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Abstract

The objective weighting methods recently introduced in the literature include
method based on the removal effects of criteria (MEREC), logarithmic percentage
change-driven objective weighting (LOPCOW), and modified preference selection
index method (MPSI). The aim of this study was to analyze the effects of the above
methods on criteria weights and rank in decision problems involving over 20 alter-
natives. Based on the quality of life index (QLI), the ranking of Asian countries was
carried out by combining the above weighting methods with the multi-attributive
ideal-real comparative analysis (MAIRCA). Combination of these methods has not
been used before in this research area. Capitals of Asian countries were selected and
evaluated with eight different criteria. MEREC, LOPCOW, and MPSI methods were
used to weight the criteria. The MAIRCA method was used to rank the alternatives.
These results were compared with Numbeo rankings. The MPSI method showed
the closest ranking to the Numbeo ranking, exhibiting the highest Spearman rank
correlation and lowest Euclidean distance. Given its straightforward applicability,
the MPSI method is preferred among the aforementioned objective weighting meth-
ods, followed by the MEREC and then the LOPCOW methods. In addition, we also
examined the applicability of the preference selection index (PSI) method to the data
sets. The results indicate the PSI method may not calculate the criteria weights in
decision-making problems where the number of alternatives is high.

Keywords LOPCOW - MAIRCA - MCDM - MEREC - MPSI - Quality of life
index - Ranking

1 Introduction

Determination of the weights of the criteria in the multi-criteria decision-making
(MCDM) problems is incredibly significant since it remarkably affects the results. In
decision problems, failure to obtain reliable criterion weights can create uncertainty
about the accuracy of the solution of the decision problem (Jessop 2004). In cases
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of uncertainty, subjective methods can be used by taking opinions of decision mak-
ers. However, there is also the possibility of error in human judgment. Due to such
possible errors, it is difficult to ensure accurate evaluation of criterion weights (Pala
2023). For this reason, using objective weighting methods and determining criterion
weights reliably in decision problems is particularly important. Depending on this
situation, new MCDM methods are developed to be used in the solution of decision
problems. Three of them are the method based on the removal effects of criteria
(MEREC) method introduced by Keshavarz-Ghorabaee et al. (2021), the logarith-
mic percentage change-driven objective weighting (LOPCOW) Method proposed by
Ecer and Pamucar (2022), and modified preference selection index (MPSI) Method
suggested by Gligori“c et al. (2022). Since they are newly introduced to the literature
and being objective methods, the difference between them has been a matter of curi-
osity for researchers. Therefore, it is aimed to examine the impact of MEREC, LOP-
COW, and MPSI weighting methods to criteria weights and the ranking results in
this study. In addition, the applicability of PSI method instead of MPSI method has
been questioned, since MPSI is a modified version of PSI method. In this context,
the quality of life index (QLI) values are used as data set. For this purpose, MEREC,
LOPCOW, MPSI and multi-attributive ideal-real comparative analysis (MAIRCA)
methods are used as a combined method. The criteria weights for the QLI were
calculated with the MEREC, LOPCOW and MPSI methods, and the capitals of 30
Asian countries were ranked according to the QLI using the MAIRCA method.

The QLI values to be used in the study are published by Numbeo every 6 months
and the general QLI of the cities is estimated based on eight different indexes (Num-
beo 2022). By calculating the QLI for selected cities around the world, these cities
are ranked by the effects of certain criteria. Since the Numbeo database contains
both the data of the criteria and the ranking results of the cities, it allows testing the
developed MCDM methods.

The indexes in the QLI can be considered as criteria in MCDM problems. Among
these criteria, purchasing power, safety, health services, and climate indexes are the
benefit criteria (maximization oriented); pollution, property price/income ratio, cost
of living and traffic indices are cost criteria (minimization oriented). It is preferred
that the criteria with the maximization direction be large, and the criteria with the
minimization direction be small. The eight indexes used in this study are explained
in Numbeo web site (Numbeo 2022).

The aim of this study is to determine criteria weights with MEREC, LOPCOW,
and MPSI weighting methods, which are new and objective methods in the litera-
ture, to compare them and to reveal their effects on ranking. The competence of
these methods in decision models with a large number of alternatives was also
evaluated. The results that will solve the problems that other scientists who will use
the method may encounter have been reached. In the application part of the study,
MAIRCA was combined for the first time with the weighting methods mentioned.
The novelty of the study is explained below.

@ Springer



Asia-Pacific Journal of Regional Science (2024) 8:911-942 913

1.1 Highlights

e It is aimed to examine the effects of MEREC, LOPCOW, and MPSI weighting
methods, which are new and objective methods in the literature, on criteria
weights and ranking results.

A new usage area for the MEREC method has been added to the literature.
The applicability of the Preference Selection Index (PSI) method, which is a
modified version of this method instead of the MPSI method, was investigated
and it was found that the PSI method was inadequate in calculating the crite-
ria weights in decision-making problems with a large number of alternatives.
This result is an important problem solver for other studies. Therefore, MPSI
method was preferred instead of PSI method.

e MEREC, LOPCOW, MPSI, and MAIRCA methods were used as a combined
method. With the MPSI method, methods that have not been encountered in
the literature have been added to the combined MCDM methods and have
been guiding the way for new areas of use by comparing them.

e The usage of MAIRCA method with the mentioned weighting methods was
encountered only in this study. The rest of the article consists of the literature
review in the second section, methods in the third section, results in the fourth
section, discussion in the fifth section, and conclusion in the final section.

