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Multi-criteria decision-making (MCDM) is one of the most popular problems handled by research-
ers in the literature. Since the interval-valued intuitionistic fuzzy set (IVIFS) theory generates as real-
istic as possible evaluation of linguistic expressions, researchers have been expanding traditional 
MCDM methods to the IVIF environment, especially in the last decade. This study provides a literature 
review of the relevant articles from several academic databases on applications of IVIF-MCDM meth-
ods. The review of 131 publications addresses specific research questions. To understand the research 
publication trend, this review offers a visual analysis that examines the studies from different perspec-
tives, such as application areas, IVIF-MCDM methods, citations, most relevant journals, and validation 
methods. One of the most remarkable results of the literature review is that most publications in this 
field are published in SCIE indexed journals. Another noteworthy issue is that China is the country that 
produces the most articles in this field. In addition, English journals are mostly selected for the publi-
cation of articles. While it is seen that the investment selection problem is chosen mostly as the appli-
cation area, the TOPSIS method is preferred mostly in the applications. This study stands out as the 
most comprehensive one that compiles publications containing extended traditional MCDM methods 
for IVIF sets. This review will be an important reference for future researchers and decision-makers 
involved in advancing MCDM methods considering vagueness and ambiguity. 
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1. Introduction 

Multi-criteria decision-making (MCDM) is a branch of operations research that is 
concerned to evaluate the limited number of alternatives under various criteria. MCDM 
methods have been developed to select the best suitable alternative and to classify or 
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rank alternatives in subjective preference order [1]. Since MCDM was introduced in the 
mid-1950s, it has been a hot topic in decision-making research. Also, it has proven as 
a useful approach owing to its widespread practical applications. In traditional MCDM 
methods, all evaluations about alternatives or criteria are handled with crisp values. Be-
cause evaluations are made within a limited time or lack information in many decision-
making processes, the evaluations contain hesitation or uncertainty. Therefore, it is not 
effective to represent linguistic terms expressed by decision-makers with crisp values. 
So, the traditional MCDM methods are inadequate in handling ambiguity and vagueness 
in linguistic expressions [2, 3]. To overcome vagueness in a decision-making process, 
firstly, it has been suggested to apply MCDM approaches with the fuzzy sets. But then, 
Atanassov and Gargov [4] introduced IVIF sets theory to show and quantify the ambig-
uous nature of subjective judgments. In the IVIF sets theory, the belonging of an ele-
ment to a set is represented by a membership degree, a non-membership degree, and 
a hesitancy degree whose values are intervals rather than crisp values. The decision- 
-making methods extended for IVIFSs have been proven to be practical and realistic 
tools for managing MCDM problems [5–8]. So, traditional MCDM methods have been 
extended to the IVIF environment to enrich this area, especially since 2010. The com-
pilation of these publications under various titles gives a roadmap to researchers about 
the up-to-date research trends of IVIF-MCDM methods. With this motivation, this study 
aims to compile papers on extended tradition MCDM methods for IVIF sets. 

Table 1. The earlier review studies containing IVIF-MCDM applications 

Authors Journal Scope Year NP 

Behzadian et al. [1] Expert Systems with Applications TOPSIS  
applications up to 2012 5 

Mardani et al. [9] Expert Systems with Applications Fuzzy MCDM 
applications up to 2014 5 

Kahraman et al. [10] International Journal of  
Computational Intelligence Systems 

Fuzzy MCDM 
applications up to 2014 2 

Gul et al. [11] Applied Soft Computing VIKOR applications up to 2015 4 

Mardani et al. [12] Economic Research  
– Ekonomska Istraživanja 

MCDM utility  
determining  
techniques 

up to 2016 4 

Kaya et al. [13] Energy Strategy Reviews 

Fuzzy MCDM  
applications  
for energy 
policy making 

up to 2017 3 

Liu et al. [14] Computers and Industrial Engineering MCDM applications 
for FMEA up to 2018 8 

NP – number of papers relevant IVIF-MCDM. 

Several researchers conducted review studies on MCDM methods or their fuzzy 
extension version. To find out a significant research gap related to the review of MCDM 
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applications, existing review studies including IVIF-MCDM methods are analysed un-
der the four categories, such as scope, year, database, and the number of papers relevant 
to IVIF sets are presented in Table 1. Behzadian et al. [1] conduct a literature review to 
categorise the papers published up to 2012 on TOPSIS methodologies and applications. 
Mardani et al. [9] provide a systematic review of the fuzzy MCDM applications pub-
lished between 1994 and 2014. Kahraman et al. [10] examine the fuzzy MCDM papers 
in the Scopus database by dividing them into two parts as fuzzy MADM and fuzzy 
MODM. Gul et al. [11] conduct a state-of-the-art review to categorise and interpret the 
papers that used VIKOR or its fuzzy extensions.  

