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A B S T R A C T   

Urban renewal is imperative due to growing urbanization (i.e., population migration into cities), requiring 
acceptable planning to meet peoples' housing needs and playing a key role in highlighting and satisfying soci
eties' needs. Complex urban renewal decisions encompass environmental degradation, poverty, inequality, and 
inaccessibility to services. Decision makers must meet on-going challenges by transforming urban spaces so that 
they satisfy all constraints while satisfying residents' needs. A holistic view of urban renewal facilitates efficient 
strategies for meeting economic, social, and environmental obligations. Multicriteria methodology may ideally 
be used to develop a complete, transparent, and realistic model that identifies planning factors best resolving 
urban renewal efforts. Therefore, we rely on cognitive mapping, the decision-making trial and evaluation lab
oratory technique, and neutrosophic logic, applied by a panel of experts with experience in urban renewal 
planning in two group work meetings. The results were analyzed and validated by an independent specialist in 
this field. The contributions and limitations of this methodological framework were also examined.   

1. Introduction 

The world’s growing population has combined with a process of 
urbanization that has created new needs in most societies (Wang, Esther, 
et al., 2022). Urban renewal has helped mitigate these problems by 
improving city residents’ quality of life. Yıldız et al. (2020) explore the 
issues that urban planners should deal with, including environmental 
degradation, inequality, and poverty, as inherent features of urbaniza
tion. The problems arising from the migration of rural populations to 
cities are becoming larger and more numerous, and city planners have to 
take into consideration the needs of the multiple stakeholders living in 
urban zones (Lousada et al., 2021; Pérez et al., 2018), such as the 
elderly, ethnic minorities, and vulnerable groups (Wang et al., 2014; 
Yıldız et al., 2020). 

According to Wang, Jie, et al. (2022), effective urban renewal pro
cesses should analyze the relationships between different interested 
parties at a government, community, and business level. These groups 

may get to express their views but fail to generate a consensus, thereby 
complicating efforts to define which areas of action are the most 
important. In addition, implemented projects have had a high failure 
rate. Urban renewal challenges are thus currently being studied by ac
ademics and stakeholders in varied fields (Ferreira et al., 2022; Jung 
et al., 2015), who have found that poorly implemented plans can 
contribute to issues such as social exclusion and loss of place identity. 
Thus, making better decisions is crucial to the success of urban renewals 
(Lousada et al., 2021; Zheng et al., 2017). 

The present research seeks to create a multicriteria analytic system/ 
model that may assist city planners in reaching more informed decisions 
in urban renewal projects. Using a methodology that identifies the most 
important factors, we adopt a transparent, holistic, and empirically 
rigorous process that helps reduce existing gaps in the literature by 
addressing the following questions: 
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▪ How can urban renewal’s main determinants and correspond
ing key factors be identified?  

▪ What are the most influential relationships among these 
variables?  

▪ How should decision makers prioritize complex challenges to 
facilitate urban renewal? 

Cognitive mapping was combined with neutrosophic logic and the 
decision making trial and evaluation laboratory (DEMATEL) technique 
to produce graphic visualizations of an expert panel’s ideas about 
clusters of determining factors. These clusters were defined based on the 
specialists’ experience, values, and opinions, after which the panel 
analyzed the cause-and-effect relationships between the criteria. The 
techniques applied also facilitated a combination of qualitative and 
quantitative analyses based on objective and subjective variables. This 
study is thus the first to use cognitive mapping, neutrosophic logic, and 
DEMATEL together to help urban planners leverage their city’s urban 
renewal capacity. 

This study consists of five sections. The following section contains a 
review of the urban renewal literature and the contributions and limi
tations of previous studies. Section three outlines the applied method
ologies, section four covers the methodological application and results, 
and the final section presents major conclusions and limitations, as well 
as suggesting lines of future research. 

2. Literature review and research gaps 

The real estate sector often acts as a catalyst for urban development 
by driving investment, shaping the built environment, and revitalizing 
neighborhoods (Huang et al., 2023). Through strategic planning and 
development initiatives, real estate developers contribute to the trans
formation of urban spaces, creating vibrant mixed-use developments, 
affordable housing options, and modern infrastructure (Lousada et al., 
2021; Rodrigues et al., 2023). These developments can stimulate eco
nomic growth, attract businesses, and enhance the overall quality of life 
for residents. 

While real estate development responds to urban growth trends, it 
also influences the direction and pace of urban renewal (Pinto et al., 
2023). Different definitions of urban renewal have been developed over 
time by various authors. For example, Cui et al. (2021, p. 1) state that 
urban renewal is “a set of plans and activities to upgrade neighborhoods and 
suburbs that are in a state of distress or decay”. The authors also mention 
related concepts such as “urban regeneration”, “urban revitalization”, 
“urban redevelopment”, and “urban rehabilitation”. Lin et al. (2021) 
define urban renewal as a process that improves infrastructure through 
the restoration of buildings and preserves the existing categories. In 
addition, urban renewal comprises not only reusing resources but also 
reconstructing city environments (Huang et al., 2020). Zheng et al. 
(2014) further emphasize that urban renewal is concerned with 
enhancing land value and improving residents’ quality of life by 
removing run-down neighborhoods and preserving heritage. 

Wang, Esther, et al. (2022) connect urban renewal with urban his
tory. Subsequent to urbanization, residents’ need to adjust to changes 
and facilitate urban renewal offering an important strategic planning 
role to improve urban lifestyles. Also, Shamai and Hananel (2021) 
examine urban renewal projects in the previous century, where urban 
slums were raised and residents were required to abandon their homes 
and find residences in other areas. This history of urban renewal proved 
controversial due to the insecurity generated by requiring residents to 
move. Authors also confirm that urban renewal has resulted from the 
result of rapid urbanization and its consequences (e.g., poverty, disease, 
and social inequality). Thus, mistakes of previous urban renewal at
tempts focused primarily on supporting the most disadvantaged local 
residents. However, gentrification in the 1980s displaced long-term 
locals—depending on their social class—and required them to move to 
new neighborhoods which was thought to offer better conditions at 

lower rents. This process generated justified criticism due to social class 
issues involved, although gentrification may provide advantages of 
economic growth and investment (Lin et al., 2021; Wang et al., 2016; 
Wang, Jie, et al., 2022). 

According to Wang et al. (2016), an alternative approach to urban 
renewal is to divide areas in which the poor and rich live together, 
thereby emphasizing social and monetary equalities. Traditional urban 
development has slowed down, reflecting tension in how government 
agencies and other organizations have implement urban renewal pro
jects. Yıldız et al. (2020) report that, due to rapid population growth, 
urban planning and management are inadequate, with consequences 
such as environmental degradation, inaccessible urban services, 
inequality, and poverty. Thus, decision makers and researchers are 
becoming more aware of this predicament due to increases in pollution, 
social fragmentation, and economic recessions. Therefore, current ef
forts address inequalities, improving residents’ well-being and sustain
able business development (Ferreira et al., 2022; Huang et al., 2020). 

In another argument, Shamai and Hananel (2021) observe that urban 
renewal projects are criticized for emphasizing growth and competi
tiveness, which favors both governments and the private sector, instead 
of focusing on residents’ social and technological needs. These ques
tionable practices result in residents finding themselves living in urban 
areas that are unable to accommodate peoples’ changing needs, which 
will eventually generate additional urban-specific problems. Zhang et al. 
(2021) reiterate this concern, pointing out that urban renewal is a tool 
that must address social, economic, and environmental sustainability. 
When competitiveness and economic development are given the highest 
priority, disadvantaged groups often experience greater social 
inequality. In response to possible growing social inequality, urban 
renewal projects have begun to cover social, environmental, and cul
tural issues in their action plans. 

Wang et al. (2017, p. 164) conclude that urban renewal determinants 
applied by stakeholders should be defined “as a group or individual who 
can affect the achievement of project objectives throughout the life cycle of the 
construction and operation of […] urban rehabilitation project[s]”. These 
stakeholders, among others, are residents, government agencies, 
research institutions, entrepreneurs, and financial institutions. Further, 
Jung et al. (2015) assert that stakeholders’ participation is important for 
ensuring successful implementations of urban renewal projects given 
their high complexity and high risk of failure. This helps explain why 
urban renewal continues to be discussed and studied by academics and 
other experts in the environmental, social, economic, and political 
fields. Zhou et al. (2021) argue that considering these factors in decision 
making comprise the first phase of urban renewal and that the choices 
made affect the implementation and quality of these projects over time. 
Therefore, decision makers must identify the correct approach that 
match the socioeconomic context in question. Further, Wang, Jie, et al. 
(2022) suggest that urban renewal is best achieved via the influential 
relationships among stakeholders such as government agencies, com
munities, and businesspeople. Each of these actors should express their 
opinions regarding evaluation indicators used to measure the success of 
urban renewal projects. 

