Taylor & Francis
Taylor & Francis Group

A PTERMATIONA, JOURNA,

APPLIED g
Al Applied Artificial Intelligence

An International Journal

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/uaai20

A Proposed Method for Multi-Criteria Group
Decision Making: An Application to Site Selection

Nouran M. Radwan, Rasha Elstohy & Wael K. Hanna

To cite this article: Nouran M. Radwan, Rasha Elstohy & Wael K. Hanna (2021) A Proposed
Method for Multi-Criteria Group Decision Making: An Application to Site Selection, Applied
Artificial Intelligence, 35:7, 505-519, DOI: 10.1080/08839514.2021.1901031

To link to this article: https://doi.org/10.1080/08839514.2021.1901031

ﬁ Published online: 07 Apr 2021.

N\
[:J/ Submit your article to this journal &

||I| Article views: 694

A
& View related articles &'

Py

() view Crossmark data &

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=uaai20


https://www.tandfonline.com/action/journalInformation?journalCode=uaai20
https://www.tandfonline.com/loi/uaai20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/08839514.2021.1901031
https://doi.org/10.1080/08839514.2021.1901031
https://www.tandfonline.com/action/authorSubmission?journalCode=uaai20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=uaai20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/08839514.2021.1901031
https://www.tandfonline.com/doi/mlt/10.1080/08839514.2021.1901031
http://crossmark.crossref.org/dialog/?doi=10.1080/08839514.2021.1901031&domain=pdf&date_stamp=2021-04-07
http://crossmark.crossref.org/dialog/?doi=10.1080/08839514.2021.1901031&domain=pdf&date_stamp=2021-04-07

APPLIED ARTIFICIAL INTELLIGENCE .
2021, VOL. 35, NO. 7, 505-519 Taylor &Francis
Taylor & Francis Group

https://doi.org/10.1080/08839514.2021.1901031

RESEARCH ARTICLE [ Gheck for pdates|

A Proposed Method for Multi-Criteria Group Decision
Making: An Application to Site Selection

Nouran M. Radwan?, Rasha Elstohy(9°, and Wael K. Hanna®

2Computer and Information Systems Department, Ph.D, Lecturer at Sadat Academy for Management
Sciences, Cairo, Egypt; ®Ph.D, Lecturer at Information Systems Department, Obour Institutes, Cairo, Egypt
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In the real world, decision-making process is related to alter- Received 14 July 2020
native evaluation with respect to multiple conflicting criteria. In Revised 14 October 2020
this paper, a hybrid group approach to solve the site selection Accepted 5 March 2021
problem is developed by integrating two methods which are

the Best Worst Method (BWM) and Evaluation based on

Distance from Average (EDAS). The multi-criteria group deci-

sion-making methods aggregate expert preferences and pre-

sent the best agreement. BWM method is used to do pairwise

comparisons in a structured way to determine the criteria

weight. EDAS is a method used for alternative ranking which is

useful for the decision issues that contain conflicting criteria. In

order to show the procedures and the application of the devel-

oped method, a case study for site selection of plastic manu-

facturing company is developed. A comparison made between

the proposed method and the AHP method is developed to

ensure that the proposed method offers reliable results. Also,

sensitivity analysis is conveyed for robustness validation.

Introduction

Most decision-making problems include alternatives which a decision-maker
should determine the most suitable one based on defined criteria. In these
problems, there are criteria and sub-criteria with different importance and
alternatives need to be evaluated based on the pre-determined criteria. In this
regard, the multi-criteria decision-making methods as the rational approach
help to find the most appropriate alternative. Accordingly, multi-criteria
group decision-making methods are used to aggregate individual expert pre-
ferences and present the most suitable alternative when more than one
decision maker to take the decision (Chakraborty, Zavadskas, and
Antucheviciene 2015).

Site selection is the process of finding the suitable sites for a project estab-
lishment depending on different criteria as the complexity of projects does not
depend only on the industry but also on environmental, economic and social
factors (Taibi and Atmani 2017). Previous studies have already applied
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different methods such as Analytic Hierarchy Process (AHP), Technique for
Order Preference by Similarity to Ideal Solution (TOPSIS), and Elimination
and Choice Expressing Reality (ELECTRE) to solve the site selection problems
(Zavadskas, Turskis, and Kildiené 2014).

