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Abstract

Fuzzy Optimization and Decision Making (FODM) is one of the influential jour-
nals in the research field of computer science and operation research, which was
found in 2002. In this study, 370 publications published in FODM during 2002
and 2017 were retrieved from the Scopus database, and bibliometric methods are
applied to analyze the structure of the FODM journal. First, general statistical anal-
ysis based on the number of publications and citations was implemented to find the
annual publishing trends, citation structures, most cited publications, and produc-
tive authors/institutions/countries/territories. Second, the co-citation networks of cited
authors/sources/references were generated; the nodes, links, and total link strengths
based on the visualized networks are used to analyze citation connections. Next, to
detect the development of the research topics, the co-occurrence networks of keywords
of the different stages were illustrated, and the burst detection of keywords is used to
identify the emerging topics. Finally, the future challenges of the FODM journal are
discussed according to the process and findings of our study. This study provides a
systematic and objective view of the FODM journal, which can be helpful for scholars
to understand the development and the research structure of this journal.
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1 Introduction

Fuzzy Optimization and Decision Making (FODM) focusing on the research related
to optimization and decision making under fuzzy environment, is one of the most
important journals in the research domain of computer science and operation research
& management science. According to its journal homepage, FODM was found in 2002,
and it publishes one volume with four issues per year. It first appeared in the 2009
edition of Journal Citation Reports (JCR), the latest JCR (2016 edition) indicates
that the impact factor of FODM is 1.681. As FODM journal has been developed
more than 15 years, a systematic analysis of the FODM publications is conducted
using bibliometric methods in this study, so that some underlying information can be
detected. This study can provide multiple views to understand the development of the
FODM journal and find the evolution of the research directions that FODM concerned.

Bibliometrics was first named by Pritchard (1969), which aims to use mathematics
and statistical methods to analyze bibliography. Generally, bibliographic elements,
such as title, abstract, keywords, author names, institutions, journal titles, citations,
and references, are extracted from retrieved dataset to make citation analysis (Garfield
1979). Bibliometric methods have been applied to various research fields, such as
intuitionistic fuzzy set (Yu and Shi 2015), digital evaluation model (Peng et al. 2015),
technology mining (Madani 2015), operations research and management science (He
et al. 2017; Merigé and Yang 2017), product and process innovation (Marzi et al.
2017), and fuzzy set theory in China (Yu et al. 2018b).

In recent years, some scholars began to utilize bibliometric methods to analyze
the publications of a specific journal to present the structure of the journal. For
example, Calma and Davies (2015) used citation network analysis to present a ret-
rospective analysis of the publications of Studies in Higher Education between 1976
and 2013, citation analysis and clustering analysis were applied to find the most pro-
ductive authors, most cited authors, and most discussed research topics. Yu et al.
(2017) and Merigé et al. (2018) both made a bibliometric analysis of the publica-
tions published in Information Sciences (IS) to celebrate its 50th anniversary, both
of these two studies analyzed the publishing trend, most cited papers, and influential
authors/institutions/countries/territories. However, Yu et al. (2017) also explored the
collaborative pattern of the authors from the views of the cooperation of countries
and institutions, respectively, and made co-citation analysis of documents to sum-
marize the emerging trends of the IS journal according to the network visualized by
CiteSpace; Merigo et al. (2018) utilized the visualized tool VOSviewer to generate
different kinds of bibliographic networks to provide a deeper view, and five stages
of the co-citation networks of journals were provided to find the citation evolution
of the IS journal. Goyal (2017) showed a systematic overview of Policy Sciences by
using bibliometric methods to analyze the 1072 publications during 1970 and 2017,
the most influential authors, most important references, and the research topics were
discussed. Zhang et al. (2017) analyzed the topic change of the Knowledge-Based
Systems (KBS) using topic-based bibliometric methods, six main research topics of
the KBS were detected, and it can provide important guidance for the submissions
of the KBS. Yu et al. (2018a) presented a comprehensive bibliometric analysis of the
publications in IEEE Transactions on Fuzzy Systems (TES) during 1994-2015 from
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the perspectives of citation structure, authorship, collaboration, global distribution,
co-citation analysis, and clustering analysis, the result is contributed to understanding
the influence and research focuses of the TFS.

