T i preventon and

Management Knowledge

Research Paper a ‘ ‘i‘
Simulation of the Evacuation of Disabled People and War Veterans From Cromvink

Crowded Religious Places Using the Particle Swarm Optimization Algorithm
Shahrooz Soroush! ), *Seyed Morteza Ghayoor Baghbani'

1. Department of Management of Sacred and Religious Sites, Imam Reza International University (PBUH), Mashhad, Iran.

Use your device to scan
andesdheariceonine (9ETIETR Soroush, Sh., & Ghayoor Baghbani, S. M. (2026). Simulation of the Evacuation of Disabled People and War Veterans From
- Crowded Religious Places Using the Particle Swarm Optimization Algorithm. Disaster Prevention and Management Knowledge,
16(1):154-173. https://doi.org/10.32598/DMKP.16.1.938.1

d ) https://doi.org/10.32598/DMKP.16.1.938.1

ABSTRACT

Emergency evacuation management in buildings, especially crowded religious
places, plays an important role in reducing potential casualties and injuries when a disaster occurs. Simu-
lating people's behavior and crowd movement is an effective factor in the safe design of these places. In
this regard, paying attention to the mobility conditions and needs of people with disabilities and war vet-
erans is of particular importance in planning for their emergency evacuation. This study aimed to use the
particle swarm optimization (PSO) algorithm to simulate and improve the evacuation process of pilgrims,
especially people with disabilities and veterans, from Imam Reza Shrine, Mashhad, Iran.

In designing the evacuation model using the PSO algorithm, factors such as the conditions and
mobility limitations of people with disabilities and veterans, the arrangement of environmental elements
and equipment, obstacles on exit routes, and route guidance markers were considered. Then, the effect
of changing the arrangement of environmental elements and adding lights to guide and evacuate people
was examined.

I The simulation showed that appropriate changes in the arrangement of environmental elements
and the use of directional lighting could facilitate people's evacuation. The proposed model also enabled
the examination of different evacuation scenarios, accounting for environmental characteristics and vari-
ations in people's movement. The PSO algorithm had suitable potential for modeling crowd behavior and
identifying optimal evacuation routes in crowded religious places.

The PSO algorithm can be used as a practical approach in simulating emergency evacuation
and evaluating the design of religious spaces. Simultaneous consideration of the conditions of disabled
people and veterans, environmental obstacles, and route guidance equipment can help evacuate people
more quickly and safely and improve crisis management planning. The proposed model can be used in
the design, assessment, and renovation of other crowded urban areas in Iran.
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Introduction

mergency evacuation simulation in build-

ings, especially in public and high-density

spaces, plays a vital role in safety planning

and building design assessment. The de-

velopment of evacuation simulation mod-
els for various applications has been a key focus of recent
research. Many of these models have utilized evolution-
ary computation methods, such as genetic algorithms
(GA), estimation of distribution algorithms (EDA), and
ant colony optimization (ACO). For example, Garrett et
al. (2006) employed GA and EDA for the optimal place-
ment of exits, while Zong et al. (2010) used ACO to
model evacuation routes in mixed traffic. Among these
approaches, particle swarm optimization (PSO) has gar-
nered significant attention from researchers due to its
simple structure and high efficiency. First introduced by
Kennedy and Eberhart (1995), PSO is inspired by the
collective behavior of birds and possesses the capability
to accurately simulate human movement across various
scenarios. This algorithm has been utilized to analyze hu-
man behavior, prevent crowd collisions, and optimize the
interior design of buildings. In this study, a PSO-based
framework was proposed for simulating emergency evac-
uation in high-traffic religious sites. By considering the
specific needs of individuals with disabilities and veter-
ans, this framework incorporates factors, such as environ-
mental obstacles and collision avoidance mechanisms as
objective functions within the model. The objective was
to provide a solution for optimizing interior space design
and enhancing safety under both normal and emergency
conditions. This paper is organized as follows: section 2
reviews the details of the PSO algorithm and previous
research; section 3 explains the proposed framework im-
provements and simulation scenarios, while the results
are presented in section 4, and finally, section 5 provides a
summary and suggestions for future research.