Mardani et al. [12] compile the MCDM utility determining techniques carried out until 
2016. Kaya et al. [13] present a comprehensive review of the applications of fuzzy MCDM 
in the energy field. After reviewing the abovementioned studies, it has been observed that 
the existing literature reviews do not include most of the IVIF-MCDM applications. Hence, 
a need is felt to undertake a comprehensive review of publications that used IVIF-MCDM 
techniques to provide a detailed insight into the MCDM applications conducted under the 
IVIF environment. This study provides a comprehensive review of the extended version of 
the MCDM methods and their applications in several areas to cover this gap. To explain the 
recent developments of MCDM techniques for IVIF sets, tables and figures are presented 
related to year, document type, journal, country, method, application area, type of applica-
tion, citations, validation method.  

The remainder of this paper is organised as follows. Section 2 includes research 
questions that present the framework of the study. Section 3 describes the review meth-
odology and present the summarising of the compiled publications. Section 4 provides 
the findings of the review analysis as based on the research questions. Section 5 dis-
cusses the results and gives suggestions for future studies. 

List of abbreviations 
AHP – analytic hierarchy process 
ANP – analytic network process 
ARAS – additive ratio assessment 
BCI-C – book citation index – science 
BWM – best worst method 
CODAS – combinative distance-based assessment 
COPRAS – complex proportional assessment 
CPCI-S – conference proceedings citation index – science 
CPCI-SSH – conference proceedings citation index – social science and humanities 
DEMATEL – decision making trial and evaluation laboratory 
EDAS – evaluation based on distance from average solution 
ELECTRE – elimination and choice translating reality 
FMEA – failure mode and effectect analysis 
GRA – grey relational analysis 
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IF – intuitionistic fuzzy  
IVIF – interval-valued intuitionistic fuzzy  
IVIFSs – interval-valued intuitionistic fuzzy sets 
IVIFWA – interval-valued intuitionistic fuzzy weighted arithmetic 
IVIFWG – interval-valued intuitionistic fuzzy weighted geometric 
LINMAP – linear programming technique for multidimensional analysis of preference 
MABAC – multi-attributive border approximation area comparison 
MADM – multi attribute decision making 
MCDM – multi criteria decision making 
MOORA – multi-objective optimisation method by ratio analysis 
MULTIMOORA – multiobjective optimisation by ratio analysis plus full multiplicative form 
PROMETHEE – preference ranking organisation method for enrichment evaluation 
QUALIFLEX – qualitative flexible 
SCIE – science citation index expanded 
TODIM – iterative multi criteria decision making 
TOPSIS – technique for order preference by similarity to an ideal solution 
VIKOR – multicriteria optimization and compromise solution  
  (Serb. visekriterijumska optimizacija i kompromisno resenje)  
WASPAS – weighted aggregates sum product assessment 

2. Purpose of the research 

The purpose of this study is to conduct a literature review of relevant publications 
on the application of MCDM methods under the IVIF environment. This review would 
help to explain the trend in the application of IVIF-MCDM methods in several domains.  

Table 2. Description of the research questions 

Research  
question Description 

RQ#1 What is the year-wise publication trend? 
RQ#4 What is the distribution of the publications according to countries? 
RQ#5 Which journals publish the leading papers? 

RQ#6 Which journals are the most relevant to IVIF-MCDM methods?  
What is the growth of the articles in journals over the years? 

RQ#7 Which articles are the most cited? 
RQ#8 Which are the applications area for IVIF-MCDM methods? 

RQ#9 Which one of the IVIF-MCDM methods have been used  
and which one of these methods have been more preferred? 

RQ#10 Which methods are used for validation of IVIF-MCDM methods? 
 
Furthermore, the literature review would present the researchers with a detailed 

analysis of the IVIF-MCDM applications and provide them with the basic information 
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for developing further applications in the MCDM for the IVIF sets. This research is 
conducted within the framework of the following Research Questions (Table 2) which 
are not ranked according to their importance. 

3. Literature review 

Thanks to the analysis of various databases with different keywords, a comprehen-
sive literature analysis is offered to the researchers. In addition, customising these pub-
lications under certain headings facilitates the analysis of the issue to be examined. The 
basic framework and components of the review methodology adopted in this study are 
presented in the phases of Fig. 1. This methodology consists of the main three stages: 
extraction, screening, and analysis. 