Numerous urban renewal assessment criteria exist. Therefore, 
deciding which criteria should be given priority is problematic. How
ever, Wang et al. (2014) argue that decision makers must decide on 
specifics of each project such as where and when projects should be 
implemented and the proper stakeholders to be included regarding 
specific decisions. New decision making approaches may be needed to 
ensure urban renewal projects have positive outcomes. 

A number of studies concentrate on important determinants of suc
cessful urban renewal projects (cf. Mehdipanah et al., 2013; Wang et al., 
2016; Yıldız et al., 2020; Zhang et al., 2021). However, prior research 
displays significant limitations. For example, earlier studies (e.g., 
Andrade et al., 2022; Rodrigues et al., 2023) suggest that there is a lack 
of clarity and consensus in identifying the pivotal determinants crucial 
for successful urban renewal endeavors, leading to a dearth of 
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transparency regarding the cause-and-effect relationships among these 
factors. Moreover, the existing literature (e.g., Costa et al., 2021; Pinto 
et al., 2021; Vaz-Patto et al., 2023) additionally notes a lack of in-depth 
examination of the dynamic interplay between these determinants and 
their interconnectedness. 

To address these gaps and limitations, the present study applies a 
promising methodology that integrates cognitive mapping, neu
trosophic logic, and the DEMATEL technique. These complementary 
constructivist and process-oriented approaches offer a comprehensive 
framework for scrutinizing urban renewal complexities. By leveraging 
such methodologies, researchers can potentially unearth unique insights 
and valuable findings that contribute to advancing the understanding 
and efficacy of urban renewal planning and decision-making processes. 

3. Methodological background 

We apply methodologies based on constructivist principles that 
integrate objective and subjective elements into decision-making pro
cesses. Thus, we include more conscious, human-grounded evaluations 
and ensure the identification of the measures that best support urban 
renewal. The decision-support procedures were divided into three major 
phases: (1) problem structuring; (2) relationship evaluation; and (3) 
recommendation formulation. The first phase was based on cognitive 
mapping techniques. The second phase uses neutrosophic logic and 
DEMATEL to facilitate quantitative evaluations of causal links. The last 
phase allows for the formulation of recommendations based on the 
outcomes obtained in the previous two phases. This combination of 
techniques isolates a greater number of criteria and reveals the decision 
makers’ perceptions regarding which urban renewal determinants are 
crucial to project success. All three phases are completed in sessions 
containing decision makers specializing in urban planning. 

3.1. Cognitive mapping 

Following Eden (2004), Lousada et al. (2021, p. 4) describe cognitive 
maps as “the representation of thinking about [… a] problem that arises from 
[… a] mapping process”. These maps are a useful tool for decision makers 
dealing with issues involving complex contexts. Cognitive mapping fa
cilitates a clearer understanding of problems and potential solutions, as 
well as encouraging reflection and the creation of new ideas. Carayannis 
et al. (2018) report that this structuring technique allows decision 
makers to understand and evaluate problems more fully, learn about 
criteria, and reduce the number of missing variables, as well as 
providing a graphic representation of each person or group’s ideas. 

Notably, cognitive maps depend on individual perspectives, but the 
mapping process guarantees sufficient data are collected and organized, 
including cause-and-effect relationships indicated by arrows with plus 
(+) or minus (− ) signs. Cognitive mapping thus allows decision makers 
to consider many variables, which contributes to a more comprehensive 
view of the decision problem. To create a cognitive map, interviews 
must be conducted with specialists whose feedback ensures the results 
can help decision makers more easily solve the relevant problem. The 
arrows show connections to the decision problem with a + or − sign, in 
which the concept at the arrow’s head is influenced by the concept at the 
tail, with the head being the goal and the tail the option (Eden, 2004). 
According to Village et al. (2013), cognitive maps clarify how the real 
world works as the system constructed allows decision makers to 
compare both important concepts and the relationships that arise be
tween them over time based on the maps’ nodes and links. The maps’ 
contents reflect the relevant experts’ thinking and thus improve their 
decision-making process, especially when combined with neutrosophic 
logic and DEMATEL. 

3.2. Neutrosophic logic 

Pramanik et al. (2016) report that neutrosophic logic was first 

introduced by Florentin Smarandache, who saw the uncertainty 
component of data as important and created a concept that addresses not 
only veracity and falsity but also indeterminacy. The term “neu
trosophic” comes from neutrosophy, which is a branch of philosophy 
that, according to Rivieccio (2008, p. 1860), deals with “the origin, na
ture and scope of neutralities, as well as their interactions with different 
ideational spectra”. From a neutrosophic perspective, ideas can be said to 
have trueness or falseness, as well as uncertainty. 

Karaaslan (2017) notes that neutrosophic logic is a mathematical 
tool that seeks to solve incomplete or indeterminate problems and 
incorporate inconsistent knowledge. Al-Subhi et al. (2018, p. 65), in 
turn, observe that including indeterminacy can provide a more 
comprehensive understanding of decision problems and that this 
concept “has been widely used in decision-making environments”. Broumi 
et al. (2018) also argue in favor of considering uncertainty because is
sues in real life contain a degree of indeterminacy. 

Abdel-Basset et al. (2019) assert that neutrosophic logic is a highly 
efficient and effective way to aggregate veracity, falsity, and indeter
minacy, noting also that this approach seeks to maximize the degree of 
veracity and minimize the other two qualities. For example, let us say we 
are evaluating the success of an urban renewal project. Traditional logic 
might only allow us to categorize the project as either successful or 
unsuccessful. However, using neutrosophic logic, we can also consider 
the possibility that the project’s success is uncertain or partially suc
cessful. This additional flexibility enables us to make more nuanced and 
realistic assessments, especially when dealing with complex and 
ambiguous situations. By incorporating neutrosophic logic into our 
decision-making process, we can better navigate uncertainties and make 
more informed choices in urban renewal planning. Dhar and Kundu 
(2017) explain that the existing degrees comprise the interval between 
0 ≤ T + I + F ≤ 3, in which T = trueness; I = indeterminacy; and F =
falseness. In practice, T, I, F ⊂ [0, 1]; t + f = 1; and i ∈ [0, 1]. A simplified 
neutrosophic matrix can be constructed using Eq. (1): 

RA =
(
aij
)

m×n =

⎛

⎜
⎜
⎝

a11 a12 ⋯ a1n
a21 a22 ⋯ a2n
⋮ ⋮ ⋱ ⋮
am1 am2 ⋯ amn

⎞

⎟
⎟
⎠ (1)  

in which the values aij are determined collectively by a group of spe
cialists. RA is the result of a universe U = {x1, x2,…, xm} with a set of 
parameters E = {e1, e2,…, en}, while 

(
aij
)

is equal to 
(
TA

(
xi, ej

)
, IA

(
xi, ej

)
, FA

(
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) )
. Both RA and 

(
aij
)

are represented by the 
ensuing matrix n × m, in which the degree of intensity between the 
parameters is verified (cf. Das et al., 2019). 

The current study combined neutrosophic logic with the DEMATEL 
technique. Due to the characteristics of both methods, the assigned 
values had to be encompassed in one value through crispification based 
on Eq. (2): 

wk =
1 −

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅(
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2
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2
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2 )/3
√
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{
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2
+ (Ik)

2
+ (Fk)

2 )/3
√ } (2) 

According to Pramanik et al. (2016, p. 85), this step is useful because 
“decision makers have their own neutrosophic decision weights”. In this 
case, weights wk = (Tk, Ik, Fk) must respect specific conditions including 
being greater or equal to 0 (i.e., ϖk ≥ 0) and a total crisp weight equal to 
1 (i.e., 

∑r
k=1 ϖk = 1). 

3.3. DEMATEL 

DEMATEL was created in 1972 by Gabus and Fontela (1972) to solve 
complex problems in the real world. Quader et al. (2016) and Yazdi et al. 
(2020) state that this technique constructs and analyzes structural 
models and identifies cause-and-effect relationships between criteria 
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using rankings to define the importance of each factor within a model. 
The result of the entire process is based on the decision makers’ reasoned 
opinion, so the outcomes help these experts solve the relevant decision 
problem with reference to the most significant factors (Horng et al., 
2013; Lo et al., 2020; Trivedi, 2018). One of the greatest advantages of 
this technique—compared to other decision-making methods—is how it 
facilities useful feedback (Falatoonitoosi et al., 2013; Shafiee et al., 
2022). In practice, DEMATEL can be performed through the six steps 
described below (Pinto et al., 2023; Si et al., 2018; Sumrit & Anunta
voranich, 2013; Vishwakarma et al., 2022). 

