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Highlights

- Designing interactive urban spaces using virtual reality enables the enhancement of citizens’ environmental perception before
physical implementation.

- Adherence to human scale, distinct spatial identity, sense of security, and intelligent integration of natural and service elements are
key factors in improving environmental perception quality.

- The combination of user-centered interactive design and virtual reality technology can create sustainable, flexible, and responsive
urban spaces addressing diverse citizen needs.

Interactive urban space is a multidimensional domain that provides a purposeful platform for | Received 09/07/2025
social interactions, cultural exchanges, and technological linkages. This research aims to design | revised 25/08/2025
such spaces by employing virtual reality (VR) to enhance users’ environmental perception,
selecting Farahzadi Street in Tehran as a case study. The primary challenge in this context is the
dominance of on-street parking and motor vehicles, along with the lack of adequate pedestrian
space, which constrains the formation of social interactions. Adopting a mixed-methods research
methodology—integrating documentary, field, and survey-based studies—the theoretical
framework of the research is structured around three main pillars: the conceptualization of
interactive urban spaces (encompassing physical, geographical, managerial-governance, and
psychological components), the articulation of technology-driven interactive design, and the | Interactive Design

capacities of virtual reality in simulation and participation facilitation. The findings indicate that | Virtual Reality

the most effective factors in enhancing environmental perception on Farahzadi Street include | Environmental Perceptions
adherence to human scale, a distinctive spatial identity, a sense of safety, access to a favorable | yser.centered Design
microclimate, and the intelligent integration of natural elements with pleasant visual and auditory | gesponsive Urban Environment.
landscapes and urban services. Moreover, virtual reality plays a role in five key domains: spatial
visualization, interactive navigation, dynamic simulation, qualitative analysis, and the facilitation
of citizen participation. These capabilities were materialized through a three-dimensional model
developed in Blender software, enabling spatial experience and the collection of user feedback
prior to physical implementation. Consequently, integrating user-centered interactive design
with virtual reality technology can meaningfully enhance all four dimensions of environmental
perception quality—semantic—perceptual, functional-activity-based, aesthetic—formal, and
environmental—ultimately contributing to the creation of more sustainable, flexible, and
responsive urban spaces.
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Introduction: The urban space, as a platform for social interactions, is both influenced by and influences
the formation and direction of these interactions. From this perspective, urban space, with its formative
content, transforms into a symbolic center of collective values, expressing and manifesting its power within
the physical fabric of the space. Accordingly, one of the fundamental functions of urban spaces is to create the
necessary opportunities for the formation of social interactions (Gehl, 2013; Jacobs, 1961). This allows individ-
uals, while spending their time in social environments, to develop a deeper connection with society and place
through interaction with others. This process ultimately strengthens the sense of place attachment and social
cohesion, thereby ensuring the sustainability of collective life within the urban context (Madanipour, 2021).

Since humans live in a physical world with predominantly physical interactions, space acts as a physical inter-
face for these interactions (Malhotra & Dobriyal, 2021). Consequently, interactions are defined as user—space
interactions, user interactions within space, and user interactions through space (Deng et al., 2017; Kowkabi &
Barmayehvar, 2021). Space is recognized as a platform for interaction, and every interaction or use contribut-
ing to its formation gives it meaning. The process of creating interaction-generating spaces follows a four-stage
framework, with the first three stages preceding the implementation and construction phase, and the fourth
stage emerging subsequent to the physical realization of the design and the establishment of the interactive
space (He & Li, 2022). A crucial point in this process is the observation and analysis of users’ behavioral pat-
terns and their reactions to space, which not only leads to a novel understanding of interactive space but also
imparts a dynamic and fluid nature to the interactive space design process (He et al., 2024). In conditions
where interactions are increasingly dependent on technology and the digital realm, one effective method
for visualizing interactive spaces is the utilization of virtual reality (VR) technology. By integrating visual and
audio data within specialized hardware and software, this technology creates a simulated virtual environment
in which users experience a sense of physical presence in a three-dimensional space and are encouraged to
engage with and control their surroundings (Garshasbi et al., 2022; Bouchlaghem & Kim, 2022). The visualiza-
tion and prediction capabilities of virtual reality enable researchers, including those in urban studies, to con-
duct real-time analyses of various scenarios and assist decision-makers and stakeholders in addressing urban
issues. Virtual reality has had profound impacts on the future of urban design, particularly within the smart
city framework. The application of internet-based virtual reality enhances public participation in planning and
design processes and provides a platform that enables designers to engage in projects without geographical
constraints (Lara-Hernandez & Melis, 2023). Among the fundamental advantages of this technology are the
ability to evaluate design ideas in a three-dimensional environment and in real time during the design and
planning phases, as well as facilitating effective communication among various stakeholders, including aca-
demics, planning professionals, and local communities (Jamei et al., 2017).

Cities, as the most vibrant arenas for social interaction, face numerous challenges concerning the quality of
public spaces in the contemporary era. One such challenge is the dominance of vehicular traffic over pedes-
trian areas and the prevalence of on-street parking, which not only compromise pedestrian safety and acces-
sibility but also severely weaken the foundations for social interaction. This issue is tangibly observable on
Farahzadi Street, located in the Farahzad neighborhood of District 2 of Tehran Municipality, where the lack of
adequate pedestrian pathways and the dominance of vehicles restrict the dynamic and safe presence of citi-
zens in the public realm and weaken residents’ social bonds with the neighborhood space. Therefore, this re-
search, based on prioritizing pedestrian movement on Farahzadi Street and creating connections between this
interactive axis and the surrounding third places, seeks to regenerate suitable interactive spaces to enhance
citizens’ environmental perceptions through increased public presence, pedestrian-oriented design, and the
prevention of vehicular dominance within the neighborhood fabric. This objective is addressed through the
design of the space within a three-dimensional virtual reality environment.

