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Article History:  Abstract. Shopping center plays an important role in distribution system and marketing. These canters pro-
vide an appropriate atmosphere for customers; so that, the customers achieve the best service within a short 
time. However, there is an intense competition among shopping centers to attract more customers for in-
creasing the profit. Therefore, a powerful model assists authorities in identifying the critical competitive as-
pects and directing their efforts toward performance improvement. However, a number of strategies have 
been developed to identify the most relevant components. The Delphi technique under intuitionistic fuzzy en-
vironment, called intuitionistic fuzzy Delphi method (IFDM) study, is a group-based technique that can simply 
formulate the uncertainty imposed by decision making circle. On the other hand, multi criteria decision mak-
ing (MCDM) method such as analytical network process (ANP) is a mathematical tool for taking into account 
mutual relationships in order to rank a number of criteria. Nonetheless, the ANP is unable to account for the 
uncertainty involved in the decision-making process. Similarly, the intuitionistic fuzzy set (IFS) can express 
ambiguity and vagueness by utilizing the given scale. Because the IFS is robust in dealing with complexity 
and ambiguity, the IFS-GANP (an integrated model of the IFS and ANP methods under group decision) can 
result in a more specific description of the situation. As a result, the IFS-GANP approach outperforms both 
conventional ANP and fuzzy ANP. To demonstrate the model’s feasibility, a case study rating the essential 
aspects impacting the attractiveness of retail centers is shown. The result demonstrates factor C31 (Location) 
with value of 0.202 plays the greatest role in attracting customers. 
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1. Introduction

Iran has emerged as one of the largest economies in the 
world because of its remarkable economic growth. Based 
on the statistics issued by Statistical Centre of Iran in 
2014, the total retail sales of consumer goods for each 
family dramatically increased from 19,960 thousand IRR 
to 97,200 thousand IRR in a ten-year period from 2005 
to 20141.

Many vendors have tremendously benefited from this 
incredible economic growth, especially dwellers of the 
metropolitan areas such as Tehran, Esfahan, and Tabriz. For 
instance, the retail sales of consumer goods in Tehran, the 
capital of Iran and considered as the major economic hub, 
increased more than 4.5 times in ten years, from 2005 to 

1 www.cbi.ir

20142. According to the rapid economy growth, a number 
of investors and sellers have rushed to the metropolitan 
areas in order to earn a better yield by focusing on profit-
able business opportunities, comprising the establishment 
and development of shopping malls. Based on municipal-
ity reports, there is more than 300 mall projects under 
construction only in Tehran.

In spite the fact that the last global financial crisis in 
2008/2009 and the restricting sanctions in 2006–2016 have 
weakened often business activities and opportunities, the 
retail market still remains powerful and capable3. Although 
the shopping center atmosphere is quite different from 
traditional bazar system, this business atmosphere has 
been broadly accepted by Iranians. 

2 www.worldbank.org
3 www.mordorintelligence.com
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Shopping malls play a key role in the modern market-
ing distribution system (Finn & Louviere, 1996), because 
many potential customers still hesitate to shop online 
(Klepek & Bauerová, 2020). A typical customer desires to 
receive an extraordinary diversity of goods and the best 
service within a short time. Generally, not only a shop-
ping mall contains shops; but also, comprises other types 
of public services such as banking and exchange services. 
Nowadays, a modern shopping mall provides a broad 
spread of entertainment for customers such as cinemas 
and food courts. Moreover, shopping malls are positively 
affecting the housing market (Zhang et al., 2019). How-
ever, with the emergence of modern lifestyles, retail shop-
ping shifted from patronizing at shops nearest to one’s 
place of residence to regional shopping centers and from 
shopping at small independent shops to large shopping 
centers (Cheng et al., 2007). 

There is a growing need for analysis to understand 
how the factors can contribute to the success or failure 
of a shopping mall. However, there is a continuing inter-
est in relationship between the parameters that shopping 
mall decision makers can manage the patronage attracted 
to the malls (Finn & Louviere, 1996). Management of a 
shopping mall requires to understand how mall patronage 
fluctuates as a function of the factors influencing the im-
age of the mall. Therefore, in order to obtain a substantial 
profit margin for retail investors, it is necessary to identify 
the parameters manipulating the behavior of shoppers. 

According to the key importance of the attractiveness 
parameters of shopping centers, a wide variety of stud-
ies are conducted. Yu et al. (2007) employed the genetic 
algorithm technique to optimize the layout of shopping 
centers in order to satisfy shoppers and vendors in terms 
of understanding the minimum car-based shopping trips. 
Cheng et al. (2007) used a GIS approach to select the loca-
tion of shopping mall. Eckert et al. (2013) accomplished an 
empirical analysis on shopping centers to investigate the 
locational form of stores. Lin et al. (2021) explored location 
determinants of shops.

