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Abstract

In this study, we present an integrated method of Analytical Hierarchy
Process based on interval type-2 fuzzy sets (IT2FAHP) and Technique
for Order Performance by Similarity to Ideal Solution based on on inter-
val type-2 fuzzy sets (IT2FTOPSIS). The applicability of the proposed
integrated method was performed on a case study of evaluation of life
quality for 28 European Union Countries and other six countries, Ice-
land, Macedonia, Montenegro, Serbia, Turkey and Kosovo, in terms of
30 subjective criteria. The weights of the criteria were computed by
IT2FAHP and the ranking of life quality for considered countries was
constituted by IT2FTOPSIS. Furthermore, the rankings were obtained
by using AHP and TOPSIS methods under crisp/ fuzzy environment
to show performance of the proposed method.
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1. Introduction

Multi criteria decision making (MCDM) is an evaluation process and it has been
widely used by several researchers and practitioners. MCDM methods have been applied
for evaluating and ranking of alternatives under conflicting criteria with respect to sub-
jective judgements of decision makers (DMs). Since classical MCDM methods cannot
deal with imprecise and vagueness information in the decision making process, many
fuzzy MCDM methods based on fuzzy sets (also known as type-1 fuzzy sets) proposed by
Zadeh [30], have been presented: Fuzzy AHP (Van Laarhoven and Pedrycz [26], Buckley
[4], Chang [5]), Fuzzy TOPSIS (Triantaphyllou and Lin [25], Hwang and Yoon [15], Chen
[6], Wang and Elhag [28], Ashtiani et al. [2]), Fuzzy VIKOR (Park et al. [22], Wan et al.
[27]), Fuzzy COPRAS (Zavadskas and Antucheviciene [32], Yazdani et al. [29]), Fuzzy
PROMETHEE (Chen et al. [12], Goumas and Lygerou [14]), and etc.

However, mentioned Fuzzy MCDM methods are unable to handle high complexity
and vagueness. Type-2 fuzzy sets (T2Fs), characterized by a fuzzy membership func-
tion, are introduced by Zadeh [31] as an extension of type-1 fuzzy sets (T1Fs) to better
represent the uncertainty of the real world. In practical applications, usage of T2Fs
are limited because of the computational complexity. Thus, interval type-2 fuzzy sets
(IT2Fs), as a special case of type-2 fuzzy sets, have been widely used. Recently, many
fuzzy methods based on IT2Fs have been presented for MCDM problem in literature.
Chen and Lee [7] presented an IT2FTOPSIS method to handle fuzzy multiple attributes
group decision-making problems based on IT2Fs. Nasab and Malkhalifeh [20] intro-
duced an extension of fuzzy TOPSIS based on IT2FSs to handle fuzzy MCDM problems.
Chen et al. [11] developed an extended QUALIFLEX method to deal multiple criteria
decision-making problems in the context of IT2Fs. Chen [8] developed new methods
based on PROMETHEE that use a signed distance-based approach within the environ-
ment of IT2Fs for multiple criteria decision analysis. Kahraman et al. [16] developed
an IT2FAHP method together with a new ranking method for type-2 fuzzy sets. Ab-
dullah and Najib [1] proposed a new fuzzy AHP characterized by IT2FS for linguistic
terms. Chen [9] developed a novel IT2FTOPSIS method for multiple criteria decision
analysis that is based on interval type-2 trapezoidal fuzzy numbers. Kilic and Kaya [17]
proposed a model composed of type-2 fuzzy AHP and type-2 fuzzy TOPSIS methods for
the investment project evaluation problem.

In this study, an integrated method of Analytical Hierarchy Process based on IT2Fs
(IT2FAHP) and Technique for Order Performance by Similarity to Ideal Solution based
on IT2Fs (IT2FTOPSIS) is presented. The applicability of the proposed method is
performed on a case study of evaluation of life quality for 28 EU countries and other six
countries: Iceland, Macedonia, Montenegro, Serbia, Turkey and Kosovo, in terms of 30
criteria.

