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Highlights

- The study integrates social and technological dimensions of sustainable urban design through the metaverse
framework.

- Security, trust, and civic participation emerged as the most influential components in the Tabriz model.

- The metaverse acts as a mediator linking social interaction, equity, and cultural identity in urban sustainability

he rapid growth of emerging technologies and the rise of the metaverse as a new Received 27/03/2025
platform for human interaction have opened new horizons in the field of urban Revised 22/04/2025
design and planning. These interactive virtual environments can not only expand Accepted 17/05/2025

digital social spaces but also contribute to strengthening the social dimensions Available Online  19/06/2025
of urban sustainability. Accordingly, this study aims to analyze the role of social
dimensions in sustainable urban design in the metropolis of Tabriz, with an emphasis
on the metaverse. The research is applied in purpose and employs a quantitative
survey-based methodology. Data were collected through a questionnaire administered
to experts in urban planning and technology and were analyzed using structural
equation modeling (SEM). The results indicate that metaverse interaction has a positive
and significant effect on various dimensions of social sustainability, with the greatest ;.1 i interactions
impact observed in enhancing perceived security and institutional trust. Moreover,  1apri; Metropolis.
citizen participation, social cohesion, social inclusion, and place attachment were

identified as key components of social sustainability, each playing an essential role

within metaverse-based urban design frameworks. Therefore, the strategic utilization

of metaverse capabilities can offer an innovative approach to strengthening social

interactions, promoting spatial justice, and enhancing social sustainability in future

metropolises, particularly in Tabriz.
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ntroduction: The rapid pace of urbanization in recent decades has generated complex challenges

for urban planning and design, including increased pressure on infrastructure, spatial inequalities, and
declining social cohesion. In this context, sustainable urban design has emerged as a comprehensive
approach that integrates the physical, environmental, and social dimensions of urban development.
Research shows that even with significant investments in physical infrastructure, sustainable urban
development cannot be achieved without citizen participation, social trust, and a sense of belonging. At the
same time, emerging technologies—particularly the metaverse—have opened new horizons for redefining
urban management and design processes. As an interactive digital environment that links physical and
virtual spaces, the metaverse enables the re-creation of urban environments, public consultations, and
more transparent decision-making. However, most existing studies have concentrated on the technological
or economic aspects of the metaverse, leaving its social implications relatively underexplored.
Despite its rich historical background and expanding technological infrastructure, the Tabriz metropolis faces
challenges such as limited civic participation and weakened social trust. Therefore, the central question of
this research is how the metaverse can enhance the social dimensions of sustainable urban design in Tabriz.
The study aims to identify and explain the key social components influencing sustainable urban design
through the integration of metaverse capabilities, employing Structural Equation Modeling (SEM) for data
analysis. The findings are expected to provide a foundation for urban policies that strengthen participation,
trust, security, and social inclusion, ultimately contributing to a more sustainable, participatory, and
intelligent city.

aterials and Methods: This study employs an applied and descriptive—analytical research design

