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Abstract: The ongoing research in the field of decision-making can be analyzed from different
perspectives. Research trends indicate that multi-attribute decision-making (MADM) methods have
a significant impact on engineering and management scientific areas. Since many of the problems
existing in the mentioned areas are associated with a certain level of uncertainty, type 2 fuzzy sets
represent a common solution for the enhancement of conventional MADM methods. In this way,
the decision-makers are encouraged to use linguistic expressions for the assessment of attributes'
relative importance and their values. The purpose of this paper is to review a determination of
attributes' relative importance, and their values, as well as the extension of ranking methods with
type 2 fuzzy sets. The papers are systematically adjoined to groups consisting of hybrid models with
the following characteristics: (1) indicating the procedure for modeling attribute relative importance
and their values, (2) determining the extension of MADM methods with type 2 fuzzy sets to
determine attributes’ vector weights, (3) extension of MADM for attributes ranking with type 2
fuzzy sets. This study reviewed a total of 42 papers in the domain of engineering and management
published from 2013 to 2023 in different journals indexed by the Springer, Science Direct, Emerald,
Wiley, ProQuest, Taylor, and Francis research platforms.

Keywords: Fuzzy multi-attributive decision making; The type 2 fuzzy sets; Literature review

MSC:

1. Introduction

This paper provides insight into how certain MADM methods have been employed
to bring solutions in the scientific areas of engineering and management with their
enhancements and modifications. Decision-making represents one of the most important
activities executed by the decision-makers (DMs) at the strategic, tactical, and operational
levels in any company. The essential motivation of the DMs is to determine the best
solution among the alternatives that lead to successful business results. Respecting their
experience and results of the best practice, DMs should consider many attributes that may
conflict with each other. According to the stated, it may be considered that the
management problems can be presented as multi-attribute decision-making problems
(MADMs). Also, it may be assumed that MADM techniques strive to make the decision-
making process more formalized [1] so the obtained solution seems to be less burdened
by the bias of DMs. MADM is the discipline of operations research that has been widely
studied by researchers and practitioners [1,2].

In recent decades, a large number of MADM techniques have been proposed and
used for solving different area problems [1]. It should be underlined that the proposed
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MADM techniques are developed on different mathematical foundations so they have 42

different characteristics in finding the optimal solution. 43
In this paper, the classification of the analyzed MADM methods is performed 44
according to [1,3-5] which is presented in Table 1. 45
Table 1. The classification of MADM techniques 46
Classification is given by [5] Classificationis Classification is
given by [1] given by [3,4]
Weighted Aggregated Sum Product . Other MADMs
gAssessrifntg- WASPAS [6] Utility-based
Technique for Order Preference by Normalizing Compromise
Similarity to Ideal Solution - TOPSIS [7] Distance-based models-additive
types
Vlekriterijumsko KOmpromisno Rangiranje Normalizing Compromise
- VIKOR [8] Distance-based models-additive
types
Complex Prgpoo;EOAr;azg?ssessment Utility-based Compromise
Multi-Objective Optimization on the basis of Other
Ratio Analysis - MOORA [10]
Additive Ratio ASsessment - ARAS [11] Other Utility-based
Elimination et Choix Traduisant la Realité - Normalizing Outranking
ELECTRE [12] Outranking models-additive
types
Analytical Network Process - ANP [13] Pairwise comparison Weighting models  Utility-based
Analytic Hierarchy Process - AHP [14] Pairwise comparison Weighting models  Utility-based
(An acronym in Portuguese for interactive Utility-based
and multi-criteria decision-making) — Outranking
TODIM [15]
Best Worst Method - BWM [16] Pairwise comparison Compromise
Multi-attributive border approximation area Other Compromise
comparison method - MABAC [17]
Decision Making Trial and Evaluation Interaction based Evaluating or Other
Laboratory - DEMATEL [18] choosing models

47

As analysis covers different MADM methods, it may be noticed that there are more 48
MADM methods than those considered by this research. The MADM methods enhanced 49
with IT2FNs have different mathematical foundations. That is why scholars can adjoin 50
them in different groups. A good example of this is BWM which can be interpreted as a 51
pairwise comparison and/or compromise method. It can be concluded that there is no 52
unique classification although scholars are trying to propose different frameworks. 53
The increase in social and economic environment’s complexity (the change of 54
customer expectation, political change, business in a time of crisis, etc.), as well as the 55
vagueness of the inherently subjective nature of human thinking, brings the inability to 56
describe input data of the decision-making process with the crisp values. A lot of scholars 57
believe that a more accurate assessment of uncertainties into the relative importance of 58
attributes and their values may be obtained if the DMs use linguistic variables [19-21]. 59
These variables are defined as words and/or sentences in a natural or artificial language 60
[22]. It may be suggested that the concept of linguistic variables is useful in dealing with 61
complex situations. The shortcoming of this assessment approach is that the words might 62
not have a clear and well-defined meaning since the DMs may have different subjective 63
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perceptions or personalities. In this research, the authors’ attention is focused on the
application of type 2 fuzzy sets (T2FSs) which were introduced by Zadeh [23], for the
modeling of uncertainties. These T2FSs represent the extension of the concept of type 1
fuzzy sets (TFSs) [24] that are characterized by a primary and a secondary membership
function with an additional dimension of membership function. T2FSs can deal with the
fuzziness and uncertainty characteristics of decision-making problems more accurately
and effectively compared to T1FSs. It should be emphasized that in real-world
applications, interval type 2 fuzzy numbers (IT2FNs) [25] are widely applied. The IT2FNs
represent the special version of generalized T2FSs. It may be assumed that the handling
of uncertainties by using T2FNs means making fewer assumptions and making fewer
assumptions provides more realistic solutions to real-life decision-making problems.
IT2FNs are the most frequently used T2FSs [25] because of their easiness and reduced
computational effort in comparison with T2FSs. Just a few authors [26] have used other
fuzzy numbers, such as Gaussian interval type 2 fuzzy numbers (GIT2EN). Therefore,
many real-life situations can be described by employing IT2FNs so the calculation effort
is decreased but the preciseness of the obtained data is satisfied.

The literature contains a variety of research MADM methods that have been
extended with IT2FNs (Interval Type 2 Fuzzy Multi-Attribute Decision Making -
IT2FMADMs). This research attempts to document the exponentially grown interest in
IT2FMADM techniques and provide a state-of-the-art review of relevant literature where
the treated problems have been solved within the last ten years. In literature, solving
many complex management and engineering problems is based on using IT2FMADMs
(see Table 2). To present the data in Table 2 in a concise manner, the titles of MADM
methods and techniques are extended with the prefix IT2F denoting that the mentioned
methods and techniques are enhanced with IT2F numbers. As the research domain of
industrial and management applications is considered, the literature sources containing
IT2FMADM explanations and applications are comprehensively reviewed employing
academic databases of Springer, Science Direct, Emerald, Wiley, ProQuest, Taylor and
Francis. It is worth mentioning that some papers containing adequate MADM techniques
are not considered due to different application domains. The other criteria for filtering
research were the enhancement of MADM techniques with IT2FNs. Table 2 denotes the

