Advanced Engineering Forum Online: 2013-12-30
ISSN: 2234-991X, Vol. 10, pp 34-39

doi:10.4028/www.scientific.net/AEF.10.34

© 2013 The Author(s). Published by Trans Tech Publications Ltd, Switzerland.

A Review on Cybersickness and Usability in Virtual Environments
Maryam Mousavi?, Yap Hwa Jen® and Siti Nurmaya Binti Musa®

Department of Engineering Design and Manufacture, Faculty of Engineering, University of Malaya,
50603 Kuala Lumpur, Malaysia.

®mousavi.maryam@gmail.com, "hjyap737@um.edu.my, “nurmaya@um.edu.my

Keywords: Cybersickness, Usability, Virtual reality, Virtual environment.

Abstract. With the emerge of new technologies many systems are presented to a wider range of
users at reasonable costs. Virtual Reality (VR) technology has also entered many new economical
areas such as tourism, business, online games, and also cultural heritage. The new advancement in
VR and its availability to the end user in many forms necessitates considering the health issues
because cybersickness is one of the drawbacks of Virtual Environments (VE). In addition, usability
of the VE and the provided VR technology and system is of paramount importance in the market to
attract the user. However, usability measurement of the VE also has become a difficult issue due to
the vast range of products and users. A review on the cybersickness and usability issues in VE is
prepared and presented in this paper.

Introduction

In this era of science and technology, improvements and developments in every field are rapidly
taking place. Virtual Reality (VR) technology with its wide range of influence on industry and
research is respectively developing. However, despite all the improvements made, some problems
are yet to be overcome. Cybersickness and usability are two of the characteristics that need to be
improved in the VR area of research. This paper looks into the issues causing the cybersickness and
its effect reduction and control methods. The usability characteristic in virtual environments is also
reviewed from different aspects.

Cybersickness

Considering health and safety issues in virtual environment technology, cybersickness is one of
the important aspects to deal with. Cybersickness (CS) is a form of motion sickness that occurs to
people who experience VEs. Cybersickness poses a serious threat to the usability of VE systems.
Different levels of sickness (from headaches to severe nausea) may happen to people who use VE
systems [1, 2].

Cause of cybersickness. Three main theories are known as the causes of cybersickness: (1) the
sensory conflict theory, (2) the postural instability theory, and (3) the poison theory. The first theory
is the oldest and the most accepted theory relating to motion sickness and cybersickness [3]. This
theory explains that conflicts between visual and vestibular systems are the main cause for
cybersickness when the subject does not get the expected response, a conflict occurs and
cybersickness may ensue. Riccio and Stoffregen [4] developed the postural instability theory, which
is based on maintaining postural stability in the environment. In this case, postural stability is when
its uncontrolled movements of the perception and action systems are minimized. The poison theory
tries to describe why motion sickness and cybersickness happen from an evolutionary standpoint
[5]. The theory suggests that the ingestion of poison causes physiological effects involving the
coordination of the visual, vestibular, and other sensory input system. Sometimes adverse
simulation may influence the visual and vestibular system in such a way that make
misunderstanding for the body that thinks it has ingested some type of toxic substance thus causing
disturbing symptoms which lead to an emetic response. It is discussed that the cause of
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cybersickness is based on a maladaptive process which originally used to help the body get rid of
toxic substances [6].
There are a number of factors that have shown considerable contribution to cybersickness in
virtual environments that do not fall into any of the predefined theories [7, 8]. Display and
technology issues, position tracking error, lag, and flicker issue are some of the unclassified factors
causing cybersickness. Other than the causing factors, it is interesting to study the human body
response to this event. Based on the human body mechanism complexity,certain situations may
have different effects on different people. To investigate this complexity, some factors have been
studied to address this matter.
I- Gender: women are more susceptible to cybersickness than men [9]. Because they have
wider fields of view than men and it increases the chance of flicker sensitivity [7].

2- Age: age plays a critical role in cybersickness susceptibility. It is argued that severe
cybersickness happens between the ages of 2 and 12 years, and then it decreases till the age
of 21 and more slowly thereafter till reaching the level nonexistent at the age of 50 [3].

3- Illness: If someone has an illness, he/she may experience different cybersickness. Position in
the simulator: Users of VEs may experience different cybersickness, based on Based on
their position in the simulator.

Cybersickness Reduction. cybersickness is a serious drawback in application of VEs and it should
either be eliminated completely or at least reduce its severity. Some of the methods that have been
used to reduce the cybersickness symptoms are as below:

1. Motion platforms: Based on the sensory conflict theory, if sickness happens in a VE, it is a
sign which implies a conflict between the visual and vestibular systems. Thus, to reduce the
cybersickness the idea of adding motion platforms to the VE simulator was introduced by
Casali [10].

2. Direct vestibular stimulation: Application of direct vestibular stimulation can also reduce the
cybersickness. A nearly similar concept as motion platform is proposed in this method, but
the large motion base is altered by wearing a device which transfers electrical signals to the
8th cranial nerve. Signals then trick the vestibular system into sensing that a linear or
angular acceleration and deceleration is taking place [10].

3. Rest frames: The rest frame idea is based on the strong human insight of stationary surface
and stuff [11]. Accordingly, by providing a rest frame in the VE the user can use it for
stationary and reduce and avoid the cybersickness.

4. Adaptation: The more credited approach is to plan an adoption program for the VE users to
prepare for VE [12].

Having discussed the age matter in cybersickness, Liu and Uang [13] found that the Simulator
Sickness Questionnaire (SSQ) scores of cybersickness increased significantly with increasing
navigation rotating speed and exposure duration on older participants. The device of thin-film
transistor liquid-crystal display (TFT-LCD) has been utilized to present the VE to the participants.
Therefore, the cybersickness-predicting model was designed to evaluate the symptom of
cybersickness for older users on TFT-LCD display in VE.

