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ABSTRACT
Stakeholders in hospitality and tourism industries are involved in
many decision-making scenarios. Multi-criteria decision-making
(MCDM) methods have been widely used in hospitality and tourism
industries. Although some articles summarised the applications of
MCDM models in hospitality and tourism industries, they ignored the
fuzziness of individual cognition in an uncertain environment. In add-
ition, these surveys lacked a comprehensive overview from the per-
spective of bibliometrics analysis and content analysis regarding the
whole hospitality and tourism industries. To analyse the applications
of fuzzy MCDM methods in hospitality and tourism industries and
further explore future research directions, this article reviews 85
selected papers published from 1997 to 2022 regarding fuzzy MCDM
models applied in hospitality and tourism industries. Through analy-
sing the results of bibliometric analysis, methodologies and applica-
tions, we found that analytic hierarchy process (AHP) and TOPSIS
methods are the most widely used MCDM methods, and tourism
evaluation, hotel evaluation and selection, tourism destination evalu-
ation and selection are the most attractive research issues in hospi-
tality and tourism industries. Finally, future research directions are
proposed from three aspects. This article provides insights for
researchers and practitioners who have interest in fuzzy MCDM mod-
els in hospitality and tourism industries.
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1. Introduction

The hospitality and tourism industries are business patterns in which efforts are
placed by decision-makers to attract visitors to support the sector’s developments
(Kaushal & Srivastava, 2021). They make significant contribution to national
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economies by bringing much-needed investment, employment and tax revenue
(Scheyvens & Hughes, 2019). According to the World Travel and Tourism Council,
the hospitality and tourism industries provided about 330 million jobs worldwide and
created more than 10% of the global GDP in 2019 (Huang & Baker, 2021). The hos-
pitality and tourism industries have attracted much attention from researchers and
practitioners (Zolfani et al., 2015; Litvin et al., 2018; Wut et al., 2021; Chen
et al., 2022).

Multi-criteria decision-making (MCDM) is a process of evaluating a group of alter-
natives regarding multiple criteria according to the opinions of experts. It has been
widely used to solve complicated decision-making problems (Chiao, 2021; Torkayesh
et al., 2021; Baydaş et al., 2022). Due to the complex practical problems involved in
hospitality and tourism industries, decision-makers need to compare multiple alterna-
tives according to their performance and select the optimal scheme to maximise ben-
efits. In this sense, MCDM methods are useful approaches to tackle decision-making
problems in hospitality and tourism industries, which helps tourism institutions, hotel
managers and tourists make reasonable decisions.

Considering the complexity of decision-making problems and the fuzziness of
human cognition, decision-makers are often unable to express their opinions accur-
ately. Zadeh (1965) proposed fuzzy sets to characterise uncertain information.
Atanassov (1986) introduced the non-membership degree and extended fuzzy sets to
intuitionistic fuzzy sets (IFSs). Atanassov (1999) further proposed interval IFSs that
used intervals to represent membership, non-membership and hesitancy degrees.
Torra (2010) proposed hesitant fuzzy sets, which argued that the membership degree
is not a certain value but several possible values. Chen et al. (2013) proposed interval
hesitant fuzzy sets applying multiple intervals to denote membership degrees. Zadeh
(1975) introduced the concept of linguistic variables and advocated using natural lan-
guage instead of exact values to express qualitative information. Nevertheless, the
fuzzy linguistic method based on single linguistic terms is difficult to accurately
describe the views of decision-makers. Since then, various forms of fuzzy linguistic
sets, such as the hesitant fuzzy linguistic sets (Rodriguez et al., 2012), probabilistic
linguistic term sets (Pang et al., 2016), and probabilistic double hierarchy linguistic
term sets (Gou et al., 2021) have been proposed. Henceforth, many fuzzy technologies
have been introduced into MCDM models, which expand the applications of MCDM
methods. The hospitality and tourism industries have no exception. The hospitality
and tourism industries now risk losing 98� 197 million jobs worldwide due to the
Covid-19 pandemic, which seriously affects economic development (Huang & Baker,
2021). How to use effective means to deal with decision-making problems involved in
hospitality and tourism industries is a key issue in an unstable economic environ-
ment, especially for the stakeholders who are concerned about how to make scientific
decisions to avoid losses and maximise benefits. Therefore, researching the current
situation and future directions of fuzzy MCDM methods applied in hospitality and
tourism industries is now a more critical issue than ever.

Using fuzzy MCDM methods to deal with management problems in hospitality
and tourism industries has been researched a lot, but few studies have systematically
reviewed the state-of-the-art research in this direction. Mardani, Jusoh, et al. (2016)
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summarised the applications of MCDM methods in the tourism and hospitality
industries. Duan et al. (2021) overviewed the applications of MCDM methods in eco-
tourism and sustainable tourism. However, the first article only reviewed the papers
published in 2014 and before. Since MCDM methods have received extensive atten-
tion in hospitality and tourism industries in recent years, it is necessary to update the
number of publications. The second paper only summarised the applications of
MCDM methods in ecotourism and sustainable tourism, without considering the
whole hospitality and tourism industries. Moreover, both reviews ignored the uncer-
tainty of decision-making problems and the subjectivity of human cognition, without
considering fuzziness in decision-making problems. In addition, these surveys lacked
a comprehensive overview from the perspective of bibliometrics analysis and con-
tent analysis.

To fill these research gaps, this study not only considers the fuzziness and uncer-
tainty of the evaluation information provided by decision makers, but also takes into
account the whole hospitality and tourism industries based on the work of Mardani,
Jusoh, et al. (2016) and Duan et al. (2021). The primary concerns of our study are
as follows:

� What are the development status and research hotpots of fuzzy MCDM in hospi-
tality and tourism industries?

� What fuzzy MCDM methods have been used in hospitality and tour-
ism industries?

� What are the application domains of fuzzy MCDM in hospitality and tour-
ism industries?

� What are the future directions of fuzzy MCDM in hospitality and tour-
ism industries?

The above issues are critical to learn the overall situation about fuzzy MCDM
methods applied in hospitality and tourism industries. In view of the increasing aca-
demic attention to the applications of fuzzy MCDM methods in the unstable environ-
ment of the hospitality and tourism industries, it is necessary to summarise fuzzy
MCDM methods applied in hospitality and tourism industries in order to obtain a
systematic understanding in this research branch and find out hotspots and future
development directions.

This article uses bibliometrics analysis and content analysis to reveal the research
status and development trend of the applications of fuzzy MCDM models in hospital-
ity and tourism industries. The retrieval formula TS ¼ (‘tourism’ or ‘hospitality’)
AND TS ¼ (‘MCDM’ OR ‘Multi-Criteria’ OR ‘Multi Criteria’ OR ‘Multiple Criteria’
OR ‘Multiple-Criteria’ OR ‘MADM’ OR ‘Multi-Attribute’ OR ‘Multi Attribute’ OR
‘Multiple Attribute’ OR ‘Multiple-Attribute’ OR ‘MODM’ OR ‘Multi-Objective’ OR
‘Multi Objective’ OR ‘Multiple Objective’ OR ‘Multiple-Objective’ OR ‘MCDA’) AND
TS ¼ (‘fuzzy’) are used to search literature in the Web of Science Core Collection
(WoSCC) database. It is worth noting that the main focus database is the WoSCC in
this article, which includes several sub-databases such as Science Citation Index, and
Conference Proceedings Citation Index. The database covers more than 15 thousand

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 3



journals and 50 million papers and collects almost all the known scientific research
(Merig�o et al., 2015). Only considering the WoSCC database may result in omissions;
however, other factors should also be taken into account, such as the simplicity of
bibliometric analysis. Therefore, the WoSCC database was used to collect the data. It
returned 320 records from 1992 to 2022 on 2 March 2022. The literature reviewed in
this article must cover three topics simultaneously: fuzzy, MCDM and the hospitality
and tourism industries. Therefore, the literature that meets only one or two part(s) of
them is filtered out by analysing the keywords and abstracts of each article, and 85
records were finally obtained. We combine the articles talking about MCDM with the
keywords ‘MCDM’ or ‘Multi criteria’ or ‘Multi criteria’ or ‘Multiple criteria’ or
‘Multiple criteria’ into one category. Similarly, those articles with the keywords
‘MADM’ or ‘Multi attribute’ or ‘Multi attribute’ or ‘Multiple attribute’ and ‘Multiple
attribute’ are related to multi-attribute decision-making problems. The publications
with the keyword ‘MODM’ or ‘Multi-Objective’ or ‘Multi Objective’ or ‘Multiple
Objective’ or ‘Multiple-Objective’ are merged into one category about multi-objective
decision-making. To conduct a bibliometric analysis, the title, author(s), keywords,
source journal, field, abstract and references of publications are downloaded in the
form of text.

In this article, we devote to reviewing these 85 articles about applications of fuzzy
MCDM models applied in hospitality and tourism industries. The analysis procedure
of this article is presented in Figure 1. First, we conduct a bibliometrics analysis about
publication and citation trends, region and institution distributions of reviewed publi-
cations, highly cited articles, categories of reviewed articles and keyword co-occurrence
analysis. In addition, from the perspective of fuzzy MCDM methods and their applica-
tions, content analysis is used to conduct a systematical and comprehensive survey of
fuzzy MCDM models applied in hospitality and tourism industries. From the method
level, the selected publications are divided into those containing individual fuzzy
MCDM methods and those with hybrid fuzzy MCDM methods according to the num-
ber of fuzzy MCDM methods used in the literature. From the application level, the
application domains of fuzzy MCDM methods in hospitality and tourism industries
are surveyed. Finally, future directions are proposed to provide reference and enlight-
enment for researchers and practitioners in this field.

The main goal of this article is to present a comprehensive literature review on the
application of fuzzy MCDM methods in hospitality and tourism industries.
Compared with existing studies, the main contributions of this article can be sum-
marised into three aspects: (1) it reviews fuzzy MCDM methods in the whole hospi-
tality and tourism industries; (2) the bibliometric and content analysis are combined
to conduct a comprehensive overview of fuzzy MCDM methods and their applica-
tions in hospitality and tourism industries; (3) future research directions are proposed
based on such a survey to provide insights for researchers and practitioners. The
findings should make a contribution from a theoretical and practical perspective.
From a theoretical viewpoint, the study contributes to establish ‘state-of-the-art’ aca-
demic research into the use of fuzzy MCDM methods in hospitality and tourism
industries. To be specific, the results of bibliometrics analysis facilitate scholars to
understand the development and research trends in this field and lay a foundation
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for further research. Second, by analysing the applications of fuzzy MCDM methods
in hospitality and tourism industries, scholars can further expand fuzzy MCDM
methods and use more advanced methods to solve problems in hospitality and tour-
ism industries. Third, it is helpful to explore what hospitality and tourism problems
were unsolved by fuzzy MCDM methods, and future research can focus on solving
these problems. Fourth, research hotspots are also found through content analysis, so
that scholars can understand the cutting-edge directions and keep up with research
trends. From a practical perspective, the findings and suggestions will be of interest
to industry practitioners looking for suggestions and best practices to deal with the
challenges in hospitality and tourism industries.

The article is structured as follows: Section 2 introduces and analyses the results of
bibliometric analysis, including publication trend, citation structure, the region and insti-
tution with the most publications, categories of reviewed papers, highly cited papers
(CPs), and keywords co-occurrence. Section 3 reviews fuzzy MCDM methods applied in
hospitality and tourism industries. Section 4 summarises various application areas in hos-
pitality and tourism industries by means of fuzzy MCDM methods. Section 5 proposes
future research directions and Section 6 closes this paper with concluding remarks.

