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A R T I C L E  I N F O   

Keywords: 
Cognitive mapping 
Decision-making support 
DEcision MAking Trial and Evaluation 
Laboratory (DEMATEL) 
Neutrosophic logic 
Real estate 
Urban expansion 

A B S T R A C T   

Real estate ecosystems are the result of symbiotic relationships between different types of real estate, including 
residential, commercial, or industrial properties. Maintaining a balance among these categories is essential for 
these ecosystems’ ability to function properly. Real estate currently is largely a product of urban expansion 
caused by population increases and distances from primary-sector industries. The unplanned growth of urban 
areas can have profound consequences for local residents’ health and the environment. However, when well 
structured, urbanization can have a positive effect on societies’ well-being. The relationship between this 
expansion and its impact on real estate ecosystems is an extremely complex, subjective topic, so decision makers 
cannot apply just one solution when making plans. This study develops a multicriteria analysis model to support 
decision making processes, which provides a structured understanding of urban expansion effects on real estate 
ecosystems and deals with the inherent subjectivity and complexity of this decision problem. Cognitive mapping 
and decision-making trial and evaluation laboratory (DEMATEL) technique were combined in a neutrosophic 
environment to incorporate uncertainty and produce a more realistic analysis system, thereby overcoming 
various limitations of previous research on urban expansion (e.g., unclear way by which relevant factors/criteria 
are identified in most cases, and lack of analyses dealing with the dynamics of their causal relationships). De-
cision makers with professional experience in relevant areas collaborated to provide essential input used to 
create the proposed model. External experts validated the results, confirming the potential of our analysis system 
for real-life applications.   

1. Introduction 

Urbanization first emerged due to technological developments and 
population increases [1], which led people to migrate from the coun-
tryside to cities and resulted in urban agglomerations and their expan-
sion. This process can positively affect large populations by providing 
better infrastructure, more jobs, and higher salaries. However, many 
environmental disadvantages are also associated with urban expansion, 
such as pollution, damaged ecosystems, and higher consumption of 
natural resources [2–4]. 

Real estate is a system that interconnects sellers and buyers who 

trade properties and that explores new opportunities for construction 
[5–7]. It currently is largely a product of urbanization and city expan-
sion, and properties can be divided into three different categories: res-
idential, industrial, and commercial [3,8,9]. Real estate units can be 
commercialized by renting properties or buying them. Real estate eco-
systems are the result of symbiotic relationships between different types 
of properties and their interconnections. 

Analyzing urban expansion effects on these ecosystems is a complex 
subjective topic as demonstrated by previous studies and their respec-
tive limitations (cf. [2–4]). New approaches are thus needed to under-
stand this issue. The present research used two different methodologies 
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to develop a multicriteria model that analyzes urban expansion impacts: 
cognitive mapping and decision-making trial and evaluation laboratory 
(DEMATEL) technique, which were combined in a neutrosophic envi-
ronment. This model was built based on expert decision makers’ expe-
rience and work-group sessions focused on collecting the necessary data 
through procedures that relied on a constructivist logic to produce a 
fuller understanding of urban expansion effects. 

After the expert panel was recruited, two sessions took place online 
to facilitated group discussions and a deeper exploration of the topic 
under study. The outcomes of these meetings include a group cognitive 
map and an application of the DEMATEL technique to identify cause- 
and-effect interrelationships between determining factors. Neu-
trosophic logic permitted the incorporation of uncertainty, which was 
essential for the subsequent crispification and aggregation of values. The 
results were presented to two external experts to evaluate the model’s 
practical applicability. The combined use of cognitive mapping, 
DEMATEL, and neutrosophic logic produced a realistic model of the 
subjectivity present in real estate ecosystems and a clearer under-
standing of the complex ways in which they are affected by urban 
expansion. This combination of methodologies was rooted in construc-
tive epistemology [10]. 

The proposed multicriteria analysis model helps structure assess-
ments of urban expansion and its impacts on real estate ecosystems. 
Because this decision-support system is a mix of constructivist tech-
niques, it increases the simplicity and transparency of results for experts 
seeking to examine and understand how urbanization affects these 
ecosystems. The model includes qualitative and quantitative analyses of 
the decision problem and accommodates the uncertainty associated with 
decision-making processes, thereby enabling specialists to identify 
cause-and-effect relationships between determinants. The methodolog-
ical framework used also overcomes limitations of previous studies (e.g., 
a lack of data describing population features and dependency on 
mathematical models). 

Following this, the present study makes several notable contribu-
tions to the field of urban expansion and real estate ecosystems. First, it 
introduces a novel multicriteria analysis model that leverages cognitive 
mapping and the DEMATEL technique within a neutrosophic environ-
ment. This analysis model not only provides a structured understanding 
of the effects of urban expansion on real estate ecosystems but also ad-
dresses the inherent subjectivity and complexity of the decision problem 
at hand. Second, the incorporation of expert decision makers’ input in 
the model development ensures practical relevance and real-world 
applicability. Third, the application of neutrosophic logic allows for 
the explicit consideration of uncertainty, overcoming limitations present 
in previous research. Overall, the present study offers a unique 
perspective on the intricate dynamics between urban expansion and real 
estate ecosystems, providing decision makers with valuable insights for 
informed planning and management. 

This paper is divided into five sections that include the present 
introduction to the research design and contributions. The next section 
presents a literature review of urban expansion and real estate 
ecosystem studies. Section three focuses on the methodologies applied, 
while section four discusses the results obtained. Section five contains 
the conclusions, which are followed by the references that support the 
findings. 

2. Literature review and research gaps 

Real estate can be defined as a system of seller-buyer relationships 
connected with both the production of new properties and the trade and 
exploitation of available ones. Real estate activities are based on pricing 
mechanisms that consider geographical, economic, judicial, and social 
features [5,7,11]. According to Fonseca et al. [8], three main types of 
properties exist: commercial, industrial, and residential. Real estate 
units include, among others, factories, warehouses, mines, farms, retail 
stores, houses, undeveloped land, or town houses. The two main options 

in the real estate market are to sell or rent properties. 
The decision to buy or rent real estate units depends on many factors 

that are not just financial but also related to households’ decisions and 
lifestyles. This system of buyer-seller relationships is thus difficult to 
analyze since, in “economic terms, it can be seen as the market where the 
supply of and demand for real estate meet and where real estate is traded” 
([12], p. 7). The property market varies widely across time and space, 
and its activities are divided into the submarkets of sales or rentals in 
which property values can change over the years and prices of distinct 
units can differ. 

Real estate ecosystems reflect symbiotic relationships between 
diverse types of real estate and the ways these properties interconnect 
with each other. Zhang et al. [13] and Rodrigues et al. [3] report that 
each municipality or region can have many industrial ecosystems with 
varying impacts on that urban ecosystem as a whole. The real estate 
sector follows the same pattern as it is connected to most industries. 
Disruptions in the property market can also disturb other sectors and 
thus positively or negatively affect multiple real estate units. All stake-
holders must, therefore, work together to ensure real estate ecosystems 
survive and perform optimally. 

The construction industry is particularly important for these eco-
systems given how it alone can make urbanization happen [13]. Real 
estate is the key component of city expansion because properties are one 
of the main outputs of this trend. According to Ramos [14], “[t]he 
production of urban space is highly tied to the rationality and stage of 
development of the means of production and reproduction of life” (p. 1). Real 
estate and urbanization are thus strongly interconnected given that this 
sector’s growth can be a byproduct of urban property development, 
which expands population concentrations by multiplying the number of 
densely settled areas and increasing the size of these zones [1]. 

The concept of urbanization is challenging to define as it varies be-
tween regions and over time. Davis and Henderson [15] observe that 
spreading cities translate into a shift from agriculture to urban industrial 
activities. Urban agglomeration growth can also be defined as a complex 
process of transforming rural or natural landscapes into industrialized 
areas [16]. Champion [17] and Huang et al. [7] suggest that urbaniza-
tion can be understood at the physical level as an increased use of land 
for urban property development. This trend is also a social process 
because individuals traditionally embrace behaviors and lifestyles 
associated with cities and towns. Overall, urban expansion leads to a 
growing concentration of people in towns, large cities, and the sur-
rounding ring of properties. 

The origin of urbanization is unknown. However, Hauser and 
Schnore [18] argue that the need for urban agglomerations can arise due 
to four major factors: (1) the overall population size; (2) greater control 
of the natural environment; (3) technological development; and (4) 
evolving social organization. Divergent theories have been developed 
about what must be present before urbanization can begin. For instance, 
Tisdale [1] posits that two constantly interacting conditions have to be 
met for this process to start: people and technology. Urbanization is fed 
by a growing population and surplus goods, while technology shapes 
and focuses this process. 

Urban expansion can be associated with varied benefits for residents, 
such as better infrastructure, higher employment rates, and larger in-
comes. Jansen [19] analyzes the types of residential environments 
people prefer and concludes that most individuals prefer smaller mu-
nicipalities and city edge urban centers that offer the most advantages to 
those living in urban areas. In addition, expanding cities increase 
mobility and self-employment opportunities [19]. However, Firozjaei 
et al. [2] warn that urbanization can become urban sprawl, namely 
unplanned city property development that leaches into the surrounding 
areas, which has negative consequences for residents, the environment, 
and natural resources. Uncontrolled urban expansion contributes to a 
loss of biodiversity, urban heat islands [3,20], air and water pollution, 
climate change, increased consumption of food and energy, land and 
agricultural degradation, and urban residents’ poorer physical and 
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mental health [2,16,21]. Another harmful effect is an increase in carbon 
dioxide emissions [22]. 

