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Abstract: This study investigates objective measures of emotion during virtual walks through urban
environments. Utilizing immersive virtual reality (VR) technology, participants were immersed in
virtual urban settings while their emotional responses were recorded using various physiological and
behavioral measures. The study aims to quantify emotions such as stress, arousal, and pleasure,
experienced during virtual urban walks, using objective metrics derived from physiological signals and
behavioral cues. Findings provide insights into the emotional impact of urban environments and
contribute to the development of objective measures for assessing emotional experiences in virtual
reality settings.
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INTRODUCTION

Emotional experiences are integral to human perception and behavior, profoundly influenced by
environmental factors such as urban landscapes. Understanding the emotional impact of urban
environments is crucial for designing cities that promote well-being and quality of life. Traditional
methods of assessing emotional responses rely on subjective self-report measures, which may be prone
to bias and inconsistency. In recent years, advances in immersive virtual reality (VR) technology have
provided opportunities to investigate emotional responses in controlled environments, offering objective
measures of emotion during virtual experiences.

This study focuses on quantifying emotions during virtual walks through urban environments using
objective measures derived from physiological signals and behavioral cues. By immersing participants in
virtual urban settings and recording their emotional responses, we aim to gain insights into the emotional
impact of urban landscapes and develop objective metrics for assessing emotional experiences.
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The use of VR technology allows for the creation of realistic virtual environments that simulate real-world
urban settings, offering a controlled yet immersive experience for participants. During virtual walks,
participants' physiological responses, such as heart rate, skin conductance, and facial expressions, are
recorded in real-time to capture their emotional states. Additionally, behavioral cues, including body
language and movement patterns, are analyzed to further elucidate participants' emotional responses.

By employing objective measures of emotion, this study seeks to overcome limitations associated with
traditional self-report methods, providing more reliable and precise assessments of emotional
experiences. Objective metrics derived from physiological signals and behavioral cues offer a deeper
understanding of the emotional impact of urban environments, facilitating evidence-based urban design
and planning strategies.

The findings of this study have implications for various stakeholders, including urban planners, architects,
and policymakers, seeking to create more emotionally engaging and sustainable urban environments. By
guantifying emotions during virtual urban walks, we can identify design elements and interventions that
enhance emotional well-being and promote positive experiences in urban settings.

In summary, this study contributes to the growing body of research on emotional experiences in urban
environments by leveraging VR technology and objective measures of emotion. Through the
guantification of emotions during virtual walks, we aim to enhance our understanding of the emotional
impact of urban landscapes and inform the design of more emotionally engaging and livable cities.

METHOD

In the process of quantifying emotions during virtual urban walks, a systematic approach was adopted to
integrate immersive virtual reality (VR) technology with objective measures of emotion. Initially, a virtual
urban environment was meticulously designed and developed using VR software, incorporating elements
reflective of real-world urban settings. This virtual environment was crafted to evoke emotional responses
commonly associated with urban experiences, such as stress, arousal, and pleasure, while ensuring a
controlled and immersive experience for participants. Recruitment of participants from the community
followed, with each individual providing informed consent to partake in the study. Participants underwent
virtual urban walk experiences while their physiological responses and behavioral cues were recorded in
real-time.

Physiological monitoring was conducted using wearable devices to capture participants' physiological
signals, including heart rate, skin conductance, and electroencephalography (EEG) activity. These
physiological signals served as objective indicators of emotional arousal and stress levels experienced
during the virtual walks. Concurrently, behavioral observation was conducted to capture participants'
body language, facial expressions, and movement patterns using video recordings and observational
notes. These behavioral cues provided additional insights into participants' emotional responses to the
virtual urban environment.
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Following the virtual walk experiences, participants completed self-report questionnaires to provide
subjective assessments of their emotional experiences. These self-report measures served as reference
points for validating the objective measures of emotion derived from physiological signals and behavioral
cues. Data analysis involved both quantitative and qualitative methods, including signal processing
techniques for physiological data and coding and categorization of behavioral observations. By
triangulating objective and subjective measures of emotion, this study aimed to provide a comprehensive
understanding of the emotional impact of urban environments in virtual reality settings.