The rest of this study is organized as follows. In Section 2, some basic concepts of
T2Fs and IT2FSs and arithmetic operations on IT2FSs are given. In Section 3, IT2FAHP,
IT2FTOPSIS and the proposed method are presented respectively. A case study on
evaluation of life quality is performed by using proposed method and ranking results of
AHP and TOPSIS methods under crisp/ fuzzy environment are obtained to demonstrate
performance of the proposed method in Section 4. Finally, conclusions are drawn in
Section 5.

2. Interval Type-2 fuzzy sets

In this section, we briefly give some basic definitions of T2Fs and IT2Fs and arithmetic
operations on I'T2Fs.
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2.1. Definition. [7, 19] A type-2 fuzzy set A in the universe of discourse X which
can be represented by a type-2 membership function K5 is given as,

21) A= {((zu),pz(@)Ve € X, Yue o C[0,1], 0< pus(wu) <1}

where J, denotes an interval [0,1]. Moreover, A represented by:

(2.2) A= //quu (z,u)

zeX ueJy
where [ [denotes union over all admissible z and w.
2.2. Definition. [7, 19] Let A be a type-2 fuzzy set in the universe of discourse X

represented by the type-2 membership function ;. If all pz(z,u) = 1, then A is called
an Interval type-2 fuzzy set (IT2Fs) as follows:

(2.3) A= //1/xu Jo C [0,1]

ze€X u€Jy

2.3. Definition. [7, 19] The upper and lower membership functions of an IT2Fs are
type-1 membership functions. The reference points and the heights of the upper and the
lower membership functions of IT2Fs are used to characterize IT2Fs. Fig.2.1 shows a
trapezoidal IT2Fs A; = (/E], Af) = ((af1, 0%, d%, a%; Hy
(A7), H2(AY)), (aii, ais, ais, ajs; Hi(A7), H2(AY))), where A7 and A} are type-1 fuzzy
sets, al,a%,a%,a%, ak, ak, aly and o, are the references points of the Ai, H; (A?)
denotes the me1~nbership vah}e of the element a;](]- 41y in the upper trepezodial member-
ship function (AY) and H;(AF) denotes the membership value of the element af(j_H) in
the lower trepezodial membership function (AF), H;(AY) € [0,1], H;(AF) € [0,1], and
j=1,2.

Suppose that fil and ;12 are two trapezodial IT2Fs: ;11 = (12111], AlL) = (o}, %,
aldv a147 Hl(AU) HQ(AU))v (a’fh a%Qa a’fd? A14; Hl(AL) HQ(AL))) and AZ (A2U7
Af) = ((abh, a5, a5, a8y; Hi(AY), Ha(AY)), (ahy,ads,ads, aby; Hi(A%), H2(A5))), then
arithmetic operations are given in following definitions [10, 18].

2.4. Definition. [18] The addition operation is defined as follows:

Ay Ay = (A, AD) @ (AY, AT)

= ((afy + ady, ais + ads, ai3 + ads, afy + ady;
(2.4) min(H (AY); Hi(AY)), min(Ha(AY); H2(AY))),
(aty + abhy ,~G1Lz + ang, ats + abs, aty + aby;
min(Hy(A}); Hi(Af)), min(Hs(AT); Ha(A%))))

2.5. Definition. [18] The multiplication operation is defined as follows:

A1 ® Ay = (A?,flf) ® (Ag,AQL)
= ((a% X agha% X agg,a% X ag37a1U4 X ag4;
(2.5) min(H, (AY); H1(AY)), min(Hz(AY); H2(AY))),
(alLl X a2y, @12 X Gz2,0413 X A3, Q14 X Q24
min(Hi(AT); Hi(Af)), min(H2(AT); Ha(A7))))
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2.6. Definition. [10] The multiplication by a non-negative real number k is defined
as follows:

k x ‘il = ((k X agjhk X CLEJQ,I{D X agj37k X a¥471¥1(A?)5q2(A?))7
(k x ath, k X afs, k X afs, k % a1L4§H1(Af)aH2(Af))-

(2.6)
Fig.2.1.A" and AL of the IT2F A, [18]
()

H (A
Hy(d)
H,(4h
H,(4)

3. The Proposed Method

In this section, IT2FAHP and IT2FTOPSIS methods are given and then, the proposed
integrated method of IT2FAHP and IT2FTOPSIS are presented.