papers with the research focus on industrial and management applications with
IT2FMADMs.
Table 2. A brief explanation of IT2FMADM ranking techniques
Authors Year Research focus Rank of
alternatives
Celik et al. [27] 2013 The satisfaction of customers with public transportation IT2FTOPSIS
Balezentis and Zeng [28] 2013 Selection of manager for research and development IT2FMULTIMOORA
Ghorabaee et al. [29] 2014 Supplier selection IT2FCOPRAS
Chen and Hong [30] 2014 The selection of a system analysis engineer IT2FTOPSIS
Qin et al. [31] 2015 Metro station dynamic risk assessment IT2FTOPSIS
Kilic and Kaya [32] 2015 Evaluation and selection of investment projects IT2FTOPSIS
Abdullah and Zulkifli [33] 2015 Human resource management problem IT2FDEMATEL
Cebi and Otay [34] 2015 Cement factory selection IT2FTOPSIS
Qin et al. [35] 2015 Evaluation of the high-tech risk investment project IT2FVIKOR
Ghorabaee et al. [36] 2015 Selecting a suitable hydroelectric power station project IT2FVIKOR
Ozkan et al. [37] 2015  Determining the best electrical energy storage technology IT2FTOPSIS
Liao [38] 2015 Evaluation of materials IT2FTOPSIS
Sang and Liu [39] 2015 Green supplier selection in the automotive industry IT2FTODIM
Ghorabaee [19] 2016 Selecting the suitable robot for its production process IT2FVIKOR

Celik et al. [40]

2016 Green Logistic Service Providers Evaluation IT2FELECTRE
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Authors Year Research focus Rank of
alternatives
Ghorabaee et al. [41] 2016 Green supplier selection IT2FWASPAS
Buyoukozkan et al. [42] 2016 Evaluation of Knowledge Management Tools IT2FTOPSIS
Qin et al. [43] 2017 Green supplier selection IT2FTODIM
Gorener et al. [44] 2017 Supplier selection in a high-stake aviation company IT2FTOPSIS
Deveci et al. [45] 2017 Airline new route selection IT2FTOPSIS
Mousakhani et al. [46] 2017 Green supplier evaluation IT2FTOPSIS
Soner et al. [47] 2017 Selecting the right hatch cover design in maritime IT2FVIKOR
transportation industry
Zhong and Yao [48] 2017 Supplier selection IT2FELECTRE
Deveci et al. [49] 2018 Selection for car-sharing station IT2FWASPAS
Celik and Akyuz [20] 2018 Selecting the appropriate ship loader type IT2FTOPSIS
Debnath and Biswas [50] 2018 The supplier selection problem IT2FAHP
Meng et al. [51] 2019 Risk assessment of supply chain in social commerce IT2FTODIM
Buri¢ et al. [52] 2019 The software failure analysis IT2FCOPRAS
Dinger et al. [53] 2019 Evaluate the financial service performance in E7 economies IT2FMOORA
Xu et al. [54] 2019 Green supplier selection IT2FAHP Sort I
Wu et al. [55] 2019 Green supplier selection IT2FVIKOR
Aleksic¢ et al. [56] 2019 Ranking failures in a recycling center IT2FTOPSIS
Yucesan et al. [57] 2019 Green supplier selection IT2FTOPSIS
Dorfeshan and Mousavi 2020 Aircraft maintenance planning IT2FMABAC
[58]
Bera et al. [59] 2020 Supplier selection IT2FTOPSIS
Mohamadghasemi et al. 2020 Selection of conveyors IT2FELECTRE
[26]
Ayyildiz et al. [60] 2020 Credit application IT2FELECTRE
Yang et al. [61] 2020 Choosing the best investment option IT2FTOPSIS
Kiraci and Akan [21] 2020 Aircraft selection IT2FTOPSIS
Pourmand et al. [62] 2020 Water Resources Management IT2FTOPSIS
Ozdemir and Uskiidar [63] 2020 Strategy selection IT2FTOPSIS
Deveci et al. [64] 2020 Offshore wind farm development IT2FTOPSIS
Mirnezami et al. [65] 2021 Project cash flow evaluation IT2FTODIM
Sharaf [66] 2021 Solar power systems IT2FTOPSIS
Komatina et al. [67] 2021 Evaluation of different risk factors IT2FTOPSIS
Karagoz et al. [68] 2021 Facility location IT2FARAS
Celik et al. [69] 2021 Green supplier selection IT2FTODIM
Zhang et al. [70] 2022 The subway station’s risk s IT2FTOPSIS
Komatina et al. [71] 2022 Supplier selection IT2FMABAC
Aleksic¢ et al. [72] 2022 Evaluation and ranking of failures in the automotive industry IT2FVIKOR
Ecer [73] 2022 Green supplier selection in-home appliance manufacturer IT2FAHP

The scientific objective of the research is to provide insight into the used MADM
techniques enhanced with interval type 2 fuzzy numbers (IT2FNs) and applied in solving
management and engineering problems. At the same time, the utilitarian objective of the
research is to provide answers on conducting MADM techniques steps regarding different
approaches and their execution considering the process of decision-making and
mathematical operations. In this way, scholars can think about different approaches to the
MADM steps execution in their future work. It is worth mentioning that this research is
scoped to papers containing hybrid MADM for modeling attributes” weights and values,
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determining weights and values, and their ranking. As denoted methods are used for 107
ranking, it should be noticed that other MADM mainly used for determining the 108

attributes' relative importance are analyzed in section 2.3 109
The motivation for this research comes from the fact the literature does not suggest 110
the answers to the following questions: 111
1) Which IT2FMADM techniques are being used frequently in (i) industrial 112
engineering, and (ii) computer science; 113
2)  Which characteristics of IT2FNs are mostly employed?; 114
3) Which method is mostly used for the aggregation of DMs’ assessment into unique 115
opinion?; 116

4)  Which type of study is executed on these IT2FMADM techniques (distance between 117
two IT2FNs; method of defuzzification, a method for comparison of IT2FNs, etc.)? 118
This paper provides a systematic survey that brings answers to the identified gap in 119
the literature. 120

2. Materials and Methods 121

It is known that fuzziness and vagueness in the relative importance of attributes and 122
their values exist in many MADM problems. Dealing with uncertainties by employing 123
T2FNs means making fewer assumptions during the decision-making process, so it 124
should lead to more realistic solutions to real-life decision-making problems. This can be 125
seen as a main advantage of T2FNs over T1FSs. On the other hand, employment of the 126
T2FSs brings the need of solving very complex mathematical calculations which is their 127
main shortcoming. 128

The majority of scholars employ interval type 2 triangular fuzzy numbers (IT2FNs) 129
and interval type 2 trapezoidal fuzzy numbers (IT2FTrFNs) [36,45]. Handling 130
uncertainties by using these IT2FNs demands less complex computational calculations 131
compared to IT2FNs of higher order. Generally, it may be said that there are no official 132
guidelines on how to choose the appropriate shape of membership functions and this 133
problem may be analyzed as a task itself. The same approach is valid for the rest of the 134
two IT2FNs’ characteristics — granularity and domain. The number of linguistic 135
expressions, that are used for describing the uncertainty, depends on the scale and the 136
complexity of the problem. In real decision-making problems, it is necessary to set the fine 137
gradation, in other words, it is necessary to use a larger number of linguistic expressions 138
that are used for defining the relative importance and values of alternatives. Many 139
scholars propose IT2FMADM techniques based on 3 or 5 linguistic expressions for 140
describing the attributes’ relative importance and more than 5 linguistic expressions for 141
describing alternatives’ value [21,56]. Almost all the research found in the referent 142
literature supports the definition of the IT2FNs’ domain on the set of real numbers with 143
different domains, as it is further explained. 144