Figure 1. The analysis procedure of this study.
Source: Authors.
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2. Bibliometrics

Bibliometric analysis is an effective means to reveal the research status and develop-
ment trend (Tang et al., 2021). It mainly uses mathematical and statistical methods
combined with detailed information from publications to conduct a comprehensive
analysis of a research field. Since there is no bibliometric study to analyse the applica-
tions of fuzzy MCDM models in hospitality and tourism industries, this section uses
the bibliometric tool VOSviewer (Van Eck & Waltman, 2010) to study the research
status and trend of fuzzy MCDM methods in hospitality and tourism industries.

2.1. Publications and citation trends

Analysing the quantity of publications and citations over time is helpful to grasp the
development status and trend of a research field. Table 1 reflects the number of publica-
tions (TP), CPs, the total number of citations (TC), citations per paper (C/P), citation of
each CP (C/CP) and quantity of citations with different thresholds (200, 100, 50, 25 and 1).
Figure 2 shows the development trends of publications and the citation of each CP.

As shown in Figure 2, the first article on the applications of MCDM models in
hospitality and tourism industries appeared in 1997 with the highest citation of each
CP. It may be due to the small number of papers in the early stage and the extensive
attention paid to this research. Although the paper was highly cited, the research field
has not been widely studied in the following 10 years since the first article was pub-
lished. It was not until 2007 that experts began to revisit this research direction. In
2008, there was only one article and the number of citations was up to 185, leading
the citations of each CP being raised again to a high level. In the following 7 years,
the number of publications remained small. Until 2014, the quantity of publications
increased significantly. The growth rate decreased in 2018. From 2020 to 2021,
the growth rate reached the maximum, and the number of publications reached the

Table 1. Publication trend and citation structure from 1997 to 2 March 2022.

Year TP CP TC C/P C/CP

Number of publications with citations

�200 �100 �50 �25 �1

1997 1 1 200 200.00 200.00 1 1 1 1 1
2007 2 2 215 107.50 107.5 1 1 1 1 2
2008 1 1 181 181.00 181.00 0 0 0 1 1
2009 1 1 48 48.00 48.00 0 1 1 1 1
2010 1 1 26 26.00 26.00 0 0 0 1 1
2012 3 3 81 27.00 27.00 0 0 1 1 3
2014 1 1 18 18.00 18.00 0 0 0 0 1
2015 4 4 56 14.00 14.00 0 0 0 1 4
2016 7 7 176 44.00 44.00 0 0 1 4 7
2017 9 8 225 25.00 28.13 0 0 1 3 8
2018 7 6 160 22.86 26.67 0 0 1 3 6
2019 12 10 197 98.50 19.70 0 0 2 2 10
2020 11 11 111 10.09 10.09 0 0 0 2 11
2021 20 14 70 3.50 5.00 0 0 0 0 14
2022 5 2 8 1.60 4.00 0 0 0 0 2
Total 85 72 1772 20.85 24.61 2 3 9 21 72

Note: The total number of publications (TP), number of cited papers (CP), total number of citations (TC), citations
per publication (C/P) and citations per cited paper (C/CP).
Source: Created by the authors based on the WoSCC database.
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highest in 2021. Although the number of publications decreased in 2018 and 2020, it
showed an upward trend on the whole, which represented that this research field has
gradually attracted wide attention. The quantity of citations shows a gradual downward
trend despite small fluctuations. The citations of each CP are not directly related to the
number of publications. Since 2014, the number of publications has shown an increasing
trend, but the citations have gradually decreased. In 2021, the number of publications
reached the maximum, but the citations are very small. As shown in Table 1, between
1997 and 2021 (2022 is excluded from the analysis as the citations do not cover the
entire year), 2 papers published in 1997 and 2007 were cited more than 200 times,
3 papers were cited more than 100 times, 9 papers were cited more than 50 times,
21 papers were cited more than 25 times, and 71 papers were cited more than once.

2.2. Region and institution distributions of reviewed publications

This section implements a bibliometric analysis from the perspectives of regions and
institutions to find out the geographical distribution of authors, which is beneficial
for deep cooperation between scholars. Table 2 displays the top 9 regions with the
most publications.

As can be seen from Table 2, among the countries and regions with the most pub-
lications, China, Taiwan, and Spain rank in the top three. It is worth noting that
among the 85 selected records, there is no publication from Hong Kong and Macao
region. Thus, here China means China Mainland. China has the largest number of

Figure 2. Publication and citation trends from 1997 to 2022 (by 2 March 2022).
Source: Created by the authors based on the WoSCC database.

Table 2. Top nine regions with the most publications.
Rank Region Publications Percentage Citations

1 China 28 32.94 571
2 Taiwan 19 22.35 662
3 Spain 10 11.76 292
4 Iran 9 10.59 73
5 Turkey 7 8.24 14
6 Lithuania 6 7.06 89
7 India 6 7.06 48
8 Serbia 5 5.88 128
9 Malaysia 4 4.71 139

Source: Created by the authors based on the WoSCC database.
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papers (28), accounting for 32.94% of the total publications, and the number of cita-
tions is up to 571, which proves that the research field is widely researched in China
and has great influence in the world. Taiwan published 19 papers which account for
22.35% of all publications, and the number of citations reached the maximum (662).
The next ones are Spain (10), Iran (9), Turkey (7), Lithuania (6), India (6), Serbia (5)
and Malaysia (4). It is worth noting that China, Iran, Turkey, India, Serbia and
Malaysia are developing countries, which proves that developing countries have made
outstanding contributions to this research field.

Table 3 shows the distribution of publications from different research institutions.
From Table 3, it can be seen that the Vilnius Gediminas Technical University (5), Las
Palmas Gran Canaria University (5) and Cent South University (5) have the largest
number of publications. Combined with the publications of each country in Table 2,
it is found that the Vilnius Gediminas Technical University is the main source of
published papers in Lithuania. The publications in Spain are mainly from the Las
Palmas Gran Canaria University. The following are Islamic Azad University (4),
Southwestern University of Finance and Economics (4), Ming Chuan University (4),
Sichuan Normal University (4) and Zhejiang University of Finance and Economics
(4). On the whole, there is little difference in the number of publications among insti-
tutions, which proves that there are no particularly prominent research institutions in
this research branch, and the number of publications is evenly distributed.

2.3. Categories of reviewed papers

In this section, we analyse the categories of reviewed publications. Table 4 shows the
categories of publications and the frequency of their occurrence. The category with

Table 3. Top 22 institutions with the most publications.
Rank Institution Region Publications Percentage Citations

1 Vilnius Gediminas Technical University Lithuania 5 5.88 78
2 Las Palmas Gran Canaria University Spain 5 5.88 236
3 Cent South University China 5 5.88 246
4 Islamic Azad University Iran 4 4.71 43
5 Southwestern University of Finance

and Economics
China 4 4.71 78

6 Ming Chuan University Taiwan 4 4.71 46
7 Sichuan Normal University China 4 4.71 186
8 Zhejiang University of Finance

and Economics
China 4 4.71 45

9 North West University The Republic of South Africa 3 3.53 29
10 Granada University Spain 2 2.35 21
11 Kharazmi University Iran 2 2.35 27
12 Sichuan University China 2 2.35 18
13 Tehran University Iran 2 2.35 9
14 Al Ghurair University The United Arab Emirates 2 2.35 12
15 Jinwen University of Science

and Technology
Taiwan 2 2.35 31

16 Natl Taipei University of Technology Taiwan 2 2.35 26
17 Technological University of Malaysia Malaysia 2 2.35 115
18 Jilin University of Finance and Economics China 2 2.35 2
19 Natl Chiao Tung University Taiwan 2 2.35 79
20 Natl Inst Technol India 2 2.35 41
21 Belgrade University Serbia 2 2.35 108

Source: Created by the authors based on the WoSCC database.
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the most publications is business and economics (22), which confirms the characteris-
tics that the hospitality and tourism industries can promote economic development
(Hu et al., 2021). The second frequent category is environmental sciences and ecology
(21), which reflects the interdependent relationship between tourism and natural ecol-
ogy (Liu & Suk, 2021). The third frequent category is computer science (20), which is
related to the theoretical knowledge involved in fuzzy MCDM. The following frequent
categories are social science (17), engineering (10), science and technology (9), math-
ematics (9), operations research and management science (7), public administration
and public (3), and environmental and occupational health (3).

Figure 3 exports by VOSviewer demonstrates publication volume and connections
between categories. First, it can be seen that the circles of ‘business & economics’,
‘environmental sciences & ecology’ and ‘computer science’ are bigger than others,
indicating that the number of papers in those categories is larger than those in other
categories, which is consistent with the contents in Table 4. However, the publication
volumes of ‘operations research & management’, ‘engineering’ and ‘science & technology’

Table 4. Categories of reviewed papers.
Rank Category Frequency Percentage

1 Business & Economics 22 25.88
2 Environmental Sciences & Ecology 21 24.71
3 Computer Science 20 23.53
4 Social Sciences 17 20.00
5 Engineering 10 11.76
6 Science & Technology 9 10.59
7 Mathematics 9 10.59
8 Operations Research & Management Science 7 8.24
9 Public Administration 3 3.53
10 Public, Environmental & Occupational Health 3 3.53
11 Automation & Control Systems 3 3.53
12 Water Resources 2 2.35
13 Development Studies 2 2.35
14 Geography 2 2.35
15 Energy & Fuels 1 1.18
16 Forestry 1 1.18
17 Geology 1 1.18
18 Oceanography 1 1.18
19 Sociology 1 1.18
20 Thermodynamics 1 1.18
21 Transportation 1 1.18
22 Urban Studies 1 1.18

Source: Created by the authors based on the WoSCC database.

Figure 3. Publication volume and connections between categories.
Source: Created by the authors based on the WoSCC database.
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are less, representing the applications of research in these fields have not been popularised
and could be considered in future research. From the perspective of connections, we can
find that the lines around ‘business & economics’ and ‘computer science’ are denser, which
denotes that most papers regarded them as the center to conduct research. In addition, the
categories of ‘operations research & management’, ‘environmental sciences & ecology’, and
‘sociology’ are linked with ‘business & economics’ closely and the categories related to
‘computer science’ mainly include ‘engineering’ and ‘operations research & management’,
which shows that these fields are well integrated. In future research, scholars can focus on
cross integration of other fields like ‘business & economics’ and ‘computer science’.

2.4. Top 10 highly cited publications

The number of citations reflects the dissemination and recognition of a paper in the
research field (Lu et al., 2021). Table 5 lists the title, authors, region, journal, year
and citations of the top 10 highly CPs. The top three papers were published in 2007,
1997 and 2008, indicating that these papers published in the early stage attracted
extensive attention and belong to the pioneering work in this field. The fourth and
fifth-ranked papers were from China published in 2017 and 2018, respectively. Yu
et al. (2017, 2018) have contributed two highly CPs, which were published on
International Transactions in Operational Research and International Journal of Fuzzy
Systems, respectively. Besides, Wu et al. (2018, 2019) have published two highly CPs
which are ranked eighth and ninth. In terms of publication time, fie papers were pub-
lished in the last five years, which proves that the research in recent years has
received widespread concerns. In terms of publication region, China (Mainland) pub-
lished four papers, which have made outstanding contributions in this field. There
are three papers from Taiwan, and one paper from Spain, Vietnam, and Serbia,
respectively. From the published journals, it is found that the top three papers were
published in Tourism Management, Annals of Tourism Research and International
Journal of Hospitality Management, which shows that these highly cited studies
focused more on the applications in the field of hospitality and tourism industries.

