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Abstract: Rapid urbanization to meet the needs of the growing population has led to several
challenges such as pollution, increased and congested traffic, poor sustainability, and impact on the
ecological environment. The conception of smart cities comprising intelligent convergence systems
has been regarded as a potential solution to overcome these problems. Based on the information,
communications, and technology (ICT), the idea of a smart city has emerged to decrease the impact
of rapid urbanization. In this context, important efforts have been made for making cities smarter
and more sustainable. However, the challenges associated with the implementation and evaluation
of smart cities in developing countries are not examined appropriately, particularly in the Moroccan
context. To analyze the efficacy and success of such efforts, the evaluation and comparisons using
common frameworks are significantly important. For this purpose, the present research aims to
investigate and evaluate the most influential dimensions and criteria for smart city development
(SCD) in the Moroccan context. To reach this goal, this study proposes a new integrated Multi-Criteria
Decision-Making (MCDM) model based on Intuitionistic Fuzzy Analytical Hierarchy Process (IF-
AHP) and Intuitionistic Fuzzy Decision-Making Trial and Evaluation Laboratory (IF-DEMATEL).
In the given context, the IF-AHP is employed to analyze the structure of the problem and calculate
the weights of the qualitative and quantitative dimensions/criteria by incorporating the uncertainty
values provided by the experts. Later, IF-DEMATEL is used to construct the structural correlation of
dimensions/criteria in MCDM. The use of intuitionistic fuzzy set theory helps in dealing with the
linguistic imprecision and the ambiguity of experts’ judgment. Results reveal that ‘Smart Living and
Governance’ and ‘Smart Economy’ are major dimensions impacting the SCD in the Moroccan context.
The proposed model focuses on enhancing the understanding of different dimensions/criteria and
situations in smart cities compared to traditional cities and elevates their decision-making capability.
Moreover, the results are discussed, as are the managerial implications, conclusions, limitations, and
potential opportunities.

Keywords: smart city development; multicriteria decision making; intuitionistic fuzzy set; analytical
hierarchy process; DEMATEL

1. Introduction

During the past three decades, the world population has been increased by approxi-
mately 50%, from 5.28 billion in 1990 to 7.753 billion in 2020 [1]. Consequently additional
infrastructure for living, traveling, working, health, and education is required. Lack of
proper infrastructure in villages, especially in developing countries, leads to a higher
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migration of a large number of people to urban zones. Forecasts show that approximately
60% of the citizens will be populated in urban areas by 2030 and this percentage will
rise to 75% by 2050 [2,3]. Industry development, urban development, and global growth
have been regarded as three significant factors for the continuation of human civilization.
Because of the increasing population worldwide, rapid urbanization and migration towards
cities have been increased substantially during the past few decades. Such transformation
brought several problems, such as inappropriate public transportation, weak sustainability,
pollution, low security, and slow enterprise production, etc. [4]. These problems require
cities to engage resources to overcome these challenges and improve the quality of life of
their citizens [5]. Resolving these issues necessitates innovative solutions and advanced
techniques in urban planning and conception [6]. Among the proposed concepts for dealing
with urbanization, smart city development has gained wide attraction. Smart cities can
be operationalized by smart technology where computing technology is foreseen to be
in almost every object [7]. Such implementation assists in enhancing the quality of the
services and improving the living conditions.

Smart cities are deemed as prospective for the evolution and growth of a country’s
economy [8]. The concept of the smart city has attracted significant attention for the past
two decades. Consequently, a multitude of concepts explaining the vision of the smart city
can be found in the literature [9]. Furthermore, the redevelopment of classical cities as smart
cities gained global attention when IBM presented its vision of smart cities in 2009 [10].
As a result, China started the design and development of approximately 100 smart cities in
2010 [11]. Similarly, the Indian government launched a project called “100 Smart Cities
Mission” for sustainable smart city development (SCD) in 2015 [12]. A novel strategy for
SCD is adopted by Taiwan where a smart city project is started in Taipei to overcome rapid
urbanization and provide better services to the citizens [13]. Another project is initiated
by the Korea Research Institute for Humans Settlements (KRIHS) in association with the
Inter-American Development Bank (IDB) to construct a new smart city near Seoul with a
vision to become the Silicon Valley of Korea [14].

The developing countries are striving to choose the SCD strategies of the developed
economies for effective and efficient SCD implementation [15]. However, such adaptation
is not straightforward due to prevailing social and economic conditions, as well as,
the technological capabilities to accomplish this task [16]. Therefore, the developing
countries must contrive the outlines of a framework that could help and support the
efficient development of smart cities [17]. Several works pointed out various dimensions to
support SCD such as smart industry, resourceful environment, sustainability, advanced
technology, economic management, and government [12,18,19].

Similarly, the authors present the improvement of sustainability levels using the
smart city initiatives in India [20]. Ibrahim et al. introduce essential elements of a smart
city which are helpful to attain sustainability [21]. However, a structured framework for
smart city adoption is not described. Despite the proposals and descriptions of different
elements and a group of dimensions for SCD [22–24], no framework is available for guiding
decision-makers and policymakers for adopting SCD in developing countries. The same
issue is raised in [25], where the authors point out that the literature on the smart city lacks
a framework to support and help policymakers from developing countries to implement
SCD. Therefore, the present study is an attempt to bridge the gap by proposing a novel
framework that could help and support policymakers in the adoption of the smart city.

For developing countries, particularly for Morocco, the prime SCD initiative has
been proposed by a partnership between Wilaya of Grand Casablanca, the region of
Grand Casablanca, and the Federation of Information Technology, Telecommunications
and Offshoring (APEBI) in 2015 and named as “E-Madina the smart city cluster” [26].
The essential elements of SCD include:

• Resources management,
• Sustainability,
• E-governance,
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• Smart living,
• Smart mobility,
• Information & Communication Technology (ICT),
• Security system,
• Smart people.