In this study, to show a systematic and objective overview of the FODM journal,
the publications in the FODM between 2002 and 2017 are analyzed using bibliometric
methods. First, general analyses of the FODM publications and citations, including
yearly output, citation structure, situation of being cited, high cited publications, pro-
ductivity of the authors/institutions/countries/territories, are presented according to
the total number of publications (TP), total number of citations (TC), citations per
publication (TC/TP), and h-index (Hirsch 2005). Then, the co-citation networks of
the cited authors/sources/references are illustrated based on the nodes, links, and link
strengths in the networks. Finally, the co-occurrence networks of keywords of different
stages are shown to analyze the development of the research topics of the FODM pub-
lications, and the burst detection of keywords is used to identify the emerging topics.
As an influential journal in the field of fuzzy and decision making, FODM publica-
tions have made important contributions to the studies in the fields of management,
business, economics, operation research and engineering, etc. Therefore, the findings
of this study are helpful for researchers to understand the structure and development
of the related research.

This paper consists of six sections. After the Introduction section, the general anal-
ysis of FODM publications is presented in Sect. 2, the co-citation networks analysis
is shown in Sect. 3, and the co-occurrence network analysis of keywords is illustrated
in Sect. 4. Section 5 discusses the future challenges of the FODM journal, and Sect. 6
concludes this study.

2 General analysis of FODM publications

In this section, basic statistical analysis of 370 publications that were published in the
FODM between 2002 and 2017 are presented. The dataset was retrieved from Scopus
database on February 20, 2018, all the related data statistics were exported on the same
day to make further data processing. We choose Scopus database because it covers
all the years’ data of the FODM journal from 2002, whereas the Web of Science only
includes the FODM publications from 2007. Scopus database is also one of the main
sources for bibliometric study and has been used in some of the existing studies (Eito-
Brun and Rodriguez 2016; Palomo et al. 2017; Cristino et al. 2018). The publication
types of the dataset used in this study include articles (340), conference papers (14),
editorials (9), reviews (4), and errata (3).

2.1 Publication and citation structure of FODM

FODM has published four issues with about 20 publications each year since its first
volume started in 2002. Figure 1 shows the number of FODM publications and the
h-index between 2002 and 2017, the h-index values of the most of the years is higher
than 10, except for the latest 4 years. The annual distribution of citations is shown in
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Fig. 1 Distribution of FODM publications by years, 2002-2017
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Fig. 2 Distribution of citations of FODM publications by years, 2002-2017

Fig. 2, it can be seen that the publications published in 2004 and 2009 received more
than 900 citations, respectively, and both of the numbers of citations per publication
(TC/TP) are higher than 40.

Table 1 lists the statistics of citation structure of the FODM publications by years,
five publications (1.35%) have been cited more than 200 times, 14 publications (3.78%)
have been cited more than 100 times (including the number of publications that are
cited more than 200 times), and 38 publications (10.27%) have received more than
50 citations. More than half publications received more than five citations so far, and
ninety percent publications have been cited at least one time. In addition, the number
of authors per publication per year (AN/TP) is also listed in Table 1. The values of
AN/TP are all about two authors per publication each year, and the values of the latest
2 years are close to three authors, which imply the trend of the collaboration among
multiple authors in the FODM publications.
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2.2 Who is paying attention to FODM?

As one of the international journals in the field of computer science and operation
research, FODM has attracted researchers from all over the world. To analyze the
attention of the FODM journal, four aspects, including the number of publications of
the source, country/territory, institution, and subject that cites the FODM publications,
are shown in Table 2.

