Q1: Who are the most influential authors and researchers in terms of their scientific productivity on the subject

area of multicriteria decision-making methods?
Q2:What is the annual scientific publication growth in the multicriteria methods of decision-making?

Q3:Which countries have the most significant production of articles on the multicriteria methods of decision

support?
Q4:Which journals do the researchers mainly publish their articles on?
Q5:What are the conceptual structures of the multicriteria methods of decision support?

Throughout this research process, 342 systematic literature reviews on the theme of multicriteria methods have
been identified as per the ten largest categories classified by the Web of Science, i.e., green sustainable science
technology (Fossile et al., 2020); energy fuels (Siksnelyte-Butkiene et al., 2020); environmental sciences (Akhtar
et al., 2021); operations research and management science (Syan and Ramsoobag, 2019; Costa et al., 2021);
computer science and artificial intelligence (Salih ez al., 2019); management (Pelissari et al., 2021); economics
(Moreno-Calderon et al., 2020); engineering environmental (Heidari er al.,, 2021); computer science and

interdisciplinary applications (Cunha et al., 2021); engineering civil (Serugga et al., 2020).

This article is structured as follows: Section 2 provides a brief description of the methods and materials. Section 3
presents the preliminary bibliometric results and visualizes the collaborative relationships between countries, and
authors, using R and the VOSviewer software. Keyword co-occurrences are analyzed, and strategic diagrams are
constructed in the same section to reveal thematic trends on the multi-criteria decision support theme. The main

conclusions are summarized in Section 4.
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2. Methods and data

In this study, a topical query on April 29, 2021 was conducted in the Web of Science (WoS) and Scopus database,
using the following search query: ( ( "MULTI-ATTRIBUTE DECISION MAKING" OR “MADM” OR
“MCDA” OR “MODM” OR “MCDM” OR "MULTICRITERIA" OR "MULTI-CRITERIA" OR
"MULTIPLECRITERIA" ) AND ( “AHP” OR “TODIM” OR "TOPSIS" OR "PROMETHEE" OR
"ELECTRE" OR "VIKOR" OR "MAUT" OR "FITRADEOFF" OR "DEMATEL" OR "COPRAS" OR
"MULTIMOORA" OR "SWARA" OR "ANALYTICAL NETWORK PROCESS" OR “ANP” OR "FUZZY
DECISION MAKING" OR "HYBRID MCDM" OR "FUZZY SET THEORY" OR “FST” OR "SIMPLE
MULTI-ATTRIBUTE RATING TECHNIQUE" OR “SMART” OR "GOAL PROGRAMMING" OR "THOR"
OR “CBR” OR “SAW” OR “BORDA” OR “CONDORCET” OR "DOMINANCE-BASED ROUGH SET
APPROACH" OR “DRSA” OR “GAIA” OR “GRA” OR "MEASURING ATTRACTIVENESS BY A
CATEGORICAL BASED EVALUATION TECHNIQUE" OR “MACBETH” OR "MULTI-ATTRIBUTE
GLOBAL INFERENCE OF QUALITY" OR “MAGIQ” OR "NEW APPROACH TO APPRAISAL" OR
“PAPRIKA” OR "WEIGHTED PRODUCT MODEL" OR “WPM” OR “WSM” OR “UTADIS” OR

“WASPAS”)).

The search query was used for obtaining results only from articles, titles, abstracts, and keywords. The query was
limited to publications made between 1945 and 2021. In the WoS database, the search was done only on the Core
Collection. The search started with 31,932 records resulting from the query made to the WoS and Scopus
databases. After downloading the records, the bibliometrix package version 1.2.1335 of RStudio was installed on
the Win64 operating system. The bibliometrix R package was used to perform the bibiometric analysis and obtain
the answers for questions Q1 to Q5. Then, we used the bibliometrix tool’s functions to create descriptive and co-
citation networks, respectively. The function convert2df embedded in the bibliometrix package was used to extract
and create a data frame corresponding to the unit of analysis within the exported files from WoS and Scopus
databases. After creating the data frames from the WoS and Scopus files, the mergeDbSources function merged
the WoS and Scopus data frames and excluded duplicate records from both files. 11,071 duplicate records were
removed, resulting in a data frame with 20,861 records for bibliometric analysis. The process of obtaining the

bibliographic records file can be seen in Figure 1.
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Figure 1: Search strategy and extraction of data.
Source: Prepared by the authors based on (Basilio et al., 2021a; Ghosh and Prasad, 2021)

3. Finding and discussion

The results from the bibliometric analysis show that 29,050 authors produced 20,861 documents in the period from
January 1, 1977, to April 29, 2021. The types of documents identified in the sample, despite the limitations
described in the methods and data section, were as follows: 71.12% are article (14,837); 1.64% are review (342);
7.04% are conference paper (1,469); 1.47% are article-proceedings paper (307); 1.39% are article-early access
(290); 15.19% are proceedings paper (3,169); and others. Regarding academic production, studies on multicriteria
methods of decision support had their genesis in 1977. Figure 2 illustrates the trajectory of publications up to April
2021. Observing the graph, it appears that the growth began from 1986 with a small degree of inclination. In this
period, the number of average publications was 7.3 documents per year. From 1987 to 1996, the average document
increased to 28.3 documents per year. In the following ten years, this average jumped to 123.2 documents per year,
and finally, from 2007 to 2021, the average was 1265.73, thus showing a high degree of interest on the part of
researchers in the topic. Considering the total period, publications on multicriteria decision support methods
reached an annual percentage growth rate of 13.88365. Figures 3 and 4 illustrate the average total citations per
year (16.06) and the average years from publication (6.36), respectively. The volume of publications resulted in a

total of 472,345 references.
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Figure 2 Graphical representation of the annual scientific production
Note: It should be noted that the data for the year 2021 corresponds to partial values quantified up to April 29,
2021.
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Figure 3 Graphical representation of the average total citations per year
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Figure 4 Graphical representation of the average article citations per year
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3.1 Monitoring of scientific production around the world