The exponential increase in urbanization has stimulated multiple 
researchers to study planning for sustainable growth and urban 
agglomeration effects on the environment and residents. Table 1 sum-
marizes a sample of the research on this topic, including the respective 
contributions and limitations. Notably, analyses of urban expansion 
should consider multiple variables, and different authors have differed 
in terms of which factors they consider the most important. For example, 
the research in Table 1 evaluates urban expansion effects on croplands, 
the land used for urbanization, consequences for land use, people’s 
preferred types of properties, the ways these choices affect urbanization, 
and policies that help control urban expansion effects. Research on this 
topic has evolved over decades, yet correlating studies are necessary to 
highlight where the reported results converge. Moreover, there is no 
perfect methodological approach, and all previous studies have their 
limitations. As no prior research has comprehensively analyzed the 
impact of urbanization on real estate ecosystems, understanding the 
limitations of these studies is crucial to identifying the methodologies 
that can best circumvent the reported restrictions. 

While there exists an extensive body of literature in urban economics 
and planning, particularly focusing on real estate finance and studying 
the impact of urban expansion on land prices, the present study inten-
tionally adopts a broader perspective that goes beyond the conventional 
focus on real estate prices. If, on the one hand, it is crucial to emphasize 
the significance of established theories such as the bid-rent theory and 
quantitative methods like the hedonic model in understanding the 
financial dimensions of real estate, it is essential to grasp, on the other 
hand, that the present study seeks to contribute to existing knowledge by 
examining the relationship between urban sprawl and real estate eco-
systems from a multifaceted viewpoint. Instead of solely concentrating 
on financial implications and land prices, this study delves into the 
intricate dynamics of real estate ecosystems, considering symbiotic re-
lationships between various factors, their interconnections, and the 
overall well-being of societies affected by urban expansion. 

Methodologically, many studies have included statistical analysis in 
their approaches, yet one of the most significant limitations has been the 
available data quality because information can be difficult to obtain and 
samples may be too small or not representative of the research 

population. The available models can also focus heavily on the mathe-
matical aspects of problems, thereby neglecting qualitative variables 
and analyses of cause-and-effect relationships between criteria. 
Furthermore, the literature has highlighted several well-known limita-
tions of hedonic modeling in particular, including: (1) limited guidance 
on attribute relationships (cf. [27,28]); (2) assumption of independence 
among attributes influencing property prices (cf. [29]); (3) assumption 
of spatial independence of observations (neglecting the fact that nearby 
properties may share similar characteristics affecting their prices) (cf. 
[28,30]); and the consideration of static relationships at a specific point 
in time (overlooking the dynamic nature of real estate markets) (cf. [28, 
31]). 

Although different types of limitations exist, previous studies have 
grouped them into two major categories (cf. [3,16,21]). The first in-
volves the unclear way by which relevant factors/criteria are identified 
in most cases, while the second set of restrictions comprises the lack of 
analyses of cause-and-effect relationships among those factors, which 
need to include the links’ dynamics. These two broad categories repre-
sent research opportunities. The present study, therefore, applied 
cognitive mapping to address the first group of limitations [32], and the 
DEMATEL technique to deal with the second category [33]. Neu-
trosophic logic was also applied due to the subjective nature of the topic 
[34]. This methodological combination is unique to this study context 
and aims to contribute to a more robust and nuanced understanding of 
the subject matter. Subsequently, we believe that our study adds value to 
the field by introducing a novel multicriteria analysis system and 
providing insights that extend beyond the conventional boundaries of 
real estate finance. Importantly, our intention is not to disregard 
established theories and methods but to offer a complementary 
perspective that considers the broader implications of urban expansion 
on real estate ecosystems. 

3. Methodological background 

Given the limitations of prior research, a new model is needed to 
explore and evaluate urban expansion effects on real estate ecosystems. 
This study’s methodology included both cognitive mapping and 
DEMATEL techniques, as well as neutrosophic logic, to overcome the 
constraints of past investigations and accurately define the cause-and- 

Table 1 
Analyses of urban expansion and its effects on real estate: Methods, contributions, and limitations.  

Authors Methods Contributions Acknowledged Limitations 

Cui et al. [23] Markov chain 
model  

⁃ The model facilitates examinations of three main areas: (1) 
variations in urban expansion and cropland areas; (2) croplands’ 
contributions to urban areas; and (3) urbanization’s predicted 
impacts on croplands.  

⁃ The model developed is a mathematical problem that fails to 
consider the impacts of other factors. 

Ramos [14] Statistical methods  ⁃ The proposed approach provides a better understanding of 
contemporary urbanization and its socio-environmental 
dimensions.  

⁃ The methodology combines industrial ecology, urban political 
ecology, and urban political economy analytical tools.  

⁃ The results contribute to urban socio-environmental policies by 
providing monitoring and evaluation tools to ensure more suc-
cessful, multi-scale, multi-dimension, and inclusive urban 
transformation.  

⁃ The methodology created can only be implemented with data 
that are difficult to obtain due to delayed responses.  

⁃ Data quality and quantity differed across sources, which may 
have diminished the validity of conclusions. 

Jansen [19] Statistical methods  ⁃ The methods applied enable experts to forecast preferences related 
to the environment’s characteristics and motivations for choosing 
to live in preferred urban areas.  

⁃ Because of the statistical methods applied, the sample does not 
represent the entire universe of residents.  

⁃ Residents were separated into groups according to their 
preferences—without reference to objective measures of 
urbanization—which also limited the results. 

Varna et al. 
[24] 

Case-study method  ⁃ The methodology used evaluates and analyzes network 
development and urban growth in small cities.  

⁃ The data were collected over 17 years, so the research required a 
large number of planning applications. 

Maturana 
et al. [25] 

Simulation model of 
the city of Temuco  

⁃ The study covered two points: (1) trends in land use and cover 
between 1985 and 2017; and (2) changes in land use and cover in 
Temuco.  

⁃ The research was handicapped by a lack of transparency and 
information available, which compromised the final result. 

Prada-Trigo 
et al. [26] 

Spatial statistics and 
case-study method  

⁃ The research revealed how the real estate sector has prevailed over 
indigenous ways of life.  

⁃ Difficulties were encountered in building close relationships 
with community leaders.  
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effect relationships between variables. The following subsections discuss 
these methods’ characteristics and applications in greater depth and 
present the advantages of the selected approach. 

3.1. JOintly Understanding Reflecting and NEgotiating strategY 
(JOURNEY) making, cognitive mapping, and principles of neutrosophic 
logic 

Problem-structuring methods (PSMs) can be defined “as flexible 
mechanisms for addressing complex problems” ([35], p. 282) that develop 
a structured representation of an issue in order to find innovative so-
lutions [36]. Decision problems are characterized by multiple actors 
who frequently have contrasting perspectives, objectives, interests, and 
uncertainties [35]. Structuring issues can be of strategic importance as a 
way to expose the fundamental components of complex decison prob-
lems [36]. 

JOURNEY making is the PSM selected for the present research 
because of its use of computer-supported group workshops as an 
investigative tool [37]. This method comprises a procedure that helps 
decision makers structure complex decision problems [38]. This PSM 
specifically builds a consensual understanding among decision makers 
based on their personal and joint opinions about key issues. This process 
facilitates more informed discussions about how to define the decision 
problem in question and which actions should be incorporated into the 
solutions developed [39]. 

Cognitive mapping is the baseline tool used in JOURNEY making 
because it generates maps of what people think about an issue [40]. 
Cognitive maps represent cause-and-effect relationships between vari-
ables as a system of nodes and arrows, in which the latter show the di-
rection of causal links between the former [41]. The arrows can include 
causal signs so that a positive link to the first-level concept is indicated 
by a plus sign (+), and a negative connection is shown by a minus sign 
(− ) [42,43]. 

Eden [40] observes that these maps reflect the decision makers’ 
beliefs about causality and organize the connections between concepts 
into a three-level hierarchy. The top level represents the decision 
makers’ objectives. The strategic issues appear in the middle level. The 
bottom level comprises the actions that could address the main decision 
problem [44]. The decision makers’ analysis system reflects their mutual 
trust and shared professional experience dealing with the topic under 
discussion, which strengthens their confidence in the map’s reliability. 
The solutions will thus depend on these policymakers having faith in the 
model-building process and concurring that the JOURNEY making 
process is a faster way to discuss complex issues with other experts [45]. 

Neutrosophic logic can be incorporated into cognitive mapping to 
allow uncertainty to be incorporated into the decision-support model. 
Experts’ realities include much uncertainty and information that cannot 
be quantified as sharp values [46]. Fuzzy set theory has long been an 
effective tool to deal with uncertainty, but this approach can only be 
used in random processes. Researchers have developed various other 
solutions based on decision-making theories [46], but these techniques 
cannot cope with the full range of uncertainties in decision problems (e. 
g., imprecise and erratic data) [46]. To fill this gap, Smarandache [34] 
proposed neutrosophic logic as an extension of fuzzy logic. 

According to Schweizer [47], neutrosophy started out as a new 
approach within philosophy that adds a third option of neutrality to the 
traditional choices of positive and negative, thereby complementing 
classical logic’s true or false with a neutral response. Smarandache [34] 
defines neutrosophic logic as a system “in which each proposition is esti-
mated to have the percentage of truth in a subset T, the percentage of inde-
terminacy in a subset I, and the percentage of falsity in a subset F” (p. 91). In 
other words, instead of simple intervals, these subsets can be “any sets (e. 
g., discrete, continuous, open or closed or half-open/half-closed interval, 
intersections or unions of the previous sets) [determined] by the given 
proposition” ([34], p. 91). Statistically, T, I, and F are, therefore, 
considered subsets. Their value can also be designated as functions that 

are defined by known or unknown parameters. In this way, neutrosophic 
logic makes a distinction between relative and absolute truth. Specif-
ically, T, I, and F are expressed as the unitary non-standard interval [–0, 
+1], which is the only restriction of this logic, and 0 ≤ T + I + F ≤ 3+

when the components are independent [34,48]. 
Cognitive maps represent experts’ opinions about decision problems. 

When questioned, k decision makers can use neutrosophic logic to define 
the level of truth (Tk), indeterminacy (Ik), and falsity (Fk) of their own 
statements [46]. This logic thus portrays opinions in a form that matches 
how the human mind expresses judgements [49]. Neutrosophic cogni-
tive maps (NCMs) can capture indeterminacy to represent human 
thinking more closely because they are directed graphs of causal re-
lationships between factors [49]. 