To investigate objective measures of emotion during virtual walks through urban environments, a mixed-
methods approach was employed, integrating immersive virtual reality (VR) technology with physiological
monitoring and behavioral observation.

First, a virtual urban environment was developed using VR software, replicating realistic urban settings
with streets, buildings, and natural elements. The virtual environment was designed to evoke emotional
responses typical of urban experiences, such as stress, arousal, and pleasure, while providing a controlled
and immersive setting for participants.
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Participants were recruited from the community and provided informed consent to participate in the
study. Each participant underwent a virtual urban walk experience, during which their physiological
responses and behavioral cues were recorded in real-time.

Physiological monitoring involved the use of wearable devices to measure participants' physiological
signals, including heart rate, skin conductance, and electroencephalography (EEG) activity. These
physiological signals provide objective indicators of emotional arousal and stress levels during the virtual
walk.

Behavioral observation was conducted concurrently with physiological monitoring, focusing on
participants' body language, facial expressions, and movement patterns. Video recordings and
observational notes were used to document participants' behavioral responses to the virtual urban
environment.
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cues.
¥ »~  Stimulus-driven "
\4 Immersion states
= 4 T External ( )
Attention L Arousal J | Covert (spatial
- o 1 location)
Bottom-Up »{  DAN Orienting )
\ ) Overt g % ? A
I e e Y @ "
VAN Orienting 3
(. J 0
@
Q
e B
e R Feature
Top-Down > Executive L ) t?
A% J 4 ™
A Object
Internal . <
Attention Working
memory J

Cognitive load

Data analysis involved both quantitative and qualitative methods. Physiological signals were analyzed
using signal processing techniques to extract features related to emotional arousal and stress. Behavioral
observations were coded and categorized to identify patterns of emotional expression and engagement
with the virtual environment.

The integration of physiological monitoring, behavioral observation, and self-report measures enabled a
comprehensive assessment of emotional responses during virtual urban walks. By triangulating objective
and subjective measures of emotion, this study aimed to provide a nuanced understanding of the
emotional impact of urban environments in virtual reality settings.

RESULTS

The investigation into objective measures of emotion during virtual urban walks yielded valuable insights
into participants' emotional responses in immersive virtual reality (VR) environments. Analysis of
physiological signals revealed variations in participants' heart rate, skin conductance, and EEG activity,
indicative of emotional arousal and stress levels experienced during the virtual walks. Concurrently,
behavioral observation captured participants' body language, facial expressions, and movement patterns,
providing additional context to their emotional responses.
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DISCUSSION

The findings suggest that virtual urban environments can evoke a range of emotional experiences,
including stress, arousal, and pleasure, similar to real-world urban settings. Physiological responses such
as increased heart rate and skin conductance may indicate heightened emotional arousal in response to
specific environmental stimuli, while behavioral cues such as facial expressions and body language offer
further insights into participants' emotional engagement with the virtual environment.

The objective measures of emotion obtained through physiological monitoring and behavioral
observation complemented self-report assessments, providing a more comprehensive understanding of
participants' emotional experiences during virtual urban walks. While self-report measures offer valuable
subjective insights, objective measures offer a more nuanced and reliable assessment of emotional
responses, free from potential biases associated with self-reporting.

Discussion of the findings also highlights the potential applications of objective measures of emotion in
urban planning and design. By quantifying emotional responses to different urban environments, planners
and designers can better understand the impact of design elements on people's emotional well-being and
tailor urban spaces to promote positive emotional experiences.

CONCLUSION

In conclusion, this study demonstrates the feasibility and effectiveness of utilizing objective measures of
emotion in quantifying emotional responses during virtual urban walks. By integrating physiological
monitoring and behavioral observation with immersive VR technology, this research provides valuable
insights into participants' emotional experiences in virtual urban environments. The findings contribute
to our understanding of the emotional impact of urban environments and offer potential applications in
urban planning, design, and development. Moving forward, further research in this area has the potential
to enhance our ability to create emotionally engaging and sustainable urban spaces that promote well-
being and quality of life.
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