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Abstract—Motion sickness is a common scenario for users
when they are exposed to a virtual reality (VR) environment. It is
due to the conflict that occurs in the brain that tells the user that
they are moving in the environment, but the fact is that the user’s
body is sitting still causing them to get symptoms of motion
sickness like nausea and dizziness. Therefore, motion sickness
has become one of the main reasons why users still do not prefer
to use VR to enhance their productivity. Motion sickness can be
overcome by increasing the user's comfort level of walkthrough
in the VR environment. Meanwhile, a popular VR simulation
which is widely used in many industries is a walkthrough in a VR
environment at a certain speed. This paper is focused on
presenting the result of walkthroughs in a VR environment using
movement speed and based on frame rates performance and
adopting the unified theory of acceptance and use of technology
(UTAUT) model construct variables namely performance
expectancy (PE) and effort expectancy (EE) to measure the user’s
comfort level. A mobile VR, ‘VR Terrain’ application software
was developed based on the proposed framework. The
application software was tested by 30 users by moving around in
a VR environment with 4 different movement speeds that were
implemented into four colored gates using a head-mounted
display (HMD). A descriptive and coefficient analysis was used
to analyze all the data. The blue gate revealed the most
comfortable, outperforming all other three gates. Overall, the
most suitable speed to use for VR walkthrough is 4.0 km/h. The
experiment result may be used to create a parameter for the VR
developers to reduce the VR motion sickness effect in the future.

Keywords—Virtual reality; motion sickness; head-mounted
display; head lean movement; mobile VR; walkthrough technique;
UTAUT; frame rate

. INTRODUCTION

A. Background Study

Virtual Reality (VR) is the technology that provides almost
real and believable experiences in a synthetic or virtual way
[1]. Recent research says VR objects typically act similarly to
their real-world counterparts. The user can interact with these
things in line with the actual physics principles [2]. Users that
use hardware devices like goggles, headphones, and special
gloves encounter virtual worlds created and served by software
[3]. Experiencing VR technology requires a system with
designed computer software that can implement the technology
and a head-mounted display (HMD) that allows users to see the
VR environment [4]. The first HMD was invented and

developed by Sutherland in 1965, which was introduced as the
ultimate display [5] and became available to the public
commercially as the revival of VR with HMD at a low price

[6].

However, there are common issues that occur involving the
use of VR technology. Users are reported to often experience
motion sickness when experiencing VR [7][8]. Motion
sickness is generally detected after the symptoms appear. This
indicates that the sickness has begun, and this effect is already
uncomfortable for the user [9]. When it comes to motion
sickness or VR related, many report that women are more
susceptible than men. One of the classic examples is
seasickness with a ratio of approximately 5:3 by Lawther and
Griffin, (1988) [10]. Several factors of motion sickness in VR
are associated with the HMD such as motion, field of view
(FOV), latency, duration of use, and the VR environment
[11][12][13][14][15]. These uncomfortable effects will inhibit
future experiences of VR.

In this paper, researchers attempted to minimize VR motion
sickness by measuring the comfortable level of experience in
mobile VR through movement speed of walkthrough. The
users must perform a walkthrough by moving around in the VR
environment using the four levels of speeds that were
implemented in the developed Android application software,
‘VR Terrain’. The test evaluation was carried out by adopting
some parts of Unified Theory of Acceptance and Use of
Technology (UTAUT) [16]. For evaluation, the theory’s
construct variables namely performance expectancy (PE) and
effort Expectancy (EE) were involved, as well as observing the
frame rate value of the used device.

B. Paper Contribution
The contributions of the paper are the following:

e The description and the implementation of the VR
walkthrough movement speed parameter.

e An Android application software to measure the users’
comfortable level experience of VR walkthrough.

e Results of UTAUT and frame rate values for users’
comfortable level experience of VR walkthrough.
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Il.  RELATED WORK

A. Motion Sickness of Virtual Reality

One major theoretical issue that has dominated the field for
many years concerns the motion sickness effect in VR. It is
also known as cybersickness in terms of symptoms as they are
similar. The only difference between the terms is that motion
sickness is caused in the real world while cybersickness is
caused by the virtual one [17]. With developers striving for
higher constancy in VR, the content's specifics are becoming
more complicated. Thus, this paper also highlights several
factors and effects of VR motion sickness.