Oppewal et al. (1997) investigated how consumer 
choice behavior changes when shopping center size and 
store varies. Timmermans (1982) investigated the relation-
ship between the physical attributes of the consumer deci-
sion making, overt behavior, and retailing system by using 
information integration theory under an empirical analysis. 
Wakefield and Baker (1998) demonstrated how shopping 
involvement, mall environment, and tenant variety impact 
on shoppers’ excitement.

Finn and Louviere (1996) investigated how physical 
characteristics of shopping centers influence the consumer 
choice. Mittal and Jhamb (2016) accomplished a quantita-
tive analysis to identify the key features of a shopping 
mall. Onut et al. (2010) used a model based on a combined 
MCDM methodology to solve the problem of site selection 
for a shopping center. Cheng et al. (2005) selected the 
best site for a shopping mall by using the ANP method. 
Frasquet et al. (2001) used the methodology of consumer 
choice modelling to select shopping center. El-Adly (2007) 

used the shoppers’ perspective to determine the attraction 
parameters of shopping malls. 

Although numerous strategies have been created to 
formulate customer behavior in order to design a shop-
ping mall with the greatest attractiveness, MCDMs are 
among the widely used tools for ranking factors in a mul-
tifaceted problem. The analytical network process (ANP), 
an MCDM approach, uses a scientific procedure to model 
a sophisticated problem through transferring a complex 
problem into simple and understandable structures (Sh-
ariatmadari-Serkani et al., 2022; Song et al., 2022; Nasri 
et al., 2023; Nalbant, 2024; Zhang et al., 2024). This tech-
nique can process the personal and subjective preferences 
(Saaty, 2001). The ANP approach uses the comparison ma-
trix to determine the related weights of criteria.

The comparison matrix ranges from one to nine, with 
one indicating that two criteria are equally relevant and 
nine indicating that one criterion is significantly more im-
portant than the other (Sadiq & Tesfamariam, 2009). This 
technique is capable of taking into consideration mutual 
relationships involved by elements. The main reasons for 
employing an ANP-based decision can be described as 
(Fouladgar et al., 2012): (1) the ANP method takes into 
account all qualitative and quantitative factors, (2) the 
technique uses a relatively intuitive and simple procedure 
accepted by authorities, (3) the method can formulate a 
mutual connection between the decision levels without 
restricting to a strict hierarchical structure, and (4) the 
technique is more compatible with real case applications.

However, the ambiguity is to be expected in any deci-
sion-making process (Sadiq & Tesfamariam, 2009). Manage-
ment and science have distinct approaches to ambiguity 
(Parsons, 2001). However, the vagueness sources are arisen 
from two parts (Fouladgar et al., 2011): (1) the vagueness 
imposed by subjective judgments (i.e. decision team is not 
100% sure when making certain decision) and (2) the vague-
ness resulted from lack or less of information (i.e. informa-
tion about decision elements is not completely available).

The intuitive fuzzy set (IFS) is an appropriate method 
for addressing a complex issue in the presence of the am-
biguity. The IFS is an effective general form of fuzzy logic 
(Li, 2014). When other traditional approaches fail to simu-
late a sophisticated problem, this strategy can find out an 
appropriate solution. As a result, an integrated model of 
the IFS and ANP techniques is used to prioritize the key 
elements influencing shopping center attractiveness. The 
overarching aim of this study is double: (1) the identifica-
tion of the factor increasing sales possibilities in order to 
achieve better results, and (2) the assistance of merchants 
and property developers in understanding the needs of 
their customers.

The rest of the paper is arranged as follows. Section 2 
provides a brief overview of intuitionistic fuzzy ANP, which 
includes the IFS, ANP, an integrated technique, competi-
tive advantage, and intuitionistic fuzzy Delphi method. The 
suggested approach is described in Section 3. Section 4 
includes a description of retail centers. Finally, the findings 
are clearly described in the last section.
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The distances between IFSs A and B in { }1 2, , , nX x x x= 

is described as:
The Hamming distance:
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where
0 ≤ d(A,B) ≤ 2n  (16)

and
0 ≤ e(A,B) ≤ 2n . (17)

2.2. Intuitionistic fuzzy ANP
Evaluators typically choose verbal variables to demonstrate 
how much one element is more essential than another (Fou-
ladgar et al., 2011). A verbal value is a variable whose value 
is determined by a function when dealing with the unidenti-
fied conditions in order to accurately represent an event in
a conventional model (Yazdani-Chamzini & Yakhchali, 2012; 
Shariati et al., 2017; Havle & Büyüközkan, 2023). The pair 
comparison approach used in an ANP analysis can deter-
mine the relative value of each criterion (Büyüközkan et al., 
2024). This judgment is converted into appropriate IFSs.

