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Abstract—Nowadays, developing Virtual Reality (VR) and Immersive
Virtual Reality (IVR) application is one of the alternative support tools used to
support children in learning road safety education. At the early stage of VR/IVR
application development, cybersickness was one of the main concerns that occur
in both non-immersive and immersive environments especially with a Head-
Mounted Display (HMD) equipped system that is mainly utilized in mobile
and tethered VR/IVR platforms. While HMDs became available as consumer
products, manufacturers struggled with hardware limitations that might induce
cybersickness, due to inconsistencies between visual and physical movement in
the virtual environment. Previous research has examined the factors, symptoms,
and guidelines in reducing cybersickness and has been shown to minimize the
effect of cybersickness. However, the studies on cybersickness reduction guide-
lines in VR/IVR application for Children Road Safety Education (CRSE) have
not been studied much. Thus, there are two objectives of this study; i) to explore
and identify appropriate cybersickness reduction guidelines in developing VR/
IVR applications, and ii) to propose the design elements and principles of cyber-
sickness reduction guidelines. The findings of this study outline the appropriate
design elements and principles of cybersickness reduction guidelines that are
applicable and beneficial in the development process of the VR/IVR application
and respectively useful in reducing the effect of cybersickness.

Keywords—virtual reality, immersive virtual reality, cybersickness, simulator
sickness, children road safety

1 Introduction

VR is an interactive, immersive, and realistic three-dimensional computer-simulated
world that provides a significant learning experience [1]. According to [2], the develop-
ment of new interactive technologies inevitably has an impact on all aspects of teaching
and learning by increasing student motivation and participation in the learning process.
It was claimed as a result of the improvement in VR interfaces, interaction techniques,
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and devices in providing more natural and apparent modes of interaction and motiva-
tional elements [3]. On the other hand, an interactive learning environment also has
successfully enriched the ease of use, flexibility, and effectiveness in teaching and
learning experience [4]. In the context of children’s road safety education, the imple-
mentation of VR has begun in the past sixteen years ago [5]-[9]. CRSE is a lifelong
learning process that improves the quality of knowledge, and it should begin at a young
age [10]. Extending its message to the audience to teach good road safety behaviors and
habits needs to start from primary to secondary school levels so that the knowledge can
become ingrained as part of the culture and practiced among children [11]. Besides its
powerful 3-dimensional representation, VR is also known as a potential instructional
tool that provides simulated training and skills especially in dangerous and difficult
situations, which can become harmful to children when they are learning road safety
education [1]. By allowing users to interact with alternate realities generated by com-
puters such as the Virtual Environment (VE), it will help them to perform according to
the assigned activities and influence them in producing appropriate outcomes from the
virtual activities in the VE.

In VE, users do not operate computer applications via an interface. Instead, peo-
ple participate, they perform tasks, and they experience activities within a computer-
generated world [12]. To achieve a higher immersion level when interacting with the
VE, the HMD allows users to have a better experience in [IVR. HMD can be divided
into two categories which are Mobile and Tethered HMD. Mobile HMD such as Sam-
sung Gear, Google Cardboard, and Google DayDream is a holder with lenses, which
users use to place smartphones. The lenses divide the screen into two images and turn
the smartphone into a VR device. It is relatively inexpensive and does not require any
wire to connect to the devices but is still capable of providing accurate three-degree-of-
freedom (3DoF) but not six-degree-of-freedom (6DoF) motion tracking. On the other
hand, tethered HMD is a device that is capable to track the motion of users accurately
through 6DoF. It is physically connected to PCs and other output devices like LCD
monitors and audio speakers.

Furthermore, the use of dedicated displays and built-in motion sensors inside Teth-
ered HMD devices drastically improves the image fidelity and motion tracking of the
VR system. The HMD Oculus Rift and HTC Vive are two examples of tethered HMD
devices that provide stereoscopic 3D display, which is worn on the head or a part of the
helmet that provides an immersive virtual reality experience [13]. It is a new form of
interaction between humans and machines with full visual immersion that is beyond the
use of a keyboard, mouse, and touch-screen. However, at the early stage of VR simula-
tion development, the utilization of HMD with the VR application has simulator sick-
ness and cybersickness, which rise huge concern in VR application development. This
problem occurs in both non-immersive and immersive VR and also for both mobile
and tethered platforms as they both integrate visual and physical movement in the VE.
Thus, to minimize the effect of cybersickness, several guidelines and design principles
have been identified, which are suitable to be adopted in designing the VR/IVR appli-
cations for both platforms.