Many scholars believe that when it comes to real decision-making problems [1] a 145
group of DMs should assess the attributes’ relative importance according to which the 146
assessment is brought, as well as their values. In this case, the assessment of attributes” 147
relative importance and their value is stated as a fuzzy group decision-making problem. 148
In situations where more DMs participate in the decision-making process, it is necessary 149
to aggregate their opinion in the unique assessment. The aggregation of DMs’ assessments 150
into the unique assessment can be given by using various aggregation operators. The 151
selection of the aggregation operator is based on an assumption of the DMs’ importance. 152

In the course of an easier understanding of the analyzed papers, firstly, the basic 153
considerations on type 2 fuzzy sets and arithmetic operations on IT2FNs are presented in 154
the next section. 155

2.1 Basic consideration of type 2 fuzzy sets 156
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In this section, a brief review of some definitions of type-2 fuzzy sets and IT2FSs 157

[74,75] is presented. 158

Definition 1. A type 2 fuzzy set, A in the universe of discourse X can be represented 159

by a type-2 membership function pz shown as follows: 160
A={(xu),nz(x w)|vx e X, vuej, € (0,1),0 < pz(x,u) < 1}, 2.1)

Definition 2. If X is a set of real numbers, then a type-2 fuzzy set and an interval type- 161
2 fuzzy set in X are called a type-2 fuzzy number and an interval type-2 fuzzy number, 162
respectively. 163
Definition 3. As trapezoidal fuzzy numbers are well known to the wider audience, it 164
is worth mentioning that triangular fuzzy numbers are their special case. It is the case 165
when there is just one modal value. While the upper membership function and lower 166

membership function of A are two triangular type-1 fuzzy numbers, then Aisreferred to 167

as a triangular interval type-2 fuzzy number, A = (AY, A*) so that: 168
A=(AY,AL) = ((a‘f. ay,a¥, ), (a}, a, a}, B)), (2.2)

where the lower and upper bound in the domain is denoted as ay,a§ respectively, 169

and a, a§ respectively. The modal values are a}, respectively, and a, respectively. The 170

values of the membership function are defined as (a, ) € [0,1]. 171

Definition 4. Let us consider two IT2TFNs, 4, and B 172

A=((aVaY,4, @), (ak, 25,25, B1)), B = (Y, bY, bY, @), (b, bk, bk, B,))  (2.3)

The arithmetic operations are introduced by Mendel [75]. The addition operation, 173
which is denoted as, A + B can be defined as: 174

Z‘ ﬁ _ (311J + by'alzj + bg' 313] +by; min(ay, ay), min(By, B)) 24
+b= L L ,L L L L. i : ’ (24)
(af + by, a5 + by, a5 + by; min(ay, a;), min(By, ;)
The subtraction operation, which is denoted as, A — B can be defined as: 175
5 5o ((a‘f — b3, a} — b3, a5 — bi;min(ay, ay), min(ﬂpﬂz))> 25)
(af — b, a3 — by, af — by min(ay, @,) , min(By, )) )’
The multiplication operation, which is denoted as, A - B can be defined as: 176
%.5 = (@ bY.ay - b, a8 - bY; min(ay, @), min(By, B2)) ok
- L.pL aL.pL gk . bL: mi : ’ ()
(a7 - by, az ,az * bz; min(ay, a;), min(By, 53))
The division operation, which is denoted as, A : B can be defined as: 177
5.5 <(a‘1J :by,ay : bY,ay : b‘f;min(al,az),min(ﬂl,ﬁz))> 27
(a]f : bL’ ali : bLl alf)-" : bL) min(a]_, az) ) min(ﬂlf ﬂZ)) ’

Definition 5. Let us discuss triangular interval type-2 fuzzy numbers, A, and crisp 178
value k: 179

k'X: (k'allj,k'alzj;k'ag;al); (2.8)
(k-akk-ab k-ak;B,) ) '
(1 1 1 )
_——'a
1 v’ v’ v’
(A) — a3 a2 al (2'9)

1 1 1 ’
aé'aé'ai'ﬂl

2.2. Determining the relative importance of attributes and their values 180
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This section is used for clarification of elements that are needed for determining the 181
relative importance of attributes and their values. This issue is scoped to the linguistic 182
expressions and basic features used for modeling type 2 fuzzy sets. Also, the different 183
approaches to defining the weights vector are discussed. As a part of activities needed for 184
determining the relative importance of attributes and their values, the fuzzy group 185
decision-making problem may be employed, so it is also discussed (see Table Al in 186
Appendix A1l). The grouping of data presented in table Al is based on the following. 187
Firstly, the features of IT2FNs are presented, then the aggregation procedures are denoted. 188
In the end, the proposed IT2FMADM techniques or proposed approaches for the 189
determination of attributes” weights vectors are presented. 190

It is worth mentioning that the fuzzy group decision-making problem is used for 191
determining criteria values, too (see Table A2 in Appendix A2). The grouping of data 192
presented in table A2 is taking into the account features of IT2FNs, and the aggregation 193

procedures. 194
The analysis of both tables from Appendix Al and Appendix A2 is presented in 195
section 3, Results and discussion of the research. 196
2.3. Determining of attributes’ weight 197
The weights vector of attributes can be determined by using the different approaches. 198

The activities needed for this are summarized in figure 1. 199
200

Pre-defined
__ linguistic expressions
"~ modelled by IT2FNs

DMs’ assessment

No
Fuzzy group decision making

Yes

Aggregation of __ The aggregation procedure
DMs’ assessment | with IT2FNs

! |

The fuzzy weights The fuzzy weights The fuzzy/crisp « Tllle proposed procedure
vector vector weights vector with IT2FNs

I

Defuzzification procedure The crisp weights

>

vector 201
Figure 1 - A flowchart of activities needed for determining attributes' weights 202
203

In many conducted research, the weights of attributes are based on using aggregation 204
operators, Delphi techniques, IT2FAHP, and IT2FBWM as it is presented in the next 205
sections. The flowchart starts with the DMs’ assessment whether it is a single decision- 206
making or group decision-making approach. If the research is based on group decision- 207
making, then three different paths are possible to be executed. First, scholars may decide 208
to continue with the fuzzy weights vector obtained by applying the different aggregation 209
procedures (e.g., fuzzy arithmetic mean, fuzzy geometric mean). The other option is to 210
perform the defuzzification procedure and continue with the crisp weights vector. The 211
third option is to perform the proposed procedure with IT2FNs (e.g., IT2FAHP, 212
IT2FBWM) and to continue with the fuzzy/crisp weights vector. 213

214
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2.3.1 The assessment in a direct way 215

A significant number of scholars suggest that is it appropriate to determine the 216
weights vector in a direct manner [19,26,27,34-36,39,42,45,46,49,59,68,70]. 217

In conventional MADM, the weights vector is given as normalized. Therefore, some 218
authors have performed the normalization of assessed attributes’ relative importance 219
[21,38,43,51,65] by using a linear normalization procedure. In this way, the weights of 220
attributes are described by IT2FNs. The normalized weights vector can be given [56] by 221
using the procedure for comparison of IT2FNs [74], so in this way, the weights of 222
attributes are described by crisp values. 223

Some scholars believe that obtaining the weights of attributes can be delivered 224
through the several rounds where DMs are making their assessment [60,67]. Hence, the 225
weights vector can be given by using the Delphi technique that is extended with IT2TFNs 226
[60,67]. 227

