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a b s t r a c t 

Urban public spaces, particularly city squares, play a critical role in fostering community interaction, enhancing 
socio-cultural well-being, and contributing to the overall cultural value of a city. Effective planning and manage- 
ment of these squares are essential to ensure accessibility, functionality, and inclusivity, thereby enabling them 

to serve as dynamic centers for social engagement and urban life. Prior research has often neglected the public’s 
perspective in square planning and management. Thus, this study aims to develop an Urban Square Management 
(USM) success score model to assess the effectiveness of urban squares planning from the public’s perspective. 
Initially, expert evaluations of relevant criteria were conducted using the Interval Type-2 Fuzzy Analytical Hi- 
erarchy Process (IT2F-AHP), chosen to address the uncertainties and subjective judgments inherent in expert 
assessments. The resulting weighted criteria formed the basis for a user questionnaire. A total of 157 question- 
naires were collected from visitors at Uskudar Square in Istanbul, a recently redesigned public space. The data 
underwent Exploratory Factor Analysis to identify key factors and refine the model’s structure. Applying the de- 
veloped USM model to Uskudar Square resulted in a success score of 70.2, providing an overall evaluation of 
the square’s management performance. Crucially, the model allows for a detailed analysis of the constituent sub- 
dimensions contributing to the total score, such as accessibility, safety, maintenance, amenities, social activity, 
and environmental quality. This granular perspective enables urban planners and managers to identify specific 
areas requiring improvement and implement targeted interventions to enhance the overall quality, usability, and 
public satisfaction with urban squares. 
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. Introduction 

Public spaces are communal areas accessible to individuals and vari-
us social groups. These spaces serve as venues for the exchange of ideas
nd information, playing a crucial role in the formation and strength-
ning of social networks. Urban squares, as a specific type of public
pace, have long played a central role in facilitating social interactions
nd shaping urban identity ( Heng and Chan, 2000 ). Throughout urban
istory, squares have evolved as integral components of city develop-
ent, serving as vital hubs for social, economic, and political life. A

rief examination of urban squares across different historical periods
eveals that these spaces have played a significant role in shaping the
dentity of their inhabitants (Çengel and Singery, 2024). Urban squares
ontribute to this identity by fostering values and qualities such as a
ense of security, comfort, balance, order, enclosure, and remembrance,
mong various other factors (Mele et al., 2025). 
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Local governments are responsible for providing essential services to
heir citizens based on their needs and expectations. City squares serve
s critical interfaces for citizen-local government interaction. As such,
he management of urban squares requires careful planning, adopt-
ng a straightforward and practical approach. Municipalities, therefore,
ust develop comprehensive Urban Square Management (USM) strate-

ies, delineating the key dimensions that contribute to their efficacy
 Montgomery, 1998 ). 

In Turkiye, the authority for protecting the historical texture and ar-
ifacts of the cities rests with the municipalities and provincial adminis-
rations ( Özeren, Qurraie, & Eraslan, 2024 ). These administrations have
esponsibilities to work on tourism, culture, art, and natural assets, es-
ecially meeting the everyday needs of citizens living within their juris-
iction ( Sezik, 2016 ). In this respect, the Istanbul Metropolitan Munic-
pality (IMM) Urban Design Directorate planned to establish a manage-
ent system for the squares in Istanbul. This proposed system aims to

nhance the efficiency of square utilization, enrich the quality of social
y 2025 
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nteraction within these spaces, and promote the implementation of sus-
ainable design principles. From a managerial perspective, the success
f a square is contingent upon its ability to fulfill pre-defined objectives,
s evaluated against specific performance criteria (Istanbul Metropoli-
an Municipality, 2016 ). 

Uskudar Square, a prominent urban space in Istanbul, holds signif-
cant historical and contemporary importance. Dating back to the 5th
entury BC, Uskudar is recognized as a key tourist destination, cele-
rated for its historical landmarks and natural attractions. Its central
ocation within Istanbul’s transportation network, served by various
odes, including ferries, the Marmaray commuter rail line, metro lines,

nd public buses, further underscores its significance. In response to the
istrict’s growing importance, a major expansion project for Uskudar
quare commenced in 2014. 

This study proposes a USM success score model to evaluate the new
skudar Square, completed in 2018, considering the need mentioned
arlier. In the first stage of the study , USM success criteria were obtained
fter a comprehensive literature review and face-to-face interviews with
xperts. In the second stage, expert opinions about the relevance of each
riterion were taken. Undoubtedly, this process requires subjective eval-
ation of the data collected under various uncertainties by the experts
 Ku şakc ı , Ayvaz, Öztürk & Sofu, 2019 ; Temur, Kaya & Kahraman, 2014 ;
adeh, 1965 ). Fuzzy logic provides a suitable framework when uncer-
ainties exist or subjective decisions must be made with imprecise in-
ormation. Therefore, the evaluation of expert opinions was carried out
ith the Interval Type-2 Fuzzy AHP (IT2F-AHP) method in this study
 Yilmaz, Kusakci, Tatoglu, Icten & Yetgin, 2019 ). In the third stage of
he study, a survey was conducted with the citizens using the square to
valuate the management of Uskudar Square according to the proposed
valuation model. Then, the obtained data were analyzed. Finally, the
SM Success Score for Uskudar Square was calculated according to the

evised evaluation criteria. In addition, the study provides suggestions
or improvement regarding the management of urban squares. 

The current body of research on urban square management presents
ertain limitations. First, existing studies often focus on individual crite-
ia, such as accessibility or aesthetic appeal, without providing a holistic
ramework ( Zawidzki, 2016 ; Zamri & Abdullah, 2015 ). This weakens an
nderstanding of what truly should be an effective urban square man-
gement ( Melone et al., 2024 ). Second, the emphasis on expert evalua-
ions in previous studies has often overlook the critical role of public per-
eption ( Erdo ğan & Kaya, 2016a ). In addition, subjective biases within
xpert assessments and the resulting uncertainties in criteria weighting
onsistently undermine the reliability of evaluations ( Dorfeshan et al.,
018 ). To address these issues, this research employs the IT2F-AHP. This
ethodological choice allows a more robust and reliable weighting of

uccess criteria. 
The structure of this study proceeds as follows. The next section es-

ablish the theoretical foundation of the study through a review of the
elevant literature. Section 3 describes the methodological framework
f the study and sources of the dataset employed in the analysis. Next,
ection 4 presents the obtained result for this study. Finally, Section 5
pens a discussion by concluding the study key findings and outlining
mplications for future research. 

. Literature review 

Urban public spaces play a vital role in shaping urban environments,
erving as crucial venues for social interaction, cultural expression, eco-
omic activity, and recreation. These spaces, including parks, plazas,
quares, and streets, contribute to the character and identity of a city
 Ali and Qurraie, 2023 ). Effective management of these spaces directly
nfluences quality of life by fostering community cohesion, promoting
hysical and mental well-being, and providing access to essential ameni-
ies ( Amiraslani, 2021 ). When implemented successfully, such manage-
ent yields both direct benefits, such as improved infrastructure and

nhanced safety, and indirect benefits, such as increased property val-
2

es and a stronger sense of place ( Abou El Ezz, Eid, Khalifa & Hamhaber,
017 ). The most important functions of modern squares are to provide
itizens with the opportunity to spend time together, meet their needs,
nd reflect the culture of that region ( Önder, 2002 ). 

Primarily, squares host recreational activities and provide opportu-
ities for these activities. However, the traditional concept of a square
as evolved to encompass a broader range of functions. Contempo-
ary squares often function as multifunctional spaces, accommodat-
ng shopping, entertainment, social interaction, rest, and transportation
 Gezer and Qurraie, 2021 ). Consequently, these spaces are designed
s open, communal areas that facilitate a diverse array of activities
 Özalp, 2008 ). Different researchers have determined different criteria
o evaluate urban spaces. One of the first studies in this field was con-
ucted by Montgomery (1998) . The study proposed the following suc-
ess criteria for urban spaces: complexity, diverse movement patterns,
 mix of primary uses, a robust economy, vibrant street life, varied op-
rating hours, accessible transportation options, legibility, imageability,
nd cognitive mapping ( Montgomery, 1998 ). 

Carmona, De Magalhães & Hammond (2008) discussed the
quare management models with three basic approaches: the state-
riented model, the market-oriented model (market-centered), and the
ommunity-centered model. In addition, the authors handled the level
f coordination, regulation, maintenance, and investment (Istanbul
etropolitan Municipality, 2016 ). 

Eruran (2011) defined squares as the lifeblood of cities and described
hem as the center of social and cultural life. The fact that the square is
n area where the needs of the citizens are met in a short time has been
tated as a prominent functional feature ( Eruran, 2011 ). 

