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This study examines the role of Virtual Reality (VR), Augmented Reality (AR),
and Mixed Reality (MR) technologies in improving Urban Design Quality (UQ)
and explains how these technologies influence cognitive and creative processes
in urban design. The research follows a quantitative, descriptive—analytical
approach, and data were collected through a questionnaire and analyzed using
Structural Equation Modeling (SEM). In the proposed model, Virtual Reality and
Augmented Reality are considered independent variables. Mixed Reality (MR),
Spatial Visualization (SP), Immersive Experience (IM), and Design Interaction
(D) act as mediating constructs that transfer the influence of immersive
technologies to the creative design process. Additionally, Design Creativity (DC)
and Idea Development (ID) are identified as key predictive variables contributing
to improved urban design quality. The findings show that immersive
technologies have significant effects on urban design quality. Virtual Reality
demonstrates a total effect of 0.44, while Augmented Reality shows a total effect
of 0.39 on urban design quality, with much of these effects occurring indirectly
through mediating variables. Among the constructs, Design Creativity (DC) has
the strongest direct influence on urban design quality with a path coefficient of
0.53, emphasizing the importance of creativity in the design process. Design
Interaction (DI) also contributes significantly with a coefficient of 0.42. Overall,
the model explains 0.73 of the variance in urban design quality, indicating strong
explanatory power and highlighting the value of immersive technologies in
enhancing urban design processes and outcomes.
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Introduction

Despite technological advancements, the
application of Augmented Reality (AR) and
Virtual Reality (VR) in architectural and
urban design remains limited, and their
precise role in idea development and design
creativity requires further investigation. The
main problem of this research is to examine
the impact of these technologies on the idea
development process in urban space design,
including their role in enhancing creativity,
spatial understanding, and design evaluation.
Given the complexity of urban issues and
urbanization, the use of these technologies,
due to their ability to display 3D models,
simulate environments, and create user
interaction, has high potential for improving
decision-making  quality and citizen
participation in design. Viewing proposed
designs in the real environment helps users
better understand their impacts and engage
more actively in the decision-making process.
Furthermore, these tools can enhance
creativity in the ideation phase, reduce design
errors, and improve communication among
designers and users. Considering the growing
importance of digital technologies and the
lack of comprehensive studies on their impact
on the ideation stage, this research aims to
better understand the capacities of AR and VR
in urban design and provide strategies for their
effective use in the design process.

Methodology

This study employs a practical and mixed-
methods approach (quantitative-qualitative).
The primary objective is to analyze the
relationships between variables related to AR
and VR technologies and the idea
development process in architectural and
urban design. For this purpose, quantitative
methods and Structural Equation Modeling
(SEM) are used as the main analytical tools.
Quantitative data are collected via a
standardized Likert-scale questionnaire using
validated indicators from previous studies
related to AR, VR, design creativity, spatial
visualization, and urban design. The content
validity of the questionnaire is initially
confirmed by architects and experts in
immersive technologies, and the final version
is prepared after implementing necessary

revisions. The statistical population includes
architectural designers, master’s and doctoral
students, and urban design specialists who
have practical experience using AR/VR
technologies.  Sampling is  conducted
purposively among individuals who have used
these systems at least once in design,
modeling, or project presentation processes.
Based on standard SEM criteria and
recommendations for increasing accuracy and
generalizability, the final sample size was set
at 200 participants. Data analysis is performed
using AMOS software. In the first step, the
measurement model is assessed for construct
reliability, composite reliability, convergent
validity, and discriminant validity. In the
second step, the structural model is analyzed
to determine the direct and indirect effects of
AR and VR on idea quality through mediating
variables such as spatial visualization,
immersive experience, design interaction, and
design  creativity.  Additionally,  short
interviews are conducted with a subset of
respondents to capture their practical
experiences regarding the impact of these
technologies on ideation. Combining these
methods  provides a  comprehensive
understanding of the role of AR and VR in
architectural design and helps identify the
specific pathways through which these
technologies influence urban space design.