1) Factor of VR motion sickness: VR motion sickness is
caused when the brain receives sensory input that does not
match the movements of the body. Even though VR
technology is becoming more advanced, users still experience
motion sickness. This paper focuses on the factors that cause
motion sickness among VR users, specifically involving the
use of head-mounted display (HMD). There are five main
factors that contribute to VR motion sickness: motion and
speed, field of view, latency, duration of use, and
environment. Rapid and intense movements [18][10][19], a
narrow field of view [12][20][21], high latency [22][23][24],
prolonged use [25][26][27], and overly stimulating
environments [28][29][30] can trigger motion sickness in VR
users. By understanding these factors and taking steps to
mitigate them, it is possible to reduce the risk of VR motion
sickness and improve the VR experience for users.

2) Effect of motion sickness: On the other hand, VR
motion sickness occurs when a person experiences discomfort
or disorientation while using VR technology, due to a
mismatch between what they see and feel in the VR
environment and what their body is physically experiencing
[31]. The effects of VR motion sickness can include nausea
[32][33][31], dizziness [34][35][29], headache [8][36][37],
fatigue [38][39][40], and eye strain [41][12][37]. These effects
can vary from person to person and negatively impact a
person's overall enjoyment and use of VR technology.
Understanding the effects of VR motion sickness is important
for developers and designers of VR technology, as it can help
them create more comfortable and effective VR environments
for users. The goal of this research is to minimize the effects
of VR motion sickness.

B. Head Lean Movement Techique for VR Walkthrough

The head lean movement technique allows for hands-free
navigation in VR by relying solely on head movement and six
degrees of freedom (6-DoF) tracking [42]. The user simply
leans their head to move forward, making it easy to use. The
smartphone's gyroscope measures the head movement. Studies
have shown that this technique can be effective, but there may
be a pause gap between inputs due to the user's tendency to
look forward and downward while navigating [43]. Studies
have also measured the effects of this technique on factors such
as sickness, presence, usability, and comfort when
experiencing VR. Previous research has employed this method
with a variety of VR headsets, including the Oculus Rift,
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Samsung Gear VR, and even the HTC Vive, on both mobile
and desktop platforms. Table | below shows the head lean
technique for VR.

TABLE I. HEAD LEAN TECHNIQUE FOR VR
Head Lean Technique
No VR Device VR Platform Author
1 Oculus Rift DK2 Desktop [44]
2 Samsung Gear VR Mobile [42]
3 Samsung Gear VR Mobile [45]
4 HTC Vive Desktop [43]

C. Unified Theory of Acceptance and Use of Technology

A concept called the Unified Theory of Acceptance and
Use of Technology (UTAUT) integrates eight separate
hypotheses to explain why people adopt and use technology
[16]. It can account for 50% of the variations in technology
usage and 70% of the variations in willingness to use
technology [46]. UTAUT was initially developed for usage in
business environments, but it can be used in other contexts as
well. The Technology Acceptance Model (TAM), the Theory
of Planned Behavior (TPB), and Social Cognitive Theory
(SCT) are among the models on perception, acceptance, and
preparedness to employ technology that are combined in this
study. Performance Expectancy (PE), Effort Expectancy (EE),
Social Influence (SI), and Facilitating Conditions (FC) are the
four variables used by UTAUT to validate users' capacity and
willingness to adopt new technology.

1) Performance expectancy: Performance expectancy
(PE) is the degree to which a person expects that using
technology will help them execute their jobs more effectively
[16]. Age and gender also determine the impact of PE [47].
The first fundamental factor used to determine UTAUT for
consumers is the degree to which consumers benefit from
using technology [48].

2) Effort Expectancy: Technology's early acceptance
behavior is influenced by how easily it may be used [49].
Effort Expectancy (EE) stands for "the degree of system
usability" [16]. For older people, online technologies could be
challenging. Age, gender, and experience are also determining
the impact of EE [47]. Regardless of the consumers'
technological competency, the EE can be used to determine
whether they anticipate experiencing difficulties when
utilizing the system.

3) Social Influence: Social Influence (SE) refers to how
much a person values other people's opinions about whether
they should use new technology [16]. Subjective norms in
technology adoption indicate social influence [50]. Age,
gender, experience, and voluntariness of use are determining
the impact of Sl [47]. The intention to use technology is
impacted by having active social contacts [51].