3.3.1. Step one: Calculation of initial direct influence Matrix A 
After identifying the factors to be evaluated, the decision makers 

need to create a direct influence matrix, in which the group of specialists 
determines the influence that factor i has on factor j. xκ

ij represents the 
score given by each panel member, in which K is the number of decision 
makers in the group. For the pairwise comparison, DEMATEL uses a 5- 
point scale: 0 = no influence; 1 = weak influence; 2 = medium influ
ence; 3 = strong influence; 4 = very strong influence (Uygun et al., 
2015). The average matrix is created using Eq. (3): 

aij =
1
K

∑k

k=1
xk

ij (3)  

3.3.2. Step two: Determination of normalized direct influence Matrix X 
This step produces a normalized direct influence matrix. Matrix X is 

constructed via Eq. (4) (Quezada et al., 2022): 

X = s*A (4)  

in which s is calculated using Eq. (5): 

s = Min

[
1

Max1≤i≤n
∑n

j=1aij
,

1
Max1≤j≤n

∑n
i=1aij

]

(5)  

3.3.3. Step three: Calculation of total relation Matrix T 
In this step, matrix T is characterized by the total influence of the 

factors’ relationships. This value is calculated with Eq. (6) (Chen et al., 
2011): 

T = lim
h→∞

(
X1 +X2 +…+Xh) = X(I − X)− 1 (6)  

3.3.4. Step four: Evaluation of Matrix T rows and columns 
In this step, the totals of matrix rows and columns are calculated to 

determine the R and C vectors, respectively. The totals are estimated 
using Eqs. (7) and (8) (Braga et al., 2021): 

R = [ri]n×1 =

[
∑n

j=1
tij

]

n×1

(7)  

C =
[
cj
]

1×n =

[
∑n

j=1
tij

]T

1×n

(8)  

3.3.5. Step five: Determination of threshold (α) value 
This step comprises using matrix T to determine the α value. The 

calculation is done according to Eq. (9) (Braga et al., 2021): 

α =

∑n
i=1

∑n
j=1

[
tij
]

N
(9)  

in which N is the number of factors in the matrix. 

3.3.6. Step six: Creation of cause-and-effect influence relation map (IRM) 
In this last step, the R + C values represent the criteria’s prominence 

in the analysis model, so these values help decision makers understand 
the relative importance of each factor. The R – C values stand for the 

criteria’s relationship within the decision-support system and thus re
veals the contribution of each factor to the analysis model. These values 
provide better information to decision makers, including dividing the 
criteria into four quadrants by type of factor (Yazdi et al., 2020) (see 
Fig. 1). 

As Fig. 1 shows, the determinants can be divided into four quadrants. 
The first quadrant (QI) contains the essential factors, which are char
acterized by strong relationships and greater prominence. The second 
quadrant (QII) is the determining factors, which have strong relation
ships but less prominence. The third quadrant (QIII) encompasses the 
independent factors, which have weak relationships and less promi
nence. Finally, the fourth quadrant (QIV) encloses impact factors with 
weak relationships but greater prominence (Yazdi et al., 2020). 

In addition, when R – C > 0, the factor in question falls into the 
causes group. When R – C < 0, the factor belongs to the effects group. 
Yazdi et al. (2020, p. 5) note that these results help decision makers 
more “objectively distinguish the intricate causal relations between the 
identified factors and identify [which merit] further attention for various 
decision-making purposes”. 

DEMATEL’s compatibility with cognitive mapping and neutrosophic 
logic along with its suitability for addressing the complexities of urban 
renewal planning are its main benefits. By integrating DEMATEL with 
cognitive mapping and neutrosophic logic, our approach can provide a 
multi-faceted methodology combining qualitative and quantitative an
alyses, enhancing the robustness and versatility of our approach. This 
facilitates a more holistic examination of urban renewal planning factors 
and their interactions, ultimately leading to the generation of unique 
insights and valuable findings compared to existing methods. 

4. Application and results 

The structuring phase is essential to ensure the entire decision- 
making process develops smoothly because, according to Bana e Costa 
et al. (1997, p. 34), this phase “provides the actors involved in a prob
lematic situation with a common language for debate and learning and with 
clear information about the plausible impacts of potential actions on the 
different options available”. 

In the present study, the decision makers structured the problem 
based on their professional experience in urban renewal projects (Abdel- 
Basset et al., 2018). These experts were chosen for their extensive 

Fig. 1. Influence relation map 
Source: Adapted from Yazdi et al. (2020). 
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experience of more than a decade in urban renewal projects, their 
diverse backgrounds spanning various institutions and sectors of activ
ity, and their heterogeneity in terms of age and gender. This selection 
ensured a blend of different perspectives. Bana e Costa et al. (2002, p. 
227) suggest that panels should “typically […be] a decision-making group 
of 5–7 experts and other key players”. To comply with this guideline, six 
specialists participated in the first group session. 

The next challenge after selecting the panel was to find a date when 
everyone was available to meet. The first session was held online with 
the following participants. One expert was a commercial architect who 
specializes in planning, urbanism, and environmental law, while the 
second worked as a landscape architect at the Municipality of Vale de 
Cambra, Portugal. The third panel member was also a commercial ar
chitect, the fourth was an environmental engineer from Ourém, and the 
fifth was a senior technician at the North Portugal Region Coordination 
and Development Commission in charge of land-use planning services. 
The last participant was a vice-president of the Alentejo Region Coor
dination and Development Commission. Two technical assistants helped 
the facilitator (i.e., one of the authors of this study) during the session. 
The methodological procedures followed in the current study are pre
sented in Fig. 2. 

4.1. Structuring phase: Collective cognitive map 

The first meeting with the expert panel lasted around three and a half 
hours. The session took place online in the Zoom platform. After a brief 
introduction, each participant was directed to the Miro platform (see 
https://miro.com/), whose tools were explained. 

The facilitator next asked the panel the following trigger question: 
“Based on your professional experience, what are the challenges posed by 
urban renewal and what measures and/or actions can be taken to leverage 
planning capacity in this context?”. Each specialist then wrote his or her 
answers in the space provided, adding a + or – sign depending on the 
impact of each criterion on urban renewal projects. This part of the 
process was supported by the “post-its technique” (Ackermann & Eden, 
2001). By the end of the first procedure, the panel had identified more 
than the required minimum of 90–120 criteria (Eden & Ackermann, 
2004), reaching a total of 156 urban renewal determinants. 

In the second procedure of the first session, the specialists were asked 
to work together to create clusters of criteria. The panel agreed on six 
groups after allocating the previously identified factors to the most 
appropriate cluster. The six clusters were labeled as follows: Legal (C1); 
Economic (C2); Environmental (C3); Heritage (C4); Social (C5); and 
Political (C6). At this point, any repeated criteria were eliminated or 
reformulated. 

After the criteria were placed in the most appropriate clusters, the 
last procedure of the first session was begun (i.e., determining the degree 

of importance of each criterion within its respective group). Specifically, 
the decision makers placed the most significant factors at the top of their 
cluster, under which came any criteria considered to be of intermediate 
importance followed by the least significant determinants at the bottom. 
The facilitator and assistants gathered all the information provided by 
the expert panel in this first session and, using the Decision Explorer 
software (see http://www.banxia.com), constructed a group cognitive 
map with the 156 criteria (see Fig. 3) (size restrictions prevent a better 
visualization, but an editable version of the entire group cognitive map 
can be obtained from the corresponding author upon request). 

Fig. 3 was collectively validated by the panel members after intense 
discussion and negotiation, serving as an aggregated representation of 
the perspectives of the six decision makers who participated in the group 
meetings. According to Ferreira et al. (2022, p. 282), this procedure 
allows “different expert[s’] opinions to be formally projected [as a map], 
creating a holistic framework within which decision criteria and their cause- 
and-effect relationships [… can] be detected and understood”. The next 
phase comprised the evaluation of the identified urban renewal factors. 

