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Abstract

An important and troublesome problem with current virtual
environment (V E) technology isthetendency for someusers
to exhibit symptoms that parallel symptoms of classical
motion sickness both during and after the VE experience.
Thistype of sickness, cybersickness, isdistinct from motion
sicknessin that the user is often stationary but has a compel-
ling sense of self motion through moving visual imagery.
Unfortunately, there are many factors that can cause cyber-
sicknessand thereisno fool proof method for eliminating the
problem. In this paper, | discuss a number of the primary
factors that contribute to the cause of cybersickness,
describe three conflicting cybersickness theories that have
been postulated, and discuss some possible methods for
reducing cybersicknessin VEs.

Introduction

Virtual real ity1 (VR) isapromising technology whichin
recent years has become more and more popuar[33]. The
ability to immerse a user in avirtual world through the use
of 3D real-time computer graphics and advanced display
devices such as head mounted displays (HMDs) or Caves[5]
has been shown to be beneficial in anumber of applications
like education, entertainment, engineering, driving smula-
tion, and flight simulation. However, a troublesome prob-
lemwith VR isthat, in some cases, users devel op symptoms

L The terms virtual reality and virtual environments are
equivalent for the purposes of this paper and will be used
interchangeably.
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that are similar to the common symptoms found when peo-
ple get motion sick. Userswho exhibit these type of motion
sickness-like symptoms suffer from a malady called cyber-
sickness.

There are anumber of symptoms that can occur due to
cybersickness and motion sickness which include:

* Eyestrain

» Headache

* Pallor

 Sweating

* Dryness of mouth

* Fullness of stomach
* Disorientation

* Vertigo?

. Ataxia®

* Nausea

* VVomiting.

Although both motion sickness and cybersickness produce
the same types of symptoms, they are not necessarily the
samething. With the former, vestibular stimulation alone
can be sufficient to induce motion sickness[24], although
vision can also be a contributing factor[17]. With the |atter,
sickness can occur strictly with visual stimulation and no
vestibular stimulation. However, thereisno one exact cause

% Vertigo is adisordered state where the individual's sur-
roundings appear to swirl dizzily.

3.3, Ataxiais postural disequilibrium or alack of coordina-
tion.
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for cybersickness and is often described as a polygenic sick-

ness 16].
Consequences and Implications of Cybersickness

There are anumber of consequences and implications relat-
ing to cybersicknessin virtual environments. One of the
potentially dangerous problems with cybersicknessisthe
possible after-effectsthat can develop in the hoursfollowing
the VE experience. In many cases, symptoms can linger for
hourg[15] and, in some cases, for days[11]. In one of the
more bizarre cases, apilot had his view of the world invert
180 degrees while driving a car hours after the VE experi-
ence[18]. Asaresult of thesetypesof after-effects, many air
force bases have mandatory grounding polices which
reguirethat apilot cannot fly an aircraft from anywherefrom
12 to 24 hours after exposureto aVE flight simulator. Also,
many VR entertainment centers require that users not drive
for at least 30 to 45 minutes after exposure. One could argue
that thisis not enough time given some of the research
results presented above. However, the exposure time for
VEsin these entertainment centersis usually only afew
minutes while VE flight simulator exposureis usually much
longer, and the intensity of the experience is much more
severe,
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Besides flight and driving safety as a consequence of after-
effects, cybersickness implies a decreased amount of VE
usage. In general, people try to avoid getting sick, and if a
VE experience causes cybersickness then people will just
stop using the VE. Another important consequence of
cybersickness hasto do with compromised training in flight,
helicopter, and other VE simulations. First, the training
process can beinterfered with if usersarebeing distracted by
various symptoms. Second, users may adopt behaviorsto
avoid symptoms in the simulation which would affect the
driving/flying of the physical vehicle[19].

Analysis of the Vestibular and Visual Systems

We have seen in the previous section that cybersicknessis
problematic, and its causes and contributing factors must be
understood in order to determine how to develop theories
which can predict when cybersicknesswill occur and how to
alleviate it. However, before discussing the three main
cybersickness theories and how to alleviate the problem of
cybersickness, it isimportant to understand the underlying
physiology of the two main components that relate to self
motion, the vestibular system and visual perception. There-
fore, inthissection, we briefly discussthe vestibular system,
the visual perception of self motion, and the important rela-
tion between the two.