4) Facilitating Conditions: Facilitating conditions (FC)
refer to the extent to which consumers believe they have the
resources and technologies to support their use of modern
technology [16]. Besides, awareness and motivation are what
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encourage people to overcome technological obstacles.
According to UTAUT, FC is the internal attribute of a target
customer [16][47]. Only age and experience determine the
impact of FC [47]. The enabling condition influences effort
expectancy or ease of use and can predict the use of
technology.

D. Frame Rates for Mobile VR

For mobile VR, keeping a high frame rate is very crucial.
Smartphones, which are less powerful than desktop PCs or
gaming consoles, power mobile VR systems. Because mobile
devices have limited capabilities, it might be challenging to
attain a high frame rate with mobile VR systems [52][53].
Mobile VR systems must also work under the constraints of the
and motion tracking sensors, which can further cut down on the
resources available for producing and showing VR content
[54]. Notwithstanding these difficulties, high frame rate mobile
VR has made tremendous advancements.

The Oculus Quest 2 and Samsung Gear VR are two
examples of the most recent mobile VR systems that have
made considerable advancements in offering a high-quality VR
experience with a high frame rate [55][51]. For instance, the
Oculus Quest 2 can display VR material at 72 FPS, which is
quite near to the optimal frame rate of 90 FPS.

I1l.  DEVELOPMENT AND IMPLEMENTATION

A. Application Software Development

For this paper, suitable hardware and software have been
chosen to avoid any difficulties during the development of this
virtual rehabilitation application. Hence, it was important to
have the level of expertise in selecting the hardware and the
software to ensure any problems that arise during this
development process can be solved.

The VR Terrain application software was designed in the
Unity editor version 2018. This editor enables developers to
create apps, games, or 2D and 3D experiments on a variety of
platforms, including PC, Mac, Linux, iOS, Android, Windows,
and web. Prior to importing the models, a configuration setting
must be done to enable the VR environment settings and the
Android build support. Thus, three software packages needed
to be imported and installed to produce a working Android
mobile application with Unity 3D software. Therefore, an
Android Software Development Kit (SDK), Java Development
Kit (JDK) and Google VR SDK were added to the Unity
editor. The first two software packages convert the application
built into an ‘.apk’ file. This file can only be compatible with
Android Operational System (OS) smartphone devices. On the
other hand, the Google VR SDK software package enables the
development of applications for VR HMD or glasses.

Next, the 3D models had been selected and downloaded
from the Unity store which can be accessed through the Unity
3D website, were then imported into the editor. Then, the
models were modified, scaled, and moved to form a terrain that
later was turned into a VR environment. A function called
‘Character Controller’ by Unity was created. This function
applies as the camera that will give user an ability to see the
VR environment in first-person view and rotate their head to
change the viewing angle, allowing presence of immersion for
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VR user. After .apk file was created when the development had
been completed, it will be installed in the smartphone. Users
can view the VR environment through the lenses in the HMD.

The head lean movement technique was applied to enable
the user to humanly move from one place to another in the VE.
The user needed to lean their head to the front and downward
to simulate the walking movement. The head rotation plays an
important part as it was set to a certain degree using a script.
The script had also been added and applied a condition, which
changed the movement speed of the character controller. The
speed changed when there was a collusion between the
character controller and the gates.

There are four gates designed with four color variations
which are green, blue, purple, and red. In order for user to
change the movement speed when performing the walkthrough
in the VR environment, the gates were set as collusion objects,
which means when the user makes contact with one of the
gates, the movement speed will take effect and make the user
virtually move at a specific level of speed. There are four levels
of speeds set in VR Terrain application software which are 3,
4, 5 and 6 kilometer per hour (km/h) and individually
connected the gates. When the user penetrates the green gate,
they will move at a speed of 3 km/h. When the user penetrated
the blue gate, they will move at speed of 4 km/h. When the
user penetrates the purple gate, they will move at the speed of 5
km/h. When the user penetrates the red gate, they will move at
the speed of 6 km/h.

Finally, the speed in kilometers per hour (km/h) and the
frame rate information display were added into the application.
This information was displayed on the top corner of the screen
in the application to keep tracking their current uses of the
walkthrough speed movement in the VR environment. This
information was used in evaluation phase to strengthen the
results and provide a valid outcome. Fig. 1 shows the
screenshot of the application view in the smartphone.