 
Fig. 1. The flowchart for the literature review 
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At the first stage, relevant publications were compiled from the database for the 
period between the years 2010 and 2020. Literature searches were conducted in the da-
tabases (Web of Science, Elsevier, Springer, Taylor and Francis, Scopus, Google 
Scholar, Hindawi, IEEExplore, Wiley) on various keywords as in Table 3. As a result 
of the literature review, 290 publications in English concerning the keywords were ex-
tracted. At the second stage, publications were screened and the papers that are not pub-
lished in full-text were removed. The duplication between publications is checked to 
avoid incorrect statistics. Then, the irrelevant publications were deleted.  

Table 3. Keywords of literature review 

IVIF 
interval valued intuitionistic fuzzy 

AHP 
AND 
DEMATEL 
ELECTRE  
MOORA  
PROMETHEE  
TOPSIS  
VIKOR  
MCDM 

MADM 
MCDA 
MADA 
decision making 
multi criteria and decision-making 
multi attribute and decision-making 
multi criteria and decision analysis 
multi attribute and decision analysis 

 
In the third step, 131 full-text papers consisting of 109 articles, 20 conference papers, 

and 2 book chapters were handled for review analysis. These 131 publications were ana-
lysed and recorded under the scheme which is shown in Table 4. As each publication was 
reviewed, it was classified by several categories: year, document type, journal (or book/con-
ference) name, affiliation country, dex, publisher, method(s), application area, type of ap-
plication, citations, sensitivity analysis, and comparative analysis.  

Table 4. The classification scheme for the review on IVIF-MCDM 

No. 1 2 3 ... 131 
Author(s)      
Year      
Document type      
Journal      
Country      
Index      
Publisher      
Method(s)      
Application area      
Type of application      
Citation      
Sensitivity analysis      
Comparative analysis      
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4. Results of the review analysis  

4.1. Document type 

The number of publications based on the document type is presented in Table 5, and 
the percentage distribution of the publications according to document types is shown in 
Fig. 2.  

Table 5. Number of the publications based on document type 

Document type Number of publications 
Journal article 109 
Conference paper 20 
Book section 2 

 

Fig. 2. The percentage distribution  
of the publications according to document types  

 

  

Fig. 3. The percentage distribution  
of the publications according to index: a) journal  

articles, b) confernce papers, c) book sections  



 M. KOKOÇ, S. ERSÖZ 96

There is a total of 131 publications contributing to the research area. The document 
type that has the highest percentage is article. It is seen that MCDM publications applied 
under the IVIF environment are generally in article form. In addition, the percentage 
distribution of the publications according to the index is shown Fig. 3. 

The articles are published in journals of which 72% are indexed in SCIE, 10% in 
ESCI, 8% in SSCI, and 5% in both SCIE and SSCI. The conference papers are presented 
in conferences (55% indexed in CPCI-S, 10% indexed in both CPCI-S and CPCI-SSH). 
Finally, the book sections are published in the books of which 50% are indexed in BCI-C. 
As can be seen from the visual analysis, the expansion of MCDM methods under the 
IVIF environment attracts the attention of SCI-E indexed journals. 

4.2. Year-wise publication trend 

The number of papers published per year is given in Fig. 4. Out of 131 articles, the 
highest number of research papers is published in the year 2020 with 29 research papers, 
followed by the year 2019 with 19 articles. The lowest number of articles is published 
in the year 2010, and 2011 with 1 and 4. It is realised from Fig. 4 that the number of 
publications increases year by year. This increase explains the overall progress of re-
search in the area. That is, it is clear that MCDM methods extended under the IVIF 
environment will get more and more attention from researchers. 

 
Fig. 4. Number of papers published per year 

4.3. Countries’ scientific production 

The number of publications based on affiliation countries of corresponding authors 
is presented in Table 6. A total of 14 countries contributes to the research area. The 
majority of the publications are submitted from China. Turkey, India, and Iran follow 
China. In other words, the majority of the research in this area originates in Asian coun-
tries, and they contribute to 94% of the total research. Moreover, the number of papers 
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based on the publishers’ country is analysed. The country of publishers with at least 
4 papers published in their journal is shown in Table 7. It is noteworthy that journals of 
the United Kingdom, United States, and the Netherlands are more preferred. 

Table 6. Number of the publications based on affiliation country 

Country Number of publications 
China 46 
Turkey 27 
India 19 
Iran 14 
Taiwan 8 
Malaysia 5 
Tunisia 3 
Korea 2 
Lithuania 2 
Brazil 1 
Morocco 1 
United Kingdom 1 
United States 1 
Vietnam 1 

Table 7. Number of the publications based on the publisher’s country 

Country Number of publications 
United Kingdom 31 
United States 26 
Netherlands 24 
Germany 7 
Lithuania 5 
Switzerland 5 
China 4 
France 4 
Turkey 4 

4.4. The most relevant journals 

109 articles selected for this literature review have been published in 60 different 
journals, and 20 journals are presented in Table 8. The growth of the articles in journals 
that have published at least three articles over the years is shown in Fig. 5. The most 
relevant journal is Applied Soft Computing, followed by Soft Computing. The first ar-
ticle in the IVIF MCDM methods was published in the journal Expert Systems with 
Applications in 2010. The journal Soft Computing is the fastest-growing journal in the 
area of the IVIF MCDM methods with six articles published within the last three years, 
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while there is a drop in the articles in the Mathematical Problems in Engineering, Ap-
plied Mathematical Modelling, Journal of Applied Mathematics, and Knowledge-Based 
Systems during the same period. 

