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Extended Abstract

Introduction

In the twenty-first century, the tourism industry has emerged as a major driver of global economic growth,
employment generation, and sustainable development, while increasing competition among destinations
has intensified the focus on enhancing tourist experience quality and satisfaction. Within this context,
shopping tourism has gained prominence as a rapidly growing segment that significantly contributes to
revenue generation and destination competitiveness. Free trade and industrial zones, particularly in Iran,
have become key hubs for this form of tourism due to their commercial capacities and concentration of
retail facilities. However, such spatial concentration has led to crowding, which represents a critical
challenge for destination management.

Crowding extends beyond physical density to include tourists’ subjective perceptions of congestion and
reduced control, potentially diminishing satisfaction and overall experience quality. Conversely, effective
visitor flow management can mitigate these negative effects and enhance experiential outcomes. Recent
technological advancements have introduced the phygital approach, which integrates physical and digital
experiences to enable more interactive, personalized, and efficient management of tourist flows.
Technologies such as artificial intelligence, the Internet of Things, and augmented reality facilitate real-
time monitoring and intelligent guidance of visitors.

Physical crowd management thus constitutes a multidimensional system that relies on the synergy of
managerial, infrastructural, economic, and technological factors. Tourist satisfaction, as a key indicator of
experience quality, is particularly sensitive to the gap between expectations and actual experiences under
crowded conditions. Despite growing scholarly attention, significant gaps remain in the integrated analysis
of these variables, especially within shopping tourism contexts. Accordingly, this study aims to develop a
comprehensive framework to examine the role of phygital crowd management in enhancing shopping
tourists’ satisfaction in Iran’s free trade zones.

Research Methodology

This study was designed based on Saunders’ research onion framework using a sequential exploratory
mixed-methods approach to provide a comprehensive analysis of phygital crowd management. At the
philosophical level, the qualitative phase was grounded in interpretivism, while the quantitative phase
adopted a pragmatic stance; correspondingly, an inductive approach was employed for concept generation
and a deductive approach for empirical testing. In the qualitative stage, data were collected through semi-
structured interviews with 15 experts selected via purposive and snowball sampling, and analyzed using
thematic analysis in MAXQDA 2.

In the quantitative stage, 32 experts participated in the prioritization of factors using the fuzzy Delphi
method, supported by a researcher-developed questionnaire based on a fuzzy Likert scale, with data
analyzed in Excel 16. The validity and reliability of the instruments were rigorously confirmed using Q-
sort, Cohen’s kappa coefficient, and test-retest methods.

In the final phase, a hybrid modeling approach integrating agent-based modeling and system dynamics was
implemented in AnyLogic g9 to analyze system dynamics and predict outcomes. Scenario design was
conducted using the Taguchi method in Minitab 11 (27 scenarios), and the optimal scenario was determined
based on the signal-to-noise ratio. The study was conducted as a cross-sectional research in 2025, with
simulations developed over a five-year horizon (2025-2030). Finally, model validation was performed
through sensitivity analysis to ensure the robustness and reliability of the results.

Research Findings

The findings of the study revealed that phygital crowd management for enhancing shopping tourists’
satisfaction in Iran’s free trade and industrial zones is grounded in six principal dimensions: Destination
Carrying Capacity and Tourist Flow Management, interactive advanced technologies, economic factors,
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marketing, infrastructure, and education. In the qualitative phase, the analysis of expert interview data
identified these dimensions as the core pillars of intelligent crowd management. In the quantitative phase,
the fuzzy Delphi results indicated that Destination Carrying Capacity and Tourist Flow Management ranked
first in importance, followed respectively by infrastructure, economic factors, interactive advanced
technologies, marketing, and education. This pattern suggests that the effectiveness of phygital crowd
management depends primarily on the quality of regulatory mechanisms, institutional coordination, and the
availability of adequate infrastructural foundations.

The results of the agent-based and system dynamics simulations further demonstrated that the synergistic
interaction of these six factors can significantly strengthen the transition from tourists’ potential satisfaction
to actual satisfaction. Based on the scenario design, Scenario 25 was identified as the optimal configuration,
in which Destination Carrying Capacity and Tourist Flow Management, infrastructure, and economic
factors were set at high levels of effectiveness, interactive advanced technologies and marketing at moderate
levels, and education at a lower level. The simulation results showed that, over the projected time horizon,
the level of shopping tourists’ satisfaction development reaches 79%, while the remaining 21% is
constrained by structural inhibiting factors. Moreover, the sensitivity analysis confirmed that the model
responds to variations in factor levels in a logical, stable, and analytically robust manner, fully consistent
with the Taguchi-based results.

Conclusion

This study demonstrates that phygital crowd management, as an integrated approach, plays a pivotal role
in regulating tourist experiences and enhancing shopping tourists’ satisfaction in high-density destinations.
The findings indicate that Destination Carrying Capacity and Tourist Flow Management, as the primary
driving force, interacts with infrastructure, economic mechanisms, technology, marketing, and education
to form a dynamic system that simultaneously manages physical flows and tourists’ perceived experiences.
Moreover, the synergy among these factors contributes to improving tourism experience quality through
intelligent demand distribution, increased perceived control, and reduced gaps between expectations and
actual experiences. Simulation results further reveal that coordinated implementation of these factors can
significantly enhance tourist satisfaction, although certain structural constraints may still limit optimal
outcomes. Overall, the study provides an integrated and practical framework for smart crowd management
and strengthening the competitiveness of shopping tourism destinations.
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for (Person person : population) {
if (person.State.equals ("Shopping
Tourists")) {
if (uniform(0, 15) <
Conversion_Rate_to_Potential) {
person.State = "Potential";

}
}
}
for (Person person : population) {
if (person.State.equals ("Potential™)) {
if (uniform(0, 25) <
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« Shopping Tourists .5
Shopping Tourists with Potential
Satisfaction

Shopping Tourists with .5

Conversion_Rate_to_Actual * (1 -
Barrier_Effect)) {
person.State = "Actual”;
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4 Potential Satisfaction
Shopping Tourists with Actual

} Satisfaction

}
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