2 Literature review

Although MEREC and LOPCOW methods have recently been added to the lit-
erature as weighting methods, they have been used in various studies alone or
integrating with other methods.

Table 1 shows the studies in which MEREC, LOPCOW, and MAIRCA meth-
ods are preferred for weighting and ranking the criteria in various decision-mak-
ing problems.

Unlike MEREC and LOPCOW methods, MPSI method has been appeared in
very few studies which are the support system selection in an underground mine
(Gligori‘c et al. 2022), the anti-fatigue lightweight design of heavy tractor frame
(Zhang et al. 2022) and the bank selection problem (Yilmaz 2023).

While there are studies in the literature where MEREC and LOPCOW meth-
ods are used together (Bektag, 2022; Yalman et al. 2023; Yasar and Unli, 2023;
Yiiriiyen et al. 2023), only one study was found in which MEREC, LOPCOW,
and PSI methods were used (Ulutag et al. 2023). However, no study comparing
MEREC, LOPCOW, and MPSI methods has yet been found.

In the literature, it is seen that the studies in which MEREC and MAIRCA
methods are used together are few and mostly in mechanical engineering (Trung
and Thinh 2021; Nguyen et al. 2022; Sapkota et al. 2022). The literature examples
of studies which uses MEREC and MAIRCA methods in social sciences were
mostly based on financial performance of BIST insurance index (Cilek 2022) and
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Table 1 MEREC, LOPCOW, and MAIRCA methods areas of use

Method Author/s and year

Areas of use

MEREC Ghorabaee, 2021
Goswanmi et al. 2021
Sabaghian et al. 2021
Trung and Thinh 2021
Goswanmi et al. 2022
Hadi and Abdullah 2022
Mishra et al. 2022
Rani et al. 2022
Sapkota et al. 2022
Toslak et al. 2022
Keles, 2023a, b
Puska et al. 2023
Mastilo et al. 2024
Wang et al. 2024
Bektas, 2022
Ecer and Pamucar 2022
Biswas and Joshi 2023
Biswas et al. 2023
Ecer et al. 2023a, b
Ecer et al. 2023b
Ersoy 2023
Keleg 2023a, b
Nila and Roy 2023
Ulutas et al. 2023
Rong et al. 2024
Ulutas et al. 2024
MAIRCA Gigovic et al. 2016

Badi and Ballem 2018

Chatterjee et al. 2018

Pamucar et al. 2018

Aycin and Orgun 2019

Aycin and Giiglii, 2020

Kehribar et al. 2021

Ecer 2022

Hadian et al. 2022

Chen et al. 2023

Hagq et al. 2023

Tesic et al. 2023

Wau et al. 2023

LOPCOW

Location of logistics distribution centers
Selection of renewable energy sources
Document classification

Turning operations

Selection of a green renewable energy source
Hospital location selection

Low-carbon tourism strategy evaluation
Treatment technology selection for food wastes
Production process

Firm performance evaluation

Forklift selection problem

Ranking electric cars

Analysis of financial indicators
Underground mine safety and health
Evaluation of performance

Evaluation of performance

Evaluation of a list of initial public offering
Comparison of countries

Sustainability performance

Assess the role of unmanned aerial vehicles
Evaluation of the performance

Comparison of countries

Selection of the most suitable third-party logistics

Material selection

Risk assessment

Evaluation of third-party logistics
Warehouse location selection
Supplier selection

Supplier performance evaluation
Logistics center selection

Financial performance evaluation
Financial performance evaluation
Financial performance evaluation
Vaccine selection

Evaluating flood susceptibility
Emergency decision-making process
Sustainable material selection
Strategy selection in the system of defense
Risk evaluation
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on banking sector (Ozcan 2022). Few studies have been found in which MCDM
methods are used for the ranking of the QLI. Some studies using MCDM meth-
ods for QLI ranking are given in Table 2.

De Vicente Oliva and Romero-Ania (2022) aimed to develop a multidimensional
QLI which can replace the current methodology designed by Eurostat and imple-
mented by the national statistical institutes of the European Union member states
using ELECTRE III method.

As a result of the literature review, any study comparing the difference of
MEREC, LOPCOW, and MPSI methods or considering MAIRCA, LOPCOW,
MPSI, and MEREC methods together has not been found. Furthermore, the studies
which the mentioned weighting methods and MAIRCA method are used have never
been focused on the field of QLI. With this study, the use of weight determination
in the ranking of countries according to QoL is also added to the used areas of the
MEREC, LOPCOW, MPSI, and MAIRCA methods. The studies containing QLI-
MCDM have not focused on the Asian countries. Based on the literature review, no
studies have been conducted to measure and analyze the impact of using different
weighting methods in ranking and prioritizing Asian countries according to QLI
Therefore, the research in question will contribute significantly to the literature. In
addition to all these, it is thought that examining the applicability of the PSI method
in decision problems with a large number of alternatives will contribute significantly
to the literature. For this purpose, first, the application steps of MEREC, LOPCOW,
MPSI, PSI, and MAIRCA methods will be introduced. Then the weights of the cri-
teria (quality of life indicators) will be calculated with the MEREC, LOPCOW, and
MPSI methods. According to these weights, the Asian countries will be ranked with
the MAIRCA method. Finally, the ranking results will be compared with the ranking
on the Numbeo website.

