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Abstract

Large wide screen displays are increasingly besgduo provide information for situation awarenédsey may
employ virtual reality (VR) technology for movindsglays that are immersive and interactive. Yethsdisplays
have potential to cause psychophysiological sidects, including symptoms of nausea, instability ayestrain.
Symptoms may occur while viewing and may also geffsir a time afterwards, raising health and safetycerns
and reducing effectiveness. The incidence and #g\warside effects differ between displays and ${&stems, so
that empirical studies are needed to develop guaieefor use of a new facility.

FOCAL (the Future Operations Centre Analysis Latmsg at DSTO Edinburgh has been used to exploke ne
paradigms for future command environments. It eygpMR technology with a large 3.6 metre radius, °1aitle
field-of-view curved screen, and projectors thafpthy mono or stereo graphics. Previous researtteiVR field
found field-of-view and visual flow rate to influea the occurrence and severity of side effects fiange displays,
so an experimental study examined the effects edehtwo factors with moving 3D displays in FOCALedRlts
found both incidence and overall severity of psyatiysiological side effects to be high. Of the 2@tipgpants, six
experienced moderate nausea in at least one ofotlme experimental sessions, while only two parécifs
consistently reported having no symptoms. Viewimg display on the full screen resulted in more seggmptoms
than viewing it with the field-of-view restricted bne-third of the screen. There was no clear etiewisual flow
rate. The pattern of results was complicated bygwoeffects, where viewing the display on the fallegn in the first
session resulted in higher levels of side effegeyall. This finding has implications for a deséissition regime for
naive or unadapted participants before they viemilai displays.

Vection and sense of presence were also measurddyath correlated with severity of psychophysiaag side
effects, consistent with the greater symptomatolggociated with greater realism found in flightgiator studies.
This has implications for the degree of realismrdéde in a large moving display.

1 Introduction

Rapid advances in the technologies that supporvtarkicentric warfare have greatly increased the @arhand
richness of information that can be delivered toommand centre. As a result, commanders and ttedir may
spend long, continuous periods of time in a comn@andre where they view displays designed to suppiation
awareness and decision-making. Large screens &mthvision of a diverse range of displays are becg
increasingly common, which raises questions of Hbese technologies may be used both safely and most
effectively. Many human factors issues are invoJueshging through cognitive, psychophysiologicaljanomic,
organisational and social. There are particulardssvhen a screen is used for the projection obaing display,
which might represent a flyover, remote video aigplay designed to support course-of-action (C@égisions.
The moving display has the potential to induce umted psychophysiological side effects that may ichpa health
and safety, reduce the display effectiveness andra€ly affect the performance of those using fitisTpaper is
concerned specifically with the psychophysiologisalies involved in the use of moving displays, presents the
results of an experimental study assessing thehpgyysiological side effects of viewing a large mmgv3D
display.

FOCAL (the Future Operations Centre Analysis Latmg at DSTO Edinburgh employs virtual reality (YR
technology, using a large 3.6 metre radius cunaden with 150° wide field-of-view, and six project that
display either mono or stereo graphics. This presitbr collaborative semi-immersive viewing ancrattion (see
Figure 1). FOCAL has been used to explore new pgmafor future command environments. Displays treate



been developed include virtual representationshef lhattlespace and interactive, immersive tools (©@DA)
visualisation. While moving displays and movingeiratctive environments can enhance the provisianfofmation

and assist analysis, planning and decision malkinigey are not appropriately implemented they ragily induce
unwanted psychophysiological side effects. Thege most commonly symptoms resembling those of motion
sickness, but with 3D displays may also include gymms of eyestrain. Such symptoms have been wesigrésed

as occurring in flight simulators (as simulatorksiess) since the 1950s, and have been increasibghrved in the
use of VR technologies. It was therefore considérmggbrtant to identify and understand factors twitld induce or
exacerbate such side effects in FOCAL, to avoithmimise adverse consequences for users’ healtisafetdy and
safeguard the overall effectiveness of the system.