Materials and Methods
PSO-based simulation scheme

In line with recognizing the role and status of individuals
with disabilities and veterans in the tourism industry, there
is a critical need to provide specialized facilities and ser-
vices for this demographic. With the increasing presence
of disabled pilgrims and worshippers in the country’s reli-
gious and holy sites, the necessity of addressing their spe-
cific needs is more apparent than ever; therefore, meeting
the requirements of disabled tourists in these venues must
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be prioritized. When designing spaces and facilities for
individuals with disabilities and veterans, criteria, such as
comfort, rapid and safe evacuation, and ensuring their se-
curity must be considered. Conventional design of spaces
and buildings is primarily tailored to the majority of the
population, which often leads to significant accessibility
barriers for people with disabilities. This social group ex-
hibits greater vulnerability, particularly during emergen-
cies, such as earthquakes or fires; therefore, it is essential
to provide appropriate strategies for their safe evacuation.
Empirical estimates indicate that as a location becomes
more crowded and enclosed, accessibility for individu-
als with disabilities and their ability to exit the premises
become increasingly difficult. In this context, the social
group of individuals with disabilities and veterans has
a greater need for presence in religious sites, especially
the Holy Shrine of Imam Reza (AS), to benefit from the
tranquility of such spaces. Given the teachings of the
Imams regarding the importance of the shrines’ serenity
for pilgrims, access for those in need must be facilitated.
In recent research, scholars in the field of building design
have proposed various criteria and standards to evaluate
and measure the level of accessibility for people with dis-
abilities.

Although issues related to accessible tourism have been
researched in developed countries, accessible tourism for
people with disabilities and the elderly has not yet been
extensively explored in Iran (Qobadian, 2016). The cen-
tral aim of this research is the use of artificial intelligence,
specifically the PSO algorithm, to improve the pilgrimage
experience of individuals with disabilities and veterans
and to reduce potential risks during emergency situations.
The PSO algorithm, introduced in 1995 by Kennedy and
Eberhart (1995), formulates each potential solution as a
particle in a multi-dimensional space and is recognized as
an effective tool for solving optimization problems. This
research aimed to provide strategies for the safe and op-
timal evacuation of individuals with disabilities and vet-
erans in religious sites using this algorithm (Equation 1).

L X=[X XX [T

Each particle possesses its own position, velocity, and
objective value, which is determined by the objective
function. The new position of a particle is determined by
leveraging its own experience and communication with
other particles to move toward the desired solution. Be-
fore determining the new position, the velocity is first
calculated; the particle’s velocity at pi at time t+1 is deter-
mined by Equation 2.

2. Vi(t+ 1 )qJVVi (Hte 4 (piBLS_pi(t))+C2r2(pBGS_pi ®)
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Where, vi and pi represent the velocity and position of
the i-th particle, respectively. w is the inertia weight of the
previous velocity, p,, . is the best position based on per-
sonal experience (local best), and p is the global best
position obtained by the swarm. ¢, and c, are parameters
to control the influence of p, ., and p, (1, and r, are ran-
dom numbers selected from (0, 1) to provide diversity to
the velocity. After calculating the velocity, the new posi-

tion of the particle can be determined using Equation 3.

3. P, @+1 )=pi ('£)+Vi t+1)

In each iteration, every particle updates its velocity and
position, and subsequently evaluates its objective value
based on the objective function. Among all new objec-
tive values, p,, ; and p,., may also be updated to steer
the swarm toward the optimal solution. Since a particle is
free to move in any possible direction, modifications must
be implemented to ensure the simulation of human be-
havior is conducted successfully and realistically. Based
on previous studies in the papers by Lin and Chen titled
“Controlling crowd motions in computer graphics using
the PSO mechanism” (Lin & Chen, 2007) and “Crowd
control using swarm intelligence,” three primary factors
must be adjusted: the first is applying constraints to par-
ticle movement to simulate human trajectory; the second
is the simulation of obstacles; and the third is collision
avoidance between obstacles and particles.

Particle movement

Referring to Figure 1, given that the evacuation simula-
tion is conducted in a 2D space, we restrict the position
and velocity of the particles to a 2D space, as Equation 4:

4. pi=[pix’piz]T 9 Vi=[vix’viz]T'

In order to simulate human space and prevent particles
from jumping beyond the reality of human movement, the
velocity was divided into a direction component and a speed
component; the direction component was used for decision-
making regarding the particle’s path, and the speed compo-
nent was used to control the distance of each particle step.
The update equation for the direction component is similar
to the velocity update equation (Equation 5).