The main goal of this study is to improve the perception of requirements necessary
for SCD. In particular, SCD research and analysis are in the early stages in developing
countries, and additional qualitative and quantitative analyses are needed to fully grasp
the concept.

Thereby, a framework to assist policymakers in an SCD project in the Moroccan
context is presented in this research. To reach this goal, the current study proposes a novel
framework based on multi-criteria decision making (MCDM) for exploring the influential
relationships and degrees of influence among various dimensions/criteria of a smart city.
All existing works with focus on the development and/or evaluation of the main dimensions
affecting SCD have used a diversity of MCDM methods [12,13,19,27–34].

However, to the best of the authors’ knowledge, this work is a first attempt at using the
AHP and DEMATEL approaches under uncertainty consideration by using the Intuitionistic
Fuzzy Set (IFS) in the Moroccan context as a developing country. In this context, this study
makes the following contributions:

• A hybrid framework is proposed that utilizes Intuitionistic Fuzzy AHP (Analytical
Hierarchy Process) and Intuitionistic Fuzzy DEMATEL (Decision-Making Trial and
Evaluation Laboratory) approaches.

• The Moroccan context is used as a developing country, where the specified dimen-
sions/criteria for SCD are identified by experts. The discovered dimensions are further
analyzed using the proposed framework.

• The importance and causal relationships between the dimensions/criteria for smart
city framework development are investigated using Intuitionistic Fuzzy DEMATEL.
The weights of the selected dimensions/criteria are computed and structured by
applying Intuitionistic Fuzzy AHP.

The rest of this research is structured as follows. In Section 2, the literature review is
presented, which is divided into two sub-divisions: dimensions and applications of smart
cities and MCDM approaches applied in SCD. The proposed methodology is illustrated in
Section 3. Section 4 describes the development of the methodology in a case application.
The result and discussion are given in Section 5. Section 6 presents the conclusion, future
trends, and implications of this study.

2. Literature Review

Given the increased interest in the smart city concept during the last few years, several
research works can be found in the literature that describes different dimensions of the SCD
concept. Therefore, the objective of this section is to illustrate the applications, benefits,
and approaches applied in SCD.

2.1. Dimensions and Applications of Smart City

Giffinger et al. proposed four dimensions of smart cities in [35] including the
economy, people, education, and infrastructure. These are extended by the Vienna
University of Technology to 6 main dimensions which are smart mobility, smart economy,
smart governance, smart people, smart living, and smart environment. The last three
dimensions influence the quality of life according to [36]. Improving the quality of life has
been regarded as an important dimension in several other works as well. For example,
Shapiro et al. specified the essential dimensions of a smart city including administration,
human, and technology [37]. Similarly, the authors in [38] point out ICT, economic expansion,
employment increase, and improving the quality of life as the essential dimensions of
smart cities. The study [39] describes sustainability, quality of life, society, industry,
and environmental goals as the important dimensions. According to [40], environmental
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factors, society, people, industry, and public administration are the essential dimensions
of smart cities. Regarding [3], the principal dimensions for smart cities include economy,
human, e-government, ICT, industry, built infrastructure, and environment.

Over the past several years, smart city implementations have been established via
diverse models aiming to improve the quality of life for citizens [27]. The application fields
of smart cities are sustainability, transport, pollution, health, economy, and administration.
The prime society which suggested the model for a smart city is Cisco, and it is utilized in
Dubai [41]. The last model included a healthcare city, smart public administration, a smart
media city, and a city of technology. IBM is the second society that suggested a novel model
for the smart city which is implemented in New York City, US. Also, Siemens suggested
a model for smart cities in Germany [42] and another model is applied in Montreal as
well [43]. All of the smart city models discussed here share the same smart dimensions
including transport, environment, industry, government, and humans [44].

In brief, the effective implementation of a smart city depends on how a city is financed,
designed, and exploited. Most of the existing studies concentrate on specifying the scope
and application of the smart city. Only a few studies have developed a process to help
policymakers, especially in developing countries, understand and analyze the potential and
actual resources for SCD. Moreover, the sustainability of several urban services depends
mainly on perfect and complete data used in the analysis and evaluation of the essential
criteria for SCD. Generally, the source of data/information in smart cities is multifarious
and may include uncertain, imprecise, and/or ambiguous data which reduces its full
potential. To fill the shortcomings of data, various models have been suggested based
on the probability theory [45] for handling incomplete data, the possibility theory [46]
for handling imprecise data, and the bipolar logic [47] and rough sets [48] for handling
imprecise data. For handling vagueness and imprecision, the fuzzy sets theory has been
suggested. Nevertheless, the intuitionistic fuzzy set theory is a powerful tool for handling
several types of imprecision and ambiguity [49].

2.2. Multi Criteria Decision Making Approaches for Smart City Development

Complicated issues considering a wide number of factors are resolved by integrating
MCDM methodologies. Diverse issues associated with SCD have also been investigated
using MCDM methodologies. For example, the authors analyze various problems of SCD
for urban areas using the Analytical Network Process (ANP) and DEMATEL approach
in [28]. Hashemkhani et al. use an integrated SWARA-COPRAS methodology for assessing
construction projects to reach environmental sustainability [29]. The study [27] proposes a
hybrid MCDM approach based on ANP and TOPSIS for the evaluation of smart sustainable
cities. Katal et al. [30] establish an optimized energy planning system through priority
analysis and assessing various types of old power plants by using the VIKOR technique
for sustainable development. A framework is also suggested for reaching sustainability
in construction projects to assist SCD. [31] uses the Fuzzy AHP for evaluating the green
technology incorporated in old and new infrastructures.