Results and Discussion

The results indicate that the research variables
affect "Urban Design Quality" both directly
and indirectly, and the model structure
possesses a chain-like nature. Among the
technologies, "Virtual Reality" has the highest
total effect (0.44), consisting of a direct effect
of 0.18 and an indirect effect of 0.26, as it
facilitates interactive experience, spatial
understanding, and idea testing. "Augmented
Reality" also plays a significant role with a
total effect of 0.39, while "Immersive
Experience" (0.24) and "Spatial
Visualization" (0.22) contribute to quality
improvement. However, cognitive and
creative variables are the strongest predictors;
"Design Creativity" has the highest direct
effect (0.53), followed by "Design
Interaction" (0.42) and "Idea Development”
(0.31). These findings suggest that while
extended reality technologies provide the
necessary context for experience and
interaction, the ultimate determinant in
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enhancing urban design quality remains the
creativity and cognitive processes of
designers. Therefore, the effective use of these
technologies yields maximum impact when
integrated with creative, interactive, and
experience-oriented design processes.

Conclusion

This research aimed to elucidate the role of
Virtual Reality (VR), Augmented Reality
(AR), and Mixed Reality (MR) in enhancing
Urban Design Quality (UDQ), emphasizing
cognitive, interactive, and creative processes
in design. The main achievement is the
provision of a coherent structural framework
demonstrating  that  extended reality
technologies act not merely as visual
representation tools but as effective drivers in
strengthening Design Interaction (DI), Spatial
Visualization (SP), Immersive Experience
(IM), Design Creativity (DC), and Idea
Development (ID), thereby influencing UDQ.
Structural model results showed that VR and
AR technologies, in addition to their direct
effects on UDQ, transmit a significant portion
of their impact through mediating constructs.
This indicates that the primary role of these
technologies lies in creating interactive and
experiential contexts that allow for a deeper
understanding of space, more accurate
evaluation of design options, and testing of
various scenarios. Furthermore, Mixed
Reality (MR) serves as a connecting link
between real and virtual elements, playing a
crucial role in enhancing immersive
experience and improving spatial cognitive
processes. Among the model variables,
"Design Creativity" showed the strongest
direct effect on UDQ, emphasizing that while
modern technologies provide the necessary
tools, the designer’s creative capacity is the
decisive factor in improving urban design
quality. "Idea Development" also played a
significant role in improving design quality,
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highlighting the importance of the idea
development, refinement, and evolution
process in achieving high-quality urban
designs. Conversely, "Design Interaction,"
"Spatial Visualization," and "Immersive
Experience" act as mediating constructs that
form the pathway for technology effects to
reach the final outcome. This finding indicates
that urban design quality is the result of a
chain process where technology, experience,
cognition, and creativity operate in an
integrated manner. Theoretically, this
research bridges the gap between extended
reality technologies and concepts of design
creativity and urban environmental quality,
taking a step toward developing
interdisciplinary literature among urban
planning, environmental design, and digital
technologies. The proposed framework shows
that the impact of technologies is maximized
when they serve to enhance design interaction,
spatial visualization, and the development of
creative ideas. Practically, the results indicate
that the targeted use of VR, AR, and MR
technologies in urban design processes can
enhance the quality of analysis, evaluation,
and design modification. These technologies
enable pre-construction experience,
simulation of various scenarios, and
examination of the spatial consequences of
design decisions, transforming the design
process from a purely representational activity
to an interactive, experiential, and creative
process. Despite scientific and practical
achievements, this research faced certain
limitations, including limited access to
samples with extensive practical experience in
using extended reality technologies in urban
projects and variations in respondents’
familiarity with these technologies. However,
the framework proposed by this research
offers practical solutions for optimizing urban
design processes through the integration of
technology and creativity.
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