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Introduction:

The rapid advancement of digital technologies over the past two decades has
fundamentally transformed the nature of cities and the ways they are planned, designed,
and managed. The development of artificial intelligence (Al), the Internet of Things (loT),
big data, digital twins, and particularly the metaverse has gradually blurred the boundary
between physical and virtual spaces, transforming the city from a purely physical entity
into a dynamic, multi-layered system based on simultaneous human and digital
interactions. Under these circumstances, urban design can no longer be confined to the
physical organization of urban spaces; instead, it must explain the interrelationships
among people, technology, culture, the environment, and urban governance within an
integrated conceptual framework. Throughout the past century, numerous urban
theories from the Garden City and Functional City to the Sustainable City, Creative City,
and Smart City have attempted to address different aspects of urban development.
Although these theories have significantly contributed to urban design knowledge, most
have focused on one or a limited number of dimensions and have failed to integrate
human, cultural, environmental, and technological aspects into a unified theoretical
framework. Moreover, while the metaverse has opened new opportunities for
interaction, participation, decision-making, and spatial experience, existing studies have
primarily concentrated on its technological and infrastructural dimensions rather than its
theoretical implications for urban design. Likewise, practical experiences of smart cities
demonstrate that technology alone cannot improve urban quality of life without
simultaneously addressing identity, culture, spatial justice, environmental sustainability,
and citizens' real needs. Accordingly, this study proposes the Metaverse Spider-Web
Urban Design Theory, which conceptualizes the city as a dynamic network of human,
cultural, environmental, and technological relationships and provides a conceptual
framework for understanding and designing future cities.

The Purpose of the Research:

This study aims to develop the Metaverse Spider-Web Urban Design Theory (MSWUDT)
as a novel conceptual framework that integrates human-centered values, geographical
culture, environmental sustainability, and metaverse technologies to support the analysis,
planning, and design of future cities.

Methodology:

This study is fundamental in purpose and theory-building in nature. It adopts a qualitative
research approach based on documentary analysis, a systematic literature review, and
conceptual synthesis. Rather than testing an existing theory, the research aims to
formulate the Metaverse Spider-Web Urban Design Theory (MSWUDT) by integrating
human-centered values, geographical culture, environmental sustainability, and
metaverse technologies into a unified conceptual framework for future urban design.
The research corpus consisted of scholarly publications on urban design, smart cities,
sustainable cities, critical and network theories, digital twins, and the metaverse. Relevant
sources were collected from Scopus, Web of Science, ScienceDirect, SpringerLink, Taylor
& Francis, Wiley Online Library, IEEE Xplore, and Google Scholar. The literature was
selected according to four criteria: relevance to the research topic, scientific credibility,
academic influence, and contribution to the theoretical framework.
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The theory-building process was conducted in four stages. First, the literature was
systematically reviewed to identify key concepts, theoretical foundations, and
relationships among existing approaches. Second, the selected theories were
comparatively and critically analyzed to identify their strengths, limitations, and
theoretical gaps, particularly regarding human-centeredness, geographical culture,
environmental sustainability, and emerging digital technologies. Third, a conceptual
synthesis method was employed to integrate the extracted concepts and develop the
preliminary framework of MSWUDT by establishing logical relationships among its core
dimensions. Finally, the preliminary framework was theoretically refined to evaluate its
internal consistency, conceptual coherence, and explanatory capacity, resulting in the
final formulation of the proposed theory.

To enhance research trustworthiness, theoretical triangulation was applied by comparing
findings from classical, critical, network-based, and technology-oriented urban theories.
All analyses were grounded in peer-reviewed academic sources to strengthen the
robustness of the proposed framework. The resulting Metaverse Spider-Web Urban
Design Theory (MSWUDT) provides a coherent conceptual model for explaining the
interrelationships among human, cultural, environmental, and technological dimensions
and offers a theoretical foundation for urban design in the metaverse era.

Findings and Discussion:

The Metaverse Spider-Web Urban Design Theory (MSWUDT) extends existing urban
design theories by integrating their strengths within a unified conceptual framework.
Unlike classical urban design theories, which primarily emphasize physical form, spatial
order, and the relationship between cities and nature, MSWUDT reinterprets these
principles in the context of digital transformation by incorporating metaverse
technologies while preserving human-centered and environmental values.

Compared with critical and network-based theories, the proposed framework broadens
concepts such as the right to the city, spatial justice, participatory governance, and the
network society by extending them from physical urban spaces to integrated physical—
virtual environments. It argues that equitable access to digital infrastructure, virtual
participation, and metaverse-based decision-making should become essential
components of future urban development.

Unlike conventional smart city approaches, which largely prioritize technological
efficiency and data-driven management, MSWUDT positions technology as a means
rather than an end. The framework emphasizes that technological innovation should
enhance quality of life, strengthen cultural identity, promote environmental
sustainability, improve spatial justice, and support citizen participation. The principal
contribution of this theory is the introduction of a spider-web network structure, where
human-centeredness, geographical culture, environmental sustainability, metaverse
technology, governance, security, mobility, infrastructure, economy, and spatial justice
are interconnected and mutually reinforcing. This holistic framework provides a
theoretical foundation for future research, policy-making, and the planning and design of
resilient, human-centered, culturally responsive, and sustainable metaverse cities.
Conclusion:

This study introduces the Metaverse Spider-Web Urban Design Theory (MSWUDT) as a
novel conceptual framework integrating human-centeredness, geographical culture,
environmental sustainability, and metaverse technologies. The findings demonstrate that
future urban design requires a balanced interaction among ten interconnected
dimensions rather than a technology-driven approach alone. The theory redefines the
metaverse as a platform for enhancing participation, urban experience, and decision-
making instead of merely a digital technology. Although conceptually developed through
critical literature analysis and conceptual synthesis, the framework provides a foundation
for future empirical validation, indicator development, structural modeling, and practical
applications in designing resilient, sustainable, and human-centered metaverse cities.
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Highlight
- Introduces the Metaverse Spider-Web Urban Design Theory (MSWUDT) as a novel framework integrating human-
centered, cultural, environmental, and technological dimensions for future urban design.

- Develops a theoretical structure based on four fundamental pillars and ten key dimensions, revealing the networked
relationships among urban design components across integrated physical—-virtual environments.

- Provides a conceptual foundation for advancing urban design theory and supporting the planning and governance of
metaverse-enabled, smart, human-centered, culturally responsive, and sustainable cities.
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