Another study for site selection is presented to find the best alternative for
a plastic goods manufacturing company new site among four possible loca-
tions while all criteria are ranked and compared using AHP method and most
convenient option was weighted using TOPSIS to be presented to the top
managers of the company (Yaslioglu and Onder 2016). The problem with
TOPSIS method is that it does not consider the correlation of attributes;
difficult to weigh and keep consistency of judgment.

ELECTRE method is adopted to find optimum site which has several
iterations and is also an outranking method (Uysal and Yavuz 2014). The
disadvantage of ELECTRE method is that its process and outcomes can be
hard to explain in simple terms. PROMETHE method also has been used but
the problem that it does not provide a clear method to assign weights
(Athawale and Chakraborty 2010).

The site selection problem has big concern over the last years and several
methods have been recommended. The complexity of site selection problem is
due to that it depends on variety of criteria such as environmental, economic,
and industrial and social factors. Many criteria decision-making methods have
grown-up concerned with computational tools for supporting decision-
makers. The problem within the previously used methods is that they need
a lot of pair-wise comparisons which is conflicting to decision makers and
time consuming. Also, they are more suitable in conditions when the informa-
tion is defined in numerical values and the impact analysis is implemented
from the side where all weights of variables suggested a compromise choice
which does not happen in site selection problem.

The main objective of this paper is to propose a multi-criteria group
decision-making method based on Best Worst Method (BWM) and EDAS
(Evaluation based on Distance from Average Solution) method for site selec-
tion problem. BWM needs little number of comparisons and maintains the
consistency of pairwise comparisons. EDAS method is a new method which is
useful for the decision issues that contain conflicting criteria easy to be applied
without complex calculations. A numerical example for a new site selection of
plastic manufacturing company is presented to illustrate the proposed method
and show the efficiency of it. A comparison made between the proposed
method and AHP method is developed to ensure that the proposed method
offers reliable results. Then a sensitivity analysis is conducted for robustness
validation. In sensitivity analysis, various scenarios are obtained where the
weight of a criterion considered for examination is changed, and equal weights
are given to the other criteria to examine the robustness of the results
(Triantaphyllou, 2000) (Keshavarz Ghorabaee et al. 2015).
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Literature Review

Best Worst Method (BWM) is a new method for solving multi-criteria deci-
sion-making problems introduced by Rezaei in 2015. In this method, the best
(most important) and the worst (least important) criteria are chosen by the
decision-maker. Afterward, pairwise comparisons are performed between
each of the most and least important criteria and the other criteria. For
calculating the decision-making criteria a maximum problem is formulated.
In order to check the reliability of the comparisons a consistency ratio is
proposed for the BWM (Rezaei 2015).

BWM is applied for assessing the social sustainability of supply chains
(Ahmadi, Kusi-Sarpong, and Rezaei 2017). Another research used BWM to
select suppliers on the basis of their green innovation ability (Gupta and Barua
2017). The selection of biomass thermochemical conversion technology using
BWM in the Netherlands is presented at (Van De Kaa, Kamp, and Rezaei
2017). The analysis of the barriers to humanitarian supply chain management
is presented in (Sahebi, Arab, and Moghadam 2017). In addition, a hybrid
model including BWM and total area based on orthogonal vectors method to
analyze the technology portfolio selection problem 1is presented
(Mokhtarzadeh et al. 2018). From previous studies, it is concluded BWM
method is achieving good results in weighting the decision-making criteria
as it needs less comparison data than other methods and provides more
reliable results.

In BWM a new structure of pairwise comparison is performed as experts
only do reference comparisons. BWM has advantages over the AHP that is
usually used for site selection as it reduces the complexity of comparisons and
maintains the consistency of pairwise comparisons by disregarding redundant
comparisons. Therefore, the results imitated by the BWM are more reliable
than those by the AHP (Xiaomei et al., 2019).