All of the incorporated literature on multicriteria methods was contributed by at least 120 countries or regions, as
Figure 5. China (n=2,951) is the largest contributor to multicriteria methods research, followed by India (n=2,246),
Iran (n=1,688), Turkey (n=1,617), Taiwan (n=1,092), United States (n=761), Brazil (n=732), Spain (n=590), Italy
(n=545), and Malaysia (n=489). With regard to citations, Table 1 presents us with a slightly different ordering,
however China remains in the first place influencing the scientific production both in production of knowledge
and in reference to the scientific community: China (n=49,662), Taiwan (n=32,535), Turkey (n=28,741), Iran
(n=23,613), India (n=23,530), United States (n=20,217), Lithuania (n=12,292), United Kingdom (n=10,917),
Spain (n=10.071), and Italy (n=8,601). In terms of research institutions, the top 10 include the Islamic Azad
University (n=504), Vilnius Gediminas Technical University (n=456), National Institute of Technology (n=336),
University of Tehran (n=334), Indian Institute of Technology (n=265), and Istanbul Technical University (n=243),
as seen in Table 1. Figure 6 is elaborated to observe the relationships between organizations through the Co-
authorship analysis, having the universities as the unit of analysis. The following criteria were used: 1) the
minimum number of documents per organization (n>=50); 2) the minimum number of citations per organization
(n>=50). With the established criteria, 50 organizations out of the 7619 analyzed were separated. The nodes
represent the universities, the diameter of the nodes represents the number of citations, and the thickness of the
connecting lines between the nodes represent the level of cooperation between the institutions. In this way, we
highlight the following organizations: Islamic Azad University and Vilnius Gediminas Technical University.
Figure 7 illustrates international cooperation between countries and highlights the following leading countries:
China, India, Iran, Turkey, Taiwan, United States, Brazil, Spain, Italy, and Malaysia.

Most Productive Countries

CHINA

INDIA

IRAN

TURKEY

TAWAN
Collaboration

M scr
T mee

Countries

UsA

BRAZIL

SPAIN

ITALY

MALAYSIA

=)

1000 2000 3000
N. of Documents
SCP: Single Country Publications, MCP: Multiple Country Publications

Figure S Graphical representation of the top 10 most productive countries
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Table 1 The top 10 countries/regions amd institutions contributing to publications in multicriteria methods

Rank Country’ Artick  Percentage Tatal Peroentage Average Freq SCP MOP MCP_Ratie Institutions Country Artick  Percentage
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b LEA Tl EEi S 20217 LiLIE] 26,506 00380 5% 17D 022134 [stanbul Technical University  Turkey 243 116

T Brazl 732 1.50 5681 | &% 76l 00365 &9 63 0086 University of Belgrade Serbia | Hilh 086
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TOTAL 12,711 .93 20,351 6244 2801 1179

Mete: SCP: Single Country Publications; MCP: Multiple Country Publications
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In this section, an overview of the bibliometric findings is presented concisely. In the following ten subsections,
the study is expanded and characterized on multi-criteria methods as per the top ten countries that stand out in this
sample. Furthermore, a cluster with the five most prominent research areas is prepared based on the WoS
taxonomy, universities; financing sources; authors; and the most used methods.

3.1.1 A view of scientific production in China

With 14.14 percent of all global output in the previous 40 years, China ranks first in scientific production for
exploring the use of multicriteria decision support methods. The research was done in the following areas:
computer science (Zhang and Xu, 2014a; Ren et al., 2016; Wu et al., 2018; Sarwar et al., 2021; Yuan et al., 2021);
engineering (Kou er al., 2012; Wang et al., 2016; Akram et al., 2019; Fei et al., 2019; Leung et al., 2021);
environmental sciences and ecology (Liao et al., 2015; Liu and Li, 2018; Liu et al., 2019; Rafi et al., 2020; Hong
et al., 2021); operations research and management science (Deng et al., 2014; Qin et al., 2017; Yu et al., 2018;
Zhou et al., 2019; Liu and Ma, 2021); and science technology other topics (Tian ef al., 2017; Nie et al., 2018; Du
et al., 2020; He et al., 2020; Liang et al., 2021). Regarding the top universities having the highest productivity
about the research on multi-criteria methods, the following five universities with the three most cited publications
are Sichuan University (Zhang and Xu, 2014a, 2014b; Liao, Xu and Zeng, 2015; Ren et al., 2016; Liang and Xu,
2017); Central South University (Tan, 2011; Peng et al., 2014; Wang et al., 2016; Wen et al., 2016; Tian et al.,
2017); North China Electric Power University (Wang et al., 2008; Guo and Zhao, 2015, 2017; Wu et al., 2016;
Wu et al., 2018); Hong Kong Polytechnic University (Ngai and Chan, 2005; Chan et al., 2008; Wong and Li, 2008;
Deng and Chan, 2011; Chai et al., 2013); and the Chinese Academy Of Sciences (Dai et al., 2001; Hua et al., 2008;
Wen et al., 2016; Sangaiah ef al., 2018; Tien Bui ef al., 2018). In terms of research sponsors, the top five Chinese
funding sources that have considerably contributed to the growth of scientific production on the topic of multi-
criteria methods are as follows: The National Natural Science Foundation of China (48.75%); Fundamental
Research Funds For The Central Universities (7.77%); China Postdoctoral Science Foundation (3.6%); Ministry
of Education China (2.68%); and China Scholarship Council (1.9%). Together, these five institutions account for
nearly 65% of all research funding related to multi-criteria methods in China.

Regarding the authors, the top five researchers who stand out in the area of multi-criteria methods in terms of
academic production in China are Jian-Qiang Wang, H-index (53), with 91 publications, the most cited work:
(Wang et al., 2016); Zeshui Xu, H-index (95), with 75 publications, the most cited work: (Xu and Zhang, 2013);
Hu-chang Liao, H-index (44), with 59 publications, the most cited work: (Liao et al., 2015); Pei-De Liu, H-index
(51), with 49 publications, the most cited work: (Liu and Wang, 2018); and Jing Wang, H-index (24), with 49
publications, the most cited work: (Wang et al., 2016). Furthermore, the top five most researched multicriteria
methods done by the above researchers in their studies are TOPSIS, AHP; VIKOR, DEMATEL; and ANP.