3.1. IT2FAHP Method. AHP method developed by Saaty [23], is a popular approach
for MCDM. The method is based on pair-wise comparison of criteria and alternatives.
In many pratical cases, the decision makers might be unable to assign crisp values for
the evaluation of criteria and alternatives. Therefore, various fuzzy AHP methods based
on T1Fs were presented in the literature. In recent years, fuzzy AHP methods based on
IT2Fs have been proposed to overcome high uncertainties in decision making process.

Kahraman et al. [16] presented an interval type-2 fuzzy AHP method into the litera-
ture for the first time. Then, Abdullah and Najib [1] proposed an AHP characterized by
IT2Fs for linguistic variables to enhance judgment in the fuzzy decision-making environ-
ment. In this study, we consider IT2FAHP method proposed by Kahraman et al. [16].
The algorithm of this method is as follows:

Step 1: Construct the fuzzy pairwise comparison matrices for all the criteria. The
linguistic terms and corresponding IT2Fs used in IT2FAHP are given in Table 3.1.

G G G
Ch 1 a2 ... Qin
. O 1/a12 1 . Gon
(3.1) i .

Cn | 1/a1n 1/a2, .. 1
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Step 2: Check the consistency of the fuzzy pairwise comparison matrices by using
the DTriT or DTraT approach proposed by Kahraman et al. [16].

Step 3: Calculate the geometric mean of each row as follows:

}l/n

(32) ?1: [éu@@ézn 5 = 1,2,...,71

Step 4: Calculate the fuzzy weights of each criterion by

(33) @j=r@[f @], j=12..n

Table 3.1.Linguistic terms and corresponding IT2Fs for evaluation of the
criteria [16]

Linguistic Terms Interval Type-2 Fuzzy Sets
Exactly Equal (EE) ((L,L,L,51,1)( 1,1,1,1;1,1))

Slightly Strong (SS) ((1,2,4,5:1,1)( 1.2,2.2,3.8,4.8,0.8,0.8))
Fairly Strong (FS) ((3,4,6,7;1,1)( 3.2,4.2,5.8,5.8;0.8,0.8))
( )
( )

Very Strong (VS) 5,6,8,9;1,1)( 5.2,6.2,7.8,8.8;0.8,0.8))
Absolutely Strong (AS) 7,8,9,9;1,1)( 7.2,8.2,8.9,9;0.8,0.8))

3.2. IT2FTOPSIS Method. TOPSIS method developed by Hwang and Yoon [15], is
one of the well known MCDM methods. This method is based on selection of alternative
which have the shortest distance from the positive-ideal solution and the farthest distance
from the negative-ideal solution. Since the TOPSIS method is not suitable to represent
uncertainties, fuzzy TOPSIS method based on T1Fs were proposed by Chen [6]. In the
last decade, fuzzy TOPSIS methods based on IT2Fs have been proposed by different
researchers in order to better represent uncertainties. The algorithm of IT2FTOPSIS
method proposed by Chen and Lee [7] is as follows:

Step 1: Construct the decision matrix D by using linguistic terms and corresponding
IT2Fs given in Table 3.2.

C, Oy ... Cp
Al j’:l] i'12 cee fi']n
3 4 ~ AQ J~Z21 2222 ii’gn
Am Tmi ZTm2 ... Tmn

Construct the weighting vector W by using linguistic terms and corresponding IT2Fs
given in Table 3.1.

cCy Co ... Cyn
[ e o ]

where: .%Lj = (.%ijl EB%Z‘JQ b ... @i’”k) /k}, ’u:Jj = (lf}jl @J}jz b ... @ﬁ)]k) /k,
1=1,2,....,m,7=1,2,...,n and k denotes the number of DMs.