Figure 1. The Future Operations Centre Analysis Laboratory (FOCAL)

2 Cybersickness

Psychophysiological side effects of VR displayedirently termed cybersickness) can be experieresgraptoms
of gastrointestinal distress, postural instabititydisorientation, and/or visual symptoms of eya@stor eye fatigue.
These groups of symptoms have been identified @ghtee dimensions of simulator sickness or cybknsiss

(Kennedy, Lane, Berbaum & Lilienthal, 1993). Thestfitwo dimensions resemble motion sickness symptavhile

the visual symptoms are usually related to the gigs of the visual display. Symptoms may be anilg, such as
a mild headache or drowsiness, or they may be muafe pronounced, such as severe nausea or dizziftess
symptoms most commonly occur while viewing, and rhaytransient or may also persist for a time aféeds. In

some cases, insidious symptoms like instability megur only after viewing.

While there are individual differences in susceptih the incidence of symptoms does depend stiyog the VR
system used and on the type of display. For exanipke survey of ten US Navy flight simulators theidence of
sickness varied from 10 to 60% depending on th&qodarr simulator surveyed (Kennedy, Hettinger &idmthal,
1990). Incidence in the general population and wittested displays could be expected to be evemehignd
indeed Regan and Price (1994) found that among@apgromprising civilians, military personnel anceffighters,
more than 60% experienced symptoms following onl)aminute immersion in a VR-generated environmesig
a head-mounted display.



There is a considerable research literature retezatihe problem. This derives from the extensimgestigations of
simulator sickness, a smaller but increasing nunmdfestudies of cybersickness, and studies of othsually

induced motion sickness (VIMS). However, becausie sffects can vary greatly between systems andelet
different environments displayed on a given systins, very difficult to provide specific guidelisefor design of
displays and use of a new system. To do this gyeemuires empirical investigations using the ngystem. In
particular for FOCAL, there are very few studiesside effects induced by a VR system using a lageen
display. Most existing cybersickness studies hawpleyed the more immersive HMDs, so that findingsynmot
generalise to large screens. However, empiricalistuusing the large FOCAL screen could be expettiduhve
implications for similar usage of other large scregstems.

In a study of the side effects of a new VR dis@ggtem, it is particularly useful to investigatettas that could be
expected to induce or exacerbate symptoms. A numbsetudies have shown wide field-of-view displagsbe
associated with a greater incidence of symptoms &na restricted field-of-view displays (Pausche&r& Conway
1992). There are several possible reasons forAhigide field-of-view is capable of producing a marompelling
simulation of motion and thus inducing strongertigat the perception of self-motion. Vection hagbassociated
with increased side effects and may precede theldement of actual symptoms (Hettinger, Berbaurmrieely,
Dunlap, & Nolan 1990). Flicker of the display is maodetectable in peripheral than in foveal (cehtvaion,
particularly with a bright display, so that a wifild-of-view may thus indirectly aggravate symp®(RPausch et al.
1992). The sense of presence, the perception afigha the virtual environment”, may be increassdtihe wide
field-of-view, although researchers have disagrasdto the relationship between presence and cykeess
symptoms. Some have found increased symptoms mnétieased presence (eg Wilson, Nichols, & Haldarg/19
while others have found a negative relationship \\étmer & Singer 1998). Because the wide screea mmajor
feature of FOCAL, and it can be used to producepmilimg moving displays, field-of-view is one ofetHactors
investigated in this study.

Global visual flow, the rate at which objects flokwough the visual scene displayed, has been shovnfluence
sickness, with faster rates associated with momgpsyms (McCauley & Sharkey 1992). A substantiat i@t global
visual flow would be associated with a display ssgnting a fly-through, which might be used for ragienal
planning as well as mission rehearsal. Effectsasf fate of flow are well understood in flight siators, which has
led to procedural recommendations to avoid rapith ga loss of altitude, high rates of accelerationusual or
aggressive manoeuvres, abrupt freezing of the aisphnd abrupt changing of observer position (Kdgne
Hettinger, et al. 1990). Interactive displays desi) for other tasks and purposes in FOCAL wouldadggable of
moving at an appreciable flow rate, and may nedskteubject to similar restrictions. Thus rateigtial flow is the
second factor that is investigated in this study.

