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Abstract. VR means immersing oneself in a virtual environment where all we
see is three dimensional (3D) computer-generated. VR has been around for several
decades now, but in recent years, the consistency of experience has dramatically
improved. This technology has been recognised worldwide, making the adoption
of VR a more progressive widespread occurrence across various fields. VR tech-
nology evolves very fast and significant as it merges with artificial intelligence
(Al), thus transforming the way people use machines and smartphones in daily
life to communicate with the world around them. However, there is a problem
commonly faced by the virtual reality user, which is cybersickness or motion
sickness in the virtual reality environment. As the result, a systematic review has
been made to gain a better understanding and present this information in the form
of a written summary of current researches. The study of the previous research
publication of review papers was limited around 2017 to 2021 from the Scopus
library. Among 187 results, five of them were selected since they met the criteria
through the inclusion and exclusion criteria procedure. Eight purposes were found
and listed together with the outcomes. This paper also briefly discusses the latency
effect and its relationship with motion sickness in the virtual reality environment
and system. Understanding the purpose and latency effect in the virtual reality
environment can encourage researchers and developers to find a better solution to
counter the motion sickness problem.
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1 Introduction

Within the last few years, researchers have been focusing on the area known as vir-
tual reality. This technology, which comes out with an interactive computer-generated
environment, has moved from being focused on gaming to professional development
[1]. Although the augmented reality (AR) technology is also one of the most famous
and popular multimedia technology [2], it also has a high reputation and well-known
across the globe. Recent developments in the field of virtual reality have led to a renewed

© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2022
Published by Springer Nature Switzerland AG 2022. All Rights Reserved

Z.Lv and H. Song (Eds.): INTETAIN 2021, LNICST 429, pp. 403413, 2022.
https://doi.org/10.1007/978-3-030-99188-3_25


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-99188-3_25&domain=pdf
https://doi.org/10.1007/978-3-030-99188-3_25

404 M. D. A. Anua et al.

interest in many industries from many sectors including education, military, business,
medical, agriculture, tourism, and transport. In 1987, the first definition of virtual reality
formulated by Jaron Lanier and Steve Bryson described that the use of computer tech-
nology to create the illusion of an immersive three-dimensional world in which objects
have a sense of spatial presence is known as virtual reality [3].

Experiencing virtual reality technology requires a system with specifically designed
computer software that can implement the technology and a head-mounted display
(HMD) that allow users to see the virtual environment. The first HMD was invented
and developed in Sutherland in 1965, which was introduced as the ultimate display [4]
and became available to the public commercially as the revival of virtual reality with
HMD at a low price [5]. Many HMDs have been produced by multiple gigantic com-
panies like Google, HTC, Facebook, Sony, and Samsung, allowing users to experience
immersive virtual reality with the presence of advanced virtual assisted tools and devices
like the Oculus head-mounted display [6].

Nowadays, virtual reality technology is used for various purposes and applications.
More importantly, this technology is still able to be developed further from time to time.
The latency effect plays a bigger part in virtual reality. By understanding the latency
effect in virtual reality, the most common diseases experienced by virtual reality users
can be reduced. Thus, virtual reality will have the opportunity to grow and expand beyond
the initial creation.

Much research has been conducted to extend the body of knowledge in this domain.
However, there are some grey areas with the existing knowledge of virtual reality. One
major theoretical issue that has dominated the field for many years concerns the motion
sickness effect in virtual reality. 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 [7].

This paper summarises recent review papers on the virtual reality subject in terms of
usage purposes and outcomes of the research in their specific fields. Nonetheless, there
is a newer trend regarding this domain that exists and has yet to be reviewed.

2 Past Review

The goal of this chapter is to study, evaluate, and classify the existing works of the
past review on the same field. By performing the systematic literature review method
(SLR) commonly used by today’s reviewers, five publications related to the study were
found. This research used a particular string to search for a published review paper in the
popular database journal named Scopus, which was set as the title. The string included
“systematic review” AND “virtual reality” results in 187 documents. To filter the article
for further investigation, this research utilised several inclusion and exclusion criteria.
Table 1 and Table 2 below show the criteria in the inclusion and exclusion process.

From the inclusion and exclusion filtration procedure, five publication were selected
to be reviewed as they met the criteria above besides being related to the field of study.
Table 3 illustrates the summary of five selected papers classified into three subjects; the
title, author, as well as purpose and outcome.
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Table 1. Inclusion criteria
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Inclusion

Publication from 2017 to 2021

Keywords: virtual reality, systematic review, review, meta-analysis

Articles written in English

Table 2. Exclusion criteria

Exclusion

Articles not related to motion sickness approaches

Articles with a similar region of review

Table 3. The previous research summary

Title

Author

Purpose

Outcome

A systematic literature
review on virtual reality
for learning [8]