3 Method

In this study, rankings were carried out for Asian countries using QLI between 2020
and 2023. While the indices were weighted by the MEREC, LOPCOW, and MPSI
methods, rankings are computed by the MAIRCA method, and these methods were
combined in the study. Eight index values, including purchasing power (including
rent) index, pollution index, property prices to income ratio index, cost of living
index, safety index, climate index, health care index, and traffic index were chosen as
criteria and the values for the capitals of Asian countries were used. The data were
pulled from numbeo.com for the years 2020, 2021, 2022, and 2023. Since 2023 data
have not yet been completed, mid-year data were used as index values in the analy-
sis. Concerning a convenient comparison with the other years, mid-year index val-
ues were also used for each year. The ranking results for quality of life by years are
also available on this site. The ranking results obtained in this study were compared
with the Numbeo ranking results by calculating correlation coefficients and Euclid-
ean distances. During the analysis, EXCEL and SPSS programs were used.

The QLI available in the Numbeo website content (in Java) is calculated as
(URL1):
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index.main =Math.max (0,100 + purchasingPowerInclRentIndex/2.5-
(housePriceTolncomeRatio X 1.0) — costOfLivingIndex/10+ safetyIndex/2.0 + health-
Index/2.5 — trafficTimeIndex/2.0 — pollutionIndex x 2.0/3.0+ climateIndex/3.0).

Since the index data of some Asian countries or their capitals could not be reached,
the evaluation was made over 29, 28, 28, and 25 countries for years 2020, 2021, 2022,
and 2023, respectively. The data sets are given at Tables 9, 10, 11 and 12 in Appendix
A.

3.1 Method based on the removal effects of criteria (MEREC)

This method is added to MCDM techniques in 2021 by Keshavarz-Ghorabaee et al.
The method called MEREC is used to determine the weights of the criteria and has
been tested by its developers and found to give consistent and reliable results with
other criteria weight calculation methods. For the criteria weights, subjective weighting
methods, objective weighting methods, and hybrid weighting methods are used (Kes-
havarz-Ghorabaee et al 2021). There are places where each method is superior to the
others. MEREC stands as one of the objective weighting methods.

In the MEREC method, the effects of each criterion on the overall performance of
the alternatives are examined for criterion weights. The effect of removing a criterion
on the overall performance of the alternatives is examined. If the total performance is
more affected by the removal of which criterion, that criterion should have a greater
weight. Thus, both the weights can be given to the criteria and the criteria deemed
unnecessary by the expert can be removed. To obtain objective criteria weights,
MEREC uses the perspective of subtraction rather than inclusion, which is the basis
of other objective weighting methods (Keshavarz-Ghorabaee 2021). In this method,
criteria and alternatives are evaluated simultaneously. The method is based on maxi-
mizing the overall performance of alternatives with variation within and between cri-
teria, measured using standard deviation and correlation (Sabaghian et al. 2021). The
application steps of the method are as follows (Keshavarz-Ghorabaee 2021; Keshavarz-
Ghorabaee et al 2021):

Step 1. Creating decision matrix: a decision matrix is created showing the ratings of
each alternative or the values of each alternative according to each criterion. The ele-
ments of this matrix are denoted by x;, and these elements must be greater than zero.
If there is negative data, it should be converted to positive using appropriate methods.
A decision matrix X = [xl]] of size m X n can be represented as follows, where m repre-
sents the number of alternatives and n the number of criteria:

XX Xyt Xy
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Step 2. The normalized matrix M* = [mj;] is obtained using the following

appropriate equations.

minx;
mz = if the j. criterion is maximization oriented (When high is preferred)
i
(1
Yij
mj; = if the j. criterion is minimization oriented (When low is preferred)
max x;;
ij
i
(@)

Step 3. In this step, the performances of the alternatives are calculated with
the help of a logarithmic measure with equal criterion weights.