Table 8. The most relevant journal 

Journal Articles TC PY start 
Applied Soft Computing 9 769 2014 
Soft Computing 9 223 2016 
Journal of Intelligent and Fuzzy Systems 7 145 2013 
Mathematical Problems in Engineering 6 143 2015 
Information Sciences 4 183 2014 
Applied Mathematical Modelling 3 483 2011 
Computers and Industrial Engineering 3 170 2013 
Journal of Applied Mathematics 3 42 2012 
Knowledge-Based Systems 3 244 2012 
Advances in Fuzzy Systems 2 75 2012 
Arabian Journal for Science and Engineering 2 41 2018 
Expert Systems with Applications 2 478 2010 
Fuzzy Optimization and Decision Making 2 136 2011 
Group Decision and Negotiation 2 64 2018 
IEEE Access 2 28 2018 
International Journal of Procurement Management 2 23 2017 
Journal of Enterprise Information Management 2 11 2018 
Journal of Intelligent Systems 2 14 2018 
Sustainability 2 13 2019 
Technological and Economic Development of Economy 2 90 2013 
Forty other journals 40 923 – 

TC – total citations, PY start – the starting year of the appearance of an article in the journal. 

 
Fig. 5. Growth of articles journal-wise over the years 
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4.5. The most cited articles 

The total citation defines the citation values until December 2020. The publications 
that are cited at least 100 times globally are presented in Table 9. The four of the most 
cited articles are in Applied Soft Computing, two are in Expert Systems with Applica-
tions, and the others are published in the journals Applied Mathematical Modeling, 
Computational and Applied Mathematics, Knowledge-Based Systems, Soft Computing, 
Applied Mathematical Modeling, Information Sciences, Energy, Mathematical Prob-
lems in Engineering. The article by Park et al. [15] entitled Extension of the TOPSIS 
method for decision making problems under interval-valued intuitionistic fuzzy environ-
ment is the most cited one. This paper studies the air-conditioning selection problem. 
The second most cited article is by Tan [6] entitled A multi-criteria interval-valued in-
tuitionistic fuzzy group decision making with Choquet integral-based TOPSIS which 
focuses on the investment selection problem. The third most cited article is by Ye [16] 
entitled An extended TOPSIS method with interval-valued intuitionistic fuzzy numbers 
for virtual enterprise partner selection. The IVIF-TOPSIS method is used in the top 
five articles with the most citations. Four articles in the top 10 most cited articles are 
analysed the investment selection problem.  

Table 9. The most cited articles 

Author (s) Journal Application area TC 

Park et al. [15] Applied Mathematical 
 Modelling air-conditioning selection problem 284 

Tan [6] Expert Systems  
with Applications 

investment selection problem 262 
Ye [16] partner selection problem 216 
Chen [17] Applied Soft Computing basilar artery occlusion diagnosis problem 172 

Kumar and Garg [18] Computational  
and Applied Mathematics investment selection problem 168 

Zavadskas et al. [19] Applied Soft Computing derelict building’s redevelopment problem, 
investment selection problem 158 

Zhang and Xu [20] Applied Soft Computing supplier selection problem 158 

Zhang and Yu [21] Knowledge-Based 
Systems investment selection problem 127 

Xue et al. [22] Applied Soft Computing material selection problem 123 
Zhao et al. [23] Soft Computing failure mode and effect analysis 112 

Hashemi et al. [24] Applied Mathematical  
Modelling investment project selection problem 111 

Chen [25] Information Sciences bridge construction selection problem 109 
Onar et al. [26] Energy wind energy technology selection problem 109 

Zavadskas et al. [27] Mathematical Problems  
in Engineering 

derelict building’s redevelopment problem, 
investment selection problem 108 

TC – total citations. 
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4.6. Application area 

The 131 publications selected for IVIF-MCDM methods for review vary in their 
subject and domain. Therefore, these 131 publications are manually classified based on 
the application area into 16 categories. The publications that cannot be classified due to 
their application areas are collected in the other category (see Table 10). The evolution 
of the application area over the years is shown in Fig. 6.  