The IF-GANP approach consists of eight steps:
Step 1. The evaluators are instructed to do the two-by-

two judgements using the given scale.
Step 2. The primary weights extracted by decision team

are aggregated into the group weights.
Step 3. Pairwise comparisons are made on the assump-

tion that dependency between criteria is neglected.
Step 4. The impact of each factor on every other factor

is investigated to extract inner-dependency relationships 
between criteria.

Step 5. Calculating the relative importance of the ele-
ments.

Step 6. Determining the inner-dependence decision 
matrices.

Step 7. Computing the final weights of the sub-factors.
Step 8. Prioritizing the factors according to their ranks.

2.3. Competitive advantage
Competitive advantage is defined as a plan of a particular
company to establish and defend their desired strategic 
position against competitors. It can be evaluated by in-
vestigating the resources or calculating the outcome of 
competitive efforts (Maury, 2018). This approach uses a
systematic procedure to integrate three main factors, in-
cluding cost, differentiation, and leadership components.
The first component reflects how a firm produces goods
or services with the features accepted by customers at the 
lowest cost. This factor allows to produce superior margins

2. Research methodology 

2.1. IFS description 
Zadeh (1965) initially proposed fuzzy logic for dealing with 
the vagueness imposed by the decision process (Fouladgar 
et al., 2012; Yazdani-Chamzini, 2014a, 2014b; Kar, 2015; 
Alcantud, 2016; Sun et al., 2017). A fuzzy set, on the other 
hand, uses a single index (membership function) to define 
both the states of support and opposition. Whereas, if the 
degree of support membership is ( )xµ , then the degree of 
opposition membership is just the complement of 1, i.e., 
1 ( )x− µ  (Li, 2014). As a result, a fuzzy set cannot accurately 
characterize the neutral state. To address this issue, Atan-
assov (1986) introduced the idea of an IFS.

An IFS function indicates three values neutrality, op-
position, and support. The function uses non-membership 
and membership degrees to describe the ambiguity (Na-
tarajan et al., 2024). As a result, the IFS is more suited 
for dealing with practical issues in which the vagueness is 
impacted by hesitant degree. The IFS A in E is scientifically 
defined in the following:

{ }, ( ), ( )A AA x x x x E= 〈 µ υ 〉 ∈ .
 

(1)

Where there are two mapping on the set A:

: 0,1A E  µ →   . (2)

And

: 0,1A E  υ →   . (3)

The non-membership and membership degree of the 
element x E∈ , respectively, is defined for every x E∈ as:

0 ( ) ( ) 1A Ax x≤ µ + υ ≤ . (4)

An IFS is described as:

{ }, ( ),1 ( )A AA x x x x E= 〈 µ − µ 〉 ∈ .
 

(5)

The following operations and relations can be de-
scribed for two IFSs A and B: 

  if and only if  ( )( ( ) ( )& ( ) ( ))A B A BA B x E x x x x⊂ ∀ ∈ µ ≤ µ υ ≥ υ .
(6)

 if and only if A B B A⊃ ⊂ . (7)

  if and only if  ( )( ( ) ( )& ( ) ( ))A B A BA B x E x x x x= ∀ ∈ µ = µ υ = υ .
 (8)

{ }, ( ), ( )A AA x x x x E= 〈 υ µ 〉 ∈ ;
 

(9)

{ }, ( ) ( ) ( ). ( ), ( ). ( )A B A B A BA B x x x x x x x x E+ = 〈 µ + µ − µ µ υ υ 〉 ∈ ;
(10)

{ }. , ( ). ( ), ( ) ( ) ( ). ( )A B A B A BA B x x x x x x x x E= 〈 µ µ υ + υ − υ υ 〉 ∈ ;
 

(11)

{ },min( ( ), ( )),max( ( ), ( ))A B A BA B x x x x x x E= 〈 µ µ υ υ 〉 ∈ ;
 
(12)

{ },max( ( ), ( )),min( ( ), ( ))A B A BA B x x x x x x E= 〈 µ µ υ υ 〉 ∈ .
 
(13)
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or more sales in comparison with market competitors. The 
second component shows how a firm produces goods or 
services in a different manner to adapt with customers’ 
requirements. In the differentiation strategy, by consider-
ing several dimensions valued by consumers, the firm aims 
to be unique in its industry (Hanson et al., 2017). The last 
component shows how a firm pursues differentiation and 
low cost simultaneously. Competitive advantage makes a 
product more desirable to customers by taking into ac-
count both unique and higher quality features (see Fig-
ure 1). Therefore, it generates higher value for a firm and 
its shareholders because of certain strengths or conditions. 
A sustained competitive advantage makes it difficult for 
competitors to neutralize the advantage.

2.4. Intuitionistic fuzzy Delphi method
Group decision-making is an effective technique for resolv-
ing complicated challenges and difficulties. Expert view-
points can help groups make better decisions on certain 
issues. The Delphi technique is one of the qualitative meth-
odologies used to achieve universal agreement in group 
decision-making procedures. Delphi studies involve special-
ists on the topic under debate (Rejeb et al., 2022; Zhu et al., 
2023; Danacı & Yıldırım, 2023). This strategy is intended to 
combine and synthesis expert opinions in a certain subject 
in order to obtain a final judgment (Cafiso et al., 2013).