Kurniawan, C, et al.
(2019)

a) To understand how
virtual reality can be
used to enhance learning

a) There are four
purposes for using VR in
learning, which are to
improve participants’
achievement, enhance the
learning, engaging, and
motivate the participants
b) Two types of devices
are used for VR learning,
namely, projection
divided into a personal
and large screen, and an
interaction type divided
into tracking, haptics,
and audio

¢) Two types of user
experience in VR
learning, which are
single and multi-users.
The single-user is the
most used for user
experience

(continued)
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Table 3. (continued)

Title

Author

Purpose

Outcome

A systematic review of
immersive virtual
reality applications for
higher education:
design elements,
lessons learnt, and
research agenda [9]

J.Radianti, et al.
(2019)

a) To identify the design
elements of existing
research focusing on the
application of VR in
higher education

a) Learning theory is
often not considered in
VR application
development to
accomplish the learning
outcome

b) VR is still
experimental in most
domains with the usage
that is considered
unsystematic

c) Acknowledgement
about VR application
that has been used on the
regular basis in some
domains, especially for
practical knowledge

The new era of virtual
reality locomotion: a
systematic literature
review of techniques
and a proposed
typology [10]

Boletsis, C (2017)

a) An analysis of the
literature on the modern
age of virtual reality
locomotion strategies,
which has been studied
since 2014

b) Proposed a typology
for VR locomotion
technique

a) The study of virtual
reality locomotion
focusing on the physical
movement needs to
navigate open virtual
worlds in continuous
motion

b) An empirical study is
needed with approaches
under comparative
arrangements

A systematic review of
a virtual reality system
from the perspective of
user experience [11]

Y.M. Kim, et al.
(2019)

a) To provide a
structured methodology
to categorise current
virtual reality studies
b) To categorise and
summarise research on
user experience in virtual
reality

¢) To state the current
limitations for future
advancement and
development

a) The study of user
experiences in virtual
reality requires more
research, especially into
virtual reality
device-related issues and
technology, as well as the
research methodology

b) There are bad effects
that may not be
confirmed in the VR
context and yet to be
introduced

c) Study on utilising the
sensor data on virtual
reality system might lack
performance

(continued)
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Table 3. (continued)

Title Author Purpose Outcome

5 | The use of virtual Shorey, S, et al. a) To investigate and a) Virtual reality is
reality simulation (2021) evaluate the latest mostly studied by
among nursing students evidence on the use of nursing students and in
and registered virtual reality as a developed countries
nurses: A systematic teaching tool b) Virtual reality is
review [12] budget-saving and saves

time compared to
mannequin simulation
and lectures

¢) Virtual reality is lack
of realistic presence and
often has technological
issues

Virtual reality is one of the most anticipating domains in research because the tech-
nology evolves dramatically throughout the years and still ongoing. The search was car-
ried out using Scopus for systematic literature. Figure 1 displays the publication trends
included since 2007 in this review. A significant increase in the number of articles can
be seen every year until 2020. Following that, a downtrend to less than 10 publications
was observed by the year 2021.

Documents by year

Documents
2
3

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year

Fig. 1. Document publication trends (Source: Scopus)

From the same source, the documents related to the virtual reality domain came
from various types. According to the comparison in Fig. 2, documents published were
dominated by reviews, which accounted for 60.4% in the Scopus database, followed by
articles, which accounted for 29.4%, and conference papers representing 4.8%.
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Documents by type

Erratum (0.5%)

Editorial (0.5%)

Book Chapter (0.5%)

_

Short Survey (1.6%) -
Letter (21%) ~
( ), /
Conference Pape... (4.8%)

Article (29.4%)

T Review (60.4%)

Fig. 2. Document publication trends (Source: Scopus)

In addition, Scopus shows document publications according to the subject area. It
was reported that the highest subject area involves medicine with 37.6%. The health
professions took second place with 10.9% while computer science came third with 9%
in their database. Figure 3 illustrates the comparison among documents published by
subject area.

Documents by subject area

Other (7.5%)

Agricultural an... (1.9%)

Nursing (3.1%)
Biochemistry, G... (4.3%)

— Medicine (37.6
Engineering (5.3%) ledicine (37.6%)

) \\

Social Sciences... (6.5%)
Neuroscience (6.5%) - (
Psychology (7.5%)

Health Professi... (10.9%)
Computer Scienc... (9.0%)

Fig. 3. Document publication comparison by subject area (Source: Scopus)
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3 System Latency in VR

Latency is the time taken for a system to react to the actions of the user. The primary
factor of the lessened sense of presence is latency in HMD systems [13]. Virtual reality
technology can potentially grow further in interacting with computers. However, there
are still some disadvantages such as motion sickness and discomfort to the user [14].
Jason (2009) defined the virtual environment as ‘Immersive Virtual Environment’ (IVE)
with the additional requirement that only computer-generated visual cues are visible and
divide the IVE system into their primary components: tracking, application, rendering,
and display [15]. Figure 4 shows the loop process between the user and the IVE sys-
tem. The tracking will calculate the user’s perspective. Non-rendering aspects of the
virtual world are included in the application, such as updating dynamic geometry, user
interaction other than perspective manipulation, and physics simulation. The geometric
description will transform into a pixel in rendering. The process of the display shows
the computed pixel physically to the user from a video signal.