Fig. 1. Application screenshot from mobile.

B. Implementation

Prior to the test, the users will be instructed to fill in the
required consent form to prove that the users agreed to be
subjects in the test session and the data obtained from the test
was used and studied. Each subject was later given a consent
form signing that they voluntarily agreed to allow their
individual data to be collected and analyzed after the session
ended. Note that this testing procedure was using the same
smartphone to ensure quality of the research is guaranteed and
to avoid data confusion.
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The users were asked to wear HMD with the smartphone
attached to the front. The VR Terrain application software was
previously installed and launched before the device was
attached to the headset. After the HMD had been properly
attached, the users were instructed to move through one of the
four colored gates and moved around the terrain before moving
through another colored gate one at a time before ending the
session. The users were also instructed to lean their head down
forward to a minimal degree as it is the way they can move in
the VR environment. The users were also able to change
direction by turning their head left or right. The session ended
after the users had moved through all the gates and moved
around the terrain. After taking a rest for five minutes, the
users were asked to complete an online self-survey regarding
their session before returning home. Fig. 2 shows the flowchart
of the testing procedure.

CHOOSE GATE COLOUR
(GREENIBLUE|PURPLE|RED)

T
II ]
[ wALK |
1 AROUND |

.
L - g

Fig. 2. VR terrain testing procedure flowchart.

C. Evaluation

In this paper UTUAT was used to validate the users’
comfortable level walkthrough of VR Terrain application. Only
two key constructs have been considered which are PE and EE.
These two constructs were selected to validate the comfort
level of the user when performing walkthrough in the VR
environment using VR Terrain application. In addition, the
frame rates of the VR Terrain were observed during the test
was running.

Vol. 14, No. 4, 2023

1) UTAUT evaluation: Performance Expectancy (PE) and
Effort Expectancy (EE) are two of the four components from
the Unified Theory of Acceptance and Use of Technology
included in this paper where each of the items brought out
three items that were used to determine the users’ comfort
level of VR walkthrough for the reducing motion sickness in
VR environment application software, VR Terrain application.
For the evaluation of users’ comfort level walkthrough of VR
Terrain application, there are six variables used which are
three variables each for PE and EE. The variables are different
from one to another. These variables are as shown in Table 1.

In the questionnaire, four colored gates (green, blue, purple,
and red) are represented with six variables of PE and EE (PEL1,
PE2, PE3, EE1, EE2, and EE3), making the questionnaire to
have a total of twenty-four items of UTAUT model variables
assessment that the users are required to complete.

The data was collected and carried out to perform
quantitative analysis using SPPS software. The analysis
focused on finding PE and EE significant value (p-value) of the
four colored gates. The least significant value was taken into
account and declared as the most significant findings. Thus, the
most comfortable movement speed to use in VR walkthrough
was revealed. Table Il below has also been adapted in the
online questionnaire.

TABLE II. UTAUT RESEARCH VARIABLE

Variable Item

PE1: | find this movement speed of VR
walkthrough useful for my study/future job.

PE2: | find using this movement speed of VR
walkthrough enables me to accomplish my task
pleasantly.

Performance
Expectancy (PE)

PE3: | find using this movement speed of VR
walkthrough increases my chances of achieving
things that are important to me.

EE1: | find my interaction with this movement
speed of VR walkthrough is clear and
understandable.

EE2: | find learning how to use VR walkthrough

Effort Expectancy (EE) with this movement speed is easy for me.

EE3: I find it is easy for me to become skillful at
using with this movement speed of VR
walkthrough.

2) Frame rates evaluation: The frame rates are measured
in frames per second (FPS) as a measurement unit and
dependent on the processing power of the device. Therefore,
the same device has been used to test the VR Terrain
application software as the display. This FPS was also
validated to see whether it remained constant or underwent
any change during the testing session.