Several studies prefer AHP and ANP over other MCDM methods for calculating
the criteria weight and defining the priorities. DEMATEL and AHP have been used
and found favorable in multiple domains including modeling and evaluating the smart
city performance, developing models for smart cities [27], the evaluation of ubiquitous
cities [28], and smart city project selection [13]. Similarly, AHP and ANP are applied to real
case studies for planning smart cities [32], data acquisition and ubiquitous communication
provisioning in smart cities [33], and evaluation of the livability levels of metropolitan
cities [34].

Recently, several studies integrate MCDM with mathematical programming (MP)
methods or artificial intelligence (AI) techniques for resolving many problems related to
smart cities. For smart city projects, MP approaches are used to develop data aggregation
and service creation [50,51]. MP approaches can also help with energy efficiency assessments
and optimization [52,53] and geographic data infrastructure initiatives [54,55]. Aside from
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that, AI approaches can solve significant degrees of complexity in modeling. For example,
in the industrial system, AI algorithms swiftly evaluate operational data to generate new
insights and improve decision-making [56], or several social science theories of human
behavior [57]. In general, various studies have been carried out on smart city strategies
in many countries. Table 1 summarizes recent literature about smart cities, including
references, methodologies used, and objectives.

The selection of an MCDM method is based on the type of the issue and required
results [58]. These methods are used for weight calculation, ranking, and structuring
objectives, etc. For the current study, three objectives are to be realized. Firstly, the most
important dimensions and criteria influencing the evaluation of SCD in the Moroccan
context should be structured. Secondly, the weight of the selected dimensions/criteria
should be computed. Lastly, the imprecise and ambiguity of judgment on account of experts
should be considered and incorporated. Given the objectives of the study, the DEMATEL
method appears the best alternative to solve the problem where powerful interrelationships
exist in a wide range of dimensions/criteria [28,59]. On the other end, for computing the
weights of each dimension/criterion, the AHP method has been regarded as an important
choice. Finally, to handle imprecision and ambiguity of data, the intuitionistic fuzzy set
theory (IFS) is a strong tool. Hence, a hybrid Intuitionistic Fuzzy AHP - Intuitionistic Fuzzy
DEMATEL approach is used to reach the defined goals.

Table 1. A brief summary of discussed works on smart city development.

Reference Methodology Objective

[13] AHP and ZOGP Developed a decision approach to assess and select projects of smart city

[27] ANP and TOPSIS Evaluated the actual smart sustainable cities through the MCDM Framework

[34] DEMATEL and ANP Examined the livability levels of metropolitan cities

[33] TOPSIS Presented an empirical study for data acquisition and ubiquitous communication
provisioning in smart cities

[28] ANP and DEMATEL Analyzed various indicators for assessment of ubiquitous cities via a methodological
framework

[30] VIKOR Optimized energy planning system through priority analysis and assessing various
types of old power plants

[29] SWARA-COPRAS Provided a new approach for assessing the construction projects to reach environmental
sustainability

[11] VIKOR, ANP and DEMATEL Determined the relationship between criteria used in a galactic model, and compared the
Chinese cities

[60] TOPSIS, ANP and SE Provided an approach for investigating the application of SOAR and PESTLE
frameworks for managing air pollution

[61] TOPSIS and EVA Evaluated and prioritized smart city product-service systems by using a MCDM
framework in Italy

[62] AHP and ANP Described and analyzed alternative city models using an MCDM approach to dealing
with complex decisions

[63] AHP and GIS Proposed an integrated approach (GIS-AHP) to support planners in determining,
quantifying, and visualizing land in South Africa

[64] MAUT Presented an empirical study for specifying and prioritizing difficulties in the
implementation of smart energy city projects in Europe

[65] TOPSIS and Neural Network Evaluated various aspects of air pollutants to model the influence of air pollution on the
urban economic

[31] Fuzzy AHP Presented an empirical review and a case study to evaluate the building green
technologies to develop smart city performance

[66] AHP, Fuzzy Delphi and DEA Integrated smart growth principles into the urban transportation planning

[19] Fuzzy Logic Model Computing the smart city indices for European cities

The discussed literature indicates the need for an approach to guide policymakers for
SCD. In this regard, the current study attempts to determine the intensity of dimensions and
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expose the inter-relations among the dimensions for successful SCD in a developing country
context through combined IF-AHP and IF-DEMATEL. So the current study is aligned with
the need of evaluating SCD dimensions and relationships in the developing countries.

3. Proposed Research Methodology

Figure 1 shows the architecture of the proposed methodology. An extensive literature
review is conducted in the first step to extract the most essential dimensions and criteria that
drive the SCD projects. Initially, the research documents that report on SCD dimensions are
chosen and an Excel spreadsheet is created. Then, the list is forwarded to the expert groups.
This study employs questionnaires filled out by many experts in several domains including
environment, information technology, and departmental elected officials. The experts
are asked to compare the validity, as well as, the strength of interrelationships between
selected criteria. After that, the IF-AHP is used to perform a structural framework and
employed to calculate the priorities or influence strength (Weights) of the shortlisted
dimensions/criteria. Moreover, an IF-DEMATEL analysis is performed to determine the
driving power and dependence of dimensions in the framework. Using the DEMATEL
technique, a dimensions’ relationship network is generated for the MCDM process. This
technique can successfully examine relations, both direct and indirect, between dimensions
of a system concerning the type and complexity of the system.

Figure 1. Architecture of the proposed methodology.
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3.1. IF-AHP and IF-DEMATEL Approach
3.1.1. Intuitionistic Fuzzy Set Theory

In 1965, Zadeh proposed the fuzzy sets theory, which followed Atanassov’s novel
proposal of intuitionistic fuzzy set theory of 1986 [67,68]. Trapezoidal intuitionistic fuzzy
numbers (TrIFNs) by Nehi and Maleki can be generated by extending intuitionistic triangular
fuzzy numbers (ITFNs) [69]. The two intuitionistic fuzzy numbers (trapezoidal and
triangular) are the generalization of the intuitionistic fuzzy set, generating a continuous set
from a discrete one [70]. A membership function and a non-membership function describe
Intuitionistic fuzzy set (IFS) theory. When compared to fuzzy sets theory, which does
not consider the hesitation degree of decision-makers, IFSs have shown clear advantages
for dealing with ambiguity and uncertainty [71]. The following are the key benefits of
IFSs: [72–75]:

• IFSs can be used to model unknown data by using different degrees of hesitation. There-
fore, in practical cases when the decision-makers are unsure about their judgments,
IFSs should be preferred over fuzzy sets to obtain the opinions.