From that standpoint, there are two objectives of this study which is: 1) exploring
and identifying appropriate cybersickness reduction guideline in VR/IVR applications
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employed in previous research, and ii) proposing the design elements and principles
of cybersickness reduction guidelines. The first section provides a brief introduction
of the selected topic, which briefly describes the VR, IVR, CRSE, VE, and HMD. The
next section extends on the concept, causing factors and some theories are related to
cybersickness. Then, the methodology section explains the process of the comparative
analysis conducted in identifying appropriate cybersickness reduction guidelines from
14 selected studies. This review contributes to the identification and justification of the
selected cybersickness reduction guidelines (Table 3). The next section elaborates the
detailed prosed design elements of cybersickness reduction guidelines which are then
validated through the expert review process. Then, it is followed by the findings of the
study with some discussions related to the comments and suggestions from the expert
which are useful in improvising the proposed design elements and principles of cyber-
sickness reduction guidelines. Finally, the conclusion section summarizes the whole
content of the paper.

2 Cybersickness

Cybersickness happens in a situation where users use any particular part of their
body as a stationary and perform a specific movement, but the physical movement
performed is not aligned with the visual representation in the virtual environment [14].
Meanwhile, simulator sickness refers to the symptoms of discomfort affected through
the use of VE such as discomfort, disorientation, fatigue, sweating, nausea, vomiting,
and headaches [12], [15]. These symptoms reduce the effectiveness of the simulators
for virtual training and result in decreased simulator interest, or adaptation of inappro-
priate mechanisms during the training session. On top of that, post-effect on having the
simulator sickness and cybersickness can directly impact the individuals, like drowsi-
ness or postural instability sickness. In regards to that, [16] has identified several fac-
tors possibly causing both sicknesses, such as acceleration, degree of control, duration
of use, altitude, field of view (FOV), latency, distortion correction, flicker and experi-
ence. Besides, with the advancement of a VR/IVR technology, many researchers and
companies have provided some initiatives or guidelines in designing VR/IVR applica-
tion to reduce the cybersickness based on the factor which has been identified in the
previous studies [13], [14], [16]-[18]. As mentioned by [16] the guidelines basically
focus on the software development aspect by using HMD as an interaction tool in the
virtual environment.

Other than symptoms and factors, there are some prominent theories causing
cybersickness that should be considered by researchers before developing VR or IVR
applications in both mobile and tethered platforms. According to [12] and [19], both
mentioned in their study that there are three main categories known as the causes of
cybersickness, which are the poison theory, postural instability theory, and sensory con-
flict theory. The first theory involves a conflict between the vestibular system, visual
and other sensory input systems where the response does not consistent with the sub-
ject [20]. The second theory is developed by [21], where the uncontrolled movement
of the perception and system actions is based on the process of maintaining postural
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stability in the environment. In other words, the longer the postural instability in the
environment, it will result in more severe symptoms of cybersickness [15]. The last
cybersickness theory is referred to as the influence between two main sensory systems
involved in the VE, namely visual and vestibular senses. Both senses provide mis-
matched information about individual orientation and perceived motion which leads
to misunderstanding for the human body that thinks it has ingested some type of toxic
substance thus causing symptoms of emetic response [19].

Thus, to develop a VR or IVR application that can minimize the effect of cybersick-
ness for both platforms, a proper cybersickness reduction guideline and design princi-
ple should be identified and extracted before designing the application. Gradually, there
are researchers, and IVR manufacturers begin incorporating cybersickness reduction
guideline that improves the dynamic focus solution to reduce discomfort in the immer-
sive VE [13], [14], [16]-[18]. Accordingly, several guidelines have been identified and
extracted from the comparative analysis, and the detail of the element are described in
the next section.

3 Study method

A comparative analysis was conducted to identify the appropriate cybersickness
reduction guidelines that applicable for VR/IVR application development. Once the
cybersickness reduction guidelines are identified, a set of design elements and princi-
ples of cybersickness reduction guidelines are proposed. An expert review session was
conducted to validate the proposed design elements and principles of cybersickness
reduction guidelines.