In another study, squares and their surroundings were examined in
erms of spatial quality parameters, starting from the historical change
rocess. These quality parameters are attainability, accessibility, vari-
tion, flexibility, security, spatial integrity, comfort, and sustainability
 Çı nar Alt ı nçekiç, Ergin & Tanfer, 2015 ). Likewise, some of the elements
hat successful urban spaces should have are given as: image and iden-
ity, attractions and destinations, amenities, flexible design, seasonal
trategy, access, the inner square and the outer square, reaching out
ike an octopus, the central role of management, diverse funding sources
 PPS, 2015 ). 

While existing literature addresses the functions of public squares
ithin social and economic life, comprehensive research on square man-
gement based on these functional determinations remains limited. The
stanbul Metropolitan Municipality’s (IMM) Square Management Sys-
em (SMS) project represents a notable exception. This project analyzed
welve squares, considering the following dimensions: Transportation,
afety, Conformity, Maintenance, Environment, Functionality, Social-
zation, and Aesthetics (Istanbul Metropolitan Municipality, 2016 ). 

In general, the inferences about the functions of the squares from
he literature review and the project carried out by IMM formed the ba-
is of our work. Accordingly, the proposed USM Success Score model
as designed to cover the expectations of all stakeholders in eight sub-
imensions: Transportation, Safety, Conformity, Maintenance, Environ-
ent, Functionality, Socialization, and Aesthetics, for which the views

f the end-users are collected, and improvement suggestions are given 

. Methodology 

The research adopts a mixed-method approach, combining qualita-
ive and quantitative methodologies to develop and validate the Urban
quare Management (USM) success score model from the public’s per-
pective. The qualitative phase begins with expert input to identify and
rioritize the criteria essential for effective urban square management.
n the quantitative phase, these expert-defined criteria are translated
nto a structured questionnaire administered to 157 visitors of Üskü-
ar Square, a recently redesigned urban space in Istanbul. This phase
aptures the citizens’ perspectives and experiences, providing empirical
ata on the performance of the square across the predefined dimen-
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ions. The model is grounded in the Resource-Based View (RBV) theory
 Barney, 1991 ). RBV, a strategic management theory, posits that sus-
ainable success is achieved when organizations effectively utilize valu-
ble, rare, inimitable, and non-substitutable resources. In the context of
SM, the study conceptualizes public space attributes —such as accessi-
ility, safety, amenities, and environmental quality —as strategic urban
esources that contribute to the socio-cultural value and performance of
 city. 

In this study, a two-stage methodology is proposed. The criteria to be
valuated for the USM success score were determined in the first stage.
n this context, a literature review was conducted to determine what
quares mean for local governments. Next, eight managers from the Is-
anbul Metropolitan Municipality were interviewed, comprising both
id-level and upper-level personnel. These individuals were selected

ased on their significant expertise and direct involvement in trans-
ortation and urban space management in the local government. Ex-
erts evaluated the criteria extracted from the literature for ideal urban
quare management. The IT2FAHP method was used to determine which
riteria were more important and prioritized, and criteria weights were
etermined. The motivation behind using IT2FAHP method is that the
ecision-makers can include both objective and subjective views in the
ecision process while evaluating the model criteria ( Kuruüzüm, 2001 ).
he final outcome of the first stage is importance scores of the selected
riteria for urban square management. 

In the IT2F-AHP approach, where the same steps are followed as the
eterministic AHP, the computing stages are defined under the Type-2
uzzy environment. The details of the calculations will not be given here
n order not to expand this study. For the interested readers, two studies
y Görener et al. (2017) and Yilmaz et al. (2019) can be referred to.. 

The second stage of the proposed methodology consists of a survey
 To this end, a field study was conducted to evaluate by the citizens
ho benefit from the square and related facilities. A face-to-face sur-
ey method was preferred, and the data obtained from the survey was
nalyzed using the SPSS program. The data obtained were evaluated
ith exploratory factor analysis to justify the survey items and under-

ying constructs. In light of the analysis, the USM Success Score has
een revealed. The proposed methodology is an original model because
t allows for subjective evaluation of the criteria and focuses on pub-
ic’s opinion who uses the city square. The most important output of the
odel, USM Success Score, reveals the good and open-to-development

spects of the city square. In this respect, it will guide administra-
ive bodies on urban management processes. The general steps of the
ethodology followed in the study are given in Fig. 1 . 

.1. Interval type-2 fuzzy sets 

IT2F sets are presented as an extension of type-1 fuzzy sets to cope
ith the high degree of uncertainty associated with vague verbal ex-
ressions of subjective judgments ( Saima et al., 2011 ). The concept has
een employed in various fields comprising a considerably high degree
f subjectivity ( Erdo ğan and Kaya, 2016b ; Görener, Ayvaz, Ku şakc ı , and
lt ı nok, 2017 ; Mohagheghi, Mousavi, Vahdani, and Shahriari, 2017 ;
orfeshan, Mousavi, Mohagheghi, and Vahdani, 2018 ; Dorfeshan and
ousavi, 2019 ). In this section, some basic definitions of IT2F sets are

resented ( Chen and Lee, 2010 ) as follows: 

Definition 1. A type 2 fuzzy set, ̃̃𝐴 , is given by a type-2 membership
unction, 𝜇̃̃𝐴 

, and defined in the universe of discourse X as: 

̃̃
 =

{ (
( 𝑥, 𝑢 ) , 𝜇̃̃𝐴 

( 𝑥, 𝑢 ) 
)|∀𝑥 ∈ 𝑋, ∀𝑢 ∈ 𝐽𝑥 ⊆ [ 0 , 1 ] , 0 ≤ 𝜇̃̃𝐴 

( 𝑥, 𝑢 ) ≤ 1 
} 

Alternatively, ̃̃𝐴 can be denoted as: 

̃̃
 = ∫ ∫

𝑥 ∈𝑋, 𝑢 ∈𝐽𝑥 

𝜇̃̃𝐴 
( 𝑥, 𝑢 ) ∕( 𝑥, 𝑢 ) 

𝐽𝑥 ⊆ [0 , 1 ] and ∫∫ is union over all admissible x and u . 
3

Definition 2. For any ̃̃𝐴 , if all 𝜇̃̃𝐴 
(𝑥, 𝑢 ) = 1 , then ̃̃𝐴 is called an IT2F

et. An IT2F set can be regarded as a special type-2-fuzzy set, where 

̃̃
 = ∫ ∫

𝑥 ∈𝑋, 𝑢 ∈𝐽𝑥 

1∕( 𝑥, 𝑢 ) , 𝐽𝑥 ⊆ [ 0 , 1 ] 

Definition 3. The upper and lower membership functions of an IT2F
et are type-1 membership functions. As seen in Fig. 2 , a trapezoidal

T2F set, ̃̃𝐴 𝑖 , is denoted as; 

̃̃
 𝑖 = 

(
𝐴̃𝑈 
𝑖 
, 𝐴̃𝐿 

𝑖 

)
=
(
𝑎𝑈 
𝑖 1 , 𝑎

𝑈 
𝑖 2 , 𝑎

𝑈 
𝑖 3 , 𝑎

𝑈 
𝑖 4 ;𝐻1 

(
𝐴̃𝑈 
𝑖 

)
, 𝐻2 

(
𝐴̃𝑈 
𝑖 

))
, (

𝑎𝐿 
𝑖 1 , 𝑎

𝐿 
𝑖 2 , 𝑎

𝐿 
𝑖 3 , 𝑎

𝐿 
𝑖 4 ;𝐻1 

(
𝐴̃𝐿 
𝑖 

)
, 𝐻2 

(
𝐴̃𝐿 
𝑖 

))
, 

here 𝐻𝑗 (𝐴̃𝑈 
𝑖 
) denotes the membership value of the element 𝑎𝑈 

𝑖 (𝑗+1 ) 
n the upper trapezoidal membership function, 𝐴̃𝑈 

𝑖 
, 1 ≤ 𝑗 ≤ 2 , whereas

𝑗 (𝐴̃𝐿 
𝑖 
) denotes the membership value of the element 𝑎𝐿 

𝑖 (𝑗+1 ) in

he lower trapezoidal membership function 𝐴̃𝐿 
𝑖 
, 1 ≤ 𝑗 ≤ 2 , 𝐻1 (𝐴̃𝑈 

𝑖 
) ∈

0 , 1 ] ,𝐻2 (𝐴̃𝑈 
𝑖 
) ∈ [0 , 1 ] ,𝐻1 (𝐴̃𝐿 

𝑖 
) ∈ [0 , 1 ] , 𝐻2 (𝐴̃𝐿 

𝑖 
) ∈ [0 , 1 ] and 1 ≤ 𝑖 ≤ 𝑛 . 