This method is combined with an intuitionistic fuzzy tech-
nique known as the intuitionistic fuzzy Delphi method (IFDM), 
which employs the benefits of intuitionistic fuzzy theory in 
expressing the inherent ambiguity involved in the decision-
making process. In this study, the assessment criteria were 
determined using a three-round IFDM with nine experts.

In the first round of the IFDM research, in addition to 
commenting on the structure of the created algorithm, 
participants were requested to add different more dimen-
sions and modes as needed. At this stage, different dimen-
sions and states of the dimensions were confirmed, with 
minor alterations recommended by specialists. In the sec-
ond phase, each expert was asked to organize the various 
states of each dimension in order of relevance. At the con-
clusion of the second round, the findings were reviewed 
again, and distinct states of dimensions were organized 
based on expert aggregated judgments.

The experts received the second round’s results in the 
third round. They were encouraged to modify their minds 
regarding the sequence of the dimensions’ states. Ac-
cording to the experts’ aggregated assessments, the third 
round did not result in a substantial change in the overall 
outcomes of the second round, hence the study was dis-
continued. 

In this section, the steps of the application of the IFDM 
can be explained as follows.

Step 1. The expert (1, )i n∈  is requested to give a re-
sponse based on the scale given in Table 1. 

( , , ),        1i i i
l l l lµ υ π = ,

 
(18)

where i expresses the index attached to the expert and l 
expresses the phase of the IFDM process.

Step 2. The responses from n experts can be shown 
as follows:

( , , ),    1, ...,i i i
l l l i nµ υ π = . (19)

The mean of this function is as:

( , , )l l lµ υ π . (20)

Furthermore, for each expert, the divergence is ob-
tained as:

{ }, ,i i i
i l l l l l lD = µ −µ υ − υ π − π ,

 
(21)

where Di values can be negative, zero, or positive. The 
value is submitted to each individual expert.

Next, each expert presents a new response:

( , , ),     2i i i
l l l lµ υ π = . (22)

Moreover, the process will be repeated.
When the means of intuitionistic fuzzy values become 

sufficiently stable or two successive means become rea-
sonably close and decision team is satisfactory, the pro-
cess is stopped. After that, the outputs are aggregated by 
using the following equations: 

1 1 1
1 1 1,   ,   

n n ni i i
A l A l A li i in n n= = =

µ = µ υ = υ π = π∑ ∑ ∑ .
 

(23)

Finally, for making the comparison analysis among dif-
ferent criteria, the values should be converted into crisp 
ones. For achieving the aim, the defuzzification method 
proposed by Atanassov and Sotirov (2012) is utilized as 
follows:

* ( )
( ) ( ) ( )

( ) ( )
A

A A A
A A

x
x x x

x x
µ

µ = µ + × π
µ + υ

.
 

(24)

Table 1. Linguistic variables and corresponding intuitionistic 
fuzzy values

Linguistic variables Intuitionistic fuzzy values

Very unimportant (0.0, 1.0, 0.0)
Unimportant (0.25, 0.70, 0.05)
Medium (0.50, 0.40, 0.1)
Important (0.75, 0.20, 0.05)
Very important (1.0, 0.0, 0.0)

Figure 1. Competitive advantage components
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3. The proposed approach 

To identify the most critical components, the IFDM study 
is firstly conducted. This process recognizes the most im-
portant factors influencing the shopping center attractive-
ness. Figure 2 shows a step-by-step technique by using 
the IF-GANP approach for determining the relative rank of 
elements based on competitive advantages under group 
decision. The graphic shows that the process of addressing 
a decision-making challenge consists of six phases. The ex-
pert team defines language variables initially, as shown in 
Table 2. The table displays the ANP rating, related IF num-
bers, and reciprocal IF numbers. The IF judgment matrix 
conducts two-by-two comparisons in the second stage, 
after the construction of the hierarchical structure based 
on competitive advantage components. 

For example, a decision maker establishes a strong 
important while comparing the first criterion (C1) and the 
second criterion (C2) with relation to the overall aim (see 
Table 2). This implies that C1 is five times more significant 
than C2. To determine the relative significance of the com-
ponents, the IF-GANP methodology under group decision 
(IF-GANP) uses an IFS stated as three values (0.70, 0.20, 
0.10), similar to the ANP method that uses a crisp value of 5.