• IFSs can represent three different types of membership functions: membership, non-
membership, and hesitancy. Thereby, it is similar to a type 2 fuzzy set, although all
types of fuzzy numbers just reflect one level of membership which is a crisp integer in
the interval [0,1].

• All fuzzy numbers can just indicate the ambiguity of ‘agreement’ but they can’t depict
the expert’s ‘disagreement’. Generally, IFSs take into account judgment or preferences
from three perspectives to assure that the preferences are more completely considered.

The definitions and concepts of intuitionistic fuzzy set theory which are important to
understand the proposed framework, are discussed below [76]:

Definition 1. Let F be a fixed set, then an IFS A in F is defined as:

A = {( f ,µA( f ), vA( f ))| f ∈ F} (1)

where µA( f ) : (F)→ [0, 1] and vA( f ) : (F)→ [0, 1] are defined such that 0 ≤ µA( f ) + vA( f ) ≤
, f ∈ F. The number µA( f ) indicates membership degree and vA( f ) denotes non-membership degree
of element f ∈ F to set A. The πA( f ) is hesitance level of f ∈ F to A and 0 ≤ πA( f ) ≤ 1, f ∈ F
which are calculated according using Equation (1), can be calculated using Equation (2) [68]:

πA( f ) = 1− µA( f ) − vA( f ), f ∈ F (2)

Definition 2. A trapezoidal intuitionistic fuzzy number A with parameters b1 ≤ a1 ≤ b2 ≤ a2 ≤

a3 ≤ b3 ≤ a4 ≤ b4 is represented by A = {(a1, a2, a3, a4), (b1, b2, b3, b4)} in R which is a set of real
numbers. The Equations (3) and (4) can be used for obtaining the membership and non-membership
functions of A.

µA( f ) =



0 f < a1
f−a1

a2−a1
a1 ≤ f ≤ a2

1 a2 ≤ f ≤ a3
f−a4

a3−a4
a3 ≤ f ≤ a4

0 a4 < f

(3)

vA( f ) =



1 f < b1
f−b2

b1−b2
b1 ≤ f ≤ b2

1 b2 ≤ f ≤ b3
f−b3

b4−b3
b3 ≤ f ≤ b4

0 b4 < f

(4)
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Let b2 = b3 and a2 = a3 be in a trapezoidal intuitionistic fuzzy numbers A, then it changes to tri-
angular IFNs. Let A1 = {(a1, a2, a3, a4), (b1, b2, b3, b4)} and A2 = {(c1, c2, c3, c4), (d1, d2, d3, d4)}
be trapezoidal intuitionistic fuzzy numbers and k > 0 according to [69] the following properties
(Equations (5) and (6)) are correct:

A1 + A2 = {(a1 + c1, a2 + c2, a3 + c3, a4 + c4), (b1 + d1, b2 + d2, b3 + d3, b4 + d4)} (5)

kA1 = {(ka1, ka2, ka3, ka4), (kb1, kb2, kb3, kb4)} (6)

Theorem 1. Let A = {(a1, a2, a3, a4), (b1, b2, b3, b4)} be a trapezoidal intuitionistic fuzzy numbers
in (set of real numbers). According to Equation (7) expected value is calculated when b1 ≤ a1 ≤

b2 ≤ a2 ≤ a3 ≤ b3 ≤ a4 ≤ b4 ∈ R.

EV(A) =
1
8
(a1 + a2 + a3 + a4 + b1 + b2 + b3 + b4) (7)

3.1.2. Intuitionistic Fuzzy DEMATEL (IF-DEMATEL)

DEMATEL is a technique for creating structural models that contain causal relationships
among complex factors. The Battelle Memorial Institute in Geneva presented the DEMATEL
technique for science and human affairs to handle complex and interconnected problems [75].
All factors in DEMATEL are divided into cause and effect groups and these groups are
generated by combining the influence values between factors. This classification allows a
better understanding of the components of the system to find solutions for problems [59].
The steps carried out in the IF-DEMATEL method are as follows [77]:

• Creating a direct-relation matrix: Experts generate a direct-relation matrix A(n×n) (n
is the total number of criteria) by performing pairwise comparisons between criteria
using the scale depicted in Table 2. Each member of matrix A(n×n) is represented by
ai j number which specifies the impact level of criterion i on j. The n × n averaged
matrices A for all experts’ judgments are computed as:

ai j =

∑H
k=1 Fk

i j

H
(8)

where H represents the total number of experts
• Computing the normalized matrix of initial direct relations by using Equations (9) and (10):

F = k ·A (9)

k =
1

max
1≤i≤n

∑n
j=1 ai j

(10)

• Developing a total relation matrix T using Equation (11). The identity matrix is
represented by I.

T = F(I − F)−1 (11)

• Establishing a causal diagram. D and R which represent the total number of rows and
total number of columns, respectively are calculated using Equations (12)–(14):

T =
[
ti j

]
n×n

i, j = 1, 2, ..., n (12)

R =

 n∑
i=1

ti j

t

1×n

=
[
t j
]
1×n

(13)

D =

 n∑
j=1

ti j


n×1

= [ti]n×1 (14)
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where (D + R) represents the total effects and the relative importance of each criterion
(horizontal axis). The (D−R) represents the net effect of each criterion (vertical axis).
Generally, a criterion appears in the cause group if (D−R) is a positive value, and in
the case of negative, the criterion is classified in the effect category.