3.1.2 A view of scientific production in India

Following China, India ranks second in scientific productivity on the multicriteria decision support method
research topic, contributing 10.76 percent of the total global academic output since the last 40 years. The research
areas where the majority of the multicriteria decision-making related studies are done: engineering (Luthra et al.,
2017; Kumar, 2021); computer science (Ravi et al., 2005; Majumdar et al., 2021); environmental sciences and
ecology (Ramanathan, 2001; Roy et al., 2021); business economics (Pati et al., 2008; Jaiswal et al., 2021); science
technology and other topics (Pohekar and Ramachandran, 2004; Saraswat and Digalwar, 2021). Regarding the top
universities with the highest productivity of research on multi-criteria methods, the following five universities with
the three most cited publications are the National Institute of Technology (Lakshmana et al., 2011; Jeya Girubha
and Vinodh, 2012; Kumar et al., 2017); Indian Institute of Technology (Ravi et al., 2005; Choudhary and Shankar,
2012; Luthra et al., 2017); Jadavpur University (Chatterjee et al., 2011; Chatterjee and Chakraborty, 2012;
Chakraborty and Zavadskas, 2014); Birla Institute of Technology Science Pilani (Pohekar and Ramachandran,
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2004; Raju and Kumar, 2006; Vashishtha and Ramachandran, 2006); and National Institute of Technology
Tiruchirappalli (Lakshmana et al., 2011; Jeya et al., 2012; Vinodh et al., 2014). The top five funding sources that
have considerably contributed to the growth of scientific production on the topic of multi-criteria methods are the
Department of Science Technology India (2.097%); University Grants Commission India (1.258%); Council of
Scientific Industrial Research India (0.779%); National Natural Science Foundation of China (0.479%); and
Ministry of Human Resource Development Government of India (0.359%). Together, these five institutions
account for nearly 5% of all funding for research related to multi-criteria methods in India.

In terms of the authors, the top five researchers who have vastly contributed in the area of multi-criteria methods
in terms of academic production in India are Harish Garg, H-index (53), with 32 publications, the most cited work:
(Garg, 2017); Ashwani Kumar, H-index (4), with 32 publications, the most cited work: (Kumar and Dixit, 2018);
Sanjay Kumar, H-index (37), with 30 publications, the most cited work: (Joshi and Kumar, 2016); Shankar
Chakraborty, H-index (27), with 28 publications, the most cited work: (Chatterjee and Chakraborty, 2012); and
Samarjit Kar, H-index (10), with 28 publications, the most cited work: (Chatterjee and Kar, 2018). The top five
most researched multicriteria methods done by the above researchers in their studies are AHP, TOPSIS; VIKOR;
PROMETHEE; and DEMATEL.

3.1.3 A view of scientific production in Iran

Iran is third in this ranking in scientific production on multicriteria decision support methods and applications,
accounting for 8.1 percent of global academic output. The research areas where the majority of the multicriteria
decision-making related studies are done: engineering (Behzadian ef al., 2012; Hatefi, 2021); computer science
(Shemshadi et al., 2011; Kadhim and Mardukhi, 2021); environmental sciences and ecology (Govindan et al.,
2013; Boloorani et al., 2021); business economics (Rezaeisaray et al., 2016; Khalilzadeh ef al., 2021); and science
technology other topics (Kannan ef al., 2013; Ghasemi et al., 2021). Regarding the top universities with the highest
productivity of research on multi-criteria methods, the following five universities with the three most cited
publications are Islamic Azad University (Jahanshahloo et al., 2006; Sanayei et al., 2010; Behzadian et al., 2012);
University of Tehran (Hashemi et al., 2015; Rahmati et al., 2015; Banaeian ef al., 2018); Amirkabir University Of
Technology (Ghodsypour and O”Brien, 1998; Farahani, SteadieSeifi and Asgari, 2010; Torfi, Farahani and
Rezapour, 2010); Tarbiat Modares University (Aalami et al., 2010; Behzadian et al., 2010; Sanayei et al., 2010);
and Iran University Science Technology (Ashtiani et al., 2009; Sayadi et al., 2009; Hashemi et al., 2018). With
regards to the top 5 funding sources that have significantly contributed to the development of research on multi-
criteria methods, the following institutes in Iran are identified: University of Tehran (0.925%); National Natural
Science Foundation of China (0.727%); Austrian Science Fund (0.661%); Islamic Azad University (0.528%); And
Iran National Science Foundation(0.462%). These five institutions together fund nearly 3.03% of all research
related to multi-criteria methods in Iran.

Regarding the authors, the top five researchers who stand out in the area of multi-criteria methods in terms of
academic production in Iran are Seyed Meysam Mousavi, H-index (32), with 42 publications, with the most cited
work being (Vahdani et al., 2011); Maghsoud Amiri, H-index (26), with 28 publications, the most cited work:
(Keshavarz Ghorabaee et al., 2016); Reza Tavakkoli-Moghaddam, (46), with 261 publications, the most cited
work: (Vahdani etal., 2011); Behnam Vahdani, H-index (32), with 25 publications, the most cited work: (Vahdani
et al., 2013); and Abdolreza Yazdani-Chamzini, H-index (19), with 21 publications, the most cited work:
(Fouladgar et al., 2012). The top five most researched multicriteria methods done by the above researchers in their
studies are AHP, TOPSIS; VIKOR, PROMETHEE; and DEMATEL.

3.1.4 A view of scientific production in Turkey

Turkey is ranked fourth in this study, with 7.75 percent of global scientific production on multicriteria decision
support methods and applications. The research areas where the majority of the multicriteria decision-making
related studies are done: computer science (Boran et al., 2009; Cicioglu, 2021); engineering (Biiyiikozkan and
Cifci, 2012a; Ozceylan et al., 2021); business economics (Sipahi and Timor, 2010; Durak et al., 2021); operations
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research and management science (Biiylikozkan and Cif¢i, 2012b; Ceylan et al., 2021); and environmental sciences
and ecology (Oniit and Soner, 2008; Everest et al., 2021). Regarding the top universities with the highest
productivity of research on multi-criteria methods, the following 5 universities with the three most cited
publications are: Istanbul Technical University (Kahraman, Ruan and Dogan, 2003; Kahraman et al., 2009; Kaya
and Kahraman, 2010); Yildiz Technical University (Oniit and Soner, 2008; Oniit et al., 2009; Tuzkaya et al., 2009);
Gazi University (Gencer and Giirpinar, 2007; Boran et al., 2009; Dagdeviren et al., 2009); Galatasaray University
(Biiyiikdzkan and Cifci, 2012a, 2012b; Biiyiikozkan and Giileryiiz, 2016); And Karadeniz Technical University
(Hamzagebi and Pekkaya, 2011; Cebi, 2013; Colak et al., 2020). With regards to the top 5 funding sources that
have significantly contributed to the development of research on multi-criteria methods, the leading institutes
identified in Turkey are as follows: Galatasaray University (3.628%); Turkiye Bilimsel Ve Teknolojik Arastirma
Kurumu Tubitak (2.243%); Bagep Award of The Science Academy in Turkey (0.396%); Erciyes University
(0.396%); European Commission (0.396%). These five institutions together fund nearly 7.06% of all research
related to multi-criteria methods in Turkey.