2.5. Keywords co-occurrence

In this section, we extract the keywords’ co-occurrence information to analyse the
current status and hotspots of this research direction. High-frequency words can help
scholars understand what researchers are most concerned about, while low-frequency
words provide a reference for researchers to uncover new ideas. In Figure 4, the
larger the circle is, the more frequently the keyword appears. The most frequent key-
words are model, decision-making, tourism and management, indicating that many
papers used decision-making models to solve tourism management problems. The
frequent occurrence of fuzzy and fuzzy logic confirms the theme of this study. From
the perspective of MCDM methods, TOPSIS appeared most frequently, which shows
that the TOPSIS method has been widely used among all MCDM methods, followed
by the analytic hierarchy process (AHP) and analytic network process (ANP) meth-
ods. Aggregation operators have also been mentioned many times, indicating that

10 H. LIAO ET AL.



Ta
bl
e
5.

To
p
10

hi
gh

ly
ci
te
d
pu

bl
ic
at
io
ns
.

Ti
tle

Au
th
or
s

Re
gi
on

Jo
ur
na
l

Ye
ar

Ci
ta
tio

ns
D
es
cr
ip
tio

n

U
si
ng

fu
zz
y
nu

m
be
r
fo
r

m
ea
su
rin

g
qu

al
ity

of
se
rv
ic
e
in

th
e
ho

te
li
nd

us
tr
y.

Be
n� ı
te
z,
J.
M
.,
M
ar
t� ın

,J
.C

.,
&

Ro
m
� an
,C

.
Sp
ai
n

To
ur
is
m

M
an
ag
em

en
t

20
07

21
0

Th
e
m
ai
n
co
nt
rib

ut
io
n
of

th
is
ar
tic
le

is
th
e

us
e
of

fu
zz
y
nu

m
be
rs

to
ev
al
ua
te

se
rv
ic
e

qu
al
ity
.T
he

se
co
nd

co
nt
rib

ut
io
n
lie
s
in

th
e
em

pi
ric
al

m
ea
su
re
m
en
t
of

se
rv
ic
e

qu
al
ity

of
ho

te
lc
ha
in
s.

Ev
al
ua
tin

g
to
ur
is
t
ris
ks

fr
om

fu
zz
y

pe
rs
pe
ct
iv
es
.

Sh
en
g
H
sh
iu
ng

,T
.,
G
w
o

H
sh
iu
ng

,T
.,
&
Ku

o
Ch

in
g,

W
.

Ta
iw
an

An
na
ls
of

To
ur
is
m

Re
se
ar
ch

19
97

20
0

Th
e
co
nt
rib

ut
io
n
of

th
is
pa
pe
r
is
us
in
g
a

co
m
bi
na
tio

n
of

an
al
yt
ic
hi
er
ar
ch
y
pr
oc
es
s

an
d
fu
zz
y
M
CD

M
to

ev
al
ua
te

to
ur
is
m

ris
k.

A
fu
zz
y
m
ul
ti-
cr
ite
ria

de
ci
si
on

m
od

el
fo
r
in
te
rn
at
io
na
lt
ou

ris
t

ho
te
ls
lo
ca
tio

n
se
le
ct
io
n.

Ch
ou

,T
.Y

.,
H
su
,C

.L
.,
&

Ch
en
,M

.C
.

Ta
iw
an

In
te
rn
at
io
na
l

Jo
ur
na
lo

f
H
os
pi
ta
lit
y

M
an
ag
em

en
t

20
08

18
1

It
pr
op

os
ed

a
fu
zz
y
M
CD

M
m
od

el
co
m
bi
ni
ng

fu
zz
y
se
t
th
eo
ry
,l
in
gu

is
tic

va
lu
e,
an
d

fu
zz
y
AH

P
m
et
ho

d
fo
r
in
te
rn
at
io
na
l

to
ur
is
t
ho

te
ll
oc
at
io
n
se
le
ct
io
n.

An
ex
te
nd

ed
TO

D
IM

ap
pr
oa
ch

w
ith

in
tu
iti
on

is
tic

lin
gu

is
tic

nu
m
be
rs
.

Yu
,S
.M

.,
W
an
g,

J.,
&
W
an
g,

J.
Q
.

Ch
in
a

In
te
rn
at
io
na
l

Tr
an
sa
ct
io
ns

in
O
pe
ra
tio

na
l

Re
se
ar
ch

20
18

12
8

Th
is
pa
pe
r
de
fin

ed
th
e
op

er
at
or

an
d

ge
ne
ra
lis
ed

di
st
an
ce

of
in
tu
iti
on

is
tic

fu
zz
y

nu
m
be
rs
,a
nd

in
tr
od

uc
ed

TO
D
IM

in
to

in
tu
iti
on

is
tic

fu
zz
y
nu

m
be
rs
fo
r
th
e

fir
st

tim
e.

An
In
te
rv
al

Ty
pe
-2

Fu
zz
y

Li
ke
lih
oo
d-
Ba
se
d
M
AB

AC
Ap

pr
oa
ch

an
d
Its

Ap
pl
ic
at
io
n

in
Se
le
ct
in
g
H
ot
el
s
on

a
To
ur
is
m

W
eb
si
te
.

Yu
,S
.M

.,
W
an
g,

J.,
&
W
an
g,

J.
Q
.

Ch
in
a

In
te
rn
at
io
na
l

Jo
ur
na
lo

f
Fu
zz
y
Sy
st
em

s

20
17

95
Th
is
pa
pe
r
co
m
bi
ne
d
lik
el
ih
oo
d
an
d
m
ul
ti-

at
tr
ib
ut
iv
e
bo

rd
er

ap
pr
ox
im
at
io
n
ar
ea

co
m
pa
ris
on

m
et
ho

d
to

ov
er
co
m
e
th
e

dr
aw

ba
ck
s
of

th
e
ex
is
tin

g
lik
el
ih
oo
d-

ba
se
d
co
m
pa
ris
on

m
et
ho

d
fo
r
in
te
rv
al

ty
pe
-2

fu
zz
y
se
ts
.

Fu
zz
y
Ra
sc
h
m
od

el
in

TO
PS
IS
:A

ne
w

ap
pr
oa
ch

fo
r
ge
ne
ra
tin

g
fu
zz
y
nu

m
be
rs
to

as
se
ss

th
e

co
m
pe
tit
iv
en
es
s
of

th
e
to
ur
is
m

in
du

st
rie
s
in

As
ia
n
co
un

tr
ie
s.

H
ua
ng

,J
.H

.,
&
Pe
ng

,K
.H

.
Ta
iw
an

To
ur
is
m

M
an
ag
em

en
t

20
12

74
Th
is
pa
pe
r
pr
op

os
ed

a
fu
zz
y
ra
sc
h
m
od

el
co
m
bi
ni
ng

ite
m

re
sp
on

se
th
eo
ry

an
d

fu
zz
y
se
t
th
eo
ry
,a
nd

us
ed

th
e
m
od

el
in

Te
ch
ni
qu

e
fo
r
O
rd
er

Pr
ef
er
en
ce

by
Si
m
ila
rit
y
to

Id
ea
lS

ol
ut
io
n
to

ev
al
ua
te

th
e

to
ur
is
m

de
st
in
at
io
n
co
m
pe
tit
iv
en
es
s.

Fa
ct
or
s
in
flu
en
ci
ng

m
ed
ic
al

to
ur
is
m

ad
op

tio
n
in

M
al
ay
si
a:

A
D
EM

AT
EL
-F
uz
zy

TO
PS
IS

ap
pr
oa
ch
.

N
ila
sh
i,
M
.,
Sa
m
ad
,S
.,
M
an
af
,

A.
A.
,A

hm
ad
i,
H
.,
et

al
.

Vi
et
na
m

Co
m
pu

te
rs
&

In
du

st
ria
l

En
gi
ne
er
in
g

20
19

70
Th
is
pa
pe
r
ex
pl
or
ed

th
e
fa
ct
or
s
in
flu
en
ci
ng

m
ed
ic
al
to
ur
is
m

ad
op

tio
n
us
in
g
fu
zz
y

M
CD

M
m
et
ho

ds
.

So
m
e
In
te
rv
al
-V
al
ue
d

In
tu
iti
on

is
tic

Fu
zz
y
D
om

bi
H
am

y
M
ea
n
O
pe
ra
to
rs
an
d

Th
ei
r
Ap

pl
ic
at
io
n
fo
r

Ev
al
ua
tin

g
th
e
El
de
rly

To
ur
is
m

Se
rv
ic
e
Q
ua
lit
y
in

To
ur
is
m

D
es
tin

at
io
n.

W
u,

L.
,W

ei
,G

.,
G
ao
,H

.,
&

W
ei
,Y

.
Ch

in
a

M
at
he
m
at
ic
s

20
18

66
Th
is
pa
pe
r
ex
te
nd

ed
th
e
H
am

y
m
ea
n

op
er
at
or

an
d
D
om

bi
op

er
at
io
ns

w
ith

in
te
rv
al
-v
al
ue
d
in
tu
iti
on

is
tic

fu
zz
y
nu

m
be
rs
.

(c
on
tin
ue
d)

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 11



Ta
bl
e
5.

Co
nt
in
ue
d.

Ti
tle

Au
th
or
s

Re
gi
on

Jo
ur
na
l

Ye
ar

Ci
ta
tio

ns
D
es
cr
ip
tio

n

VI
KO

R
m
et
ho

d
fo
r
fin

an
ci
ng

ris
k

as
se
ss
m
en
t
of

ru
ra
lt
ou

ris
m

pr
oj
ec
ts

un
de
r
in
te
rv
al
-v
al
ue
d

in
tu
iti
on

is
tic

fu
zz
y

en
vi
ro
nm

en
t.

W
u,

L.
,G

ao
,H

.,
W
ei
,C

.,
&

Zh
an
g,

J.
Ch

in
a

Jo
ur
na
lo

f
In
te
lli
ge
nt

&
Fu
zz
y
Sy
st
em

s

20
19

61
Th
is
pa
pe
r
ex
te
nd

ed
th
e
Vl
se
Kr
ite
rij
um

sk
a

O
pt
im
iz
ac
ija

IK
om

pr
om

is
no

Re
se
nj
e

m
et
ho

d
to

th
e
co
nt
ex
t
of

in
te
rv
al
-v
al
ue
d

in
tu
iti
on

is
tic

fu
zz
y
nu

m
be
rs
.

G
IS
-F
uz
zy

D
EM

AT
EL

M
CD

A
m
od

el
fo
r
th
e
ev
al
ua
tio

n
of

th
e
si
te
s

fo
r
ec
ot
ou

ris
m

de
ve
lo
pm

en
t:
A

ca
se

st
ud

y
of

‘D
un

av
sk
ik
lju
� c’

re
gi
on

,S
er
bi
a.

G
ig
ov
i� c
,L
.,
Pa
m
u� c
ar
,D

.,
Lu
ki
� c,
D
.,
&
M
ar
ko
vi
� c,
S.

Se
rb
ia

La
nd

U
se

Po
lic

20
16

61
Th
is
pa
pe
r
co
m
bi
ne
d
ge
og

ra
ph

ic
in
fo
rm

at
io
n

sy
st
em

s
an
d
M
CD

M
m
et
ho

ds
to

es
tim

at
e

ec
ot
ou

ris
m

po
te
nt
ia
l.

So
ur
ce
:C

re
at
ed

by
th
e
au
th
or
s
ba
se
d
on

th
e
W
oS
CC

da
ta
ba
se
.