According to the top 20 sources that cite the FODM, Journal of Intelligent and
Fuzzy Systems is ranked first with 249 papers citing the FODM publications, followed
by Information Sciences and FODM itself with 211 and 201 papers citing the FODM
publications, respectively. There are 143 papers in Fuzzy Sets and Systems, 123 papers
in Lecture Notes in Computer Science (it mainly publishes conference proceedings
papers in the field of computer science), 121 papers in IEEE Transactions on Fuzzy
Systems, 120 papers in Applied Soft Computing, and 112 papers in Expert Systems
with Applications citing the FODM publications according to the Scopus database.

In terms of country/territory, researches from China cite the most number of the
FODM publications with 2654 papers. The other countries/territories have less than
500 papers that citing FODM publications respectively, such as Spain (439), India
(437), Iran (391), United States (365), Taiwan (238), and Japan (200) from a high
level to low level. Among the top 20 institutions, 14 of them are from China mainland,
and Sichuan University is ranked the first with 167 papers that cite the FODM publica-
tions, followed by Tsinghua University with 152 papers. Two universities from Spain,
including Universidad de Granada and Universitat de Barcelona, are ranked third and
eighth with 137 papers and 86 papers, respectively. It should be noted that if a paper is
finished by researchers from different countries/institutions, each country/institution
would be counted as having one paper in this research.

To find papers from which subjects are concerning the FODM publications, the
top 20 subjects with a high number of publications are also listed in Table 2. As
we can expect, the papers in the fields of Computer Science (3933), Mathematics
(2677), and Engineering (2287) account for a high percentage, followed by Decision
Sciences (814), Business, Management and Accounting (427), Social Sciences (190),
and Environmental Science (179). In addition, there are some papers from the subjects
of Physics and Astronomy, Medicine, and Chemistry also paying attention to the
FODM publications.

2.3 The most cited publications in FODM

The top 30 most cited publications in FODM are listed in Table 3, including their titles,
authors, publication year, number of citations, and citations per year (TC/Year). Most
of these publications were published before 2010, with only two publications were
published after 2010, and no publication was published in recent 4 years. These 30
publications cover the researches of the theoretical developments, methods, modeling,
and applications related to ordered weighted averaging operators, multiple attribute
decision making, fuzzy optimization, and intuitionistic fuzzy information.
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Table 3 Top 30 most cited publications in FODM according to Scopus

Rank Title Author(s) Year TC TClyear

1 Generalized OWA aggregation Yager RR 2004 391 30.08
operators

2 A survey of credibility theory LiuB 2006 309 28.09

3 Computing with words in Herrera F, Alonso S, 2009 287 35.88
decision making: foundations, Chiclana F,
trends and prospects Herrera-Viedma E

4 Fuzzy random variables: a scalar Liu YK, Liu B 2003 252 18.00
expected value operator

5 Some similarity measures of XuZS 2007 218 21.80
intuitionistic fuzzy sets and
their applications to multiple
attribute decision making

6 Intuitionistic and interval-valued Xu ZS, Yager RR 2009 170 21.25
intuitionistic fuzzy preference
relations and their measures of
similarity for the evaluation of
agreement within a group

7 Existence and uniqueness Chen X, Liu B 2010 156 22.29
theorem for uncertain
differential equations

8 On compatibility of interval XuZS 2004 142 10.92
fuzzy preference relations

9 Toward fuzzy optimization Liu B 2002 119 7.93
without mathematical
ambiguity

10 Prioritized OWA aggregation Yager RR 2009 113 14.13

11 Efficiency analysis and ranking Saati MS, Memariani 2002 113 7.53
of DMUs with fuzzy data A, Jahanshahloo GR

12 Multi-person multi-attribute XuZS 2007 109 10.90
decision making models under
intuitionistic fuzzy environment

13 Extension of the LINMAP for Li DF 2008 108 12.00
multiattribute decision making
under Atanassov’s intuitionistic
fuzzy environment

14 A VIKOR-based method for Liao HC, Xu ZS 2013 103 25.75
hesitant fuzzy multi-criteria
decision making

15 Project selection by constrained Enea M, Piazza T 2004 93 7.15
fuzzy AHP

16 Recent advances in intuitionistic XuZS, Cai X 2010 91 13.00
fuzzy information aggregation

17 Performance analysis of adaptive Yun Y, Gen M 2003 84 6.00

genetic algorithms with fuzzy
logic and heuristics
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Table 3 continued