3.1 Comparative analysis

This study has been conducted qualitatively through a comparative analysis tech-
nique. The process begins by performing a literature search by using Mendeley refer-
encing tool and Google Scholar, Research Gate, and ACM Digital Library as web-based
search platforms that are beneficial in returning relevant search results via numerous
global journals, proceedings, and online databases. The scope of the literature search is
mainly focused on VR, IVR, CRSE, and cybersickness design guidelines. To retrieve
relevant results, the following most relevant keywords have been used for searching

CRINNE3 G

purposes: “cybersickness guideline”, “simulator sickness guidelines”, “cybersickness
and simulator sickness symptom and effect”, “virtual reality application”, “immersive
virtual reality” and “children road safety education”.

At the beginning of the literature search, 100 studies have identified through online
database searching based on the pre-defined themes. From the retrieved result, there
are 14 studies considered [12], [14], [16], [22]-[30]. All of the selected studies were
manually elicited and filtered by using a specific pre-defined theme: “cybersickness
reduction design guidelines” “virtual reality”,” immersive virtual reality” and “chil-
dren road safety education”, to obtain appropriate and relevant studies for this study.
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As mentioned earlier, this process was mainly conducted by using Mendeley, as it
quickly supports in terms of the searching operator and managing the retrieved article
to the targeted folder. All selected articles were reviewed and analyzed based on their
relevance in-term of cybersickness reduction guidelines and design principles in devel-
oping the application. Although the scope and the context in those studies are different,
the similarities between the guidelines in reducing cybersickness effects are suitable
for this study.

3.2 The proposed design element of cybersickness reduction guidelines

Cybersickness reduction element is very important and is highly recommended to be
included for any IVR application development. From the previous study analysis, most
of the VR and IVR applications neglect the importance of cybersickness reduction. As
a result, it leads to discomfort symptoms such as nausea, sickness, and headaches to
some people. Besides, lack of cybersickness guidelines is also one of the factors that
prevent researchers from developing the VR or IVR application that has had minimal
effect on cybersickness. Gradually, there are researchers, and [VR manufacturers begin
incorporating cybersickness reduction guideline that improves the dynamic focus solu-
tion to reduce discomfort in the immersive virtual environment [13], [14], [16]-[18].

The result from the analysis, as mentioned above, are exhibited in Table 1. It shows
the summary of the appropriated and selected cybersickness reduction guidelines,
which are beneficial to be adapted in the development process of the VR/IVR appli-
cations. Meanwhile, Table 2 lists the detailed description of the basic indicators that
are used to determine the condition of the selected cybersickness reduction guideline.
Two themes have been used to classify the previous studies, i.e. application and model,
framework, and guidelines. The main reason for categorizing these studies is to sim-
plify the classification process of the analyzed data and improve folder organization.

Referring to the analysis, 12 appropriate guidelines have been identified and
extracted, which are the duration of use, experience, physical setting, acceleration
speed, movement speed, a field of view, degree of control, camera, spatial sound,
head tracking view, positional tracking, and persistence. All the listed guidelines are
appropriate in the development of VR and IVR applications for both platforms whether
mobile and tethered that cover the common factors that contribute to the cybersickness
aspect. Besides, having extracted from the reviewed process, eight guidelines show a
higher percentage (50% and greater) of the importance of the reduction guideline in
addressing cybersickness. In contrast, the rest have a score of below 50%. Thus, eight
of the guidelines are recommended to be adapted in VR and IVR applications. The
other four still can be considered based on the requirement of the research project.
Overall, all of the listed guidelines have their functionality and characteristic that will
support the design process in minimizing discomforts in the simulator and cybersick-
ness in both platforms.
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Table 1. Extracted cybersickness reduction guideline from previous studies

Categories Application Model/Framework/Guidelines

Gui delin:"' Stwdy | 5l 4| s 6| 7|80 10]0|1z]13]a| ]
Duration of Use Y Y Y Y|Y YI|Y 7 50
Experience Y| Y|Y|Y Y|Y|Y Y 8 57
Physical Setting Y|Y|Y|Y Y 5 37
Acceleration Speed | Y | Y Y[Y|Y Y| Y|[Y|Y|Y|[Y]|Y 12 86
Movement Speed Y|Y Y|Y Y|Y|Y|Y|Y Y 10 71
Field of View Y Y| Y|Y|Y|Y Y| Y|Y|Y 10 71
Degree of Control Y Y|Y Y Y|Y|Y 7 50
Camera Y|Y Y Y|Y 5 37
Spatial Sound Y Y[Y|Y Y|Y 6 43
Head Tracking Y Y|Y Y|Y Y| Y 7 50
View

Positional Tracking Y Y Y 3 22
Persistence Y Y|Y Y| Y|Y|Y Y 8 57

Note: Y refers to YES.