Table 2. Linguistic expressions values of Trapezoidal fuzzy numbers for linguistic terms [Adapted from [74]].

Linguistic Expressions Acronyms Influence Score Trapezoidal IF Numbers Expected Crisp Value

Absolutely Low Influence ALI 0 ((0; 0; 0; 0); (0; 0; 0; 0)) 0

Low Influence LI 1 ((0; 0,1; 0,2; 0,3); (0; 0,1; 0,2; 0,3)) 0,15

Fairly Low Influence FLI 2 ((0,1; 0,2; 0,3; 0,4); (0; 0,2; 0,3; 0,5)) 0,25

Medium Influence MI 3 ((0,3; 0,4; 0,5; 0,6); (0,2; 0,4; 0,5; 0,7)) 0,45

Fairly High Influence FHI 4 ((0,5; 0,6; 0,7; 0,8); (0,4; 0,6; 0,7; 0,9)) 0,65

High Influence HI 5 ((0,7; 0,8; 0,9; 1) ; (0,7; 0,8; 0,9; 1)) 0,85

Absolutely High Influence AHI 6 ((1; 1; 1; 1); (1; 1; 1; 1)) 1

3.1.3. Intuitionistic Fuzzy Analytic Hierarchy Process Technique

A hierarchy is an effective way of classifying systems used to organize the information
obtained from experience or reflection. Using the hierarchical structure, the complexity of
the world around us can be understood in terms of the order and distribution of influence
that provides certain numerical results [78]. IFS is integrated with the classical AHP in
this study, considering the limiting capability of expressing a judgment precisely and the
advantages of IFS to present the degree of membership and non-membership at the same
time. The steps of the IF-AHP method are detailed below as outlined in [73].

• After the construction of the hierarchy model of the problem, the IFS matrices are
established by taking into account the k experts and n dimensions/criteria. The im-
portance judgment of the experts is described by the linguistic expressions given in
Table 3. The decision-making matrix by the k expert is illustrated in Equation (15):

R(k) = (r(k)i j )n×n =



r(k)11 r(k)12 ... r(k)1n

r(k)21 r(k)22 ... r(k)2n
. . .

. . .

. . .
r(k)n1 r(k)n2 ... r(k)nn


(15)

where r(k)i j =
(
µ
(k)
i j , v(k)i j ,π(k)i j

)
Table 3. Intuitionistic fuzzy numbers and corresponding linguistic terms for pairwise comparison.

Linguistic Expressions Acronyms IFNs

Extreme low EL (0.05, 0.95, 0.0)
Very low VL (0.15, 0.8, 0.05)

Low L (0.25, 0.65, 0.1)
Medium low ML (0.35, 0.55, 0.1)

Medium M (0.5, 0.4, 0.1)
Medium high MH (0.65, 0.25, 0.1)

High H (0.75, 0.15, 0.1)
Very high VH (0.85, 0.1, 0.05)

Extreme high EH (0.95, 0.05, 0)
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• Let Ek = [uk, vk,πk] be an intuitionistic fuzzy number for the assessment of the k expert
(see Table 4) and λk be the importance weights of the experts, the weight of the k expert
can be calculated by using Equation (16) [79].

λk =
µk + πk(

µk
µk+vk

)∑t
k=1

(
µk + πk

( µk
µk+vk

)) (16)

where
∑t

k=1 λk = 1, λk ∈ [0, 1]
• Develop the aggregated IFS matrix according to all experts’ judgments and preferences.

To do this, an intuitionistic fuzzy weighted averaging (IFWA) operator suggested
by [73] is employed (Equation (17)). Let R(k) = (r(k)i j ) be an IFS decision matrix of the
k experts,

ri j = IFWAλ(r
(1)
i j , (r(2)i j , ..., (r(t)i j ) = λ1(r

(1)
i j ⊕ λ2(r

(2)
i j ⊕ ...λt(r

(t)
i j ) =

=

1−
t∏

k=1

(1− µ(k)i j )λk ,
t∏

k=1

(1− v(k)i j )λk ,
t∏

k=1

(1− µ(k)i j )λk −

t∏
k=1

(1− v(k)i j )λk

 (17)

The aggregated IF decision matrix can be presented in Equation (18):

R =



r11 r12 ... r1n

r21 r22 ... r2n
. . .

. . .

. . .
rn1 rn2 ... rnn


(18)

where ri j = (µi j, vi j,πi j),

µi j = 1−
∏t

k=1(1− µ
(k)
i j )λk , vi j =

∏t
k=1(1− v(k)i j )λk , πi j =

∏t
k=1(1− µ

(k)
i j )λk −

∏t
k=1(1−

v(k)i j )λk , i, j ∈ N

• Calculate the IF entropy weights of the dimension/criteria based on Equations (19) and (20)

H j = −
1

nln2

n∑
i=1

[
µi jlnµi j + vi jlnvi j − (1−πi j)ln(1−πi j) −πi jln2

]
(19)

Then W can be computed as below

W j =
1−H j

n−
∑n

j=1 H j
(20)

Table 4. Linguistic expressions to assess the importance weights of expert.

Linguistic Expressions IFNs (µ, v, π)

Very important (0.9, 0.05, 0.05)
Important (0.75, 0.2, 0.05)
Medium (0.5, 0.4, 0.1)

Unimportant (0.25, 0.6, 0.15)
Very unimportant (0.1, 0.8, 0.1)
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4. Application of the Proposed Methodology

For achieving the goal of SCD evaluation in the Moroccan context, the proposed
research framework is implemented in three stages. The description of each stage is
presented in the following

Stage I: is the specification of dimensions/criteria with high impact on SCD in the
Moroccan context from existing literature resources and data collection. To illustrate the
applicability of the present work, this study considers the cases of smart city development
in Morocco. In various states, a total of 4 cities (Casablanca, Marrakesh, Rabat, and Tangier)
will be developed as smart cities [80,81]. The Moroccan government and policymakers
are struggling to analyze and understand the most critical factors related to SCD. Also,
a structured decision-making framework has to be adopted to make Morocco’s smart city
initiatives sustainable. For assessing the problem, this study establishes an expert group
consisting of four experts. Several questionnaires are used to take the input from the
experts. Experts are asked to compare the validity of different dimensions/criteria, as well
as, determine the strength of the interrelationships between the defined dimensions/criteria.