IV. RESULT

A. Respondent Profiles

In this paper, the users’ demographic profile (n = 30) was
classified using frequency distribution. The profile of
respondents consists of three descriptions of users that cover
the respondents’ age, gender, and experience with VR. Table
111 shows the profile of the respondents using the frequencies
and percentages analysis.
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TABLE Ill.  RESPONDENT PROFILES TABLE V. EFFORT EXPECTANCY DESCRIPTIVE ANALYSIS
No Respondent Profiles Frequency (N) Percentage (%) No ltem Frequency ‘ Min ‘ Mean ‘ Max ‘ Std.
(N) Dev.
Age Green Gate
21 40 133 1 PEL 30.0 1.00 330 5.00 158
1 22 19.0 63.3 > PE2 30.0 1.00 3.20 5.00 158
23 30 10.0 3 PE3 30.0 1.00 3.10 5.00 1.60
40 133
24 Blue Gate
Gender 4 PE1 30.0 1.00 3.33 5.00 1.56
2 Male 140 467 5 - 30,0 100 | 327 | 500 | 152
Female 16.0 533 6 oE3 30,0 100 | 3238 | 500 | 148
Experience with VR Purple Gate
3 Yes 24.0 80.0 . oEL 30,0 100 | 357 | 500 | 138
No 60 20.0 . oED 30,0 100 | 337 | 500 | 147
The demographic analysis provides a general view of the 9 P3 30.0 1.00 3.40 500 | 138
users, which is beneficial in understanding the respondents’ Red
background. Based on the result, the majority of the age of the ed Gate
respondents recorded was 22 years old (63.0%), followed by | 10 PE1 300 100 | 307 | 500 | 157
21 years old (13.3_%), aqd 24_years old (13.3%) participated for " PE2 300 1.00 3.07 5.00 153
the prototype testing. Likewise, most of the respondents were
females (53.3%) while males recorded with 46.7%. 12 | PE3 300 100 | 297 | 500 | 154

Apart from this, the result shows that most of the
respondents (80.0%), had experienced VR while only 20.0% of
the respondents had not experienced VR before testing the VR
Terrain application.

B. Performance and Effort Expectancy Descriptive Analysis

In Table IV, the mean score of performance expectancy
ranges between 2.90 to 3.73, and the standard deviation ranges
between 1.28 and 1.63. Meanwhile, Table V shows the mean
score of effort expectancy which ranges between 2.97 to 3.57,
and the standard deviation ranges between 1.38 and 1.60.

Both standard deviation scores are relatively small (less
than 3). Thus the degree of performance expectancy and effort
expectancy variations is within the normal distribution as
proposed by Burn and Bush, (2010) [56].

C. Performance and Effort Expectancy Analysis Coefficient
Result

TABLE VI.  COEFFIECIENT RESULTS OF PERFORMANCE EXPECTANCY
Unstan(_ja_rdized Standgr_dized
Per,f\g(r)ggnce Coefflmenstid Coefficients i Sig.(p)

Expectancy (PE) B Error Beta (p)

1 | (constant) 0.707 0.372 1.903 | 0.069
PE_G 0.041 0.118 0.063 0.350 | 0.729
PE_B 0.316 0.112 0.482 2.819 | 0.009
PE_P 0.222 0.118 0.285 1.876 | 0.072
PE_R 0.195 0.099 0.281 1.972 | 0.060

Dependent Variable: CL

TABLE IV.  PERFORMANCE EXPECTANCY DESCRIPTIVE ANALYSIS
No Item Fre((ﬁ;ancy Min Mean Max Sgci
Green Gate
1 PE1 30.0 1.00 3.07 5.00 1.60
2 PE2 30.0 1.00 3.00 5.00 1.58
3 PE3 30.0 1.00 3.23 5.00 1.59
Blue Gate
4 PE1 30.0 1.00 3.27 5.00 151
5 PE2 30.0 1.00 3.37 5.00 1.56
6 PE3 30.0 1.00 3.33 5.00 153
Purple Gate
7 PE1 30.0 1.00 3.73 5.00 1.28
8 PE2 30.0 1.00 3.50 5.00 141
9 P3 30.0 1.00 3.50 5.00 1.36
Red Gate
10 PE1 30.0 1.00 293 5.00 151
11 PE2 30.0 1.00 2.90 5.00 1.47
12 PE3 30.0 1.00 3.03 5.00 1.47
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Fig. 3. Performance expectancy (PE) beta () result summary.

Table VI shows the result coefficients table for
performance expectancy (PE) on comfort level (CL). From the
result, it shows that the highest beta value of performance
expectancy (PE) is blue gate (0.482), followed by purple gate
(0.285), red gate (0.281) and green gate (0.063).