(35) =

Step 2: Construct the weighted decision matrix Dy, = [0i;]mxn by using

Vij = W5 @ Tij.
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Step 3: Construct the ranking weighted decision matrix Dy, = (Rank(0i;))mxn cal-
culating the ranking value Rank(v;;) of the IT2Fs proposed Lee and Chen [18].

Step 4: Determine the positive ideal solution AT = (vf, v, vi) and the negative
ideal solution A~ = (vy,v5,...,v, ) as follows:

go | B o
J min {Ra’l’bk(ﬂi]‘)} ,Cj € Cy

1<i<m

B 1£I}i<nm{Rank(1:1ij)} ,c; € Ch
B7) v = max {Rank(9:;)} ,c; € Co

1<i<m

where C denotes benefit criteria, C'> denotes cost criteria.

Step 5: Calculate the distance between each alternative and the positive and the
negative ideal solutions as follows:

(Rank:(f/ij) — 11?')2

A
w
oo
=
o
3
I

IngE

N
Il
-

(Rank(vi;) — v; )?

—
w
©

=
S
Il
IngE

<
Il
-

Step 6: Calculate the relative degree of closeness CC; by:

d;
310) CCi=——"1—
(3.10) df +d;

Step 7: Rank the values of CC;, i =1,2,...,m in a descending order.

Table 3.2. Linguistic terms and corresponding IT2Fs for the evaluation of
altenatives [1]

Linguistic Terms | Interval Type-2 Fuzzy Sets

Very Poor (VP) ((0,0.1,0.1,0.1;1;1) (0,0.1,0.1,0.05;0.9;0.9))
Poor (P) ((0.2,0.3,0.3,0.4;1;1) (0.25,0.3,0.3,0.35;0.9;0.9))
Medium (M) ((0.4,0.5,0.5,0.6;1;1) (0.45,0.5,0.5,0.55;0.9;0.9))
Good (G) ((0.6,0.7,0.7,0.8;1;1) (0.65,0.7,0.7,0.75;0.9;0.9))
Very Good(VG) ((0.8,0.9,0.9,1;1;1) (0.85,0.9,0.9,0.95;0.9;0.9))
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3.3. The Integrated MCDM Method based on IT2Fs. Fuzzy AHP is an effective
multicriteria technique for solving decision making problems including various conflicting
criteria. Also, the fuzzy AHP comprise a useful mechanism for checking the consistency
of the decision maker’s evaluations, thus reducing the bias in the decision making pro-
cess [23]. However, as the number of criteria/alternatives increases, numerous pair-wise
comparisons are required in the fuzzy AHP method. In such cases, fuzzy TOPSIS in
which no pair-wise comparison could be used for ranking of the alternatives to reduce
computation time and provide ease of calculation. Hence, we integrated fuzzy AHP and
fuzzy TOPSIS methods based on interval type-2 fuzzy sets. In the proposed integrated
method, we used interval type-2 fuzzy sets on account of the fact that interval type-2
fuzzy sets are more flexible than type-1 fuzzy sets to overcome uncertainties and the
fuzziness of the real world problems [7]. So, integrated MCDM method based on IT2Fs
helps us providing more reliable, adaptable and sensitive results.

The proposed integrated method consists of three phases: (i) identification of criteria
and alternatives, (ii) computation of IT2 fuzzy weights of the criteria via interval type-2
fuzzy AHP, (iii) determination of the ranking of alternatives with interval type-2 fuzzy
TOPSIS. The framework of the proposed integrated method is given in Figure 3.1.

Fig.3.1. Framework of the proposed integrated method

Phase 1
Identification of criteria and
alternatives

Phase 2
Computation of IT2 fuzzy
weights of the criteria

Phase 3
Determination of the ranking

of alternatives

Evaluate the alternatives for
each criterion by using
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Evaluate the criteria by using
linguistic terms in Table 3.1

.