Definition 4. Given ̃̃𝐴 1 and ̃̃𝐴 2 as 
̃̃𝐴 1 = (𝐴̃𝑈 

1 , 𝐴̃
𝐿 
1 ) = (𝑎𝑈 11 , 𝑎

𝑈 
12 , 𝑎

𝑈 
13 , 𝑎

𝑈 
14 ;𝐻1 (𝐴̃𝑈 

1 ) , 𝐻2 (𝐴̃𝑈 
1 ) ) , 

𝑎𝐿 11 , 𝑎
𝐿 
12 , 𝑎

𝐿 
13 , 𝑎

𝐿 
14 ;𝐻1 (𝐴̃𝐿 

1 ) , 𝐻2 (𝐴̃𝐿 
1 ) ) , and ̃̃𝐴 2 = (𝐴̃𝑈 

2 , 𝐴̃
𝐿 
2 ) = 

𝑎𝑈 21 , 𝑎
𝑈 
22 , 𝑎

𝑈 
23 , 𝑎

𝑈 
24 ;𝐻1 (𝐴̃𝑈 

2 ) , 𝐻2 (𝐴̃𝑈 
2 ) ) , (𝑎

𝐿 
21 , 𝑎

𝐿 
22 , 𝑎

𝐿 
23 , 𝑎

𝐿 
24 ;𝐻1 (𝐴̃𝐿 

2 ) , 𝐻2 (𝐴̃𝐿 
2 ) ) : 

The addition operation between two trapezoidal IT2F sets is defined
s follows: 

̃̃
 1 ⊕

̃̃𝐴 2 =
(
𝐴̃𝑈 
1 , 𝐴̃

𝐿 
1 
)
⊕
(
𝐴̃𝑈 
2 , 𝐴̃

𝐿 
2 
)
=
[
𝑎𝑈 11 + 𝑎𝑈 21 , 𝑎

𝑈 
12 + 𝑎𝑈 22 , 𝑎

𝑈 
13 + 𝑎𝑈 23 , 

𝑎𝑈 14 + 𝑎𝑈 24 ; min 
(
𝐻1 

(
𝐴̃𝑈 
1 
)
,𝐻1 

(
𝐴̃𝑈 
2 
))
,min 

(
𝐻2 

(
𝐴̃𝑈 
1 
)
,𝐻2 

(
𝐴̃𝑈 
2 
))]

, 

𝑎𝐿 11 + 𝑎𝐿 21 , 𝑎
𝐿 
12 + 𝑎𝐿 22 , 𝑎

𝐿 
13 + 𝑎𝐿 23 , 𝑎

𝐿 
14 + 𝑎𝐿 24 ; min 

(
𝐻1 

(
𝐴̃𝐿 
1 
)
, 𝐻1 

(
𝐴̃𝐿 
2 
))
, 

min 
(
𝐻2 

(
𝐴̃𝐿 
1 
)
,𝐻2 

(
𝐴̃𝐿 
2 
))] (1) 

Definition 5. Similarly, the subtraction operation with IT2F sets is
efined as follows: 

̃̃
 1 ⊖

̃̃𝐴 2 =
(
𝐴̃𝑈 
1 , 𝐴̃

𝐿 
1 
)
⊖
(
𝐴̃𝑈 
2 , 𝐴̃

𝐿 
2 
)
=
[
𝑎𝑈 11 − 𝑎𝑈 21 , 𝑎

𝑈 
12 − 𝑎𝑈 22 , 𝑎

𝑈 
13 − 𝑎𝑈 23 , 

𝑎𝑈 14 − 𝑎𝑈 24 ; min 
(
𝐻1 

(
𝐴̃𝑈 
1 
)
,𝐻1 

(
𝐴̃𝑈 
2 
))
,min 

(
𝐻2 

(
𝐴̃𝑈 
1 
)
,𝐻2 

(
𝐴̃𝑈 
2 
))]

, 

𝑎𝐿 11 − 𝑎𝐿 21 , 𝑎
𝐿 
12 − 𝑎𝐿 22 , 𝑎

𝐿 
13 − 𝑎𝐿 23 , 𝑎

𝐿 
14 − 𝑎𝐿 24 ; min 

(
𝐻1 

(
𝐴̃𝐿 
1 
)
, 𝐻1 

(
𝐴̃𝐿 
2 
))
, 

min 
(
𝐻2 

(
𝐴̃𝐿 
1 
)
,𝐻2 

(
𝐴̃𝐿 
2 
))] (2) 

Definition 6. The multiplication operation can be formulated as fol-
ows: 

̃̃
 1 ⊗

̃̃𝐴 2 =
(
𝐴̃𝑈 
1 , 𝐴̃

𝐿 
1 
)
⊗
(
𝐴̃𝑈 
2 , 𝐴̃

𝐿 
2 
)
=
[
𝑎𝑈 11 × 𝑎𝑈 21 , 𝑎

𝑈 
12 × 𝑎𝑈 22 , 𝑎

𝑈 
13 × 𝑎𝑈 23 , 

𝑎𝑈 14 × 𝑎𝑈 24 ; min 
(
𝐻1 

(
𝐴̃𝑈 
1 
)
,𝐻1 

(
𝐴̃𝑈 
2 
))
,min 

(
𝐻2 

(
𝐴̃𝑈 
1 
)
,𝐻2 

(
𝐴̃𝑈 
2 
))]

, 

 𝑎𝐿 11 × 𝑎𝐿 21 , 𝑎
𝐿 
12 × 𝑎𝐿 22 , 𝑎

𝐿 
13 × 𝑎𝐿 23 , 𝑎

𝐿 
14 × 𝑎𝐿 24 ; min 

(
𝐻1 

(
𝐴̃𝐿 
1 
)
, 𝐻1 

(
𝐴̃𝐿 
2 
))
, 

in 
(
𝐻2 

(
𝐴̃𝐿 
1 
)
,𝐻2 

(
𝐴̃𝐿 
2 
))
] 

(3) 

Definition 7. Similarly, the division operation with two trapezoidal
T2F sets is defined as follows: 

̃̃𝐴 1 
̃̃𝐴 2 
=!
[ 
𝑎𝑈 11 
𝑎𝑈 24 

,
𝑎𝑈 12 
𝑎𝑈 23 

,
𝑎𝑈 13 
𝑎𝑈 22 

,
𝑎𝑈 14 
𝑎𝑈 21 

; min 
(
𝐻1 

(
𝐴̃𝑈 
1 
)
,𝐻1 

(
𝐴̃𝑈 
2 
))
,min 

(
𝐻2 

(
𝐴̃𝑈 
1 
)
,𝐻2 

(
𝐴̃𝑈 
2 
))] 

,
 

𝑎𝐿 11 
𝑎𝐿 24 

,
𝑎𝐿 12 
𝑎𝐿 23 

,
𝑎𝐿 13 
𝑎𝐿 22 

,
𝑎𝐿 14 
𝑎𝐿 21 

; min 
(
𝐻1 

(
𝐴̃𝐿 
1 
)
, 𝐻1 

(
𝐴̃𝐿 
2 
))
,min 

(
𝐻2 

(
𝐴̃𝐿 
1 
)
,𝐻2 

(
𝐴̃𝐿 
2 
))] 

(4) 

Definition 8. The arithmetic operations between a scalar, k , and a

rapezoidal IT2F set, ̃̃𝐴 1 , is given as: 

̃̃𝐴 1 =
(
𝑘 × 𝑎𝑈 11 , 𝑘 × 𝑎𝑈 12 , 𝑘 × 𝑎𝑈 13 , 𝑘 × 𝑎𝑈 14 ;𝐻1 

(
𝐴̃𝑈 
1 
)
, 𝐻2 

(
𝐴̃𝑈 
1 
))
, 

𝑘 × 𝑎𝐿 11 , 𝑘 × 𝑎𝐿 12 , 𝑘 × 𝑎𝐿 13 , 𝑘 × 𝑎𝐿 14 ;𝐻1 
(
𝐴̃𝐿 
1 
)
, 𝐻2 

(
𝐴̃𝐿 
1 
)]

̃̃𝐴 1 
𝑘 

=
(
𝑎𝑈 11 ∕𝑘, 𝑎

𝑈 
12 ∕𝑘, 𝑎

𝑈 
13 ∕𝑘, 𝑎

𝑈 
14 ∕𝑘 ;𝐻1 

(
𝐴̃𝑈 
1 
)
, 𝐻2 

(
𝐴̃𝑈 
1 
))
, 

𝑎𝐿 11 ∕𝑘, 𝑎
𝐿 
12 ∕𝑘, 𝑎

𝐿 
13 ∕𝑘, 𝑎

𝐿 
14 ∕𝑘 ;𝐻1 

(
𝐴̃𝐿 
1 
)
, 𝐻2 

(
𝐴̃𝐿 
1 
))

(5) 
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Fig. 1. Research framework. 
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Definition 9. The ranking value, Rank (̃̃𝐴 𝑖 ) , of ̃̃𝐴 𝑖 is given as follows
 Celik et al., 2013 ): 