Kennedy and Stanney [14] found that sometimes postadaptation phenomena can happen even
when there is no sickness. They discussed that it is possible that any of the aftereffects happen
without sickness. However, sickness in VEs is a problem which is depending on people and
different effects may occur in different individuals [15]. One of the researches that could make a
successful pace in cybersickness control was done by Sharples et al. [16] many other researchers
have continued to find a system where can reduce or avoid the sickness in VE. Stanley and Hash
[17] have done an experiment on 24 student participants that they were immersed in a VE. They
tested the effect of user-initiated control on changing the level of cybersickness and reported high
level of control by each participant in the VE.

It is discussed that symptoms of simulator sickness are the same as motion sickness and studies
outcome of motion sickness can be used in cybersickness studies. On the contrary, it is reported that
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observing numerous visitors to VE reveals the inconsistency between the traditional understanding
of motion sickness and cybersickness, where in cybersickness elderies are more prone to get sick in
VE compared to youngsters and this is vice versa in motion sickness. Therefore, traditional concept
of motion sickness and especially its relationship with age may not be true in the case of
cybersickness [18].

Usability

Usability is one of the crucial characteristics in human computer interaction. The term Usability
substituted the User Friendliness term in computer based technologies [19]. Based on different
approaches to usability measurement, there are different definitions of usability. In VR technology
the efficiency of the system is measured according to the usability measurement features. A virtual
reality interface with high usability provides the user with complete accessibility and freedom in
managing and accomplishing his/her task in the VE [20].

Usability Evaluation. Sweeney et al. [21] is the first researcher that defined usability as “the
capability in human functional terms to be used easily and effectively by the specified range of
users, given specified training and user support, to fulfill the specified range of tasks, within the
specified range of environmental scenarios”. Proposed four dimensions to measure usability:

1. Effectiveness: performance in task completion.

2. Learnability: degree of learning to accomplish tasks.

3. Flexibility: adapt to variation in tasks.

4. Attitude: user satisfaction with the system [21].

Among different definitions of usability, Bevan [19] defined it as “quality in use” and
introduced three criteria for measuring usability which are understandablity, learnability, and
operability. Nielsen [22] rephrased the usability term definition given by Sweeney et al. [21] and
stated that usability is a feature that influences product acceptance. He mentioned that the
measurement of usefulness should be assessed individually and five characters are introduced to be
used as follows:
1-Learnability: the system should be easy to learn;
2-Efficiency: the system should be efficient to use;
3-memorability: the system should be easy to remember;
4-low error rate: the system should make users enable to make fewer errors when they are using the
system
S-satisfaction: Users should be satisfied with the system.

In order to have standards for usability measurement, ISO 9241-11 [23] standards made
guidelines for software interfaces. Based on ISO 9241-11 the elements of usability were, (1)
effectiveness, (2) accuracy and (3) completeness. In addition, ISO 9126 [24] defined usability as a
relatively independent contribution to software quality associated with the design and evaluation of
the user interface and interaction. ISO 9126 [24] stated usability should be measured by the
following features: (1) Understandability: the capability of the software product to enable the user
to understand whether the software is suitable;

(2) Learnability: the capability of the software product to enable the user to learn its application; (3)
Operability: the capability of the software product to enable the user to operate and control it; and
(4) Attractiveness: the capability of the software product to be attractive.

To prevent and reduce the common usability problems in VEs, interface design guidance is
introduced as a helpful approach [25]. This approach is argued to be effective in terms of increasing
the user spatial awarness in VEs and interaction and controlling objects in VE. It also stated that
interface design guidance can enhance the sense of places by direction, linkage and atmosphere. To
design a VE, Wann and Williams [26], highlighted the need of spatial elements such as places,
paths, domains, and thresholds. They stated a well designed VR system should support perception,
navigation, exploration, and engagement.
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Navigation and exploration of VEs are two of the usability problems that can severely affect
VR systems. The lack of navigation cues to direct the users to the object and around VE, and
navigating too close to virtual objects are argued to be the major causes of navigation and
exploration issues in VEs [27]. It was earlier discussed by Kaur [25] that typical usability problems
relate to the poor performances originated from the poor navigation design, unsuitable screen
design, bad feedback, and lack of consistency for instance.

Some of the obstacles in defining the participants’ performance within VEs are the wide range
of interfaces to be used and various reactions and behaviors that might be exhibited within the
interaction. Therefore, it is difficult to provide coherent guidance for designers [28]. Studies
involving human factors are highly difficult to plan and carry out due to the numerous variables to
be controlled and the costs involved in such study [29]. However, due to the importance of usability
improvement in VEs which helps to reach the full potential of the technology, the need of
guidelines and background information for alternative solution is highlighted [30].

Conclusion

The cybersickness and usability are two important issues which affect the efficacy of virtual
environments. There are three theories that explain the cybersickness causes; (1) the sensory
conflict theory, (2) the postural instability theory, and (3) the poison theory. There are also some
other causness which are not directly related to the above theory such as, Display and technology
issues, position tracking error, lag, and flicker issue. From an individual standpoint, age, gender,
illness, and the position in the simulator are factors that interfering with severity of cybersickness.
Aside from the cybersickness effects on the VE users, usability is a term which encompasses all the
measurements to evaluate the efficiency of a system and human computer interaction in general.
Usability is defined in different ways by different factors for usability evaluation. However, to
summarize the influential factors in measuring and defining the usability of a system,
understandability, learnability, operability, attractiveness, effectiveness, accuracy and completeness
of a systems are introduced to be major factors. Overall, a virtual reality interface with high
usability provides the user with complete accessibility and freedom in managing and accomplishing
his/her task in the VE.
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