EDAS (Evaluation based on Distance from Average Solution) method was
firstly proposed by Keshavarz Ghorabaee et al. in 2015. The EDAS method is
a multi-criteria decision-making method which is useful in decision problems
that contain conflicting criteria. It depends on positive and negative distances
from the average for appraising alternatives. The authors also presented
a comparative analysis to indicate the validity of the proposed method and,
compared EDAS method with Simple Additive Weighting (SAW) Technique
for Preference by Similarity to the ideal Solution (TOPSIS), Complex
Proportional Assessment (COPRAS), and VlseKriterijumska Optimizacija
I Kompromisno Resenje (VIKOR) which means multi-criteria optimization
and compromise solution methods (Keshavarz Ghorabaee et al. 2015). The
problem with these methods is that they are appropriate when the information
is numerical values and the results concern is suggesting a compromise
solution.
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Later, EDAS method was applied to different fields. For Example, EDAS
method is used to solve air traffic problems in the Democratic Republic of
Congo (Kikomba et al. 2016). Another research used integrated method based
on AHP (Analytical Hierarchy Process) and EDAS methods to evaluate
scenarios of city logistics in Doboj. The research used AHP method to
determine criteria weights, and rank the alternatives with EDAS method
(Stevi¢ et al. 2016). EDAS method is used to select the most suitable sewing
machine for a textile firm (Ulutas 2017).

Rahman et al. used Analytic Hierarchy Process (AHP) to select the most
suitable site for plastic manufacturing industries in Bangladesh taken five
commercial districts as location and ten criteria for deep consideration from
all promising sites of Bangladesh (Rahman et al. 2018). AHP also used to study
the conditions for installing a plant for jeans production in three possible
regions where the most important textile companies in the country are located
(Costa, Borges, and Dos Santos Machado 2016). But AHP has problems due to
interdependence between criteria and alternatives; which leads to inconsisten-
cies between judgment and ranking criteria.

A hybrid model based on AHP and EDAS methods was proposed to
evaluate the heritage buildings intended for renovation based on their values
(Turskis, Morkunaite, and Kutut 2017). A comparative study for quality
assurance in different contractor contacts was presented with different multi-
criteria decision-making methods including EDAS and other methods which
are: SAW, TOPSIS, and COPRAS (Trinkaniené et al. 2017). The evaluation of
steam boiler alternatives is presented based on integrated method based on
using Measuring Attractiveness by a Categorical Based Evaluation Technique
(MACBETH) to determine the best steam for the dyehouse of the textile
company (Kundake1 2019). From previous studies, EDAS is useful for the
alternatives evaluation as it has no complex calculations and can handle
conflicting criteria. The advantage of EDAS method is that the best alternative
is determined based on the distance from average, so decision makers do not
need to determine ideal solutions (Keshavarz Ghorabaee et al. 2015).

Multi-criteria group decision-making methods are applied to take
a decision for different problems of the various issues such as site selection
(Devi and Yadav 2013; Dey et al. 2017), supplier selection (Lima-Junior and
Carpinetti 2016; Qin, Liu, and Pedrycz 2017), project management (Heravi,
Fathi, and Faeghi 2017) and performance evaluation (Uygun and Dede 2016).

In addition, some researchers discussed group-based decision-making
methods applied by using a novel instrument to aggregate the preferences
(Verma and Rajasankar 2016; Yan, Ma, and Huynh 2017). You et al. (2015)
extended a novel VIKOR method using linguistic information for the supplier
selection problem that concludes the acceptable results. Also, Heravi, Fathi,
and Faeghi (2017) used group decision-making methods to evaluate some
indicators related to the sustainability options in the construction industry.
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Methodology

The proposed method is divided into three parts; the first part is to determine
the criteria, sub-criteria and alternatives. The second part is to determine the
criteria and sub-criteria weight using BWM method and the third part is to
evaluate alternatives using EDAS method as shown in (Figure 1):

The First part includes deriving the weights of the criteria by BWM method
described as followis (Rezaei 2015; Rezaei 2016):

Step 1. Define the sets of decision-makers, criteria, and alternatives.

Step 2. The most important and the least important criteria and sub-criteria
are with no comparison.

Step 3. The preference of the most important criterion over all the other
using a number between 1 and 9 is determined as follows:

Ap = (ap1,aB2; - - - apn)

Step 4. The preference of all criteria over the least important criterion using
a number between 1 and 9 is determined as follows:

Ap = (aiw,aw, ..., a,W)

Step 5. At this step, the priority of the best sub-criterion over each of other
sub-criterion is determined as a number between 1 and 9, which is expressed
as AB = (a'p1; @ 1y . . ., @), where a'py is the priority of the best sub-criterion
over k-th sub-criterion in j-th criterion.

Step 6. The priority of each sub-criterion over the worst sub-criterion is
determined for each criterion as a number between 1 and 9, which is expressed
as AB = (aw; 2w, . . . @ aw), where @/yis the priority of k-th sub-criterion
over the worst sub-criterion for j-th criterion.