5. D(tF)wD(t)tc r, (piBLS-pi(t))Jrczrz(PBGS-pi(t))

In this equation, p,, ~-p, (1), PpeP; (), are represented
as unit vectors to indicate direction only. The other param-
eters are determined as in the standard PSO. By selecting
the particles’ direction, the new position of each particle
can be determined by Equation 6.
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6. pi(t+1 )=pi(t)+Si(t+1 )XDi(t+l )

S(t+1) is the speed component within the interval
[0,Vmax]. The maximum speed can be selected as the
size of a single step or by other defined parameters. To
simulate particle movement as human movement, the
speed can be updated proportionally to the inverse of the
particle’s objective function value. This is derived from
the reality that humans decrease their speed when ap-
proaching an obstacle. Because PSO searches for minima
in the surrounding environment, the value of the objective
function must increase when a particle approaches an ob-
stacle so that the particle’s speed decreases.

Objective function

In the papers by Cheng et al. titled “Controlling crowd
motions in computer graphics using the PSO mechanism
and crowd control using swarm intelligence” (Cheng et
al., 2008), a cost function has been defined to evaluate the
relationship between particles and other targets present in
the search space. The cost value of particle p with target q
is obtained by Equation 7.

(Px — 42)*

Cost(p,q) = exp S —
(6px + 6%{)

+ (pz - qz)2

2] @
(65, +4,)

In this equation, p_and p, represent the position of par-
ticle p. q, and g, represent the position of target g, and the
range of particle p and object q denotes the area covered
by the target. Since the target can be an obstacle, a desti-
nation, or other particles, the range will differ. For exam-
ple, the range of a target measuring 20x40 is equivalent to
the set (qu, SqZ:(IO, 20). To represent the target, the range
might encompass the entire search space. Among these
modifiable parameters, the target is readily adjustable
and controllable to fulfill diverse user needs, essentially
defining the spatial structure of a religious venue or the
arrangement of elements within a space. By establishing
a cost function, the search space with minimum positions
as targets can be achieved through the superposition of
these exponential functions with similar or varied param-
eters. Consequently, the objective function is determined
by Equation 8.
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8. Fopj(p) = Cops x max(Cost(p,0)) + m

O is the set of all obstacles, including structural ob-
stacles of the space and other individuals present in the
crowd, g represents a destination for the particle’s forward
movement, and cobs is a constant for the user to control
the relative importance between obstacles and the desti-
nation. By observing the definition of the objective func-
tion, it can be seen that a particle will have a lower objec-
tive value when approaching destinations. On the other
hand, when a particle approaches an obstacle, it makes
no difference to the particle whether it encounters a wall
or another individual in the crowd; in this case, the objec-
tive value increases. Under this cost function, PSO can
be used to simulate an evacuation model from a building.
Safe exits or safe zones can be modeled as destinations,
while walls, furniture, and elements present in the space
can be modeled as obstacles.

Another advantage of the scheme is that there is no need
to add an additional model to incorporate new objects,
and by controlling the introduced parameters, all objects
can be modeled with other types of particles such as mov-
ing vehicles or larger entities. With appropriate parameter
settings, the PSO-based simulation scheme can achieve
its design objective, and particles can converge to the in-
tended destination with a high probability along a reason-
able path.

Collision avoidance

Although the objective function is designed to guide the
particle around obstacles, there is still a possibility of the
particle crossing obstacle boundaries or colliding with
other particles or obstacles. To prevent this, the new par-
ticle position must be evaluated at each update to verify
the feasibility of its occurrence; for this purpose, a vali-
dation mechanism has been described. An exponential
function was used for the position validation mechanism,
although other function families can be used depending
on user preference.

The reason for selecting the exponential function is
its ease of calculation and modification. The validation
mechanism uses probabilities to determine the acceptance
of a particle’s newly calculated position (Equation 9).

9. Prob(f) =1- 41( (2)
e
In Equation 9, f'is the cost of the newly calculated posi-
tion, and k is a constant that allows the user to determine

the validity of a particle near an obstacle.
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Based on the validity probability function, a hard bound-
ary is created when k=1 is chosen, because the probability
of accepting the particle’s position is zero if f=e—1, which
means the particle and the obstacle will remain adjacent
to each other based on the definition of Equation 1; there-
fore, collision with obstacles is avoided through the vali-
dation mechanism. Assuming the radii of the particle and
the obstacle are 5 and 20, respectively, Figure 1 shows
the probability of accepting the particle’s position while it
is near the obstacle. If the new position is not validated, a
new direction—such as adding a random degree between
-20 and +20—is added to the original goal, and the new
position is tested again for validity; however, the position
with the lower cost is selected as the particle’s new posi-
tion.