ZIH[I"‘(%ZJ ln< j}) >] 3)

Step 4. In this step, the logarithmic measure is used similarly to the previous
step. The difference from Step 3 is that the performances of the alternatives are
determined based on the removal of each criterion separately. By removing each
criterion one by one, the performances of the alternatives are calculated. Let S,/
be the overall performance of the i’ alternative computed with the removal of
the j’h criterion, then the value for each alternative is calculated as below:

alll @

Step 5. The effect of removing the criterion is calculated. For this, the results
of Step 3 and Step 4 are used. Thus, the sum of the absolute deviations is found
and the effect of removing the criterion is computed. Let E; be the removal
effect. E; is found with the help of the following equation:

E=Y |55

Step 6. The final weights of the criteria are determined. In this step, the objec-
tive weight of each criterion is calculated using the removal effects (E;) calcu-
lated in Step 5. Let w; represent the weight of the j* h criterion:

Ly
Syt =tn[1+ (=X, | (m

ki

(&)

L
- 6
> E, ©

w; =

Here the sum of the weights of the criteria is equal to 1 (Zi w; = D).
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3.2 LOgarithmic percentage change-driven objective weighting (LOPCOW)

The LOPCOW method was introduced by Ecer and Pamucar in 2022 as an objec-
tive weighting method. The distinguishing features of the LOPCOW method are
that it eliminates the difference (gap) caused by the size of the data by express-
ing it as a percentage of the standard deviations of the mean square values of the
series and it provides the opportunity to work with negative values in the data set
(Bektas, 2022). Therefore, the distribution of criterion weights is less affected by
changes in the performance values of the alternatives and provides a reasonably
accurate result (Biswas et al. 2022). In addition, it is not affected by the influence
of a large number of alternatives and criteria (Bektas, 2022; Biswas et al. 2022).
The steps of the LOPCOW method are as follows (Ecer and Pamucar 2022):

Step 1. A decision matrix is created with the ratings of each alternative or the
values of each alternative according to each criterion. The elements of this matrix
are denoted by x;;, and these elements can be negative unlike the MEREC method.
A decision matrix X = [x,_-i] of size m X n can be formed as in MEREC method,
where m represents the number of alternatives and n the number of criteria.

Step 2. The normalized decision matrix M* = [m’l;] can be computed by Eqs. 7

and 8 in accordance with the characteristics of the criterion.

X — X7
ij . . . . . .. . . .
m; =— —if the j. criterion is maximization oriented (When low is preferred)
xXT—x
L L
@)
X;r_xij. . .
ny = ——— if the j. criterion is minimization oriented (When low is preferred)
vooxT—x

i i

®)
In equalities above, x; is the value of the i alternative at j™ criterion, x;
denotes the lowest value of the criterion gets from the alternative, and x:r denotes

the highest value of criterion takes from the alternative.
Step 3. Calculating the percentage values (PV) of the criteria: in this step, to
eliminate the difference (gap) caused by the data size, the mean square value as a
percentage of the standard deviations of each criterion is obtained with the help

of Eq. 9.

)2
PV, = |In| —=—1.100
nf—— ©)

where o is the standard deviation and m represents the number of alternatives.
Step 4. Objective weights for each criterion are computed by Eq. 10.
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PV

;
W= o (10)
T PY;

where the sum of the weights of the criteria is 1 (Z; w; = 1).

3.3 Modified preference selection index (MPSI)

Preference selection index (PSI) method introduced by Mania and Bhatt (2010) elim-
inates the need to determine the relative importance of the criteria and is used both
for finding criterion weights and for ranking purposes (Mufazzal and Muzakkir 2017),
which makes it preferred in the literature. However, in decision problems with several
alternatives as in this study, it is not possible to use the PSI method since the addition
of numerous normalized values between 0 and 1 can be greater than 2 and as a result,
overall preference value becomes negative. In addition, Zhang et al. (2022) argued in
their study that the PSI method “prefers” certain criteria, and this leads to injustice
in making decisions. Due to such disadvantages, different normalization techniques
have been tried for the PSI method in the literature (Do and Nguyen 2023) or the PSI
method has been modified (Gligori€ et al. 2022; Zhang et al. 2022). The MPSI method
is a modification of the traditional PSI method, achieved only by eliminating a cer-
tain step from the original PSI method. This small change increases the final values
of the weighting coefficients, bringing them closer to the values obtained with other
objective weighting methods. MPSI method is one of them and the application steps
are explained below (Gligoric et al. 2022):

Step 1. A decision matrix is formed with the ratings of each alternative or the val-
ues of each alternative according to each criterion same as LOPCOW and MEREC. A
decision matrix X = [xy] of size m X n is formed, where m represents the number of
alternatives and » the number of criteria.

Step 2. The normalized matrix M~ = [m;] is obtained using Eqgs. 1 and 2.

Step 3. Calculate the preference variation value p; as follows:

p=3L, (m-m) an

where m; is the mean normalized value given in Eq. 12.

— I
= Y (12)
Step 4. The weights of criteria w; are computed by Eq. 13.

Y (13)

where the sum of the weights of the criteria is 1 (zi w; = 1). PSI method involves an
extra step that computes PSI by ¢; = 1 — p; and then calculate the weights according
tow; = <2 '

J

Z;x:l 4’
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3.4 Multi-attributive ideal-real comparative analysis (MAIRCA)

Pamucar et al. introduced the MAIRCA method, which was developed at the Center
for Defense Logistics Studies at the University of Belgrade, at a conference in 2014
(Pamucar et al. 2014). The method is based on the logic of defining the difference
between theoretical and real results. Thanks to the linear normalization algorithm used,
very reliable results can be attained (Ecer 2022). It can also be used easily with other
MCDM or alternative solution methods. There have been many studies for ranking aim
where it is used alone or with other solution methods. The advantages of this method
have been considered in choosing the MAIRCA method. These advantages are (Ecer
2022) listed below:

— It can be used in problems with many evaluation criteria and alternatives.