Rank Title Author(s) Year TC TClyear

18 On fuzzy portfolio selection Wang S, Zhu S 2002 83 5.53
problems

19 Application of fuzzy linear Vasant PM 2003 80 5.71
programming in production
planning

20 Some aspects of intuitionistic Yager RR 2009 72 9.00
fuzzy sets

21 Learning weights in the Beliakov G 2005 68 5.67
generalized OWA operators

22 Heavy OWA operators Yager RR 2002 63 4.20

23 Interactive fuzzy linear Ertugrul I, Tus A 2007 62 6.20
programming and an
application sample at a textile
firm

24 An approach to improving XuZS,DaQ 2003 62 443
consistency of fuzzy preference
matrix

25 On method for uncertain multiple XuZS 2005 59 4.92
attribute decision making
problems with uncertain
multiplicative preference
information on alternatives

26 A new method for ranking Zhang X, Xu ZS 2012 56 11.20
intuitionistic fuzzy values and
its application in multi-attribute
decision making

27 Fuzzy BCC model for data Lertworasirikul S, 2003 56 4.00
envelopment analysis Fang SC, Nuttle

HLW, Joines JA

28 Fuzzy Markov chains and Avrachenkov KE, 2002 56 3.73
decision-making Sanchez E

29 Minimizing a linear objective Guu SM, Wu YK 2002 55 3.67
function with fuzzy relation
equation constraints

30 A survey on fuzzy relational Li P, Fang SC 2009 54 6.75

equations, part I: classification
and solvability

As we stated in Sect. 2.1, there are five publications that have been cited more than
200 times, i.e. Yager (2004), Liu (2006), Herrera et al. (2009), Liu and Liu (2003)
and Xu (2007). According to the TC/Year, seven publications are cited more than 20
times per year since they were published, respectively, including the four of the top
five publications, Xu and Yager (2009), Chen and Liu (2010) and Liao and Xu (2013).
Liao and Xu (2013) is the youngest publication in the top 30 most cited publications,
which introduced a VIKOR-based method to solve multi-criteria decision making
problems under the hesitant fuzzy circumstance. In these 30 publications listed in
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Table 3, nine publications are authored/co-authored by Xu ZS (Sichuan University,
China), five publications are authored/co-authored by Yager RR (Iona College, United
States), and four publications are authored/co-authored by Liu B (Tsinghua University,
China). To further analyze the influential authors, the statistics of authors of the FODM
publications are listed in the next subsection.

2.4 The most productive authors/institutions/countries/territories

Table 4 lists the top 20 most productive authors with at least five publications in FODM,
it can be seen that five authors have published more than 10 papers in FODM. Xu ZS
from Sichuan University (China) is ranked the first with publishing 23 publications in
FODM and has been cited for 1219 times, followed by Yager RR from Iona College
(United States) with 19 publications and 1012 citations. Both of these two scholars have
received more than 50 citations per publication, and their h-index is higher than ten.
According to the total number of citations, Liu B from Tsinghua University (China) is
ranked third with 955 citations, and he is ranked first according to the value of TC/TP,
which means each of his publication is cited on an average of 86.82 times.

In Table 4, the total number of publications that have been cited more than 200, 100,
50, 20, and 10 of the most productive authors are also listed. Liu B has the most publi-
cations (two publications) are cited more than 200 times. Both of Xu ZS and Yager RR
have one publication with more than 200 citations, and 13 publications of them have
been cited more than 10 times, respectively. Among these 20 productive authors, there
are nine authors from China, three from the United States and Germany, respectively.
Table 5 lists the most productive countries/territories with more than five FODM pub-
lications, China is ranked first, which has published 149 publications in FODM with
3712 citations, it is followed by the United States that has published 55 publications in
FODM and has been cited 1519 times. The next four countries/territories are Taiwan,
Spain, Japan, and India with at least 20 publications.