Semicircular Canals

Utricle
Saccule
Vestibular Nerve

INNER EAR OR LABYRINTH

Figure 1: The various components that make up the vestibular system.
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Figure?2: A crosssection of asemicircular canal. The cupulasit
in a small swelling at the base of the canal called the ampula.

Thefigureis adapted from [22].

TheVestibular System

TheVestibular system, shownin Figure 1, providesinforma-
tion about the movement and orientation of the head in
space[10]. It iscomprised of the non-acoustic portion of the
inner ear which consists of three semicircular canals for
detecting angular acceleration and the utricle and saccule
which detect linear acceleration.

Thethree semicircular canal s correspond to each of thethree
dimensions in which human movement can take place.
Therefore, each canal detects motion in asingle plane. Each
canal isfilled with afluid called endolymph, which flows
through the canal as the head experiences angular accelera-
tion. Asthe fluid flows through the canal, it deflects small
hair-like cells, called cupula, which send signals to the ves-
tibular receiving areas of the brain[29]. See Figure 2 for a
cross section of asemicircular canal. Notethat therearetwo
vestibular components, one on each side of the head which
mirror each other and act in a push-pull manner. Since each
group of hair cellsis polarized, they can be either excited
(pushed) or inhibited (pulled) based on which direction the
cupulamove. Itisimportant for both vestibular apparatuses
to agree with each other. Under normal operation, one side
of the head should push and the other should pull. If both
sides are pushed, for example, vertigo will result.

The vestibular system also detects linear acceleration

through the utricle and saccule. These two organs have a
sheet of hair-like cells, called the macula, whose cilia are
embedded in agelatinous mass. The gelatinous mass has

SIGCHI Bulletin

clumps of small crystals, called otolith, which pro-
vide the inertiarequired to drag the hair cells from
sideto side[22] to provide the perception of motion.
Once a constant speed is achieved, the otoliths stabi-
lize and perceived motion disappears with respect to
the vestibular system. An example of this phenom-
enaissitting inacar whenit first accel eratesand then
stabilizes.

Aswith the semicircular canals, the hair cellsin the
utricle and saccule are polarized but are arrayed in
different directions. Each macula can cover two
directions of movement. Since the utricle lies hori-
zontally in the ear, it can detect any motion on the
horizontal plane while the sacculeis oriented verti-
cally so it can detect up, down, forward and back-
ward motion. Note that amajor role for the utricle
and saccule isto provide vertical orientation with
respect to gravity. Asan example, consider the con-
stant small wavers and rocking back and forth when
someoneistryingto stand still. Thisisadirect reflec-
tion of the utricle and saccule at work.

The Visual Perception of Self Motion

When someoneisin a stationary position, they can
still get the impression of self motion under certain
conditions. This deceptive impression of self motion
iscalled vection[6]. Vection can occur, for example,
when someoneisin a stationary vehicle while an
adjacent vehicle beginsto move. Vection canasobe
produced with wide field-of-view displays (the same dis-
plays that are used in virtual environments) of optical flow
patterns that are characteristic of self motion[13]. These
optical flow patterns provide atemporal changein the struc-
ture of the optic array”. Optic flow patterns also provide a
sense of self motion based on both translational and rota-
tional components about a head-centered axis in three-
dimensional space[8]. In standard self motion, these compo-
nents would be accompanied by vestibular information, but
with vection, the vestibular information is either not present
or influenced by the optical flow patterng17]. It isthisvis-
ual-vestibular relationship which is the foundation for sen-
sory conflict theory (see Section 3.1).

There are a number of important stimulus factors which
determine the strength and duration of vection illusions.
Field-of-view plays a significant role in causing vection
since alarger field-of-view stimulates more of the retinal
periphery[17]. The optical flow rate® is also a contributing
factor to inducing vection since a faster flow rate will
increase the perceived motion's speed thus making the illu-
sion more intense. Finally, an important factor in the cause
of vection is the apparent depth of the objectsin the virtual

% The optic array isa pattern of light intensitiesin different
visual directions at a moving point of observation[34].