2.3.2 Interval Type 2 Fuzzy Analytical Hierarchy Process - [IT”2FAHP 228

A significant number of scholars think that DMs can make their assessment in a more 229
precise way if they analyze each pair of attributes by analogy to AHP [14]. In the literature, 230
there are many papers with the fuzzy pair-wise matrix of the attributes’ relative 231
importance described with IT2FNs [76]. It can be said that the fuzzy pair-wise comparison 232
matrix is consistent only if the appropriate pair-wise comparison matrix is consistent. That 233
is why many scholars have transformed the fuzzy pair-wise comparison matrix into a 234
corresponding pair-wise comparison matrix by using different defuzzification 235
procedures, such as (i) the center of area method [77], (ii) the proposed procedure by 236
Kahraman et al. [76], (iii) the proposed procedure by Debnath and Biswas [50]. In all of 237
the papers, the consistency check is determined by applying the eigenvector method by 238
analogy to the conventional AHP method [14]. The weights vector is given by application 239
of (i) synthetic analysis [78] extended with IT2TFNs and (ii) procedure based on the 240
employment of fuzzy geometric mean [76]. 241

2.3.3 Interval Type 2 Fuzzy Best Worst Method - IT2FBWM 242

In the treated scientific area, there are many papers where the determining of 243
attributes’” weights is based on IT2FBWM [55,57,69,72]. In IT2FBWM, all attributes are 244
compared regarding the best and worst items by using pre-defined linguistic expressions. 245
In this way, two fuzzy pair-wise comparison matrices, whose elements are IT2FNs, are 246
constructed. A fuzzy nonlinear optimization model to obtain the weights vector of 247
attributes is proposed, by analogy to the existing procedure [55]. The consistency level of 248
the comparisons can be calculated as defined [16]. It can be said that IT2FBWM is 249
somewhat similar to the IT2FAHP although many scholars think that IT2FBWM has 250
certain advantages compared to IT2FAHP [72]. This advantage [79] is manifold: (i) there 251
is less needed data compared to a full pairwise comparison matrix, and (ii) the obtained 252

results of the BWM application seem to be more consistent than those of the AHP. 253

The next section provides the analysis of the proposed IT2FMADMs which are 254
denoted in table 2 into defined categories [4]. 255
2.4 Analysis of Ranking Multi-Atrubutive Decision-Making methods 256

The analyzed methods are joined together based on the criteria proved by [4]. Those 257
groups are (1) The utility-based IT2FMADM, (2) The outranking IT2FMADM, (3) The 258

compromise IT2FMADM, and (4) The other IT2FMADM. 259
260

The utility-based IT2FMADM 261
2.4.1 Interval Type 2 Fuzzy Additive Ratio ASsessment - IT2FARAS 262

While applying IT2FARAS in the scope of research [68], the weighted normalized 263
fuzzy decision matrix can be constructed by using a linear normalization procedure [74] 264
and fuzzy algebra rules [75]. The optimality function of benefit/cost attributes as well as 265
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the utility degree of benefit/cost attributes can be calculated by using the proposed 266
formula in conventional ARAS which is enhanced with fuzzy operations. By using the 267
defuzzification procedure proposed by [76] the crisp values of the utility degree of 268
benefit/cost attributes can be given. In the mentioned research, the rank of considered 269
attributes is given by using the normalized appraisal score. 270

2.4.2 Interval Type 2 Fuzzy Multi-Objective Optimization on the basis of Ratio Analysis - 271
IT2FMOORA (IT2FMULTIMOORA) 272

The method IT2FMOORA is employed to evaluate financial service performance [53]. 273
In the mentioned research, the fuzzy decision matrix is constructed, and by applying the 274
defuzzification procedure [74], the fuzzy decision matrix is transformed into a decision 275
matrix. The normalized decision matrix is given by using a vector normalization 276
procedure [80]. The rank of alternatives is obtained by using the procedure proposed in 277
conventional MOORA. The method IT2FMULTIMOORA is employed for the selection of 278
a manager for the research and development department in a telecommunication 279
company [28]. In the presented research, the elements of the decision fuzzy matrix are set 280
through a weighted geometric average operator. The normalized fuzzy decision matrix is 281
obtained by applying the linear normalization procedure. The fuzzy positive and fuzzy 282
negative ideal solution is determined according to the veto concept. The rank of 283
alternatives is based on conventional MULTIMOORA combined with fuzzy algebra rules. 284

2.4.3 Interval Type 2 Fuzzy ,,An acronym in Portuguese for interactive and multi-criteria 285
decision-making” - [IT2FTODIM 286

IT2FTODIM is employed for the different problems in the treated scientific area 287
[39,43,51,65,69]. While applying the IT2FTODIM, the normalized decision matrix can be 288
obtained by using: (i) the procedure proposed by Chen and Lee, [74] in [39,69], (ii) the 289
linear normalization procedure enhanced with IT2FNs [65]. The weighted normalized 290
fuzzy decision matrix can be given by using fuzzy algebra rules [69]. In the research 291
presented by Meng et al. [51], the weighted fuzzy decision matrix is constructed by using 292
fuzzy algebra rules. It is assumed that in the course of decreasing the calculation 293
complexity, it is necessary to transform the fuzzy decision matrix into a decision matrix 294
[69]. The dominance degree can be determined according to the procedure proposed in 295
conventional TODIM. Also, the dominance degree of each alternative can be determined 296
by applying the proposed distance measure between two IT2FNs [39]. In the research 297
presented by Qin et al. [43], the dominance degree of each alternative is based on a new 298
distance measure proposed in this function. The dominance degree and the of each 299
alternative can be based on distance [43]. The calculation of the Euclidean distance 300

between two IT2FNs [70] is applied by Mirnezami et al. [65]. 301

In all analyzed papers, the overall dominance degree of each alternative is obtained 302
according to the procedure proposed in conventional TODIM. 303
2.4.4 Interval Type 2 Fuzzy Analytical Hierarchy Process - IT2FAHP 304

IT2FAHP is employed for solving different problems in engineering and 305
management [50,73]. In the mentioned research, the rank of alternatives is determined by 306
the procedure proposed by Kahraman et al. [76]. Other research based on the AHP 307

framework [54] employs IT2FAHPSort II for the ranking of green suppliers. 308
309
The outranking IT2FMADM 310

2.4.5 Interval Type 2 Fuzzy Elimination et Choix Traduisant la Realité - IT2FELECTRE 311

IT2FELECTRE is used in several papers [26,40,48,60]. In the mentioned research, the 312
fuzzy weighted decision matrix can be constructed by respecting fuzzy algebra [26,48]. 313
The weighted normalized fuzzy decision matrix can be obtained by using a linear 314
normalization procedure [74] and fuzzy algebra rules [40,60]. By applying the 315
defuzzification procedure [74], the fuzzy decision matrix can be transformed into a 316
decision matrix. Determining the concordance and dis-concordance sets is based on the 317
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procedure proposed in conventional ELECTRE: (i) a-based distance method [81] in [48], 318
(ii) distance between two (IT2FNs) in [23] and (iii) the procedure proposed in conventional 319
ELECTREE [40,60]. In all of the analyzed papers, the concordance dominance matrix is 320
constructed similarly just as in conventional ELECTRE. Also, the rank of alternatives is 321

based on the dis-concordance dominance matrix. 322
323

The compromise IT2FMADM 324
2.4.6 Interval Type 2 Fuzzy Complex Proportional Assessment - IT2FCOPRAS 325