Neutrosophic matrix N(E) based on the NCM generated by k decision 
makers is constructed by assigning each node an input vector for which 
A = (a1, a2, …, an) and ai ∈ {0, 1, I}. The matrix contains the values 
produced by neutrosophic evaluations of the cause-and-effect relation-
ships between n variables, with the diagonal values always equal to 
0 because the concepts do not affect themselves. Using NCMs in decision 
making is beneficial as they can represent neutral criteria that have no 
effect on the other factors. This approach gives policymakers the 
freedom to decide that evaluation criteria have an indeterminate impact 
on other factors, adding another option to the basic choices of a positive, 
negative, or null effect [34]. As mentioned previously, neutrosophic 
logic can be incorporated into cognitive maps and other methodologies. 

The present study applied the DEMATEL technique in a neutrosophic 
environment to reflect the degree of indeterminacy inherent to the de-
cision makers’ judgements. To apply this logic to the DEMATEL tech-
nique, the neutrosophic T, I, and F values should be converted into a 
single number (i.e., a crisp value) [50]. To find this value, k decision 
makers, with 1 ≤ k ≤ m, define each neutrosophic weight, which is 
expressed as wk = (Tk, Ik, Fk). Equation (1) is used to obtain crisp weights 
[51]: 

wk =
1 −

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅(
(1 − Tk)

2
+ (Ik)

2
+ (Fk)

2)/3
√

∑m
k=1

{

1 −

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅(
(1 − Tk)

2
+ (Ik)

2
+ (Fk)

2)/3
√ } (1) 

in which wk ≥ 0. 
By quantifying the decision makers’ disagreement and considering 

the truth, indeterminacy, and falsity inherent to decision-making pro-
cesses, the combined use of neutrosophic logic and DEMATEL reveals 
information previously unknown to experts who are unsure about their 
preferences [50]. 

3.2. DEMATEL 

Gabus and Fontela [52] developed DEMATEL at the Battelle Me-
morial Institute to analyze the relationships between criteria and 
structure complex decision problems [50]. This technique has increas-
ingly been applied in various fields due to its widely recognized ad-
vantages as a tool to solve extremely complicated decision problems [53, 
54]. The DEMATEL methodology can be divided into six different steps 
[55]. 

3.2.1. Step one 
The first step is to construct group direct-influence matrix Z in order 

to determine the relationships between n factors F given that the 
decision-making process will use k experts, with 1 ≤ k ≤ m, in decision 
group E to determine the degree of direct influence the analyzed factors 
have on each other. Using a scale from 0 to 4 (0 = “No influence”; 1 =
“Weak influence”; 2 = “Medium influence”; 3 = “Strong influence”; 4 =
“Very strong influence”), the decision makers attribute a value to the 
level of influence that factor Fi has on Fj. The results of this procedure are 
used to generate individual direct-influence matrix Z = [zij] n × n, in 
which all diagonal elements are equal to 0 and the value of zij represents 
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the experts’ joint decision. The experts can construct the matrix with 
Equation (2): 

zij =
1
m
∑m

k=1
zk
ⅈj, i, j = 1, 2,…, n (2)  

3.2.2. Step two 
The second step is to compute normalized direct-influence matrix X 

based on normalized direct-influence matrix Z by using Equation (3): 

X =
Z
λ

(3) 

The value of λ is the normalized constant that corresponds to the 
maximum effect of each determinant on other factors, which is obtained 
with Equation (4), namely by adding up the values in matrix Z’s row i: 

λ=max

(

max
1≤i≤n

∑n

j=1
zij, max

1≤j≤n

∑n

i=1
zij

)

(4) 

The total of column j is, in turn, the maximum effect a determinant 
receives from the other factors. After the normalized constant λ is 
applied, the elements of matrix X should all have values falling within 
the interval [0, 1]. 

3.2.3. Step three 
The third step is to generate total-influence matrix T using normal-

ized direct-influence matrix X. Total-influence matrix T n × n is the total 
of all direct and indirect effects as estimated by Equation (5): 

T = lim
h→∞

(
X1 + X2 + ...+ Xh) = X(I − X)

− 1 (5) 

Thus, matrix T describes the relationship between each pair of 
factors. 

3.2.4. Step four 
The fourth step is to add up rows and columns of total-influence 

matrix T to create vectors R and C by using Equations (6) and (7), 
respectively: 

R=

[
∑n

j=1
tij

]

n×1

= [ri]n×1 (6)  

C=

[
∑n

j=1
tij

]

1×n

= [ci]
′
1×n (7) 

The ri values represent the total of the ith row in matrix T and show 
factor Fi’s total indirect and direct effects on the other factors. The total 
of the jth column is, in turn, denoted as cj, which is factor Fj’s total direct 
and indirect effects received from the remaining factors. When i = j ∈ {1, 
2, …, n}, the R + C value corresponds to “prominence” of the relevant 
factor. This value is presented on the horizontal axis, which represents a 
criterion’s degree of importance in the analysis system. The R – C value 
denotes the “relationship” of each factor. This value appears on the 
vertical axis and indicates the level of influence of a given factor on the 
system. As a result, two possible situations can arise. If ri – cj is positive, 
Fi has a net influence on the other factors, and this criterion belongs to 
the causes group. If ri – cj is negative, Fj is overall more influenced by the 
remaining factors, so it belongs to the effects group. 

3.2.5. Step five 
The fifth step is to establish the limit value—also known as the 

threshold or α value—by applying Equation (8): 

α=

∑n
i=1
∑n

j=1

[
tij
]

N
(8) 

Decision makers can use this limit to identify the most critical factors 
and eliminate the least significant elements from the system. The α value 

is defined by averaging all the elements of matrix T. 

3.2.6. Step six 
The last step is to create an interrelationship map (IRM) by 

diagraming the dataset (R + C, R – C). As mentioned previously, R + C 
values are placed along the horizontal axis and R – C values are shown 
on the vertical one. In this way, the IRM representing the cause-and- 
effect relationships can be divided into four quadrants to which the 
factors or criteria are allocated (see Fig. 1). 

In Fig. 1, quadrant I (QI) contains the core factors (i.e., cause factors 
perceived as central to the system). Quadrant II (QII) embraces the 
driving factors (i.e., cause factors associated with perceived risks). 
Quadrant III (QIII) comprises the independent factors (i.e., effect factors 
linked with perceived risks). Finally, quadrant IV (QIV) encloses the 
impact factors (i.e., effect factors connected with perceived benefits) 
[56]. 

In comparison to other multiple-criteria decision analysis (MCDA) 
methods, this technique can clarify more fully criteria’s direct and in-
direct influence on each other and provide a deeper understanding of 
their complex cause-and-effect links (cf. [56]). Thus, DEMATEL IRMs 
provide a visualization of the relationships between the factors identi-
fied by decision makers, thereby revealing each criterion’s impact on the 
other factors [70]. Despite its many advantages, DEMATEL is not free 
from limitations. One significant restriction is that experts’ opinions can 
be biased and imprecise. Decision makers may also try to manipulate the 
criteria to obtain the desired results (cf. [57,58]). However, the benefits 
of using DEMATEL evidently surpass its limitations. 

4. Application and results 

The methodologies presented in Section 3 facilitate the creation of a 
decision-support model—with the assistance of an expert panel—that 
can be used to analyze the effects of urban expansion on real estate 
ecosystems. This type of panel is usually composed of specialists with 
experience in controlling, managing, or understanding issues related to 
the topic under study and the associated organizational performance in 
varied settings [59]. According to Salmeron [60], expert panels should 
include between 5 and 18 members. 

Based on this recommendation, our expert panel comprised eight 
specialists in the selected topic. One panel member was an investment 
consultant specializing in hotel investments. Another was an architect 
who owned a company. A third was a real estate consultant who had 

Fig. 1. Four-quadrant interrelationship map. 
Source: Si et al. [56]. 
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worked in one of the largest real estate companies operating in Portugal 
for the last 11 years. A fourth member was a civil engineer, while a fifth 
was a real estate constructor specializing in sustainable construction. 
The final three experts were another real estate consultant who owned a 
real estate agency, another architect with several years of experience in 
sustainable construction, and a sustainable energy production and dis-
tribution specialist. Although respecting the guidelines and recommen-
dations presented in the literature (cf. [10]), is worth noting that the 
present study is process-oriented, so representativeness was not—and 
did not have to be—a point of concern. Bell and Morse [61] note that the 
objective of the selected methodologies is not to make generalizations 
but rather to maintain a strong focus on process. 

4.1. Group cognitive map 

The group sessions took place online to guarantee a safe environment 
for all the participants because of the pandemic-related restrictions and 
rising number of coronavirus disease-19 cases in Portugal in January 
2022. The first session started with a short presentation of each panel 
member and an explanation of the session purpose. Brief explanations 
were also provided of the baseline concepts and methodologies to ensure 
the panel members understood the procedures. 

This meeting was coordinated by a facilitator (i.e., one of the authors 
of the present paper). In addition, two technical assistants provided 
logistical support, as well as being responsible for recording the sessions. 
The Miro platform (www.miro.com) was used to allow the participants 
to complete the first-session tasks. The facilitator next presented a 
trigger question to the panel members: “Based on your experience and/or 
professional knowledge, what effects and/or impacts can urban expansion 
have on real estate ecosystems?”. The panel members’ answers were given 
by applying the “post-its technique” [62] and using virtual post-it notes 
provided by the Miro platform. The decision makers were invited to 
write the criteria they considered relevant on these notes [63]. The 
participants were informed that each note could only contain one idea 
and that they should add a plus (+) or minus (− ) sign according to the 
type of causal relationship associated with the concepts [64]. That is, if 
the urban-expansion criterion positively influences real estate ecosys-
tems, the note should include a plus (+) sign. Conversely, if a factor 
harms these ecosystems, a negative (− ) sign should be added. The de-
cision makers presented multiple criteria that they felt were related to 
the trigger question. According to Eden [40], decision problems are best 
represented by large cognitive maps with more than 100 nodes. In the 
present study, the panel identified over 150 criteria. 