In terms of the authors, the top five researchers who have vastly contributed in the area of multi-criteria methods
in terms of academic production are Cengiz Kahraman, H-index (56), with 123 publications, the most cited work:
(Kahraman et al., 2003); Gulcin Buyukozkan, H-index (39), with 60 publications, the most cited work:
(Biiylikdzkan and Cifci, 2012a); Basa Oztaysi, H-index (20), with 40 publications, the most cited work:
(Kahraman, Onar and Oztaysi, 2015); Thsan Kaya, H-index (28), with 36 publications, the most cited work:
(Kahraman et al., 2009); and Metin Dagdeviren, H-index (15), with 36 publications, the most cited work:
(Dagdeviren, Yavuz and Kiling, 2009). The above researchers' top five most researched multicriteria methods in
their studies are AHP, TOPSIS; ANP; VIKOR; and PROMETHEE.

3.1.5 A view of scientific production in Taiwan

Following Turkey, Taiwan is the fifth country globally in scientific production on multicriteria decision support
methods and applications, accounting for 5.23 percent of global academic output. The research areas where the
majority of the recent multicriteria decision-making related studies are done: computer science (Chen, 2000,
2021); engineering, (Chen, Lin and Huang, 2006; Lin, 2021); operations research and management science
(Opricovic and Tzeng, 2004; Chiu, Manoharan and Huang, 2020); business economics (Opricovic and Tzeng,
2007; Chen, 2020); and environmental sciences and ecology (Tsaur et al., 2002; Yang et al., 2021). Regarding the
top universities with the highest productivity of research on multi-criteria methods, the following five universities
with the three most cited publications are National Yang Ming Chiao Tung University (Opricovic and Tzeng,
2004, 2007; Tzeng et al., 2007); Nan Kai University Technology (Wu et al., 2009; Chen et al., 2011; Yang and
Tzeng, 2011); National Taipei University (Lu et al., 2013; Liou et al., 2014; Liou et al., 2016); National Taipei
University of Technology (Hsu and Hu, 2009; Liou et al., 2016; Lo et al., 2018); And National Kaohsiung
University of Science Technology (Chen, 2011; Yang and Chen, 2016; Wang et al., 2018). The top five funding
sources that have considerably contributed to the growth of scientific production on the topic of multi-criteria
methods are as follows: Ministry of Science and Technology Taiwan (18.635%); Chang Gung Memorial Hospital
(1.426%); National Natural Science Foundation of China (1.426%); Taiwan Ministry of Science and Technology
(1.120%); and Ministry Of Sciences And Technology In Taiwan (1.018%). These five institutions together fund
nearly 23.63% of all research related to multi-criteria methods in Taiwan.

In terms of the authors, the top five researchers who have vastly contributed in the area of multi-criteria methods
in terms of academic production in Taiwan are Gwo-Hshiung Tzeng, H-index (66), with 156 publications, the
most cited work: (Opricovic and Tzeng, 2004); James J. H. Liou, H-index (30), with 46 publications, the most
cited work: (Liou et al., 2016); Chi-Yo Huang, H-index (11), with 27 publications, the most cited work: (Tzeng
and Huang, 2012); Ming-Lang Tseng, H-index (42), with 24 publications, the most cited work: (Tseng, 2011);
and Ting-Yu Chen, H-index (33), with 23 publications, the most cited work: (Chen, 2012). The top five most
researched multicriteria methods in their studies are AHP, DEMATEL; TOPSIS; ANP; and VIKOR.
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3.1.6 A view of scientific production in the United States

The United States occupies sixth place in the ranking, with 3.64% of scientific production on methods and
applications related to the multi-criteria method. The research areas where the majority of the recent multicriteria
decision-making related studies done in the United States are engineering (Govindan, Khodaverdi and Jafarian,
2013; Delanka-Pedige et al., 2021); computer science (Hong and Choi, 2000; Dymova et al., 2021); operations
research and management science (Wallenius et al., 2008; Mousavi and Lin, 2020); business economics (Tam and
Tummala, 2001; Kotikot et al., 2020); and environmental sciences and ecology (Gorsevski et al., 2012; Azbari et
al., 2021). Regarding the top universities with the highest productivity of research on multi-criteria methods, the
following five universities with the three most cited publications are State University System of Florida (Pires et
al., 2011; Onat et al., 2016; Rani et al., 2019); Pennsylvania Commonwealth System of Higher Education (Saaty,
2013; Saaty and Ergu, 2015; Saaty and De Paola, 2017); University of California (Afshar et al., 2011; Abdel-
Basset et al., 2018; Abdel-Basset, Manogaran, ef al., 2019); University of Memphis (Ferreira et al., 2011; Filipe
et al., 2015; Oliveira et al., 2017); and La Salle University (Hatami-Marbini and Tavana, 2011; Hashemi et al.,
2015; Tavana et al., 2016). With regards to the top 5 funding sources that have significantly contributed to the
development of research on multi-criteria methods, the leading institutes identified in the United States are the
National Natural Science Foundation of China (9.138%); National Science Foundation (2.464%); China
Scholarship Council (1.437%); Fundamental Research Funds for the Central Universities (1.335%); Portuguese
Foundation for Science and Technology (1.027). Together, these five institutions fund nearly 15.4% of all research
related to multi-criteria methods in the United States.

The top five researchers who have vastly contributed in the area of multi-criteria methods in terms of academic
production in the United States are Madjid Tavana, H-index (30), with 36 publications, the most cited work:
(Tavana et al., 2016); Florentin Smarandache, H-index (30), with 32 publications, the most cited work: (Abdel-
Basset et al., 2019); Surendra M. Gupta, H-index (37), with 14 publications, the most cited work: (Kongar and
Gupta, 2006); Joseph Sarkis, H-index (78), with ten publications, the most cited work: (Sarkis, 2000); and Dursun
Delen, H-index (34), with eight publications, the most cited work: (Kilic etal., 2015). The top five most researched
multicriteria methods in their studies are AHP, TOPSIS; PROMETHEE; ANP; and VIKOR.