12 H. LIAO ET AL.



many papers used or innovated in aggregation operators. In terms of applications,
service quality appeared more frequently, which means that fuzzy MCDM models
have been applied to evaluate the service quality of hotels and tourism more often.
The keyword selection also appeared many times, showing that there was literature
regarding selection problems, such as hotel selection (Wang et al., 2021), destination
selection (Hameed et al., 2022) and location selection (Ronizi et al., 2020). From the
types of tourism, ecological tourism appears more frequently and represents the cur-
rent research hotspot, followed by medical tourism.

3. Classification of fuzzy MCDM methods applied in hospitality and
tourism industries

After investigating MCDM models used in reviewed papers, these models can be div-
ided into individual fuzzy MCDM models and hybrid fuzzy MCDM models. The
acronym of MCDM methods is given in Table 6.

3.1. Individual fuzzy MCDM methods

Individual fuzzy MCDM models can be divided into fuzzy MADM and fuzzy
MODM methods. In the process of fuzzy MADM, experts select, classify, rank or pri-
oritise a finite number of alternatives, while fuzzy MODM methods involve an infin-
ite number of choices. Table 7 shows the categories of fuzzy MCDM methods and
corresponding references.

Fuzzy MADM methods can be divided into seven categories, including pairwise
comparison methods (16), distance-based methods (15), aggregation operator-based

Figure 4. Keywords co-occurrence.
Source: Created by the authors based on the WoSCC database.
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methods (8), interaction-based methods (5), compromise methods (2), value and util-
ity measurement methods (1) and other methods (12).

3.1.1. Pairwise comparison methods
Sixteen papers were related to pairwise comparison methods.

Fourteen papers associated with fuzzy AHP method. Sheng Hshiung et al. (1997)
used the fuzzy AHP method to rank tourism risks. They used linguistic term sets to
express criteria performance, converted them into triangular fuzzy numbers (TFNs),
applied AHP method to obtain weights of criteria by pairwise comparisons among
criteria, and ranked the intensities of tourism risks of alternatives based on the COA
method. Chou et al. (2008) used the fuzzy AHP method to select hotel locations.
They used TFNs to characterise linguistic values, combined fuzzy sets theory and
hierarchical structure analysis to develop a fuzzy MCDM model. Lin et al. (2010) pro-
posed a fuzzy MCDM method to evaluate marketing strategy. They used TFNs to
capture the uncertainty and fuzziness of expert knowledge and applied the AHP
method to determine the weights of criteria. Chen et al. (2014) proposed a two-step
FAHP approach to evaluate the atmosphere of international hotels. They used the
Delphi method to find out the factor influencing the atmosphere of international
hotels, applied the FAHP method to assess the relative importance between criteria,
and obtained the weights and ranks of criteria. Erfani et al. (2015) applied AHP to
obtain the weights of criteria. Finally, the weighted linear combination (WLC) was
employed to calculate the suitability index and rank alternatives. Chen and Bau
(2016) used the fuzzy AHP model to calculate the weights of factors and associated
attributes, which is helpful to reduce the subjectivity of decision-makers. Jusoh et al.

Table 6. The acronym of MCDM methods.
MCDM methods Acronym

Analytic Hierarchy Process AHP
Technique for order of preference by similarity to ideal solution TOPSIS
DEcision-MAking Trial and Evaluation Laboratory DEMATEL
VlseKriterijumska Optimizacija I Kompromisno Resenje VIKOR
Measurement of alternatives and ranking according to compromise solution MARCOS
Group decision making GDM
An acronym in Portuguese for Interactive and Multicriteria Decision Making TODIM
Multi-attributive border approximation area comparison MABAC
Multi-objective decision making MODM
Additive ratio assessment ARAS
Analytic Network Process ANP
Genetic algorithm GA
Linear programming LP
Centre of area COA
Quality function deployment QFD
Ordered weight averaging OWA
Preference ranking organisation method for enrichment of evaluations PROMETHEE
Multi attribute ideal real comparative analysis MAIRCA
Best-Worst Method BWM
Stepwise weight assessment ratio analysis SWARA
Multiple-objective optimisation based on the ratio analysis plus full multiplicative form MULTIMOORA
Multiple choice goal programming MCGP
Nonlinear programming NLP
Geometrical analysis for interactive aid GAIA

Source: Authors.
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(2018) used the fuzzy Delphi method to obtain the evaluation information of experts,
and then applied the FAHP method to determine the weights of criteria. B€uy€uk€ozkan
et al. (2019) used IFSs to express evaluation information for eliminating uncertainties
and vagueness, and applied the AHP method to determine the weights of criteria.
Andria et al. (2021) proposed a two-step fuzzy framework based on the FAHP to
solve the problem of sustainability assessment. Vatankhah et al. (2021) used TFNs to
express experts’ opinion, and applied the fuzzy AHP method to obtain the weights of
criteria and sub-criteria. Bueno et al. (2021) incorporated a multi-granular fuzzy lin-
guistic model into the recency, frequency and helpfulness (RFH) model to obtain cus-
tomer opinion values, and used the fuzzy AHP method to rank a set of hotels.
Erdenejargal et al. (2021) combined a spatial MCDM method and the AHP method
based on Boolean and fuzzy logic to assess natural landscape aesthetics. Omarzadeh
et al. (2022) proposed a geographic information systems (GISs)-based multi-criteria
decision analysis model to evaluate ecotourism sustainability. They embedded the
fuzzy logic theory into an MCDA process, and used the AHP method to determine
the weights of criteria. Guru et al. (2022) used the fuzzy AHP method to prioritise
the medical tourism destination.

Two papers related to fuzzy ANP method. Aliani et al. (2016) integrated GIS, fuzzy
logic and ANP to determine suitable areas for ecotourism activities. The fuzzy logic and
ANP were applied to weight criteria. Aliani et al. (2017) combined the fuzzy logic and
ANP method to evaluate the development of ecotourism, in which the ANP method
was used to determine the weights of criteria and the WLC operator was applied to cal-
culate the suitability to divide the region according to the ecotourism potential.

3.1.2. Distance-based methods
Fifteen papers dealt with distance-based methods.

Twelve papers associated with fuzzy TOPSIS method. Ben�ıtez et al. (2007) used
TFNs to represent linguistic terms, and applied the fuzzy TOPSIS method to rank the
service quality of hotels. Huang and Peng (2012) proposed an approach that applied
the fuzzy Rasch model (Rasch, 1960) in TOPSIS to measure the competitiveness of
tourism destinations. Chou et al. (2012) used the fuzzy TOPSIS method to select
medical providers, in which TFNs were used to express the importance of criteria
and the distances of alternatives to the positive-ideal and negative-ideal solutions
were calculated to determine the closeness coefficient for ranking alternatives.
Saayman et al. (2016) used TFNs to represent linguistic terms, and employed the
fuzzy TOPSIS method to address the issue of service quality evaluation. Mart�ın and
Rom�an (2017) used TFNs to overcome the defects of Likert scales, and applied the
TOPSIS method to rank alternatives. Skondras et al. (2018) proposed a fuzzy MCDM
method to select heritage route, where interval-valued trapezoidal fuzzy numbers
were used to characterise the fuzzy evaluation information, and the trapezoidal fuzzy
TOPSIS was applied to rank alternatives according to closeness coefficients. Pahari
et al. (2018) used IFSs to describe the vague information of decision-makers, and
employed the TOPSIS method to select the most appropriate hotel. Carlos Martin
et al. (2019) used TFNs to represent the information provided by respondents, and
applied the TOPSIS method to obtain a synthetic index of satisfaction with tourist
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destinations for each segment. Mart�ın et al. (2020) used TFNs to characterise linguis-
tic terms and the fuzzy TOPSIS method to calculate positive and negative ideal solu-
tions. Martin et al. (2021) transformed the information provided by the questionnaire
sample into TFNs to overcome information distortion, and then used the TOPSIS
method to calculate the satisfaction indicator for visitors. Hameed et al. (2022) used
the fuzzy TOPSIS method to select tourism destinations, and TFNs were used to rep-
resent the five-point scale of linguistic variables. Forouzandeh et al. (2022) combined
the artificial bee colony (ABC) algorithm and fuzzy TOPSIS method to develop an
approach of recommendation in the tourism industry. The fuzzy TOPSIS method was
used to calculate the positive ideal solution while the ABC algorithm was applied to
search the destinations according to the distance to the positive ideal solution.

Two papers were related to the fuzzy VIKOR method. Wu et al. (2019) considered
the bounded rationality of decision-makers in the VIKOR method, and extended the
VIKOR method to the MCDM framework under the interval-valued intuitionistic
fuzzy (IVIF) environment. Krishnan et al. (2021) developed a method named interval
type 2 trapezoidal-fuzzy weighted with zero inconsistency (IT2TR-FWZIC) to identify
the significant impact of each smart key concept, and then combined it with the
VIKOR method to rank benchmarked applications in each category.

One paper was associated with fuzzy MABAC method. Yu et al. (2017) defined the
likelihood of IT2FNs (interval type-2 fuzzy sets). On this basis, they proposed an
MABAC model to address MCDM problems.

3.1.3. Aggregation operator-based methods
There were eight papers related to aggregation operator-based methods. Qin (2017)
extended the Hamy mean operator into the interval type-2 fuzzy environment and
developed the symmetric triangular interval type-2 fuzzy Hamy mean (STIT2FHM) and
weighted symmetric triangular interval type-2 fuzzy Hamy mean (WSTIT2FHM) opera-
tors to aggregate interval type-2 fuzzy information, and ranked alternatives according to
the overall performance value. Liu and Wang (2017) developed a dependent hesitant
fuzzy linguistic geometric Bonferroni mean (DHFLGBM) operator to solve MCDM
problems under the hesitant fuzzy linguistic environment. Wu et al. (2018) used the
Hamy mean operator and Dombi operators to develop Hamy mean operators under
the IVI fuzzy environment, and proposed two models based on the interval-valued
intuitionistic fuzzy weighted Dombi Hamy mean (IVIFWDHM) and interval-valued
intuitionistic fuzzy weighted dual Dombi Hamy mean (IVIFWDDHM) operators to
solve MCDM problems. Peng et al. (2019) developed the generalised weighted single-
valued neutrosophic power Shapley Choquet average (GWSVNPSCA) and generalised
weighted single-valued neutrosophic power Shapley Choquet geometric
(GWSVNPSCG) operators based on the power aggregation operator and Shapley fuzzy
measure, which considered the correlation between criteria and reduced the impact of
abnormal evaluation values. Meanwhile, they proposed a fuzzy MCDM method to solve
the problem of single-valued neutrosophic with incompletely known weights. Ling
(2019) used the hesitant fuzzy linguistic weighted average (HFLWA) operator to
develop a fuzzy MCDM framework for measuring government administrative power.
Sheng et al. (2019) proposed an fuzzy Hamacher correlated geometric (FHCG) operator
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to rank leisure tourism cities. He et al. (2020) used the power average operator to over-
come the negative effect of extreme values, introduced the Bonferroni mean operator
into the q-rung orthopair fuzzy environment to investigate the interactive relations
between criteria, and developed an MCDM model using the q-rung orthopair power
Bonferroni mean (q-ROPBM) operator to select investment partners. Wu et al. (2020)
proposed Dombi Heronian operators based on IVIFNs, and developed two MADM
models with IVIFWDHM and IVIFWDGHM operators.