Improvements to the PSO-based evacuation frame-
work

While the proposed simulation approach has addressed
many challenges related to crowds in real-world spaces
and particles in free space, several key issues remain that
require further investigation. Among these challenges are
the potential for a particle to become trapped and prob-
lems related to exiting the sight line. To resolve these
challenges, two main solutions are proposed.

Local search

By examining the collision avoidance mechanism intro-
duced by Lin and Chen in their papers titled “Control-
ling crowd movements in computer graphics using the
PSO Mechanism and “Crowd Control with Swarm In-
telligence” (Chen & Lin, 2009), a particle may be posi-
tioned very close to an obstacle and, when encountering
non-circular obstacles, may become trapped and unable
to find a suitable exit position. In this state, the particle
might reach a specific location and remain there until the
end of the simulation. To resolve this, improvements have
been made to the local search. Local search is a common
mechanism in PSO, which has also been utilized in the
works of Lin and Chen to avoid collisions. However, the
current search range is limited to between -20 and +20
degrees; while sufficient for circular obstacles, particles
cannot find acceptable positions within this constraint
when facing obstacles with sharp edges. Therefore, the
local search range is gradually expanded to find a suit-
able path for continued movement. After calculating the
DS via the original PSO, a direction is randomly selected
from the +£20-degree range, and its validity is checked. If
this direction is also ineffective, the process is repeated
up to 20 more times. Finally, if all sampled directions
are not acceptable, the search position will be evaluated
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Figure 1. Schematic view of path optimization using the PSO algorithm, considering obstacle detection and collision probability

analysis in urban environment

by adding the angle 6, or in other words, 6 and 6s. The
search mechanism is designed to mimic human behavior
toward obstacles, where a human attempts to find a way
to continue movement, such as moving parallel to a wall
until reaching a door or an exit. Consequently, the move-
ment of trapped particles, based on this stepwise search,
ultimately takes the form of movement along the edges
of obstacles. As a result, the expanded local search space
and the random sampling mechanism can provide parti-
cles with the opportunity to move and prevent oscillation
between two points in the target space. These improve-
ments in the local search can enhance the efficiency of the
PSO-based evacuation framework and lead to significant
improvements in future simulations.

Global best value update mechanism in the PSO al-
gorithm

In the PSO algorithm, one of the key concepts is the up-
dating of the global best information. In the original ver-
sion of this algorithm, there are no obstacles in the search
space, and particles can always update the global best
information regardless of their spatial position. However,
in the real world, the presence of various obstacles can
lead to an inability to access accurate information. For
example, if an obstacle is placed between a particle (hu-
man) and the position with the best objective value, they
will be unable to perceive the position of the best particle.
This phenomenon, known as the line-of-sight obstruction
effect, necessitates modifying the update mechanism in
PSO to align with real-world conditions. To model the
line-of-sight obstruction effect in PSO, instead of directly
sharing the global best information, each particle must
retain only the best position that has appeared within its
field of view up to that moment. In other words, informa-
tion is updated only if a particle with a better target value

comes into the line of sight of another particle; that is,
there must be no obstacle between them.

Figure 2 illustrates an example of the modified update
mechanism. The description for Figure 2 assumes that the
objective value of particle pl is better than all other par-
ticles, such as p2 and p3; since p2 and p3 can see particle
p1, they can maintain the position of p1 as the global best
information. After particle p1 moves to a new position
with a better objective value, only particle p2 can receive
the new global best information, as p1pl is still within
its field of view. However, particle p3 cannot access the
new information from p1. This mechanism is designed to
simulate a situation in which individuals are unaware of
the movement of a person located behind an obstacle. The
modified computational steps for each particle in each it-
eration are as follows:

1- Finding a new acceptable position,
2- Calculating the objective value,

3- Updating the local best and global best information
if necessary,

4- Updating the global best information of all particles
within their sight line.

By implementing these significant improvements, the
simulation framework can easily simulate human behav-
iors. To better understand the capabilities and efficiency
of this framework, several practical examples will also
be presented, demonstrating the new functionalities and
increased accuracy in the simulations.