3.1.7 A view of scientific production in Brazil

Following the United States, Brazil occupies seventh place in the ranking with 3.50% of scientific production on
methods and applications related to the multi-criteria method. The research areas where the majority of the recent
multicriteria decision-making related studies done in Brazil are the engineering (Krohling and Campanharo, 2011;
Gaviao et al., 2020; Maeda et al., 2021; Drumond et al., 2021); computer science (Lima Junior et al., 2014; de
Banos et al., 2021; Costa et al., 2021a); business economics (Bana e Costa et al., 1999; Basilio et al., 2020; Maeda
et al., 2021a); operations research and management science (Krohling and de Souza, 2012; Silva et al., 2020;
Soares et al., 2021); and environmental sciences and ecology (Bouzon et al., 2016; Nepomuceno et al., 2021).
Regarding the top universities with the highest productivity of research on multi-criteria methods, the following 5
universities with the three most cited publications are: Universidade Federal de Pernambuco (de Almeida, 2007,
Brito et al., 2010; Morais and de Almeida, 2012); Universidade Federal Fluminense (Barata ef al., 2014; Pereira
and Costa, 2015; Basilio et al., 2018); Universidade Federal do Rio De Janeiro (Passos et al., 2014; Barros and
Wanke, 2015; Wanke et al., 2015); Universidade de Sao Paulo (Lima Junior et al., 2014; Santos et al., 2017,
Serafim et al., 2019); and Universidade Tecnolégica Federal do Parana (Lima-Junior and Carpinetti, 2017;
Guarnieri and Trojan, 2019). Concerning the top 5 funding sources that have significantly contributed to the
development of research on multi-criteria methods, the leading institutes identified are National Council for
Scientific and Technological Development (CNPQ), being responsible for 22.18% of funding for research
production; followed by the Coordination for the Improvement of Higher Education Personnel (CAPES), with
15.6%; in third place, we have the Foundation for Research Support of the State of Sdo Paulo (FAPESP), with
2.95%; in fourth place, we have the Foundation for the Support of Science and Technology of the State of
Pernambuco (FACEPE), with 1.39%; and in fifth place the Foundation for Research Support of the State of Minas
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Gerais (FAPEMIG), with 1.39%. These five institutions together fund nearly 44% of all research related to multi-
criteria methods in Brazil.

Regarding the authors, the top five researchers who stand out in the area of multi-criteria methods in terms of
academic production in Brazil are Adiel Texeira de Almeida, H-index (24), with 51 publications, the most cited
work: (de Almeida, 2007); Luiz Flavio Autran Monteiro Gomes, H-index (11), with 23 publications, the most cited
work: (Gomes and Rangel, 2009); Danielle Costa Morais, H-index (12), with 21 publications, the most cited work:
(Morais and de Almeida, 2012); Ana Paula Cabral Seixas Costa, H-index (7), with 18 publications, the most cited
work: (de Almeida et al., 2016); and Helder Gomes Costa, H-index (10), with 12 publications, the most cited
work: (Pereira and Costa, 2015). The top five most researched multicriteria methods done by the above researchers
in their studies are AHP, TOPSIS; PROMETHEE, ELECTRE; and MACBETH.

3.1.8 A view of scientific production in Spain

Spain occupies the eighth place in this study’s ranking, with 2.82% of scientific production on methods and
applications related to the multi-criteria method. The research areas where majority of the recent multicriteria
decision-making related studies done are: computer science (Liu and Rodriguez, 2014; Reig-Mullor and Brotons-
Martinez, 2021); engineering (Jato-Espino et al., 2014; Ramirez-Atencia et al., 2020); environmental sciences and
ecology (Benitez et al., 2007; Cardenas-Gomez et al., 2021); operations research and management science
(Aguarén and Moreno-Jiménez, 2003; Casas-Rosal et al., 2021); and business economics (Escobar et al., 2004;
Luna et al., 2020). Regarding the top universities with the highest productivity of research on multi-criteria
methods, the following five universities with the three most cited publications are Polytechnic University of
Valencia (Aragonés-Beltran et al., 2010, 2014; Sierra et al., 2018); Polytechnic University of Madrid (Tamiz et
al., 1998; Romero, 2001, 2004); University of Granada (Wei et al., 2015; Sanchez-Lozano et al., 2016; Wu et al.,
2018); University of Oviedo (Bilbao-Terol et al., 2012; Bilbao-Terol et al., 2014; Rodriguez et al., 2016); and
Polytechnic University of Catalonia (Garfi et al., 2011; Pons and Aguado, 2012; Amin Hosseini et al., 2016). With
regards to the top 5 funding sources that have significantly contributed to the development of research on multi-
criteria methods, the leading institutes identified are the European Commission (13.422%); Spanish Government
(8.555%); National Natural Science Foundation of China (4.425%); Spanish Ministry of Economy and
Competitiveness (4.425%); and Junta de Andalucia (2.507%). These five institutions together fund almost 33.33%
of all research related to multi-criteria methods in Spain.

The top five researchers who have significantly contributed in the area of multi-criteria methods in terms of
academic production in Spain are Morteza Yazdani, H-index (16), with 25 publications, the most cited work:
(Yazdani et al., 2017); Juan Miguel Sanchez-Lozano, H-index (10), with 23 publications, the most cited work:
(Sanchez-Lozano et al., 2013); Monica Garcia-Melon, H-index (14), with 22 publications, the most cited work:
(Aragonés-Beltran et al., 2009); Maria Carmen Carnero, H-index (11), with 20 publications, the most cited work:
(Bana e Costa et al., 2012); and Maria Teresa Lamata, H-index (19), with 19 publications, the most cited work:
(Sanchez-Lozano et al., 2016). The top five most researched multicriteria methods in their studies are AHP,
TOPSIS; VIKOR; ELECTRE; and ANP.

3.1.9 A view of scientific production in Italy

Italy is ninth in this ranking in scientific production on multicriteria decision support methods and applications,
accounting for 2.61 percent of the total academic output globally. The research areas where the majority of the
multicriteria decision-making related studies are done are the engineering (Braglia et al., 2003; La Fata ef al.,
2021); environmental sciences, and ecology (Bottero et al., 2011; Zoghi et al., 2021); computer science (Calabrese
etal.,2013; Corrente et al., 2021); science technology other topics (Beccali et al., 2003; Nepomuceno et al., 2021);
and operations research and management science (Gamberini et al., 2006; Sangiorgio et al., 2021). Regarding the
top universities with the highest productivity of research on multi-criteria methods, the following five universities
with the three most cited publications are: University of Catania (Greco et al., 2002; Angilella et al., 2004);
University of Naples Federico II (Caterino et al., 2009; Formisano and Mazzolani, 2015; Saaty and De Paola,
2017); University of Palermo (Beccali et al., 2003; Lupo, 2015; Carpitella et al., 2018); Polytechnic University of
Turin (Norese, 2006; Bottero, Comino and Riggio, 2011; Ferretti and Pomarico, 2013); And University of Cassino
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(Silvestri et al., 2012; Barrios et al., 2016; Petrillo et al., 2016). The top five funding sources that have considerably
contributed to the growth of scientific production on the topic of multi-criteria methods are as follows: European
Commission (3.303%); Ministry of Education Universities and Research (2.385%); National Natural Science
Foundation of China (0.917%); Ministry of Science and Higher Education Poland (0.734%); and European
Commission Joint Research Centre (0.550%). These five institutions together fund almost 7.89% of all research

related to multi-criteria methods in Italy.