The most productive institutions with at least five publications in FODM are listed in
Table 6. There are 13 institutions from China, Tsinghua University, one of the famous
universities in China, is ranked first with 29 publications and has been cited 1643
times. Two universities from the United States are followed by Tsinghua University,
i.e., Iona College and North Carolina State University. Southeast University from
China is ranked first according to the value of TC/TP, there are nine publications that
have received 569 citations in total, and each publication received 63.22 citations.
In addition, the h-index, and the total number of publications that have been cited
more than 200, 100, 50, 20, and 10 of the most productive countries/territories and
institutions are also provided in Tables 5 and 6, respectively.

3 Co-citation network analysis

In this section, the co-citation (Small 1973) networks of the cited authors/sources/
references by FODM publications are illustrated and analyzed. A bibliometric tool
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Table 5 Most productive countries/territories in FODM

Rank Country/territory TP TC TC/TP h >200 > 100 >50 >20 >10

1 China 149 3712 24091 30 3 10 22 41 75
2 United States 55 1519 27.62 19 1 3 8 19 27
3 Taiwan 38 425 11.18 110 0 1 6 12
4 Spain 24 475 19.79 10 1 1 1 4 10
5 Japan 21 348 16.57 110 0 1 5 12
6 India 20 396 19.80 13 0 0 1 8 14
7 Iran 15 215 14.33 5 0 1 1 2 4
8 Italy 15 222 14.80 7 0 0 1 5 5
9 Canada 9 199 22.11 8§ 0 0 1 4 6
10 Czech Republic 9 169 18.78 6 0 0 0 5 5
11 Germany 9 122 13.56 7 0 0 0 1 6
12 South Korea 9 170 18.89 4 0 0 2 2 4
13 Poland 8 65 8.3 4 0 0 0 1 1
14 United Kingdom 8 321 40.13 4 1 1 1 1 2
15 Australia 7 139 19.86 5 0 0 1 3 3
16 France 6 150 25.00 5 0 0 1 4 4
17 Belgium 5 68 13.60 4 0 0 0 2 2
18 Malaysia 5 180 36.00 4 0 0 1 3 4

VOSviewer is used to generate the networks in this section, which was developed by
Van Eck and Waltman (2010).

3.1 Co-citation network of cited authors

To find the most cited authors by FODM, the co-citation network of the cited authors
by FODM publications is shown in Fig. 3. Only those authors have been cited at least
eight times are chosen to be displayed in this network, 315 authors meet the threshold
among the 5956 authors. In Fig. 3, one node represents one author, the total number
of citations of authors is used to indicate the weight of nodes, the edges between two
nodes mean that these two authors are co-cited, and different thicknesses of the edges
mean different weights of the links.

As shown in Fig. 3, the first three largest nodes are Liu B, Zadeh LA, and Yager
RR. Based on the co-citation network of cited authors, the top ten most cited authors
by FODM publications are listed in Table 7, the numbers of citations, links, and total
link strength (TLS) of the most cited authors are also provided. Due to the problem of
different formats representing the same name, for example, both the node ‘Xu, Z.S.”
and the node ‘Xu, Z.” in Fig. 3 represent the author ‘Xu Zeshui’, we merged the values
of those different formats of the same author in Table 7. Liu B was cited the most by
FODM for 545 times, and he is co-cited with 202 authors for 13,311 times. Zadeh
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Fig. 3 Co-citation network of cited authors

LA is ranked second according to the number of citations, and he is co-cited with 441
authors. The followed are Yager RR, Xu ZS, and Dubois D.

3.2 Co-citation network of cited sources

Similarly, Fig. 4 shows the co-citation network of the cited sources by FODM, the
threshold of the minimum number of citations of a source is set as five, and 183 sources
meet the threshold among the 2730 sources. Table 7 also lists the top ten most cited
sources by FODM with the number of citations, the number of co-cited links, and
TLS.