Next, the IFS comparison matrix of each evaluator is com-
bined into a group one trough the aggregated procedure. 
The aggregation matrix is turned into the overall one using 
the arithmetic mean procedure (Wei & Tang, 2011). The con-
sistency ratio (CR) is used to assess the consistency of an ag-
gregated decision matrix after it has been constructed. This 
study used a modified version of CR created by Abdullah and 
Najib (2016) to assess consistency with IF data. This formula 
estimates the consistency of pair-wise comparisons (Karacan 
et al., 2020). A CR value < 0.10 indicates that the comparison 
matrix is consistent. The following phases demonstrate how 
CR is determined (Xu & Liao, 2014).

Stage 1: for 1k i> +

1
1

1
1 1

1 1
1 1

(1 )(1 )

k
k i

it tkt i
ik k k

k i k i
it tk it tkt i t i

−
− −

= +

− −
− − − −

= + = +

µ µ
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where ( ) ( , )ik n n ik ikR r ×= = µ υ  is an intuitionistic preference 

relation and ( ) ( , )ik n n ik ikR r ×= = µ υ  is a perfect multiplica-
tive consistent intuitionistic preference relation. 

Stage 2: for 1k i= +

ik ikr r= .
 

(28)

Stage 3: for k i<

( , )ik ki kir = υ µ . (29)
Stage 4: calculate the distance between the given in-

tuitionistic preference relation R and its corresponding 
perfect multiplicative consistent intuitionistic preference 
relation R  by the following equation: 

( )
1 1

1( , )
2( 1)( 2)

n n

ik ik ik ik ik ik
i k

d R R
n n

= =

= µ − µ + υ − υ + π − π
− − ∑∑ .

 (30)
Decision matrix is consistent when ( , )d R R  is less than 0.1.
In the subsequent stage, the importance weights of 

factors are calculated by employing the entropy technique 
described as follows (Abdullah & Najib, 2016):

1

1 i
i n

i
j

w
w

n w
=

−
=

−∑
,
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where

1

1
n

i
j

w
=

=∑
 

(32)

and

1 ln ln (1 )ln(1 ) ln2
ln2i i i i i i i iw

n
 = − µ µ + υ υ − − π − π − π  .

 
(33)

If 0iµ = , 0iυ = , 0iπ = , then ln 0i iµ µ = , ln 0i iυ υ = , 
(1 )ln(1 ) 0i i− π − π = .

If 1iµ = , 0iυ = , 0iπ = , then ln 0i iµ µ = , ln 0i iυ υ = , 
(1 )ln(1 ) 0i i− π − π = , respectively. 

Next, the overall weights are resulted from multiplying 
the local weights with inner-dependency weights. Then, 
the factors are prioritized based on the overall compara-
tive importance.Figure 2. The proposed approach
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Table 2. Linguistic variables 

Preference on pair wise comparison Intuitionistic fuzzy numbers Reciprocal intuitionistic  
fuzzy numbers ANP rating

Equally Important (EI) (0.50, 0.50, 0.0) (0.50, 0.50, 0.0) 1
Intermediate Value (IEM) (0.55, 0.40, 0.05) (0.40, 0.55, 0.05) 2
Moderately More Important (MI) (0.60, 0.30, 0.10) (0.30, 0.60, 0.10) 3
Intermediate Value (IMS) (0.65, 0.25, 0.10) (0.25, 0.65, 0.10) 4
Strongly More Important (SI) (0.70, 0.20, 0.10) (0.20, 0.70, 0.10) 5
Intermediate Value (ISV) (0.75, 0.15, 0.10) (0.15, 0.75, 0.10) 6
Very Strong More Important (VS) (0.80, 0.10, 0.10) (0.10, 0.80, 0.10) 7
Intermediate Value (IVE) (0.90, 0.05, 0.05) (0.05, 0.90, 0.05) 8
Extremely More Important (EM) (1.0, 0.0, 0.0) (0.0, 1.0, 0.0) 9

4. A case study

This case study demonstrates the use of the IFS-GANP 
approach to prioritize the essential variables of shopping 
center attractiveness based on competitive advantage 
components. Since several shopping centers have been 
completed by large scale companies over the recent dec-
ades, the retail management in Tehran, the capital of Iran, 
is coped with a more serious challenge. The sellers usu-
ally decline the price to attract more customers, but they 
shortly find themselves in a no-win situation. Therefore, it 
is necessary to develop some models based on competi-
tive advantage to find the most important factors influenc-
ing the successfulness of a shopping center. This can lead 
to focus the key activities on the main factors. 

4.1. Extraction of the main components by 
the IFDM procedure
Round 1: All assessors are given instructions on how to 
complete the questionnaire and are informed that the 
questions are open-ended. Once returned, the surveys are 
qualitatively examined, themes are found, and the findings 
are utilized to develop statements for Round 2. A total of 
21 statements are comprised.

Round 2: Participants are asked to score their degree 
of agreement with each statement using a five-point Lik-
ert scale ranging from strongly agree to strongly disagree. 
Responses from Round 2 are assessed using descriptive 
statistics and sent back to participants during Round 3.