5 Theoptical flow rateisthe perceived forward speed scaled
in terms of the height of the eye above the ground surface.
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medial rectus

horizontal semicircular
canals

Figure 3: A top down view of a person's head showing the hori-
zontal semicircular canals and the medial and lateral rectus.

Thefigureis adapted from [22].

environment. In applications where the user does not have
to perform significant virtual travel techniques and objects
are close to the user, such as automotive design or virtual
prototyping, vection will belimited. However, with applica
tions such as driving and flight simulation, motion isinher-
ent to the application which will provide more stimulus cues
toinduce vection[21]. Note that there are more physiologi-
cal factors dealing with vection due to the complexities of
the visual system. A discussion of these factorsis beyond
the scope of this paper. Theinterested reader is encouraged
to explore both Gleitman[10] and Sekuler[30] for more
information.

Relationship Between the Vestibular and Visual Systems

There is an important relationship between the vestibular
and visual systemsin that the semicircular canals keep the
eyesin place when the head moves. The semicircular canals
exert control over the eyes so they can compensate for head
movements. The eyes are controlled by three pairs of mus-
cles, the medial and lateral rectus, the superior and inferior
rectus, and theinferior and superior oblique[30]. Each sem-
icircular canal interacts with asingle eye muscle pair. This
compensatory reflex is known as the vestibulo-occular
reflex® .

Todescribethe vestibulo-occul ar reflex consider thefollow-
ing example. Figure 3 shows the horizontal semicircular
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canals and the medial and lateral rectus muscles
which will contract or relax the eye in the horizontal
plane.

lateral rectus

If the head moves to the left and the eyes are to be
fixed on a stationary point, then the head motion will
excite the | eft horizontal canal and inhibit the right
horizontal canal. The left horizontal canal will send
messagesto theright lateral rectusand theleft medial
rectusin order to pull the eyesto theright. Notethat
since the right horizontal canal isinhibited, it hasno
effect on the eye muscles. See Figure 4 for more
details.

Cybersickness Theories

Now that we have discussed the two most important
parts of the body that are associated with cybersick-
ness, the question arises as to why and how does
cybersickness occur. There are three main theories
asto the cause of cybersickness namely the sensory
conflict theory, the poison theory, and the postural
instability theory.

Sensory Conflict Theory

The sensory conflict theory is the oldest and most
accepted of the theories relating to maotion sickness
and cybersicknesg[29]. The theory is based on the
premisethat discrepanci es between the senseswhich
provide information about the body's orientation and
motion cause a perceptual conflict which the body
does not know how to handle. With cybersickness and
motion sickness, the two primary senses that are involved
arethe vestibular sense and the visual sense. These sensory
conflicts arise when the sensory information is not the stim-
ulus that the subject expected based on his/her experience.

In the case of cybersickness, consider avirtual environment
driving simulator. As the subject uses the simulation, the
optical flow patterns of the road, buildings, and other parts
of the environment move past the subject’s periphery which
gives him/her asense of vection’. Thevisual systemtellsthe
subject avariety of information whichincludesthat he/sheis
moving in acertain direction, accel erating when pressing the
gas pedal and decelerating when pressing the brake. How-
ever, since the subject is not actually moving, the vestibular
sense provides no sense of linear or angular acceleration or
deceleration. Under normal physical driving conditions, the
subject has both the vestibular and visual systems providing
information and, as aresult, thisis the perception that the
subject expectsto have. When the subject does not get the
expected response, a conflict occurs and cybersickness may
ensue.

6 Note that much of this axon traffic travels viaafiber path-
way called the medial longitudinal fasciculus (MLF).

- Thework of Hettinger has shown that, in many cases, vec-
tionisrequired for cybersickness to occur[14].
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left

vestibular nuc.