Form the IT2 fuzzy Construct the IT2 fuzzy
comparison matrix decision matrix
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' !
Construct the IT2 fuzzy

weighted decision matrix
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ideal solution and negative
ideal solution

v

Compute the relative degree
of closeness
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|
|
|
|
|
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4. Evaluation of Life Quality by Integrated Method based on
IT2AHP and IT2TOPSIS

To show applicability of the proposed integrated method, we performed on a case
study of evaluation of life quality for 28 EU countries and other six countries: Iceland,
Macedonia, Montenegro, Serbia, Turkey and Kosovo, in terms of 30 criteria. The data
set is taken from “Europan Quality of Life Surveys (EQLS) 2012” carried out by the
Eurofound [13]. Table 4.1 shows criteria and sub-criteria for the EQLS 2012. There are 6
main criteria and related 30 sub-criteria including 18 benefit criteria and 12 cost criteria.
Benefit criteria are written in bold font.

Table 4.1. Criteria and Sub-criteria in the EQLS 2012

Main Criteria

Sub-criteria

Employment
and Work-Life
Balance

C1. Coming home from work too tired to do household jobs

C2. Having difficult to fulfill family responsibilities because of time spent on
job

C3. Having difficult to concentrate at work because of family responsibilities

C4. The possibility of losing your job in the next 6 months

C5. If you lost your job, the possibility of finding a job of similar salary

Family and
Social Life

C6. Face-to-face contact with children living outside the household

C7. Face-to-face contact with mother and father living outside the
household

C8. Face-to-face contact with other relatives living outside the
household

C9. Face-to-face contact with friends and neighbours

C10. Phone, internet or postal contact with children living outside
the household.

C11. Phone, internet or postal contact with mother and father
living outside the household.

C12. Phone, internet or postal contact with other relatives living
outside the household.

C13. Phone, internet or postal contact with friends and neigh-
bours

Health

C14. Health status

C15. Feeling particularly tense

C16. Feeling lonely

C17. Feeling downhearted and depressed

Social Exclusion
and Community
Involvement

C18. Attendance at religious services apart from weddings, funer-
als, christenings

C19. Usage of internet other than for work

C20. Taking part in sports or physical exercise

C21. Feeling left out of society

C22. Feeling that life is too complicated

C23. Feeling that some people look down on me because of my job situation
or income

C24. Feeling close to people in the area where I live

Standart of Living
and Deprivation

C25. Financial situation of household compared to most people in
the country

C26. Struggling to meet household expense

Subjective
Well-Being

C27. Be optimistic about the future

C28. Feeling that what I do in life is worthwhile

C29. Feeling free to decide how to live my life

C30. Having time to do things I really enjoy
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IT2FAHP method is used for determination of fuzzy weights of the criteria. At first,
a DM evaluates the criteria by using the linguistic terms given in Table 3.1 and fuzzy
pairwise comparison matrix is formed. Then, the consistency of the comparison matrix
is checked. Fuzzy weights of the criteria are calculated by IT2FAHP and the results are
presented in Table 4.2.