4.2. Evaluation phase: Neutrosophic logic and DEMATEL 

The second online meeting was attended by 5 of the initial 6 panel 
members, which allowed the study to continue because the minimum 
number of decision makers were present (cf. Salmeron, 2009). This 
session lasted approximately as long as the previous one had (i.e., about 
three and a half hours) and began with the presentation of the cognitive 
map created to the expert panel. The participants were then introduced 
to the nominal group technique (NGT) and multi-voting, with which 
they could identify the most important criteria in each cluster. Finally, 
the facilitator explained how neutrosophic logic and the DEMATEL 
technique would be used. 

The decision makers were next asked to identify the cause-and-effect 
relationships first between clusters (i.e., inter-cluster analysis) and then 
between the criteria of each cluster (i.e., (six) intra-cluster analyses). The 
strength of the links was quantified using the previously mentioned 
DEMATEL scale, in which 0 means no influence, 1 weak influence, 2 
medium influence, 3 strong influence, and 4 very strong influence. For 
each value assigned, the specialists were also asked to assign percent
ages to their choices according to the level of T, I, and F. The facilitator 
further explained to the panel that the percentages attributed to each 
value could add up to more or less than 100% (cf. Pramanik et al., 2016). 
This quantification procedure provided more comprehensive informa
tion about the decision problem. 

Notably, all the data used in our study were directly provided and 
approved by the panel members after intense collective discussion and 
negotiation. The initial results of the second session facilitated analyses 
of the clusters defined (see Table 1) and their respective cause-and-effect 
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Fig. 2. Procedures followed in the empirical research.  
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interrelationships and neutrosophic values (see Table 2). Table 3 shows 
the calculations performed to achieve neutrosophic crispification. 

The values obtained with neutrosophic crispification were input into 
the direct influence matrix shown in Table 4. The final DEMATEL values 
could then be calculated, and the remaining steps were completed using 
the equations given in subsection 3.3. 

The totals of rows and columns (see Table 5) were used in the in
termediate calculations based on the equations listed in subsection 3.3.2. 
The values were processed to produce normalized direct influence ma
trix (see Table 6). Next, total relation matrix T was constructed via the 
calculations shown in Table 7 (i.e., identity matrix I, matrix I – X, and 
matrix (I – X)− 1 (see subsection 3.3.3)). 

Once matrix T had been calculated (see subsection 3.3.4), column R 
revealed the influence that each cluster exerts on the others, while row C 
reflected the extent to which each cluster is influenced by the others. The 
results show that C2 has the greatest impact on all the other clusters, 
with a total R value of 3.6942. C4 has the least influence with 2.0683. 
Conversely, C2 is also the most affected by the others, with a C value of 
3.2652, and the least influenced is C1 with 2.5374. 

The α value is 0.4796 (see subsection 3.3.5), which highlights the 
most or least important factors, in green or red respectively, in the 
decision-support system. C4 is the only cluster with no significant 
impact on any other cluster. Fig. 4 contains the DEMATEL diagram for 
the inter-cluster analysis. 

The map presented in Fig. 4 shows that C2 is the most important 
cluster as it is the furthest to the right compared to the rest. Based on the 
R + C value, C2 is a cluster of essential factors because it appears in QI. 
C3 also appears in QI, which indicates that this group of criteria has 
strong relationships and greater prominence. C1 is the only cluster 
belonging to QII due to its strong relationships and less prominence, 
making C1 a cluster of determining factors. C4 and C5 are located in 
QIII, reflecting their weak relationships and less prominence as groups 
of independent factors. Finally, C6 appears in QIV as this cluster has 
weak relationships and greater prominence, which shows that C6 con
tains impact factors. 

After the inter-cluster analysis was completed, the intra-cluster an
alyses started with C1. The expert panel selected the most important 
specific criteria (SC) presented in Table 8. The neutrosophic direct in
fluence matrix for this cluster is presented in Table 9, which resulted in 
Table 10 after the crispification of the values. 

An analysis of Table 11 shows that SC133 exerts the greatest influ
ence on the other factors, with an R value of 6.2584. SC133 is also the 
most influenced by the other SCs as shown by its C value of 6.1339. In 
contrast, SC136 has the least influence on the other determinants, with 
an R value of 3.1897. Fig. 5 contains the IRM for C1. 

According to Fig. 5, the most significant factor is SC133, with a total 
R + C value of 12.3923. The least important is SC136, with a total of 
9.3141. The causes group contains SC127, SC130, SC132, and SC133, 
while SC136 is the only effect. In addition, SC132 and SC133 belong to 
QI, so they are essential factors. SC127 and SC130 appear in QII as 
determining factors because they have strong relationships but less 
prominence. Finally, SC136 has weak relationships and less prominence, 
placing it in QIII as an independent factor. 

The next step was to analyze C2. The SCs selected by the panel 
members are listed in Table 12. The associated neutrosophic matrix is 
presented in Table 13 and the values obtained by crispification appear in 
Table 14. 

Based on matrix T, the α value of 1.8916 was used to identify the 
most and least important SCs. According to Table 15, SC13 exerts the 
greatest influence on the other factors, with an R value of 14.0983. 
SC16, SC19, and SC17 are the most affected by the others, with a C value 
of 13.9485. 

According to the IRM in Fig. 6, SC19 is the most important C2 factor 
due to its R + C value of 27.9411. The least significant determinant is 
SC31, with an R + C value of 22.6965. The causes group comprises 
SC13, SC17, SC19, SC20, and SC22, while SC16 and SC31 are effects. 
The diagram reveals that QI contains the essential factors of SC19, SC17, 
and SC22, which have strong relationships and greater prominence. In 
QII, the determining factors are SC20 and SC13 with strong relationships 
and less prominence. SC31 belongs to QIII as its relationships and 
prominence are weaker, making this an independent factor. Finally, 
SC16 appears in QIV because this SC is an impact factor with weak re
lationships but greater prominence. 

The most important SCs in C3 are listed in Table 16. The DEMATEL 
neutrosophic matrix in Table 17 facilitated the calculation of the values 
shown in the direct influence matrix (see Table 18), which were then 
translated into matrix T in Table 19. 

Table 19 reveals that SC104 has more influence over the other fac
tors, with an R value of 5.7369. SC122, in turn, is the most affected by 
the other determinants, with a C value of 5.6925. Fig. 7 contains the IRM 
diagram for C3. SC104, SC115, and SC122 belong to the causes group (i. 
e., R + C > 0), while SC102 and SC105 are the effects group (i.e., R + C 
< 0). In addition, SC104 and SC122 are essential factors because they 
fall within QI, given their strong relationships and greater prominence. 
SC115 is in QII, so it is a determining factor with strong relationships 
and less prominence. SC102 appears in QIII because it has weak re
lationships and less prominence (i.e., an independent factor). Finally, 
SC105 in QIV has weak relationships and greater prominence as an 
impact factor. 

The next cluster to be analyzed was C4, whose most important SCs 
are listed in Table 20. The DEMATEL neutrosophic matrix for this cluster 
is presented in Table 21. The calculations then produced the direct in
fluence matrix in Table 22. 

According to Table 23, the determinants that have the greatest in
fluence within the cluster are SC152, SC153, SC156, and SC150, all with 
an R value of 146.3730. SC153 is the most affected by the other factors 
as it presents a C value of 142.3730. 

The R + C values produced the IRM shown in Fig. 8, based on an α 
value of 29.1146. In this cluster, the most important factors are SC152, 
SC156, and SC150, with a total of 292.7460. In contrast, SC153 and 
SC156 have an R + C value of 288.7460, so they appear on the far left 

Table 1 
Clusters (Cs) identified by experts.  

Clusters 

C1 Legal 
C2 Economic 
C3 Environmental 
C4 Heritage 
C5 Social 
C6 Political  

Table 2 
DEMATEL neutrosophic matrix.   