3 TheExperiment

The experiment was designed to investigate thehmpfysiological side effects of viewing a large nmgvdisplay
projected onto the FOCAL screen, with the main foon motion-sickness-like symptoms. The main aifthe
study were to assess the incidence of symptomstatebt the effects of two display design attrdsuthat could
affect the incidence of symptoms; namely, fieldvidw and rate of visual flow. It was considered gibke that the
two factors could have a synergistic effect in @a&ging symptoms, and this could also be testetiarfactorial
design. Controls also allowed for the testing of arder effects in the presentation of conditiamparticipants.

The study described in this paper obtained apprfosal ADHREC (ADHREC Protocol 317/03).
4 Method

4.1 Participants

Twenty participants, 18 male and 2 female, wereuitsd from the civilian staff at DSTO Edinburghll Avere
naive (and therefore unadapted) to the display.usethe time of recruitment, all participants wesereened to
establish that they were in good health, were édeafn the experimental procedures and possibleeffdets, and
given information sheets before being asked to gigeed consent.



4.2 Materialsand Apparatus
42.1 Formsand Questionnaires

Subjective measures of cybersickness were assga®dand post-exposure using the Simulator Sickness
Questionnaire (SSQ) (Kennedy, Lane, et al. 1998)) the four point rating scale for each item asduby Regan
and Price (1994). While the SSQ Total Score wasthim focus of the assessment, the component diaressales

of Nausea, Oculomotor (visual symptoms) and Disaaiton (or Instability) were also assessed.

During the experimental session, the experimemeonded the participant’'s malaise ratings basetheriour point
rating scale of Golding and Stott (1997). Followithg experimental session, participants completedvection
Rating Scale of Hettinger et al. (1990) and therBRoesence Questionnaire, consisting of relevanis taken from
the Presence Questionnaire of Witmer and Singed8)lParticipants were asked during initial scregnivhether
they considered themselves to be susceptible tomsickness, and a Susceptibility Checklist reedrdhether the
participant had experienced motion sickness aslé ahin the last five years.

4.2.2 TheDisplay

The display was required to simulate the continumasement of the participant through an environnfenta
period of 20 minutes. It had to be capable of belisplayed in 3D with two different fields-of-viegeither the full
FOCAL screen or a one-third centred section ofsitreen), and at two different rates of visual fidast and slow).
The display was also required to contain featunasthe participant could identify and report, temsuring that the
participant was attending to the display throughout

CAVE Quake IIl was chosen, as it could be usedomstruct a display to meet the requirements and sséware

freely available on the Internet. A custom desig@&¥/E Quake environment was constructed, and a gelttted
to simulate travelling passively along a predeteedipath through the environment. This path coeltréversed at
either of two simulated speeds of travel: 2.54m{s€x1km/h) for the fast rate, and 1.27m/sec (~#/®Bk for the

slow rate. At intervals along the path of travettyres of simple objects were set into shallovoads in the walls.
Some of these objects could not be identified uhal participant appeared to reach them duringiaitravel, and
some required the participant actively to lookHe sides of the screen to identify them.

While the content of the display may not initialippear to be representative for the intended udargé screen
displays, it does in fact share flow rates, fiebdlsiew and the compelling sense of immersion vdisplays that
could be used in a future command centre. It isexbteme in the sense that as a game environméntnitdely

used, and it was hoped that for this reason it ddwold the interest of participants. The CAVE Quak&ironment
is shown in Figure 2.