based on expert-derived data to evaluate the role of social dimensions in sustainable urban design,
with an emphasis on the metaverse in the Tabriz metropolis. The study population consisted of experts in
urban planning, architecture, urban management, smart technologies, and social sciences. Participants were
selected using a purposive snowball sampling technique to ensure that respondents possessed professional
experience, subject-matter knowledge, and a theoretical understanding of the interconnections between
technology and urban design.
To estimate the sample size and ensure the statistical power of the tests, G*Power software (version 3.1.9.7)
was used to determine appropriate model parameters. Based on the requirements of structural equation
modeling (SEM), a minimum of 287 experts was identified as the adequate sample size. This number satisfies
the recommended thresholds for confirmatory factor analysis (CFA) and provides sufficient representation
of the study’s multidisciplinary scope.
Data were collected through a researcher-developed questionnaire derived from the theoretical
framework and previous studies. The instrument contained 45 items structured across 15 indicators and 5
main dimensions: (1) social interaction and participation, (2) justice and equity, (3) security and trust, (4)
urban identity and culture, and (5) urban metaverse technology. Each indicator was measured using three
reflective items.
Content validity was confirmed through expert judgment and the Content Validity Index (CVI). Data
normality was assessed using the Kolmogorov—Smirnov test, while sampling adequacy and sphericity were
verified using the KMO index and Bartlett’s test. Exploratory factor analysis (EFA) with principal component
analysis and Varimax rotation confirmed the five-dimensional, fifteen-indicator model. The measurement
model was tested using SPSS and AMOS version 26.
Internal consistency and composite reliability (Cronbach’s alpha and CR) met the acceptable thresholds.
Convergent validity was confirmed using the Average Variance Extracted (AVE), and discriminant validity was
validated through the Fornell-Larcker criterion and the HTMT ratio. Common method bias was controlled
through Harman’s single-factor test. Model fit indices (x¥df, RMSEA, CFl, TLI, IFl, and GFIl) indicated
satisfactory measurement validity. Finally, the structural model was estimated, and the path coefficients,
critical ratios, R?, Q?, 2, and the overall Goodness of Fit (GoF) index demonstrated strong consistency
between the proposed model and the expert data from Tabriz.
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indings: The results of this research confirm that sustainable urban design in Tabriz is strongly shaped

by the interaction between social and technological dimensions. Among the five examined components,
security and trust emerged as the strongest factor, indicating that citizens’ confidence in data protection,
transparency, and institutional reliability is fundamental to achieving both digital and social sustainability.
When individuals perceive their digital environment as safe and fair, they are more likely to participate in
metaverse-based interactions and urban decision-making processes.
Social participation and interaction were also found to play a key mediating role, suggesting that the
metaverse can serve as an effective platform for collective collaboration, civic dialogue, and participatory
design. Justice and equity contributed positively to sustainability outcomes, demonstrating that
technological accessibility and inclusion within virtual spaces can help reduce social inequalities in urban
contexts. Although cultural identity showed relatively lower levels of influence, it remains a crucial element
in strengthening local attachment and ensuring that the digital transformation of cities reflects their unique
heritage and values.
The findings emphasize that technology alone cannot create sustainable cities. Achieving sustainability
requires the integration of digital infrastructure with social trust, participation, and inclusive governance.
The proposed model, which explains a substantial portion of the variance in sustainable urban design,
shows that the metaverse is not merely a technological innovation, but a socio-technical framework that
reshapes urban governance and citizenship.

Discussion and Conclusion: A comparison of the statistical findings with previous studies indicates
that the Tabriz model performs above average in its social dimensions—particularly in indicators of
security, trust, and digital participation—while the cultural and identity components still require targeted
policymaking and cultural intervention. These similarities and differences reveal that achieving sustainable
urban development within the metaverse depends not only on technological infrastructure, but also
on social capital, institutional trust, and civic engagement. Sustainable urban design in Tabriz cannot be
achieved without integrating technological components—especially the metaverse—into the city’s social
fabric. As an emerging environment, the metaverse links social, cultural, and technological dimensions,
transforming urban decision-making from a linear, hierarchical process into a networked, interactive, and
multi-layered system.

The structural model analysis confirms that social elements such as civic participation, social inclusion,
institutional trust, perceived security, and cultural attachment play essential roles in explaining social
sustainability. The metaverse acts as a mediating factor that strengthens these interconnections, generating
synergy among them. Thus, a sustainable city is not merely the outcome of physical interventions, but the
product of intelligent interaction between technology and society.

The final model demonstrates that social dimensions influence sustainable design both directly and
indirectly through the mediating role of the metaverse. Despite limitations related to expert-based data
and the still-limited application of metaverse technologies, the findings provide a foundation for new
urban policies in Tabriz and offer a potential model for other Iranian metropolises.
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survey-based methodology. Data were collected through a questionnaire administered
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and significant effect on various dimensions of social sustainability, with the greatest ;.1 i interactions
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citizen participation, social cohesion, social inclusion, and place attachment were
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