 
Table 10. Application category, number of publications, and IVIF-MCDM methods 

No. Application area NP IVIF-MCDM methods-count [source] 

1 
Investment  
selection 
problem (ISP) 

21 

IVIF-AHP-1 [28], IVIF-BWM-1 [29], IVIF-COPRAS-1 [30],  
IVIF-ELECTRE-3 [24, 31, 32], IVIF-TODIM-1 [33], IVIF-TOPSIS-10  
[6, 18, 21, 34–40], IVIF-VIKOR-2 [41, 42], IVIF-WASPAS-1 [19], 
IVIF-MULTIMOORA-1 [27] 

2 
Supplier  
selection 
problem (SSP) 

19 

IVIF-AHP-1 [43], IVIF-MOORA-1 [44], IVIF-AHP  
+ IVIF-ARAS-2 [45, 46], IVIF-ELECTRE-3 [47-49], IVIF-TOPSIS-7  
[20, 50–55], IVIF-VIKOR-1 [56], IVIF-MULTIMOORA-1 [57],  
IVIF-COPRAS + IVIF-WASPAS-1 [58], IVIF-TODIM-1 [59], 
IVIF-TODIM + IVIF-WASPAS + IVIF-TOPSIS-1 [60] 

3 
Location  
selection 
problem (LSP) 

9 

IVIF-ELECTRE-1 [61], IVIF-VIKOR-1 [62], IVIF-TODIM-1 [63],  
IVIF-CODAS-1 [64], IVIF-TOPSIS-1 [65], IVIF-TODIM-1 [66],  
IVIF-WASPAS + IVIF-MULTIMOORA-1 [67], IF-DEMATEL 
+ IVIF-AHP+IVIF-TOPSIS-1 [68], IVIF-AHP+IVIF-TOPSIS-1 [69] 

4 
Technological  
device selection  
problem (TDSP) 

9 
IVIF-TOPSIS-4 [15, 70–72], IVIF-VIKOR-1 [73], IVIF-ARAS  
+ IVIF-TOPSIS-1 [74], IVIF-COPRAS-1 [75], IVIF-AHP 
+IVIF-TOPSIS-2 [76, 77] 

5 
Service quality  
evaluation  
problem (SQEP) 

11 
IVIF-AHP-2 [78, 79], IVIF-CODAS-1 [80], IVIF-COPRAS-1 [81],  
IVIF-PROMETHEE-2 [82, 83], IVIF-TODIM-1 [84], IVIF-TOPSIS-1 [85], 
IVIF-GRA-1 [86], IVIF-ANP + IVIF-TODIM-1 [87], IVIF-EDAS-1 [88] 

6 
Technological  
system evaluation 
problem (TSEP) 

10 
IVIF-DEMATEL + IVIF-TOPSIS-1 [89], IVIF-TOPSIS-4 [90–93],  
IVIF-AHP-1 [26], IVIF-DEMATEL-1 [94], IVIF-MABAC-1 [95],  
IVIF-AHP + IVIF-CODAS-1 [96], IVIF-CODAS-1 [97] 

7 
Failure mode 
and effect analysis 
problem (FMEAP) 

7 
IVIF-ANP + IVIF-COPRAS-1 [98], IVIF-COPRAS-1 [99],  
IVIF-MULTIMOORA-3 [23, 100, 101], IVIF-TOPSIS-1 [102],  
IVIF-MABAC-1 [103] 

8 
Construction  
evaluation problem 
 (CEP) 

4 IVIF-AHP-1 [104] , IVIF-QUALIFLEX-1 [25], IVIF-PROMETHEE + 
IVIF-ELECTRE-1 [8], IVIF-PROMETHEE-1 [105] 

9 
Cloud computing 
technology selection 
problem (CCTSP) 

5 
IVIF-GRA-1 [106], IVIF-TOPSIS-1 [107], IVIF-AHP + IVIF-COPRAS  
+ IVIF-MULTIMOORA + IVIF-VIKOR-1 [108], IVIF-CODAS-1 [109], 
IVIF-WASPAS-1 [110] 

10 Personnel selection 
problem (PSP) 4 IVIF-TOPSIS-1 [111], IVIF-AHP-2 [5, 112], IVIF-CODAS-1 [113] 

11 Strategy selection 
problem (StSP) 4 IVIF-AHP + IVIF-TOPSIS-2 [13, 114], IVIF-TODIM  

+ IVIF-BWM-1 [115], IVIF-DEMATEL + IVIF-VIKOR-1 [116] 
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Table 10. Application category, number of publications, and IVIF-MCDM methods 

No. Application area NP IVIF-MCDM methods-count [source] 