The purpose of the questionnaire survey is to get expert opinions on SCD. The ques-
tionnaire is created for data gathering and contains a list of dimensions identified from a
thorough literature review. Then, each expert is provided a full explanation of the research’s
purpose and utility before the data collection. Afterward, the experts are asked to evaluate
the dimensions/criteria with high influence on SCD by using a linguistic expression as
indicated in Tables 2 and 3.

This part of the application starts with the identification of 23 criteria impacting SCD
in the context of developing countries. These criteria are extracted from the literature
review and other available documents about smart cities [82] as shown in Table 5. The 23
identified criteria are broadly categorized under five principal dimensions, including smart
environment (SEn), smart people (SPe), smart mobility (Transportation and ICT) (SMo),
smart economy (SEc), and smart living and governance (SLG) through experts’ inputs.
Figure 2 shows the grouping of smart city dimensions/criteria (five principal dimensions
and 23 criteria) to calculate their priorities (weights) via IF-AHP. The essential foundation
for grouping is meaningful correlations between the dimensions/criteria.

Figure 2. Hierarchical structure of dimension/criteria for SCD.
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Table 5. The principal dimensions/criteria reported in literature.

Dimensions Criteria References

Smart Environment (SEn)

Pollution (SEn1) [3,9,18,19,27,83–86]

Environmental Protection (SEn2) [12,19,27,72,82,86,87]

Sustainable resource management (SEn3) [12,19,27,39,72,88–90]

Attractively of natural condition’s (SEn4) [12,19,27,82,86,87]

Public green space shares (SEn5) [19,85]

Smart People (SPe)

Level of qualification (SPe1) [19]

Participation in public life (SPe2) [19,38,39]

Education (SPe3) [11,12,19,27,83,84,90]

Social and ethnic multitude (SPe4) [19,27,39,40]

Smart Mobility (Transportation and ICT) (SMo)

Local Accessibility (SMo1) [19]

Smart public traffic (SMo2) [12,72,83,84,91]

Transportation information service (SMo3) [12,19,27,72,83,84]

ICT access (SMo4) [3,12,18,19,27,92]

Smart Economy (SEc)

Productivity (SEc1) [19,27]

Smart industry (SEc2) [27,72]

Entrepreneurship (SEc3) [19,27,93]

Economic image & trademarks (SEc4) [19,27,40]

Smart Living and Governance (SLG)

Housing quality (SLG1) [12,19,72,89,90]

Safety (SLG2) [12,18,72,94,95]

Health facilities (SLG3) [12,19,22,24,27,72]

Transparent governances (SLG4) [12,19,23,27,90,96]

Political participation (SLG5) [19,27,40]

E-government (SLG6) [3,27,72]

Stage II: Computing the relative importance of identified dimensions/criteria by
IF-AHP. The intuitionistic Fuzzy AHP method is utilized to prioritize the selected dimen-
sions/criteria concerning their importance. For that, a structural hierarchy is utilized to
evaluate the problem. It is composed of 3 levels: a goal statement (Level I), the principal
dimensions (Level II), and criteria (Level III), as presented in Figure 2.

Initially, the weight of each expert’s input is computed based on linguistic expressions
given in Table 4. The weights are calculated by using Equation (16) and the calculated
weights are shown in Table 6. From each expert, a pairwise comparison evaluation matrix
of the principal dimensions and each criterion is constructed according to Saaty’s scale
considering intuitionistic fuzzy numbers given in Table 3. Table A1 (see Appendix A)
presents the pairwise comparison evaluation matrix of the principal dimensions used
in this study, while Figure 3 presents the relative importance weights for the principal
dimensions and similarly for all criteria. In addition, the global weights of all criteria
shown in Figure 4 are calculated by multiplying the relative importance weights of criteria
by their corresponding principal dimensions importance weights.

Table 6. Importance of experts inputs.

Experts µ v π λk

E1 0,75 0,2 0,05 0,146899
E2 0,9 0,05 0,05 0,176279
E3 0,5 0,4 0,1 0,103373
E4 0,75 0,2 0,05 0,146899
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Stage III: Specifying interdependence between the selected dimensions/criteria by
IF-DEMATEL. The questionnaires completed by experts contain experts’ judgment. Each
expert’s judgment is obtained by a direct relation matrix that shows the evaluation of inter-
relationship between elements using a linguistic rating scale. It shows the interrelationship
and influence of principal dimensions. The completed direct relation matrix for principal
dimensions by the experts is presented in Table A2 (see Appendix A). The averages of
judgments are computed using Equation (8) where ki j is the corresponding value of the
intuitionistic fuzzy number of k expert’s judgment when comparing i to j. Furthermore,
the normalized initial direct relation matrix is calculated by using Equations (9) and (10).
The total relation matrix is computed by using Equation (11) and is presented in Table 7.

Table 7. Total relation matrix.

Principal Dimensions SEn SPe SMo SEc SLG

SEn 0 0,219909 0,523478 0,170699 0,091448
SPe 0,228143 0 0,560997 0,182934 0,209655
SMo 0,523401 0,393716 0 0,193498 0,220064
SEc 0,077271 0,084476 0,088535 0 0,364392
SLG 0,211093 0,491708 0,243873 0,079524 0

The (D + R) and (D−R) values are calculated using Equations (12) and (14) as shown
in Table 8. The addition of rows and columns of the total relation matrix makes vectors
D and R, respectively. A dimension is considered as a member of the cause division if
(D−R) is positive, and in the case of its negative value, the dimension is attributed to the
effect division. (D + R) that is the horizontal axis vector named ‘prominence’ presents the
importance of a dimension. Therefore, the causal diagram is represented by mapping the
data set of the (D + R and D−R) as shown in Figure 5.