Regarding the authors, the top five researchers who stand out in the area of multi-criteria methods in terms of
academic production in Italy are Salvatore Greco, H-index (47), with 33 publications, the most cited work: (Greco
et al., 2002); Antonella Petrillo, H-index (14), with 28 publications, the most cited work: (Petrillo et al., 2016);
Fabio De Felice, H-index (14), com 25 publications, the most cited work: (Petrillo et al., 2016); Fausto Cavallaro,
H-index (17), with 17 publications, the most cited work: (Cavallaro, 2010); and Silvia Carpitella, H-index (4),
with publications, the most cited work: (Carpitella et al., 2018). The top five most researched multicriteria methods

done by the above researchers in their studies are AHP, TOPSIS; ELECTRE; PROMETHEE; and ANP.

3.1.10 A view of scientific production in Malaysia

Malaysia ranks tenth in this study's rating, with 2.34% of scientific production on multi-criteria techniques and
applications. The research areas where the majority of the recent multicriteria decision-making related studies are
done: engineering (Azadnia et al., 2015; Umer et al., 2021); computer science (Mardani et al., 2015; Khoso ef al.,
2021); science technology other topics (Shahabi and Hashim, 2015; Gohari et al., 2020); environmental sciences
and ecology (Rostamzadeh ef al., 2015; Akhtar et al., 2021); and operations research and management science
field (Abdullah and Najib, 2014; Umer ef al., 2021). Regarding the top universities with the highest productivity
of research on multi-criteria methods, the following five universities with the three most cited publications are
Universiti Teknologi Malaysia (Mardani et al., 2015; Mardani et al., 2015; Rostamzadeh et al., 2015); Universiti
Malaya (Zaidan et al., 2015; Aghajani Mir et al., 2016; Fallahpour et al., 2017); University Putra Malaysia (Jahan
et al., 2012; Mansor et al., 2014; Bathrellos et al., 2017); University Pendidikan Sultan Idris (Zaidan et al., 2015;
Zaidan and Zaidan, 2017; Salih et al., 2019); And University Sains Malaysia (Adiat et al., 2012; Wong et al., 2014;
Ignatius et al., 2016). The top five funding sources that have considerably contributed to the growth of scientific
production on the topic of multi-criteria methods in Malaysia are as follows: Ministry Of Education Malaysia
(4.48%); University Teknologi Malaysia (2.83%); University Sains Malaysia (2.12%); University Kebangsaan
Malaysia (1.18%); and University Malaya (0.94%). These five institutions together fund 11.55% of all research

related to multi-criteria methods in Malaysia.

In terms of the authors, the top five researchers who have contributed in the area of multi-criteria methods in terms
of academic production are Bilal Bahaa Zaidan, H-index (32), with 33 publications, the most cited work: (Zaidan
and Zaidan, 2017); Aos Ala Zaidan, H-index (30), with 32 publications, the most cited work: (Zaidan et al., 2015);
Lazim Abdullah, H-index (13), with 25 publications, the most cited work: (Abdullah and Najib, 2014); Osamah
Shihab Albahri, H-index (21), with 20 publications, the most cited work: (Albahri et al., 2019); and Mardini
Abbas, H-index (26), with 17 publications, the most cited work: (Mardani et al., 2015). The top five most
researched multicriteria methods done by the above researchers in their studies are AHP, TOPSIS; VIKOR;

DEMATEL; and PROMETHEE.
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Figure 6 The network map of institutions involved in multicriteria methods of decision support research
Note: The colors of the circles are used to identify the clusters resulting from the analysis of the relations treated
with the VOSviewer software.
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Figure 7 The network map of countries involved in multicriteria methods of decision support research
Note: The colors of the circles are used to identify the clusters resulting from the analysis of the relations treated
with the VOSviewer software.
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3.2 Overview of the leading journals and papers that disseminate research on multicriteria methods

In the forty-four years of research, 6,105 sources have published research on the topic of multicriteria methods.
The top 10 popular journals published 2,180 of all 20,861 studies on multicriteria methods (10.40%), as seen in
Table 2. The top 3 journals are the Expert Systems With Applications; Sustainability;, and Journal of Cleaner
Production, which account for more than 4.67% of all indexed literature. The highest impact factor (IF) belongs
to the Journal of Cleaner Production (7.246), followed by Applied Soft Computing (5.472) and Expert Systems
With Applications (5.452). According to the JCR 2019 standards, five journals are classified as Q1, two as Q2, and

three as Q3. In the eighth column of Table 5, we can observe the number of citations of each Journal as

an

illustration. Figure 8 depicts the inter-relationship between the Journals, which was developed based on the
researchers' preferences and referencing publications from sources with a high impact factor. The diameter of the
circles is directly related to the number of citations, while the colors represent the identified clusters. In the eleventh
column of Table 5, we can observe the five countries that published the most in each source. The maximum number
of articles is from China, occupying the first position in eight out of the ten journals. The analysis of the highly

cited papers shows that Renewable and Sustainable Energy Reviews, Expert Systems with Applications, and the
International Journal of Production Economics have an incredible scientific impact on all scholars and have

articles with more than 800 citations (Table 3).
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Table 2 Top 10 most active journals that published research articles on multicriteria methods (sorted by count)