The result concludes that the strongest comfort level for
walkthrough in VR environment using VR Terrain application
in terms of performance expectancy is Blue Gate (f = 0.482, p
= 0.009). From the finding, walkthrough from Blue Gate (B)
has helped the users to accomplish their task pleasantly.
Moreover, the movement speed of Blue Gate has increased the
user learning in VR environment.

In contrast, Green Gate (G) is not significantly achieving
the comfort level for walkthrough (B = 0.063), as it did not
reach the significant level (p = 0.729 > 0.05). Similarly Purple
Gate and Red Gate received the same beta value (B = 0.285,
0.281), which are also not significant (p = 0.072, 0.060) to
achieve comfort level in walkthrough. Fig. 3 above shows the
summary of Performance Expectancy Beta results.

TABLE VII. COEFFIECIENT RESULTS OF EFFORT EXPECTANCY
Model Unstandardized Standardized t Sig.(p)
Effort Coefficients Coefficients

Expectancy B Std. Beta ()
(EE) Error
1 | (constant) | 0.742 0.341 2.173 | 0.039
EE_G 0.009 0.131 0.013 0.066 | 0.948
EE_B 0.341 0.121 0.507 2.827 | 0.009
EE_P 0.237 0.107 0.326 2.204 | 0.037
EE_R 0.170 0.091 0.253 1.863 | 0.074

Dependent Variable: CL

Vol. 14, No. 4, 2023

Fig. 4. Effort expectancy (EE) beta (B) result summary.

Table VII shows the result coefficients table for effort
expectancy (EE) on comfort level (CL). From the result, it
shows that the highest beta value of effort expectancy (EE) is
blue gate (0.507), followed by purple gate (0.326), red gate
(0.253) and green gate (0.013).

The result concludes that the strongest comfort level for
walkthrough in VR environment using VR Terrain application
in terms of performance expectancy is Blue Gate (f = 0.507, p
= 0.009). From the finding, walkthrough from Blue Gate (B)
has helped the users to accomplish their task pleasantly.
Moreover, the movement speed of Blue Gate has increased the
user learning in VR environment.

In contrast, Green Gate (G) is not significantly achieving
the comfort level for walkthrough (f = 0.013), as it did not
reach the significant level (p = 0.948 > 0.05). Similarly Purple
Gate and Red Gate received the same beta value (B = 0.326,
0.253), which are also not significant (p = 0.037, 0.074) to
achieve comfort level in walkthrough. Fig. 4 above shows the
summary of Effort Expectancy Beta results.

D. Result of Frame Rate Observations

The frame rate of a VR experience is a critical factor in
determining the overall quality of the experience. A low frame
rate can cause motion sickness and detract from the immersion
of the experience, while a high frame rate can provide a
smoother and more realistic experience. For this reason, the
frame rate is one of the most important metrics to be measured
and validated during VR Terrain application software testing.
From the observation during the test, the collected frame rate
data was analyzed to assess the performance of the VR Terrain
software application.
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TABLE VIII. RESULT OF FRAME RATE OBSERVATIONS

Frames Per Second (FPS)
VR Walkthrough Movement 59 ‘ 60 ‘ 61
Speed (km/h)
Frequency (N)
3 0 0 30
4 0 0 30
5 2 25 3
6 2 27 0

According to Table VIII, there are four different movement
speeds: 3, 4, 5, and 6 km/h. All 30 users performed the VR
walkthrough at all four movement speeds, and the frame rate
was recorded through the observation for each user at each
speed. The data shows that for 3 and 4 km/h, all users
experienced 61 FPS, with no one experiencing 59 FPS or 60
FPS. This indicates that the frame rate was consistently high
for these speeds and that the VR experience was smooth and
immersive.

For 5 km/h movement speed, however, the data tells a
different story. Two users experienced 59 FPS, which is below
the generally accepted standard for smooth VR experiences. 25
users experienced 60 FPS, which is generally considered to be
the minimum frame rate for a smooth VR experience. Three
users experienced 61 FPS, which is higher than the generally
accepted standard, indicating that the VR experience was
exceptionally smooth and immersive for these users.