Figure 3. The weight values (%) of the smart city dimensions.
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Figure 4. The weight values (%) of smart city criteria.

Figure 5. The causal-effect diagram for various dimensions.

5. Results and Discussions

The outcomes of the suggested framework’s application are shown in this section.
The consequences and managerial insights of these findings are also discussed.

5.1. IF-AHP Results

The goal of the IFAHP procedure is to compute the priorities of dimensions/criteria
that affect SCD and assist policymakers in devising flexible short-term decision-making
measures by considering the imprecision and ambiguity of the problem’s inherent linguistic
nature. The global importance weights of the main dimensions and criteria are shown in
Figures 3 and 4.

A total of 23 most criteria impacting SCD as suggested by the experts are included in
the initial stage of this study. These criteria are organized under five different dimensions
and IF-AHP and IF-DEMATEL are used to explore the influence intensity of these criteria
on SCD projects. Results show that SLG obtains the highest weight because it holds the



Mathematics 2021, 9, 2668 15 of 22

prime range (0,3160) as shown in Figure 3, followed by SEc (0,2570), SEn (0,2197), SPe
(0,1404), and SMo (0,0669). This explains that the experts give higher attention to the effects
of SLG dimension. Also, the results are consistent with [97] which considers the criteria
associated to SLG as crucial for the development of smart cities. Similarly, Ozkaya et al.
point out the significance of SEc as the key criteria with respect to SCD [27].

Among the criteria in each dimension, the development of the smart industry (0,1036),
economic image & trademarks (0,0896), health facilities (0,0838), and sustainable resource
management (0,0726) are more important and influencing for SCD as presented in Figure 4.
The safety system (0,0658), transparent governance (0,0607), and pollution (0,0546) also act as
essential criteria with respect to the geographical, living and governance, and environmental
system of the city. Among the mobility criteria, smart public traffic (0,0337), transportation
information service (0,0141), and local accessibility (0,0128) are the most important criteria
that influence the development of intelligent transportation. These results are following
Albino et al. (2015) which points out that the transportation system is critical due to its
high importance in SCD [98].

Table 8. The results and relation vectors.

R D D + R Rank (D + R) D − R Rank (D − R)

SEn 0,743388 0,962636 1,706024 4 0,219249 3

SPe 0,998796 0,962636 1,961432 2 −0,03616 4

SMo 1,137181 0,734493 1,871674 3 −0,40269 5

SEc 0,364392 0,95448 1,318872 5 0,590088 2

SLG 0,946673 1,953276 2,89995 1 1,006603 1

5.2. IF-DEMATEL Results

Because the IF-AHP technique only calculates the weights of dimensions/criteria
impacting the SCD, the IF-DEMATEL approach can be used to track the degree of influence
and relationship between the selected dimensions/criteria. Results from IF-DEMATEL
reveal (presented in Table 8 and Figure 5) that smart mobility (SMo) and smart people (SPe)
are placed into the effect set that is easily influenced by other dimensions, as their (D−R)
values are negative, indicating that their influential impact (D) is lower than their influenced
impact (R). The cause set, on the other hand, includes smart living and governance (SLG),
smart environment (SEn), and smart economy (SEc), all of which have an impact on the
SCD, so they deserve more attention. The elements of the cause set have a higher influential
impact (D) than the influenced impact (R).

The (D + R) score represents a dimension’s relative importance. With the highest
(D + R) value, smart living and governance (SLG) (the value is equal to 2,89995) should be
considered a rather important dimension for SCD. In the (D + R) ranking, smart people
(SPe), smart mobility (SMo), and smart environment (SEn) are ranked after smart living
and governance (SGL). SLG also has the highest position in the (D−R) rating, followed by
the smart economy (SEc) and environment (SEn), respectively. Generally, we must consider
both (D + R) and (D − R) ranking, and as shown in Figure 5, the SLG has an important
influence on the other dimensions. In the context of Morocco, the SLG main dimension
proves to be crucial in the development of the smart city. Despite this, SMo’s D−R score is
−0,40269, the smallest score among effect dimensions, indicating that it is clearly influenced
by other dimensions. By evaluating both cause and effect sets, we are able to find the three
most essential dimensions. SLG is shown to be the most important dimension, followed by
SEc and SEn.

5.3. Managerial Implications

The findings of this study have significant managerial consequences. The results of
the analysis propose various managerial recommendations that are discussed as follows:
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• Identifying various dimensions/criteria that affect SCD in developing countries.
From the SCD perspective, the present research reveals five main dimensions and
twenty-three criteria from existing literature. The current study is an attempt to
identify several common dimensions/criteria related to SCD for developing countries.
According to the literature and expert discussions, there are five major dimensions:
SEc, SEn, SLG, SMo, and SPe. All these dimensions are strategic for enhancing the
evaluation of SCD.

• Proposing a robust framework for smart city development evaluation for developing
countries. The policymakers are often facing several issues related to urbanization.
This study presents a robust framework for smart city development evaluation for
developing countries. Combined IF-AHP and IF-DEMATEL techniques have been
used for evaluating dimensions/criteria affecting SCD. IF-AHP is a consistent method
to compute the priorities and relative ranks of each dimension and criterion. Moreover,
the IF-DEMATEL technique is used to specify the effect and cause sets among selected
dimensions/criteria. The policymakers can benefit from this framework by identifying
the significant dimensions/criteria for analyzing and understanding the most critical
factors related to SCD and work on these factors to make Morocco’s smart city
initiatives sustainable. Furthermore, policymakers should be aware that the study’s
findings may vary based on the case study. Policymakers will notice that the proposed
methodology can consider the ambiguity, but the findings of this case situation may
not be generalizable.