Figure 2. Participant viewing the CAVE Quake |11 experimental display



4.3 Experimental Design

To assess both the incidence of cybersickness lacftects of the two display factors, the repeatezhsures
design employed three within-subjects factors esith two levels. These were Pre/Post Exposure dFaélView
(Full FOCAL Screen vs. Centred one-third of the DCScreen), and Flow Rate (Fast Rate vs. Slow Raléch
was one-half of the Fast Rate). The factors Fiélgtiew and Flow Rate were fully crossed, so thatheparticipant
took part in all four conditions, with testing siess for the conditions separated by at least atlelély. The order
of the four conditions was counterbalanced usihgtan Square, to control for any potential orddeefs. Although
order effects were not anticipated, predictionsardipg possible adaptation or sensitisation effectsld not be
made, as there is little existing research on ithe sffects of large screen 3D displays. The festihg sequences
used were:

Full / Fast, Full / Slow, Centred / Fast, Cedt/ Slow
Centred / Fast, Full / Fast, Centred / Slowl Falow

Full / Slow, Centred / Slow, Full / Fast, Cextr Fast
Centred / Slow, Centred / Fast, Full / Slow] FEast

The dependent variables were the symptoms of cigleess, assessed by the following measures. Sivgec
measures of the three dimensions of cybersickmessely nausea, instability or disorientation, amdlomotor
symptoms, were assessed both pre- and post-exposingethe SSQ (Simulator Sickness Questionnalitehfiedy,
Lane, et al. 1993], with the four point rating scédr each item. Subjective ratings of malaise weoerded at five-
minute intervals during exposure to the VE, usimg four point rating scale of Golding and Stott9ZP This also
served to monitor the level of the participant’snggoms while viewing, as if the maximum malaiséngtwas
reached the participant ceased viewing and theHheofghe viewing time was recorded.

A number of other factors identified in the litareg as potentially affecting the incidence and sgvef symptoms
were controlled. These factors included duratiopdsxre time, which was fixed at 20 minutes unlassparticipant
experienced symptoms of malaise at the maximunmgadind terminated the session. There were no bri@aks
viewing during the experimental session. Althougtividual susceptibility was not controlled, possilpredictor
variables (history of motion sickness) were recdrdg&ome attempt was made to control for circadatation by
having each of a given participant’'s sessions pt@gpmately the same time of day. Two other vagahthat may
be associated with motion-sickness-like side effere recorded; namely vection and presence.

4.4 Procedures

Each participant took part in each of the four ekpental conditions, in the order determined by lthéin square
sequence to which they had been randomly assi@@efdre each experimental session participants seneened to
ensure they were in their usual state of health fitndss. The participant completed the pre-ses§i8®@, and
proceeded with the experimenter to the FOCAL OpamatRoom for the experimental session. Instrustifum the

session were given. Participants were asked totifgdesind report each of the objects appearing i picture

alcoves along the path of virtual travel, were mafed of the ratings on the Malaise Rating Scale thatl they
should call for a halt if symptoms reached the mmaxn rating on the scale (i.e. moderate nausea avithithout

other symptoms).

The participant stood in position in the centreahaf viewing region (see Figure 2), while the expenmter sat a few
metres behind and slightly to the side of them ugtmut the session. Malaise Ratings were recoreéord the

display started to move and every five minutesdagter, unless malaise at the maximum rating wasmenced, in
which case the participant reported it so thatdisplay could be stopped, the viewing session teated and the
viewing time recorded. Otherwise the display rantfe full 20 minutes. The pictures of objects weigble at

regular intervals along the path of virtual travahd the experimenter recorded each one as it sextified.

Participants were not informed of the purpose efiicture object identification, which was mereadyensure that
they attended to the display at all times. Some=abjwere placed to the side of the screen, whieanmthat
participants needed to turn their heads to idertiiém.



When the viewing session was completed, particgpanmpleted the post-session SSQ, the Vection iR&aale,
and the Short Presence Questionnaire. If the jg@atit had experienced any symptoms, they were askexbt until
they recovered, and were reminded to be awareeafisk of poor balance.

A period of at least one full day was allowed betwéhe experimental sessions for each participarallow time
for full recovery from any symptoms experienced.