The second part of the first session started with an analysis of the 
factors identified. The objective was to create groups of closely related 
criteria [68]. Five clusters—or areas of concern—were formed that 
reflect urban expansion effects on real estate ecosystems, with the 
following labels: Tourism (C1); Mobility (C2); Society (C3); Sustainability 
(C4); and Economy (C5). 

The last part of the first group session focused on developing a hi-
erarchy of criteria within each cluster. To do this, the experts organized 
the factors by levels of importance so that the most significant criteria 
were placed at the top of their cluster while the least important were at 
the bottom. Any intermediate factors were situated appropriately in 
between these extremes. The data generated during the first session 
were combined to create a group cognitive map using the Decision Ex-
plorer software (www.banxia.com). The second group session also took 
place online via Zoom and started with the panel members’ analysis, 
discussion, and validation of the cognitive map. The decision makers 
could voice their opinions about what had previously been done, and 
reformulate the contents when they considered this necessary [65]. 
Fig. 2 presents the map’s approved final version. 

As shown in Fig. 2, each arrow in the map represents a cause-and- 
effect relationship between two criteria. Some factors belong to more 
than one cluster, and the urban-expansion criteria that negatively in-
fluence real estate ecosystems are associated with a negative sign (− ) at 

the head of the corresponding arrow. Once the cognitive map was 
completed, the panel could move on to the quantitative analysis based 
on an application of the DEMATEL technique in a neutrosophic 
environment. 

4.2. Neutrosophic logic, crispification, and DEMATEL application 

The present research incorporated neutrosophic logic into the 
DEMATEL scale used to measure the cause-and-effect relationships be-
tween variables. Díaz et al. [66] observe that: “indeterminacy is part of 
daily life, which is why […] neutrosophic DEMATEL allows [for] the study of 
complex cause-effect relationships, […] includ[ing] indeterminacy and the 
use of linguistic terms [… that are] the [most] natural form of communi-
cation for human beings” (p. 24). 

The second expert panel session started out with the facilitator’s 
explanation of this technique and its advantages for model-building 
processes. This meeting was attended by 5 of the 8 initial participants. 
This situation has occurred in prior studies, which found that it does not 
jeopardize the results as long as the minimum number of participants is 
present (cf. [60,63]). At the beginning of this session, the panel members 
determined which criteria were more important in each cluster by using 
the nominal group technique (NGT) and multi-voting. This step was 
essential to the decision-making process because an analysis of the large 
number of criteria in each cluster would have been extremely chal-
lenging. The two techniques applied benefited from the participants’ 
previous interactions during the meetings, which had allowed them to 
share their knowledge. 

4.2.1. Inter-cluster analysis 
The second group session allowed for the construction of 6 matrices 

(i.e., 1 inter-cluster and 5 intra-cluster matrices), in which each cell 
contains 4 values: the DEMATEL value and the neutrosophic T, I, and F 
values. To apply the DEMATEL technique, the three neutrosophic values 
assigned by the panel members had to be converted into a single crisp 
value that reflected the T, I, and F levels. The first matrix represented the 
inter-relationships between clusters (i.e., Tourism (C1); Mobility (C2); 
Society (C3); Sustainability (C4); and Economy (C5)) with neutrosophic 
values (see Table 2). Table 3 lists the values after crispification, with 
which the final DEMATEL matrix could be completed and an IRM 
generated. Table 4 is the DEMATEL matrix with crisp values. After this 
step, Equations (3) and (4) (see Subsection 3.2.2) were used to carry out 
auxiliary calculations (see Table 5) and the normalized direct matrix 
presented in Table 6. The remaining computations were done to produce 
matrix T (see Table 7). 

Table 8 lists the R and C values and the R + C and R – C values that 
became the IRM axes. The clusters were divided into two groups. If R – C 
< 0, the cluster belongs to the effects group and has a weak relationship 
with the other clusters. If R – C > 0, the cluster is part of the causes group 
and directly influences the remaining clusters. The R + C value repre-
sents the total effect a cluster receives from or gives to the others, and 
this number defines the IRM horizontal axis. The vertical axis is the R – C 
value, which reveals the degree of influence (i.e., relationship) a given 
cluster has within the analysis system. The level of importance of each 
cluster can be measured by the R + C value because it reflects the total 
prominence of that cluster within the model. 

In this specific case, the most important cluster is C3. With the lowest 
R + C value, C4 is the least prominent cluster. The clusters’ order of 
importance according to their R + C values is as follows: C3 > C1 > C5 
> C2 > C4. The prominence of C3 as the most pivotal cluster in our study 
results from a nuanced interplay of various factors and key consider-
ations. The invaluable input and insights of decision makers played a 
decisive role in the meticulous process of weighting and prioritizing 
criteria, thereby enhancing the robustness of our analytical model. In 
this regard, the prominence of C3 signifies a consensus among these 
experts regarding the substantial impact of societal factors in shaping 
the dynamics of urban expansion. This cluster emerged as the most 
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Fig. 2. Group cognitive map.  
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significant, likely due to the nuanced and multifaceted nature of societal 
influences, encompassing a broad spectrum of perspectives, values, and 
cultural considerations. Examples include an emphasis on preserving 
social inclusivity during urban expansion, promoting community 
engagement, policies that foster the integration of various cultural 
communities, and the creation of an urban environment conducive to 
well-being. These facets are integral to the complex dynamics at play. 
Our comprehensive approach, informed by the diverse insights of de-
cision makers, effectively captured the intricate interconnections and 
diverse dimensions characterizing the societal impact on urban expan-
sion and real estate ecosystems. This comprehensive understanding re-
inforces the significance of C3 in our study, highlighting its central role 
in shaping the outcomes and underscoring the importance of societal 
factors in the broader context of urban expansion dynamics. Fig. 3 shows 
the IRM generated for the inter-cluster analysis, which reveals that C4 
and C5 have a negative R – C value and belong to the effects group. C1, 
C2, and C3 are part of the causes group with a positive R – C value. This 
map also divides the clusters into three different quartiles: QI, in which 
C1 and C3 contain core factors; QII, in which C2 comprises driving 
factors; and QIII, in which C4 and C5 encompass independent factors. 

Importantly, only the causal relationships with intensity above the 
average value of matrix T (i.e., α = 1.1921) are represented in the IRM 
(cf. [52,55]). This association is visually reflected in Fig. 3, where the 
lines exclusively represent the green values in the matrix T presented in 
Table 7. Each cluster was subsequently analyzed separately to ensure a 
more comprehensive evaluation and conclusive results. 

4.2.2. Intra-cluster analyses 
The intra-cluster analyses used only the most significant criteria 

(hereafter, subcriteria (SCs)) that the panel had selected to complete the 
DEMATEL matrixes. The equations and auxiliary calculations were the 
same as those used for the inter-cluster analysis. The decision makers 

Table 2 
Inter-cluster matrix constructed with neutrosophic values.   

C1 C2 C3 C4 C5 

C1 – 2(0.65, 0.5, 
0.1) 

3.5(0.9, 
0.05, 0) 

3.5(0.9, 
0.05, 0) 

4(0.95, 0, 0) 

C2 4(0.95, 0, 0) – 4(0.95, 0, 0) 2.5(0.8, 
0.2, 0.15) 

3(0.65, 0.75, 
0.15) 

C3 3(0.8, 0.15, 
0.05) 

3(0.9, 0.05, 
0) 

– 3.5(0.9, 
0.05, 0) 

4(0.95, 0, 0) 

C4 2.5(0.7, 0.2, 
0.15) 

2.5(0.8, 0.2, 
0.15) 

3(0.8, 0.15, 
0.05) 

– 3(0.8, 0.15, 
0.05) 

C5 3(0.7, 0.2, 
0.15) 

3(0.7, 0.2, 
0.15) 

3(0.7, 0.2, 
0.15) 

2.5(0.8, 
0.15, 0.1) 

–  

Table 3 
Inter-cluster crispification of neutrosophic values.   

Relationship 
Analyzed 

DEMATEL 
Scale (x) 

Neutrosophic Values (T, I, F) Neutrosophic Crispification 

T I F Crispification Formula 
Numerator 

Neutrosophic Weight 
w Crispified 

Final Value for DEMATEL 
Matrix x(T,I,F)→x 

Inter-Cluster 
Matrix 

C1–C2 2.0 0.65 0.50 0.10 0.6429 0.0380 1.29 
C1–C3 3.5 0.90 0.05 0.00 0.9355 0.0553 3.27 
C1–C4 3.5 0.90 0.05 0.00 0.9355 0.0553 3.27 
C1–C5 4.0 0.95 0.00 0.00 0.9711 0.0574 3.88 
C2–C1 4.0 0.95 0.00 0.00 0.9711 0.0574 3.88 
C2–C3 4.0 0.95 0.00 0.00 0.9711 0.0574 3.88 
C2–C4 2.5 0.80 0.20 0.15 0.8152 0.0482 2.04 
C2–C5 3.0 0.65 0.75 0.15 0.5144 0.0304 1.54 
C3–C1 3.0 0.80 0.15 0.05 0.8528 0.0504 2.56 
C3–C2 3.0 0.90 0.05 0.00 0.9355 0.0553 2.81 
C3–C4 3.5 0.90 0.05 0.00 0.9355 0.0553 3.27 
C3–C5 4.0 0.95 0.00 0.00 0.9711 0.0574 3.88 
C4–C1 2.5 0.70 0.20 0.15 0.7745 0.0458 1.94 
C4–C2 2.5 0.80 0.20 0.15 0.8152 0.0482 2.04 
C4–C3 3.0 0.80 0.15 0.05 0.8528 0.0504 2.56 
C4–C5 3.0 0.80 0.15 0.05 0.8528 0.0504 2.56 
C5–C1 3.0 0.70 0.20 0.15 0.7745 0.0458 2.32 
C5–C2 3.0 0.70 0.20 0.15 0.7745 0.0458 2.32 
C5–C3 3.0 0.70 0.20 0.15 0.7745 0.0458 2.32 
C5–C4 2.5 0.80 0.15 0.10 0.8445 0.0499 2.11 

If Σ = 1, Equation (1) (see subsection 3.1) conditions are satisfied. Crispification formula 
denominator 

16.9151 1.0000   

Table 4 
Inter-cluster direct-influence matrix.   

