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Abstract— This study investigates subjects’ behavior in
visual audio conflict conditions in stressful and stressless
environments. To increase subjects’ stress and anxiety in
subjects we placed subjects in a chaotic city and to decrease
subjects’ stress we benefit from a green virtual environment.
On the other hand to study the effect of sound on physiological
data we designed confilict condition in which in the City
environment participants heared the sound of Forest and in the
Forest nvironment they heared the sound of City. To evaluate
our findings we benefit from the heart rate of the participants
which is directly related to subjects’ emotions and participants

can not involve their opinion to change this feature
autonomously.
Keywords—Anxiety, Stress, visual-audio feedback,

multisensory conflict, physiological data

I. INTRODUCTION

A. Applicable method for Treating Stress and Anxiety

Stress and anxiety have a tight connection and they have
overlapping neural substrates of psychological states as well
as intertwined behavioral and neural structures [1], [2], [3].
Dysfunctionality and hypersensitivities of the stress system
are associated with anxiety disorders [3]. Due to the
overlapping structure between stress and anxiety, placing in a
stressful situation can intensify anxiety [4]. It has also been
shown that anxiety and stress have an impact on individuals'
physiological responses such as heart rate and skin
conductance and blood pressure [5].

Virtual reality(VR) is one of the applicable and effective
treatment approaches for conquering not only mental and
cognitive disorders such as posttraumatic phobias [6], but also
anxiety, and stress levels [5]. Furthermore, plenty of studies
prove that virtual reality can be an effective medium. It can
affect human emotion, which means that it can be designed
differently to induce and elicit a certain type of emotion [7];

[8].

Different researches have shown that green environments
like forests and nature alleviated tension and stress relief [9]
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[10]. And humans prefer a natural environment compared to
an urban one. Naturalness, lightning, and weather type in a
virtual environment have significant effects on users'
emotional states. For instance, humans have a significant
preference to stay in a light scene compared to a dark scene,
as well as a sunny scene compared to an overcast scene [11].
[12] also showed that living in a city environment will
negatively affect the brain responses to stress compared to
towns and rural, and it makes people feel stressed easily [13]
[14], experimented with a sunny forest as the calm
environment and a roller coaster ride as the dynamic
environment for a comparative study of mental states in 2D
and 3D virtual environments using electroencephalogram
(EEG). In addition, a scene with warm and bright light,
peaceful audio, and natural environments are the most helpful
in calming participants [15]

Providing an immersive and realistic environment helps to
have more accurate sensory feedback. An immersive virtual
environment (VE) conveys to participants that they are present
there. Measuring the “sense of presence” of the VR
participants is previously assessed by questionnaires.
However most of the previous related works to the stress
domain also accessed and obtained the result by purely using
subjective questionnaires and surveys such as STAI survey,
and sense of presence questionnaires, instead of using
physiological data [8] [11]. Using subjective measurements is
not an accurate and suitable method, because the subjective
survey can be different and inconsistent for the participants.
In addition, to fill the questionnaire participants should
transform their body experience into a verbal judgment.
Moreover, participants have to leave the environment and try
to remember what they perceived during their presence in the
VR environment.

On the other hand, the immersion degree can not only be
differentiated by subjective feelings but can also be
differentiated by physiological signals [16]. Participants’
physiological characteristics (including skin conductress,
heart rate, and blood pressure) state has a direct relation to



their degree of immersion in the VE. These measurements are
independent of subjects' opinions and They cannot be
controlled intentionally [5].

Previous research utilized both physiological [17]data and
subjective questionnaires to access and gather the sense of the
presence of the participants, however, it only gathered the skin
electrodermal activity (EDA) for physiological data, and the
experiment result shows poor relationships between EDA and
self-reported presence from participants. (Meehan et al.,
2002), showed that EDA might not be a good indicator of
presence. Furthermore, a hypothesis from [18] explained that
heart rate might be a better method to access the emotion of
the participants. Hence, it is crucial to gather more
physiological data such as heart rate, blood pressure, EDA,
and so on, as well as subjective questionnaires and surveys to
obtain the most accurate result.

B. Audiovisual Integration

Similar to the real world, in a virtual environment human
beings perceive information through their sensory modalities
such as vision, audio, and haptic. The notion of multisensory
integration refers to the coherent and relevant interaction of
the multi-sensory stimuli. Among all research on audio-visual
integration, some studies indicated that audio-visual
integration can lead to more intense emotional responses [19].

One of the most important questions in VR was always
about, which sensory system is more dominant. To answer this
question various studies focused on the impact of sound and
audio on different fields of virtual reality such as mass and
material perception, [7]or visual perception [20] or game
experience [21]

It is a common belief that vision is the dominant sensory
input system, however, in multisensory conflict conditions, it
can be manipulated by other sensory systems such as audio
[20] [22].