12 Material selection 
problem (MSP) 3 IVIF-MABAC-1 [22], IVIF-CODAS-1 [117], IVIF-TODIM-1 [118] 

13 Risk assessment 
problem (RAP) 2 IVIF-TOPSIS-1 [119], IVIF-VIKOR-1 [120] 

14 
Outsource provider 
selection problem 
(OPSP) 

3 IVIF-AHP + IVIF-TOPSIS-2 [121, 122], IVIF-ELECTRE-1 [123] 

15 Flood management 
problem (FMP) 3 IVIF-LINMAP-1 [124], IVIF-WASPAS-1 [125], IVIF-TOPSIS-1 [126] 

16 Partner selection 
problem (PrSP) 2 IVIF-TOPSIS-1 [16], IVIF-VIKOR-1 [127] 

17 Other 15 
IVIF-LINMAP-2 [7, 128], IVIF-VIKOR-2 [129, 130], IVIF-CODAS-1 
[131], IVIF-TOPSIS-6 [17, 132–136], IVIF-GRA-1 [137], FAHP + IVIF- 
-TOPSIS-1 [138], IVIF-TOPSIS + IVIF-GRA-1 [139], IVIF-ANP-1 [140] 

NP – number of publications. 

 
Fig. 6. The evolution of the application area over the years  
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From this chart, it is seen that the application areas where MCDM methods devel-
oped for IVIF sets are applied are diversified. The majority of the publications belong 
to the category investment selection problem followed by supplier selection problem. 
The top three most cited publications belong to the category technological device selec-
tion problem [15], investment selection problem [6], and partner selection problem [16]. 

4.7. IVIF-MCDM methods 

IVIF-MCDM methods are used to calculate criteria weights or to select alternatives. 
IVIF-AHP and IVIF-ANP methods are generally preferred to assess criteria weights as 
well as the ranking of alternatives. IVIF-MCDM methods can be used alone or in com-
bination with two or more different IVIF-MCDM methods. The percentage distribution 
of the methods included in the publications evaluated within the scope of the literature 
study is shown in Fig. 7. The most common method used during the last decade is IVIF- 
-TOPSIS, having a percentage of 29.8%. The IVIF-AHP and IVIF-ELECTRE methods 
follow it with a percentage of 6.1%.  

 
Fig. 7. The percentage distribution of the IVIF-MCDM methods 

The rate of individual use of IVIF-MCDM methods is higher than the rate of com-
bined use. When the evolution of the IVIF-MCDM methods over the years presented in 
Fig. 8 is examined, it is seen that the use of IVIF-MCDM methods together is handled 
mostly in recent years. As far as is known, IVIF-MCDM methods used together for the 
first time are IVIF-ELECTRE and IVIF-PROMETHEE. This combination was used in 
the Construction evaluation problem application field in 2014. 



Interval-valued intuitionistic fuzzy multi-criteria decision-making methodologies 103

 
Fig. 8. The evolution of the IVIF-MCDM methods over the years 

Table 11. IVIF-MCDM methods, number of publications, and application category 

IVIF-MCDM method NP Application area-count [source] 

IVIF-AHP 8 ISP-1 [28], SSP-1 [43], SQEP-2 [78, 79], TSEP-1 [26], 
CEP-1 [104], PSP-2 [5, 112] 

IVIF-ANP 1 Other-1 [140] 
IVIF-BWM 1 ISP-1 [29] 

IVIF-CODAS 7 LSP-1 [64], TSEP-1 [97], CCTSP-1 [109], PSP-1 [113], 
MSP-1 [117], SQEP-1 [80], Other-1 [131] 

IVIF-COPRAS 4 ISP-1 [30], TDSP-1 [75], FMEAP-1 [99], SQEP-1 [81] 
IVIF-DEMATEL 1 TSEP-1 [94] 
IVIF-EDAS 1 SQEP-1 [88] 
IVIF-ELECTRE 8 ISP-3 [24, 31, 32], SSP-3 [47–49], LSP-1[61], OPSP-1 [123] 
IVIF-GRA 3 SQEP-1 [86], CCTSP-1 [106], Other-1 [137] 
IVIF-LINMAP 3 FMP-1 [124], Other-2 [7, 128] 
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Table 11. IVIF-MCDM methods, number of publications, and application category 

IVIF-MCDM method NP Application area-count [source] 
IVIF-MABAC 3 TSEP-1 [95], FMEAP-1 [103], MSP-1 [22] 
IVIF-MOORA 1 SSP-1 [44] 
IVIF-MULTIMOORA 5 ISP-1 [27], SSP-1 [57], FMEAP-3 [23, 100, 101] 
IVIF-PROMETHEE 3 SQEP-2 [82, 83], CEP-1 [105] 
IVIF-QUALIFLEX 1 CEP-1 [25] 

IVIF-TODIM 6 ISP-1 [33], SSP-1 [59], LSP-2 [63, 66], MSP-1 [118],  
SQEP-1[84] 