𝑎𝑛𝑘
(
̃̃𝐴 𝑖 

)
= 𝑀1 

(
𝐴̃𝑈 

𝑖 

)
+𝑀1 

(
𝐴̃𝐿 

𝑖 

)
+𝑀2 

(
𝐴̃𝑈 

𝑖 

)
+𝑀2 

(
𝐴̃𝐿 

𝑖 

)
+𝑀3 

(
𝐴̃𝑈 

𝑖 

)
𝑀3 

(
𝐴̃𝐿 

𝑖 

)
− 1 

4 

(
𝑆1 
(
𝐴̃𝑈 

𝑖 

)
+ 𝑆1 

(
𝐴̃𝐿 

𝑖 

)
+ 𝑆2 

(
𝐴̃𝑈 

𝑖 

)
+ 𝑆2 

(
𝐴̃𝐿 

𝑖 

)
+ 𝑆3 

(
𝐴̃𝑈 

𝑖 

)
+ 𝑆3 

(
𝐴̃𝐿 

𝑖 

)
+𝑆4 

(
𝐴̃𝑈 

𝑖 

)
+ 𝑆4 

(
𝐴̃𝐿 

𝑖 

))
+𝐻1 

(
𝐴̃𝑈 

𝑖 

)
+𝐻1 

(
𝐴̃𝐿 

𝑖 

)
+𝐻2 

(
𝐴̃𝑈 

𝑖 

)
+𝐻2 

(
𝐴̃𝐿 

𝑖 

)
, 

(6) 

here 𝑀𝑝 (𝐴̃
𝑗 
𝑖 
) is the average and is defined as 𝑀𝑝 (𝐴̃

𝑗 
𝑖 
) =

(𝑎𝑗 
𝑖𝑝 
+ 𝑎𝑗 

𝑖 (𝑝 +1 ) ) 

2 , 1 ≤ 𝑝 ≤ 3 , whereas the standard deviation of the ele-

ents 𝑎
𝑗 
𝑖𝑝 

and 𝑎
𝑗 

𝑖 (𝑝 +1 ) , 𝑆𝑝 (𝐴̃
𝑗 
𝑖 
) =

√ √ √ √ 1 
2 

𝑞+1 ∑
𝑘 = 𝑞 

(𝑎𝑗 
𝑖𝑘 
− 1 

2 

𝑞+1 ∑
𝑘 = 𝑞 

𝑎
𝑗 

𝑖𝑘 
) 
2 

, 1 ≤ 𝑞 ≤ 3 ,

enotes the standard deviation of the elements 𝑎𝑗 
𝑖 1 , 𝑎

𝑗 

𝑖 2 , 𝑎
𝑗 

𝑖 3 , 𝑎
𝑗 

𝑖 4 , 𝑆4 (𝐴̃
𝑗 
𝑖 
) =

 

 

 

 1 
4 

4 ∑
𝑘 =1 

(𝑎𝑗 
𝑖𝑘 
− 1 

4 

4 ∑
𝑘 =1 

𝑎
𝑗 

𝑖𝑘 
) 
2 

𝐻𝑝 (𝐴̃
𝑗 
𝑖 
) , which signifies the membership

alue of the element 𝑎𝑗 
𝑖 (𝑝 +1 ) in the trapezoidal membership function

̃𝑗 , 1 ≤ 𝑝 ≤ 3 , 𝑗 ∈ {𝑈, 𝐿 } , and 1 ≤ 𝑖 ≤ 𝑛 . 

𝑖 

4

Definition 10. The reciprocal of ̃̃𝐴 is calculated as: 

∕̃̃𝐴 = ⎡ ⎢ ⎢ ⎣ 
( 1 

𝑎𝑈 4 
, 1 
𝑎𝑈 3 

, 1 
𝑎𝑈 2 

, 1 
𝑎𝑈 1 

; 𝐻𝑈 
1 ( A) , 𝐻

𝑈 
2 ( A) 

)
( 1 

𝑎𝐿 4 
, 1 
𝑎𝐿 3 

, 1 
𝑎𝐿 2 

, 1 
𝑎𝐿 1 

; 𝐻𝐿 
1 ( A) , 𝐻

𝐿 
2 ( A) 

) ⎤ ⎥ ⎥ ⎦ 
(7) 

Definition 11. For any ̃̃𝐴 , 
𝑚 
√ 

̃̃𝐴 is defined as: 

𝑚 
√ 

̃̃𝐴 =
⎛ ⎜ ⎜ ⎜ ⎝ 

( 

𝑚 

√ 

𝑎𝑈 1 ,
𝑚 

√ 

𝑎𝑈 2 ,
𝑚 

√ 

𝑎𝑈 3 ,
𝑚 

√ 

𝑎𝑈 4 ; 𝐻
𝑈 
1 ( A) , 𝐻

𝑈 
2 ( A) 

) 

, ( 

𝑚 

√ 

𝑎𝐿 1 ,
𝑚 

√ 

𝑎𝐿 2 ,
𝑚 

√ 

𝑎𝐿 3 ,
𝑚 

√ 

𝑎𝐿 4 ; 𝐻
𝐿 
1 ( A) , 𝐻

𝐿 
2 ( A) 

) 

⎞ ⎟ ⎟ ⎟ ⎠ 
. (8) 

.2. Interval type-2 fuzzy AHP 

AHP has been a standard tool for multi-criteria decision-making
MCDM). Deterministic forms of AHP are criticized due to their inabil-
ty to deal with the inherent subjectivity that MCDM problems involve
 Kilic and Kaya, 2015 ). IT2F-AHP is a novel systematical MCDM method
pplied in various decision-making cases requiring intensive personal
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Fig. 2. The upper and lower trapezoidal membership functions, 𝐴̃𝑈 
𝑖 and 𝐴̃𝐿 

𝑖 
, of 

the interval type-2 fuzzy set ̃𝐴̃ 𝑖 . 
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r  
udgments under fuzziness. A recent IT2F-AHP model was presented by
ahraman et al. (2012 , 2014 ), which provides a basis for our study as
ell. 

Given n criteria subjectively evaluated by m decision makers, the
ain steps of IT2F-AHP are described below: 

Step 1. Define the problem and construct a problem hierarchy. 

Step 2. Construct m fuzzy pairwise comparison matrices, ̃̃𝐴 

𝑘 
, where

𝑘 = 1 , … , 𝑚 . ̃̃𝐴 

𝑘 
is constructed by one decision maker as a matrix

of 𝑛𝑥𝑛 trapezoidal IT2F sets. 

̃̃
𝑨 

𝒌 

=

⎡ ⎢ ⎢ ⎢ ⎢ ⎣ 

1 ̃̃𝑎 
𝑘 

12 … ̃̃𝑎 
𝑘 

1 𝑛 
̃̃𝑎 
𝑘 

21 1 … ̃̃𝑎 
𝑘 

2 𝑛 
⋮ ⋮ ⋱ ⋮ 
̃̃𝑎 
𝑘 

𝑛 1 
̃̃𝑎 
𝑘 

𝑛 2 … 1 

⎤ ⎥ ⎥ ⎥ ⎥ ⎦ 
(9) 

here ̃̃𝑎 𝑗𝑖 is reciprocal of ̃̃𝑎 𝑖𝑗 . Namely, ̃̃𝑎 𝑗𝑖 = 1∕̃̃𝑎 𝑖𝑗 which is calculated

ith Eq. (7) . Additionally, 𝑖 = 1 , … , 𝑛 and 𝑗 = 1 , … , 𝑛 . Here, ̃𝑎̃ 
𝑘 

𝑖𝑗 repre-

ents the IT2F pairwise comparison between criteria i and j made by kth 

ecision maker. 

Step 3. Examine the consistency of the fuzzy pairwise comparison
matrices. In this step, the fuzzy reciprocal matrices are defuzzi-
fied and checked for consistency by Kahraman et al. (2014) .
Given an IT2F set with the following notation as before: 

̃̃𝐴 =
(
𝐴̃𝑈 , 𝐴̃𝐿 

)
=
(
𝑎𝑈 1 , 𝑎

𝑈 
2 , 𝑎

𝑈 
3 , 𝑎

𝑈 
4 ;𝐻1 

(
𝐴̃𝑈 

)
, 𝐻2 

(
𝐴̃𝑈 

))
, (

𝑎𝐿 1 , 𝑎
𝐿 
2 , 𝑎

𝐿 
3 , 𝑎

𝐿 
4 ;𝐻1 

(
𝐴̃𝐿 

)
, 𝐻2 

(
𝐴̃𝐿 

))
. 