The research aims to enhance citizens’ qualitative environmental perceptions through the design of interac-
tive spaces using virtual reality technology, with a specific focus on Farahzadi Street. The necessity of conduct-
ing this research stems from several perspectives, including: presenting practical solutions for transforming
Farahzadi Street into a pedestrian-oriented and interactive axis; developing and localizing the application of
virtual reality technology in the urban design process; and integrating urban design knowledge with insights
from behavioral sciences and digital technologies. In this regard, the main research question examines how
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interactive spaces designed using virtual reality technology can enhance the quality of citizens’ environmen-
tal perceptions. Accordingly, the detailed research questions are as follows: What are the key components
influencing citizens’ environmental perceptions in interactive spaces? What capabilities does virtual reality
technology offer in the design of interactive urban spaces? And what is the optimal design process for an
interactive space on Farahzadi Street using virtual reality technology?

Materials and Methods: This applied research employed a descriptive-analytical and mixed-meth-
ods (qualitative-quantitative) approach. Theoretical information was gathered from documentary stud-
ies (library and electronic resources). Field data were collected through 40 semi-structured interviews and
open-ended questionnaires with space users to identify their preferences, perceptions, and technological
aptitude. Data analysis involved SPSS for quantitative trends and in-depth thematic analysis for qualitative
insights. In the design phase, an interactive 3D model was developed using Blender, incorporating urban ele-
ments and virtual reality capabilities for preliminary design testing.

Refinement of interactive
design indicators through
litreture review

3D simulation of the
interactive space using Blender
software.

The design of an animation based on
pedestrain's camera path, aligned

with human movement patterns, and
urban space elements.

Figure 1: The process of Urban Interactive Design by means of virtual reality

Findings: This study analyzes Farahzadi Street in Tehran, focusing on its physical, cultural, and social as-
pects, user perceptions, and urban experience.

Key findings include:

Dominant Land Use & Attraction: Primarily commercial (restaurants and cafes), attracting families and young
people.

Spatial Usage Patterns: Gathering axes are Imamzadeh Davood and Farahzadi. People gather for natural ele-
ments and food/beverages, but open public spaces are less utilized.

User Perceptions (Satisfaction & Security): 75% report high satisfaction, but security (especially after 10 PM)
is @ major concern, with reported theft and conflicts.

Socio-Demographics & Technology: The local community maintains its identity. Education levels are diverse,
and smartphone use is high among those aged 20 and above.

Virtual Reality (VR) Potential: Strong interest in using VR for experiencing activities and virtual tours of Fa-
rahzadi Street.

iscussion and Conclusion: This research demonstrates that designing interactive urban spaces via
Virtual Reality (VR) significantly enhances environmental perception and urban quality of life. By integrat-
ing user-centered design with VR, the study identifies human scale, spatial identity, security, and microclimate
as pivotal factors in urban experience.
Key conclusions include:
VR Utility: The technology excels in spatial visualization, interactive navigation, and dynamic simulation, al-
lowing for precise pre-implementation evaluation.
Citizen Engagement: VR fosters higher participation in the design process, leading to more informed, inclu-
sive, and democratic decision-making.
Sustainability and Belonging: Leveraging VR creates responsive, flexible, and sustainable environments that
strengthen the social bond between citizens and their urban surroundings. Inclusivity: The study highlights
the potential of VR in designing accessible spaces tailored to diverse social groups, including children and
adolescents, thereby improving overall social and environmental qualities.
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In conclusion, VR serves as a transformative tool for assessing the primary prescription of design, before de-
signing the urban spaces which promote social interaction and long-term sustainability.
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Highlights

- Designing interactive urban spaces using virtual reality enables the enhancement of citizens’ environmental perception before

physical implementation.

- Adherence to human scale, distinct spatial identity, sense of security, and intelligent integration of natural and service elements are

key factors in improving environmental perception quality.

- The combination of user-centered interactive design and virtual reality technology can create sustainable, flexible, and responsive

urban spaces addressing diverse citizen needs.

Interactive urban space is a multidimensional domain that provides a purposeful platform for
social interactions, cultural exchanges, and technological linkages. This research aims to design
such spaces by employing virtual reality (VR) to enhance users’ environmental perception,
selecting Farahzadi Street in Tehran as a case study. The primary challenge in this context is the
dominance of on-street parking and motor vehicles, along with the lack of adequate pedestrian
space, which constrains the formation of social interactions. Adopting a mixed-methods research
methodology—integrating documentary, field, and survey-based studies—the theoretical
framework of the research is structured around three main pillars: the conceptualization of
interactive urban spaces (encompassing physical, geographical, managerial-governance, and
psychological components), the articulation of technology-driven interactive design, and the
capacities of virtual reality in simulation and participation facilitation. The findings indicate that
the most effective factors in enhancing environmental perception on Farahzadi Street include
adherence to human scale, a distinctive spatial identity, a sense of safety, access to a favorable
microclimate, and the intelligent integration of natural elements with pleasant visual and auditory
landscapes and urban services. Moreover, virtual reality plays a role in five key domains: spatial
visualization, interactive navigation, dynamic simulation, qualitative analysis, and the facilitation
of citizen participation. These capabilities were materialized through a three-dimensional model
developed in Blender software, enabling spatial experience and the collection of user feedback
prior to physical implementation. Consequently, integrating user-centered interactive design
with virtual reality technology can meaningfully enhance all four dimensions of environmental
perception quality—semantic—perceptual, functional-activity-based, aesthetic—formal, and
environmental—ultimately contributing to the creation of more sustainable, flexible, and
responsive urban spaces.
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