IVIF-TOPSIS 39 

ISP-10 [6, 18, 21, 34–40], SSP-7 [50–55, 141], LSP-1 [65],  
TDSP-4 [15, 70–72], SQEP-1 [85], TSEP-4 [90–93],  
FMEAP-1 [102], CCTSP-1 [107], PSP-1 [111],  
RAP-1 [119], FMP-1 [126], PrSP-1 [16],  
Other-6 [17, 132–136] 

IVIF-VIKOR 9 
ISP-2 [41, 42], SSP-1 [56], LSP-1 [62],  
TDSP-1 [73], RAP-1 [120], PrSP-1 [127],  
Other-2 [129, 130] 

IVIF-WASPAS 3 ISP-1 [19], CCTSP-1 [110], FMP-1 [125] 
IVIF-AHP + IVIF-ARAS 2 SSP-2 [45, 142] 
IVIF-AHP + IVIF-CODAS 1 TSEP-1 [96] 
F-AHP + IVIF-TOPSIS 1 Other-1 [138] 

IVIF-AHP + IVIF-TOPSIS 7 LSP-1 [69], TDSP-2 [76, 77], StSP-2 [13, 114],  
OPSP-2 [121, 122] 

IVIF-ANP + IVIF-TODIM 1 SQEP-1 [87] 
IVIF-ANP + IVIF-COPRAS 1 FMEAP-1 [98] 
IVIF-ARAS + IVIF-TOPSIS 1 TDSP-1 [74] 
IVIF-BWM + IVIF-TODIM 1 StSP-1 [115] 
IVIF-COPRAS  
+ IVIF-WASPAS 1 SSP-1 [58] 

IVIF-DEMATEL  
+ IVIF-TOPSIS 1 TSEP-1 [89] 

IVIF-DEMATEL  
+ IVIF-VIKOR 1 StSP-1 [116] 

IVIF-ELECTRE 
+IVIF-PROMETHEE 1 CEP-1 [8] 

IVIF-GRA + IVIF-TOPSIS 1 Other-1 [139] 
IVIF-WASPAS  
+ IVIF-MULTIMOORA 1 LSP-1 [67] 

IF-DEMATEL  
+ IVIF-AHP+IVIF-TOPSIS 1 LSP-1 [68] 

IVIF-TODIM  
+ IVIF-WASPAS 
+ IVIF-TOPSIS 

1 SSP-1 [60] 

IVIF-AHP + IVIF-COPRAS  
+ IVIF-MULTIMOORA  
+ IVIF-VIKOR 

1 CCTPS-1 [108] 



Interval-valued intuitionistic fuzzy multi-criteria decision-making methodologies 105

 
Fig. 9. IVIF-MCDM methods used across the application categories 

The details of the IVIF-MCDM methods used as per the application area are pre-
sented in Table 11. Furthermore, IVIF-MCDM methods used per application categories 
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are illustrated in Fig. 9. It is seen from these figures that one of the earliest extended 
methods is the TOPSIS having applications in thirteen of the seventeen categories. The 
second extended method, as far as the authors know, is the VIKOR, having five appli-
cations in seventeen application categories. 

4.8. Validation analysis 

Validation of the proposed MCDM model is a requirement for the acceptability of 
any model. The 131 publications reviewed conduct several validation methods for their 
study. Sensitivity analysis is the most common approach. The other common approach 
is comparing the application results with other MCDM methods. The methods used for 
validation in the publications are indicated in Appendix. Moreover, the distribution of 
validation methods is summarised in Fig. 10. Forty-three research publications have not 
presented any details concerning validation. Forty-nine articles utilised only compara-
tive analysis, six articles used only sensitivity analysis, and twenty-seven articles ap-
plied both analyses for validation. Five conference papers and one book section applied 
only comparative analysis to show the applicability of the proposed methods. 

 
Fig. 10. Distribution of validation methods 

based on document type 

5. Discussion and conclusion 

The foundation of the MCDM methods was laid in the mid-1950s, and from then 
on, many researchers have studied for developing new models or improving the existing 
approaches. After Atanassov and Gargov [4] introduced the IVIF sets theory in 1986, 
traditional MCDM methods have begun to be extended to the IVIF environment. In this 
study, the literature review is conducted to examine extended traditional MCDM meth-
ods for IVIF sets. It is aimed to ensure a roadmap to researchers by providing them with 
a comprehensive summary on this topic. Moreover, it is aimed to fill the gaps in the 
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literature about the review of IVIF-MCDM studies. In the light of these aims, this study, 
131 studies, consisting of 109 articles, 20 conference papers, and 2 book chapters, are 
analysed. These studies are examined by grouping them according to years, document 
types, journals, countries, dex, method, application area, application type, and valida-
tion method. 