5 Resaults

Results presented here for the Simulator Sicknegstipnnaire (SSQ) focus principally on those fer $SQ Total
Score. The scores for the three dimensional subs¢hllausea, Oculomotor and Disorientation) thatrimrte to the
Total Score are not independent of each othertlaidindividual results are only quoted when ralaivto illustrate
a particular result. In general, results for thbssale scores reflected the same pattern of ressiltid the Total
Scores.

5.1 Occurrenceand Severity of Symptoms

Both the incidence and overall level of self-repdrisymptoms were high. Indeed, they were much hitien
anticipated at the time of planning the experimiestiady. This was reflected in the time the papticits were able
to spend viewing without experiencing apprecialgi@gtoms, as well as in the self-report symptom meesssof the
Malaise Scale ratings given throughout the sessiod the post-session SSQ scores.

Six of the 20 participants terminated at least exgerimental session before the scheduled 20 nuratd elapsed.
That is, they reported the maximum rating on thdalda Rating Scale, indicating that they were egmeing
moderate nausea with or without other symptomgh®fsessions terminated prematurely, the time spehe VE
ranged from 5% to 16% minutes. Thus some partitspdaveloped marked symptoms in a very short tipgnts
viewing the moving display.

The malaise ratings recorded each 5 minutes dueimpsure reflected the high symptomatology. Onlyp tw
participants gave consistent ratings of 0 (no symg) for all four sessions. Eleven of the partinigareported at
least mild nausea for at least one session. Medmaximum malaise ratings were both strongly catesl with
post-session SSQ Total Scores (both Speapn@®d) = 0.8,p < .001), and negatively correlated with time spent
viewing the display (Spearman(80) = - 0.6 and - 0.7 respectively, batk .001).
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Figure 3. Smulator Sickness Questionnaire (SSQ) Total Scores for individual participants in each experimental
session, presented in the order the sessions were experienced (without specifying the condition for each session).



The post-session SSQ Total Scores for the indivigadicipants are shown in Figure 3, and indi¢hteseverity of
symptoms induced. As an indication, an SSQ Totar&of 15 represents feeling slightly fatigued wigrhaps a
slight headache and slight difficulty concentratidgscore below 15 is consistent with being fit feork. Yet as
Figure 3 illustrates, most participants had scamssiderably above this level. A score of 60, aatieby several
participants, represents symptoms of moderateversenausea or a moderately severe headache, iwiihabss or
eyestrain, usually associated with sweating, camalgle discomfort and difficulty concentrating. Fsmores above
this level the symptoms were more severe. Cleaewing the display could induce considerable symyailogy.

5.2 Predicting Individual Susceptibility

While the results indicate differences in indivilisusceptibility, this could not be predicted eithey the
participants themselves or by a past history ofiomosickness. Each of the following differences wested using
the Mann-WhitneyU test. At the time of recruitment, participants &veasked if they considered themselves
susceptible to motion sickness. This pre-partiojpatestimate was not predictive of whether the ip@dnt
experienced symptoms, as indexed by their SSQ Baates () (4, 16) = 24.0p > .4). Anecdotally, many of those
who experienced side effects expressed their serpiiat they did so. History of motion sickness lileesvise not
predictive of side effects from viewing the displd@yere was no difference in overall symptoms betwinose who
had experienced motion sickness as a childg, 12) = 43.5p > .7), nor any significant difference between thos
who had experienced motion sickness in the lagt figars and those who had nbt (10, 10) = 44.0p > .6).
Participants were also asked whether they had queli played the computer game of Quake on a P&idtrs
experience with the game also failed to distinguishween those who did and those who did not espeei side
effects U (4, 16) = 17.5p > .17).

5.3 Factorsinfluencing Psychophysiological Side Effects

The SSQ scores were analysed to determine thasfiethe factors to be investigated (field-of-vieate of visual
flow). Before analysing for these effects, preliany investigations were carried out to determinestivr there
were any carry-over effects. This could be eithpratice or adaptation effect resulting from repdaxperimental
sessions, or an effect of the order of presentatidhe four conditions.