Defuzzification with Trapezoidal Type-2-Fuzzy Set (DTraT) ap-
roach is performed using Eq. (10) ( Kahraman et al., 2014 ); 

𝑇 𝑟𝑎𝑇̃̃𝐴 
= 1 

2 

{
[( 𝑎𝑈 4 − 𝑎𝑈 1 ) +

(
𝐻1 

(
𝐴̃𝑈 

)
𝑎𝑈 2 − 𝑎𝑈 1 

)
+
(
𝐻2 

(
𝐴̃𝑈 

)
𝑎𝑈 3 − 𝑎𝑈 1 

)
]∕4 

+ 𝑎𝑈 1 + [( 𝑎𝐿 4 − 𝑎𝐿 1 ) +
(
𝐻1 

(
𝐴̃𝐿 

)
𝑎𝐿 2 − 𝑎𝐿 1 

)
+
(
𝐻2 

(
𝐴̃𝐿 

)
𝑎𝐿 3 − 𝑎𝐿 1 

)
]∕4 + 𝑎𝐿 1 

}
(10) 

After obtaining the crisp reciprocal matrix, 𝐴𝑘 , the consistency index,
𝐼𝑘 , for kth decision maker is calculated and compared with the random
onsistency index, 𝑅𝐼 Saaty (1987) . 

Step 4. Aggregate the pairwise comparisons of m decision makers,
̃̃𝑟 𝑖𝑗 , by using the geometric mean approach. 

̃̃𝑟 𝑖𝑗 =
[
̃̃𝑎 
1 
𝑖𝑗 … ⊗ ̃̃𝑎 

𝑘 

𝑖𝑗 ⊗ … ⊗ ̃̃𝑎 
𝑚 

𝑖𝑗 

]1∕ 𝑚 
(11) 
F  

5

Where Eq. (3) and Eq. (8) are employed. Here, ̃𝑟 𝑖𝑗 is a matrix com-
osed of nxn IT2F sets. 

Step 5. Estimate the fuzzy weights for each criterion. To do this,
the geometric mean of each row, ̃𝑟 𝑖 , is calculated using Eq. (11) .
Subsequently, the fuzzy priorities are computed by normalization
of each row. Accordingly, the fuzzy weight of the ith criterion, ̃𝑤̃ 𝑖 ,
is calculated as follows: 

̃̃𝑤 𝑖 = ̃̃𝑟 𝑖 ⊗
[̃
𝑟 1 ⊕…⊕̃̃𝑟 𝑖 ⊕…⊕̃̃𝑟 𝑛 

]−1 
(12) 

here Eq. (1) and Eq. (4) are used for summation and division opera-
ions, respectively. 

Step 6. Calculate the ranking value, 𝑅𝑎𝑛𝑘 ( ̃̃𝑤 𝑖 ) , of the T2F weights
using Eq. (6) . Thereafter, obtain ranking scores, 𝑅𝑖 , of the alter-
natives: 

𝑅𝑖 = Rank 
(
̃̃𝑤 𝑖 

)
(13) 

Verbal expressions and Trapezoidal IT2F numbers used in pairwise
valuations within the scope of the study are presented in Table 1 . 

.3. Uskudar urban square 

Uskudar, with its roots tracing back to the 5th century BC, stands as
 prominent tourist destination in Istanbul, renowned for its historical
rtifacts and natural beauty. Strategically positioned within a bustling
ransportation hub, Uskudar offers convenient access via various modes
f transport, including ferries, railroads, and metro. Fig. 3 shows the
istorical and cultural places in Uskudar Square and its surroundings,
hich confirms Square’s significance. Fig. 4 also shows the state of Usku-
ar Square before the project. 

In recent years, the significance of public squares has grown, lead-
ng to various development projects for Uskudar Square. Among these
nitiatives, the most prominent is the project aimed at expanding the
quare through the addition of a new land reclamation area into the sea
f Marmara, which commenced in 2014. Figs. 5 and 6 illustrate the state
f Uskudar Square after the land reclamation area was built. 

The square area created in the project extends from the Yeni Valide
ultan Mosque to the existing coastline, covering approximately 15,000
quare meters. However, due to the inclusion of Marmaray Station struc-
ures and roadways, the use of simple open space is fragmented into
,000–2,000 m < sup > 2 < /sup > sections. With the addition of a new area
o be reclaimed from the sea, the square area between the sea and the
oadway measures 10,000 square meters ( Üsküdar Square Urban De-
ign, 2015 ). The project was completed in 2018, and since then, it has
ontributed significantly to Istanbul’s urban fabric, increasing the num-
er of public service areas in the heart of the city. 

According to the information obtained from the project bulletin, the
enefits of the new square project are listed as follows: 

• Pedestrian access will be provided continuously in all directions. 
• Various outdoor events and activities can be organized in the new

area. 
• The added area can be used as a gathering area in the event of natural

disasters such as earthquakes. 
• A significant square space can be created within the existing urban

fabric of Istanbul. 

.4. Data set 

The importance of the eight dimensions, Transport (C1 ), Secu-
ity/Safety (C2 ), Comfort (C3 ), Maintenance (C4 ), Environment (C5 ),
unctionality (C6 ), Social (C7 ), Aesthetic (C8 ), evaluated for the USM
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Table 1 

Verbal expressions used and equivalents for IT2F numbers. 

Verbal expressions Trapezoidal interval type 2 fuzzy sets 

Much more important AS ̃̃
𝐴𝑆 = ((7,8,9,9;1,1),(7.2,8.2,8.8,9;0.8,0.8)) 

Too much important VS ̃̃
𝑉 𝑆 = ((5,6,8,9;1,1),(5.2,6.2,7.8,8.8;0.8,0.8)) 

Pretty much important FS ̃̃
𝐹𝑆 = ((3,4,6,7;1,1),(3.2,4.2,5.8,6.8;0.8,0.8)) 

A little too important SS ̃̃
𝑆𝑆 = ((1,2,4,5;1,1),(1.2,2.2,3.8,4.8;0.8,0.8)) 

Of equal importance E ̃̃𝐸 = ((1,1,1,1;1,1), (1,1,1,1;1,1)) 

Little bit important 1/SS ̃̃
𝑆𝑊 = 1∕ ̃̃

𝑆𝑆 = ((0.200,0.250,0.500,1; 1,1),(0.208,0.263,0.454,0.833; 0.8,0.8)) 

Considerably less important 1/FS ̃̃
𝐹𝑊 = 1∕̃̃𝐹𝑆 = ((0.143,0.167,0.250,0.333; 1,1), (0.147,0.172,0.238,0.312; 0.8,0.8)) 

Very little important 1/VS ̃̃
𝑉 𝑊 = 1∕̃̃𝑉 𝑆 = ((0.111,0.125,0.167,0.200; 1,1), (0.114,0.128,0.161,0.192; 0.8,0.8)) 

Much less important 1/AS ̃̃
𝐴𝑊 = 1∕ ̃̃

𝐴𝑆 = ((0.111,0.111,0.125,0.143; 1,1), (0.111,0.114,0.122,0.139; 0.8,0.8)) 

Fig. 3. Historical and cultural heritage in Uskudar square and its surroundings. 
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Table 2 

Demographic information of participants. 

Age Educational status 
Gender 

Total 
Female Male 

18–30 High school and below 9 20 29 
Undergraduate 35 39 74 
Master’s and above 1 3 4 
Total 45 62 107 

31–40 High school and below 7 5 1 
Associate-bachelor’s 2 4 1 
Graduate 0 2 1 
Total 9 11 20 

41 and above High school and below 10 4 14 
Undergraduate 4 8 12 
Master’s and above 2 2 4 
Total 16 14 30 

Total High school and below 26 29 55 
Undergraduate 41 51 92 
Master’s and above 3 7 10 
Total 70 87 157 
uccess score was evaluated by the experts working in IMM with Interval
ype 2 Fuzzy (AHP). Eight experts at the executive level participated in
his evaluation process. According to the main criteria obtained, a scale
as created to model the success score of the new Uskudar Square, and

he scale was applied to Uskudar Square using a face-to-face interview
ethod. 

The survey was conducted with 165 citizens residing near Uskudar
quare or using the square by bus, minibus, Marmaray, or ferry. By
xamining the data obtained, incompletely filled questionnaires were
liminated, and as a result, 157 filled questionnaires were considered in
he analysis. For the survey, the square was visited at randomly deter-
ined times during the day. All citizens using the square for participa-

ion were evaluated within the sample space, and a special user group
as not targeted. However, among the citizens who were asked to par-

icipate in the survey, those who had time and volunteers participated.
or this reason, the convenience sampling method was adopted. It aims
o get the participants’ opinions about the newly designed square and
heir expectations about the square in the future. The demographic in-
ormation of the respondents is shown in Table 2 . 
6
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Fig. 4. Uskudar square before the land reclamation project. 

Fig. 5. New Uskudar square after the land reclamation project. 
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. Results 

.1. IT2F AHP application 

In the pairwise comparison matrices obtained in the first step of the
T2F-AHP method, the importance of each pair of binary criteria relative
o each other was evaluated by eight experts with IT2F verbal expres-
ions. A sample evaluation is given in Table 3 . 

The weights of the eight criteria were determined as given in
qs. (9) –13 . The resulting fuzzy weights were normalized after clarifi-
7

ation. The deterministic equivalents of normalized weights are shown
n Fig. 7 . 