— It can solve decision problems with both qualitative and quantitative evaluation cri-
teria.

— Itis easy to understand and apply.

— It produces consistent solutions thanks to its own algorithm.

The method consists of six steps (Pamucar et al. 2014):

Step 1. Creating the decision matrix: in this step, an initial matrix with alternatives
and criteria is built. A decision matrix X = [x,_»,»] is formed with m X n dimension, where
m represents the number of alternatives and n the number of criteria.

Step 2: determination of preference according to alternatives: at this stage, there is
no priority calculation for the decision maker to choose between alternatives. The deci-
sion maker gives equal priority to alternatives. Since there will be equal priority among
m alternatives, the preference ratio (P, ) among the alternatives is calculated as follows:

1 xm .
pA!=E,Zi=1pA’ =1,i=1,2,....m (14)

Step 3: determination of theoretically considered matrix elements: this matrix is
denoted by (7},), and the elements of the matrix are determined as the product of the
preference ratio of the preferred alternatives (P, ) and the criterion weighting coeffi-
cients (w,). Let n be the number of criteria: l

Wiw, .o W,
T,=P, [PA,*WIPAi*WZ ...PAi*wn] (15)

Step 4: calculation of real rating matrix (7,) elements: here, # is the number of crite-
ria and m is the total number of alternatives:

C,C,...C,
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The real grading matrix (7',) is made by multiplying the elements of the theoretically
considered (7},) matrix with the elements of the initial decision matrix (X) according to
the formulas given below:

a) If the criterion is the benefit criterion, that is, if it is preferred to be maximum:

by =T *\ 7= (16)

Lij =T *\ — (17)

In equalities above, X is the value of the i alternative at jth criterion, X7 denotes the
lowest value of the criterion gets from the alternative, and x;r denotes the highest value
of criterion takes from the alternative.

Step 5: creating the total gap matrix. The elements of the total gap matrix (G) are
obtained by calculating the difference between the theoretical considered matrix (7},)
and the actual grading matrix (7',) created in Step 3.

Step 6: calculation of final values (Q;) of criterion functions according to alterna-
tives: at this stage, the final values are obtained by summing the rows of the gap matrix
(G) for each alternative.

4 Results

The descriptive statistics of data sets for the years are given at Table 3 where Cl1 is
purchasing power index, C2 is safety index, C3 is health care index, C4 is cost of living
index, C5 is property prices to income ratio index, C6 is traffic index, C7 is pollution
index, and C8 is climate index.

Sd standard deviation, Min minimum, Max maximum, K kurtosis, S skewness

Table 1 shows the descriptive statistical values of the data sets used for the analyses.
Mean, standard deviation, minimum, maximum, skewness, and kurtosis values are pre-
sented, and it is observed that the data set does not have extreme values. The following
sub-sections include weighting method results and applicability results of PSI method,
then ranking results using MAIRCA method.
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Table 3 Descriptive statistics of criteria for mid points of 2020, 2021, 2022, and 2023

2020 ClI 2 C3 c4 cs Cé c7 Cs8

Mean 49.7 64.7 63.6 493 17.2 38.8 68.0 66.9

Sd 249 15.4 10.8 177 10.3 9.9 18.7 202

Min  18.1 347 41.1 22.5 34 20.8 333 202

Max  95.5 88.5 87 89.7 416 60.1 95.9 94.7

K@) —-1205 —04(=  000.1) —040.6) 02(09) —02(0.5) —1I18- 0.1(=0.7)
0.6) 0.2)

2021 Cl 2 c3 C4 Cs Cé6 C7 Cs

Mean 45.2 65.1 64.0 47.7 17.5 387 66.8 65.9

Sd 237 15.7 10.8 17.2 12.2 9.9 18.2 19.9

Min 124 35.1 39.9 243 2.7 21.1 33.1 20.2

Max  90.4 88.1 87.3 85.3 527 59 95.7 92.6

K©S) —12005 —03(= 0300 —030.8) 1512 -050.5) —1.0=  0.2(=0.7)
0.7) 0.2)

2022 Cl 2 C3 C4 Cs C6 c7 Cs

Mean 50.3 64.8 64.1 474 18.3 38.9 68.2 68.5

Sd 283 15.6 10.6 18.0 12.8 9.9 18.6 18.6

Min 117 353 39.7 18.7 3 20.7 33 202

Max 983 88.3 86.7 95.7 56.9 59.6 95.7 94.7

K@) —1404) —0.6(~ 0301 0609 14(1.1) —0304) —09-  02(—0.6)
0.6) 0.3)

2023 Cl 2 C3 C4 Cs C6 C7 Cs

Mean 53.9 64.5 64.6 452 18.3 40.0 67.6 67.0

Sd 310 16.3 107 15.7 113 9.7 18.6 18.6

Min 123 35.1 39.9 18.3 32 20.5 33 202

Max 110.5 88 86.1 85.9 418 61 937 94.7

K@) -1503) —09(-  02(-=0.1) 0.80.7) —050.7) 0004) —09-  0.2(—0.6)
0.5) 0.3)

4.1 Criteria weights with MEREC, LOPCOW, and MPSI methods

The steps of the MEREC, LOPCOW, and MPSI methods were applied to the four
decision matrices given in Appendix A. The criteria C1, C2, C3, and C8 are maxi-
mum oriented criteria and C4, C5, C6, and C7 are minimum oriented criteria in the
analysis. The removal effect (E;) values in MEREC method, the percentage values
(PV;) in LOPCOW method, and preference variation values (p;) in MPSI method
were calculated for each criterion and results are given in Table 4.