Rank Journal title Percentage IF Quartile in H-index Article Total number Average Percentage Top 5 countries by
(N/20,861), category of citations number of (TNC/335.028), souree
Yo [2019] counts citations Yo
12019]
1 Expert Systems With 1.70 5.452 Q1 91 356 26,410 T4.19 7.88 Tarwan; Turkey;
Applications China; USA; England
2 Sustainability 1.68 2576 Q3 25 352 2,978 846 0.89 China; Laly; Spain;
Tarwan; Lithuania
3 Journal of Cleaner Production 1.29 7.246 Q1 43 270 74627 28.25 228 China; India; Iran;
USA; Denmark
4 Eurcpean Joumal of Operational 1.26 4213 Ql Th 264 22,144 B3.88 6.61 France; England;
Research i
5 Journal of Intelligent & Fuzzy 1.07 1.851 Q3 26 225 2,508 1115 0.75 China; Turkey;
Systems Pakistan; Iran; India
6 Applied Soft Computing 0.79 5472 Ql 4% 166 6,357 39.50 1.96 China; Iran; Turkey:;
Taiwan; India
7 Computers & Industrial 0.69 4.135 Ql 40 146 5,165 35.38 1.54 China; Iran; Turkey;
Engineenng USA; Tawan
8 Soft Computing 0.68 3.050 Q2 n 142 1.402 9.87 042 China; Turkey; India;
Iran; Taiwan
9 Symmetry-Basel 0.66 2.645 Q2 21 138 1.407 10.20 042 China; Serbia;
Lithuania; Pakistan;
Tarwan
10 International Journal of 0.58 1.894 Q3 24 121 2,254 18.63 0.67 China; Taiwan;
Information  Technology & Turkey: USA; Iran
Decision Making
Total 10.4 2180 T8.452 2342
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Table 3 Top 10 manuscripts per citations

Rank Title Journal first author Publication Total TCper
year citations Year
1 A fuzzy extension of Saaty's priority theory Fuzzy Sets and Systems van Laarhov 1983 1950 50.0
en, PIM

2 Compromise solution by MCDM methods: A comparative analysis of European Journal of Opera  Opricovic S 2004 1834 101.9
VIKOR and TOPSIS tional Research

3 Extensions of the TOPSIS for group decision-making under fuzzy en  Fuzzy Sets and Systems Chen CT 2000 1815 82.5
vironment

4 How to select and how to rank projects: The Promethee method European Journal of Opera  Brans JP 1986 1422 39.5

tional Research

5 Application of multi-criteria decision making to sustainable energy pl Renewable and Sustainabl ~ Pohekar SD 2004 960 53.3
anning—A review e Energy Reviews

6 Handling multicriteria fuzzy decision-making problems based on vag  Fuzzy Sets and Systems Chen SM 1994 888 31.8
ue set theory

7 A fuzzy approach for supplier evaluation and selection in supply chai  International Journal of Pr Chen CT 2006 854 534
n management oduction Economics

8 A state-of the-art survey of TOPSIS applications Expert Systems with Appli  Behzadian 2012 742 74.2
cations M

9 A multi-criteria intuitionistic fuzzy group decision making for supplic Expert Systems with Appli  Boran FE 2009 732 36.3
1 selection with TOPSIS method cations

10 Extended VIKOR method in comparison with outranking methods European Joumnal of Opera  Opricovic S 2007 706 47.1

tional Research
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3.3 Analysis of the most influential authors who discuss the topic of the multicriteria methods

Zavadskas E, Wang J, Tzeng G, Wang Y, and Kahraman C are among the ten authors who have published the
most articles on this subject out of all 29,050 authors (Table 4). Edmundas Kazimieras Zavadskas is the first vice-
rector of Vilnius Gediminas Technical University (VGTU). He is also a member of the VGTU Senate, a professor,
and the director of the Department of Construction Technology and Management. He has written and co-written
over 50 novels in Lithuanian, Russian, German, and English. Various corporations and academic organizations
commissioned over 40 research papers. The professor's primary research interests include building life cycles,
decision support systems, and multi-criteria optimization methods in construction technology and management.
Figure 9 produced by VOSviewer illustrates a sample made using two criteria: number of documents (N>=10) and
the minimum number of citations (N>=500), thus resulting in a group of 160 authors divided into six clusters.
Cluster 1 (Red) has 37.5% of the sample and is represented by authors Wang Y (Links=112, Total Links Strength
(TLS)=540) and Cheng Y (Links=103, TLS=394); Cluster 2 (Green) has 26.9% of the sample and is represented
by the authors Wang J (Links=140, TLS=315), Xu Z (Links=141, TLS=2048); Zhang H (Links=144, TLS=1935),
and Wang X (Links=121, TLS=658); Cluster 3 (Blue) has 10.6% of the sample and is represented by author
Kahraman C (Links=143, TLS=2548); Cluster 4 (Yellow) has 10% of the sample and is represented by the author
Zavadskas E (Links=153, TLS=9165), and Turskis Z (Links=138, TLS=4074); Cluster 5 (Purple) has 7.5% of the
sample and is represented by author Liu H (Links=122, TLS=1395); and Cluster 6 (Light blue) has 7.5% of the

sample and is represented by author Tzeng G (Links=139, TLS=2167).
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Table 4 Ranking of authors with the highest scientific production on multicriteria methods

Rank Authors Country University h_index g_index Article Total Average First author First author Average
Counts num ber number counts citations first author
of citations of citations counts citations
counts

1 ZAVADSKASE Lithuania Vilnius Gediminas 57 87 240 9955 41.48 50 1806 36,12
Technical University

2 WANG J China  Central South University 46 68 211 5785 27.42 635 1946 29.93

3 TZENG G Taiwan National Taipei ) 97 191 9814 51.38 5 1621 342
University

4 WANG Y China Qinghai Normal 28 57 161 3419 21.24 75 2222 29.62
University

5 KAHRAMAN C Turkey Istanbul Technical 34 68 145 4980 34.34 39 1939 49.71
University

6 CHEN 'Y China Chongging University 29 33 124 3036 24.48 42 1173 27.92

7 ZHANG H China  Central South University 7 59 104 3620 34.81 27 552 20.44

g XUZ China Sichuan University il 64 95 4178 43,98 12 832 69.33

9 WANG X China  Central South University 20 i3 o 1321 14.05 28 526 18.78

10 TURSKIS Z Lithuania Vilnius Gediminas 34 63 93 4264 45.85 10 273 273
Technical University

Total 1458 50,372 34.54 353 12,890 36.51
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3.4 Evolution of the concept map on multicriteria methods

VOSviewer was used to extract and analyze keywords from 33,761 articles. Figure 10 depicts 329 terms that
appeared more than 50 times which are grouped into six clusters: cluster 1 (in red); cluster 2 (in green); cluster 3
(in blue); cluster 4 (in yellow); cluster 5 (in purple); and cluster 6 (in light blue). Keywords that appeared frequently
are represented by frames with a big size. The following keywords have the highest connection strength inside
Cluster 1: AHP (14,621), analytic hierarchy process (8,026). Furthermore, relevant terms in Cluster 2 included:
model (14,499), performance (5,679), framework (4,987), supplier selection (3,975), and dematel (2,807). The
primary keywords in Cluster 3 were topsis (13,046), multicriteria decision making (4,171), and group decision-
making (3,748). Similarly, the main keywords in Cluster 4 were decision-making (8,304), ranking (4,050),
optimization (3,658), and promethee (3,084). The main keywords in Cluster 5 were selection (12,276), mcdm
(6,947), and vikor (4,054). Relevant keywords in Cluster 6 were fuzzy (2,181), prioritizing (1,023), and fahp (666).