Our research is trying to study the behavior of the subject
in a stressful and calm environment and analyze the sense of
presence for the optimization of virtual immersion. Besides
that this research wants to study the anxiety response of VR
users to audio-visual stimuli and their reaction to visual-sound
conflict conditions. To achieve these goals, our research
focused more on physiological data such as heart rate

Thus, thanks to all the research available and after all the
literature review to achieve our goal, we designed and built
two emotional and affective immersive virtual environments,
which are a chaotic City and a calm Forest. The city is
disturbing and can induce the desired stressful and anxious
emotion among participants; while the forest is calming and
can induce the desired calmness in our participants

To induce a better sense of presence in the subjects in each
environment, we tried to use two different human sensory
inputs including visual, and audio elements.

To evaluate different subject behaviors, we benefit from
not only subjects’ physiological characteristics, but also the
different questionnaires.

In this research we are trying to follow the following
hypothesizes:

Study individual behaviors in a VR environment by
Manipulating the sound of the environment and try to
investigate subjects’ reactions to the visual and audio stimuli.

II. METHODOLOGY

A. Subjects

15 healthy participants (6 Women and 9 men ranging in
age from 19 to37 with an average of 26 +5.44) participated in
the experiment. All of them had normal vision and never
presented with neurological or cognitive disorders. Subjects’
heights ranged from 156 to 195 cm, and the mean height was
174.2+11.64 cm. Subjects from different backgrounds, either
from inside or outside the university, agreed to participate
voluntarily and without any compensation in the experiment.

B. Experimental Device and Environments

The VR environments (city and forest) were designed in
Unity 3D software and it was carried out in a quiet room and
participants were comfortably seated on a chair. We used the
HTC Vive Pro headset, tracked by an HTC Vive camera. The
headset’s resolution was 1440*1600 pixels per eye with 110
degrees of field-of-view. The device was equipped with, a g-
sensor, gyroscope, proximity, and eye comfort setting (IPD).
Besides that, we utilized Empatica E4 bracelets for measuring
physiological data. To induce or reduce subjects’ anxiety we
designed different environments such as cities and forests. The
city environment is filled with stressful elements such as loud
and chaotic city sound coming from cars, ambulance, rain, and
also from the barking of a fierce dog. Moreover, the buildings
are on fire, heavy rain, and a lot of running pedestrians makes
the city looks very crowded imitating a very intense and
chaotic city environment. The lighting of the city is set to be a
moody and dim environment which let the participants
experience nightlife in a chaotic city environment (see Fig.1).

On the other hand, the forest environment is designed with
a calm forest element including the sound and the visuals of
its surrounding. The environment is filled with the sound of
the forest, lake, and also wind sound. Moreover, with the
presence of the flying birds, participants will be able to hear
the sound of flying birds around them in various directions.
Besides, it has a hut with a lake view, another hut with a forest
view, and also a furnished cabin where all of the elements are
connected with a pathway. The lighting of the forest is
designed to be a bright environment which lets participants
experience a relaxing sunny day in the forest (see Fig. 2).

To make sure that each participant spends a fixed time in
each environment and passes the same road and faces the same
happening in the virtual scenes we developed an automatic
navigation system using an animator system instead of using
teleportation or other navigation systems. This system allows
us to study the fixed effect of the environments on the subjects.

C. Experimental Protocol

Each subject was presented with a set of reference
conditions followed by a sound conflict condition. Subjects
spent 3.5 minutes per experimental phase. They rest about 2



Fig. 1. City environment: This environment is loaded with stressful elements
like burning buildings, angry dogs, running people, dark smoky rainy
weather, and traffic jams.

minutes before entering the other environment. Our
experiment is divided into 2 different phases including
reference conditions and conflict conditions.

Reference Condition

In this condition, participants did not perceive any conflict
between the visual elements and audio In the city and forest
scenes. When participants presented in this condition they
perceived the visual elements like fire in the city, barking
dogs, and running people with their relative sounds, in the
same way, in the forest environment when they observed lake
and birds they heard the relative sound of water and sound of
the birds.

Conflict condition

To investigate subjects' physiological reactions to the
audio and also to test the subject’s sensitivity to the audio
elements in the virtual environment, we designed audio
conflict conditions where the sounds of the two environments
were interchanged. In this condition, while subjects perceived
the visual elements of the chaotic city environment they heard
the audio of the forest scene and vice versa.

Pre-experiment condition

Before starting the experiment, we asked subjects to sit
comfortably on a chair for 10 minutes in a calm environment.
After that, we recorded the pre-experiment physiological data
of the participants before entering the experiment. During this
condition and recording the pre-experimental data we asked
subjects to avoid performing sudden acts and movements.

Fig. 2. Forest environment: In this environment green elements like trees and
plants and other elements like water, mountains, etc, were used to induce
calmness in the participants.

III. RESULTS

In the following section, we will provide a detailed report
of our findings by analyzing the heart rate (HR) data of the
participants in different environments and conditions.

In an attempt to compare the different influences of
environmental element effects (such as sound and visual) on
the subject’s HR, we plotted the HR mean of all subjects using
a bar plot and also the individual’s HR (dots) to monitor the
subject’s HR alternation due to different conditions.