Several papers have proposed the IT2FCOPRAS method for obtaining the solution 326
to the treated problem [29,52]. In all of the mentioned papers, the weighted fuzzy decision 327
matrix is constructed by using fuzzy algebra rules [75]. In the research presented by 328
Ghorabaee et al. [29], the fuzzy optimality function of benefit/cost attributes is 329
determined. Their crisp values are given by using the defuzzification procedure proposed 330
by Kahraman et al. [76]. In the research presented by Puri¢ et al. [52], the fuzzy decision 331
matrix is transformed into a decision matrix by using the defuzzification procedure [76]. 332
In all of the presented papers, the rank of alternative is given according to the procedure 333

in conventional COPRAS. 334
2.4.7 Interval Type 2 Fuzzy Multi-attributive border approximation area comparison 335
method - IT2FMABAC 336

This method is employed in several papers [58,71]. The aggregated fuzzy decision 337
matrix is considered by Komatina et al. [71] where the aggregation of attribute values is 338
performed by using the Order Averaging operator extended with IT2TFNs [82]. The fuzzy 339
decision matrix is stated in the other analyzed paper [58]. In both papers, the weighted 340
no-aggregated/aggregated normalized decision matrix is given by using the procedure 341
proposed by Chen and Lee [74] and the fuzzy algebra rules [75]. Also, the border 342

approximation area matrix (BAA) is given by applying a fuzzy geometric mean [58,71]. 343
Dorfeshan and Mousavi [58] have transformed the fuzzy decision matrix into the 344
decision matrix by using the defuzzification procedure given by Kahraman et al. [76]. 345

Komatina et al. [71] have proposed the determination of belonging to BAA areas 346
based on their procedure. In this case, criteria function values for each supplier are 347
determined by using Euclidean distance and fuzzy algebra rules [71]. The rank of 348

suppliers is given by analogy to the procedure of conventional MABAC. 349
2.4.8 Interval Type 2 Fuzzy Technique for Order Preference by Similarity to Ideal 350
Solution - IT2FTOPSIS 351

As the TOPSIS method is widely used, IT2FTOPSIS has also been employed many 352
times for finding an appropriate solution to research problems. While applying 353
IT2FTOPSIS, the normalized fuzzy decision matrix can be given by using: (i) the linear 354
normalization procedure extended with IT2FNs [38], (ii) the linear normalization 355
procedure [74] in [27,35,45,57,59,61,64,66,67,70], (iii) center area method in [32]. 356

Fuzzy Positive Ideal Solution (FPIS) and Fuzzy Negative Ideal Solution (FNIS) can 357
be determined: (i) by the applied procedure [83] in [61,67,70], and (ii) by the veto concept 358
[56,66]. For a similar purpose, Yang et al. [61] employed the distance proposed in Chen 359
[84] and Liu and Jin [85]. Euclidean distance between two IT2TENs is applied in Komatina 360
et al. [67]. 361

According to mentioned authors’ suggestions, the weighted normalized fuzzy 362
decision = matrix [38] and the  weighted  fuzzy  decision  matrix 363
[20,21,27,34,37,42,44,45,57,59,66,70] can be given by using fuzzy algebra rules. 364

To decrease the scope of calculations, some authors believe that it is necessary to 365
transform the fuzzy decision matrix into a decision matrix. This transformation can be 366
applied by employing the defuzzification procedures: (i) proposed by Kahraman et al. [76] 367
in [20,38,64], (ii) the center area method [32], (iii) proposed by Lee and Chen [86] in 368
[21,30,34,37,42,44-46,59,62,63]. 369
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The closeness coefficient can be determined by using Hamming distance [46]. 370
Determining the closeness coefficient can be: (i) based on the a-level [87] in [70], (ii) based 371
on on the a-level [81] in [35], (iii) procedure proposed in conventional TOPSIS extended 372
with IT2TrFNs and defuzzification procedure [76], (iv) similarity measures [66]. 373

In the rest of the analyzed research, the authors suggest the employment of Euclidean 374
distance. The rank of the alternative is determined according to the values of the closeness 375
coefficient. 376

2.4.9 Interval Type 2 Fuzzy Vlekriterijumsko KOmpromisno Rangiranje - IT2FVIKOR 377

The method IT2FVIKOR has been used several times in the treated scientific area. 378
While performing the calculations based on IT2FVIKOR, the normalized fuzzy decision 379
matrix can be given by using the procedure proposed by Chen and Lee [74] in [72]. In this 380
case, the weighted normalized fuzzy decision matrix is constructed by applying the fuzzy 381
algebra rules. 382

Determining FPIS and FNIS can be based on the veto concept [72]. Respecting the 383
procedure proposed by Kuo and Liang [83], FPIS and FNIS are determined in delivered 384
research [19,47,55]. Another procedure for determining FPIS and ENIS is introduced by 385
Ghorabaee et al. [36], so it is based on the previously defined procedure [83]. 386

The group utility value can be calculated by using the proposed procedure extended 387
with IT2FNs [72]. The distance developed by Chen and Lee, [74] is used for determining 388
the minimum individual regret value. 389

According to Ghorabaee et al. [19] and Ghorabaee et al. [36], the group utility value 390
and minimum individual regret can be determined by applying the procedure proposed 391
in conventional VIKOR extended with IT2TrFNs. Also, there is an assumption introduced 392
by Qin et al. [35] that the group utility value and minimum individual regret can be 393
determined by applying the defined procedure [88]. Soner et al. [47] have determined the 394
group utility value and minimum individual regret by the proposed distance measures. 395

The rank of alternative is given according to the fuzzy VIKOR index by combining 396
MADM and IT2FNs [74] by Ghorabaee et al. [19]. The rank of alternative is given 397

according to the crisp VIKOR index in the rest of the analyzed papers. 398
The compromise solution is given by using the procedure proposed in conventional 399
VIKOR combining two conditions [35,55,72]. 400
401

The other IT2FMADM 402
2.4.10 Interval Type 2 Fuzzy Weighted Aggregated Sum Product Assessment - 403
IT2FWASPAS 404

Two papers have proposed the application of the IT”2FWASPAS method [41,49]. In 405
the mentioned research [49], the normalized fuzzy decision matrix is constructed 406
according to the procedure proposed by Chen and Lee [74]. On the other hand, Ghorabaee 407
et al. [41] have used the linear normalization procedure. WSM measures are used for 408
determining attributes” rank [41,49], and corresponding scalar values of WSM measures 409

are obtained by using the procedure proposed in [41]. 410
2.4.11 Interval Type 2 Fuzzy Decision-Making Trial and Evaluation Laboratory - 411
IT2FDEMATEL 412

One research paper has proposed the application of the IT2FDEMATEL method [33]. 413
The rank of alternatives is obtained through the conventional DEMATEL procedure 414
enhanced with the IT2TrFNs. 415

3. Results and discussion of the research 416

The first part of the discussion is appointed to the comparative analysis of the treated 417
IT2FMADM techniques. Having in mind the classification given by [5], the pairwise 418
comparison IT2FMADM and all other IT2FMADM can be compared. 419
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The pairwise comparison IT2FMADM (e.g., IT2FAHP, IT2FBWM) employs the 420
relative importance of the attributes which represent the element of the decision matrix. 421
All other MADM techniques support obtaining the values of the attributes by the DMs’ 422
assessment or through the evidence data, resulting in fuzzy values or crisp values. 423