Round 3: The last round comprised all of the com-
ments and outcomes from Round 2. Round 3 requests 
participants to re-rate their degree of agreement with the 
statements based on the group’s distribution of opinions. 
They are also urged to provide feedback on their replies. 
The responses from Round 3 are examined using descrip-
tive statistics. After examining the data, it is discovered 
that no new variables are introduced by experts, and the 
IFDM operation was discontinued. The findings are ana-
lyzed using the previously described IFDM procedure. The 
degree of consensus is defined as ≥70% agreement with 
an interquartile range (IQR) of ≤1. An IQR of ≤1 is com-

monly used as a consensus indicator for a five-unit scale 
(Denecke et al., 2023).

It is recommended to use the IFDM process to provide 
feedback on reasons or arguments as well as measure-
ments of central tendency or dispersion. The theory be-
hind the IFDM technique is largely statistical, combining 
numerical estimates of participants’ perspectives leading 
to more trustworthy estimates than estimates from an in-
dividual evaluator. Furthermore, the IFDM approach ena-
bles users to communicate knowledge in an iterative and 
cost-effective manner.

As previously stated, in the first step, the decision 
makers extract a list of characteristics impacting the at-
tractiveness of shopping centers and make the necessary 
modifications. Then, in the second phase, the IFDM re-
search is carried out with the assistance of an expert panel, 
and seven variables are recognized as the most important 
factors determining the attractiveness of shopping malls. 
Table 3 shows a list of these variables, as well as their 
defuzzified scores.

Table 3. The results of IFDM study

Row Variable Defuzzified score of IFDM study

1 Location 0.95
2 Merchandising 0.89
3 Atmosphere 0.82
4 Convenience 0.77
5 Facilities 0.72
6 Size 0.69
7 Assortment 0.62

4.2. A conceptual model
As previously stated, the IFS-GANP technique is an appro-
priate and strong instrument for solving decision-making 
issues including qualitative and quantitative criteria in a 
complex and unpredictable situation. Nine evaluators, 
comprising technical, sales, and senior managers with high 
experience are asked in this study to assess the essential 
elements retrieved from competitive advantage compo-
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nents. The computational technique is given in the stages 
below.

The first stage of the study extracts the most relevant 
elements based on competitive advantage components for 
evaluating retail center attractiveness. A literature study is 
conducted to identify the most significant criteria. Finally, 
by using a three-round process of the IFDM study, seven 
criteria are used to guide the review process (see Table 4).

A conceptual model for an MCDM issue should be cre-
ated before data collection. The conceptual model is the 
most important component in the IFS-GANP model crea-

Table 4. The previous studies and indicators applied for evaluation of shopping mall 
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Dubihlela and Dubihlela (2014)    

Nevin and Houston (1980)   

Mas-Ruiz (1999)  

Wong et al. (2001)    

Sit et al. (2003)   

Yilmaz (2004)  

Singh and Sahay (2012)    

González-Hernández and Orozco-Gómez (2012)   

Gudonaviciene and Alijosiene (2013)     

Ibrahim (2002)      

Finn and Louviere (1996)  

El-Adly (2007) 

Jhamb and Kiran (2012)   

Anuradha and Manohar (2011)     

Verhoef et al. (2009)   

Baker et al. (2002)  

Mittal and Jhamb (2016)     

Nordic Council of Shopping Centers (2013)   

Rajagopal (2008)    

Michon et al. (2005)  

Teller (2008)   

Wakefield and Baker (1998)  

Ahmad (2012)    

Severin et al. (2001)  

Stoltman et al. (1991)    

Timmermans (1982)  

Frasquet et al. (2001)     

Zolfani et al. (2013) 

Cheng et al. (2005) 

Patel and Sharma (2009)  

Reikli (2012)  

Onut et al. (2010) 

Anikeeff (1996)  

Wong (2015)   

Oppewal et al. (1997) 

tion process. This model summarizes all subsequent efforts 
to solve the issue under consideration. 

The first stage defines a decision problem. The primary 
objective is to evaluate the assessment criteria. Finally, as 
the aforementioned above, only extremely influencing fac-
tors were used (Louviere & Meyer, 1981). The classified 
graph based on competitive advantage components is 
constructed as depicted in Figure 3. This figure depicts the 
mutual relationships between the main criteria and sub-
criteria. For better understanding, Table 5 shows the main 
and sub-criteria and their corresponding components.
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4.3. The IFS-GANP technique
The pairwise comparison matrix is then obtained through 
the use of an IFS-GANP-based questionnaire. Next, two-
by-two comparisons are performed by the IFS judgment 
matrix shown in Table 2. Table 6 shows an example ques-
tionnaire filled out by one of the experts. The language
variables are transformed into matching numerical values, 
as shown in Table 7.

Table 6. A primary questionnaire filled by one of the
decision makers

C1 C2 C3

C1 EI IEM MI
C2 IEM* EI EI
C3 MI* EI EI

Note: *Red color reflects reverse values.