The earliest application of extending traditional MCDM methods as per the several 
databases was discovered in 2010. In 2010, Ye published an article in the journal Expert 
Systems with Applications on extending the TOPSIS [16]. Park et al. [15] published 
another article in the domain under the application category technological device selec-
tion problem in 2011.  

The most prominent IVIF-MCDM method is IVIF-TOPSIS used to rank alterna-
tives. IVIF-TOPSIS method has been employed in all application categories except for 
the material selection problem. The second most prominent IVIF-MCDM methods used 
in studies on IVIF-MCDM methods are the IVIF-AHP and IVIF-ELECTRE methods. 
IVIF-AHP method that can compute the criteria weights as well as rank the alternatives. 
Moreover, the IVIF-AHP is used in combination with methods like IVIF-ARAS, 
 IVIF-CODAS, IVIF-COPRAS, IVIF-MULTIMOORA, IVIF-VIKOR, IVIF-TOPSIS 
[13, 45, 68, 69, 76, 77, 96, 108, 121, 122]. 

The first application category applied on extension traditional MCDM into IVIF- 
-environment is a partner selection problem. In 2010, the first article in this category 
was conducted by Ye [16] by using the IVIF-TOPSIS method. The majority of the arti-
cles on the IVIF-MCDM methods are published in the investment selection problem 
category and IVIF-TOPSIS is the earliest IVIF-MCDM method employed by Tan in 
2011 [6] in this category. The next article in the category was published in 2012 and the 
IVIF-ELECTRE method was used in this article [31]. The last article that introduced 
the IVIF-BWM method was published in 2020 in the investment selection problem cat-
egory [29]. The second most prominent application category is the supplier selection 
problem. In the category, the first conference paper applied the IVIF-VIKOR method 
in 2011 [56], and the first article used the IVIF-ELECTRE method in 2014 [47]. The 
most cited article in this category was published in 2015 by Zhang and Xu [20], and the 
IVIF-TOPSIS method was preferred. In 2017, the IVIF-AHP method was recom-
mended, and it was again used for weight criteria, while the IVIF-ARAS method was 
employed for ranking suppliers [45]. The combination of the AHP and ARAS method 
was used also in 2018 [46]. 

The most relevant journal on extended IVIF-MCDM methods is Applied Soft Com-
puting. Applied Soft Computing has published 9 articles across eight application cate-
gories with a total of 769 citations. The earliest article on extended IVIF-MCDM methods 
published in this journal was by Zavadskas et al. [19] in 2014. The second most relevant 
journal Soft Computing has published 9 articles on extended IVIF-MCDM across eight ap-
plication categories with 223 citations in the last five years. The Applied Mathematical 
Modelling has published only three articles [15, 28, 143] on extended IVIF-MCDM 
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methods and has the second-highest citations owing to the presence of the article by 
Park et al. [15]. Moreover, the Expert Systems with Applications has published only 
two articles [6, 16] on extended IVIF-MCDM methods and has the third-highest cita-
tions because both articles have the highest citations following Park et al. [15]. It is seen 
from the analysis of journals that gradually more journals have accepted articles on ex-
tended IVIF-MCDM methods. 

The publications on the IVIF-MCDM methods have used sensitivity analysis and 
comparative analysis methods for validation. All journal articles have provided valida-
tion analysis; on the other hand, 15 conference paper and 1 book section that have not 
provided any details about validation belong to the following methods; IVIF-AHP [104, 
112], IVIF-AHP + IVIF-ARAS [45], IVIF-ARAS + IVIF-TOPSIS [74], IVIF-CODAS 
[131], IVIF-COPRAS [99], IVIF-DEMATEL + IVIF-TOPSIS [89], IVIF-LINMAP 
[128], IVIF-MOORA [73], IVIF-PROMETHEE [82], IVIF-TODIM [33], IVIF-TOP-
SIS [70, 134], IVIF-VIKOR [56, 73, 129]. 

As a result of this review analysis, it is determined that a large number of traditional 
MCDM methods are extended for IVIF sets and many of these methods are applicable 
for the various decision-making problems. Also, it is seen that extended MCDM meth-
ods to the IVIF environment can be used jointly as traditional methods are. In the last 
five years, it has been seen an increasing trend in the research publications on the  
IVIF-MCDM applications, and also, it is expected that it will increase in the coming 
years, as well.  

This review is limited to traditional methods extended for IVIF sets. The authors 
have tried their best to contain all the relevant publications to get a correct review result, 
but there is a minor possibility of some publications being left out. The publications 
whose full-text were not accessible were also excluded from this study. In future work, 
it is suggested that the extended version of fuzzy sets such as hesitant, spherical, Py-
thagorean in addition to intuitionistic can be reviewed in the specific domain.  
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