Figure 4: The pathway from semicircular canal to eye muscleis

shown. Cellsin thevestibular nucleusthat received messagesfrom
theleft horizontal canal aretransmitted to an area called the abdu-
censnucleus (V1) to stimulate theright lateral rectusand an area
called the oculomotor nucleus(l11) to stimulatetheleft medial rec-

tus. Thefigureis adapted from[22].

Although the sensory conflict theory is the most widely
accepted theory for the cause of cybersickness, there are a
number of problemswithit. First, it haslittle, if any, predic-
tive power in determining if cybersickness will occur given
acertain situation or how severe it will be, and it does not
account for some of the other factors that have been associ-
ated with cybersickness (see section 4). Second, although
the theory claims a conflict between vestibular and visual
cuesisapossible cause for cybersickness, it does not
account for why someindividual sget sick and why othersdo
not given aset of identical stimuli. Finally, the sensory con-
flict theory claimsthat a cue conflict can cause cybersick-
ness, but it does not provide an explanation for why such a
conflict could make someone sick.

The Poison Theory

The poison theory attempts to provide an explanation for
why motion sickness and cybersickness occur from an evo-
lutionary standpoint[32]. Thetheory suggeststhat theinges-
tion of poison causes physiological effectsinvolving the
coordination of the visual, vestibular, and other sensory
input systems. These physiological effects act as an early
warning system which enhances survival by removing the
contents of the stomach. The adverse stimulation found in
some virtual environments can effect the visual and vestibu-

SIGCHI Bulletin

lar systemin such away that the body misreadsthe
information and thinksit hasingested sometype of
toxic substance thus causing disturbing symptoms
which lead to an emetic response.

The poison theory provides an interesting hypoth-
esis for the occurrence of cybersickness and there
has been some research that supports the the-
ory[23]. However, it also lacks predictive power
and makes no determination for why people who
get sick invirtual environmentsdo not alwayshave
an emetic response. It also does not provide any
explanation for why some people get cybersick in
VEswith agiven stimuli but others with the same
stimuli do not. Unfortunately, it is difficult to ver-
ify that thistheory isvalid.

The Postural Instability Theory

The postural instability theory, developed by Ric-
cio and Stoffregen, is centered on theideathat one
of the primary behavioral goalsin humansisto
maintain postural stability in the environment. In
thiscase, postural stability isdefined asthe statein
which uncontrolled movements of the perception
and action systems are minimized[28]. This pos-
tural stability is constrained based on the nature of
the surrounding environment. For example, con-
sider walking on concrete and walking onice. In
general, people walk on concrete differently than
they doonice, and if someonetriestowalk onice
asthey do on concrete, they will usually fall down.
However, the natural reaction to walking oniceis
to change the walking pattern so as to maintain
postural stability. Whenever the environment
changes in an abrupt or significant way, in many
cases, postural control will be lost especially if the
control strategies are not available dueto lack of experience.
Eventually, the control strategy will be learned and postural
stability will be attained once again. When someone has
either degraded or completely lost postural contral, they are
in astate of postural instability.

Therefore, the postural instability theory statesthat the cause
of motion sickness and cybersickness is prolonged postural
instability[28]. In other words, postural instability precedes
and is necessary to produce mation sickness and cybersick-
ness symptoms, and the severity of the symptoms scales
directly with the duration of the instability. So, the longer
the duration of postural instability, the more severe the
symptoms are. Also, symptoms will not occur if postural
control islost completely because the event isusually brief.

Now the question arises asto how the postural instability
theory relates exclusively to cybersickness. There are a
number of environmental situations that occur which can
induce long periods of postural instability. Riccio and Stof-
fregen classified them into 4 distinct categories which
include low-frequency vibration, weightlessness, changing
rel ationships between the gravitoinertial force vector® and
the surface of support, and altered specificity[28]. Cyber-
sickness fallsinto the category of altered specificity. Since

Volume 32, Number 1 January 2000 51



in many VEsthere are optically specified accelerations and
rotations that are unrelated to the constraints on control of
the body, postural control strategiesfor gaining postural sta-
bility will not work. For example, a subject may use muscu-
lar force to resist the tilt of an angular acceleration whichis
visually perceived. Since there was no physical tilt the sub-
ject created an unintended divergence from a stable position
causing postural instability. According to Riccio and Strof-
fregen[28],

Postural instability will result whenever an animal links its
control to patterns of stimulation that have ceased to be spe-
cific to those environmental conditionsfor which the control
isappropriate.