Table 4.2. Fuzzy Weights of Criteria
Criteria Fuzzy Weights of Criteria

C1 ((0.008,0.011,0.021,0.035;1,1)(0.008,0.012,0.020,0.031;0.8,0.8))
Cc2 ({0.013,0.024,0.054,0.084;1,1)(0.015,0.026,0.049,0.07730.8,0.8))
C3 ((0.012,0.019,0.039,0.061;1,1)(0.013,0.021,0.036,0.055,0.8,0.8) )
Cc4 ((0.032,0.052,0.108,0.161;1,1)(0.036,0.056,0.100,0.148,0.8;0.8))
C5 ((0.032,0.049,0.098,0.144;1,1)(0.035,0.053,0.092,0.133;0.8,0.8))
Cé ((0.023,0.036,0.075,0.114;1,1)(0.025,0.039,0.070,0.105,0.8,0.8))
c7 ((0.013,0.022,0.049,0.082;1,1)(0.015,0.024,0.045,0.073,0.8,0.8))
Cs8 ({0.007,0.010,0.022,0.040;1,1)(0.007,0.011,0.020,0.035;0.8,0.8))
Co ((0.007,0.010,0.022,0.040;1,1)(0.007,0.011,0.020,0.0350.8,0.8))
C10 ((0.018,0.029,0.061,0.093;1,1)(0.020,0.031,0.056,0.0850.8,0.8) )
C11 ((0.011,0.018,0.043,0.073;1,1)(0.012,0.020,0.039,0.065;0.8,0.8) )
C12 ((0.007,0.009,0.020,0.036;1,1)(0.007,0.010,0.018,0.032;0.8,0.8))
C13 ({(0.007,0.009,0.020,0.03651,1)(0.007,0.010,0.018,0.032;0.8,0.8))
Ci4 ({0.023,0.035,0.079,0.141;1,1)(0.025,0.037,0.071,0.123;0.8,0.8))
C15 ((0.017,0.026,0.051,0.075;1,1)(0.018,0.028,0.048,0.069;0.8,0.8) )
C16 ((0.017,0.026,0.051,0.075;1,1)(0.018,0.028,0.048,0.069;0.8,0.8))
c17 ((0.017,0.026,0.051,0.075;1,1)(0.018,0.028,0.048,0.069;0.8,0.8))
C18 ((0.007,0.009,0.019,0.031;1,1)(0.007,0.010,0.017,0.028;0.8,0.8))
C19 ({0.002,0.003,0.006,0.009;1,1)(0.002,0.003,0.005,0.008;0.8,0.8))
C20 ({0.006,0.008,0.019,0.036;1,1)(0.006,0.009,0.017,0.031;0.8,0.8))
C21 ((0.040,0.062,0.122,0.176;1,1)(0.044,0.066,0.114,0.164;0.8,0.8))
Cc22 ((0.009,0.013,0.025,0.039;1,1)(0.010,0.014,0.023,0.035;0.8,0.8))
C23 ((0.032,0.053,0.115,0.177;1,1)(0.035,0.057,0.107,0.162;0.8,0.8) )
C24 ((0.007,0.010,0.019,0.032;1,1)(0.008,0.011,0.018,0.028;0.8,0.8))
C25 ({0.020,0.034,0.073,0.108;1,1)(0.023,0.038,0.068,0.10030.8,0.8))
C26 ({0.020,0.035,0.074,0.110;1,1)(0.023,0.038,0.069,0.101;0.8,0.8))
c27 ((0.008,0.012,0.025,0.043;1,1)(0.009,0.013,0.023,0.038;0.8,0.8))
C28 ((0.010,0.015,0.032,0.053;1,1)(0.011,0.016,0.029,0.047;0.8,0.8))
C29 ((0.008,0.013,0.031,0.059;1,1)(0.009,0.014,0.028,0.051;0.8,0.8))

(« )( )

C30 0.009,0.012,0.023,0.037;1,1)(0.010,0.013,0.022,0.033;0.8,0.8

The ranking of life quality for the countries is constituted by IT2FTOPSIS. DMs use
the linguistic terms in Table 3.2 to evaluate the countries with respect to each criteria and
then decision matrix is constructed. The ranking results of life quality for the countries
is determined by using IT2FTOPSIS method as shown in Table 4.3.

The three countries with the best quality of life are Iceland, Denmark and Sweden,
wheras the three countries with the worst quality of life are Bulgaria, Latvia and Greece
by the proposed method. Turkey is ranked as 26th among the considered 34 countries.