Step 7. Calculating the weights of the criteria and sub-criteria for each
expert.

By solving the problem, we can obtain the optimal weight and §L*. EL* is an
indicator of consistency, where the closer numbers to zero show better
consistency.

w= fw]-/ne (1)
{lwj — ajwy|} < &Lfor all j (2)
Ywj= 1,w;j> 0 forallj (3)

Step 8. Calculating the aggregated weight for all experts, which is expressed as
w is aggregated weight of criteria or sub-criteria, Wj is for the criteria and sub-
criteria for each expert, and n® is number of experts.

w= £w]-/ne (4)

The second part is to evaluate the alternatives by using EDAS method as
following (Keshavarz Ghorabaee et al. 2015):
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Determine the decision making team,
criteria, sub-criteria, alternatives

'

Determine the criteria and sub-criteria
weight using BWM for each expert

I

Compute average of criteria and sub-
criteria weight

l

Evaluate alternatives using EDAS for
each expert

l

Compute average solutions

v

Determine the rank for alternatives

Figure 1. The proposed method.



APPLIED ARTIFICIAL INTELLIGENCE . 511

Step 9. The criteria and alternatives of the decision problem are defined.
Step 10. The second step includes the construction of the decision matrix
X for each expert.
X111 -+ Xlm X111 -+ Xlm
X=Xl | + T Do
Xnl -+ Xnm/] [Xnl --- Xnm

Step 11. This step includes the construction of aggregated decision matrix
X for all experts.
Step 12. Calculate the average solution (AV) based on all criteria.
AV =[AV}], ; AV j= (5)

1x

Step 13. This step includes the calculation of the Positive Distance from
Average (PDA) and the Negative Distance from Average (NDA) matrices
according to criteria type.

PDA = [PDAjj]nym NDA = [NDA; e

If j'™ criterion is benefited then:

max (0, (Xij — AVj))

max(0, (AVj — Xij
NDA; - ( (AV]{ i) @
If j'™ criterion is cost then:
max(0, (AVj — Xij

AVj

Step 14. Weighted sum of PDA (SP;) and NDA (SN;) for all alternatives are
calculated.

SP; = > _ wjPDAij (10)
j=1

SN; = > wjNDAij (11)
j=1

Step 15. For all alternatives, normalize SP and SN values
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SPi
NSP; = ————— 12
maxi(SPi) (12)
SNi
NSN; = 1 — —— 13
: maxi(SNi) (13)
Step 16. Appraisal score (AS) for all alternatives is calculated, as follows:
1 .
AS; = 3 (NSP; + NSN;), Where 0 < ASi <1 (14)

Step 17. The alternative with the highest AS is the most suitable choice among
the other alternatives.

Application

In this part, site selection problem of a plastic manufacture located in Egypt is
solved with the proposed method. In this way, applicability of the integrated
method is illustrated. A new firm decided to choose a location for the man-
ufacture. After preliminary research, four locations (6th of October City, 10th
of Ramadan City, Badr City, Delta Misr) are determined among various
locations by Industrial Development Authority of Egypt.

Then, decision makers defined four main criteria for evaluating these sites
which are C1 (Economic includes initial cost, raw materials cost, proximity to
target market), C2 (Environment includes distance from residential areas,
waste disposal area and health and safety), C3 (Production facilities include
proximity to energy sources, proximity to raw materials sources, proximity to
water sources, employment stability) and C4 (Physical facilities include proxi-
mity to fire response equipment, opportunities for possible site expansion,
proximity to public transport) as shown in Figure 2.

After determining the decision makers, alternatives and criteria, the deci-
sion-makers give the importance of criteria based on BWM, and then evaluate
location alternatives by EDAS method. BWM is proposed to calculate the
weights of the criteria. Then, the ranking of the alternatives is obtained with
the help of EDAS method. Finally, the most suitable location is selected which
has the highest appraisal score.