Tracking

v

Application

v

Rendering

v

Display

The User

Fig. 4. An immersive virtual environment system consisting of the input from the user that will
go through four primary components and produce output to the user.

4 Motion Sickness in Virtual Reality Environment

Motion sickness is produced by motion. Other motions like visual or vehicle motion
come from motion sickness in the virtual reality environment. These motions are the
contributors to cybersickness [16]. According to Nesbitt K. et al. (2018) “Cybersickness
is an uncomfortable side effect experienced by users of immersive interfaces commonly
used for Virtual Reality. It is associated with symptoms such as nausea, postural instabil-
ity, disorientation, headaches, eye-strain, and tiredness.” [17]. Some people experience
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motion sickness in VR, which means that when they put on a headset and enter a virtual
world, they feel dizzy or nauseous. Eye fatigue disorientation and nausea are the major
signs of VR sickness (Joseph et al., 2000) [18]. These uncomfortable feelings will inhibit
future experiences of VR; thus, these problems require an urgent solution.

One of the previous researchers discovered that motion sickness is caused by visual
motion in virtual reality [19]. Similar symptoms of motion sickness also came from the
lower frame per second of the virtual reality display (FPS). According to Cheng Zang
(2020), if the frame per second is limited to below 50 Hz, the user may experience
uncomfortable side effects of the virtual reality motion sickness [20]. In addition, the
most essential and yet one of the factors that caused the motion sickness effect is the
content. Chang E. et al. (2020) stated that the degree of VR constancy and virtual reality
sickness is determined by the material used in virtual reality. With developers striving
for higher constancy in VR, the content’s specifics are becoming more complicated [21].

Despite many factors that contribute to motion sickness in the virtual reality envi-
ronment, various solutions can reduce the motion sickness effect on users. One of the
solutions is using the teleportation technique instead of navigating technique that uses
more head movement to complete a task. By teleporting, the user can get a more pleasant
experience in virtual reality [22]. Besides, the efficiency of VR is largely determined
by its hardware. To deliver content to a user as intended by the developer, a particular
hardware specification must be supported [21].

S Virtual Reality System

In the virtual environment, users can use their eyes, ears, and their hands just like they
normally do in the real world to perform virtual interaction [23]. A system needs to allow
the users to experience virtual reality. It also cultivates self-determination theory (SDT),
a motivation by supporting users’ intrinsic tendency to behave in an effective way [2].

The VR system consists of three classified categories, namely non-immersive,
immersive, and semi-immersive [24]. The non-immersive provides a less immersive
experience compared to the other two. The user can interact with the environment by
using only a mouse and joystick [25]. A video game is the best example of a non-
immersive environment. The semi-immersive uses the hybrid system and plays a substi-
tute role but not for replacing reality [26]. This type of environment is frequently used
for training purpose [27]. For example, the flight simulation. Meanwhile, the immersive
category provides the highest experience of immersive virtual reality [24]. For example,
the head-mounted display (HMD) device or fully equipped virtual reality room. The
Table 4 below shows the virtual reality system category with details and tools.
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Table 4. Virtual reality system category

Category Detail Tools

1 Non-Immersive -Least immersive -3D environment stereo display
-Least sophisticated component | monitor or glass

2 Immersive -Most expensive -Head-mounted display (HMD)
-Highest level immersion -Tracking device
-Feeling of being in a virtual -Data glove

environment (VE)

3 Semi-Immersive -A hybrid system or augmented | -Desktop virtual reality
reality -Some physical models
-High-level immersion

6 Conclusion

This systematic review identified eight purposes for conducting the research related to
virtual reality. Among the eight, six of them contributed clear findings to the research
while the other two have provided the idea and insight that will help to maintain the
relevance of virtual reality technology. This study has also explained the latency effect
of the virtual reality environment and its relation with motion sickness and virtual reality
system. Each relationship focuses on the definition to provide a better understanding of
virtual reality. Understanding the purpose and the latency effect in a virtual reality envi-
ronment can motivate researcher and developer to achieve a better solution and technique
to overcome or at least minimise the motion sickness in virtual reality environment.
Virtual reality technology takes the next advanced step in human-machine inter-
action. This study proved that virtual reality could provide a massive contribution to
many regions and society besides possibly breach a new discovery. Moreover, this study
also found some boundaries and limitations to fully utilise the technology to meet their
purposes. This study also found that the current findings need to be further studied
from every aspect. Modern technology tends to evolve dramatically, but virtual reality
technology is believed to possibly maintain its relevance in the future for many years.
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