6. Conclusions, Limitations and Future Work

This study primarily focuses on exploring the most important dimensions/criteria
affecting smart city development projects with respect to developing countries, especially
the Moroccan context. For this purpose, a novel framework is proposed that utilizes the
IF-AHP and IF-DEMATEL techniques. Initially, important criteria are extracted from a
comprehensive analysis of the literature and other documents on smart city development.
Experts from different domains including environment, information technology, and con-
struction engineering, etc., are asked to provide their opinion on the importance, validity,
and interrelationships between the selected criteria. Later, IF-AHP is used to compute
the weights of selected dimensions/criteria to perform a hierarchical structure. Finally,
the IF-DEMATEL method is employed to evaluate the driving force and dependence of
each dimension/criterion which has an impact on smart city development. The proposed
framework illustrates that the consideration of smart living and governance, smart economy,
and smart environment are the basis for the successful implementation of smart city projects.

Analysis suggests that the acquired IF-AHP results are frequently used to build short-
term decision-making strategies by defining the importance/priorities of the identified
dimensions/criteria affecting smart city development. By assessing the complicated
interrelationships among the dimensions/criteria and classifying them as cause and effect
sets, the IF-DEMATEL outcomes can improve the decision-making effects for a longer
duration. The proposed approach in this study presents findings that conform to previous
studies, as well as, preference dimensions and fields to enhance the performance of cities,
especially in developing countries. Consequently, the prime objective of this study is to
support policymakers in determining the fields that require enhancements to maintain
sustainability and compare the present status with competitors.

6.1. Implications of the study

The current study has powerful implications for researchers and practitioners, as pre-
sented below:

• The literature review distinctly shows that the smart city projects have a direct impact
on a country’s economy. Many emerging economies, including Indonesia, China,
India, and the United Arab Emirates (UAE), etc., are launching smart city initiatives
because of their direct positive benefits to the economy and the citizens. This study
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presents a comprehensive list of 23 important dimensions/criteria that influences the
effective implementation of smart city development projects in developing nations
like Morocco.

• The combined IF-AHP and IF-DEMATEL methodology used in the current study holds
several advantages and potentials for both researchers and practitioners. The use
of IF-AHP aids in evaluating the weights of dimensions/criteria derived from liter-
ature review and expert opinions. Similarly, the use of IF-DEMATEL provides the
positioning of different levels and interrelations among dimensions. Using IF-AHP
and IF-DEMATEL a structural framework is devised for evaluating the influential
dimensions/criteria for smart city development with respect to developing countries
like Morocco which can assist practitioners in analyzing the relationship between
criteria and understanding the usage of specific dimensions/criteria at different levels.

• The smart city framework proposed in the current work covers a wide range of
sustainability and environmental aspects that affect smart cities. The successful
implementation of the created framework can help in improving society’s welfare and
laying out a roadmap for community development through smart city development.
Furthermore, the adoption of the smart city will assist in providing its inhabitants
with a high-quality living.

6.2. Limitations and Future Works

Despite the above-discussed contributions and advantages, the present work is not
without its limitations. Firstly, the data collected in this study through a questionnaire is
from a limited number of experts, and the capability and experience of experts vary, which
may affect the results. For future research, data from a large number of experts can be
collected and results can be compared to the present study. Moreover, the hybrid IF AHP- IF
DEMATEL approach relies on the judgments of experts only. For future work, the analysis
and evaluation can be done by using other MCDM methods like ANP, Preference Vector
Method, Interpretive Structural Modelling, and PPROMTHEE to improve the application
experience. Recently, neutrosophic sets, as a novel extension of fuzzy sets, are proposed by
Smarandache [49], which is a powerful tool for modeling ambiguity and vagueness. As a
result, assessing dimensions/criteria under neutrosophic fuzzy environments could also be
addressed in the future. The proposed framework emphasizes smart city development
for developing countries like Morocco, but this proposal can also be adopted for other
developing countries. Similarly, experts from other related domains may be added in the
process to widen the scope of the study.
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Appendix A

Table A1. The Experts judgments for the principal dimensions using linguistic variables.

Experts
Dimensions

SEn SPe SMo SEc SLG

Expert 1

SEn M VH H MH M

SPe M L H VH

SMo M H EH

SEc M VH

SLG M

Expert 2

SEn M ML MH EH VH

SPe M EH ML L

SMo M MH MH

SEc M M

SLG M

Expert 3

SEn M VL L VH H

SPe M ML MH EH

SMo M H VH

SEc M EH

SLG M

Expert 4

SEn M VH H MH M

SPe M L H VH

SMo M H EH

SEc M VH

SLG M

Table A2. The judgments of experts for the principal dimensions by using linguistic expressions.

Experts
Dimensions

SEn SPe SMo SEc SLG

Expert 1

SEn ALI FLI FHI FLI LI

SPe FLI ALI FHI FLI FLI

SMo FHI MI ALI FLI FLI

SEc LI LI LI ALI FHI

SLG FLI FHI FLI LI ALI

Expert 2

SEn ALI MI MI MI ALI

SPe LI ALI FHI LI MI

SMo FHI FHI ALI LI MI

SEc LI LI ALI ALI FHI

SLG LI FHI LI ALI ALI

Expert 3

SEn ALI LI FHI LI FLI

SPe MI ALI MI MI LI

SMo MI FLI ALI MI LI

SEc LI LI FLI ALI MI

SLG MI MI MI FLI ALI
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Table A2. Cont.

Experts
Dimensions

SEn SPe SMo SEc SLG

Expert 4

SEn ALI FLI FHI FLI LI

SPe FLI ALI FHI FLI FLI

SMo FHI MI ALI FLI FLI

SEc LI LI LI ALI FHI

SLG FLI FHI FLI LI ALI
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