C1 C2 C3 C4 C5 Total 

C1 0.0 1.3 3.3 3.3 3.9 11.7 
C2 3.9 0.0 3.9 2.0 1.5 11.3 
C3 2.6 2.8 0.0 3.3 3.9 12.5 
C4 1.9 2.0 2.6 0.0 2.6 9.1 
C5 2.3 2.3 2.3 2.1 0.0 9.1 
Total 10.7 8.5 12.0 10.7 11.9   

Table 5 
Auxiliary calculations.  

Max 12.0 12.5 

1/max 0.083126 0.079872 
1/s 0.079872204  

Table 6 
Normalized direct-influence matrix X.   

C1 C2 C3 C4 C5 

C1 0.0000 0.1030 0.2612 0.2612 0.3099 
C2 0.3099 0.0000 0.3099 0.1629 0.1230 
C3 0.2045 0.2244 0.0000 0.2612 0.3099 
C4 0.1550 0.1629 0.2045 0.0000 0.2045 
C5 0.1853 0.1853 0.1853 0.1685 0.0000  

Table 7 
Matrix T.   

C1 C2 C3 C4 C5 R 

C1 1.0823 1.0195 1.4046 1.3258 1.4771 6.3094 
C2 1.3541 0.9339 1.4707 1.2848 1.3760 6.4195 
C3 1.3261 1.1599 1.2759 1.3899 1.5432 6.6950 
C4 1.0304 0.8970 1.1577 0.9166 1.1803 5.1821 
C5 1.0562 0.9134 1.1497 1.0643 1.0136 5.1971 
C 5.8491 4.9237 6.4586 5.9813 6.5902   
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first analyzed C1. Table 9 lists the C1 SCs selected by the panel as the 
most important. Table 10 shows the DEMATEL and neutrosophic values 
associated with the experts’ opinions regarding C1, and Table 11 pre-
sents the crisp values. 

With the information provided by Table 12, the most significant SCs 
in C1 could be analyzed in greater depth. SC11 has the highest R value. 
The SC with the highest C value is SC37, which is also the most prom-
inent criterion in this cluster due to its R + C value of 7.9565. Taken 
together, SC11 and SC37 highlight how much decision makers value the 
importance of heritage restoration to the cultural richness and historical 
significance of urban spaces. This emphasis aims at attracting visitors 
and fostering a sense of pride and identity within the community, ulti-
mately contributing to increased economic development. The least 
important is SC49, with the lowest R + C value. The C1 SCs can be 
ranked as follows: SC37 > SC11 > SC39 > SC23 > SC13 > SC49 > SC44. 

Fig. 4 shows the IRM for this cluster. SC11, SC23, SC39, SC44, and 
SC49 present positive R – C values, so they belong to the causes group. 
SC13 and SC37 are part of the effect group and are more influenced by 
the other factors. The subdivision of Fig. 4 into quartiles places SC11, 
SC23, and SC39 in QI (i.e., core factors). The driving factors in QII are 
SC44 and SC49. The only independent factor in QIII is SC13. Finally, 
SC37 can be considered an impact factor as it appears in QIV. 

C2 was analyzed next based on the SCs presented in Table 13. 
Table 14 displays the DEMATEL and neutrosophic values associated 
with the decision makers’ choices, while Table 15 lists the crisp values. 

Table 16 provides the information needed to evaluate the most 
important C2 SCs. SC55 has the most influence on the other factors (i.e., 
R = 10.6641). This SC also has the highest C value, so it receives more 
influence from the other factors. 

As shown in Fig. 5, the most prominent SC is SC55, with an R + C 
value of 21.0030. This demonstrates how much decision makers 
recognize the importance of seizing opportunities to implement inno-
vative ideas and prioritize criteria that foster a dynamic and forward- 
thinking urban mobility landscape. Based on the R + C axis, the C2 
SCs can be ranked by importance as follows: SC55 > SC62 > SC80 >
SC77 > SC59 > SC51 > SC53. The SCs ranked the highest give and 
receive more influence. The SCs that have positive R – C values are part 
of the causes group, which is divided into core factors (i.e., SC55 and 
SC80) in QI and driving factors (i.e., SC51 and SC77) in QII. The effects 
group (R – C < 0) is, in turn, divided into independent factors (i.e., SC53 
and SC59) in QIII and impact factors (i.e., SC62) in QIV. 

The SCs selected for the analysis of C3 are listed in Table 17. The 

decision makers’ subsequent choices are reflected in Tables 18 and 19. 
The cause-and-effect relationships between selected C3 SC are pre-

sented in Table 20, which shows the influence of the different factors on 
each other. SC131 has the strongest effect on the other SCs (R = 3.5438). 
SC68 is the most influenced by the others, with the highest C value. SC9 Fig. 3. Inter-cluster interrelationship map.  

Table 9 
Selected subcriteria for tourism cluster.  

Subcriteria in Tourism Cluster 

SC11 Heritage restoration 
SC13 More job offers 
SC23 Innovative projects 
SC37 Economic development 
SC39 Difficult problems in projects generated by a failure to forecast future 

maintenance costs 
SC44 Space renovation 
SC49 Cultural event facilities  

Table 10 
Tourism cluster with neutrosophic values.   

SC11 SC13 SC23 SC37 SC39 SC44 SC49 

SC11 – 3(0.9, 
0.1, 
0.1) 

2(0.70, 
0.3, 
0.15) 

3.5 
(0.9, 
0.1, 
0.1) 

3(0.8, 
0.1, 
0.1) 

4(0.9, 
0.1, 
0.1) 

4(0.9, 
0.1, 
0.1) 

SC13 1.5 
(0.7, 
0.7, 
0.15) 

– 1.5(0.7, 
0.7, 
0.15) 

3(0.9, 
0.1, 
0.1) 

0(1, 0, 
0) 

1.5 
(0.7, 
0.7, 
0.15) 

1.5 
(0.7, 
0.7, 
0.15) 

SC23 2.5 
(0.7, 
0.1, 
0.1) 

2.5(0.7, 
0.1, 
0.1) 

– 3(0.8, 
0.2, 
0.15) 

2.5(0.7, 
0.1, 
0.1) 

2.5 
(0.7, 
0.1, 
0.1) 

3.5 
(0.8, 
0.2, 
0.1) 

SC37 3(0.7, 
0.2, 
0.15) 

4(0.95, 
0.05, 0) 

3.5(0.8, 
0.2, 
0.1) 

– 2(0.75, 
0.2, 
0.15) 

3(0.7, 
0.2, 
0.15) 

3(0.7, 
0.2, 
0.15) 

SC39 3(0.8, 
0.2, 
0.15) 

3(0.8, 
0.2, 
0.15) 

2(0.75, 
0.2, 
0.2) 

3(0.8, 
0.2, 
0.15) 

– 3(0.8, 
0.2, 
0.15) 

3(0.8, 
0.2, 
0.15) 

SC44 3(0.8, 
0.2, 
0.15) 

3.5(0.9, 
0.1, 
0.1) 

1.5(0.8, 
0.2, 
0.15) 

3.5 
(0.9, 
0.1, 
0.1) 

3.5(0.9, 
0.1, 
0.1) 

– 3(0.8, 
0.2, 
0.15) 

SC49 3.5 
(0.7, 
0.7, 
0.15) 

1.5(0.7, 
0.7, 
0.15) 

3.5(0.8, 
0.2, 
0.1) 

2.5 
(0.8, 
0.15, 
0.1) 

2.5(0.8, 
0.15, 
0.1) 

3.5 
(0.8, 
0.2, 
0.1) 

–  

Table 11 
Tourism cluster direct-influence matrix.   

SC11 SC13 SC23 SC37 SC39 SC44 SC49 Total 

SC11 0.00 2.70 1.48 3.15 2.58 3.60 3.60 17.1 
SC13 0.83 0.00 0.83 2.70 0.00 0.83 0.83 6.0 
SC23 2.02 2.02 0.00 2.45 2.02 2.02 2.89 13.4 
SC37 2.32 3.84 2.89 0.00 1.59 2.32 2.32 15.3 
SC39 2.45 2.45 1.56 2.45 0.00 2.45 2.45 13.8 
SC44 2.45 3.15 1.22 3.15 3.15 0.00 2.45 15.6 
SC49 1.93 0.83 2.89 2.11 2.11 2.89 0.00 12.8 
Total 12.0 15.0 2.4 16.0 11.5 14.1 14.5   

Table 12 
Tourism cluster: Interactions between subcriteria.   

R C R + C R – C 

SC11 4.4048 3.1777 7.5825 1.2271 
SC13 1.7050 3.9398 5.6448 − 2.2348 
SC23 3.5458 2.9637 6.5095 0.5820 
SC37 3.8257 4.1308 7.9565 − 0.3051 
SC39 3.6269 3.0145 6.6413 0.6124 
SC44 3.9829 0.0000 3.9829 3.9829 
SC49 3.5160 0.0000 3.5160 3.5160  

Table 8 
Inter-cluster interactions.   

R C R + C R – C 

C1 6.3094 5.8491 12.1585 0.4603 
C2 6.4195 4.9237 11.3432 1.4957 
C3 6.6950 6.4586 13.1536 0.2363 
C4 5.1821 5.9813 11.1634 − 0.7992 
C5 5.1971 6.5902 11.7873 − 1.3931  
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overall gives and receives more influence, so this factor is the most 
important in C3, with the highest R + C value. 