Fig.3 shows the mean value of 12 subjects’ heart rates that
participated under different experimental conditions. In the
reference condition, the mean value of HR in the city
environment is (equal to 72.08) higher than the pre-
experiment condition (equal to 69.7), while in the forest
environment the mean value of HR of 12 participants
decreased (equal to 68.6 ). On the other hand in the conflict
condition, changing the audio of the experiment caused to
change in the mean value of HR for 12 participants in the
environments (see Fig.3 - Conflict). Compared to reference
conditions, in the sound conflict, during the city environment,
the subject's HR decreased (mean =70.57), while in the forest
environment increased(71.53). However, the one-way
repeated measure ANOVA test did not indicate any statistical
differences between city and forest environments during
different conditions (p-value > 0.05).

As Fig. 3 illustrates, some subjects' behaviors were modified
during the conflict condition. Nonetheless, to monitor these
changes in the individual’s behavior we plotted the HR of each
participant.
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Fig. 3. Individual’s and mean value of HR in the city (C) and forest (F)
environment under experimental conditions. The gray line shows the trend
of subjects' behavior in city and forest environments.

Fig. 4 shows typical HR trends produced by one random
subject in different environments under experimental
conditions. The highest trend for HR is related to the city
environment in the Ref condition, while the lowest trend
corresponds to the forest environment in the Ref condition.
On the other hand, the effect of sound is significantly visible
in the city environment during the conflict condition.
However, the visual elements in the city environment caused
to increase in the HR trend but the effect of sound is eye-
catching in this condition compared to the city environment
in the Ref condition. Similarly, in the forest environment
under conflict condition sound effects leads to incrementing
the HR trend.
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Fig. 4. The HR trend of one typical subject over time during different
experimental conditions.

To investigate the influence of the sound on each subject’s
behavior Fig. 5 demonstrates an increasing or decreasing
trend of HR means value during Ref or Conflict conditions.
As Fig. 5 shows 58 % of the subjects in conflict conditions
experienced higher HR values in the forest compared to the
city, while in the Ref condition they experienced lower HR
in the forest compared to the city. On the other hand, 48%
of the subjects kept their trend and didn’t react to the sound.
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Fig. 5. Individual's HR behavior in the city (red dots) and forest (green dots).
Blue lines indicate subjects” HR modification during reference condition and
the red line represents HR transformation during sound conflict condition.

IV. DISCUSSION

Due to the fact that virtual reality provides the opportunity
to separate its users from the real world and transfer them to
a virtual one, enhancing user experience in the virtual world
has special importance. The main purpose of this research
conducted to study subjects’ behavior under multi-sensory
conflict conditions to understand which sensory input is
more dominant. Moreover, we were interested in pursuing
the effect of environmental elements on subjects’ stress and
anxiety level.

There is a common belief that in a multi-sensory conflict
condition visual sensory input is a dominant sensory system.
However, some studies [22] [23]) showed that audio input
can manipulate the visual sensory system. In this study, we
compared the relative effect of sound on individuals’ stress
and anxiety level by means of the heart rate (HR) of the
participants.

Previous studies showed that green environmental elements
like the forest can reduce tension and anxiety [10], while [12]
showed that the urban environment elevates human anxiety
and stress levels. These findings are fundamental to our
research. Therefore we tried to induce stress by means of
urban environmental elements or decrease it by rural
elements. To investigate the influence of the audio in the
conflict condition we changed the audio of the city
environment with the forest environment and vice versa.

To evaluate our findings we used HR as an objective
measurement to quantify our results.

Although the result of the group analysis did not show
statistical differences between different environments under
both conditions, the trend of elevating HR in the city and
demoting HR in the forest environment is attracting attention
(see Fig. 3 — Ref). One of the reasons that we didn’t observe
significant differences between different environments could
be due to the lack of participants.

However, the effect of the sound is significantly visible in
subjects’ HR. Fig.5 demonstrated that in conflict conditions
subjects react differently to the sound modifications and 42%
of them kept their previous behavior under the sound conflict
condition while the rest of them were influenced by auditory
manipulation. This finding shows that some subjects are more
visual dependent in the multi-sensory conflict condition and
mostly they rely on their visual input while some of them rely
more on their auditory sensory system.

Our results are important findings and could be helpful for
VR developers who want to increase the degree of immersion



in VR users. By profiling VR users into audio-dependent and
visual-dependent groups, they can develop environments and
focus on one sensory modality instead of two modalities and
gain better results in elevating subjects' sense of presence.

V. CONCLUSION

There is a common belief that visual sensory input is
dominant during a conflict condition. However, this study
showed that during a conflict condition different subjects
have a different reactions in the virtual environment. Some
individuals are more sensitive to visual stimuli while others
are more susceptible to audio. In better words, some people
are more visual dependent while some others are more audio
dependent. This finding is important for VR developers who
are working on immersion topics. These results could help
them to build and enhance VR environments according to the
participants’ sensory input dependency such that subjects feel
a better sense of presence in the VR environments. On the
other hand the manipulation visual input by audio is an
intresing point which could be used designing illusory VR
environment.
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