3.1.4. Interaction-based methods
Five papers were related to fuzzy DEMATEL methods. Jeong et al. (2016) used the
fuzzy DEMATEL method to evaluate the suitability of rural housing. Gigovi�c et al.
(2016) developed a model combining GIS and MCDM methods to evaluate the suit-
ability classes of ecotourism potentials in the Dunavski kljuc region, where the fuzzy
DEMATEL method was used to determine the relative importance of criteria.
Ozturkoglu et al. (2021) employed the fuzzy DEMATEL method to explore the causal
relations among criteria and identify the order of importance of criteria. Merd_IVenc_I
and KarakaŞ (2020) used linguistic terms to describe the relative importance between
criteria, and then employed the DEMATEL method to explore the causality between
criteria. Kaymaz et al. (2021) used the GIS and fuzzy DEMATEL method to evaluate
the suitability of Uzundere in terms of ecotourism, in which the fuzzy DEMATEL
model was used to measure the causal relations between criteria.

3.1.5. Value and utility measurement methods
One paper was associated with fuzzy TODIM methods. Abrishamchi et al. (2019) devel-
oped a decision-making framework combining the Delphi method, fuzzy set theory, and
TODIM method to evaluate sustainable island-based tourism development. The Delphi
method was adopted to determine the criteria by experts, while the TODIM method
considering the risk preference of decision makers was used to rank alternatives.

3.1.6. Compromise methods
Two papers dealt with fuzzy MARCOS methods. Mijajlovi�c et al. (2020) presented a
hybrid MCDM framework combining the full consistency method (FUCOM) and fuzzy
MARCOS model to evaluate spas service, where the FUCOM model was used to deter-
mine the weights of criteria and the MARCOS model was applied to rank the spas.
Pu�ska et al. (2021) used the FUCOM model to determine the weights of criteria, and
applied the MARCOS model to rank rural settlements in terms of tourism potential.

3.1.7. Other methods
Mishra et al. (2022) proposed a decision framework combining interval-valued intui-
tionistic fuzzy sets (IVIFSs) and ARAS to find a solution for an MCDM problem.
They developed a similarity measure for IVIFSs to calculate the weights of criteria.
Lin and Wang (2017) aggregated individual decision matrices with linguistic terms
into a group triangular fuzzy decision matrix, and developed a linear programming
model to find an optimal criteria weight vector considering the incomplete criteria
weight information. Yang et al. (2017) used neutrosophic fuzzy preference relations
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(NFPRs) to characterise the preferences of tourists and developed some operators for
aggregating the NFPRs, and proposed an MCGDM method to prioritise medical tour-
ism destinations. Wei et al. (2020) developed a MAGDM framework with pythagor-
ean fuzzy sets. They combined a taxonomy method and PFS to compare different
alternatives, and used the entropy method to obtain the weights of criteria. Hu (2009)
used TFNs to describe the preferences of evaluators, applied a genetic algorithm to
determine the weights of criteria, constructed a hierarchical network, and selected the
key criteria affecting the quality of electronic service. Stanujkic et al. (2015) used IFSs
to express uncertain information and rank websites. Fu and Tzeng (2016) used a five-
scale fuzzy linguistic scale to depict the evaluation information of experts, applied
geometric mean to determine fuzzy weights, and adopted the COA defuzzification to
convert a fuzzy number into a crisp value. Lian et al. (2017) used TFNs to construct
a fuzzy evaluation matrix and ranked tourism websites according to the calculated
comprehensive expectation values. Liu and Gao (2017) used the 2-tuple linguistic
model to characterise fuzzy information and constructed a house of quality to calcu-
late the weights of criteria and rank alternatives. Yang and Wang (2020) used intui-
tionistic fuzzy preference relations (IFPRs) to describe evaluators’ pairwise
comparison results, and proposed a hierarchical MCDM method to determine the
comprehensive score of schemes based on intuitionistic fuzzy value. Zhang et al.
(2022) used q-ROFSs to express fuzzy information, and employed the thermodynamic
feature-based model to rank alternative low-carbon tourism destinations. Wang et al.
(2021) used the maximum deviation method to determine the weights of criteria
based on online reviews and ranked hotels by closeness coefficients.

One paper was devoted to solving fuzzy MODM problems. Huang et al. (2007)
developed a fuzzy MODM framework for assessing enterprise computing solutions in
international tourism, in which the fuzzy sets were used to represent the cost data.

3.2. Hybrid fuzzy MCDM methods

The hybrid fuzzy MCDM models include two or more MCDM methods with fuzzy
environment. Table 8 shows the hybrid fuzzy MCDM methods and correspond-
ing references.

3.2.1. Fuzzy AHP with other methods
Nine papers combined fuzzy AHP with other MCDM methods. Mardani, Zavadskas,
et al. (2016) suggested a framework of combining the fuzzy Delphi method, fuzzy
TOPSIS and fuzzy AHP method to evaluate energy-saving technologies of Iranian
hotels, where the fuzzy Delphi method was used to determine energy-saving technol-
ogy and design questionnaire, the fuzzy AHP method was applied to determine
weights of technologies, and the fuzzy TOPSIS method was employed to rank Iranian
hotels and select the optimal options. Vahdat et al. (2018) combined the AHP and
TOPSIS methods to assess the service quality of hotels. They used the fuzzy logic and
membership function to express linguistic variables and applied AHP method to
determine the weights of criteria. Then, the fuzzy TOPSIS method was employed to
evaluate the performance of one modern and one atmospheric hotel according to the
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weights of criteria. Rashmi et al. (2019) used the fuzzy AHP method to determine the
weights of criteria and applied the TOPSIS method to rank alternatives. Arsi�c et al.
(2017) proposed a hybrid SWOT-AHP-FANP model to identify priority strategies of
sustainable development in ecotourism, where the SWOT method was used to deter-
mine the criteria and sub-criteria, the AHP and FANP methods were applied to
evaluate the weights of criteria and rank strategies, respectively. Horng et al. (2018)
assessed the corporate social responsibility (CSR) practice in the tourism industry by
the fuzzy Delphi method and DEMATEL-based AHP model. The opinion given by
experts are collected by the fuzzy Delphi method and expressed in the form of TFNs,
and then the DEMATEL-based AHP model was applied to determine the weights of
factors and explore the causal relations between different factors. Roy et al. (2018)
proposed an MCDM model to prioritise medical tourism destinations. They used
rough numbers to aggregate the judgments of experts, applied the rough AHP
method to determine the relative importance of criteria, and adopted the rough
MABAC to assess the alternative sites based on criteria weights. Ronizi et al. (2020)
combined the fuzzy quantifier algorithm, AHP method and ordered weighted averag-
ing (OWA) operator to identify a suitable travel location. The fuzzy quantifier algo-
rithm was used to define the membership function, the AHP method was applied to
calculate the weights of input data and the OWA operator was used to determine the
weights of criteria. Zhu et al. (2021) used the fuzzy AHP-PROMETHEE method to
rank the risk elements of new-build river cruise ships. They used IFSs to express
evaluation information, employed the AHP method to determine the weights of crite-
ria, and adopted the PROMETHEE method to rank risk factors. Garc�ıa Mestanza and
Bakhat (2021) developed a fuzzy hybrid MCDM framework based on the AHP and
MAIRCA model, where an improved fuzzy AHP method was developed to assess the
importance of criteria and a modified fuzzy MAIRCA method was applied to rank
alternative municipalities.

Table 8. Hybrid fuzzy MCDM methods applied in hospitality and tourism industries.
Methods References

Fuzzy AHP (9) Fuzzy TOPSIS Mardani, Zavadskas, et al. (2016), Vahdat et al. (2018),
Rashmi et al. (2019),

Fuzzy ANP Arsi�c et al. (2017)
Fuzzy DEMATEL Horng et al. (2018)
Fuzzy MABAC Roy et al. (2018)
Fuzzy OWA Ronizi et al. (2020)
Fuzzy PROMETHEE Zhu et al. (2021)
Fuzzy MAIRCA Garc�ıa Mestanza and Bakhat (2021)

Fuzzy ANP (5) Fuzzy TOPSIS Chang (2015)
Fuzzy DEMATEL Liao et al. (2019), Chou et al. (2021), Ho et al. (2021)
Fuzzy TODIM Tian and Peng (2019)

Fuzzy VIKOR (4) Fuzzy BWM Peng and Tzeng (2012)
Fuzzy ANP Mi et al. (2019), Çalık (2020)
Fuzzy DEMATEL Hosseini et al. (2021)

Fuzzy SWARA (2) Fuzzy MULTIMOORA He et al. (2021)
Fuzzy PROMETHEE Ghasemi et al. (2021)

Fuzzy TOPSIS (3) DEMATEL Nilashi et al. (2019), Kilic et al. (2021)
MCGP Fu et al. (2020)

Fuzzy TODIM (1) NLP Yu et al. (2018)
Fuzzy PROMETHEE (1) GAIA Ostovare and Shahraki (2019)

Source: Authors.
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3.2.2. Fuzzy ANP with other methods
There were five papers that combined the fuzzy ANP with other MCDM methods.
Liao et al. (2019) developed a hybrid MCDM framework combining the fuzzy Delphi
method, DEMATEL and ANP method in which the fuzzy Delphi method was used to
determine the evaluation criteria of online travel agencies, the DEMATEL method
was used to extract the interrelationships of criteria, and the ANP method was used
to rank alternatives. Chou et al. (2021) used the fuzzy Delphi method to obtain the
opinions of experts, applied the DEMATEL method to analyse the interrelationships
of criteria, and employed the ANP method to determine the weights of criteria. Ho
et al. (2021) combined fuzzy DEMATEL method and fuzzy DEMATEL-based ANP
method to measure green marketing orientations. The DEMATEL method was used
to construct an influence relation matrix and explore causal relations between criteria.
The DEMATEL-based ANP method was applied to determine the weights of influ-
ence for each factor. Chang (2015) proposed a hybrid model combining the fuzzy
Delphi method, ANP and TOPSIS method to select the optimal public relation per-
sonnel for the tourism industry. They used the Delphi method to determine criteria,
the ANP method to obtain the weights of criteria, and the TOPSIS method to rank
alternatives. Tian and Peng (2019) integrated the ANP model and TODIM model to
solve the problem with unknown weights of criteria, where the ANP method was
used to determine the weights of criteria, and the TODIM method was used to select
optimal tourism attractions.

3.2.3. Fuzzy VIKOR with other methods
Four papers combined the fuzzy VIKOR with other MCDM methods. Peng and
Tzeng (2012) used DEMATEL-based ANP method to construct the influential matrix
among criteria, and applied the VIKOR method to evaluate tourism competitiveness
to determine the competitiveness gaps and explore development strategy based on the
influential relation map. Mi et al. (2019) developed a decision-making framework
that combined the score function of q-rung orthopair fuzzy sets, the BWM and
VIKOR method. Çalık (2020) used the BWM method to acquire the weights of crite-
ria, and then applied the fuzzy VIKOR method to rank social media platforms.
Hosseini et al. (2021) used the fuzzy DEMATEL method to construct the fuzzy influ-
ential network diagram and determine the fuzzy influential weights, and then
employed a modified fuzzy VIKOR method to assess tourism risks.