Table 7. A questionnaire converted into numerical values

C1 C2 C3

C1 (0.5, 0.5, 0.0) (0.55, 0.4, 0.05) (0.6, 0.3, 0.1) 
C2 (0.4, 0.55, 0.05) (0.5, 0.5, 0.0) (0.5, 0.5, 0.0) 
C3 (0.3, 0.6, 0.1) (0.5, 0.5, 0.0) (0.5, 0.5, 0.0)

In the third stage, the individual comparison matrices 
are integrated to create the group comparison matrix. In 
this study, all decision makers are equally important, hence 
the integrated values are calculated using the mean aver-

age. The aggregated matrices are depicted in Tables 8, 9, 
10, and 11. In order to check the CR, the above-mentioned 
process by using Eqs (8)–(13) is conducted. The results of 
the CR analysis are shown in Table 12 and 13. The last 
row of Tables 8–11 shows the CR. As well as this, the local 
weights obtained by the proposed process is listed in the 
last column of Tables 8–11. 

Table 8. The local weights of the main criteria

C1 C2 C3
The 
local 

weights

C1 (0.5, 0.5, 0.0) (0.31, 0.61, 0.08) (0.58, 0.33, 0.09) 0.331
C2 (0.61, 0.31, 0.08) (0.5, 0.5, 0.0) (0.67, 0.23, 0.1) 0.335
C3 (0.33, 0.58, 0.09) (0.23, 0.67, 0.1) (0.5, 0.5, 0.0) 0.334
CR = 0.086

Table 9. The local weights of the cost sub-criteria

C11 C12 The local weights

C11 (0.5, 0.5, 0.0) (0.58, 0.32, 0.05) 0.537
C12 (0.32, 0.58, 0.05) (0.5, 0.5, 0.0) 0.463

Table 10. The local weights of the differentiation sub-criteria

C31 C32 The local weights
C31 (0.5, 0.5, 0.0) (0.72, 0.18, 0.05) 0.581
C32 (0.18, 0.72, 0.05) (0.5, 0.5, 0.0) 0.419

Critical factors of the attractiveness of shopping centers

Facilities

(C11)
Convenience

(C12)
Atmosphere

(C21)

Merchandising

(C22)
Assortment 

(C23)
Location

(C31)

Size

(C32) 

Cost criteria

(C1)

Leadership

criteria (C2)
Differentiation 

criteria (C3)

Figure 3. The network structure

Table 5. Main and sub-criteria and their groups 

The overall goal Main-criteria Sub-criteria

The most important attractiveness 
factors of shopping center 

Cost criteria Convenience 
Facilities 

Leadership criteria Assortment 
Merchandising
Atmosphere 

Differentiation criteria Location 
Size
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For calculating the interdependent weights, the inner-
dependency relationships of each element with respect to 
the other elements is extracted. By evaluating the impact 
of each criterion on every other criterion, the interde-
pendency among the elements is extracted. The interde-
pendency among the elements is shown in Tables 14–19 
by using the intuitionistic fuzzy judgment matrices. The 
matrices are constructed by asking “What is the relative 
importance of “one criterion” when compared with “one 
another criterion” on controlling “another criterion”?” After 
constructing decision matrix, the final matrix is obtained 
by aggregating all matrices. Next, the local weights are 
computed by the proposed process as presented in the 
last column of Tables 14–19.

Table 14. The interdependency relationships with respect to “C1”

C1 C2 C3 The local weights

C2 (0.5, 0.5, 0.0) (0.33, 0.57, 0.1) 0.466
C3 (0.57, 0.33, 0.1) (0.5, 0.5, 0.0) 0.534

Table 15. The interdependency relationships with respect to “C2”

C2 C1 C3 The local weights

C1 (0.5, 0.5, 0.0) (0.26, 0.64, 0.1) 0.445
C3 (0.64, 0.26, 0.1) (0.5, 0.5, 0.0) 0.555

Table 16. The interdependency relationships with respect to “C3”

C3 C1 C2 The local weights

C1 (0.5, 0.5, 0.0) (0.73, 0.18, 0.09) 0.582
C2 (0.18, 0.73, 0.09) (0.5, 0.5, 0.0) 0.418

Table 17. The interdependency relationships with respect to 
“C21”

C21 C22 C23 The local weights

C22 (0.5, 0.5, 0.0) (0.12, 0.69, 0.09) 0.403
C23 (0.69, 0.12, 0.09) (0.5, 0.5, 0.0) 0.597

Table 18. The interdependency relationships with respect to 
“C22”

C22 C21 C23 The local weights

C21 (0.5, 0.5, 0.0) (0.19, 0.71, 0.1) 0.422
C23 (0.71, 0.19, 0.1) (0.5, 0.5, 0.0) 0.578

Table 19. The interdependency relationships with respect to 
“C23”

C23 C21 C22 The local weights

C21 (0.5, 0.5, 0.0) (0.34, 0.61, 0.05) 0.464
C22 (0.61, 0.34, 0.05) (0.5, 0.5, 0.0) 0.536

Then, the final weights of the factors are resulted from 
the relative importance extracted in the previous steps. For 
this reason, the interdependent weights of the factors are 
obtained by multiplying the local weights of the elements 
in the form of interdependency with those of independ-
ency as follows:

1 1.00 0.445 0.582 0.331 0.337
2 0.466 1.00 0.418 0.335 0.315
3 0.534 0.555 1.00 0.334 0.348

C
C
C

       
       = × =
       
              

.