When the results for MPSI method are examined, it is seen that the preference
variation values for a few criteria is higher than 1; namely, criterion C1, C5, and C8
in 2020 and 2022; C1, C4, C5, and C8 in 2021; C1, C5 in 2023. This situation caused
to get negative values at the PSI values (¢; = 1 — p;) calculation step of PSI method.
This occurs because as the number of alternatives increases, the sum of preference
variation values increases and exceeds 1. For this reason, the PSI method becomes
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Table 4 Analysis results for MEREC, LOPCOW, and MPSI

2020 Cl1 Cc2 C3 C4 (6] C6 Cc7 C8

E; 1.90 1.26 0.91 1.49 2.31 0.98 0.80 2.58
PV, 47.16 78.00 83.46 90.78 94.31 86.11 57.90 92.04
D; 1.91 0.85 0.43 0.96 1.19 0.61 0.84 1.28
2021 Cl1 Cc2 C3 C4 (6] C6 C7 C8
E; 2.32 1.15 0.92 1.35 2.70 0.88 0.77 2.37
PV, 52.90 76.76 89.50 87.27 111.60 81.75 62.22 91.74
p; 1.85 0.85 0.41 1.02 1.17 0.62 0.82 1.24
2022 Cl c2 C3 C4 C5 Co6 Cc7 C8

E; 2.55 1.11 0.92 1.57 2.73 0.87 0.71 242
PV; 51.85 75.50 91.55 104.76 115.21 83.95 57.17 102.40
p; 2.24 0.85 0.40 0.82 1.47 0.61 0.85 1.04
2023 Cl Cc2 C3 C4 (e8] C6 Cc7 C8

E; 2.37 1.02 0.85 1.32 1.85 0.79 0.63 2.19
PV, 50.74 71.87 91.64 102.15 83.12 86.62 53.74 99.24
D; 1.89 0.83 0.37 0.72 1.27 0.49 0.80 0.93

E; removal effect at MEREC method, PV percentage value at LOPCOW method, p; preference variation
value at MPSI method

dysfunctional when the number of alternatives is large. Therefore, PSI method could
not be applied in this study, MPSI method was preferred instead. The criteria weights
attained by MEREC, LOPCOW, and MPSI methods are illustrated with Fig. 1.

According to Fig. 1, while MEREC and MPSI methods gave the close and high
values, LOPCOW gave very low value for criteria C1. The opposite situation was
observed for the criteria C3 and C6. The highest weighted criterion was C8 in 2020,
C5in 2021 and 2022, and C4 in 2023 by MEREC method. The lowest weighted cri-
terion was C7 in each year. In the results of LOPCOW method, the highest weighted
criterion was found as C5 for 2020, 2021, and 2022, but C4 for 2023. The lowest
weighted criterion was C8 at each year. The highest weighted criterion was found as
C8 and lowest weighted criterion was C3 by MPSI method at each year.

4.2 Ranking by MAIRCA method

In this section, Asian countries are ranked according to eight criteria weighted by
the MEREC, LOPCOW, and MPSI methods for each year. The decision matrices are
same as the matrices used for weighting and are given in Appendix A. In the next
step, since there will be equal priority among the alternatives, the preference rate
(P, ) is calculated as in Table 5 using Eq. 14.

After second step, all calculations are made using the weight values determined
by the MEREC, LOPCOW, and MPSI methods, separately. The ranking results by
years and methods are summarized at the following Table 6.
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2020 2021
025 gog 0.25
0.20 0.20
0.15 046 0.15
0.10 0.10
0.
0.05 0.05
0.00 0.00
Cl C2 C3 C4 C5 C6 C7 cC8 cl C2 (3 c4 C5 C6 C7 cC8
e MEREC e LOPCOW *MPSI s MEREC e LOPCOW MPSI
2022 2023
0.30
0.26
0.25
0.20
0.15
0.10
0.05
0.00 0.00
Cl C2 €3 Cc4 ¢ C6 C7 c8 Cl C2 €3 Cc4 ¢ C6 C7 c8
MPS|  emmm==MEREC === OPCOW e MEREC e LOPCOW *MPSI

Fig. 1 Criteria weights according to MEREC, LOPCOW, and MPSI methods by years

Table 5 Preference rates 2020 2021 2022 2023
M 29 28 28 25
Pyy=1/m 0.034 0.036 0.036 0.040

The results were tested by comparing the ranking results with the current ranking
status on the Numbeo website. In the rankings, Oman is generally in the best condi-
tion among Asian countries according to the QLIs, while Philippines took the last
place mostly. According to the results, there was no statistically significant differ-
ence between the rankings.