As shown in Fig. 6, the most important SCs are on the right side of the 
diagram. Thus, when these factors are ranked by importance, the result 
is as follows: SC9 > SC22 > SC131 > SC113 > SC68 > SC93 > SC112. 
The importance of SC9 reflects the recognition by decision makers of its 
pivotal role in shaping urban societal dynamics. Emphasizing employ-
ment goes beyond economic considerations, aligning with broader so-
cietal values that prioritize meaningful work for the well-being, social 
inclusivity, and prosperity of communities. Decision makers within C3 
understand that robust employment opportunities contribute not only to 
financial stability but also play a vital role in fostering social cohesion, 
reducing inequality, and building resilient urban communities. This 
emphasis on employment influences policy decisions and initiatives 
aimed at creating a dynamic employment landscape, contributing 
significantly to the overall health and vibrancy of urban societies. The 
IRM quadrants include SC9, SC22, SC113, and SC131 as core factors in 
QI; SC93 and SC112 as driving factors in QII; and SC68 as the only in-
dependent factor in QIII. 

Table 21 lists the SCs chosen for C4. Table 22 then presents the 
DEMATEL and neutrosophic values for this cluster, while Table 23 
shows the crisp values. Finally, Table 24 reflects the interactions be-
tween the C4 SCs. 

SC138 has the highest R value (i.e., 2.6860). In contrast, SC30 and 
SC64 are the most influenced, with the same C value of 2.6860. As can be 
seen in Fig. 7, SC138 is the most prominent SC in this cluster. This 
strategic focus on structured growth within C4 influences decision- 
making processes, guiding policies and initiatives aimed at creating 
resilient, eco-friendly, and socially inclusive urban environments that 
promote long-term sustainability. The ranking by importance is as fol-
lows: SC138 > SC64 > SC30 > SC18 > SC82. 

When these SCs are divided into the IRM quartiles, SC138 is a core 
factor in QI, SC18 and SC82 are driving factors in QII, SC30 is an in-
dependent factor in QIII, and SC64 is an impact factor in QIV (see Fig. 7). 

The last cluster to be analyzed was C5. Table 25 shows the SCs 
selected for this cluster. Tables 26 and 27 are the matrixes constructed in 
the second session for C5. 

In this cluster, SC37 and SC93 have the highest values for R and C, 

Fig. 4. Tourism cluster interrelationship map.  

Table 13 
Selected subcriteria for mobility cluster.  

Subcriteria in Mobility Cluster 

SC51 Improvement of transportation systems 
SC53 Better management of bicycle paths 
SC55 Chances to implement innovative ideas in urban areas 
SC59 Local population’s needs monitored 
SC62 Opportunities to improve residents’ quality of life by re-occupying city 

centers 
SC77 Creative urban design 
SC80 Green-energy usage to reduce pollution  

Table 14 
Mobility cluster matrix with neutrosophic values.   

SC51 SC53 SC55 SC59 SC62 SC77 SC80 

SC51 – 3(0.8, 
0.2, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

3.5 
(0.8, 
0.2, 
0.1) 

3.5 
(0.8, 
0.2, 
0.1) 

SC53 3(0.8, 
0.2, 
0.1) 

– 3.5 
(0.8, 
0.2, 
0.1) 

3(0.8, 
0.2, 
0.1) 

3.5 
(0.9, 
0.1, 
0.05) 

3.5 
(0.8, 
0.2, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

SC55 4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

– 4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

SC59 4 (0.9, 
0.1, 
0.1) 

3 (0.8, 
0.2, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

– 4 (0.9, 
0.1, 
0.1) 

3.5 
(0.8, 
0.2, 
0.1) 

3.5 
(0.8, 
0.2, 
0.1) 

SC62 3.5 
(0.9, 
0.1, 
0.1) 

3.5 
(0.9, 
0.1, 
0.1) 

3.5 
(0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

– 3.5 
(0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

SC77 3.5 
(0.9, 
0.1, 
0.1) 

3.5 
(0.9, 
0.1, 
0.1) 

4 (1, 0, 
0) 

3.5 
(0.9, 
0.1, 
0.1) 

3.5 
(0.9, 
0.1, 
0.1) 

– 3.5 
(0.9, 
0.1, 
0.1) 

SC80 3.5 
(0.8, 
0.2, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

3.5 
(0.8, 
0.2, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

–  

Table 15 
Mobility cluster direct-influence matrix.   

SC51 SC53 SC55 SC59 SC62 SC77 SC80 Total 

SC51 0.0 2.5 3.6 3.6 3.6 2.9 2.9 19.1 
SC53 2.5 0.0 2.9 2.5 3.2 2.9 3.6 17.5 
SC55 3.6 3.6 0.0 3.6 3.6 3.6 3.6 21.6 
SC59 3.6 2.5 3.6 0.0 3.6 2.9 2.9 19.1 
SC62 3.2 3.2 3.2 3.6 0.0 3.2 3.6 19.8 
SC77 3.2 3.2 4.0 3.2 3.2 0.0 3.2 19.8 
SC80 2.9 3.6 3.6 2.9 3.6 3.6 0.0 20.2 
Total 18.9 18.5 20.8 19.3 20.8 19.0 19.7   

Table 16 
Mobility cluster: Interactions between subcriteria.   

R C R + C R – C 

SC51 9.6046 9.5077 19.1123 0.0969 
SC53 8.9127 9.3303 18.2430 − 0.4175 
SC55 10.6641 10.3389 21.0030 0.3252 
SC59 9.6046 9.7097 19.3143 − 0.1051 
SC62 9.8947 10.3113 20.2060 − 0.4166 
SC77 9.9013 9.5733 19.4746 0.3281 
SC80 10.0665 9.8775 19.9440 0.1890  

Fig. 5. Mobility cluster interrelationship map.  
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respectively (see Table 28). This shows that decision makers within C5 
recognize that prioritizing economic criteria reflects a commitment to 
creating a robust and dynamic economic landscape that benefits the 
community at large. Simultaneously, the results highlight the signifi-
cance of maintaining fiscal equilibrium, ensuring sustainable economic 
practices that consider long-term stability and resilience. This dual focus 
aligns with the broader economic goals within the cluster, aiming for 
both growth and fiscal responsibility. The C5 factors’ order by impor-
tance is SC37 = SC93 > SC17 = SC13 > SC154. As shown in Fig. 8, only 
two factors are part of the causes group (i.e., SC13 and SC17). Notably, 
SC37 and SC93 do not belong to either the causes or effects group 
because their relationship values are 0 (i.e., R – C = 0). 

The group work in the second session completed the evaluation 
phase, after which the results were consolidated with the help of 
external, impartial experts. The findings and recommendations of this 
final session are discussed in the next subsection. 

4.3. Consolidation of results, limitations, and recommendations 

The procedures and results presented in the previous subsections 
facilitated an analysis of urban expansion effects on real estate ecosys-
tems. The proposed model provides a hierarchy of determining factors, 
and thus an indication of which should be given priority in terms of 
where to act first and how best to improve urbanization processes. In 
addition, the combination of qualitative and quantitative methodologies 
supported the decision-maker panel’s group work, which produced a 
more realistic, transparent model that integrates uncertainty and gen-
erates objective measures. 

To strengthen these results, an in-person consolidation session was 
organized with two representatives of the Centro de Gestão e Inteligência 
Urbana de Lisboa (Lisbon City Council Center for Management and Urban 
Intelligence). These experts were considered neutral and independent 
because they had not participated in the previous panel sessions. This 
final meeting started with a brief explanation of the research topic and 
methodologies, followed by the findings. Both experts then analyzed the 

Table 17 
Selected subcriteria for society cluster.  

Subcriteria in Society Cluster 

SC9 Employment 
SC22 Technologies rethought to adapt to market needs 
SC68 Improved quality of life 
SC93 Awareness of need to implement balanced fiscal measures 
SC112 Public services 
SC113 Larger residential real estate offer to ensure more attractive property prices 

for citizens 
SC131 Smart cities  

Table 18 
Society cluster matrix with neutrosophic values.   

SC9 SC22 SC68 SC93 SC112 SC113 SC131 

SC9 – 4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

3.5 
(0.8, 
0.2, 
0.15) 

3.5 
(0.8, 
0.2, 
0.15) 

4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

SC22 4 (0.9, 
0.1, 
0.1) 

– 4 (0.9, 
0.1, 
0.1) 

3.5 
(0.8, 
0.2, 
0.15) 

2.5 
(0.7, 
0.5, 
0.3) 

4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

SC68 4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

– 0 (1, 0, 
0) 

0 (1, 0, 
0) 

0 (1, 0, 
0) 

2 (0.7, 
0.5, 
0.3) 

SC93 4 (0.9, 
0.1, 
0.1) 

2 (0.7, 
0.5, 
0.3) 

4 (0.9, 
0.1, 
0.1) 

– 1 (0.7, 
0.5, 
0.3) 

4 (0.9, 
0.1, 
0.1) 

2 (0.7, 
0.5, 
0.3) 

SC112 1 (0.9, 
0.1, 
0.1) 

2 (0.7, 
0.5, 
0.3) 

4 (0.9, 
0.1, 
0.1) 

2 (0.7, 
0.5, 
0.3) 

– 1 (0.9, 
0.1, 
0.1) 

3.5 
(0.9, 
0.7, 
0.1) 

SC113 4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

2 (0.7, 
0.5, 
0.3) 

1 (0.7, 
0.5, 
0.3) 

– 4 (0.9, 
0.1, 
0.1) 

SC131 4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

4 (0.9, 
0.1, 
0.1) 

–  

Table 19 
Society cluster direct-influence matrix.   