It can be seen that the local weights change from 0.331, 
0.335, and 0.334 to 0.337, 0.315, and 0.348, respectively. 

Table 11. The local weights of the leadership sub-criteria

C21 C22 C23 The local weights

C21 (0.5, 0.5, 0.0) (0.32, 0.63, 0.05) (0.19, 0.71, 0.1) 0.334
C22 (0.63, 0.32, 0.05) (0.5, 0.5, 0.0) (0.27, 0.64, 0.09) 0.33
C23 (0.71, 0.19, 0.1) (0.64, 0.27, 0.09) (0.5, 0.5, 0.0) 0.335

CR = 0.089

Table 12. The perfect multiplicative consistent intuitionistic preference relation for main criteria

R C1 C2 C3
C1 0.50 0.50 0.00 0.31 0.61 0.08 0.48 0.32 0.01
C2 0.74 0.18 0.08 0.50 0.50 0.00 0.67 0.23 0.10
C3 0.32 0.48 0.01 0.23 0.67 0.10 0.50 0.50 0.00

( , )d R R = 0.086

Table 13. The perfect multiplicative consistent intuitionistic preference relation for leadership sub-criteria

R C21 C22 C23
C21 0.50 0.50 0.00 0.32 0.63 0.05 0.15 0.75 0.01
C22 0.63 0.32 0.05 0.50 0.50 0.00 0.27 0.64 0.09
C23 0.75 0.15 0.01 0.64 0.27 0.09 0.50 0.50 0.00

( , )d R R = 0.089
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This demonstrates there is a significant change in the 
weights after taking into account the interdependency 
relationships. In addition, with considering the interde-
pendency between the sub-criteria, the local weights are 
obtained as follows:

21 1.00 0.422 0.464 0.334 0.315
22 0.403 1.00 0.536 0.33 0.322
23 0.597 0.578 1.00 0.335 0.363

C
C
C

       
       = × =
       
              

.

It can be seen that the local weights change from 0.334, 
0.33, and 0.335 to 0.315, 0.322, and 0.363, respectively. 
This demonstrates a substantial change in the weights af-
ter taking into account the interdependency relationships. 

Then, the overall weights are obtained by multiplying 
the final weights resulted by the main criteria with those 
of the sub criteria. The overall weights are presented in 
Table 20.

Table 20. The overall weights

Weight Rank 
C11 0.181 2
C12 0.156 3
C21 0.099 7
C22 0.101 6
C23 0.114 5
C31 0.202 1
C32 0.146 4

Finally, the assessment criteria are prioritized according 
to their importance, indicated in Table 20. Figure 4 depicts 
the relative relevance of the components to better find 
out the results. The output shows criterion C31 (Location) 
has the greatest impact on the attractiveness of the shop-
ping centers. As seen in Figure 4, the criterion C21 (Atmos-
phere) is situated in the end of list of priorities.

necessary action. To overcome this issue, the IFDM study 
is employed for recognizing the most critical components 
influencing the shopping center successfulness. By using 
the IFDM study, seven criteria are identified and grouped 
into three main criteria. On the other hand, many strate-
gies have been introduced to prioritize the operative com-
ponents. The ANP approach is widely used MCDM tool in 
prioritizing a collection of components. This technique is 
essentially subjective, with uncertainties in the evaluation 
phase that may influence the selection process. In contrast, 
intuitionistic fuzzy systems can handle the ambiguity and 
uncertainty imposed by the decision circle. The integration 
of IFS with the ANP approach under group decision can 
assist an authority in making more accurate and realistic 
judgments by utilizing linguistic variables rather than ex-
plicit ones. The IFS-GANP approach creates the decision 
matrix through pairwise comparisons.

The suggested technique is designed to rank the pa-
rameters that influence the attractiveness of retail com-
plexes in order to demonstrate its potential use. The results 
of the suggested technique demonstrate that criterion C31 
(Location) is the most important element in the appeal of 
shopping malls. The outcome illustrates that the proposed 
strategy can reduce the ambiguity in the decision process. 

The main limitation of the research is few variables 
taken for study. However, further studies are required to 
demonstrate how the findings change with levels of belief. 
Also, further research is required to evaluate model stabil-
ity using more educational and academic studies. 
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