3.2.4. Fuzzy SWARA with other methods
Two papers combined the fuzzy SWARA with other MCDM methods. He et al.
(2021) developed a decision framework combining the SWARA and MULTIMOORA
methods with interval-valued pythagorean fuzzy sets. The SWARA model was used to
obtain criteria weights, while the MULTIMOORA method was applied to rank sus-
tainable community-based tourism (CBT) options. Ghasemi et al. (2021) proposed an
MCDM tool combining the fuzzy SWARA and PROMETHEE methods to rank tour-
ism destinations. They used the SWARA method to determine the weights of criteria
and employed the PROMETHEE method to prioritise medical tourism destinations.
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3.2.5. Fuzzy TOPSIS with other methods
Three papers combined the fuzzy TOPSIS with other MCDM methods. Nilashi et al.
(2019) combined the DEMATEL and TOPSIS methods to identify priority prepar-
ation factors of hotels that influence the adoption of medical tourism services, where
the DEMATEL method was used to reveal the correlation between preparation factors
and the fuzzy TOPSIS method was applied to determine the importance of factors.
Kilic et al. (2021) proposed a hybrid decision-making framework to assess hotel infor-
mation systems. They used the IVIF-DEMATEL model to determine the weights of
criteria, and employed the IVIF-TOPSIS model to rank hotel information systems. Fu
et al. (2020) combined the nominal group technique (NGT), fuzzy TOPSIS and
MCGP method to select hotels for airlines. They used the NGT to determine criteria,
applied the TOPSIS method to calculate the weights of criteria and employed the
MCGP method to select the best hotel.

3.2.6. Fuzzy TODIM with other methods
One paper combined the fuzzy TODIM with other MCDM methods. Yu et al. (2018)
developed a hybrid MCDM model combining the TODIM method and NLP with
intuitionistic linguistic numbers. They defined operations and the generalised distance
measure for ILNs. On this basis, an NLP-based TODIM method was applied to
rank hotels.

3.2.7. Fuzzy PROMETHEE with other methods
One paper combined the fuzzy PROMETHEE with other MCDM methods. Ostovare
and Shahraki (2019) used the fuzzy Delphi method to determine criteria and sub-cri-
teria, Shannon entropy to weight the criteria, and the PROMETHEE and GAIA
methods to rank hotel websites.

3.3. Observations

In individual fuzzy MCDM models, 14 papers used the AHP method to determine
the weights of criteria, 12 papers used the TOPSIS method to prioritise alternatives, 8
papers proposed aggregation operators, 5 papers used the DEMATEL method to
explore the causal relationships between criteria, 2 papers used the VIKOR method to
rank alternatives, 2 papers used the MARCOS method to select the optimal alterna-
tives, 2 paper used the ANP method to determine criteria weights, 1 paper used the
TODIM method to describe the preferences of decision-makers, 1 paper used the
MABAC method to deal with MCDM problems, 1 paper constructed a LP model and
the remaining 12 papers used other MCDM models. The frequency distribution of
MCDM methods is shown in Figure 5.

In hybrid fuzzy MCDM methods, the AHP method was the most widely applied
method combined with other methods, with a total of 9 papers. The second is the
ANP method, with a number of 8. Followed by TOPSIS and DEMATEL methods,
with a total of both 7 papers. There are 4 and 3 papers separately on the combination
of VIKOR, PROMETHEE with other methods. There are 2 papers on TODIM, 2
papers on BWM, and 2 papers on SWARA combined with other methods.

22 H. LIAO ET AL.



4. Applications of fuzzy MCDM methods in hospitality and
tourism industries

A variety of fuzzy MCDM methods have been applied to solve decision-making prob-
lems in hospitality and tourism industries. This section analyses the application areas
of fuzzy MCDM methods in the field of hospitality and tourism industries based on
the collected data source.

4.1. Data source analysis

By investigating the data source of 85 reviewed papers, we found that the data source
in 59 papers came from expert evaluation, among which 27 papers obtained evalu-
ation information by issuing questionnaires to experts. In 32 papers experts directly
gave evaluation opinions without questionnaire surveys. A total of 39 papers obtained
data through questionnaire surveys and the respondents included not only experts,
but also tourists, users, tour guides and hotel managers. The Likert rating scale was a
commonly used survey method in these studies. Seven papers studied online travel
reviews, and the data were from the website TripAdvisor.com. Five papers acquired
data by interviewing with users, tourists and customers. Other data sources mainly
included Alexa, Expedia.com and Allmedicaltourism.com.

4.2. Application areas in hospitality and tourism industries by means of fuzzy
MCDM methods

The applications of fuzzy MCDM models applied in hospitality and tourism indus-
tries can be divided into the following aspects: tourism evaluation, hotel evaluation
and selection, tourism destination evaluation and selection, strategic assessment and
selection, tourism enterprise evaluation and selection, location selection from the per-
spective of land distribution, risk assessment, satisfaction evaluation and other prob-
lems. Table 9 lists the application areas in hospitality and tourism industries by
means of fuzzy MCDM methods and corresponding references.

Figure 5. The distribution of individual MCDM methods.
Source: Authors’ statistics.
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Table 9. Application areas in hospitality and tourism industries by means of fuzzy
MCDM methods.
Application areas Application categories Fuzzy MCDM methods References

Tourism
evaluation (20)

Tourism status
evaluation (9)

DEMATEL-based ANPþ VIKOR,
Aggregation operator-
based method,
FUCOMþ fuzzy MARCOS,
TOPSIS,
SWARAþMULTIMOORA,
AHPþMAIRCA, AHP

Peng and Tzeng (2012), Lian
et al. (2017), Liu and Wang
(2017), Wu et al. (2020),
Mijajlovi�c et al. (2020), Mart�ın
et al. (2020), He et al. (2021),
Garc�ıa Mestanza and Bakhat
(2021), Erdenejargal
et al. (2021)

Potential evaluation (6) DEMATEL, AHP, ANP,
FUCOMþMARCOS

Erfani et al. (2015), Gigovi�c et al.
(2016), Kaymaz et al. (2021),
Omarzadeh et al. (2022), Aliani
et al. (2017), Pu�ska
et al. (2021)

Service quality
evaluation (3)

GA, fuzzy TOPSIS Hu (2009), Stanujkic et al. (2015),
Saayman et al. (2016)

Influence factors
Assessment (2)

AHP, DEMATEL Chen and Bau (2016), Merd_IVenc_I
and KarakaŞ (2020)

Hotel evaluation
and selection (19)

Hotel selection (5) MABAC, TOPSIS,
TODIMþNLP,
TOPSISþMCGP, Maximum
deviation method

Yu et al. (2017), Pahari et al.
(2018), Yu et al. (2018), Fu
et al. (2020), Wang
et al. (2021)

Management evaluation
in hotel industry (10)

AHP, COA, FAHP,
PROMETHEEþGAIA,
BWMþ VIKOR, DEMATEL,
DEMATELþ TOPSIS, AHP,
DEMATELþ TOPSIS

Chen et al. (2014), Fu and Tzeng
(2016), Jusoh et al. (2018),
Ostovare and Shahraki (2019),
Mi et al. (2019), Ozturkoglu
et al. (2021), Nilashi et al.
(2019), Vatankhah et al.
(2021), Bueno et al. (2021),
Kilic et al. (2021)

Service quality
evaluation (3)

TOPSIS, AHPþ TOPSIS Ben�ıtez et al. (2007), Mart�ın and
Rom�an (2017), Vahdat
et al. (2018)

Location selection (1) AHP Chou et al. (2008)
Tourism destination
evaluation and
selection (17)

Medical tourism
destinations selection
(4)

MCGDM, AHPþMABAC,
SWARAþ PROMETHEE,
AHP

Yang et al. (2017), Roy et al.
(2018), Ghasemi et al. (2021),
Guru et al. (2022)

Low-carbon tourism
destination
selection (3)

GDM, MAGDM,
Thermodynamic feature-
based model

Lin and Wang (2017), Wei et al.
(2020), Zhang et
al. (2022)

Tourism destination
selection according to
other factors (6)

TOPSIS, Aggregation
operator-based method,
FAHP, AHPþ TOPSIS

Huang and Peng (2012), Qin
(2017), Andria et al.
(2021), Rashmi et al. (2019),
Forouzandeh et al.
(2022), Hameed et al. (2022)

Quality evaluation of
tourism
destinations (1)

Aggregation operator-based
method

Wu et al. (2018)

Tourist attractions
evaluation (3)

ANPþ TODIM, Aggregation
operator-based method,
Intuitionistic fuzzy priority
method

Tian and Peng (2019), Peng et al.
(2019), Yang
and Wang (2020)

Strategic assessment
and selection (9)

Marketing strategy
evaluation (3)

AHP, Aggregation operator-
based method, TODIM

Lin et al. (2010), Sheng et al.
(2019),
Abrishamchi et al. (2019)

Sustainable tourism
strategy evaluation (2)

AHPþ FANP, DEMATELþ
DEMATEL-based ANP

Arsi�c et al. (2017), Ho
et al. (2021)

Tourism strategies
evaluation about low-
carbon and energy
saving (2)

AHPþ TOPSIS, ARAS Mardani, Zavadskas, et al. (2016),
Mishra et al. (2022)

(continued)
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4.2.1. Tourism evaluation – current situation, potential, service quality and
influencing factors

There were twenty papers dealing with tourism evaluation.
Nine papers were related to the evaluation of tourism status. Peng and Tzeng

(2012) used the DEMATEL-based ANP and VIKOR methods to evaluate and identify
the critical criteria affecting tourism competitiveness. Lian et al. (2017) applied an
MCDM method based on TFNs to evaluate and prioritise tourism websites according
to a comprehensive expectation. Liu and Wang (2017) employed an aggregation oper-
ator-based method to assess and rank ecotourism environmental carry capacity. Wu
et al. (2020) assessed the ecological value of forest ecological tourism demonstration
based on an aggregation operator-based method. Mijajlovi�c et al. (2020) combined
the FUCOM and fuzzy MARCOS method to assess the advantages and disadvantages
of spas for improving spas service, so as to enhance the competitiveness of spas.
Mart�ın et al. (2020) applied the fuzzy TOPSIS method to evaluate the comprehensive
level of agreement that Islamic finance contributed to the development of halal tourism.
He et al. (2021) proposed a framework combining the SWARA and MULTIMOORA
methods for evaluating the current status of sustainable CBT in the Indian-Himalayan
region. Garc�ıa Mestanza and Bakhat (2021) conducted an over-tourism assessment
based on the AHP and MAIRCA methods to help a tourism decision-maker identify
over-tourism and formulate an optimal strategy. Erdenejargal et al. (2021) used the
fuzzy AHP method to evaluate natural landscape aesthetics in Mongolia.

Six papers evaluated the potential of tourism development, among which four
papers were related to ecotourism, one paper was on rural tourism, and one paper
measured the natural potential of tourism. Erfani et al. (2015) used the fuzzy AHP

Table 9. Continued.
Application areas Application categories Fuzzy MCDM methods References

Special topics regarding
the strategy
assessment
(2)

fuzzy MODM, DEMATEL þ
ANP

Huang et al. (2007), Chou
et al. (2021)

Tourism enterprise
evaluation and
selection (5)

Tourism enterprises
Evaluation (4)

TOPSIS, QFD, AHP
Aggregation operator-
based method

Chou et al. (2012), Liu and Gao
(2017), B€uy€uk€ozkan et al.
(2019), He et al. (2020)

Corporate social
responsibility
evaluation (1)

AHPþDEMATEL Horng et al. (2018)

Location selection
from the
perspective of land
distribution (3)

Location selection
from the perspective of
land distribution (3)

AHPþOWA, ANP,
DEMATEL

Ronizi et al. (2020), Jeong et al.
(2016), Aliani et al. (2016)

Risk assessment (4) Risk assessment (4) AHP, VIKOR,
DEMATELþ VIKOR,
AHPþ PROMETHEE

Sheng Hshiung et al. (1997), Wu
et al. (2019), Zhu et al. (2021),
Hosseini et al. (2021)

Satisfaction
evaluation (2)

Satisfaction evaluation
(2)

TOPSIS Carlos Martin et al. (2019), Martin
et al. (2021)

Other problems (6) Other problems (6) ANPþ TOPSIS, TOPSIS,
DEMATELþANP, BWM
and VIKOR, VIKOR

Chang (2015), Skondras et al.
(2018), Ling
(2019), Liao et al. (2019), Çalık
(2020), Krishnan
et al. (2021)

Source: Authors.
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method to evaluate the natural potential of regions for tourism. Gigovi�c et al. (2016)
identified and evaluated zone suitability of ecotourism based on the fuzzy DEMATEL
method. The result provided support for planners in ecotourism management.
Kaymaz et al. (2021) employed the fuzzy DEMATEL method to evaluate the potential
of Uzundere distinct in terms of ecotourism. Omarzadeh et al. (2022) applied the
fuzzy AHP method to assess the potential of ecotourism development and identified
the region with the greatest potential of ecotourism development, which helped deci-
sion-makers manage the region and provide a better service in sustainable ecotour-
ism. Aliani et al. (2017) evaluated and identified potential regions for the
development of ecotourism based on the fuzzy ANP method. Pu�ska et al. (2021) com-
bined the fuzzy FUCOM and MARCOS methods to evaluate and rank rural tour-
ism potential.