Table 2. Indicator to determine the selected cybersickness reduction guidelines

Indicator Description Condition of Classification

Compulsory (C) Majority study There are between 8 to 14 models that
apply the component (50%—100%)

Recommended (R) Few study There are between 1 to 7 models that
apply the component (1%-49%)

From the comparative analysis result, each of the guidelines has its description and
design elements that help to minimize the effect of cybersickness toward VR/IVR
application development. The first guideline involves two elements which are (i) pro-
viding a limited time of playing, and (ii) providing notification for resting time. In the
second guideline, there are three elements involved which are, (i) the process of giv-
ing proper exposure on IVR devices, (ii) providing understandable and straightforward
instructions, and (iii) providing a continuation of assistance inside the VE [13], [14],
[16]. In the physical setting, (i) provide a small screen/viewing area, (ii) provide com-
fortable playing area, and (iii) proper sitting position suggestion is a design element that
improves user experience and at the same time capable of reducing the effect of cyber-
sickness [28], [31]. The fourth and fifth guidelines are about the adjustment of acceler-
ation and movement speed inside the VE. The design elements for acceleration speed
guidelines consist of (i) providing lower or slow acceleration movement, (ii) making
acceleration short and infrequent, (iii) providing constant acceleration speed, (iv)
allowing the user to control and initiate acceleration speed, while design element for
movement speed guidelines are (i) provide constant velocity in character movement,
(i) provide realistic and straightforward body movement and, (iii) provide useful visual
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cues to users [13], [14], [16], [22], [29], [30]. In the FOV guideline, the design elements
are about the process of changing the distance of viewing inside the VE [13], [14], [16].

The seventh guideline refers to the user degree of control, which consists of two
appropriate design elements: synchronization of the camera movement and availability
of avatar gesture inside the application [13], [14], [16]. Camera guidelines involved
three main design elements such as (i) avoiding the zooming camera effect, (ii) avoid-
ing unnecessary camera templates, and (iii) avoiding using head bobbing effect that
can create discomforts to the user when interacting inside the VE. In terms of sound
guidelines, providing positional tracking with audio design and offering spatializing
audio is one of the design elements that are suitable to be adapted in minimizing the
effect of cybersickness [16]. Head viewpoint and positional tracking guidelines are
also important, especially in tracking user movement inside the virtual environment.
The design elements for both types of tracking included (i) provide responsive user
movement display, (ii) use SDK’s position tracking and head model, while design ele-
ments for positional tracking guidelines involved (i) provide suitable starting position
or location, (ii) limit user is movement/collider component, and (iii) provide positional
tracking warning sign [13], [16]. The last design elements for cybersickness reduction
guidelines refer to the persistence of the movement for each character, 3D model, and
information transition inside the application [13], [25], [26]. Any movement and tran-
sition of information inside VE must be persistent and consistent. The persistence of
every character movement and viewing transition can help the user to maintain their
focus in performing activities inside the virtual environment.

Although the guidelines are appropriate for both platforms, concerning the mobile
platform aspect, some of the identified guidelines are still needed consideration in
terms of immersion and presence, navigation, and interaction aspect before they can
be utilized in the development of mobile VR applications. For example, four identified
guidelines such as duration of use, experience, physical setting, and sound effect are
suitable to be utilized since they required minimum immersive interaction and naviga-
tion inside the virtual environment meanwhile other guidelines are not suitable because
they required physical interaction and also immersive interaction and navigation inside
the virtual environment.

3.3  The validation process of the proposed design element of cybersickness
reduction guidelines

To validate the proposed design elements of cybersickness reduction guidelines,
an expert review process was conducted. The process was conducted quantitively by
involving four experts. They are academics and practitioners who have worked in the
area related to virtual reality and its user experience for at least 5 years. As mentioned
by [32]-[34]the total number of the agreed experts is sufficient enough to generate
specific feedback and suggestion for the particular selected topic.