It is well-marked in Fig. 4 that the biggest node is Fuzzy Sets and Systems in the
center, which indicates that it is the most popular journal cited by FODM for 1275
times. There are 178 links connected with Fuzzy Sets and Systems, which means that
it is co-cited with 178 sources for a total of 23,650 times. FODM is cited by itself
for 463 times, followed by European Journal of Operational Research, Information
Sciences, IEEE Transactions on Fuzzy Systems, and Journal of Uncertain Systems.

3.3 Co-citation network of cited references

The co-citation network of the cited references is shown in Fig. 5, the threshold of
the minimum number of citations of a cited reference is set as two, 602 references
meet the threshold among the 7556 cited references, and the top 500 cited references
based on the value of TLS is selected. Because there are some slight differences in
the formats of some references, when we exported the data of the co-citation network
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Fig. 4 Co-citation network of cited sources
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Fig. 5 Co-citation network of cited references

of cited references, we merged the values of those references representing the same
one, and the top ten most cited references by FODM publications are listed in Table 8,
including their titles, authors, sources, publish year, number of citations, number of
co-cited links, and TLS.
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Table 8 Most cited references by FODM publications

Rank Title Author(s) Source Year Citations Links TLS
1 Fuzzy sets Zadeh LA Information and 1965 75 331 456
Control

2 Some research LiuB Journal of Uncertain 2009 39 111 364
problems in Systems
uncertainty theory

3 Uncertainty theory (2nd Liu B Berlin: Springer 2007 38 145 341
ed.)

4 Uncertainty theory: a LiuB Berlin: Springer 2010 38 190 357
branch of

mathematics for
modeling human

uncertainty

5 Fuzzy sets as a basis for Zadeh LA Fuzzy Sets and 1978 31 162 217
a theory of possibility Systems

6 Fuzzy process, hybrid LiuB Journal of Uncertain 2008 23 87 242
process and uncertain Systems
process

7 Why is there a need for  Liu B Journal of Uncertain 2012 21 85 187
uncertainty theory? Systems

8 Expected value of fuzzy Liu B, Liu  IEEE Transactions on 2002 18 105 149
variable and fuzzy YK Fuzzy Systems
expected value models

9 Existence and Chen X, Fuzzy Optimization 2010 13 65 155
uniqueness theorem LiuB and Decision
for uncertain Making
differential equations

10 Theory and practice of ~ Liu B Berlin: Springer 2009 13 74 111
uncertain

programming

It can be seen that Zadeh (1965) is the most cited reference in the FODM publica-
tions, it has been cited by 75 FODM publications and there are 331 co-citation links
in the co-citation network of cited reference, i.e., it is co-cited with 331 references by
FODM publication for 456 times based on our dataset. Among these ten most cited
references, eight references are authored/co-authored by Liu B, including two books
published by Springer; and two papers are authored by Zaden LA. In addition, the
youngest reference is Liu (2012) and it was published in the Journal of Uncertain
Systems in 2012.

4 Co-occurrence analysis of keywords
To summarize the research topics of FODM publications, the co-occurrence networks
of keywords (including author keywords and index keyword provided by Scopus) are

analyzed in this section. According to Chen et al. (2008), when using the keywords to
identify thematic topics, its conceptual level is higher than the terms extracted from
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Fig. 6 Co-occurrence network of keywords of FODM publications, 2002—-2017

titles and abstracts generally. To further analyze the development of research topics, the
period between 2002 and 2017 is divided into three stages: 2002-2006, 2007-2011,
and 2012-2017, and three keywords co-occurrence networks corresponding to the
three stages are also illustrated. The co-occurrence networks of keywords in this section
are also generated using VOSviewer (Van Eck and Waltman 2010).

4.1 Co-occurred networks of the keywords in different stages

Figures 6, 7, 8 and 9 show the four co-occurrence networks of keywords in the four
different stages, respectively, keywords occurred at least three times are selected to
create the co-occurrence networks in Figs. 6, 7 and 8 and the threshold is set five
in Fig. 9. The nodes represent the keywords, the number of occurrence is used to
represent the weight of the nodes; the link between two nodes means that these two
keywords occurred together in the FODM publications, and the thicker line is, the more
co-occurred times they have. The top 30 keywords used in the FODM publications in
four stages are also provided with the frequency (Freq) in Table 9, and the single and
plural forms of the keywords are merged together.