C1 C2 C3 C4 C5 C6 

C1 – 
4 (0.95, 
0.05, 
0.00) 

3 (0.60, 
0.40, 
0.00) 

2 (0.80, 
0.20, 
0.05) 

4 (0.70, 
0.40, 0.10) 

4 (33.3, 
33.3, 
33.3) 

C2 
3 (0.70, 
0.10, 
0.20) 

– 
4 (0.95, 
0.05, 
0.05) 

4 (0.90, 
0.30, 
0.05) 

4 (0.99, 
0.40, 0.05) 

4 (0.90, 
0.40, 
0.20) 

C3 
4 (0.80, 
0.20, 
0.20) 

3 (0.80, 
0.40, 
0.10) 

– 
2 (0.60, 
0.40, 
0.10) 

3 (0.80,0.30, 
0.08) 

4 (0.70, 
0.40, 
0.50) 

C4 
2 (0.50, 
0.60, 
0.60) 

3 (0.70, 
0.40, 
0.30) 

2 (0.60, 
0.40, 
0.30) 

– 
2 (0.60, 
0.40, 0.30) 

3 (0.80, 
0.20, 
0.10) 

C5 
2 (0.50, 
0.60, 
0.50) 

4 (0.80, 
0.40, 
0.20) 

3 (0.80, 
0.60, 
0.20) 

3 (0.70, 
0.40, 
0.15) 

– 
4 (0.95, 
0.7, 
0.35) 

C6 
4 (0.91, 
0.60, 
0.03) 

4 (0.80, 
0.50, 
0.40) 

4 (0.90, 
0.60, 
0.30) 

4 (0.70, 
0.40, 
0.50) 

4 (0.98, 
0.80, 0.80) – 

Note: C = cluster. 
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and have less significance within the decision-support system. 
The IRM in Fig. 8 reveals that SC150, SC152, SC153, and SC156 are 

causes, while SC146 is the only effect because it has an R – C value of less 
than 0. Concurrently, SC152, SC156, and SC150 are positioned in QI as 
essential factors since they have strong relationships and greater 
prominence. SC153 is the sole determining factor in QII due to its strong 

relationships and less prominence. Finally, QIII contains SC146, which 
makes this an independent factor because it not only has weak re
lationships but also less prominence. 

The most important criteria in C5 are presented in Table 24. The 
resulting DEMATEL neutrosophic matrix is presented in Table 25. This 
matrix was then used to generate the direct influence matrix (see 

Table 3 
Neutrosophic crispification. 

Relationship

analyzed

DEMATEL

Scale

(x)

Neutrosophic values
Neutrosophic Crispification

T I F
Crispification

equation

numerator

Crispification 

weight 

W

Final 

value in 

Matrix X

General 

matrix

C1-C2 4.0 0.95 0.05 0.00 0.9591751710 0.0471790100 3.83670068

C1-C3 3.0 0.60 0.40 0.00 0.6734013676 0.0331226358 2.02020410

C1-C4 2.0 0.80 0.20 0.05 0.8341687605 0.0410303117 1.66833752

C1-C5 4.0 0.70 0.40 0.10 0.7056079711 0.0347067840 2.82243188

C1-C6 4.0 0.33 0.33 0.33 0.5285836942 0.0259994797 2.11433478

C2-C1 3.0 0.70 0.10 0.20 0.7839753101 0.0385614433 2.35192593

C2-C3 4.0 0.95 0.05 0.05 0.9500000000 0.0467277102 3.80000000

C2-C4 4.0 0.90 0.30 0.05 0.8151577249 0.0400952147 3.26063090

C2-C5 4.0 0.99 0.40 0.05 0.7671910655 0.0377358756 3.06876426

C2-C6 4.0 0.90 0.40 0.20 0.7354248689 0.0361733897 2.94169948

C3-C1 4.0 0.80 0.20 0.20 0.8000000000 0.0393496507 3.20000000

C3-C2 3.0 0.80 0.40 0.10 0.7354248689 0.0361733897 2.20627461

C3-C4 2.0 0.60 0.40 0.10 0.6683375210 0.0328735600 1.33667504

C3-C5 3.0 0.80 0.30 0.08 0.7867708588 0.0386989481 2.36031258

C3-C6 4.0 0.70 0.40 0.50 0.5917517095 0.0291065289 2.36700684

C4-C1 2.0 0.50 0.60 0.60 0.4313759297 0.0212181152 0.86275186

C4-C2 3.0 0.70 0.40 0.30 0.6633498354 0.0326282304 1.99004951

C4-C3 2.0 0.60 0.40 0.30 0.6303154498 0.0310033660 1.26063090

C4-C5 2.0 0.60 0.40 0.30 0.6303154498 0.0310033660 1.26063090

C4-C6 3.0 0.80 0.20 0.10 0.8267949192 0.0406676141 2.48038476

C5-C1 2.0 0.50 0.60 0.50 0.4645873865 0.0228516892 0.92917477

C5-C2 4.0 0.80 0.40 0.20 0.7171572875 0.0352748610 2.86862915

C5-C3 3.0 0.80 0.60 0.20 0.6170291569 0.0303498523 1.85108747

C5-C4 3.0 0.70 0.40 0.15 0.6986143113 0.0343627864 2.09584293

C5-C6 4.0 0.95 0.70 0.35 0.5472307431 0.0269166733 2.18892297

C6-C1 4.0 0.91 0.60 0.30 0.6092315263 0.0299663097 2.43692611

C6-C2 4.0 0.80 0.50 0.40 0.6127016654 0.0301369957 2.45080666

C6-C3 4.0 0.90 0.60 0.30 0.6084219959 0.0299264913 2.43368798

C6-C4 4.0 0.70 0.40 0.50 0.5917517095 0.0291065289 2.36700684

C6-C5 4.0 0.98 0.80 0.80 0.3467006812 0.0170531884 1.38680272

If S = 1, the relevant conditions are respected.

Crispification

equation

denominator

20.3305489394 1

Note: DEMATEL = decision making trial and evaluation laboratory; T = trueness; I = indeterminacy; 
F = falseness; C = cluster. 

Table 4 
Direct influence matrix for clusters (Cs). 

C1 C2 C3 C4 C5 C6 Total

C1 0.00 3.84 2.02 1.67 2.82 2.11 12.46

C2 2.35 0.00 3.80 3.26 3.07 2.94 15.42

C3 3.20 2.21 0.00 1.34 2.36 2.37 11.47

C4 0.87 1.99 1.26 0.00 1.26 2.48 7.86

C5 0.93 2.87 1.85 2.10 0.00 2.19 9.93

C6 2.44 2.45 2.43 2.37 1.39 0.00 11.08

Total 9.79 13.35 11.37 10.73 10.90 12.09
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Table 5 
Row and column totals. 
Max 13.35 15.42

1/max 0.074893 0.064839

1/s 0.064839

Table 6 
Normalized direct influence matrix. 

C1 C2 C3 C4 C5 C6

C1 0.0000 0.2488 0.1310 0.1082 0.1830 0.1371

C2 0.1525 0.0000 0.2464 0.2114 0.1990 0.1907

C3 0.2075 0.1430 0.0000 0.0867 0.1530 0.1535

C4 0.0562 0.1290 0.0817 0.0000 0.0817 0.1608

C5 0.0602 0.1860 0.1200 0.1359 0.0000 0.1419

C6 0.1580 0.1589 0.1578 0.1535 0.0899 0.0000

Note: C = cluster. 

Table 7 
Intermediate calculation and Matrix T. 
I

C1 C2 C3 C4 C5 C6

C1 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000

C2 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000

C3 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000

C4 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000

C5 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000

C6 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000

Note: C = cluster.

I – X

C1 C2 C3 C4 C5 C6

C1 1.0000 −0.2488 −0.1310 −0.1082 −0.1830 −0.1371

C2 −0.1525 1.0000 −0.2464 −0.2114 −0.1990 −0.1907

C3 −0.2075 −0.1430 1.0000 −0.0867 −0.1530 −0.1535

C4 −0.0562 −0.1290 −0.0817 1.0000 −0.0817 −0.1608

C5 −0.0602 −0.1860 −0.1200 −0.1359 1.0000 −0.1419

C6 −0.1580 −0.1589 −0.1578 −0.1535 −0.0899 1.0000

Note: C = cluster.

(I – X)
−1

C1 C2 C3 C4 C5 C6

C1 1.3644 0.6731 0.5401 0.4980 0.5571 0.5575

C2 0.5543 1.5385 0.6829 0.6310 0.6234 0.6642

C3 0.5124 0.5609 1.3859 0.4440 0.5017 0.5325

C4 0.2931 0.4139 0.3496 1.2592 0.3304 0.4222

C5 0.3521 0.5284 0.4452 0.4402 1.3164 0.4750

C6 0.4612 0.5504 0.5062 0.4819 0.4353 1.3852

Note: C = cluster.