3.4  Participant profile and setting

The experts are selected from different fields and expertise such as VR, Augmented
Reality (AR), IVR, Visual Design, and Educational Technology. The experts must have
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an academic qualification in Master or Ph.D. and have experience for at least five years.
In accordance, Table 3 lists the demographic profile of the experts who have agreed to
participate in his study. The listed expert, basically a person who hold a Ph.D. degree,
represent the different field of expertise, knowledge, and experience from local and
international institutions. The diversity of the selected experts is important for this study
to obtain specific feedback and suggestion, which can improve the proposed design ele-
ments for cybersickness sickness reduction guidelines. The rationale of selecting those
experts is based on their achievement, involvement, and contribution in their respective
fields, which is indirectly related to this study.

Table 3. Demographic profile of the experts

Expert Gender Education Level Field of Expertise Years of Experience
A Female PhD VR >10 Years
B Male PhD VR/UCD >5 Years
C Male PhD VR/EdTech >7 Years
D Male PhD VR >5 Years

Notes: UCD = User-Centered Design; EdTech = Educational Technology.

3.5 Data collection procedure and instrument

Due to Coronavirus (Covid-19) pandemic, most of the communication mediums
used for this review process were through email, phone calls, and online meetings. The
process started by identifying the expert through the official university expert website.
The expert’s search criteria are based on their expertise, as mentioned in the previous
section. Once the experts have been identified, an invitation email was sent to them.
By agreeing to participate in the review process, the experts were appointed as Expert
Reviewers in this study by sending them an appointment letter and a consent form.
After a signed and stamped consent form has been received from the experts, a set
of review instruments was emailed to the appointed expert for their further action.
The expert was given around three to four weeks to complete the instrument form and
required to return the form by using email.

The review instrument used for this study is adapted from a previous study which is
[34], [35] that consists of three main sections. The first section describes the detailed
instruction and guidelines for the reviewer. The second section gathers the appropri-
ate demographic data of the expert reviewers, which include their name, age, gender,
level of education, area of expertise, and experience. The last section of the instrument
consists of four main items of review questions, which are (i) the relevancy and under-
standability of the design element and principle of the cybersickness reduction guide-
lines ((ii) the understandability of the term used, (iii) the logical relationship and flow
of all proposed design elements and principles, and (iv) the readability of the proposed
design elements and principles. The optional items are provided to the reviewer, which
they can provide suggestions and comments that can add extra insight and values to the
proposed model. There are three options of answers for the reviewer to tick or select,

EEINNT3

which are “some are NOT relevant” and “need very detail explanation”, “some may
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be NOT relevant” and “need some explanation”, and “all are relevant” and “easy to
understand”.

4 Result and discussion

In this section, all the collected data from the expert review process are tabulated in
Table 4. This included the frequency of response (n = 4) of the suitability and relevan-
cies of the instrument in retrieving the data from the experts. Additionally, some experts
provide additional comments and suggestions in reviewing the proposed elements
which mean some of the proposed design elements need clarification and justification
in term of suitability and applicability. As elaborated in the above table, the majority
of the expert agrees that eight guidelines (21 elements) are relevant and the description
of each design element is easy to understand while the other 4 guidelines (8 elements)
are maybe not relevant and need some explanation and justification to be included as
a proper design element for cybersickness reduction guidelines. Besides, the majority
of the experts agree that the term, logical relationship between the design elements of
cybersickness reduction guidelines is understandable and readable. However, there is
only one expert found difficulties in understanding and reading the proposed design
guideline of cybersickness reduction guidelines, which require extra attention on the
readability aspect.

Table 4. Frequencies of feedback from the expert review process

Instrument Items Frequency (n=4)

Q1 The proposed design elements and Some are NOT | Some maybe All are
principles of cybersickness reduction relevant NOT relevant relevant
guidelines are relevant and easily Need very Need some Easy to
understood detailed explanation understand

explanation
Duration of Use (2 Elements) 0 2 2
Experiences (3 Elements) 0 1 3
Physical Setting (3 Elements) 0 1 3
Acceleration Speed (4 Elements) 0 1 3
Movement Speed (3 Elements) 0 1 3
FOV (1 Element) 0 2 2
Degree of Control (2 Elements) 0 1 3
Camera (3 Elements) 0 2 2
Sound Effect (2 Elements) 0 2 2
Head Tracking Viewpoint (2 Elements) 0 1 3
Positional Tracking (3 Elements) 0 1 3
Persistence (1 Element) 0 1 3
Yes No