As shown in Fig. 6, the top two biggest nodes are ‘fuzzy sets’ and ‘decision making’,
which have been respectively used 163 and 142 times during 2002 and 2017 according
to Table 9. The following used keywords are ‘problem solving’, ‘optimization’, and
‘mathematical models’. The node ‘fuzzy sets’ has strong link strength with the nodes
‘decision making’ (62), ‘problem solving’ (49), ‘optimization’ (39), and ‘mathemati-
cal models’ (34). All these keywords are highly correlated to fuzzy optimization and
decision making research. It should be noted that the link strength of the link between
nodes ‘decision making’ and ‘artificial intelligence’ is also strong (37), and the key-
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Fig. 8 Co-occurrence network of keywords of FODM publications, 2007-2011

words ‘artificial intelligence’ belongs to index keywords provided by Scopus, which
implies that there are some decision making problems related to the field of artificial
intelligence.
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Fig. 9 Co-occurrence network of keywords of FODM publications, 2012-2017

As listed in Table 9, the most used keyword is ‘fuzzy sets’ in both the first 5 years
(2002-2006) and the second 5 years (2007-2011). During 2002 and 2006, Fig. 7 indi-
cates that the links with strong link strengths between nodes are mainly concentrated on
the top six nodes listed in Table 9, the research topics focus on optimization problems
in decision making and fuzzy sets in this stage. In the second 5 years, the occur-
rence of the keywords ‘fuzzy logic’, ‘fuzzy rules’, and ‘fuzzy systems’ is increased,
but Fig. 8 indicates that the link strengths of the links between the top five nodes
are weaken. Except the research focuses of the fuzzy sets and decision making, some
studies also involved in fuzzy rules and fuzzy logic. In the recent 6 years (2012-2017),
the keywords ‘artificial intelligence’, ‘uncertainty theory’, and ‘uncertain differential
equations’ are appeared frequently. In the co-occurrence network of keywords shown
in Fig. 9, the link strength of the link between the nodes ‘decision making’ and ‘arti-
ficial intelligence’ is stronger than the link between the nodes ‘decision making’ and
‘fuzzy sets’, which indicates the developing trend of the connection between decision
making and artificial intelligence.

4.2 Bursting keywords detection

CiteSpace software, which was developed by Chen (2006), provides a function of burst
detection to identify bursting keywords. The bursting detection of keywords can be
used to detect the emerging trends (Chen et al. 2014; Kim and Chen 2015). Based on
the co-occurrence network of keywords used in the FODM publications during 2002
and 2017, the top 23 bursting keywords are listed in Table 10. The strongest bursting
keyword is ‘problem solving’ with 19.86 strength, followed by ‘mathematical models’,
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Table 10 Top 23 bursting keywords occurred in FODM publications

Keywords Strength Begin End 2002-2017
membership function 4.33 2002 2006 ————
fuzzy sets 13.04 2003 2006 s
problem solving 19.86 2003 2007 o
learning systems 3.50 2003 2007 RE——
fuzzy control 6.72 2003 2007 s
random processes 2.87 2003 2006 o
optimization 5.64 2003 2006 ———
mathematical models 17.19 2003 2007 o
parameter estimation 4.40 2003 2006 ———
vectors 4.15 2003 2006 ———
theorem proving 2.89 2003 2007 I ——
computational methods 4.12 2003 2005 ——
algorithms 6.15 2003 2006 o
mathematical programming 3.35 2005 2007 -
fuzzy logic 2.92 2006 2007 ——
numerical examples 6.83 2009 2013 o
uncertain variables 4.92 2011 2014 ————
fuzzy set theory 2.89 2012 2017 I
artificial intelligence 9.33 2012 2017 o
uncertainty analysis 323 2013 2017 o o
uncertain differential equations 3.55 2013 2017 o
uncertainty distribution 3.24 2013 2015 ———
uncertainty theory 9.55 2013 2015 ———

and ‘fuzzy sets’, all the top three keywords with high strength were burst began in
2003, and ended in 2006 or 2007.