BWM questionnaire data obtained by experts referred at acknowledgment
and the pairwise comparisons of criteria and sub-criteria including best-to-
others (BO) and others-to-worst (OW) are represented in Tables 1 and 2. The
experts’ responses are collected by semi-structured questionnaire, as they are
asked to compare their selected most important criterion with each of the
other criteria and state their preference by using a value between 1 and 9.
A score of 1 implies an equal importance and score of 9 implies that the most
important criterion is extremely more preferred with respect to the other
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C11: Inital cost

C12: Raw materials
cost

C13: Proximity to
target market

C14: Respect for the
local rules and

policies

~ N

C21: Distance from
residential areas

—_—

S C22: Waste disposal
C2: Environment ethod

C23: Health and
Safety

Criteria and Sub-
Criteria C31: Proximity to
l energy sources
N————————
© C32: Proximity to
raw material

[ sources
C33: Proximity to
. water sources

C34: Employment

Stability
C41: Proximity to
fire response

equipment

C42: Opportunities
for possible site
expansion

C4: Physical
Facilities

C43: Proximity to
public transport

Figure 2. Criteria and sub-criteria for manufacture site selection.
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Table 1. The comparisons for the criteria.

Expert 1 Expert 2 Expert 3
Criteria BO ow BO ow BO ow
a 1 9 1 8 4 6
Q2 4 5 3 5 1 9
a 7 2 6 2 7 2
Cc4 9 1 9 1 9 1

criteria. Then, by calculating arithmetic mean of the three expert’s question-
naires, aggregated weight is constructed, which is illustrated in Table 3.

The ranking of the site alternatives is obtained with EDAS method. In
EDAS method, firstly decision matrix is constructed as seen in Table 4. This
matrix consists of the data of the sites alternatives. Here, the data of C11,
C12, which are quantitative but the data of other criteria, are qualitative and

Table 2. The comparisons for the sub-criteria.
Expert 1 Expert 2 Expert 3

@D
o
o
=
@
o
o
=
(v~
e}
o
=

Sub- Criteria

m
12
13
C14
21
C22
23
a3
(32
a3
C34
(€
C42
43

0= BANND-= WO == DO0OWw
oAU Dh —=00U = O
O = PhWNULI—=DHNO—=—=WODN
0oV —=DMOOUTI—=OOLA-=O
O = UINNPp = =2 WO -—=WuoOUpH
— O A NWULOVORA—=20OO0—WU

Table 3. The weights for the criteria and sub-criteria.

Criteria and sub-criteria Weight for each expert
Expert 1 Expert 2 Expert 3 Aggregated Weight Overall Weight

a 0.644 0.595 0.194 0.478

(@) 0.222 0.228 0.152 0.201 0.096
C12 0.055 0.595 0.062 0.237 0.113
Cc13 0.166 0.114 0.126 0.135 0.065
C14 0.555 0.063 0.659 0.426 0.203
C2 0.188 0.228 0.638 0.351

21 0.676 0.0714 0.0714 0.273 0.096
C22 0.076 0.243 0.173 0.164 0.058
23 0.246 0.686 0.755 0.562 0.197
a3 0.107 0.114 0.111 0.111

31 0.491 0.569 0.491 0.517 0.057
€32 0.151 0.138 0.152 0.147 0.016
(33 0.053 0.064 0.054 0.057 0.006
C34 0.303 0.229 0.304 0.279 0.031
c4 0.059 0.0633 0.055 0.059

4 0.214 0.219 0.173 0.202 0.012

42 0.714 0.719 0.755 0.729 0.043
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Table 4. Data for plastic manufacture site alternatives.

Criteria 6th of October City Badr City 10th of Ramadan City Delta Misr Average
cn 200 450 400 300 3375
12 100 150 250 200 175
13 90 65 85 75 78.75
C14 90 80 95 85 87.5
21 80 90 85 90 86.25
C22 85 65 90 70 77.5
23 90 95 60 80 81.25
31 65 90 90 80 81.25
@32 90 75 80 85 825
33 75 95 90 85 86.25
C34 80 65 75 90 77.5
@y 80 85 75 90 82.5
C42 85 80 90 75 825
43 90 80 85 75 82.5

Table 5. Results of the EDAS method.

Alternatives SPi SNi NSPi NSNi Asi Rank
6th of October City 0.1336 0.0195 1.0000 0.1603 0.5801 2
Badr City 0.0608 0.0780 0.4549 0.6408 0.5479 3
10th of Ramadan City 0.0423 0.1217 0.3170 1.0000 0.6585 1
Delta Misr 0.0214 0.0389 0.1603 0.3198 0.2401 4

obtained as a percentage. Decision matrix is constructed then average based
on all criteria is determined using Equations (5). These average values are in
the last column of Table 4. Later, Positive Distance Average matrix is
formed by Equation (6) for benefit criterion and for cost criterion by
Equation (8). Then, Negative Distance Average matrix by Equation (7)
for benefit criterion and for cost criterion Equation (9) is used. Then for
all alternatives, weighted sum of Positive Distance Average and Negative
Distance Average are determined by using Equations 9 and 10. Then, SPi
and SNi values are calculated as shown in the first and second columns of
Table 5.