Q2 The term use is easy to understand 4 0

Q3 The relationship and flows of all main 3 1
components and sub-component are
logical

Q4 Overall, the design model is readable 3 1

Note: Q = Question.
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For the additional comment and suggestion section, there is only one expert from
a total of four who suggest making some adjustment to a particular design element of
cybersickness reduction guidelines which is acceleration speed and movement speed.
Expert D suggested that both sections need to be removed from the list of proposed
guidelines and focus on those that directly influence the design e.g., degree of control,
head tracking viewpoint, and positional tracking. In response to that suggestion, this
study retained both design elements because these elements were retrieved and extracted
from the original manufacturer sources such as HTC, Epic Games, Oculus as well from
VR/IVR prominent scholar who mentioned acceleration and movement speed is one
of important design elements in reducing cybersickness in VR/IVR application [14],
[16]-[18], [27]. Based on the clarification and justification of the mentioned comment
from the experts, the design element of cybersickness reduction guidelines was revised
and updated accordingly. Table 5 shows the detailed description of the validated design
elements of cybersickness reduction guidelines.

Table 5. Validated design elements and principle for cybersickness reduction guidelines

Guidelines

Design Elements and
Principle

Description

Duration of
Use

Provide limited time for
the duration of use.

It is suggested to take a break after every 15-30 minutes of
playing time. But if the user feels the cybersickness as the
early stage of playing time, it is suggested to stop playing
temporarily before starting a new session of playing.

Provide the notification
for resting time.

The application needs to have the capability of alerting or
notifying the user to take a break periodically every time
they are using the application so that discomfort symptoms
can be avoided.

Experience Provide proper exposure | Users should be exposed to the information on using
for the user before using | IVR devices such as handling HMD controllers and
IVR devices. familiarizing themselves with the play area.
Provide simple and Instruction or guidelines on using IVR devices should
understandable be prepared and explained to users before they use the
instruction or guidelines | application. The instruction or guideline must be clear and
for the beginner. easy to understand
Provide continuous Users need to be continuously guided and assisted when
assistance when they are | they are using the IVR devices so that they can perform the
using the IVR devices. activities in the VE
Physical Provide a small screen/ A small screen area is sufficient in displaying the VE. This
Setting viewing area. is because the user will use HMD to view the VE, so it
indirectly reduces the spaces of the playing area
Provide a comfortable The playing area should be created comfortably without
playing area. distracting user movement inside the playing area. This
refers to the position of the motion tracking device,
computer monitors, and other equipment
A sitting position is A sitting position is suggested for users who do not have
suggested. any experience using IVR. This is because they need
to familiarize themselves with the VE with the actual
environment
(Continued)
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Table 5. Validated design elements and principle for cybersickness reduction
guidelines (Continued)

Guidelines

Design Elements and
Principle

Description

Acceleration
Speed

Provide lower or slow
acceleration movement.

Any acceleration movement speed in the VE is suggested to
be in lower or slower condition. For instance, acceleration
speed will make some people feel uncomfortable. So,
lowering acceleration will generate a more comfortable
experience for the user.

Make acceleration short
and infrequent.

Unnecessary acceleration can cause a mismatch among
visual, vestibular, and proprioceptive senses. So, by
reducing the duration and frequency of acceleration it can
minimize the effect of cybersickness.

Provide constant
acceleration speed.

Acceleration speed must be consistent whenever the user
moves inside the VE. Any changes in the motion of the user
whether in direction or speed such as going forward and
backward, slowing down, or stopping and turning while
moving or standing still must be in a similar acceleration
speed so that the user can feel comfortable with it.

Allow user to control
and initiate acceleration
speed.

Users should have an access to initiate and control the
acceleration movement speed whenever possible in the
VE so that they can avoid unnecessary camera movement
such as jerking or shaking that will be uncomfortable for
the user.