In recent 5 years, there are six bursting keywords, which indicate the emerging
trends of the FODM publications, including ‘fuzzy set theory’, ‘artificial intelligence’,
‘uncertainty analysis’, ‘uncertain differential equations’, ‘uncertainty distribution’,
and ‘uncertainty theory’. Both of the last two keywords began in 2013 and ended in
2015. Among the other four bursting keywords, the strength of the keyword ‘artifi-
cial intelligence’ is the strongest, which began in 2012. According to the frequently
occurred keywords listed in Table 9 and the bursting keywords listed in Table 10 dur-
ing the period from 2012 to 2017, it can be concluded that the recent research themes
of the FODM publications focus on studying the theories, methods, models, systems
of uncertainty, and applying those theories and models to solve the optimization and
decision-making problems.

5 Discussion about the future challenges of FODM
In the process of our study, the direct citation network of papers and co-authorship

network are also analyzed. However, we found that these two kinds of networks are
quite sparse. In terms of direct citation network of papers, it is mainly due to the fact
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that the self-citation rate of the FODM is low with only about 3.51% based on our
dataset. Respecting the co-authorship network, the collaboration between authors in
the FODM publications is not obvious, in other words, there are several links in the
co-authorship network, and the links are dispersed.

As we aforementioned in Sect. 2.1, FODM publishes about 20 publications each
year since its first publishing year, the total number of 370 publications has been cited
for 7894 times. The total number of citations is usually considered as the indicator of
popularity (Yan et al. 2011), and the popularity can be used to indicate the influence of
the journal (Merig6 et al. 2018). Therefore, it can be concluded that FODM has created
its influence in the related fields, although the number of the annual publications of
this journal is not high. In this case, the quality of the articles is guaranteed when the
editors decide to accept articles, thus, the quality of the journal can be guaranteed at
the same time.

With the development of the scientific researches and academic journals, the FODM
journal may face some potential future challenges. On the one hand, how to maintain
or increase the attention of the FODM journal is worth considering since it publishes
a relatively less publications each year but the number of publications in the whole
retrieval database is increasing substantially recent years. On the other hand, how to
guarantee the quality of the future publications in the FODM journal and to further
spread its scientific influence in the future is another challenge.

6 Conclusion

This study shows a bibliometric analysis of the FODM publications between 2002 and
2017 based on the Scopus database. The analysis mainly covers three perspectives:
a general statistical analysis based on the total number of publications and citations,
co-citation networks analysis, and co-occurrence networks of keywords.

According to the general statistical analysis, Journal of Intelligent and Fuzzy Sys-
tems, Information Sciences and FODM itself cited the most FODM publications.
Except that the papers in the fields of Computer Science, Mathematics, and Engineer-
ing cited the FODM publications, some papers in the fields of Physics and Astronomy,
Medicine, and Chemistry also cited the FODM publications. The most productive
authors are Xu ZS from Sichuan University and Yager RR from Iona College; China,
United States, Taiwan, and Spain are the most productive countries/territories, and
Tsinghua University, Iona College, and North Carolina State University are the top
three most productive institutions.

The most cited author by FODM publications is Liu B, and he is co-cited with other
202 authors for more than ten thousand times by FODM publications. Fuzzy Sets and
Systems is the most cited journal by FODM publications, and Zadeh (1965) is the most
cited reference. In the top ten most cited references, most of them are authored by Liu
B. The keywords ‘fuzzy sets’, and ‘decision making’ are the two most occurred in
FODM publications, and the keywords ‘artificial intelligence’, ‘uncertainty analysis’,
and ‘uncertain differential equations’ are the emerging keywords in recent years.

Overall, the citation structure, co-citation analysis, and research topics of FODM
publications are explored in this study, which provide an objective view of the FODM
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journal. It is hopefully contributed to the research fields related to computer science
and management science. It also helps more scholars to know this journal and attract
more excellent researchers from related fields to contribute to the development of
scientific research themes involved in the FODM journal.
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