Consideration of individuals with disabilities
Identifying the specific needs of disabled pilgrims in

the Razavi Holy Shrine can significantly improve the
quality of services and facilitate this group’s access to re-
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Figure 2. Modeling optimal path movement in urban spaces with obstacles: Application of the PSO algorithm in analyzing and

predicting optimal passage while considering potential collisions

ligious facilities, positively and meaningfully impacting
the pilgrims’ mental health and quality of life (Basouli
& Derakhsh, 2022), especially for those facing mobility
challenges (Hosseini & Yazdani, 2021). Investigations
and observations conducted in the Goharshad Mosque
courtyard within the Razavi Holy Shrine and other sacred
sites indicate that approximately 3% of the population
present in these locations have some form of disability.
Of these individuals, about 33% suffer from physical dis-
abilities, 33% have visual impairments, and the remaining
33% suffer from both types of limitations. These statis-
tics underscore the necessity of addressing the specific
needs of these individuals when designing and optimiz-
ing public spaces. PSO, considering the percentage of
individuals with disabilities: in the optimization of the
Particle Swarm model, the speed of 2% of this population
is considered at 40% of normal speed, and the vision of
2% of the community is considered at 50% of the vision
of a normal individual. These assumptions are applied to
simulate the behavior of these individuals in the defined
environment more accurately, and the speed and line of
sight of each particle are proportionally reduced accord-
ing to these limitations.

Results

In this section, the Goharshad Mosque area is investi-
gated and simulated. The designed map is presented in
Figure 3. The overall area of the mosque is defined with
dimensions of 700x400 square meters, and the coordi-
nates of this space are specified in the same figure. Each
particle is considered as a circle with a radius of 5 units
and a maximum velocity (Vmax=5). The parameters used
in the PSO algorithm are provided in Table 1. Further-
more, this research assumes that particles tend to move
toward the global best objective value with higher priority
than the observed local best position. For a more precise
investigation, 50 particles are placed in each simulation

round, and the number of iterations required to reach the
target is recorded. For each figure, one thousand simu-
lation rounds are performed, and the average results are
displayed in Table 2.

The standard deviation indicates the dispersion of itera-
tions across all simulation rounds and assists in analyzing
particle performance. Additionally, the paths generated by
each particle during the simulation are shown in Figure 3.
This visualization enables users to identify and improve
the weaknesses of the area. The conclusions of these sim-
ulations can assist designers and public space administra-
tors in designing and implementing better environments
by taking into account the specific needs of individuals
with disabilities. Moreover, the ability to record the simu-
lation provides the possibility for a more detailed analysis
and examination of particle behavior under various condi-
tions.

Comparison of the impact of exit indicator lights

The simulation framework presented in this research al-
lows for modifications to the internal courtyard obstacles
as well as the exit doors. Furthermore, the capability to
add exit indicator lights is available within this simulation
environment. These lights provide valuable information
regarding exit locations to individuals and play an essen-
tial role in facilitating the safe evacuation of people from
hazardous areas. The indicator lights must be designed to
clearly indicate the exit path. However, it is crucial that
the placement of these lights is precisely determined; in-
stalling lights in locations that are not visible to individu-
als can render them effectively useless.

Simulation and results in the performed simulation
The location of the lights is modified to investigate their

impact on evacuation speed. The indicator light is mod-
eled as a stationary particle with a defined target value.
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Figure 3. Simplified model of the holy courtyard including indicator lights

Any particle that enters the indicator light’s field of view
moves toward the light by improving its information re-
garding the best objective value. The simulation results
clearly demonstrate the advantages of utilizing indicator
lights. The average and worst-case iterations are observ-
able in Figure 3, requiring approximately 100,000 itera-
tions on average and 280,000 iterations in the worst case.
By observing the paths generated during the evacuation
process, it is evident that particles are attracted by the
indicator lights and evacuate at a higher speed. Particles
move toward the nearest light by following the evacua-
tion indicators, which positively impacts the correct exit
path. This experiment shows that the proposed frame-
work is capable of simulating the presence of indicator
lights without complicating the code structure.