Movement Provide constant velocity | Users will feel comfortable when they are exploring the
Speed in character movement. VE if the character movement is created based on constant
velocity. Creating real-world speed will be comfortable
longer for the user to experience.
Provide realistic body This refers to adding other body movements for the user to
movement. control such as jumping and crouching. Adding different
body movements can avoid serious disparity
Provide adequate visual If the application provides a teleportation navigation
cues function, providing adequate visual cue is necessary to
maintain user bearing and preserve their original orientation
Field of View | Change viewing distance. | The user needs to have the ability to change their FOV
which is comfortable for them. HMD has the function to
change the view distance of FOV which can reduce the
level of cybersickness. But, reducing FOV view distance
also can reduce the level of immersion.
Degree of Synchronized camera Users should have the ability to initiate camera movement
Control movement. so that it can reduce the effect of cybersickness. A sudden

change in camera movement can cause discomfort to the
user to interact with VE.

Provide gesture avatar.

Having an avatar that foreshadows impending camera
movement can help users to anticipate and prepare for
visual motion and at the same time improve the user
learning experience.
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Table 5. Validated design elements and principle for cybersickness reduction
guidelines (Continued)

Design Elements and

movement of 3D model/
character and transition
of information.

Guidelines - Description
Principle
Camera Avoid zooming camera Zooming in or out with the camera can induce
effect. cybersickness since it causes unbalanced head and camera
movement. So, it is recommended to avoid the cue of
zooming camera effect in any IVR application.
Avoid using unnecessary | Using unnecessary camera templates will make the screen
camera templates. or display area crowded which can distract user attention
in conducting the activities or grabbing the information in
the VE
Avoid using the head Using the head bobbing effect can create a series of
bobbing effect. inconsistencies and uncomfortable accelerations.
Head Provide responsive user The display should be a ready and instant response to the
Tracking movement display. user movements at all times without exception
Viewpoint Use SDK’s position Use provided SDK’s can ensure that the virtual camera
tracking and head model. | rotates and move in a manner consistent with head and
body movement.
Positional Provide a suitable starting | The starting user position in the VE is very important in
Tracking position. determining the flow of the event in the VE. The flow of
the event is based on the user action and movement at the
starting point, so placing the right user position, could help
users to explore VE properly
Limit user area User movement inside the VE should be limited based on
movement/collider the concept of the application. So, a collider component
component. is required to prevent a user from accessing unnecessary
locations or areas in the VE.
Provide positional Provide users with warnings as they approach (but well
tracking warning signs. before they reach) the edges of the position camera’s
tracking volume as well as feedback for how they can
re-position themselves to avoid losing track.
Persistence Provide persistence Any movement and transition of information in the VE

must be persistent and consistent. The persistence of every
character movement and viewing transition can help user to
maintain their focus in performing activities in the VE.

5 Significance of study

In the nutshell, this study caters one of the important aspects in developing the IVR
application. This refers to the proposed design elements and principles of cybersickness
reduction guidelines which can be useful and helpful for developer in developing the
IVR application and at the same time becoming one of a new learning support tools
that will make the learning process become more interactive, effective and enjoyable
to be used by the users. On top of that, it is hope that the outcomes of the study such as
the result of comparative and proposed design elements and principles of cybersickness
reduction guidelines can become guidance for future researchers and at the same time
have positive contribution to the body of knowledge.
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6 Conclusion

In conclusion, the use of VR/IVR as an interactive approach in teaching and learning
has a positive impact on student engagement and participation in the learning expe-
rience. To some extent, cybersickness is still identified as a problem that affects the
quality of the learning experience, especially when interacting with VR (via HMD).
In line with that, two objectives were defined in this study to cater to the problem:
1) to explore and identify appropriate cybersickness reduction guidelines in developing
VR/IVR applications, and ii) to propose the design element and principle of cyber-
sickness reduction guidelines. Based on the comparative analysis process, this study
has identified and extracted 12 appropriate cybersickness reduction guidelines which
beneficial to be adapted in the development process of VR/IVR application. These
guidelines have been retrieved from 14 previous studies through a comparative analy-
sis process. Having explored and identified the cybersickness reduction guidelines, this
study proposed a total of 27 design elements and principles related to those guidelines.
Following that, the proposed design elements and principles were evaluated through
the expert review process that involved four experts from different expertise and field.
From the expert review feedback, the response has been made and the validated design
elements and principles of cybersickness reduction guidelines are presented in the pre-
vious section. For future work, a comparative analysis for other development design
components and elements such as immersion, navigation, and interaction which are
applicable for both mobile and tethered platform should be further explored so that the
outcome from the analysis can also be beneficial to support the development process of
VR and I'VR application in both platforms.
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