5.3.1 Carry-over Effects. General Adaptation

Although the research literature might suggestpibssibility of adaptation, or the overall reductiohsymptoms
with repeated sessions, there was very little exdddo suggest a generalised adaptation effecsaalbconditions.
For the post-exposure scores, the overall effech@mumber of experimental sessions already expesd on the
participants’ total SSQ symptom score appearedetstbhall, and the apparent trend seen in Figure g ved
significant.
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5.3.2 Carry-over Effects. Order of Conditions

In contrast to the lack of overall influence of eaped viewing of the display, there was evidenca ofarked carry-
over effect of the presentation order for the eikpental conditions. This can clearly be seen inuFég5, which
shows the much higher mean scores for participgsgigned to the two sequences in which the fullestifield-of-

view was presented first (testing sequences 1 anth@re is also the suggestion in Figure 5 offéaceof order of
presentation of visual flow rate (sequences 1 afor 2ast rate versus sequences 3 and 4 for sltay. rAlthough

these apparent order effects were not predictakpected, the counterbalancing of condition ordércdntrol for

such effects. This made analysis of the order &ffpossible by including field-of-view and flow eapresentation
orders as factors in the overall analysis.

5.3.3 Overall analysis of SQ Scores

The SSQ Total Scores were analysed as a five-wagdhANOVA, with the between subjects factors of €rdf
Field-of-View and Order of Flow Rate, and the withsubjects factors of Pre/Post Exposure, Fieldiefavand
Flow Rate. The distributions of scores showed dtipesskew, so the ANOVA was carried out on a lognsform of
the scores. Results of the analysis showed a higjglyificant effect of the pre/post factor, withetimean post-
exposure SSQ Total Score substantially higher tharmean post-exposure SSQ Total Scbrél( 16) = 43.4p <
.001). This effect was very strong, with a Parlitgh Squared of 0.73. There was a significant ictéya between
Pre/Post and Field-of-View~((1, 16) = 5.3p < .05), where there was no difference betweenFib&l-of-View
conditions in the pre-exposure scores, but the-@qgsbsure scores were higher for the full screem tfor the
centred screen. Partial Eta Squared for this effast 0.25. The interaction between Pre/Post an@tHer of Field-
of-View approached significanc& (1, 16) = 3.3p = .087), again with no pre-exposure differenceveen Field-
of-View order conditions but higher post-exposurerss when the full screen conditions were preseint¢he first
session. It is perhaps worth mentioning that far three component scales of the SSQ, the Disotientgor
Postural Instability) scale did show a significRme/Post by Order of Field-of-View interactidh (1, 16) = 5.0p <
.05). A significant interaction between Field-ofewi and Order of Field-of-View presentation suggédteat the
effect of the full screen was greater when it wessented first, although this effect was not aeraattion with
Pre/Post. There was a significant three-way interabetween Pre/Post, Field-of-View and Order lofifFRate F
(1, 16) = 4.6p < .05), and a statistical trend to a three-wagrattion between Pre/Post, Field-of-View and Order
of Field-of-View F (1, 16) = 3.2p = .095). These indications of order effects atlofeed up below. There were no
significant higher order interactions, and no eritke of effects of either flow rate or order of memtion of flow
rate.

5.3.4 Effect of Field-of-View
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Due to the presence of carry-over order effects,38Q Total Scores for the first session were ardlgeparately
as a three-way repeated measures ANOVA, with tietofa Pre/Post Exposure, Field-of-View and FloweRat
Scores for the first session are uncontaminateanlyycarry-over effects, so this represents an gebdidest of both
field-of-view and flow rate. This analysis also sledl the highly significant pre/post effeét (1, 16) = 26.2p <
.001), again a strong effect with a Partial Etagéqd of 0.62. The Pre/Post by Field-of-View inté¢i@at was also
significant in this analysid«((1, 16) = 4.8p < 0.05) with a Partial Eta Squared of 0.23, agaiowing no difference
between conditions for the pre-exposure scoreshlgiter post-exposure scores for the full screem tfor the
centred screen. There was no significant effedtosf rate, and no significant interaction betweba two display
factors. This result for the first session providesnpelling evidence that viewing the full screégld-of-view
induces greater symptoms than viewing the centrezes. Figure 6 illustrates the differing levelssgfnptoms for
the two field-of-view conditions, while the compson Figure 7 for the two flow rate conditions shawessimilar
effect.