Upon evaluating the weights of the aforementioned criteria, it is ev-
dent that "Transportation" is the paramount factor for decision-makers,
ollowed by "Maintenance" as the secondary criterion. The criterion with
he lowest weight is "Aesthetics." Moreover, we determined that the
eights are closely aligned, and that no criterion is assigned a signif-

cantly low weight by the experts, thus not deemed irrelevant. Conse-
uently, these eight dimensions will be evaluated and will contribute to
he USM Success Score. 



V. Erce, A.O. Kusakci and M. Haji Amiri Urban Governance xxx (xxxx) xxx

ARTICLE IN PRESS
JID: UGJ [m5GeSdc;June 5, 2025;14:43]

Fig. 6. The new urban square area in Uskudar (drone footage). 

Table 3 

Pairwise comparison form filled by the experts. 

USM success score 
1 2 3 4 5 6 7 8 
C1 C2 C3 C4 C5 C6 C7 C8 

1 C1 E E SS 1/SS SS 1/SS 1/SS SS 
2 C2 E 1/SS 1/SS E E E SS 
3 C3 E 1/SS E 1/SS 1/SS SS 
4 C4 E SS SS 1/SS SS 
5 C5 E E E SS 
6 C6 E 1/SS E 
7 C7 E SS 
8 C8 E 

Fig. 7. Normalized weights for eight dimen- 
sions. 
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Table 4 

Results of KMO and Bartlett’s test. 

Kaiser-Meyer-Olkin sample fit test 0.869 

Bartlett’s 
sphericity test 

Approximate chi-square 3807.768 
Degrees of freedom 703 
Significance value 0.000 
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.2. Exploratory factor analysis 

There are two main considerations when determining whether a
articular data set is suitable for factor analysis: sample size and the
trength of the relationships between variables as well as the intercorre-
ations that exist among the items. According to Tabachnick and Fidell
2013), a sample size of 150 is generally considered the minimum for
onducting factor analysis, provided that the data meets other assump-
ions such as sufficient correlations among variables. For relationship
etween variables, it is generally recommended to examine the correla-
ion matrix for evidence of correlation coefficients greater than 0.3. If
here are few correlations above this threshold, factor analysis may not
e appropriate. Additionally, there are two statistical measures that can
elp assess the suitability of data for factor analysis: Bartlett’s test of
phericity (Bartlett, 1950) and the Kaiser-Meyer-Olkin (KMO) measure
f sampling adequacy (Kaiser, 1970). KMO takes a value between 0 and
. The closer it is to 1, the more suitable the sample is for factor analysis.
f the KMO test result is less than 0.50, it is interpreted that factor anal-
sis cannot proceed (Kaya & Kaya, 2013). Similarly, for factor analysis
o be deemed appropriate, Bartlett’s test must yield a significant result
f p < 0.05. 

A 40-question questionnaire was designed to measure the 8 iden-
ified basic dimensions (latent variables), and data were collected in
skudar Square by convenient sampling method. The data for factor
nalysis was tested using KMO and Bartlett’s test. According to the re-
ults presented in Table 4 , the data were found to be suitable for analysis
KMO > 0.8 and significance value < 0.05). 

Varimax rotation was applied to facilitate the interpretation of the
actors by maximizing the variance of squared factor loadings. This or-
hogonal rotation method ensures that the factors are uncorrelated and
elps achieve a clearer, more interpretable factor structure. For factor
xtraction, factors were retained based on the eigenvalue greater than 1
riterion, which is a commonly used threshold for determining the num-
er of factors to retain (Kaiser, 1970). During the EFA, two variables
ere removed due to low factor loadings, as they did not contribute
eaningfully to the factors. These variables were excluded to ensure

he robustness of the factor structure and to retain only those items that
emonstrated strong relationships with the factors. Consequently, the
umber of variables, which was 40 with the revision of the analysis,
ecreased to 38 with the removal of 2 variables. 

Accordingly, the factors, on which the survey questions were loaded,
ere reviewed, and it was concluded that eight factors were named cor-

ectly. Thirty-eight questions were determined to measure these eight
idden variables. According to the exploratory factor analysis, eight
ain criteria predicted for the USM Success Score were also supported

y the collected survey data ( Table 5 ). The final version of the distribu-
ion of the variables and their corresponding Cronbach alpha values are
iven in Table 6 . 

.3. Findings 

In this section, the average scores of the eight factors, evaluated
pecifically for the new Uskudar Square, on a 5-point Likert scale will be
resented. The Transport dimension received the highest score, with an
verall average of 4.08 out of 5, indicating that 81.61 % of participants
ere satisfied with the transportation aspects of Uskudar Square. This
9

esult is not surprising, as the square serves as the main intersection for
arious modes of transport, such as ferries, subways, trains, and buses. 

The average score for the Safety criterion was 3.74 out of 5, reflect-
ng that 74.96 % of participants were satisfied with safety features in
skudar Square. The average score for Comfort was 3.39 out of 5, with
7.89 % of participants agreeing that the square is suitable for public
atherings. The Maintenance criterion received an average score of 3.85
ut of 5. This indicate that 77.07 % of participants evaluated Uskudar
quare positively in terms of maintenance. The average score for the
nvironment was 3.02 out of 5, with 60.31 % of participants expressing
atisfaction with the environmental regulations in the square. 

The overall average score of the Functionality criterion was calcu-
ated as 3.64 out of 5. In the percentile, 72.89 % of the participants find
skudar Square functional. The general average score of the social top
riterion was calculated as 3.31 out of 5. In the percentile, 66.15 % of
he participants find Uskudar Square to be pleasing in terms of socializ-
ng. The general average score of the Aesthetic criterion was calculated
s 2.94 out of 5. In the percentile, it was calculated that 58.82 % of the
articipants find Uskudar Square to be aesthetically appealing. Based
n this, it is recommended that further studies and efforts be directed
owards enhancing the aesthetic and visual aspects of the square. 

The averages scores obtained for the main dimensions of the USM
uccess Score after the analysis of the survey data are shown in Fig. 8 . 

In the last stage of the USM Score, the average score of each criterion
nd the criterion weights were multiplied to form the total weighted
core. Accordingly, the USM Score for Uskudar Square was found to be
0.2 ( Fig. 9 ). 

When this average score is evaluated according to the USM Success
core model presented in this study, it is concluded that those who
se the square are relatively satisfied with Uskudar Square while ex-
ect some potential improvements in some areas such as aesthetic and
unctionality. 

. Discussion and conclusion 

Urban squares are important in terms of people’s presence and so-
ial participation; however, what makes these spaces socially active is
rimarily the physical factors that can facilitate people’s involvement;
ncluding access, visual attractions, natural factors, and many other fac-
ors. Today, squares constitute the focal point of access to public ser-
ices as well as the socializing area for the public. Along with all these,
t is observed that today’s squares are unable to meet the needs of cit-
zens due to immigration from cities. Many squares in the world are
eing renovated and made compatible with the increasing population
nd changing conditions. 

The central role of urban squares in contemporary city life, as high-
ighted in this study, underscores their significance as not only focal
oints for public service access and social interaction but also as cru-
ial elements of a city’s identity and image. As cities face the challenges
f increasing populations and evolving urban needs, the effective man-
gement of these public spaces becomes paramount. This research con-
ributes to the field urban planning and management by developing and
alidating an Urban Square Management (USM) success score model.
he model directly addresses the gap in understanding and measuring
anagement effectiveness from the public’s viewpoint. 

The case of Uskudar Square in Istanbul illustrates the need for a sys-
ematic approach to public space management. As observed, squares
re multifunctional spaces used for transportation, trade, social gath-
rings, and recreation. The USM model involve eight key dimensions
ransportation, Safety, Comfort, Functionality, Aesthetics, Social, Envi-
onment, and Maintenance. The model represents a holistic framework
or evaluating urban square management while each dimension plays a
rucial role in shaping public perception and satisfaction. 

The dimension Transportation addresses the accessibility and con-
ectivity of the square. It includes factors such as pedestrian flow, pub-
ic transportation integration, and ease of access for all groups. Effec-
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Table 5 

Distribution of pattern matrix and questions by factors. 

Component 

1 2 3 4 5 6 7 8 

Transport 1 .768 
Transport4 .753 
Transport 2 .716 
Transport 5 .673 
Transport 3 .634 
Transport 6 .606 
Transport 7 .593 
Transport 4 .746 
Aesthetic 2 .733 
Aesthetic 3 .721 
Aesthetic 1 .691 
Aesthetic 5 .592 
Environment 1 .917 
Environment 2 .909 
Functionality 3 .744 
Functionality 2 .607 
Functionality 6 .562 
Functionality 1 .547 
Functionality 4 .523 
Functionality 7 .354 .523 
Functionality 5 .502 
Functionality 8 .400 
Maintenance 3 

− 0.874 
Maintenance 5 

− 0.806 
Maintenance 4 

− 0.794 
Maintenance 1 

− 0.768 
Maintenance 2 

− 0.759 
Comfort 1 

− 0.738 
Comfort 2 

− 0.716 
Comfort 3 

− 0.700 
Comfort 4 

− 0.466 
Safety 2 .657 
Safety 3 .619 
Safety 4 .616 
Safety 1 .565 
Social 2 .805 
Social 1 .795 
Social 3 .570 

Fig. 8. Average scores of eight dimensions. 
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Fig. 9. Contribution of criteria to weighted 
score. 