If utility-based IT2FMADM techniques (e.g., IT2FCOPRAS) are compared to all other 424
IT2FMADM techniques, it may be considered that their main advantage is decreased 425
complexity of calculations needed for the normalization of data. Their main disadvantage 426
is that in the process of alternatives’ ranking, the type of the attribute must be considered 427
carefully since there are going to be distinguished as cost and benefit types. 428

If outranking-based IT2FMADM techniques (e.g., IT2FTODIM, IT2FELECTRE) are 429
compared to distance-based IT2FMADM techniques (e.g., TOPSIS, VIKOR), it may be 430
considered that their main advantage is decreased complexity of calculations needed for 431
obtaining the rank of alternatives. On the other hand, the employment of distance-based 432
IT2FMADM techniques has an advantage over the employment of outranking-based 433
IT2FMADM techniques in terms of obtaining a compromise solution. 434

It should be noticed that the mentioned IT2FMADM techniques are developed on 435
different mathematical foundations, so it makes their comparative analysis very complex. 436
Their application can be determined by the domain of interest and the preferences of 437
scholars. Analysis and discussion of the proposed research are scoped to the following 438
criteria: (1) the analysis of the number of DMs participating in the delivered research 439
(figure 1 and figure 2); (2) the features of IT2FNs used for modeling the relative 440
importance of attributes as well as their values (figure 3, figure 4, figure 5, and figure 6); 441
(3) The frequency of IT2FMADM for determining the attributes weights’ vector (figure 7); 442
(4) The frequency of IT2FMADM for determining the rank of alternatives (figure 8). The 443
analyzed characteristics are granulation and the domain of IT2FNs. The shape of the 444
membership function is not discussed since many authors have employed the trapezoidal 445
membership function. 446

The domain of the analyzed research is scoped to the areas of engineering and 447
management. Figure 1 provides insight into how the decision-making process within the 448
research for describing the relative importance of the attributes has been conducted. 449
Similarly, figure 2 explains how the decision-making process within the research for 450

describing the attributes” values. 451
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Figure 1. The decision-making process within the research for describing the relative importance of ~ 453
the attributes 454

Figure 1 indicates that the problem of determining the relative importance of the 455
attributes is set as a single decision-making problem. From the analytical perspective, it 456
should be noticed that this approach includes reaching a consensus while there are more 457
DMs. This is suitable when there are some rules on how to make an assessment in 458
compliance with described guidelines. As a significant number of engineering and 459
management problems do not have clearly described assessment guidelines, it is 460
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appropriate to use a group decision-making approach to obtain a more precise 461
assessment. Everyday business operations are exposed to increasing complexity and 462
uncertainty which applies to different industries, so companies strive to develop 463
managers and decision-makers to overcome difficulties. However, due to resource 464
scarcity and organizational culture, it is not always possible to have senior managers that 465
are oriented to group thinking and sharing responsibility. Also, the individual decision- 466
making process is less complex from a mathematical point of view and can be executed 467
more efficiently compared to group decision making which, in practice, demands more 468
time for collecting input data. 469

The problems in engineering and management often exist in the presence of 470
uncertainty due to changes in the business, organizational structure, and market 471
conditions. As is shown in Figure 2, while assessing attributes’” values, it is expected that 472
more research is conducted through the single decision-making approach. 473

30
25
20
15
10

5

0

Frequency of occurrence

single decision making group decision making
The approach for describing the values of the attributes

474

Figure 2. The decision-making process within the research for describing the attributes’ values 475

The further analysis is oriented to the granulation of linguistic expressions used for 476
describing the relative importance of the attributes (figure 3) and the attributes” value 477

(figure 4). 478
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Figure 3. Granulation of linguistic expressions for describing the relative importance of the 480
attributes 481

The granulation is associated with the size of the treated problem. While problems 482
that include a lower number of attributes can be described by using at least 3 linguistic ~ 483
expressions, large-scale problems may employ more linguistic expressions. The 484
engineering and management research analysis shows that problems with a larger 485
number of attributes indicate the employment of 9 expressions. The majority of 486
researchers, however, have employed 5 or 7 expressions believing that these numbers 487
would be suitable. 488
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Figure 4. Granulation of linguistic expressions for describing the attributes’ value 490

Figure 4 explains the frequency of usage of 5, 7, or 9 linguistic expressions for 491
determining the attributes’ value. The selection of the appropriate number of expressions 492
can be described in a similar way that is analyzed in determining the relative importance 493
of the attributes. It is easy to see that many authors propose 7 linguistic expressions for 494
determining attributes” value. It is worth mentioning that some authors have employed 495
more linguistic expressions for describing uncertainties in attributes’ values [52,56]. It may 496

be used as a reference for further research. 497
Figure 5 and Figure 6 present the applied domains within the research for describing 498
the relative importance of the attributes, and attributes’ value, respectively. 499
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Figure 5. The domains applied within the research for describing the relative importance of the 501
attributes 502

Determining the domain applied within the research for describing the relative 503
importance of the attributes, and the attributes” value can be set as a task itself. 504

The analysis of Figure 5 and Figure 6 clearly shows that many authors propose the domainon 505
an interval between 0 and 1. It is expected since the employment of this domain decreases the 506
calculation complexity in determining the weights’ vector of treated attributes and there isnoneed 507
to conduct the normalization procedure of the fuzzy decision matrix. On the other hand, some 508
methods, such as IT2FAHP and IT2FBWM do not support the employment of the domain 509
between 0 and 1. This represents the main constraint of the analyzed domain. 510



Mathematics 2023, 11, x FOR PEER REVIEW 15 of 27

35
3
S 30
2 25
3 20
O 15
2 10
S 5
- | N —_—
o
2 [0-1] [0-10] [1-9] [1-10] [3-15]
The domains of IT2FNs for modeling the values of the attributes
511
Figure 6. The domains applied within the research for describing the attributes’ value 512

The methods used for determining the attributes' weights vector are presented in 513
Figure 7. Due to MADM's suitability for the named purpose, many authors employ 514
IT2FAHP and IT2FBWM to determine the attributes' weights vector. IT2FAHP is a well- 515
known method, and it can be smoothly applied while the attributes have a hierarchical 516
structure. The main lack of this method is the need for obtaining well-defined input data 517
in matrix shape if the treated problem is large scale. That practically means that the 518
decision-maker could be fully loaded, and his/her focus could be questioned. This is 519
related to the consistency of the assessment. Obtaining input data for the IT2FBWM isless 520
complex compared to the IT2FAHP. On the other hand, IT2FBWM implies the need for 521
more complex calculations compared to IT2FAHP. 522
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Figure 7. The methods used for determining the attributes' weights vector 524

The majority of authors use different fuzzy operators for determining the attributes' 525
weights vector (figure 7). The advantage of this approach can be explained since the 526
complexity of calculations is significantly decreased compared to IT2FBWM and 527
IT2FAHP. According to the authors’ opinion, the main lack of applying fuzzy operators 528
could be a slightly decreased preciseness of the assessment compared to the named 529
MADM methods. 530

Figure 8 denotes the frequency of methods’ appearances in the executed research 531
presented in Table 2. 532
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Figure 8. A brief explanation of the usage of IT2FMADM techniques 534

Figure 8 denotes the frequency of IT2FMADM for determining the rank of 535
alternatives in the domain of engineering and management from 2013 to 2023 according 536
to the Springer, Science Direct, Emerald, Wiley, ProQuest, Taylor, and Francis platforms. 537
It is easy to see that IT2FTOPSIS has been used most frequently. 538