5.3.5 Condition Order Effects

The apparent effects on symptom scores of the afdeonditions, and their interactions with dispf@id-of-view,
found in the full five-way ANOVA were followed upybtwo four-way ANOVAs. The first of these analyses
combined the pairs of testing sequences havingsdinee order of testing field-of-view conditions aedted the
order of flow rate and its interactions (Pre/PosDiler of Flow Rate X Field-of-View X Flow Rate)h& second
combined the pairs of sequences having the samer dod flow rates and tested field-of-view orderdaits
interactions (Pre/Post X Order of Field-of-View ¥ld-of-View X Flow Rate).

In the first of these ANOVAs, the strong pre/poeet (F (1, 18) = 48.5p < .001) and the significant interaction
between pre/post and field-of-view (1, 18) = 4.6p < .05) were again found, along with the significameraction
between field-of-view and the order of field-of-vieconditions F (1, 18) = 11.6p < .01). The interaction between
Pre/Post and Order of Field-of-View approachedifigance at the 0.05 leveF((1, 18) = 3.7p = .070), again with
no pre-exposure difference between the field-ofwaders but higher post-exposure scores whenuhedreen
conditions were presented in the first session. Diserientation (or Postural Instability) scale sleal a significant
Pre/Post by Order of Field-of-View interaction fois effect F (1, 18) = 5.5p < .05). This trend for the SSQ Total
Scores, and the significant effect for the Disdiaéion/Postural Instability scale, has been coeststhroughout the
analyses. The experimental design was not constiuct test for the effect, but the result does safthat side
effects may be increased by presenting viewers thith full screen on the first session, and redusgdirst
presenting them with the smaller display, and thay provide a useful clue for developing a desisagion
procedure. An illustration of the influence of 8ebf-view presentation order is given in Figureniich suggests
that even though the difference in symptom levelsveen the two groups decreases across sessigrexiperience
other conditions, scores for those viewing the $ateen first may remain higher.
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Figure 8. Comparison of the SSQ Total Scores for successive testing sessions without regard to experimental
condition, but comparing those who viewed the full screen in the first session with those who viewed the centred
screen first.



The second of the two ANOVAs also found the strpreypost effecti (1, 18) = 40.4p < .001) and the significant
Pre/Post by Field-of-View interactiofir (1, 18) = 4.9p < .05). The Pre/Post by Field-of-View by OrderFddw
Rate interaction fell just short of statisticalrsfgcance £ (1, 18) = 4.3p = .053). This trend was due to a tendency
for the full screen to induce higher symptom scavlsn the slow rate was presented first. Agairs, thay provide

a clue when designing a future desensitisationgutore for testing.

5.4 Vection and Presence

Ratings for vection, the perception of self-mota®opposed to the perception that one is merelyingea moving
display, were significantly higher for the full sem display than for the centred screen (Wilcoxmmé&l Ranks
test) € = 3.1,n = 40,p < .01). Vection ratings were also significantlyratated with the SSQ Total Scorgs(80) =
0.23,p < .05, 2-tailed).

Scores on the Short Presence Questionnaire, repiregséhe perception of actually being in the eomiment of the
display, were significantly higher for the full sen display than for the centred screen (Wilcoxign&l Ranks
test) € = 5.0,n = 40,p < .001), and also higher for the faster flow f@e 2.5,n = 40,p < .05). Scores for presence
were positively correlated with both SSQ Total ®sop (80) = 0.23p < .05, 2-tailed) and with vection ratings (
(80) = 0.34p < .01, 2-tailed).