Figure 11 depicts a map of the conceptual framework constructed from the authors' keywords. The map, created
using the MCA method (Multiple Correspondence Analysis), is divided into three periods: the first spans the years
1982-2001, highlighting the following methods: AHP, PROMETHEE. There are two clusters in the second phase
between 2002 and 2011. The blue cluster represents the ANP method, whereas the red cluster reflects the AHP,
PROMETHEE, TOPSIS, VIKOR, and GIS methods. Finally, in the third period of 2012-2021, four clusters can
be observed, with the red cluster being the most prominent one. Furthermore, a wide range of methods and
applications is observed demonstrating a significant rise in scientific output throughout this time of multicriteria
methods. Figure 12 shows the outcome of using the Bibliometrix package's thematicMap function. The illustration
is split into four quadrants. The first portrays the motor themes, the second the highly developed and isolated
themes, the third the developing or decreasing themes, and the fourth the basic and transversal themes. This
thematic map was split into three phases to illustrate how the themes revolving around using multicriteria methods
evolved between 1982 and 2021.

pI’IOI’ItIeS\ id ]
A

weights
& VOSVieWer [ multicriteria decision aid

Figure 10 The analysis of keywords in publications of the multicriteria methods of decision support research
Note: The colors of the frames are used to identify the clusters resulting from the analysis of the relations treated
with the VOSviewer software.
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4. Conclusion

This research article presents a bibliometric analysis of the multicriteria methods from 1977 to April 29, 2021. The
bibliographic data was obtained from the Scopus and Web of Science (WoS) databases. The bibliometric analysis
was conducted using the Bibliometrix R tool and the VOSviewer software to investigate the essential
characteristics of the studies done so far, including publications; citations, citation structure; influential authors;
co-citation contributors, and burst detection analysis; author-keywords; co-occurrence analyses; and timeline view
analysis.

The ability to make decisions is a trait that distinguishes a person. Man makes judgments spontaneously and
intuitively based on the information processing capabilities of our brain. We make decisions ranging from the
color of our tie at a business meeting to whether or not to spend millions on a particular project. We recognize that
we are dealing with two different sorts of decisions: easy and difficult. We can make easy judgments with few
variables without much difficulty. However, when the problem involves a matrix (n x m) variable, we need
methods and computer capability to systematize, organize, and rank the best possibilities to help us make decisions.
In this view, the purpose of this study was to comprehend the global progress of research on the development and
application of multicriteria decision methods.

With a 13.88 percent yearly growth rate in scientific production, it is evident that the academic community is
interested in researching and publishing articles on multicriteria decision-making methods. Furthermore, 60.93
percent of all publications were concentrated in only ten countries, with China leading the way with 14.14 percent,
India with 10.76 percent, and Iran with 8.09 percent. It is also found that the remaining 39 percent of publications
have a production rate of less than 1% on average, indicating a potential for multicriteria method research
dissemination in such nations and investment to increase academic output. The leading ten countries follow the
same pattern in terms of citations, accounting for 62.48% of all citations made during the research period. In terms
of multi-country collaboration in publications, it is observed that among the top ten countries, Turkey has the
lowest MCP ratio with 0.0519, suggesting limited collaboration with researchers from other countries, followed
by India (0.0641) and Brazil (0.0861). Malaysia, having an MCP ratio of 0.2331, takes the lead in multi-country
collaboration, followed by the United States (0.2234) and Spain (0.2169).

In terms of universities, about 80% of the publications come from China, India, Iran, and Turkey respectively,
which are the top four countries having the most publications on the topic of multicriteria methods. The academic
production of these universities amounts to 11.79 percent, with the Islamic Azad University of Iran accounting for
2.14 percent and Vilnius Gediminas Technical University of Lithuania accounting for 2.18 percent. Interestingly,
Lithuania is not among the top ten countries in terms of scientific production. However, Prof. Edmundas
Kazimieras Zavadskas of Lithuania is placed first among the other authors in this study, with 240 publications
published on the subject of multicriteria methods. Regarding sources that publish articles related to multicriteria
methods, the analysis reveals the top ten journals having published about 10.4 percent of the total publications
about the topic.

‘Expert Systems With Applications’ leads the ranking with 1.70 percent of articles published thus far, followed by
‘Sustainability’ with 1.68 percent, and ‘Journal of Cleaner Production’ with 1.29 percent. In terms of citations,
the leading journals are: ‘Expert Systems With Applications’ with an average citation of 7.88, followed by
‘European Journal of Operational Research’ with an average citation score of 6.61 per article. With respect to the
country of origin of publications, it is observed that eight among the top 10 countries publish most of their articles
in the ten best-ranked journals. However, in the case of the ‘European Journal of Operational Research,’ the ratio
is 2 out of 10.

In terms of the most influential authors in this subject area, it can be seen that around 0.034 percent of the total of
29,050 authors are responsible for 6.98 percent of publications in the past forty-four years, with ZAVADSKAS E
having the most publications with 240 articles; followed by WANG J with 211 articles; and TZENG G with 191
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articles. Through this bibliometric analysis, it is also observed that six of the top ten authors are Chinese, with
Central South University being the standout for author affiliation. Furthermore, in addition to identifying authors
with higher academic productivity, this study also provides a detailed overview of the countries, funding sources,
and the five most explored multicriteria methods, i.e., AHP, TOPSIS, VIKOR PROMETHEE, and ANP, by the
authors in their respective studies. In summary, this paper provides a comprehensive overview of multicriteria
methods through a bibliometric analysis, which would aid the researchers in understanding the current state, future
development trends, and research scope of the multicriteria decision-making methods. As an indication for future
research, we can highlight the need to understand the emergence and regionalization of some methods and their
variants; expand research within the ranked countries to deepen knowledge about their scientific production in
relation to the topic explored; Apply topic modelling to identify latent themes in the studied database; and
systematize the variants of the methods and their interfaces with other areas of operational research.
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