Spearman rank correlation results were analyzed to determine the correlations
between the ranking scores. The Spearman correlation coefficient enables the com-
parison of rankings and the determination of the degree of relatedness between the
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Table 7 Correlation coefficients of ranking results

2020 NU M+M L+M MPSI+M 2021 NU M+M L+M MPSI+M
NU 1 NU 1

M+M 0.92%* 1 M+M 0.92%*% 1

L+M 0.91%% 0.97** 1 L+M 0.92%% 0.95%* 1

MPSI4+M  0.97#*% 0.96%* 0.94%* ] MPSI+M  0.97#*% 0.96%* 0.95%* 1

2022 NU M+M L+M MPSI+M 2023 NU M+M L+M MPSI+M
NU 1 NU 1

M+M 0.96%* 1 M+M 0.95%*% 1

L+M 0.91#% 0.94%* 1 L+M 0.87*% 0.95%* 1

MPSI4+M  0.98%* 0.96%* 0.88** 1 MPSI+M  0.99%*% 0.97%% 0.89%* 1

NU Numbeo ranking results, M+M MEREC and MAIRCA ranking results, L+M LOPCOW and
MAIRCA ranking results, MPSI+M MPSI and MAIRCA ranking results

*#p value <0.01

results. The Spearman correlation coefficient approaching 1 indicates an increas-
ing relationship between the two rankings. According to the results at Table 7, high
correlation was observed between all multi-criteria method rankings at 0.01 level
of significance. Among them, the results of MPSI and MAIRCA methods have the
highest correlation coefficient with Numbeo ranking results, which means that MPSI
weights give the most successful criteria weights compared to MEREC and LOP-
COW methods.

Euclidean distance shows the distance between two points, and with these dis-
tances, it can be determined how far the sets of rankings are from each other. A
small distance value indicates that the two compared clusters are closer to each
other. The Euclidean distance between the ranking results and Numbeo ranking was
computed and presented at Table 8, and the results implied that the closest ranking
was MPSI+MAIRCA.

Table 8 Euclidean distances between the ranking results

2020 NU M+M L+M MPSI+M 2021 NU M+M L+M MPSI+M
NU 0.00 NU 0.00

M+M 18.06  0.00 M+M 17.38  0.00

L+M 19.34  11.40  0.00 L+M 17.38 1393  0.00

MPSI+M 10.68 13.04 15.75 0.00 MPSI+M 1058 11.92  13.57 0.00
2022 NU M+M L+M MPSI+M 2023 NU M+M L+M MPSI+M
NU 0.00 NU 0.00

M+M 12.81  0.00 M+M 11.14  0.00

L+M 17.78 15.17  0.00 L+M 18.06 11.66  0.00

MPSI+M 9.06 11.83  20.93 0.00 MPSI+M 6.16  8.37 17.03  0.00

NU Numbeo ranking results, M+M MEREC and MAIRCA ranking results, L+M LOPCOW and
MAIRCA ranking results, MPSI+M MPSI and MAIRCA ranking results
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5 Discussion

The aim of the study was to compare the MEREC, LOPCOW, and MPSI methods
and their effects to criteria weights and ranking results in the decision problems
involving over 20 alternatives. From the mathematical point of view, MEREC
method is based on logarithmic function and measure the removal effects of the
criteria. LOPCOW method is based on a percentage of the standard deviations
of the mean square values and allows negative numbers in the data sets, unlike
MEREC and MPSI methods. MPSI method considers relative importance of the
criteria.

In the normalization step, a simple linear normalization is used, and all the
criteria are transformed to the minimization type criteria in MEREC method.
LOPCOW uses Weitendorf’s Linear Normalization technique, and MPSI method
involves O-1 interval normalization using Max—Min values (Aytekin 2021). In
terms of ease of application, it has been seen that the MPSI method is the most
easily applicable method at normalization and calculation steps.

Based on the criteria weighting results given with Fig. 1, it can be said that
the MPSI method gives more stable criteria weights and is not affected by small
changes in the data set. Comparing MPSI, MEREC, and LOPCOW weighting
values, it can be said that MEREC and MPSI gives close results, in contrast to the
LOPCOW method. The weight results could not be criticized with the literature,
since there has been no study that compared the MEREC and MPSI or LOPCOW
and MPSI methods as far as known. However, MEREC and LOPCOW results can
be compared to literature. It is seen in the literature that the LOPCOW method
gives exactly the opposite weights compared to the MEREC method. Bektas
(2022), Yalman et al. (2023), Ulutas et al. (2023), and Yasar and Unlii (2023)
state in their study that since the criteria with higher weights in the MEREC
method receive lower weights in the LOPCOW method, the results obtained
from both objective criterion weighting methods are combined for a more stable
weighting.