6 Discussion

The high level of psychophysiological side effeetperienced and the number of participants affestditate a
definite problem with viewing moving displays oretfFOCAL screen. A substantial number of the paugicts
reported moderate to severe symptoms, and thisnafakimited to those who were susceptible to mosakness.
The fact that the participants themselves couldreldbly predict whether they would experience ptoms, and
the lack of predictive value of a past history aftion sickness, means that any naive viewer isnpiaty at risk of
side effects. The display was certainly a compgltiepiction of being in the CAVE Quake environmdntt it is a
display familiar to many people, particularly yougame players who frequently play first-person séoocomputer
games. The display used the wide screen in a waly ishnot inconsistent with providing situation aemess
displays (see Figure 1), and the two flow ratesiusere not depicting particularly rapid, erraticuislent motion.
The display in the study was projected in 3D, hetdtereo projection would not be sufficient tolakpthe motion-
sickness-like symptoms experienced by the partitgparhus the experiment revealed a problem thati::éo be
addressed.

The experiment demonstrated that use of the fulestto view a moving display induced greater sypmst than
having the display confined to only the centred-tieal of the screen. This result was found in btttk overall
analysis, and the analysis of data from the fiess®n, which was uncontaminated by carry-overcteffdt was also
a relatively strong effect, though less so thanditzamatically strong pre/post difference in repdrsgmptoms. This
means that side effects can be reduced by restyiatoving displays to a smaller section of thedagsgreen.

Vection, the perception of self-motion, and presenbe degree to which the participant perceivesntelves as
actually being in the depicted environment, wer¢hlemrrelated positively with cybersickness sympoifihis is

consistent with findings from flight simulators imhich a greater degree of realism induces a hidgwezl of

simulator sickness. It is notable that both vectionl presence were greater for the full screedaighan for the
centred screen. This may suggest that a high dedrealism is not desirable in a large moving tigpAccording

to the sensory conflict theory of motion sickneBedson & Brand, 1975), in which conflicting cuesnifr the

various senses induce the symptoms, greater realisime display would make the conflicting cues ensubtly

different and therefore harder to resolve, thuseasing symptoms. Thus while the relationship shbenme between
vection, presence and cybersickness symptoms yscontelational, it may be wise to limit the degiaferealism in

large displays.

The order effects were an unexpected finding. Algiothe experimental design did control for sudbas$, it was
not set up to test for them fully. Yet there weosd indications that viewing the display on thd fdreen in the
first session resulted in a higher level of symptonot only for that first session, but also acregbsequent
sessions. This effect can be seen in Figure 8.y&igbf the SSQ Total Score showed a statistiealdtrin this



direction that almost reached significance. Fordheension of disorientation, or postural instapjliviewing the

display on the full screen first did result in siggantly greater symptoms overall across sessiOme interpretation
of this result is that the higher symptomatologguced by the first viewing on the full screen stssd the
participants to a greater response of symptomslisexjuent sessions. The results do suggest thayibe possible
to desensitise naive or unadapted viewers by degignschedule in which participants are presefitstwith a

small display, and then by displays of increasiizg.sThus the unexpected finding may give a vakathie to

overcoming the problem of side effects. This remambe tested in a follow-up experiment.

While the experiment reported here was run ondhgel FOCAL screen, the results may well apply keptmoving
displays on large screens. Thus the findings hemdications beyond the FOCAL facility.

7 Conclusions

The experiment demonstrated that moving displayshen FOCAL screen can induce a considerable lefel o
psychophysiological side effects. It is suggested this effect would be shown with any large seraed a moving
display. Consistent with previous research, theysfound that symptoms were greater for displaysasshon the
full screen as compared to a centred one-thirdasecf the screen. A greater perception of realidrthe display
could be associated with a higher level of symptotwmseffect of order of field-of-view presentatioras found, so
that viewing the display on the full field-of-viesereen first could lead to higher levels of symman subsequent
viewings. This unexpected finding provides a usefué as to how the side effects might be redubediesigning a
desensitisation schedule for naive and unadapéxeevs. This should be tested in a follow-up expenin
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