SC9 SC22 SC68 SC93 SC112 SC113 SC131 Total 

SC9 0.0 3.6 3.6 2.9 2.9 3.6 3.6 20.1 
SC22 3.6 0.0 3.6 2.9 1.6 3.6 3.6 18.8 
SC68 3.6 3.6 0.0 0.0 0.0 0.0 1.2 8.4 
SC93 3.6 1.2 3.6 0.0 0.6 3.6 1.2 13.9 
SC112 0.9 1.2 3.6 1.2 0.0 0.9 2.1 9.9 
SC113 3.6 3.6 3.6 1.2 0.6 0.0 3.6 16.3 
SC131 3.6 3.6 3.6 3.6 3.6 3.6 0.0 21.6 
Total 18.9 16.9 21.6 11.8 9.2 15.3 15.3   

Table 20 
Society cluster: Interactions between subcriteria.   

R C R + C R – C 

SC9 3.3631 3.2596 6.6227 0.1035 
SC22 3.2256 3.0086 6.2343 0.2170 
SC68 1.6923 3.5438 5.2361 − 1.8515 
SC93 2.4074 2.0621 4.4695 0.3453 
SC112 1.6650 1.6528 3.3177 0.0122 
SC113 2.9096 2.6105 5.5201 0.2991 
SC131 3.5438 2.6694 6.2133 0.8744  

Fig. 6. Society cluster interrelationships map.  

Table 21 
Selected subcriteria for sustainability cluster.  

Subcriteria in Sustainability Cluster 

SC18 Innovative construction practices 
SC30 Reduced impacts due to smaller ecological footprint 
SC64 Contributions to society’s decarbonization 
SC82 Avoidance of scattered buildings 
SC138 Structured growth  
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results and expressed their opinions about the model’s advantages and 
limitations. The meeting lasted for approximately 40 min. Even though 
the emphasis was primarily on the experts’ qualitative expressions, the 
quantitative elements detailed in Section 4.2 played a vital role in the 
experts’ evaluation during the consolidation session. Specifically, by 
adopting a triangulation procedure, the experts meticulously reviewed 
and analyzed both the qualitative and quantitative outputs generated 
during the previous group meetings with decision makers. It is 

important to note that the validation did not entail the production of 
new data by these external experts; instead, it centered on their critical 
evaluation of the existing results. Furthermore, the validation proced-
ures followed align with the guidelines employed by José et al. [69] and 
Santos et al. [67], underscoring our commitment to ensuring the 
robustness of our approach. 

The specialists were surprised by the amount of information included 
in the map and remarked on its great detail. However, they found the 
information to be overly general and non-specific to any city. Each 
metropolis is unique, so the experts observed that the results could have 
been more valuable if the methodologies had been applied to specific 
cities. These two specialists also noted that the cognitive-map contents 
rely significantly on the decision makers’ professional experience. Both 
experts, nonetheless, concurred that DEMATEL is a valuable tool with 
which to analyze the clusters’ importance and agreed with the results, 
although they voiced a slightly different opinion about the intra-cluster 
results. The interviewees found that the SCs chosen for each cluster were 
extremely specific but sometimes quite similar in meaning. The experts 

Table 22 
Sustainability cluster matrix with neutrosophic values.   

SC18 SC30 SC64 SC82 SC138 

SC18 – 4 (0.9, 0.1, 
0.1) 

4 (0.9, 0.1, 
0.1) 

0 (1, 0, 0) 4 (0.9, 0.1, 
0.1) 

SC30 2 (0.7, 0.5, 
0.3) 

– 4 (0.9, 0.1, 
0.1) 

0 (1, 0, 0) 0 (1, 0, 0) 

SC64 2 (0.7, 0.5, 
0.3) 

4 (0.9, 0.1, 
0.1) 

– 0 (1, 0, 0) 4 (0.9, 0.1, 
0.1) 

SC82 0 (1, 0, 0) 4 (0.9, 0.1, 
0.1) 

4 (0.9, 0.1, 
0.1) 

– 4 (0.9, 0.1, 
0.1) 

SC138 4 (0.9, 0.1, 
0.1) 

4 (0.9, 0.1, 
0.1) 

4 (0.9, 0.1, 
0.1) 

4 (0.9, 0.1, 
0.1) 

–  

Table 23 
Sustainability cluster direct-influence matrix.   

SC18 SC30 SC64 SC82 SC138 Total 

SC18 0.0 3.6 3.6 0.0 3.6 10.8 
SC30 1.2 0.0 3.6 0.0 0.0 4.8 
SC64 1.2 3.6 0.0 0.0 3.6 8.4 
SC82 0.0 3.6 3.6 0.0 3.6 10.8 
SC138 3.6 3.6 3.6 3.6 0.0 14.4 
Total 6.1 14.4 14.4 3.6 10.8   

Table 24 
Sustainability cluster: Interactions between subcriteria.   

R C R + C R – C 

SC18 2.0717 1.3720 3.4437 0.6997 
SC30 0.9317 2.6860 3.6177 − 1.7543 
SC64 1.6689 2.6860 4.3549 − 1.0171 
SC82 2.0717 0.7372 2.8089 1.3345 
SC138 2.6860 1.9488 4.6348 0.7372  

Fig. 7. Sustainability cluster interrelationship map.  

Table 25 
Selected subcriteria for economy cluster.  

Subcriteria in Economy Cluster 

SC13 More job offers 
SC17 Investment decentralization 
SC37 Economic development 
SC93 Awareness of need to implement balanced fiscal measures 
SC154 Decrease in real estate values to make them more accessible to the middle 

class  

Table 26 
Economy cluster matrix with neutrosophic values.   

SC13 SC17 SC37 SC93 SC154 

SC13 – 4 (0.9, 0.1, 
0.1) 

4 (0.9, 0.1, 
0.1) 

4 (0.9, 0.1, 
0.1) 

4 (0.9, 0.1, 
0.1) 

SC17 4 (0.9, 0.1, 
0.1) 

– 4 (0.9, 0.1, 
0.1) 

4 (0.9, 0.1, 
0.1) 

2.5 (0.7, 0.2, 
0.1) 

SC37 4 (0.9, 0.1, 
0.1) 

4 (0.9, 0.1, 
0.1) 

– 4 (0.9, 0.1, 
0.1) 

4 (0.9, 0.1, 
0.1) 

SC93 4 (0.9, 0.1, 
0.1) 

4 (0.9, 0.1, 
0.1) 

4 (0.9, 0.1, 
0.1) 

– 4 (0.9, 0.1, 
0.1) 

SC154 0 (1, 0, 0) 2(0.7, 0.5, 
0.3) 

4 (0.9, 0.1, 
0.1) 

4 (0.9, 0.1, 
0.1) 

–  

Table 27 
Economy cluster direct-influence matrix.   

SC13 SC17 SC37 SC93 SC154 Total 

SC13 0.0 3.6 3.6 3.6 3.6 14.4 
SC17 3.6 0.0 3.6 3.6 2.0 12.8 
SC37 3.6 3.6 0.0 3.6 3.6 14.4 
SC93 3.6 3.6 3.6 0.0 3.6 14.4 
SC154 0.0 1.2 3.6 3.6 0.0 8.4 
Total 10.8 12.0 14.4 14.4 12.8   

Table 28 
Economy cluster: Interactions between subcriteria.   

R C R + C R – C 

SC13 9.3976 7.4847 16.8823 1.9129 
SC17 8.7563 8.1436 16.8999 0.6127 
SC37 9.3976 9.3976 18.7952 0.0000 
SC93 9.3976 9.3976 18.7952 0.0000 
SC154 6.0389 8.5645 14.6034 − 2.5256  

Fig. 8. Economy cluster interrelationship map.  
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also suggested that the proposed model could be more easily applied if 
the methodologies and panel had focused on a single city. At this point, 
the interviewer reiterated that this study is process-oriented and 
constructivist in nature. In response, both specialists agreed that ad-
vantages could be gained from this methodological approach. 

Following this, this approach can help professionals develop a 
clearer, more focused and transparent understanding of possible in-
terventions by not only incorporating objective and subjective elements 
into the decision-making process but also enhancing learning through 
participation. As such, the analysis system created in the present study 
should be seen as a learning mechanism—and not as tool to prescribe 
optimal solutions. 

5. Conclusion 

5.1. Key findings and insights 

Evaluating urban expansion effects on real estate ecosystems is 
extremely complex due to the large number of variables involved and 
the subjectivity inherent to this kind of analysis. The topic under study 
can be explored from multiple perspectives, making the search for a 
single answer to related questions almost impossible. The complexity of 
this decision problem requires an analysis model that can structure, 
evaluate, and generate solutions and recommendations so that decision 
makers know how and where to act in each area. The present study thus 
sought to create a multicriteria analysis model that supports decision- 
making processes by analyzing urban expansion impacts on these 
ecosystems. 

The proposed model was developed using cognitive mapping, neu-
trosophic logic and DEMATEL to explore the cause-and-effect relation-
ships between urban expansion determining factors. The combined 
methodologies produced a holistic and complete model that reflects 
experts’ professional knowledge. This approach facilitated the incor-
poration of subjective, less easily quantified criteria because the results 
were based on the opinions of multiple specialists with different back-
grounds. The use of cognitive mapping overcame some significant lim-
itations of previous research, including a lack of data and dependency on 
quantifiable variables. DEMATEL, in turn, permitted quantitative eval-
uations of the cause-and-effect relationships between criteria, thereby 
revealing the level of importance of each factor within the model. 
Neutrosophic logic contributed the ability to deal with uncertainty to 
the model, which smoothed the decision-making process and made 
interpreting the results easier. 

The model-building process was supported by experts who devel-
oped a more transparent model and then validated its findings. Based on 
these specialists’ opinion, the results highlight five main areas of interest 
(i.e., Tourism (C1); Mobility (C2); Society (C3); Sustainability (C4); and 
Economy (C5)). Within these topics, the participants were able to define 
the causality relationships between the identified determinants, which 
meant the five clusters and their SCs could be organized by order of 
importance. C3 is the most significant cluster and its most crucial criteria 
are: employment; technologies rethought to adapt to the market’s needs; and 
smart cities. Next, the most influential C1 factors include: heritage resto-
ration; economic development; and difficult problems in projects generated by 
a failure to forecast future maintenance costs. C5 presents two equally 
important determinants, namely: economic development; and awareness of 
the need to implement balanced fiscal measures. C2, in turn, contains the 
most significant factors of chances to implement innovative ideas in urban 
areas; opportunities to improve residents’ quality of life by re-occupying city 
centers; and green-energy usage to reduce pollution. Finally, the least 
important cluster is C4, whose dominant determinants are: innovative 
construction practices; avoidance of scattered buildings, and structured 
growth. 