There were three papers associated with the evaluation of service quality of tour-
ism. To assess the service quality of tourism websites, Hu (2009) determined a hier-
archical network including 12 aspects and 45 criteria after reviewing the literature
and collecting expert opinions and used the genetic algorithm to calculate the weights
of criteria, then explored the critical criteria that had an impact on consumer satisfac-
tion and were helpful for tourism websites to improve the quality of e-commerce.
Stanujkic et al. (2015) measured website quality in the rural tourism industry with
IFSs. Saayman et al. (2016) evaluated service quality in national parks based on the
fuzzy TOPSIS method. A questionnaire was conducted to measure service quality.

Two papers assessed the influence factors of tourism. Chen and Bau (2016)
explored the priority factors for beach management using the AHP method. Through
expert interviews and literature reviews, the factors affecting the beach environment
were determined, and four dimensions were extracted through factor analysis. The
results showed that the cleanliness and safety of beach environment were relatively
important factors. Merd_IVenc_I and KarakaŞ (2020) employed the fuzzy DEMATEL
method to assess the factors affecting health tourism performance.

4.2.2. Hotel evaluation and selection
Nineteen papers were associated with hotel evaluation and selection.

Five papers selected appropriate hotels for tourists and airlines. Yu et al. (2017)
used the fuzzy MABAC method to select the most suitable hotel on TripAdvisor.com
based on existing data in terms of location, service, facilities, price and comfort level.
Pahari et al. (2018) applied the fuzzy TOPSIS method to select hotels by analysing
online reviews on a travel website. Yu et al. (2018) combined the fuzzy TODIM and
NLP methods to select the most desirable hotel from TripAdvisor.com. Fu et al.
(2020) combined the fuzzy TOPSIS and MCGP methods to select hotels for airlines
to explore potential customers. Wang et al. (2021) employed the maximum deviation
method to select suitable hotels according to the preferred characteristics of tourists
regarding location, cleanliness, comfort level, sleep quality, value and service.

Ten papers evaluated the management in the hotel industry. Chen et al. (2014)
applied the fuzzy AHP method to evaluate and rank the criteria influencing the
atmosphere of international hotels. Fu and Tzeng (2016) used the fuzzy COA method
to evaluate the safety management for hot spring hotels. Jusoh et al. (2018) applied

26 H. LIAO ET AL.



the fuzzy AHP method to evaluate the critical success factors of total quality manage-
ment in the hotel industry. Ostovare and Shahraki (2019) combined the fuzzy
PROMETHEE and GAIA methods to evaluate the quality of hotel websites and e-
services of five-star hotels. Mi et al. (2019) combined the fuzzy BWM and VIKOR
methods to evaluate the brands of hospitality and rank the alternative hotels.
Ozturkoglu et al. (2021) used the fuzzy DEMATEL method to define the dimensions
for sustainability-oriented hospitality service innovation in the food and beverage
industry. The result showed that environmental entrepreneurship, interior design, and
brand management dimensions should be paid more attention. Nilashi et al. (2019)
combined the fuzzy DEMATEL and TOPSIS methods to investigate the preparation
factors for the adoption of medical tourism services by hotel firms. The results
showed that technical and human factors were more important than organisational
and environmental factors. Vatankhah et al. (2021) employed the fuzzy AHP method
to evaluate and rank the factors affecting the stress of employees in hospitality and
tourism industries. Bueno et al. (2021) evaluated tourism services based on the fuzzy
AHP method to rank hotels by considering the customer opinion values obtained by
the RFH model. Kilic et al. (2021) assessed and selected appropriate hotel information
systems based on DEMATEL and TOPSIS methods.

Three papers evaluated the service quality of hotels. Ben�ıtez et al. (2007) applied
the fuzzy TOPSIS method to evaluate the service performance of three hotels in a
corporation for designing marketing strategies. Mart�ın and Rom�an (2017) evaluated
the service quality of hotels in Gran Canaria based on the fuzzy TOPSIS method.
Vahdat et al. (2018) combined the fuzzy AHP and TOPSIS methods to evaluate and
rank the features influencing the service quality in the hotel industry.

One paper involved the location selection of hotels. Chou et al. (2008) selected
international tourist hotel locations in Taiwan based on the fuzzy AHP method.

4.2.3. Tourism destination evaluation and selection
Seventeen papers were associated with tourism destination evaluation and selection.

Four papers regarded the selection of medical tourism destinations. Yang et al.
(2017) developed an MCGDM framework to evaluate and prioritise medical tourism
destinations. Roy et al. (2018) combined the fuzzy AHP and MABAC methods to
assess and select the most appropriate medical tourism destinations in India.
Ghasemi et al. (2021) combined the fuzzy SWARA and PROMETHEE methods to
prioritise medical tourism destinations. Guru et al. (2022) analysed the related factors
of medical tourism and prioritised candidate medical tourism destinations based on
the fuzzy AHP method.

Three papers dealt with low-carbon tourism destination selection. Lin and Wang
(2017) developed a GDM framework to rank and select low-carbon tourism destina-
tions. Wei et al. (2020) proposed an MAGDM framework to select low-carbon tour-
ism destinations. Zhang et al. (2022) selected a low-carbon tourism destination based
on the thermodynamic feature-based model.

There were six papers regarding the selection of the most appropriate tourism des-
tination according to the factors such as sustainable performance value and competi-
tiveness. Huang and Peng (2012) used the fuzzy TOPSIS method to analyse the
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competitiveness of tourism destinations in nine Asian countries, and the evaluation
system involved 6 criteria and 15 indices. The results showed that China, Japan and
Hong Kong are the most competitive countries/regions in tourism. Qin (2017) ranked
the alternatives of tourism destinations and selected the most desirable one based on
the aggregation operator-based method. Andria et al. (2021) applied the fuzzy AHP
method to evaluate and rank tourist destinations from the perspective of sustainabil-
ity. Rashmi et al. (2019) combined the fuzzy AHP and TOPSIS methods to select
optimal travel destinations in India. Forouzandeh et al. (2022) employed the fuzzy
TOPSIS method to develop an approach to recommend suitable tourist destinations
to different types of tourists according to their preferences. Hameed et al. (2022)
selected the optimal tourism destination in Baluchistan based on the fuzzy
TOPSIS method.

One paper focused on the quality evaluation of tourism destinations. Wu et al.
(2018) applied the aggregation operator-based method to evaluate the quality of eld-
erly tourism services in the tourism destination.

Three papers were related to the evaluation of tourist attractions, of which two
papers selected tourist attractions. Tian and Peng (2019) selected an optimal tourism
attraction using the fuzzy ANP and TODIM methods to provide personalised tourism
recommendations for tourists. Peng et al. (2019) selected tourism attractions based
on the aggregation operator-based method, which improved the accuracy of personal-
ised travel recommendations. The rest paper evaluated tourist attractions. Yang and
Wang (2020) proposed a hierarchical MCDM method to determine the comprehen-
sive scores of schemes, and employed the method to evaluate the performance and
efficiency of low-carbon tourist attractions. The obtained weights and sorting results
provided references to the managers of scenic spots in formulating decisions.

4.2.4. Strategy assessment and selection
There were nine papers regarding strategic evaluation.

Three papers focused on marketing strategies. Lin et al. (2010) used the fuzzy
AHP method to identify the most important marketing resources and capabilities for
marketing strategy in private hotels. Sheng et al. (2019) assessed brand marketing of
leisure tourism cities based on the aggregation operator-based method. Abrishamchi
et al. (2019) applied the fuzzy TODIM method to assess the development of
Hendourabi Island (Iran) for tourism and identify the best development plan.

Two papers discussed development strategies for sustainable tourism. Arsi�c et al.
(2017) combined the fuzzy AHP and fuzzy ANP methods to identify the priority
strategies of sustainable development in ecotourism according to the criteria and sub-
criteria determined by the SWOT method. Ho et al. (2021) combined the fuzzy
DEMATEL and DEMATEL-based ANP methods to assess green marketing orienta-
tions in terms of sustainability.

Some scholars addressed tourism strategies from the perspective of low carbon and
energy saving. For example, Mardani, Zavadskas, et al. (2016) combined the fuzzy
AHP and TOPSIS methods to assess and rank the energy-saving technologies and sol-
utions in Iranian hotels, and the criteria were obtained by a literature survey and the
fuzzy Delphi method. Mishra et al. (2022) applied the fuzzy ARAS method to assess
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and select the most desirable low-carbon tourism strategy from the perspective of
sustainability.

There were special topics regarding the strategy assessment in the tourism indus-
try. Huang et al. (2007) developed a fuzzy MODM framework to evaluate enterprise
computing solutions in international tourism. Chou et al. (2021) employed the fuzzy
DEMATEL and ANP methods to assess the hospitality strategies for innovation devel-
opment and identify the critical criteria influencing innovation performance.

4.2.5. Tourism enterprise selection and evaluation
Five papers were related to the evaluation of tourism enterprises.

Four papers selected partners from the perspective of enterprise cooperation. Chou
et al. (2012) assessed and prioritised the medical provider based on the fuzzy TOPSIS
method. Liu and Gao (2017) constructed a house of quality to assess suppliers in the
tourism supply chain. B€uy€uk€ozkan et al. (2019) used the fuzzy AHP method to select
the best service provider for the digital hospitality industry. He et al. (2020) selected
investment partners in the tourism market based on the aggregation operator-
based method.

One paper evaluated the practice of CSR. Horng et al. (2018) combined the fuzzy
AHP and DEMATEL methods to construct an assessment model of CSR practice in
the tourism industry.

4.2.6. Location selection from the perspective of land distribution
Three papers were associated with location selection from the perspective of land
distribution.

Two papers selected the location in ecotourism. Ronizi et al. (2020) selected the
best location for ecotourism development using the fuzzy AHP and OWA methods.
Aliani et al. (2016) evaluated the land capability of Taleghan County and determined
suitable areas for ecotourism activity based on ANP method. Besides, Jeong et al.
(2016) applied the fuzzy DEMATEL method to determine the suitable location of
rural housing in reservoir areas, which can help decision-makers make sustainable
planning policies.

4.2.7. Risk assessment
Four papers focused on tourism risk, market risk and financial risk.

Sheng Hshiung et al. (1997) employed the fuzzy AHP method to assess the tourist
risk of five most frequently visited destinations by Taiwan tour groups. Wu et al.
(2019) used the fuzzy VIKOR method to assess the financial risk of rural tourism proj-
ects. Hosseini et al. (2021) combined the fuzzy DEMATEL and VIKOR methods to
evaluate the tourism risk of urban heritage. Zhu et al. (2021) assessed the market risk
of new-build river cruise ships based on the fuzzy AHP and PROMETHEE methods.