The postural instability theory was devised in an attempt to
refute the sensory conflict theory. It presents aimportant
argument that makes the claim that the cause of cybersick-
ness and motion sickness could not be sensory conflict[31].
The argument states that when the vestibular and visual sys-
tem are in agreement they are receiving redundant informa-
tion. So, if the two systems are not in agreement, then there
exists a nonredundency of information. In many cases, this
nonredundancy does not induce sickness and the sensory
conflict theory has no explanation for why. Asaresult, itis
not an adequate theory. However, the interesting thing to
note isthat the postural instability theory parallels the sen-
sory conflict theory in many ways especially in terms of
cybersickness. Whether or not it isavalid theory is uncer-
tain although there has been some evidence to support that
the sensory conflict theory isinadequate]27]. Moreresearch
needs to be conducted to determine the validity of the pos-
tural instability theory.

Contributing Factorsto Cybersicknessin Virtual
Environments

There are anumber of other factorsthat have been shown to
contribute to cybersicknessin virtual environments that are
not directly related to any of the three theories discussed in

the previous section. In this section, we discuss some of the
contributing factors that are associated with technology and
withtheindividual. For amore completelist of reported fac-
tors that have caused cybersickness see [19][25].

Display and Technology Issues

The technology used to create virtual environments has
come along way in providing immersive VE experiences.
However, dueto imperfectionsin thetechnology, therearea
number of problems (especially with visual displays) which
have been associated with inducing cybersickness. Fortu-
nately, with time technology improves so many of these
problems could go away in the future.

8 Gravitoinertial forceis the vector sum of the Earth's grav-
ity and other forces that change a body's linear velocity rel-
ative to the Earth[7].
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Position Tracking Error

An important component of virtual environment technology
isthe ability to track the user's head and possibly limbsin
physical space so an accurate representation of the user can
be made in the virtual space. Also, the head tracking infor-
mation gives the user the correct perspective when viewing
inthe VE. Position trackers are not one hundred percent
accurate and depending how inaccurate they are will deter-
mineif they will cause cybersickness symptoms. These
tracking devices also have atendency to report slightly
unstableinformation which will causejitter. Asan example,
consider ajittery tracker attached to the user's head. If this
tracker is used to update the user's view, then the view will
bein constant uncontrollable movement even when the user
isholding hig’her head and body stationary. These types of
problems have resulted in symptoms such as dizziness and
lack of concentration[1].

Lag

L ag represents the time between the user initiating an action
and the action actually occurringinthe VE. A very common
case of lag in VEsisthetime it takes to send information
from a head tracker to the computer, have the computer
process the information, and then update the visual display.
Imagine a user rotating his’her head 30 degrees to watch a
passing car inthe VE. If lagissignificant, the computer will
not immediately update the display, and the user will haveto
wait for theimagesto appear wherethey are expected to be.
Thisdelay is very unsettling and can cause cybersickness
symptoms[25].

Flicker

Flicker is distracting, can cause eye fatigue, and has been
shown to be acontributing factor for inducing cybersickness
symptomg[12]. The perception of flicker hastwo interesting
properties. First, it differs between individuals and depends
on theflicker fusion frequency threshold® . Second, the like-
lihood that flicker will be perceived increases asthefield of
view increases since the peripheral visua system is more
sensitiveto flicker than thefovea[2]. One of thegoalsof vir-
tual reality isto surround the user's field of view with visua
stimulation. Thisgoal represents a problem since the wider
thefield of view the more susceptible humansareto flicker.
In order to reduce the possibility of flicker, the refresh rate
of the system must beincreased. A refresh rate of 30Hz is
usuall %/ good enough to remove perceived flicker from the
fovea'® . However, for the periphery, refresh rates must be
higher. Astechnology improves, these extremely high
refresh rate visual displays should become more common
and affordable.