To show performance of the proposed method, the ranking results of life quality for the
countries are also obtained by the methods of TOPSIS [21], FTOPSIS [6], IT2FTOPSIS
[7], Integrated AHP and TOPSIS [3] and Integrated FAHP and FTOPSIS [24] as pre-
sented in Table 4.3. The ranking results of the proposed method are compared with them.
The Spearman correlation coefficient is calculated to make this comparison as given in
Table 4.4. According to the Table 4.4, it can be said that the ranking results of the



Table 4.3. The ranking of the countries in terms of life quality

Country Proposed | TOPSIS | FTOPSIS | IT2F Integrated | Integrated
Name method TOPSIS AHP& FAHP&
TOPSIS FTOPSIS
Austria 4 7 9 7 5 7
Belgium 11 18 20 18 14 16
Bulgaria 32 33 34 34 29 33
Croatia 22 17 16 15 22 18
Cyprus 31 24 18 21 24 20
Czech R. 29 30 33 30 30 32
Denmark 2 3 2 2 2 2
Estonia 28 28 32 29 31 31
Finland 5 4 4 4 10 4
France 10 22 29 19 16 28
Germany 7 8 12 11 3 10
Greece 34 32 26 32 21 25
Hungary 20 29 28 28 23 27
Iceland 1 1 1 1 1 1
Ireland 14 2 6 5 4
Italy 12 15 11 14 9 12
Kosova 30 26 25 24 26 26
Latvia 33 31 31 31 34 34
Lithuania 25 21 23 22 33 24
Luxemburg 8 11 13 8 12 13
Macedonia 21 19 17 16 19 17
Malta 16 10 10 13 13 11
Montenegro 13 13 7 9 17 8
Netherlands 6 5 3 6 6 3
Poland 24 23 22 25 28 23
Portugual 19 20 24 26 15 21
Romania 23 25 27 27 25 29
Serbia 27 27 21 23 27 22
Slovakia 18 16 14 17 20 15
Slovenia 9 9 8 10 11 9
Spain 17 14 15 20 7 14
Sweden 3 6 5 3 8 5
Turkey 26 34 30 33 32 30
United K. 15 12 19 12 18 19

proposed method are consistent with the other methods since all correlation coefficients
are statistically significant.

Table 4.4. Correlation between the proposed method and different methods

TOPSIS FTOPSIS | IT2F Integrated| Integrated
TOPSIS AHP& FAHP&
TOPSIS FTOPSIS
Proposed method 0.736* 0.892* 0.814* 0.891* 0.854*

* Correlation is significant at the 0.01 level (2-tailed)

The average life quality is calculated as 5.23 on the scale between 0 and 10 by proposed
method. In terms of life quality, countries with above the average are Austria, Belgium,
Denmark, Finland, France, Germany, Iceland, Ireland, Italy, Luxemburg, Montenegro,
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Netherlands, Slovenia, Sweden, and United Kingdom (Fig. 4.1).

Fig.4.1. Life Quality Scores for the countries

Life Quality

5. Conclusions

MCDM methods are used to solve real world problems in the presence of multiple
and usually conflicting criteria by considering different preferences/ judgements of deci-
sion makers. There have been many MCDM methods such as AHP, TOPSIS, VIKOR,
COPRAS, ARAS, etc. developed by various researchers in the literature. Integration of
two or more MCDM methods could give the better and more effective results than single
MCDM method . Hence, we proposed an integrated method of AHP and TOPSIS based
on interval type-2 fuzzy sets in this study. The proposed integrated method was applied
a case study on evaluation of life quality for 34 countries in terms of 30 criteria

In the evaluation process, the proposed method doesn’t require pair-wise comparison
of alternatives with respect to the each criteria. Therefore, the computation time of the
proposed method is less than traditional AHP and TOPSIS methods under crisp/ fuzzy
environment. Due to this reason, it can be said that the proposed method is a useful
way to handle multi-criteria decision making problems including too many alternatives.
For further researches, it is possible to use different fuzzy MCDM methods under type-2
fuzzy sets to determine the weights of criteria and ranking of the alternatives.
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