5.2. Research innovation and implications 

One of most significant innovations of our research is the use of 
neutrosophic logic, which was only recently introduced in the literature. 
Thus, its application to real estate topics is still quite rare, especially in 
combination with other methodologies such as DEMATEL. The model 
developed thus offers promising positive findings regarding analyses of 
urban expansion impacts. Specifically, the present results highlight the 
enhanced ability of the selected methodologies to assess urbanization 
effects on real estate ecosystems. The incorporation of the decision 
makers’ opinions and experiences, in particular, makes the analysis 
system more empirically robust, transparent, and realistic. Real estate 
stakeholders can benefit from the combined use of cognitive mapping, 
DEMATEL, and neutrosophic logic, which could significantly improve 
their strategic planning of appropriate initiatives. 

5.3. Limitations 

All studies present limitations, and this research is no exception to 
the rule. The online group sessions were associated with problems that 
included connectivity issues and difficulty accessing the necessary dig-
ital tools. The sessions also were tiring for the participants due to the 
meetings’ length. In addition, the panel members’ answers and opinions 
influenced the results, so other experts with different backgrounds could 
have generated different results. The study was presented to external 
specialists who confirmed that the findings are context dependent. 
Because the decision-maker panel brought to the group work different 
realities from within Portugal, these participants’ findings cannot be 
generalized to other settings. However, this issue was openly acknowl-
edged from the beginning due to the constructivist and process-oriented 
nature of the methodologies used. Despite these limitations, the results 
are promising and provide a better understanding of urban expansion 
effects on real estate ecosystems. 

5.4. Future research 

Future research can explore the advantages of conducting similar 
analyses, including applying different MCDA methods and carrying out 
comparative studies. The methodological approach used in this research 
could also be expanded to other contexts. Another interesting option 
would be to improve the proposed model or adapt it further for use in 
online platforms to enable decision makers to evaluate urban expansion 
impacts in quicker and more transparent and intuitive ways. Any 
appropriate adjustments made to the present model will comprise a step 
forward in the search for better decision-support systems to be used in 
analyses of urbanization effects on real estate ecosystems. 
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Marco Viveiros, Nuno Silva, and Pedro Barata. The authors are also 
grateful to Helena Martins and João Tremoceiro, members of the Lisbon 
City Council Center for Management and Urban Intelligence, for their 
availability and the significant insights they provided during the study 
consolidation phase. 

References 

[1] Tisdale H. The process of urbanization. Soc Forces 1942;20:311–6. 
[2] Firozjaei M, Sedighi A, Argany M, Jelokhani-Niaraki M, Arsanjani J. 

A geographical direction-based approach for capturing the local variation of urban 
expansion in the application of CA-Markov model. Cities – The International 
Journal of Urban Policy and Planning 2019;93:120–35. 

[3] Rodrigues M, Ferreira F, Ferreira N. Constructing smarter and more sustainable 
urban ecosystems: a dynamic analysis of challenges and initiatives. Ann Oper Res 
2023. https://doi.org/10.1007/s10479-023-05406-2. 

[4] Wang K, Jiang W, Miao Z. Impact of high-speed railway on urban resilience in 
China: does urban innovation matter? Soc Econ Plann Sci 2023;87(B):101607. 

[5] Rybak J, Shapoval V. Industries and sectors: issues and policies, tendencies of real 
estate market development in the current context (in terms of Poland and Ukraine). 
Perspectives of Innovations, Economics & Business 2011;8(2):11–22. 

[6] Andrade F, Ferreira F, Correia R. Ranking residential neighborhoods based on their 
sustainability: a CM-BWM approach. Int J Strat Property Manag 2022;26(6): 
410–23. 

[7] Huang Y, Wei W, Ferreira F. How to make urban renewal sustainable? Pathway 
analysis based on fuzzy-set qualitative comparative analysis (fsQCA). Int J Strat 
Property Manag 2023;27(3):146–58. 

[8] Fonseca M, Ferreira F, Fang W, Jalali M. Classification and selection of tenants in 
residential real estate: a constructivist approach. Int J Strat Property Manag 2018; 
22(1):1–11. 

[9] Soares R, Ferreira F, Teixeira F, Ferreira N. A multicriteria evaluation system for 
large real estate investments. Int J Strat Property Manag 2022;26(4):305–17. 

[10] Belton V, Stewart T. Problem structuring and multiple criteria decision analysis. In: 
Ehrgott M, Figueira J, Greco S, editors. Trends in multiple criteria decision 
analysis. Boston, MA: Springer; 2010. p. 209–39. 

[11] Lan X, Hu Z, Wen C. Does the opening of high-speed rail enhance urban 
entrepreneurial activity? Evidence from China. Soc Econ Plann Sci 2023;88: 
101604. 

[12] Maier G, Herath S. Real estate market efficiency: a survey of literature. SRE – 
Discussion; 2009. p. 1–46. Paper 2009/07. 

[13] Zhang Y, Lu W, Wing-Yan Tam V, Feng Y. From urban metabolism to industrial 
ecosystem metabolism: a study of construction in shanghai from 2004 to 2014. 
J Clean Prod 2018;202:428–38. 

[14] Ramos G. Real estate industry as an urban growth machine: a review of the 
political economy and political ecology of urban space production in Mexico City. 
Sustainability 2019;11(7):1–24. 

[15] Davis J, Henderson J. Evidence on the political economy of the urbanization 
process. J Urban Econ 2003;53(1):98–125. 

[16] Pinto A, Ferreira F, Spahr R, Sunderman M, Govindan K, Meidutė-Kavaliauskienė I. 
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blight remediation strategies subject to seasonal constraints. Eur J Oper Res 2022; 
296(1):277–88. 

[22] Yang J, Li S, Lu H. Quantitative influence of land-use changes and urban expansion 
intensity on landscape pattern in Qingdao, China: implications for urban 
sustainability. Sustainability 2019;11(21):1–18. 

[23] Cui Y, Liu J, Xu X, Dong J, Li N, Fu Y, Lu S, Xia H, Si B, Xiao X. Accelerating cities in 
an unsustainable landscape: urban expansion and cropland occupation in China, 
1990-2030. Sustainability 2019;11(8):1990–2030. 

[24] Varna G, Adams D, Docherty I. Development networks and urban growth in small 
cities. Eur Urban Reg Stud 2020;27(1):70–85. 

[25] Maturana F, Morales M, Peña-Cortés F, Peña M, Vielma C. Urban growth, real 
estate development and indigenous property: simulating the expansion process in 
the city of Temuco, Chile. ISPRS Int J Geo-Inf 2021;10(2):1–16. 

[26] Prada-Trigo J, Aravena N, Barra P. Urban growth and indigenous land. Real estate 
strategies and urban dynamics in Temuco (Chile). Geogr Ann B Hum Geogr 2021; 
103(2):133–51. 

[27] Bin O. A prediction comparison of housing sales prices by parametric versus semi- 
parametric regressions. J Hous Econ 2004;13(1):68–84. 

[28] Ferreira F, Spahr R, Sunderman M. Using multiple criteria decision analysis 
(MCDA) to assist in estimating residential housing values. Int J Strat Property 
Manag 2016;20(4):354–70. 

[29] Dorsey R, Hua H, Mayer W, Wang H. Hedonic versus repeat-sales housing price 
indexes for measuring the recent boom-bust cycle. J Hous Econ 2010;19(2):75–93. 

[30] Quigley J. Real estate portfolio allocation: the European consumers’ perspective. 
J Hous Econ 2006;15(3):169–88. 

[31] Shin W-J, Saginor J, Van Zandt S. Evaluating subdivision characteristics on single- 
family housing value using hierarchical linear modeling. J R Estate Res 2011;33(3): 
317–48. 

[32] Eden C. Cognitive mapping. Eur J Oper Res 1988;36(1):1–13. 
[33] Trivedi A. A multi-criteria decision approach based on DEMATEL to assess 

determinants of shelter site selection in disaster response. Int J Disaster Risk Reduc 
2018;31:722–8. 

[34] Smarandache F. A unifying field in logics: neutrosophic logic. Neutrosophy, 
neutrosophic set, neutrosophic probability and statistics. Ann Arbor: 
InfoLearnQuest; 2007. 

[35] Lami I, Abastante F, Bottero M, Masala E, Pensa S. Integrating multicriteria 
evaluation and data visualization as a problem structuring approach to support 
territorial transformation projects. EURO Journal on Decision Processes 2014;2(3/ 
4):281–312. 

[36] Mingers J, Rosenhead J. Problem structuring methods in action. Eur J Oper Res 
2004;152(3):530–54. 

[37] Paiva B, Ferreira F, Carayannis E, Zopounidis C, Ferreira J, Pereira L, Dias P. 
Strategizing sustainability in the banking industry using fuzzy cognitive maps and 
system dynamics. Int J Sustain Dev World Ecol 2021;28(2):93–108. 

[38] Shaw D. Journey making group workshops as a research tool. J Oper Res Soc 2006; 
57(7):830–41. 

[39] Shaw D, Edwards J, Collier P. Quid pro quo: reflections on the value of problem 
structuring group workshops. J Oper Res Soc 2006;57(8):939–49. 

[40] Eden C. Analyzing cognitive maps to help structure issues or problems. Eur J Oper 
Res 2004;159(3):673–86. 

[41] Marques F, Ferreira F, Zopounidis C, Banaitis A. A system dynamics-based 
approach to determinants of family business growth. Ann Oper Res 2022;311: 
799–819. 

[42] Ferreira F, Jalali M, Zavadskas E, Meidutė-Kavaliauskienė I. Assessing payment 
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