Table 6 

Distribution of variables after exploratory factor analysis. 

main criterion Number of items Cronbach alpha 

Transport 7 0.77 
Safety 4 0.87 
Comfort 4 0.82 
Maintenance 5 0.91 
Environment 2 0.77 
Functionality 8 0.87 
Social 3 0.75 
Aesthetic 5 0.84 
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ive transportation management ensures that the square is seamlessly
ntegrated into the city’s mobility network. Safety dimension encom-
asses both physical and perceived sense of security by people. Increas-
ng the sense of security can encourage public use and social interac-
ion in the public spaces. Comfort focuses on the availability of essen-
ial services, such as restrooms, seating, and information kiosks. Com-
ort squares cater to the diverse needs of users, enhancing their overall
xperience and encouraging people to stay and spend more times in
he public space. Functionality relates to the square’s ability to serve
ts intended purposes, whether as a space for public gatherings, events,
hopping or everyday activities. Functional squares should be adapt-
ble and responsive to the needs of the community for wide range of
ctivities. Aesthetics reflect the visual appeal and design quality of the
quare (landscaping, architectural features, public art, etc.). Aestheti-
ally pleasing squares contribute to a positive urban experience and en-
ance the city’s visual identity. Social dimension addresses the square’s
ole in fostering social interaction and community engagement. This
ncludes the presence of spaces for social gatherings, events, and cul-
ural activities. Socially active squares strengthen community bonds and
romote inclusivity. Environment focuses on the square’s environmen-
al sustainability and ecological impact. This includes factors such as
reen spaces, water management, and waste disposal, which all con-
ribute to more sustainable urban environment. Care encompasses the
aintenance of the square, including cleanliness, infrastructure main-

enance. Well-maintained public spaces demonstrate a commitment to
ublic service and enhance the overall user experience. 

The application of the Interval Type-2 Fuzzy Analytical Hierarchy
rocess (IT2F-AHP) for expert evaluations allowed for the incorpora-
11
ion of inherent uncertainties and subjective judgments. Based on that,
 questionnaire was developed. The Exploratory Factor Analysis vali-
ated the model’s structure and ensured its relevance to public percep-
ions. The resulting success score of 70.2 for Uskudar Square provides a
uantitative measure of its management performance. It offers a valu-
ble tool for urban planners and policymakers. This score, however, is
ot only a number; it represents a comprehensive evaluation derived
rom public feedback which emphasizes on the importance of citizen-
entric approaches in urban planning. 

The analysis of sub-dimensions provides actionable insights. For in-
tance, if the safety dimension scores lower, targeted interventions such
s increased lighting or security patrols can be implemented. Similarly,
mprovements in environmental quality can be prioritized based on the
odel’s detailed feedback. This approach aligns with the understanding

hat public satisfaction with urban spaces is directly linked to the deci-
ions and actions of city administrations ( Suhardono, Lee, & Suryawan,
024 ). 

The generalizability of the USM model to other squares in Istanbul
nd beyond is a significant contribution of this study. By standardizing
he success criteria and providing a measurable and controllable frame-
ork, cities can systematically assess and improve the quality of their
ublic spaces. Future research could explore the application of the USM
odel in diverse urban contexts and explore its variations in cultural,

conomic, and social factors. Additionally, longitudinal studies could
ssess the impact of implemented interventions on public satisfaction
nd the long-term sustainability of urban squares. 

The integration of public perspectives in urban square management,
s demonstrated in this study, is crucial for creating inclusive and
unctional public spaces that enhance the overall quality of urban life
 Chen and Lee, 2010 ). By prioritizing citizen-centric approaches and
tilizing robust evaluation models, cities can ensure that their squares
emain vibrant, accessible, and responsive to the needs of their commu-
ities. 

eclaration of competing interests 

The authors declare that they have no known competing financial
nterests or personal relationships that could have appeared to influence
he work reported in this paper. 



V. Erce, A.O. Kusakci and M. Haji Amiri Urban Governance xxx (xxxx) xxx

ARTICLE IN PRESS
JID: UGJ [m5GeSdc;June 5, 2025;14:43]

C

 

t  

A  

o  

–

R

A  

 

A  

 

A  

 

A  

 

B  

C  

C  

 

 

C  

 

Ç  

 

 

D  

 

D  

 

 

E  

 

E  

 

E  

 

G  

 

G  

 

I  

K  

 

K  

 

K  

 

K  

 

K  

 

H  

M  

 

 

 

M  

 

M  

Ö  

Ö  

Ö  

P  

S  

S  

S  

 

T  

 

S  

 

Ü  

Y  

 

 

Z  

Z  

 

Z  

 

RediT authorship contribution statement 

Vural Erce: Writing – original draft, Visualization, Valida-
ion, Methodology, Investigation, Formal analysis, Conceptualization.
li Osman Kusakci: Writing – review & editing, Supervision, Method-
logy, Formal analysis, Conceptualization. Misagh Haji Amiri: Writing
review & editing, Visualization, Validation, Conceptualization. 

eferences 

bou El Ezz, N., Eid, Y., Khalifa, M., & Hamhaber, J. (2017). Governance models of suc-
cessful urban public spaces: reflections on the case of Cairo, Egypt. SSRN Electronic
Journal . 10.2139/ssrn.3163031 . 

li, M., & Qurraie, B. S. (2023). Post-war urban problems in ancient Mosul (maydan
neighborhood). Journal on Mathematic, Engineering and Natural Sciences (EJONS), 7 (3),
363–379 . 

miraslani, F. (2021). Analysis of quality of life across Tehran districts based on desig-
nated indicators and relational database management system. Urban Governance, 1 (2),
107–114 . 

yvaz, B., & Ku şakc ı , A. O. (2017). A trapezoidal type-2 fuzzy multi-criteria decision-
making method based on topsis for supplier selection. Pamukkale University Journal of
Engineering Sciences, 23 (1), 71–80. 10.5505/pajes.2016.56563 . 

arney, J. (1991). Firm resources and sustained competitive advantage. Journal of Man-
agement, 17 (1), 99–120. 10.1177/014920639101700108 . 

armona, M., De Magalhães, C., & Hammond, L. (2008). Public space: the management
dimension . London: Routledge . 

elik, E., Bilisik, O. N., Erdogan, M., Gumus, A. T., & Baracli, H. (2013). An integrated
novel interval type-2 fuzzy MCDM method to improve customer satisfaction in public
transportation for Istanbul. Transportation Research Part E: Logistics and Transportation
Review, 58 , 28–51. 10.1016/j.tre.2013.06.006 . 

hen, S. M., & Lee, L. W. (2010). Fuzzy multiple attributes group decision-making based on
the ranking values and the arithmetic operations of interval type-2 fuzzy sets. Expert
Systems with Applications, 37 (1), 824–833. 10.1016/j.eswa.2009.06.094 . 

ı nar Alt ı nçekiç, H. S., Ergin, B., & Tanfer, M. (2015). Tarihsel Süreç İ çinde
Kent Kimli ğinin Mekânsal Kalite De ğerlendirmesi Üzerine Bir Ara şt ı rma (Tak-
sim Meydan ı ). Artvin Çoruh Üniversitesi Orman Fakültesi Dergisi, 15 (2), 132–148.
10.17474/acuofd.26010 . 

orfeshan, Y., & Mousavi, S. M. (2019). A new interval type-2 fuzzy decision method with
an extended relative preference relation and entropy to project critical path selection.
International Journal of Fuzzy System Applications (IJFSA), 8 (1), 19–47 . 

orfeshan, Y., Mousavi, S. M., Mohagheghi, V., & Vahdani, B. (2018). Selecting project-
critical path by a new interval type-2 fuzzy decision methodology based on MUL-
TIMOORA, MOOSRA and TPOP methods. Computers and Industrial Engineering, 120 ,
160–178 June 2017. 10.1016/j.cie.2018.04.015 . 

rdo ğan, M., & Kaya, İ . (2016a). A combined fuzzy approach to determine the best
region for a nuclear power plant in Turkey. Applied Soft Computing, 39 (1), 84–93.
10.1016/j.asoc.2015.11.013 . 

rdo ğan, M., & Kaya, İ . (2016b). Evaluating alternative-fuel busses for public transporta-
tion in Istanbul using interval type-2 fuzzy AHP and TOPSIS. Journal of Multiple-Valued
Logic & Soft Computing, 26 (6), 625 . 

ruran, A. (2011). A method study on creating urban public space: Istanbul Yeldegirmeni
Neighborhood case [in Turkish]. Master thesis, Mimar Sinan Fine Art University, Depart-
ment of City and Regional Planning . 

ezer, A. M. S., & Qurra ı e, B. S. (2021). Evaluating the "square" experience In Karabük
City square with the space syntax method. International Journal of Eastern Anatolia
Science Engineering and Design, 3 (1), 43–54 . 