4.2.8. Satisfaction evaluation
Two papers discussed the satisfaction of tourists.

Carlos Martin et al. (2019) evaluated the satisfaction of tourists with tourism desti-
nations with the fuzzy TOPSIS method to develop better strategies for marketing
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organisations. Martin et al. (2021) applied the fuzzy TOPSIS method to evaluate visi-
tors’ satisfaction with different access transport modes.

4.2.9. Other problems
Six papers talked about other problems in hospitality and tourism industries.

Chang (2015) combined the fuzzy ANP and TOPSIS methods to select the optimal
public relations personnel for the tourism industry. Skondras et al. (2018) employed
the fuzzy TOPSIS methods to select the most suitable heritage route for the drone.
Liao et al. (2019) selected the optimal online travel agency based on the fuzzy
DEMATEL and ANP method. Ling (2019) used an aggregation operator-based
method to assess government’s administrative power and investigate the service qual-
ity of tourism agencies. Çalık (2020) combined the fuzzy BWM and VIKOR methods
to select optimal social media platforms for Turkish travel agencies. Krishnan et al.
(2021) used the fuzzy VIKOR method to rank the benchmark applications of smart
e-tourism data management.

4.3. Observations

The frequency distribution of publications regarding the application areas of fuzzy
MCDM methods in hospitality and tourism industries is shown in Figure 6. Tourism
evaluation, hotel evaluation and selection, and tourism destination evaluation and
selection are the three most studied directions. From the perspective of tourism types,
nine papers involved ecotourism, seven papers were about medical tourism, five
papers were related to low-carbon tourism, four papers were associated with rural
tourism, three papers dealt with international tourism and two papers were aimed at
heritage tourism. As can be seen from Figure 7, ecological tourism, medical tourism,
and low-carbon tourism are more attractive research contents at present, representing

Figure 6. The distribution of publications regarding the application scenarios of fuzzy MCDM meth-
ods in hospitality and tourism industries.
Source: Authors’ statistics.
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the most advanced directions, which is in line with the current purpose of putting
the protection of the ecological environment in first place.

5. Discussion

This article summarised 85 publications of fuzzy MCDM models applied in hospital-
ity and tourism industries published from 1997 to 2022. First, a bibliometric analysis
was conducted to analyse publication and citation trends, the regions and institutions
with the most publications, the categories of reviewed papers, the highly CPs and
keywords. In terms of publication and citation trends, the quantity of publications
showed an overall upward trend, while the citations of each CP presented a gradual
downward trend despite small fluctuations. As for the region and institution distribu-
tions of reviewed papers, Asia made a major contribution to this research field. From
the categories of the reviewed literature, business & economics, environmental scien-
ces & ecology and computer science are the most frequent categories. Among the top
10 most highly cited publications, 4 papers were from China (Mainland), which indi-
cates the strong influence of Chinese scholars and the leading position in this
research field. From the keyword co-occurrence, ‘model’, ‘decision-making’, ‘tourism’
and ‘management’ appeared more frequently. The fuzzy MCDM models applied in
hospitality and tourism industries can be divided into individual fuzzy MCDM mod-
els and hybrid fuzzy MCDM models. In individual fuzzy MCDM models, AHP and
TOPSIS methods were most widely used. In hybrid fuzzy MCDM models, AHP, ANP
and TOPSIS were the most three methods combined with other methods. Regarding

Figure 7. The most studied types of tourism.
Source: Authors’ statistics.
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specific applications in hospitality and tourism industries, tourism evaluation, hotel
evaluation and selection, and tourism destination evaluation and selection were the
most studied research direction.

Through the bibliometric analysis and the review of methods and applications of
fuzzy MCDM models in hospitality and tourism industries, the following research
findings can be found. By analysing the growth trend of publications, it is reasonable
to think that the number of publications will continue to grow in the future. The
publications in recent years are less cited relatively, indicating that the dissemination
rate and acceptance of papers are not enough, and researchers need to improve the
quality of papers in future research. From the analysis of the regions with the largest
publications, we found that China has the most publications among all countries, and
Asia is the region with the largest publications, which shows that Asia is at a leading
position in this research field. Scholars from other countries can cooperate with
researchers from Asia to get academic exchanges and progress. According to the ana-
lysis of institutions with the most publications, it is found that the number of papers
issued by each institution is relatively average, and each institution should keep up
with research hotspots to form unique advantages. Through the table of research cat-
egories involved in the research field, business & economics, environmental sciences
& ecology and computer science are the most frequent categories. According to the
table of highly CPs of reviewed literature, Yu et al. (2017, 2018) contributed two
highly CPs. We can grasp useful knowledge by paying attention to these authoritative
scholars in the field. Tourism management journals are supposed to receive more
attention due to their frequency. From the figure of keywords co-occurrence, we can
observe that TOPSIS is the most used method of MCDM method applied in hospital-
ity and tourism industries owing to its advantage of simple calculation. Service quality
is a common application in the industry by means of fuzzy MCDM methods.
Selection problems are more discussed in decision-making. Ecotourism and medical
tourism should be paid more attention in the future. As for the fuzzy MCDM meth-
ods applied in hospitality and tourism industries, it is found that AHP and TOPSIS
methods are the most widely used MCDM methods. The application domains of
tourism evaluation, ecological tourism, medical tourism and low-carbon tourism are
more attractive research content at present. This finding facilitates researchers in pur-
suing research hotspots.

Based on the bibliometric analysis and content analysis in terms of fuzzy MCDM
methods applied in hospitality and tourism industries, future research directions are
proposed from the following perspectives.

5.1. From the perspective of fuzzy MCDM methods applied in hospitality and tour-
ism industries

Four future research directions are proposed as follows.

1. In the reviewed literature, many papers used TFN (Ben�ıtez et al., 2007; Chou
et al., 2012; Saayman et al., 2016; Mart�ın & Rom�an, 2017; Carlos Martin et al.,
2019; Mart�ın et al., 2020; Hameed et al., 2022), IVIFSs (Wu et al., 2019; Mishra
et al., 2022; Kilic et al., 2021) and IFSs (Stanujkic et al., 2015; Pahari et al., 2018;
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Zhu et al., 2021) to express fuzzy information. Language is the most intuitive
way of expression, which can depict complex evaluation information and truly
reflect the objective evaluation of decision-makers. Few literatures use intuitive
language to describe vague information. Some effective fuzzy language expression
tools, such as probability language set (Pang et al., 2016) and continuous interval
value language term set (Liao et al., 2018), have been proposed and widely used.
In the existing literature, these information expression tools have not been used
to solve decision-making problems in hospitality and tourism industries.
Therefore, in future research, these tools can be used to express evaluation infor-
mation related to the tourism and hotel industry.

2. AHP is the most used method in hospitality and tourism industries to determine
the criteria weights. Due to the complexity and uncertainty of the decision-
making environment, decision-makers often provide incomplete weights informa-
tion, which may lead to the variability and inaccuracy of decision-making results.
Therefore, future studies could consider the problem of incomplete crite-
ria weights.

3. Most studies use fuzzy MCDM methods to deal with problems in hospitality and
tourism industries without considering the psychology of decision-makers. In
fact, decision-makers are not completely rational and will be affected by their
psychological behaviour. Therefore, considering the psychological behaviour of
decision-makers is conducive to making reasonable decision-making. In future
research, prospect theory and regret theory can be considered in the fuzzy
MCDM methods applied in hospitality and tourism industries.

4. We found that the fuzzy MCDM methods reviewed in this paper are mostly
static. But due to the impact of COVID-19 on the hospitality and tourism indus-
tries (Estiri et al., 2022), a static approach to decision-making cannot adapt to a
dynamic and unstable environment. Therefore, the decision-making problem in
hospitality and tourism industries should be viewed with a developmental and
dynamic perspective. Dynamic decision-making should not only consider past
data, but also consider the future as a process of thinking and planning. In future
research, the data-driven dynamic MCDM methods applied in hospitality and
tourism industries are a topic worthy of research.

5.2. From the perspective of the hospitality and tourism industries
Three research directions are proposed to support the development of the industry.

1. With the development of social platforms, online reviews play an important role
in influencing consumers’ selection of destination country and have a consider-
able impact on travel intention and destination attractiveness. Therefore, evaluat-
ing consumer satisfaction from online comments is conducive to mining
consumer demands and guiding the better development of the hospitality and
tourism industries. In future research, exploring tourists’ preferences by analysing
online reviews is worth studying within the context of the hospitality and tourism
industries.
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2. The hospitality and tourism industries involve multiple stakeholders. For
example, medical tourism includes medical tourists, healthcare providers, govern-
ment agencies, facilitators, accreditation and credentialing bodies, healthcare mar-
keters, insurance providers and infrastructure and facility providers (Kamassi
et al., 2020). Decision-making related to medical tourism usually requires
multi-party collaboration with a consensus. In the future, large-scale group deci-
sion-making methods can be used to solve the problem of multi-party cooper-
ation problem.

3. Most papers related to business analysis in hospitality and tourism industries
only stay on descriptive analysis and predictive analysis. Prescriptive analytics is
often considered as the next step towards increasing data analytics maturity and
leading to optimised decision-making ahead of time for business performance
improvement. In future research of the hospitality and tourism industries, the
prescriptive framework can be used to support the decision-making process.

5.3. From the perspective of application areas in hospitality and tourism industries
by means of fuzzy MCDM methods

There are three suggestions that should be noted in future research:

1. Under the influence of COVID-19, stakeholders in hospitality and tourism indus-
tries should conduct risk assessments to deal with the uncertain environment,
research in the next few years can focus on risk assessment.

2. It is particularly important to put environmental protection in the first place
when advocating sustainable development nowadays (Hasheminasab et al., 2022).
Therefore, more attention should be paid to ecotourism, low-carbon tourism, and
sustainable tourism in future research.

3. Many studies are associated with hotel evaluation and selection and tourism des-
tination evaluation and selection. But there are few studies dealing with strategic
assessment and tourist satisfaction evaluation, which are also issues that tourists
and tourism agencies most concerned about. Therefore, future studies can be car-
ried out more on these aspects.

6. Conclusion

When faced with decision-making problems in hospitality and tourism industries,
fuzzy MCDM methods can characterise the complex evaluation information given by
decision-makers, and provide decision recommendations (ranking, selection or sort-
ing) for a set of alternatives measured by a set of criteria. This paper investigated the
literature on fuzzy MCDM methods applied in hospitality and tourism industries,
analysed the result of bibliometric analysis, fuzzy MCDM methods and application
domains in hospitality and tourism industries, identified the existing research gaps
and outlined directions for future research. Our review has shown that fuzzy MCDM
methods are useful approaches to tackle decision-making problems in hospitality and
tourism industries, which helps tourism institutions, hotel managers and tourists
make reasonable decisions.
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The following limitations exist in our study. Since the paper only retrieved the
Core Collection database in Web of Science, some impactful publications in other
data sets were ignored. The scope of the study can be expanded by including data-
bases such as Scopus, Springer and Science Direct. Besides, there are shortages in the
retrieval strategy. Some fuzzy MCDM methods applied to the hospitality and tourism
industries may not be included in the collected records. Future research will be
devoted to developing more accurate retrieval strategies. Moreover, this article sum-
marised each paper briefly and the specific details were not discussed, which need to
be further studied.
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