% The flicker fusion frequency threshold is point at which
flicker becomes visually perceptible[25].

10 The reduction of flicker also depends on the temporal
characteristics of the display. A dowly decaying phosphor
can effectively reduce the flicker fusion frequency thresh-
hold.
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Individual Factors

One of the most interesting questions about the causes of
cybersickness is why some people get sick in certain situa-
tions while other do not. Unfortunately, this questionisa
rather difficult one to answer due to human complexity.
However, there has been some work done in this areawhich
sheds light on afew of these factors.

Gender

Asit turns out, women appear to be more susceptible to
cybersickness than men[1]. One of the reasonsfor thisis
that women generally have wider fields of view than men,
and as discussed in the section 4.1.3, awide field of view
increases the likelihood of flicker perception.[19]

Age

Reason and Brand have reported that age differences play a
factor in cybersickness susceptibility[29]. They state that
susceptibility is greatest between the ages of 2 and 12 years
of age. It decreasesrapidly from 12 to 21 yearsand the more
slowly thereafter. They claim that around 50 years of age,
cybersickness is almost nonexistent.

IlIness

I1Iness has shown to be a contributing factor which increases
aperson's susceptibility to cybersickness. In fact, Frank et
al.[9] claims that someone who is suffering from illness,
fatigue, sleep loss, hangover, upset stomach, periods of emo-
tional stress, head colds, flu, ear infection, or upper respira-
tory illness should avoid using VE simulators.

Position in the Smulator

Positioning the subject in the VE can also play arolein the
individual's susceptibility to cybersickness. When people
usevirtual environmentsthey are usually sitting or standing.
Based onthe postural instability theory\cite{ ricciol}, sitting
appears to be the better position in which to reduce cyber-
sickness symptoms since it would reduce the demands on
postural control. Another situation in which positioning a
user in the virtual environment can increase the susceptibil-
ity of cybersicknessisin VE simulations where more than
one person participates. User's who control the simulation
are less susceptibl e to cybersickness than those who are pas-
sive participantg[20]. This phenomenais analogous to
someone who gets car sick as a passenger but does not get
sick asthe driver.

Cybersickness Reduction

We have seen that cybersicknessis a problem that must be
corrected in order for VES to be usable by anyone who
wishes to use them. So the important question arises asto
how we can eliminate cybersickness or at least reduceits
severity so people who are susceptible to cybersickness can
use VEs. In this section, we discuss a number of ways that
have been or could be used to reduce cybersickness symp-
toms.

Motion Platforms

According to the sensory conflict theory, if someone gets
sick inaVE, there must be a cue conflict between the visual
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and vestibular systems. So, one idea for reducing cybersick-
nesswasto add motion platformsto the VE simulator[3]. By
doing so, the user in the VE would get both vestibular stim-
ulation and visua stimulation. Unfortunately, in many
experiments people still got sick with the motion platform
added to the VE simulation. Their sickness could be true
motion sicknesswhichisapossibility if the motion platform
isaligned correctly with thevisual input. The other possibil-
ity isthat the motion platform was not aligned correctly with
the visual stimuli and, as aresult, there would still be a sen-
sory conflict between the vestibular and visual systems.
Research is still being conducted to determine if motion
platforms can be used to reduce the severity of cybersick-
ness symptoms.

Direct Vestibular Stimulation

Another possibility for reducing cybersicknessisto use
direct vestibular stimulation. Thisideaissimilar to the
motion platform concept but instead of using alarge motion
base, the user wears a device which sends electrical signals
to the 8th cranial nerve which tricks the vestibular system
into believing that thereislinear or angular acceleration and
deceleration taking place[4]. Using this device with the
associated visual stimulation in the VE could reduce cyber-
sickness and possibly eliminateit. However, thereare a
number of issuesthat must be considered if thisconceptisto
be applied in practice. Thefirst issueiswhether or not the
device can be accurate enough to produce fine sensations of
motion with respect to the visual stimulation. If the device
is not accurate enough, the same types of problems that
occur with motion platforms will occur with direct vestibu-
lar stimulation. Another issue with this device is how much
electrical current is needed to provide a compelling enough
vestibular experienceto truly inducethe vestibular systemto
providethebrainwith self motioninformation. Currently, no
one has attempted to use this device in the context of cyber-
sickness reduction so these questions remain unanswered.
Thisis definitely an areafor future research.