örener, A., Ayvaz, B., Kusakci, A. O., & Altinok, E. (2017). A hybrid type-2 fuzzy based
supplier performance evaluation methodology : the Turkish Airlines technic case. Ap-
plied Soft Computing, 56 (1), 436–445. 10.1016/j.asoc.2017.03.026 . 

stanbul Metropolitan Municipality. (2016). In F. İ . Ayaz, & V. Erol (Eds.), Meydan yönetim
sistemi (1st ed.). İ stanbul: İ stanbul Büyük şehir Belediyesi . 
12
ahraman, C., Öztay şi, B., Uçal Sar ı , İ ., & Turano ğlu, E. (2014). Fuzzy analytic hier-
archy process with interval type-2 fuzzy sets. Knowledge-Based Systems, 59 , 48–57.
10.1016/j.knosys.2014.02.001 . 

ahraman, C., Sar ı , İ . U., & Turano ğlu, E. (2012). Fuzzy analytic hierarchy process with
type-2 fuzzy sets. In Uncertainty modeling in knowledge engineering and decision making
(pp. 201–206). Istanbul: World Scientific. 10.1142/9789814417747_0033 . 

iliç, M., & Kaya, İ . (2015). Investment project evaluation by a decision making
methodology based on type-2 fuzzy sets. Applied Soft Computing, 27 , 399–410.
10.1016/j.asoc.2014.11.028 . 

uruüzüm, A. (2001). Analitik Hiyrar şi Yöntemi ve İş letmecilik Alan ı ndaki Uygula-
malar ı . Akdeniz University Faculty of Economics & Administrative Sciences Faculty Jour-
nal/Akdeniz Universitesi Iktisadi ve Idari Bilimler Fakultesi Dergisi, 1 (1), 83–105 . 

u şakc ı , A. O., Ayvaz, B., Öztürk, F., & Sofu, F. (2019). Bulan ı k Mult ı moora İ le Personel
Seçimi: Havac ı l ı k Sektöründe Bir Uygulama. Ömer Halisdemir Üniversitesi Mühendislik
Bilimleri Dergisi, 8 (1), 96–110. 10.28948/ngumuh.516835 . 

eng, C., & Chan, V. (2000). The making of successful public space: a case study of People’s
Park Square. Urban Des Int, 5 , 47–55. 10.1057/palgrave.udi.9000006 . 

elone, M. R. S., Borgo, S., & Camarda, D. (2024). City Interactions in urban planning: the
square example from an ontological analysis point of view. In O. Gervasi, B. Murgante,
C. Garau, D. Taniar, C. Rocha, A. M. A. Faginas Lago, & M. N (Eds.), Computational
science and its applications – iccsa 2024. iccsa 2024. lecture notes in computer science .
Cham: Springer vol 14814. 10.1007/978-3-031-64608-9_31 . 

ohagheghi, V., Mousavi, S. M., Vahdani, B., & Shahriari, M. R. (2017). R&D project
evaluation and project portfolio selection by a new interval type-2 fuzzy optimization
approach. Neural Computing and Applications, 28 (12), 3869–3888 . 

ontgomery, J. (1998). Making a city: urbanity, vitality, and urban design. Journal of
Urban Design, 3 (1), 93–116. 10.1080/13574809808724418 . 

nder, S. (2002). Kentsel Açı k Mekan Olarak Meydanlar ı n İ rdelenmesi. Selcuk Journal of
Agriculture and Food Sciences, 16 (29), 96–106 . 

zalp, D. (2008). Urban Design in the Protection of Historical Cityimage and Tourism Rela-
tionship [in Turkish], Cultural Assets and Museums General Directorate . Ankara . 

zeren, Ö., Qurraie, B. S., & Eraslan, M. H. (2024). Preserving cultural heritage with digital
design and NFT technologies: innovative approaches in architectural education . 

PS, Project for Public Spaces. (2015). 10 Principles for successful squares. (2005, Novem-
ber 30). Retrieved from https://www.pps.org/article/squaresprinciples . 

aaty, R. W. (1987). The analytic hierarchy process —What it is and how it is used. Math-
ematical Modelling, 9 (3–5), 161–176. 10.1016/0270-0255(87)90473-8 . 

aima, H., Jaafar, J., Belhaouari, S., & Jillani, T. a. (2011). ARIMA based Interval Type-2
Fuzzy Model for Forecasting, 28 (3), 17–21 . 

ezik, M. (2016). Kimli ğinin Korunmas ı ve Kentsel Geli şimin Sa ğlanmas ı Ba ğlam ı nda Yerel
Yönetimin Önemi : Ad ı yaman Örne ği. Kahramanmara ş Sütçü İ mam Üniversitesi İ ktisadi
ve İ dari Bilimler Fakültesi Dergisi, 6 (2), 43–57 . 

emur, G.T., Kaya, T. & Kahraman, C. (2014). Facility location selection in
reverse logistics using a type-2 fuzzy decision aid method (pp. 591–606).
10.1007/978-3-642-53939-8_25 . 

uhardono, S., Lee, C. H., & Suryawan, I. W. K. (2024). Trends in citizen influencing
willingness to participate in marine debris management and social well-being in Bali
metropolitan, Indonesia. Urban Governance, 4 (4), 362–373 . 

sküdar Square Urban Design Project. (2015). retrieved from:
https://promimproje.com/projects-item/uskudar-meydani-2/ . 

ilmaz, M. K., Kusakci, A. O., Tatoglu, E., Icten, O., & Yetgin, F. (2019). Performance evalu-
ation of real estate investment trusts using a hybridized interval type-2 fuzzy Ahp-Dea
approach: the case of Borsa Istanbul. International Journal of Information Technology &
Decision Making, 18 (06), 1785–1820. 10.1142/S0219622019500354 . 

adeh, L. A. (1965). Fuzzy sets. Information and Control, 8 (3), 338–353.
10.1016/S0019-9958(65)90241-X . 

amri, N. & Abdullah, L. (2015). A new aggregating phase for inter-
val type-2 fuzzy topsis using the electre I method (pp. 873–881).
https://doi.org/10.1007/978-3-319-07674-4_82 . 

awidzki, M. (2016). Evaluation of the quality of an urban square. Discrete optimization
in architecture. springerbriefs in architectural design and technology . Singapore: Springer.
10.1007/978-981-10-1106-1_2 . 

https://doi.org/10.2139/ssrn.3163031
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0002
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0003
https://doi.org/10.5505/pajes.2016.56563
https://doi.org/10.1177/014920639101700108
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0006
https://doi.org/10.1016/j.tre.2013.06.006
https://doi.org/10.1016/j.eswa.2009.06.094
https://doi.org/10.17474/acuofd.26010
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0010
https://doi.org/10.1016/j.cie.2018.04.015
https://doi.org/10.1016/j.asoc.2015.11.013
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0013
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0014
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0015
https://doi.org/10.1016/j.asoc.2017.03.026
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0017
https://doi.org/10.1016/j.knosys.2014.02.001
https://doi.org/10.1142/9789814417747_0033
https://doi.org/10.1016/j.asoc.2014.11.028
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0021
https://doi.org/10.28948/ngumuh.516835
https://doi.org/10.1057/palgrave.udi.9000006
https://doi.org/10.1007/978-3-031-64608-9_31
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0025
https://doi.org/10.1080/13574809808724418
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0027
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0028
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0029
https://www.pps.org/article/squaresprinciples
https://doi.org/10.1016/0270-0255(87)90473-8
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0032
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0033
https://doi.org/10.1007/978-3-642-53939-8_25
http://refhub.elsevier.com/S2664-3286(25)00033-6/sbref0034
https://promimproje.com/projects-item/uskudar-meydani-2/
https://doi.org/10.1142/S0219622019500354
https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.1007/978-3-319-07674-4_82
https://doi.org/10.1007/978-981-10-1106-1_2

	Evaluating urban square management success: A model for urban public spaces in Istanbul
	1 Introduction
	2 Literature review
	3 Methodology
	3.1 Interval type-2 fuzzy sets
	3.2 Interval type-2 fuzzy AHP
	3.3 Uskudar urban square
	3.4 Data set

	4 Results
	4.1 IT2F AHP application
	4.2 Exploratory factor analysis
	5.3 Findings

	6 Discussion and conclusion
	Declaration of competing interests
	CRediT authorship contribution statement
	References