Matrix T

C1 C2 C3 C4 C5 C6 R

C1 0.3644 0.6731 0.5401 0.4980 0.5571 0.5575 3.1901

C2 0.5543 0.5385 0.6829 0.6310 0.6234 0.6642 3.6942

C3 0.5124 0.5609 0.3859 0.4440 0.5017 0.5325 2.9375

C4 0.2931 0.4139 0.3496 0.2592 0.3304 0.4222 2.0683

C5 0.3521 0.5284 0.4452 0.4402 0.3164 0.4750 2.5572

C6 0.4612 0.5504 0.5062 0.4819 0.4353 0.3852 2.8201

C 2.5374 3.2652 2.9098 2.7542 2.7642 3.0365

Note: C = cluster; R = rows vector; C = columns vector.
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Table 26). 
The calculations completed produced Table 27, which reveals that 

SC157 has the greatest impact on the other factors as it has an R value of 
9.3592. SC157 is also the most influenced by the other determinants, 
with a C value of 7.5395. 

Based on an α value of 1.7118, Fig. 9 shows that the most important 
factor in this cluster is SC162, with an R + C value of 17.9978. SC163 is 
the least significant because it appears the furthest to the left, given its R 
+ C value of 16.1946. The analysis also defined the cause and effect 
groups, with SC157, SC160, and SC162 as causes and thus the most 
influential determinants and SC163 and SC164 as the effects. 

In addition, QI includes both SC162 and SC160, making these 

essential factors with strong relationships and greater prominence. 
SC157 fits into QII as a determining factor, with strong relationships but 
less prominence. As SC163 appears in QIII, this SC can be considered an 
independent factor with weak relationships and less prominence. 
Finally, SC164 falls into QIV as an impact factor with weak relationships 
but greater prominence. 

The same steps were again followed to analyze C6. The seven criteria 
chosen by the decision makers are listed in Table 28. The DEMATEL 
neutrosophic matrix is presented in Table 29 and the direct influence 
matrix in Table 30. 

Table 31 reveals that SC59 most strongly influences the other factors, 
with an R value of 8.3289. SC59 is also the most affected by others in this 
cluster, with a C value of 8.5525. 

Fig. 10 reflects an α value of 1.0801, revealing that SC59 is again the 
most important determinant as it appears on the far right with an R + C 
value of 16.8814. In turn, SC64 is the least significant with an R + C 
value of 9.3220. The SCs allocated to the causes group are SC62, SC66, 
and SC72 as their R – C value is less than 0, while SC58, SC59, SC60, and 
SC64 belong to the effects group. 

SC62, SC66, and SC72 appear in QI as essential factors. QIII contains 
only S64, which is an independent factor with weak relationships and 
less prominence. Finally, SC59, SC58, and SC60 all fall into QIV, so they 
are impact factors (i.e., weak relationships and greater prominence). 

4.3. Consolidation, discussion, and recommendations 

To obtain feedback on the analysis model and its practical applica
tion, a consolidation session was held with an additional specialist in 
urban renewal. At the time of this study, she was urban planner and 
spatial engineer at the Lisbon City Council Department of Urban Plan
ning, and vice-president of the Portuguese Association of Urban Plan
ners. She was also the Portuguese delegate to the European Council of 
Spatial Planners-Conseil Européen des Urbanistes (ECSP-CEU). This 
expert was chosen because she could be impartial about the results of the 
panel’s decision-making process as she did not participate in the two 
previous group work sessions. 

The final session was held online via the Teams platform. The 
meeting lasted about one hour and had the following agenda: a brief 
contextualization of the study and applied methodologies followed by a 
presentation of the cognitive map and the results achieved with the 
neutrosophic logic and DEMATEL techniques. 

Regarding the cognitive map, the interviewee commented that the 
large number of criteria “makes reaching a decision afterwards very com
plex” (in her words). She further observed that the social cluster “is also 
very important in urban renewal because, if we do not consider it [the social 
dimension] in conjunction with the buildings, the whole thing doesn’t work” 
(also in her words). After examining the inter- and intra-cluster analysis 
results, the specialist considered strategic planning (SC59) in the polit
ical cluster (C6) to be the most important, especially given that “it is the 
one that is […] most despised. When it is said that it is necessary to plan and 
then intervene, everyone wants to skip that part and go straight to the 
intervention”. She added that “everyone changes this SC to reflect what they 
want” because strategic planning is the most strongly influenced by 

Fig. 4. Influence relation map for clusters (Cs). 
Note. C = cluster; R = rows vector; C = columns vector; α = threshold value. 

Table 8 
Specific criteria (SC) selected by experts for C1.  

Selected criteria 

SC127 Unified legislation, concepts, definitions, and objectives 
SC130 Dissemination of regulations 
SC132 Long bureaucratic processes 
SC133 Simplified processes 
SC136 Optimized processes  

Table 9 
Decision making trial and evaluation laboratory neutrosophic matrix.   

SC127 SC130 SC132 SC133 SC136 

SC127 – 
4 (0.90, 
0.60, 0.20) 

4 (0.80, 
0.05, 0.05) 

4 (0.80, 
0.05, 0.05) 

4 (0.80, 
0.05, 0.05) 

SC130 
4 (0.90, 
0.10, 0.10) – 

4 (0.80, 
0.05, 0.05) 

4 (0.80, 
0.05, 0.05) 

4 (0.80, 
0.05, 0.05) 

SC132 
4 (0.90, 
0.05, 0.05) 

4 (0.90, 
0.05, 0.05) – 

4 (0.90, 
0.05, 0.05) 

4 (0.90, 
0.05, 0.05) 

SC133 4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

– 
4 (0.90, 
0.05, 0.00) 

SC136 0 (0.90, 
0.05, 0.00) 

0 (0.90, 
0.05, 0.00) 

3 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

– 

Note. SC = specific criteria. 

Table 10 
Direct influence matrix. 

SC127 SC130 SC132 SC133 SC136 Total

SC127 0.00 2.52 3.51 3.51 3.51 13.05

SC130 3.60 0.00 3.51 3.51 3.51 14.13

SC132 3.72 3.72 0.00 3.72 3.72 14.87

SC133 3.74 3.72 3.72 0.00 3.72 14.89

SC136 0.00 0.00 2.81 3.74 0.00 6.55

Total 11.06 9.96 13.54 14.48 14.45

Note. SC = specific criteria. 
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decision makers (in the interviewee’s words). 
The interviewee also noted that the applied methodologies were 

unfamiliar but that they appeared to be interesting in that “they consider 
many points. That is, the methodologies can include many factors”. In 
general, she found the techniques to be “a very powerful methodology for 
this type of assessment and decision support” (in her words). 

When this expert was asked to point out possible advantages and 
disadvantages, she remarked that something can always be said about 
these kinds of results as “they depend on the participants’ points of view and 
background”. She specifically found the political cluster’s weight “very 
large”. In her opinion, “the social element was a little too small because, in 
urban renewal, […] if we do not carry out a complete urban renewal project 
[…] with both social and physical dimensions, it does not work” (in her 
words). 

The interviewee suggested the findings could be improved by “testing 
some of the parameters by applying the measuring attractiveness by a 
categorical-based evaluation technique [MACBETH] to calibrate the model” 
(again in her words). In addition, she pointed out that the model created 
is “quite interesting but that it should be tested to see if it is valid beyond the 
scope of urban renewal”. She concluded that “it is a very interesting way not 
to reach decisions but to provide several options for what to do. It might be 

more interesting as a tool to intervene in or prioritize decisions” (in her 
words). 

Overall, the consolidation session confirmed that this study provides 
a methodological framework whose application can result in different 
findings when the techniques are applied in diverse contexts. Since the 
methodologies are process-oriented, results for one urban zone should 
not be generalized to other areas. In some respects, the actual outcomes 
may not be as critical as the process itself. Bell and Morse (2013, p. 962) 
note that this approach puts “less emphasis on outputs per se and more 
focus on process”. Although focused primarily on methodological issues, 
this study is realistic as each geographical area has specific unique 
characteristics that require different solutions to address urban renewal 
issues. 

5. Conclusion 

Urban renewal planning is crucial for addressing multiple problems 
and challenges when addressing specific and unique urban neighbor
hood characteristics, especially in diverse domains. Even though each 
urban renewal project is unique and complicated, experts generally 
agree that they share a similar purpose: to provide residents with better 
living conditions and better living standards. By necessity, urban 
renewal projects involve many entities, including governments and 

Table 11 
Matrix T. 

SC127 SC130 SC132 SC133 SC136 R

SC127 0.8559 0.9406 1.2226 1.2872 1.2855 5.5918

SC130 1.1157 0.8541 1.2983 1.3670 1.3651 6.0002

SC132 1.1588 1.0893 1.1536 1.4249 1.4230 6.2496

SC133 1.1613 1.0906 1.3550 1.2269 1.4247 6.2584

SC136 0.5101 0.4793 0.7462 0.8280 0.6261 3.1897

C 4.8018 4.4538 5.7758 6.1339 6.1244

Note. SC = specific criteria; R = rows vector; C = columns vector. 