Discussion

Given that validating evacuation maps in the real world
is highly difficult and costly, evacuation simulation sys-
tems have become an important and irreplaceable tool
for evaluating and testing these plans. Numerous studies
have been conducted on the development and implemen-
tation of various evacuation scenarios, and evolutionary
algorithms are typically used to obtain optimal solutions

Table 1. PSO algorithm parameters

for exits assignment, identify egress routes, and design
building interior layouts. Human-behavior simulation,
which is a critical topic in all related research, has been
widely investigated, and many studies have employed
PSO. One of the reasons for using PSO is the algorithm’s
ability to simulate human motion and avoid obstacles.
However, PSO algorithms in prior research have often
been complex and only suitable for specific, non-adaptive
conditions without flexibility to accommodate changes in
building structures. The research framework proposed in
this study is capable of examining all necessary factors for
simulating human evacuation scenarios.

These factors include human movement, obstacles, exit
signage, and—particularly—individuals with mobility or
visual impairments who have lower speed and reduced vis-
ibility compared with persons without such limitations. In
the field observations conducted, one of the doors had been
closed due to construction activities, and a scaffolding struc-
ture was installed within the mosque courtyard. The pro-
posed framework in this study is able to account for these
specific conditions and can provide appropriate evacuation
solutions for users in different scenarios. To demonstrate the
framework’s capabilities, the courtyard of the Goharshad
Mosque was selected as the case study site. The obtained

Parameter w < k Cos Vinax
Value 0.1 0.2 1.0 0.1 5
Table 2. Comparison of evacuation time with and without traffic lights
Figure 3a 3b
Average iterations 100870 70405
Worst-case iterations 280899 240542
Standard deviation 11200 9054
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results indicate the effective performance of this framework
under various conditions and its ability to provide evacuation
routes for users, thereby improving the evacuation process
and enabling appropriate measures to accelerate egress.

It should be noted that the challenges of simulating human
behavior due to its high complexity require further research.
Human behavior is influenced by various factors, such as
psychological and physical stressors. For example, research-
ers have examined the impact of individuals’ mental states
on how they move. Persons with disabilities, injured individ-
uals, or older adults exhibit movement behavior that differs
from that of others; therefore, this study employs different
PSO variants to achieve a more accurate simulation. Nev-
ertheless, the correct simulation of collective human move-
ment remains a challenging issue and will require further
research in the future.

Conclusion

The proposed framework successfully modeled human be-
havior and the needs of persons with disabilities in the evacu-
ation simulation of the Imam Reza holy shrine. The results
demonstrated the significant impact of guidance lamps and
the importance of algorithm adaptability in the presence of
complex obstacles.

By providing an advanced simulation framework, this study
has taken an effective step toward improving safe evacuation
management in urban spaces and public buildings. The find-
ings highlight the importance of this research in enhancing
the efficiency of evacuation processes and increasing over-
all public safety. By analyzing the effects of multiple fac-
tors, such as exit guidance lamps and potential obstacles,
this study enables designers and planners to support greater
speed and safety in emergency conditions through the use of
appropriate operational solutions.

Paying attention to the specific needs of individuals in crisis
conditions, alongside an emphasis on human behavior and
the role of psychological factors in decision-making, is anoth-
er important aspect of this study. Examining the effects of the
diversity of needs—particularly for vulnerable groups—can
lead to the design of coherent and comprehensive approaches
to improve evacuation conditions in public spaces.

Finally, it is recommended that future research focus on
more accurate simulations and on validating this framework
using real-world data. In addition, considering the role of hu-
man and social factors in evacuation processes can result in
the development of more effective crisis management solu-
tions. This study can serve not only as a pioneering reference
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in the field of evacuation simulation, but also as a suitable
foundation for future research in urban design and planning.

However, limitations, such as the lack of consideration of
the psychological stress experienced by individuals with
needs require further research. It is suggested that the effects
of human factors such as anxiety and group behavior be ex-
amined in future PSO versions.

Research limitations and future recommendations

The limitations of this study include snowball sampling
(with the possibility of sample homogeneity), limited access
to senior managers of the holy shrine, and self-reporting bias
in the questionnaire responses by experts, managers, faculty
members, and individuals with disabilities. In addition, the
geographic focus on Astan Qods Razavi and the holy shrine
of the Eighth Imam requires caution when generalizing these
findings to other regions. Future studies can reduce these
challenges by using stratified sampling, combining quantita-
tive and qualitative methods, and expanding the geographic
scope.
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