For all alternatives, weighted sum of PDA (SP) and weighted sum of NDA
(SN) are normalized by Equations (12) and (13) respectively to obtain NSPi
and NSNi values as shown in Table 5. Finally, appraisal score for all alter-
natives is calculated with Equation (14) as shown in Table 5.

Discussion and Results

In decision-making process, the criteria weights are to show the importance of
the criteria. There are many criteria that cannot be expressed in quantitative
values and it is difficult to determine the importance of these criteria. The
logical idea is that the criterion with the highest weight is the most important.
But in some cases, it is not true as lower weight criterion may be critical. It is
needed to know how sensitive the order of alternatives is. In this section,
a sensitive analysis to examine the effect of changing the criteria weights on
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Table 6. A comparison of alternatives weights by the proposed method, AHP method and vikor
method.

Alternatives Proposed Method Rank Group-AHP Rank Group-Vikor Rank
6th of October City 2 2 2
Badr City 3 3 3
10th of Ramadan City 1 1 1
Delta Misr 4 4 4

ranking and a comparison between the proposed method, AHP method and
VIKOR method is presented.

The results of sensitive analysis approach showed that the alternative 10™ of
Ramadan City is suggested as the most suitable site in the proposed method,
has the highest score in 10 experiments from 12 experiments.

The comparison between that the proposed method, AHP and VIKOR
methods as seen in (Table 6) showed the following:

The most used method in site selection in previous studies was AHP and
VIKOR Methods. AHP needs a lot of pairwise comparisons. VIKOR method is
suitable when information is in numerical values, as it has no way to determine
the criteria weights.

The proposed method is compared with Group-AHP method and Group-
VIKOR method where the obtained solutions are compared as shown in
(Table 6). It was found that the ranking obtained by proposed method was
the same and in agreement with the other methods. It is concluded from this
comparison that the proposed method offers reliable results when collabora-
tion takes place between decision makers and experts, and a good method is
adopted.

e BWM needs less time for comparisons than those in AHP, because the
BWM needs reference comparisons regarding the best criterion and the
worst criterion, while the AHP needs whole matrix of comparisons.

e BWM depends on structured comparing process based on 1-9 scale
integers, while in the AHP the 1/9-9 scale is used. This makes the
complexity of comparisons in BWM is lower than as integral scale is
much closer to human intuition.

e EDAS method determines the best alternative based on the distance from
average. So the decision maker does not need to determine ideal solutions.

Conclusion

In this paper, a hybrid method is proposed for the site selection problem. This
method is based on BWM and EDAS which is more simple and time saving.



APPLIED ARTIFICIAL INTELLIGENCE . 517

BWM method is used for determining the weights of the criteria, whereas
EDAS method is used for evaluating the site alternatives. In order to show the
applicability of the proposed method, plastic manufacture site selection pro-
blem is solved. According to the results of the method final evaluating of site
alternatives is obtained as 10th of Ramadan City > 6th of October City > Badr
City > Delta Misr. As a result, the most appropriate site is found as 10th of
Ramadan City as proved by using Group-VIKOR and Group-AHP method
and sensitivity analysis.

One of the methods used in site selection in previous studies was AHP
which needs a lot of pairwise comparisons. This makes AHP enormously
complex and time-consuming method. Also VIKOR method is used for site
selection but it is not suitable when information is not defined in numbers, and
in the solution that is presented is compromised.

The proposed method is compared with other Group-AHP method and the
obtained solutions are compared as shown in Table 6. It is concluded from this
comparison that the proposed method offers reliable results when collabora-
tion takes place between decision makers and experts, and a good method is
adopted. The results of the study cannot be generalized, due to the fact that the
proposed cannot evaluate products by itself.

In future studies, researchers can compare more methods with the proposed
method. Also, researchers can expand the method by using fuzzy or neutro-
sophic numbers. Moreover, future research can integrate the proposed model
into other multi-criteria decision-making methods.
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