Finally, for 6km/h movement speed, the data again shows
some variability in the frame rate. Two users experienced 59
FPS, which is below the generally accepted standard for
smooth VR experiences. 28 users experienced 60 FPS, which is
generally considered to be the minimum frame rate for a
smooth VR experience. No users experienced 61 FPS,
indicating that the VR experience was not exceptionally
smooth or immersive for any users at this speed.

Likewise, for 3km/h and 4km/h, the average frame rate was
61fps, as all users experienced this frame rate. For 5km/h, the
average frame rate was 60fps, as 25 users experienced this
frame rate, and it is generally considered to be the minimum
standard for a smooth VR experience. For 6km/h, the average
frame rate was 60fps, as 28 users experienced this frame rate.

In conclusion, the frame rate of a VR experience is a
critical factor in determining the overall quality of the
experience. In the context of a VR walkthrough, the frame rate
has become even more important, as users are moving through
a VR environment and a low frame rate can cause motion
sickness and detract from the immersion of the experience.
Based on the data collected, the average frame rate was
consistently high for 3km/h and 4km/h, indicating a smooth
and immersive VR experience in mobile device. However, for
5km/h and 6km/h, the frame rate was more variable, with some
users experiencing frame rates below the generally accepted
standard for a smooth VR experience (Kopczynski, 2021;
Menakhin, 2016; Fuchs, 2017). Overall, this data highlights the
importance of maintaining a high frame rate in VR
walkthroughs to ensure a smooth and immersive experience for
all users.
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E. Result Summary

Overall, the blue gate (B) received the most positive result
compared to the purple gate (P), red gate (R), and green gate
(G). Likewise, the most comfortable walkthrough in VR
recorded in terms of performance expectancy and effort
expectancy was with the blue gate (B). Therefore, the result of
PE and EE to support CL proposed that, 4 km/h is the most
suitable movement speed to use for walkthrough in VR
environment. Additionally, the VR walkthrough using VR
Terrain application is smooth with the average frame rate of 61
FPS which is acceptable for VR experience for mobile device.

V. FUTURE WORK AND CONCLUSION

A. Future Work

The VR walkthrough application software can and should
be further enhanced, so that the system is better, more efficient,
and more effective. The suggestions for providing a better
result are as stated below:

1) Enhanced interfaces: Future researchers can provide
more information for users to see in the display such as the
time engagement and the distance travelled for users to
understand more about their current situation. Besides, the
researchers can also use higher quality 3D object and create
more realistic VR environment such as city environment,
houses, and walking tracks to enhance the VR experience for
the user.

2) Cross-sectional study: Currently, the research and
development of VR environment using the walkthrough
technique for minimizing motion sickness is only limited to
technological science study. This research and development
can be further studied across many regions especially in
medical and human science since it involves motion sickness,
which is the biological condition for humans. This indirectly
contributes to more insight and increases the diversity of
knowledge of VR.

3) Expanding platform: There are still some limitations to
this technology that can be addressed in future versions of
mobile-based VR Terrain. Therefore, future work is suggested
to expand the testing of VR Terrain software application in
desktop-based VR device such as using HTC Vive Pro or in a
standalone VR device such as Oculus Quest 2. Desktop-based
VR devices offer more advanced hardware and capabilities
compared to mobile-based VR experiences. With more
powerful hardware, these VR experiences can offer higher
quality graphics, more complex interactions, and greater
immersion. In addition, stand-alone VR devices offer the
convenience of mobile-based VR without the need for an
external device like a smartphone.

B. Conclusion

The developed VR Terrain application software was used
for VR walkthrough to measure the users’ comfort level VR
walkthrough experience and was validated by adopting
UTAUT model construct variables which are performance
expectancy (PE) and the effort expectancy (EE) as well as the
frame rate observations. The result of comfort level shows all
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users found that VR Terrain application was useful and
convenient to use. Overall, VR Terrain application was
considered satisfying for the user to use for measuring comfort
level of walkthrough in VE. The UTAUT analysis and FPS
rate shows 4 km/h is the most comfortable to use for
walkthrough in VE, in which the result indicates that 4.0 km/h
movement speed can be used in walkthrough in VR
environment to minimize the effect of VR motion sickness.
Therefore, it can be said that the users’ comfort level
walkthrough measurement of VR Terrain application is useful
for VR developer to use as a reference in minimizing the VR
motion sickness effect.
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