Upon examination of the change in criterion weights over time, it becomes
evident that C1, C5, and C8 receive the most weight in the MEREC and MPSI
methods. While the criteria that receive the highest weight as a result of the LOP-
COW method vary from year to year, they include criteria C1, C5, and C8. The
purchasing power index (Cl) indicates the relative purchasing power of goods
and services in a given city in comparison to the average net salary. The property
price-to-income ratio (C5) is defined as the ratio of average apartment prices to
the average disposable family income. In the climate index (C8), settlements with
high quality of life have moderate temperatures and low humidity. The criteria
weights imply that countries seeking to enhance the quality of life should prior-
itize indexes pertaining to purchasing power, property price-to-income ratio, and
climate. In other words, the increase of the purchasing power and climate index
values, in conjunction with a reduction in the property price-to-income ratio, sig-
nificantly influences the ranking of countries. Consequently, while these coun-
tries endeavor to enhance climatic conditions, they should implement political
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measures to regulate purchasing power and property price-to-income ratios.
Given their geographical location, countries are unable to alter air temperature
and humidity, yet they can implement environmental policies that improve these
conditions within the constraints of their own climatic conditions.

Additional to the above inferences, the usability of the PSI method is also dis-
cussed in this study. In Table 2, the preference variation values of criteria such
as Cl1, C5, and C8 are higher than 1. This situation caused to get negative values
while computing the PSI values (¢; = 1 — p;) for PSI method. This occurs because
as the number of alternatives increases, the sum of preference variation values
increases, so that it exceeds 1. For this reason, the PSI method gives incorrect
criteria weights, and it becomes useless as happened in this study, especially
when the number of alternatives is large. Therefore, MPSI method was preferred
instead of PSI method. This result will be an important guide when choosing the
right MCDM method for other studies. Accordingly, when the results of the study
are examined in terms of the number of alternatives, although PSI method is pref-
erable, objective, and easy to apply, this study indicates that the PSI method is
sensitive to the number of alternatives. However, the MEREC, LOPCOW, and
MPSI methods are not affected by the number of alternatives.

When the ranking results were compared to Numbeo, there was no statistically
significant difference between the rankings. Furthermore, it can be concluded that
the MPSI method is more preferable compared to the MEREC and LOPCOW
methods because the correlation between the MPSI+MAIRCA and Numbeo
rankings is between 0.97 and 0.99, the closest ranking is again MPSI+ MAIRCA
with values between 6.16 and 10.68 based on the ranking distances, and the ease
of application of MPSI.

6 Conclusion

In MCDM, subjective, objective, and combined methods can be used to deter-
mine the criteria weights. These combined methods can be created by hybrid-
izing different subjective and objective weighting methods. The reason for
using the combination method is that it is thought that more consistent results
are obtained. In this study, the data reached at Numbeo website were analyzed
by MEREC, LOPCOW, MPSI, and MAIRCA methods. The Numbeo QLI deter-
mines and calculates the quality of life of the world countries with eight differ-
ent criteria. These data are shared in the database mentioned in certain periods
of the year. This study presents the ranking of Asian countries in this database
on the basis of selected QLIs by years with MCDM methods. Eight criteria and
over twenty-five alternative countries were used to calculate the index values.
MEREC, LOPCOW, and MPSI methods were used to determine the weights of
the criteria, and MAIRCA method was used to find the rankings of the alterna-
tives. MEREC + MAIRCA, LOPCOW + MAIRCA, and MPSI+MAIRCA values
were compared with the results in Numbeo database.
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The following results were obtained from the study:

— MEREC, LOPCOW, and MPSI methods are newly added to the literature and
have been compared for the first time and have been used for the first time to
rank countries according to their QLIs and make significant contributions to the
domestic and foreign literature. Among these weighting methods, MPSI weights
gave the closest ranking results to Numbeo.

— By combining the MPSI method with the MAIRCA method, methods that have
not been encountered before in the literature have been added to the MCDM
methods, thus this study has guided new areas of use.

— This study also examines the applicability of PSI method to the decision prob-
lems containing more than 20 alternatives, which indicated that PSI method can-
not be applicable at problems with high number of alternatives. This result is
an important problem solver while choosing the right MCDM method for other
studies. Thus, MPSI method was preferred instead of PSI method.

— The MAIRCA method was used together with the mentioned weighting methods
in only this study. Therefore, this study contributes to the field.

In future studies, the weighting methods can be combined to a single weight,
hybridized with different MCDM techniques and expanded according to different
fuzzy set bases. A method can be developed to obtain a single weight by integrating
these objective weighting results. Analyses can be performed for different countries
and different year intervals and thus the generalizability of the method used can be
examined. In addition, possible reasons for changes in country rankings during the
study period, such as economic or social changes, and how these factors may have
affected quality of life indices can be discussed in future studies.

6.1 Limitations of study

In the research, QLI data in Asian countries taken from the Numbeo website were
used. The limitation of this study is that data for every country could not be accessed
for every year. For this reason, the number of alternatives in the data sets between
2020 and 2023 included in the study is different. For this reason, analysis results
may vary depending on different countries and different years. This situation also
makes it difficult to interpret the change in the quality of life in countries over the
years. To overcome these limitations in future studies, the data for other continents
can be used or the countries with missing data for some years may not be included
in the study.

Appendix A

See Tables 9, 10, 11 and 12.
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