Each of the analyzed MDM is employed on a different mathematical foundation. So 539
it is inappropriate to compare the results delivered by their calculations. The proposed 540
analysis cannot tell if IT2FTOPSIS is the most suitable for the application in the presented 541
domain. Future research could confirm or dispute that. 542

5. Conclusions 543

The starting point of this research is an intention to provide insight into research in 544
the field of MADM encompassing the application of IT2 fuzzy sets in the domain of 545
engineering and management within the period between 2013 and 2023. If compared to 546
papers of authors that have performed reviews of MADM applications in the field of 547
management, the following may be stated. While Mardani et al. [1] have conducted the 548
review on two decades from 1994 to 2014, this research covers the decade between 2013 549
and 2022. Mardani et al. [1] have covered a similar field of MADM application in terms of 550
management and business emphasizing the employment of conventional MADM 551
techniques and MADM techniques enhanced with type 1 fuzzy sets. The focus of the 552
review [1] was to present the frequency of occurrence of each MADM technique and the 553
trend of technique application. Celik et al. [22] conducted a review of papers employing 554
IT2FMADM techniques between 2007 and 2015 embracing different application domains. 555
This research [22] proposed the frequency of occurrence of each MCDM and the trend of 556
their application. Compared to the mentioned review papers [1,22], our research sets focus 557
on the analysis of IT2FNs features used for modeling the relative importance and values 558
of the attributes, as well as the application frequency IT2FMADM techniques. 559

The main contribution of the research to the literature may be summarized as follows: 560
(1) it determines the two-stage MADM techniques that have been integrated with IT2FNs; 561
(2) it represents two application areas, engineering, and management; (3) the trend in 562
research of IT2FMADM will stay stable remain in the future, (4) within the presented 563
research, the sample of 41 papers, in the treated areas, is analyzed according to the 564
following features: (i) the membership function shapes, (ii) the granulation, (iii) the 565
domains of IT2FNs, (5) the frequency of IT2FADM employed for ranking the attributes’ 566
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weights, as well as the frequency of IT2FADM employed for determining the alternatives 567
rank, is analyzed. 568

Theoretical implications of the research are oriented to the exploitation of results 569
within future research in this application. Different authors will have a kind of 570
recommendations on how to determine the relative importance and values of attributes 571
in different engineering and management problems. 572

The main constraint of the research is the size of the sample since papers are derived 573
from the search covering Springer, Science Direct, Emerald, Wiley, ProQuest, Taylor, and 574
Francis research platforms. Future research should expand the search and cover more 575
different scientific databases. Also, future research should cover the research different 576
domains of IT2FADM and compare them with the obtained data. Bearing in mind the 577
number of papers in the previous decade per year, it may be concluded that there is an 578
ongoing trend that the number of research papers employing IT2FMADM is increasing. 579
The research hotspots in the domain are oriented to sustainability and risk management, 580
while industrial applications are oriented to industrial engineering applications. 581
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Appendix A1

Table A1. The linguistic expressions and corresponding of IT2FNs and their feature which are used
to describe the relative importance of attributes

Authors Type of  Granulation/ The aggregation = The determination of attribute weights
IT2FNs The domain operators
Celik et al. [27] IT2TrFN 5/[0-10] Fuzzy arithmetic mean Fuzzy weights vector
BaleZentis and Zeng  IT2TrFN 9/[0-1] - Crisp weights vector
[28]
Chen and Hong [30]  IT2TrFN 7/[0-1] Method for comparison Weight attributed to the largest
of IT2FNS combined variable/Crisp weights vector
with arithmetic mean
Ghorabaee et al. [29]  IT2TrFN 7/[0-1] Fuzzy arithmetic mean Fuzzy weights vector
Abdullah and Zulkifli TrFN 9/[1-9] - FAHP and fuzzy geometric
[33] mean/defuzzification are performed by
using the centroid defuzzification
method [89]/crisp weights vector
Ghorabaee [19] IT2TrFN 7/[0-1] Fuzzy arithmetic mean Fuzzy weights vector
Kilic and Kaya [32] IT2TrFN 5/[1-9] IT2FAHP and fuzzy geometric
mean/defuzzification are performed by
using the center of area method
[77]/crisp weights vector
Cebi and Otay [34] IT2TrFN 7/[0-1] Fuzzy arithmetic mean Fuzzy weights vector
Qin et al. [31] IT2TEN 5/[0-10] - Fuzzy weights vector
Qin et al. [43] IT2TrFN 7/[0-10] type 2 fuzzy weighted KM algorithm [90]
aggregation method
Ozkan et al. [37] IT2TrFN 5/[1-9] IT2FAHP and fuzzy geometric
mean/aggregation performed by using
fuzzy arithmetic mean/fuzzy weights
vector
Liao [38] IT2TrFN 5/[0-1] - Fuzzy weights vector
Sang and Liu [39] crisp Crisp weights vector
Ghorabaee et al. [36]  IT2TrFN 7/[0-1] Fuzzy arithmetic mean Fuzzy weights vector
Qin et al. [35] IT2TrFN 7/[0-10] - Fuzzy weights vector
Ghorabaee et al. [41]  IT2TrFN 7/[0-1] Entropy method/fuzzy weights vector
Celik et al. [40] IT2TrFN 7/[0-10] Fuzzy arithmetic mean -
Buyoukozkan [42] IT2TrFN 7/[0-1] Fuzzy arithmetic mean Fuzzy weights vector
Gorener et al. [44] IT2TrFN 5/[1-9] - IT2FAHP and fuzzy geometric
mean/fuzzy weights vector
Deveci et al. [45] IT2TrFN 7/[0-1] Fuzzy arithmetic mean Fuzzy weights vector
Mousakhani [46] IT2TrFN 7/[0-1] Fuzzy geometric mean Fuzzy weights vector
Soner et al. [47] IT2TrFN 9/[1-10] IT2FAHP and fuzzy geometric
mean/fuzzy weights vector
Zhong and Yao [48] IT2TrFN 7/[0-1] - The information entropy/crisp weights
vector
Deveci et al. [49] IT2TrFN 5/[0-10] Fuzzy arithmetic mean Fuzzy weights vector
Celik and Akyuz [20] IT2TrFN 9/[1-10] - IT2FAHP and fuzzy geometric

mean/defuzzification procedure
[76]/crisp weights vector

591

592
593
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Authors Type of  Granulation/ The aggregation = The determination of attribute weights
IT2FNs The domain operators
Debnath and Biswas IT2TrFN 5/[1-9] - IT2FAHP and fuzzy geometric mean/
[50] the proposed defuzzification
procedure/fuzzy weights vector
Meng et al. [51] IT2TrFEN 7/[0-1] The linear normalization procedure
Xu et al. [54] crisp / / AHP/crisp vector weights
Dinger et al. [53] IT2TrFN 7/[0-1] - IT2DEMATEL combined with IT2FANP
and defuzzification procedure [76]/crisp
weights vector
Wu et al. [55] IT2TrFEN 9/[1-9] - IT2FBWM and fuzzy geometric mean
and defuzzification by using the
centroid area method [91]
Aleksic et al. [56] IT2TrFN 3/[1-5] Fuzzy averaging mean Ranking of IT2FNs[74]/crisp weights
vector
Yucesan et al. [57] BWM/crisp weights vector
Duric et al. [52] IT2TrFN 3/[1-5] IT2FAHP and fuzzy geometric
mean/fuzzy weights vector
Dorfeshan and IT2TrFNs 7/[0-1] IT2FWASPAS/crisp weights vector
Mousavi [58]
Bera et al. [59] IT2TrFN 7/[0-1] - Fuzzy weights vector
Mohamadghasemi et al. (GIT2FN) 7/[3-15] - crisp weights vector
[26]