Fig. 5. Influence relation map for C1. 
Note. SC = specific criteria; R = rows vector; C = columns vector; α =
threshold value. 

Table 12 
Criteria (SC) selected by experts for C2.  

Selected criteria 

SC20 Young families’ low income 
SC16 Property prices too high to allow restoration 
SC19 Inflation and loss of purchasing power 
SC17 Housing prices 
SC22 Promotion of affordable living spaces 
SC13 Funding 
SC31 Territorial mobility  

Table 13 
Decision making trial and evaluation laboratory neutrosophic matrix.   

SC20 SC16 SC19 SC17 SC22 SC13 SC31 

SC20 – 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.80, 
0.10, 
0.05) 

SC16 
4 (0.90, 
0.05, 
0.00) 

– 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.50) 

4 
(0.80, 
0.10, 
0.05) 

SC19 
4 (0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

– 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.80, 
0.10, 
0.05) 

SC17 
4 (0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

– 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.80, 
0.10, 
0.05) 

SC22 
4 (0.90, 
0.20, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

– 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

SC13 
4 (0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

– 

4 
(0.90, 
0.05, 
0.00) 

SC31 
0 (0.80, 
0.10, 
0.00) 

4 
(0.90, 
0.20, 
0.05) 

4 
(0.90, 
0.20, 
0.05) 

4 
(0.90, 
0.20, 
0.05) 

3 
(0.90, 
0.20, 
0.05) 

1 
(0.90, 
0.10, 
0.05) 

– 

Note. SC = specific criteria. 
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varied public and private organizations. Our literature review confirms 
that these actors are all seeking to reduce social, economic, and envi
ronmental inequalities. 

City planners are often unable to achieve desired attributes in urban 
areas, including local communities’ maintaining unique, desired iden
tities and social inclusion. 

Studies document high failure rates in the planning and imple
mentation of urban renewal project plans often due to a lack of 
consensus among project stakeholders. Thus, stakeholders and further 
studies needed to facilitate cooperation among relevant entities and 
clarify participating decision makers’ opinions. In addition, urban 
renewal determinants must be transparently identified and defined, 
concentrating on cause-and-effect relationships among identified fac
tors. In addressing the scarcity of dynamic analyses, we adopt a new 
decision-making approach that provides a solution to these problems, 
including a combination of cognitive mapping, neutrosophic logic and 
the DEMATEL technique. 

Our main contribution is the methodology applied that represents 
experts’ ideas giving them sufficient autonomy to express their opinions 
and values. Two group work sessions facilitated the participants’ con
stant learning process due to the constructivist stance of the selected 
techniques. The results confirm that the applied multicriteria method
ologies (i.e., cognitive mapping, neutrosophic logic, and DEMATEL) 

Table 14 
Direct influence matrix. 

SC20 SC16 SC19 SC17 SC22 SC13 SC31 Total

SC20 0.00 3.74 3.74 3.74 3.74 3.74 3.47 22.18

SC16 3.74 0.00 3.74 3.74 3.74 2.82 3.47 21.25

SC19 3.74 3.74 0.00 3.74 3.74 3.74 3.47 22.18

SC17 3.74 3.74 3.74 0.00 3.74 3.74 3.43 22.14

SC22 3.48 3.74 3.74 3.74 0.00 3.74 3.74 22.19

SC13 3.74 3.74 3.74 3.74 3.74 0.00 3.74 22.45

SC31 0.00 3.47 3.47 3.47 2.60 0.91 0.00 13.93

Total 18.45 22.18 2.35 22.18 21.31 18.70 21.33

Note. SC = specific criteria. 

Table 15 
Matrix T. 

SC20 SC16 SC19 SC17 SC22 SC13 SC31 R

SC20 1.6865 2.1206 2.1206 2.1206 2.0529 1.8460 2.0452 13.9926

SC16 1.7644 1.9024 2.0452 2.0452 1.9799 1.7501 1.9722 13.4593

SC19 1.8294 2.1206 1.9778 2.1206 2.0529 1.8460 2.0452 13.9926

SC17 1.8278 2.1186 2.1186 1.9758 2.0510 1.8444 2.0421 13.9784

SC22 1.8145 2.1146 2.1146 2.1146 1.9039 1.8399 2.0484 13.9505

SC13 1.8410 2.1355 2.1355 2.1355 2.0670 1.7152 2.0686 14.0983

SC31 1.1234 1.4361 1.4361 1.4361 1.3613 1.1649 1.2584 9.2164

C 11.8871 13.9485 13.9485 13.9485 13.4688 12.0066 13.4801

Note. SC = specific criteria; R = rows vector; C = columns vector. 

Fig. 6. Influence relation map for C2. Note. SC = specific criteria; R = rows 
vector; C = columns vector; α = threshold value. 

Table 16 
Criteria (SC) selected by experts for C3.  

Selected criteria 

SC105 Green spaces 
SC102 Promotion of ways to reduce water loss 
SC104 Pervasive soil sealing 
SC115 Materials’ sustainability and/or environmental impact 
SC122 Promotion of natural solutions  

Table 17 
Decision making trial and evaluation laboratory neutrosophic matrix.   

SC105 SC102 SC104 SC115 SC122 

SC105 – 
4 (0.90, 
0.05, 0.05) 

4 (0.95, 
0.05, 0.00) 

1 (0.80, 
0.20, 0.10) 

4 (0.98, 
0.05, 0.00) 

SC102 
3 (0.80, 
0.10, 0.10) – 

0 (0.90, 
0.05, 0.05) 

3 (0.50, 
0.20, 0.10) 

4 (0.80, 
0.10, 0.05) 

SC104 4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

– 
4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

SC115 4 (0.98, 
0.05, 0.00) 

2 (0.90, 
0.00, 0.00) 

4 (0.90, 
0.50, 0.30) 

– 
4 (0.90, 
0.05, 0.00) 

SC122 
4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) – 

Note. SC = specific criteria. 
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allow decision makers to deal with the complex environments that 
require urban renewal. 

Cognitive mapping produces a visual representation of the expert 
panel’s thinking about the clusters of factors affecting urban renewal, 
while neutrosophic logic incorporates a realistic degree of uncertainty 
into the findings of the DEMATEL technique. The analyses clarify cause- 
and-effect relationships among the defined clusters, thereby creating a 
holistic, transparent model that can be applied by practitioners in real 
urban settings. This allows the three research questions initially pre
sented to be addressed (i.e., How can urban renewal’s main 

determinants and corresponding key factors be identified? What are the 
most influential relationships between these variables? and Which 
complex challenges should decision makers prioritize to facilitate urban 
renewal?). 

Our findings have significant implications for urban socio-planning 
and renewal practices, as well as theoretical and practical contribu
tions to management research and the business world. By identifying 
key factors and relationships through a constructivist methodology, we 
provide valuable insights for decision-makers to navigate urban devel
opment complexities effectively. Specifically, our study highlights the 
importance of a holistic and process-oriented approach to urban renewal 
planning, involving experts from diverse fields to ensure inclusivity, 
transparency, and reflection of the multifaceted nature of urban chal
lenges. Moreover, our approach adds value to the field by offering a 
practical and innovative method for addressing complex decision 
problems in urban renewal. The combination of cognitive mapping, 
neutrosophic logic, and DEMATEL provides a comprehensive framework 
for analyzing and prioritizing factors, enabling more informed and 
evidence-based decision-making. 

On a theoretical level, the findings contribute to existing knowledge 
by incorporating valuable know-how from urban renewal experts, and 
the proposed model complements previous contributions in related 
fields. From a methodological perspective, this study provides two sig
nificant contributions. First, the combination of methods used, 
confirmed as a novel approach in urban renewal contexts by the 

Table 18 
Direct influence matrix. 

SC105 SC102 SC104 SC115 SC122 Total

SC105 0.00 3.72 3.84 0.83 3.88 12.26

SC102 2.58 0.00 0.00 2.05 3.47 8.10

SC104 3.74 3.74 0.00 3.74 3.74 14.97

SC115 3.88 1.88 2.63 0.00 3.74 12.14

SC122 3.74 3.74 3.72 3.74 0.00 14.94

Total 13.93 13.09 10.19 10.36 14.83

Note. SC = specific criteria. 

Table 19 
Matrix T. 