Rest Frames

The concept of rest frames is based on the observation that
humans have a strong perception for things that are station-
ary[26]. Therefore, arest frameis simply the particular
frame which a given observer takesto be stationary. The
rest frame construct isaway of summarizing much of thelit-
erature on spatial perception. It states that

The nervous system has access to many rest frames. Under
normal conditions, one of these is selected by the nervous
system as the comparator for spatial judgments. In some
cases, the nervous system s not able to select a single rest
frame.

Interms of cybersickness, if thereis difficulty in selecting a
consistent rest frame, people are morelikely to get cybersick
since they will have conflicting information on what is sta-
tionary in the VE and what isnot. So in order to reduce
cybersickness, the discrepancies which indicate conflicting
rest frames needs to be removed. Prothero performed two
experiments to test this hypothesis and found that creating
an independent visual background which isin agreement
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with inertial cues can reduce cybersickness symptoms[26].
However, subjectsweretested with alow-end head mounted
display with alimited field of view and simple visual stimu-
lation.

Adaptation

One of the more common approaches that has been devel-
oped and used in practice isto provide VE users with some
type of adaptation program[21] to the virtual environment.
By having usersincrease their exposure time gradually they
can adapt to thevirtual environment. Also, tasksthat require
high rates of linear or rotational acceleration should be grad-
ually worked into the simulation so asto not shock the user's
vestibular and visual systems. Unfortunately, using this
adaptation scheme does not help the user readapt to the real
world once the user is done with the VE. Asaresult, after-
effects and flashbacks can still occur. However, adaptation
strategies still appear to be the best method for cybersick-
ness reduction aslong asthe participant iswilling to take the
time to go through the adaptation process.

Conclusions

Cybersickness can present a significant problem for a
number of individuas who use virtual environments both
during and after the VE experience. Itisproblematic not just
for the number of adverse effectsit has but also in that it is
difficult to predict on an individual basis and on an overall
basis. Cybersicknessisalso difficult to predict because
there are so many factorsthat can contributeto its cause both
from atechnological standpoint and an individual stand-
point. Although the technological causes may pass with
time, those causes based on individuality probably will not.
Nevertheless, it isimportant to understand what the causes
for cybersickness are so we can find way to reduce and pos-
sibly eliminateit.

A number of theories have been proposed which attempt to
explain why cybersickness occurs and where it comes from.
The oldest and most prominent isthe sensory conflict theory
which basically statesthat conflicts between visual and ves-
tibular systemsarethe main causefor cybersickness. Oneof
the newer theories to come out isthe postural instability the-
ory, acounter to the sensory conflict theory. Thistheory
essentially states that long periods without postural control
will cause cybersickness. Finally, alesser known theory, the
poison theory, claims that the cause of cybersicknessis
based on a maladaptive process which originally used to
help the body get rid of toxic substances. All these theories
have there pros and cons and it is difficult to choose one to
be the true theory for the cause of cybersicknessfor a
number of reasons. First, al three theories present valid
arguments for the cause of cybersickness, yet in each theory
an example for when the theory does not hold can be found.
Another flaw with each theory isthat they do not have afirm
grasp for why one individual gets sick while another does
not in identical conditions. Any complete theory asto the
causes of cybersickness should take the individual into
account.

Although the current cybersicknesstheorieshaveflaws, they
have been able to help determine the causes for cybersick-
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ness in some cases. They also have helped researchers
develop some methods with which to reduce cybersickness
and its associated symptoms. These cybersickness reduction
methods have helped in some cases but not al of them. If a
unified and compl ete theory which can determine the causes
of cybersickness on anindividual basis and provide the nec-
essary predictive power isfound, then perhaps cybersick-
ness could be eliminated completely. Otherwise, just like
motion sickness, cybersickness will be with usindefinitely.
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