Ayyildiz et al. [60] IT2TrFN 9/[1-10] - IT2FAHP and fuzzy geometric
mean/defuzzification procedure/linear
normalization procedure/crisp weights

vector
Kiraci and Akan [21]  IT2TrFN 5/[1-9] IT2FAHP and fuzzy geometric mean/
defuzzification are performed by using
the center of area method[77]/arithmetic
mean/crisp weights vector
Pourmand et al. [62]  IT2TrEN 7/[0-1] - IT2FTOPSIS combined with the ranking
of IT2FNs [74] and linear normalization
procedure/Crisp weights vector
Ozdemir and Uskiidar ~IT2TrFN 5/[1-9] - IT2FAHP and fuzzy geometric
[63] mean/fuzzy weights vector
Deveci et al. [64] IT2TEN 7/[0-1] Fuzzy arithmetic mean Fuzzy weights vector
Mirnezami et al. [65] - -
Komatina et al. [67] IT2TEN 9/[0-1] - IT2FDelphi technique
Karagoz et al. [68] IT2TFN 7/[0-1] Fuzzy arithmetic mean Fuzzy weights vector
Kaya and Aycin [92]  IT2TrFN 5/[1-9] IT2FAHP and fuzzy geometric
mean/fuzzy weights vector
Celik et al. [69] IT2TrFN 9/[1-10] IT2FBWM based on [55]/fuzzy weights
vector
Zhang et al. [70] IT2TrFN 5/[0-10] Fuzzy arithmetic mean Fuzzy weights vector
Sharaf [66] IT2TrFN 7/[0-1] Fuzzy arithmetic mean Fuzzy weights vector

Komatina et al. [71] IT2TEN 5/[1-9] IT2FAHP and fuzzy geometric

mean/fuzzy weights vector

Aleksi¢ et al. [72] IT2TEN 6/[1-9] Geometric mean IT2FBWM [55]
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Authors Type of  Granulation/ The aggregation = The determination of attribute weights
IT2FNs The domain operators
Ecer [73] IT2TEN 5/[1-9] - IT2FAHP and fuzzy geometric

mean/fuzzy weights vector

Appendix A2

Table A2. The determining attributes’ values
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595

596

Authors Type of IT2FNs Granulation/ The The aggregation operators
domain
Celik et al. (2013) [27] IT2TrFN 5/[0-10] Fuzzy arithmetic mean
BaleZentis and Zeng (2013) [28] IT2TrFN 9/[0-1] The weighted geometric average
operator
Chen and Hong (2014) [30] IT2TrFN 7/[0-10] Fuzzy arithmetic mean
Ghorabaee et al. (2014) [29] IT2TrEN 7/[0-10] Fuzzy arithmetic mean
Abdullah and Zulkifli (2015) [33] IT2TrFN 5/[0-1] -
Cebi and Otay (2015) [34] IT2TrEN 7/[0-10] Fuzzy arithmetic mean
Qin et al. (2015) [31] IT2TrFN 7/[0-1] -
Ghorabaee et al. (2016)[19] IT2TrFN 7/[0-1] Fuzzy arithmetic mean
Kilic and Kaya (2015) [32] IT2TrFN 7/[0-1] Fuzzy arithmetic mean
Ozkan et al. (2015) [37] IT2TrEN 5/[1-9] Fuzzy arithmetic mean
Liao (2015) [38] IT2TrFN 5/[0-1] -
Sang and Liu (2015) [39] IT2TrFN 7/[0-1] Fuzzy arithmetic mean
Qin et al. (2015) [35] IT2TrEN 5/[0-10]
Ghorabaee et al. (2015) [36] IT2TrEN 7/[0-1] Fuzzy arithmetic mean
Ghorabaee et al. (2016) [41] IT2TrFN 7/[0-1] Fuzzy arithmetic mean
Buyoukozkan (2016) [42] IT2TrEN 7/[0-1] fuzzy arithmetic mean
Celik et al (2016) [40] IT2TrEN 7/[1-10] Fuzzy arithmetic mean
Qin et al. (2017) [43] TrFN 7/[0-1] -
Soner et al. (2017) [47] IT2TrFN 7/[0-10] Fuzzy arithmetic mean
Deveci et al. (2017) [45] IT2TrEN 7/[0-10] Fuzzy arithmetic mean
Gorener et al. (2017) [44] IT2TrFN 7/[0-1] Fuzzy arithmetic mean
Zhong and Yao (2017) [48] IT2TrFN 7/[0-1] -
Mousakhani (2017) [46] IT2TrEN 7/[0-10] Fuzzy geometric mean
Debnath and Biswas (2018) [50] IT2TrFN 5/[1-9] -
Celik and Akyuz (2018) [20] IT2TrFN 7/[0-1] -
Deveci et al. (2018) [49] IT2TrFN 9/[0-10] Fuzzy arithmetic mean
Meng et al. (2019) [51] IT2TrFN 7/[0-1] -
Dinger et al. (2019) [53] IT2TrFN 7/[0-1] Fuzzy arithmetic mean
Xu et al. (2019) [54] IT2TrFN 5/[0-1] -
Yucesan et al. (2019) [57] IT2TrFN -/[0-1] Fuzzy arithmetic mean
Aleksic et al. (2019) [56] IT2TrFN 7/[0-1] and 5/[0-1] -
Duric et al (2019) [52] IT2TrFN 5/[0-1] and 7/[0-1] -
Wu et al. (2019) [55] IT2TrFN 7/[0-10] The interval typ2 2 fuzzy weighted
average operator
Dorfeshan and Mousavi, 2020 [58] IT2TrFN 7/[0-1] -
Bera et al. (2020) [59] IT2TrFN 7/[0-1] Fuzzy arithmetic mean
Mohamadghasemi et al. (2020) [26] GIT2EN 7/[3-15] -

Ayyildiz et al. (2020) [60] IT2TrFN 9/[1-10]

Fuzzy arithmetic mean
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domain
Kiraci and Akan (2020) [21] IT2TrFN 7/[0-1] Fuzzy arithmetic mean
Pourmand et al. (2020) [62] IT2TrFN 7/[0-1] -
Ozdemir and Uskiidar (2020) [63] IT2TrFN 7/[0-1] Fuzzy arithmetic mean
Deveci et al. (2020) [64] IT2TEN 7/[0-10] -
Mirnezami et al. (2021) [65] IT2TrFN 7/[0-1] -
Sharaf, (2021) [66] IT2TrFN 7/[0-1] -
Zhang et al. (2022) [70] IT2TrFN 5/[0-10]
Komatina et al. (2021) [67] IT2TEN 7/[1-9] -
Karagoz et al. (2021) [68] IT2TEN 7/[1-10] Fuzzy arithmetic mean
Kaya and Aycin (2021)[92] 7/[0-10] -
Celik et al. (2021) [69] IT2TrFN 9/[1-10] -
Komatina et al. (2022) [71] IT2TFN 7/[1-9] -
Aleksic et al. (2022) [72] IT2TFN 5/[1-10]
Ecer, F. (2022) [73] IT2TEN 5/[1-9] -
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