SC105 SC102 SC104 SC115 SC122 R

SC105 0.9146 1.0975 0.9199 0.7799 1.1752 4.8872

SC102 0.7812 0.6160 0.5211 0.6099 0.8598 3.3880

SC104 1.2773 1.2428 0.8422 1.0361 1.3385 5.7369

SC115 1.1378 1.0166 0.8879 0.7197 1.1823 4.9443

SC122 1.2756 1.2412 1.0397 1.0347 1.1367 5.7280

C 5.3866 5.2142 4.2108 4.1803 5.6925

Note. SC = specific criteria; R = row vector; C = column vector. 

Fig. 7. Influence relation map for C3. Note. SC = specific criteria; R = rows 
vector; C = columns vector; α = threshold value. 

Table 20 
Criteria (SC) selected by experts for C4.  

Selected criteria 

SC152 
Presence of architectural and cultural heritage as part of urban spaces’ 
identity 

SC153 Potential conflicts between regulations and heritage 
SC156 Knowledge and/or experience 
SC146 Heritage conservation 
SC150 City communities’ sense of loss  

Table 21 
Decision making trial and evaluation laboratory neutrosophic matrix.   

SC152 SC153 SC156 SC146 SC150 

SC152 – 
4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

SC153 4 (0.90, 
0.05, 0.00) 

– 
4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

SC156 
4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) – 

4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

SC146 
4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.30, 0.10) 

4 (0.90, 
0.05, 0.00) – 

4 (0.9, 
0.05, 0.00) 

SC150 4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

– 

Note. SC = specific criteria. 
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literature review. Second, the detailed description of the procedures 
followed enables the replication of techniques in other environments. 
The selected methodology facilitated the creation of a group cognitive 
map with 156 criteria addressing or affecting the challenges under 
study. These findings ultimately contribute to mitigating real problems 
by providing an intuitive decision-support tool for any urban planner. 

Table 22 
Direct influence matrix. 

SC152 SC153 SC156 SC146 SC150 Total

SC152 0.00 3.74 3.74 3.74 3.74 14.97

SC153 3.74 0.00 3.74 3.74 3.74 14.97

SC156 3.74 3.74 0.00 3.74 3.74 14.97

SC146 3.74 3.23 3.74 0.00 3.74 14.46

SC150 3.74 3.74 3.74 3.74 0.00 14.97

Total 14.97 14.46 14.97 14.97 14.97

Note. SC = specific criteria. 

Table 23 
Matrix T. 

SC152 SC153 SC156 SC146 SC150 R

SC152 29.2746 28.6746 29.4746 29.4746 29.4746 146.3730

SC153 29.4746 28.4746 29.4746 29.4746 29.4746 146.3730

SC156 29.4746 28.6746 29.2746 29.4746 29.4746 146.3730

SC146 28.6746 27.8746 28.6746 28.4746 28.6746 142.3730

SC150 29.4746 28.6746 29.4746 29.4746 29.2746 146.3730

C 146.3730 142.3730 146.3730 146.3730 146.3730

Note. SC = specific criteria; R = row vector; C = column vector. 

Fig. 8. Influence relation map for C4. Note. SC = specific criteria; R = rows vector; C = columns vector; α = threshold value.  

Table 24 
Criteria (SC) selected by experts for C5.  

Selected criteria 

SC160 Education 
SC162 (Creation of) neighborhood relationships 

SC163 Balance between attraction of new residents and retention of current 
residents 

SC164 Social strata mix 
SC157 Shared experiences  

Table 25 
Decision making trial and evaluation laboratory neutrosophic matrix.   

SC160 SC162 SC163 SC164 SC157 

SC160 – 
4 (0.90, 
0.10, 0.10) 

4 (0.80, 
0.20, 0.10) 

4 (0.95, 
0.05, 0.05) 

4 (0.90, 
0.05, 0.00) 

SC162 4 (0.90, 
0.10, 0.10) 

– 
4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

4 (0.80, 
0.20, 0.10) 

SC163 2 (0.70, 
0.20, 0.10) 

4 (0.90, 
0.05, 0.00) 

– 
4 (0.90, 
0.10, 0.10) 

3 (0.70, 
0.20, 0.10) 

SC164 
4 (0.90, 
0.05, 0.00) 

4 (0.80, 
0.10, 0.30) 

4 (0.80, 
0.20, 0.20) – 

3 (0.70, 
0.20, 0.30) 

SC157 
4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) 

4 (0.90, 
0.05, 0.00) – 

Note. SC = specific criteria. 
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This tool can facilitate and guide decision-makers’ strategic planning, 
ensuring appropriate decisions and stimulating further discussions on 
the benefits of urban renewal. 

No methodological approach is free of limitations. To strengthen the 
proposed model, future investigations can include selecting other panels 
of experts from different regions and other backgrounds to verify 
whether the above findings are still valid. Researchers may also want to 
take into consideration that each urban area has specific characteristics 
that, as mentioned in the consolidation session, may make the proposed 
model appropriate for one region but less relevant in another. Additional 

studies could compare the model with new results produced by 
applying, for example, MACBETH to determine if the findings are 
different and the calibrations more precise, as suggested in the consol
idation session. Finally, the same specialist indicated that the techniques 
could be used to address decision problems in other areas besides urban 
renewal as she considered the methodologies to be quite interesting. 
Overall, this research comprises a significant contribution to the existing 
literature on this topic and offers improved methodologies that enhance 
planning capacity in urban renewal. 

Table 26 
Direct influence matrix. 

SC160 SC162 SC163 SC164 SC157 Total

SC160 0.00 3.60 3.31 3.80 3.74 14.45

SC162 3.60 0.00 3.74 3.74 3.31 14.39

SC163 1.57 3.74 0.00 3.60 2.35 11.26

SC164 3.74 3.14 3.20 0.00 2.19 12.27

SC157 3.74 3.74 3.74 3.74 0.00 14.97

Total 12.65 14.22 13.99 14.88 11.59

Note. SC = specific criteria. 

Table 27 
Matrix T. 

SC160 SC162 SC163 SC164 SC157 R

SC160 1.5874 1.9385 1.9049 2.0170 1.6693 9.1170

SC162 1.7658 1.7302 1.9094 1.9994 1.6370 9.0419

SC163 1.3795 1.6052 1.3893 1.6555 1.3170 7.3464

SC164 1.5789 1.6909 1.6750 1.5786 1.4084 7.9317

SC157 1.8279 1.9912 1.9696 2.0626 1.5079 9.3592

C 8.1395 8.9560 8.8482 9.3130 7.5395

Note. SC = specific criteria; R = row vector; C = column vector. 

Fig. 9. Influence relation map for C5. Note. SC = specific criteria; R = rows 
vector; C = columns vector; α = threshold value. 

Table 28 
Criteria (SC) selected by experts for C6.  

Selected criteria 

SC64 Vacant housing units 
SC60 Promotion of integrated urban restoration strategies 
SC62 Territorial management instruments 
SC66 Proximity of urban areas’ functions, equipment, businesses, and services 
SC72 Urban-rural disconnection 
SC58 Action plans 
SC59 Strategic planning  

Table 29 
Decision making trial and evaluation laboratory neutrosophic matrix.   

SC64 SC60 SC62 SC66 SC72 SC58 SC59 

SC64 – 

4 
(0.90, 
0.05, 
0.00) 

1 
(0.80, 
0.30, 
0.40) 

2 
(0.80, 
0.20, 
0.20) 

2 
(0.80, 
0.20, 
0.20) 

1 
(0.80, 
0.20, 
0.20) 

3 
(0.80, 
0.10, 
0.10) 

SC60 
4 (0.90, 
0.05, 
0.00) 

– 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

2 
(0.80, 
0.20, 
0.20) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

SC62 
0 (0.90, 
0.05, 
0.05) 

4 
(0.90, 
0.05, 
0.00) 

– 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(1.00, 
0.00, 
0.00) 

4 
(1.00, 
0.00, 
0.00) 

SC66 
1 (0.80, 
0.05, 
0.05) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

– 

4 
(0.90, 
0.05, 
0.00) 

4 
(1.00, 
0.00, 
0.00) 

4 
(1.00, 
0.00, 
0.00) 

SC72 
4 (0.90, 
0.05, 
0.00) 

2 
(0.80, 
0.05, 
0.05) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

– 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

SC58 
1 (0.80, 
0.05, 
0.05) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

– 

4 
(0.90, 
0.05, 
0.00) 

SC59 
3 (0.80, 
0.30, 
0.10) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

4 
(0.90, 
0.05, 
0.00) 

– 

Note. SC = specific criteria. 
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