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Abstract
Perceptualfactors that effect monoculay transparent(a.k.a “see-thru”) head
mounteddisplaysinclude binocularrivalry, visual interferenceanddepthof fo-
cus. We reportthe resultsof an experimentdesignedio evaluatethe effects of
thesefactorson userperformanceén atablelook-uptask.

Two backgroundsvereused.A dynamicmoving backgroundvasprovided by a
large screenTV while an untidy bookshelfwas usedto provide a comple static
backgroundWith the TV backgroundargeeffectswerefoundattributableto both
rivalry andvisualinterference.Thesetwo effectswereroughly additive. Smaller
effectswerefound with the bookshelf. In conclusionwe suggesthat monocular
transparenHMDs may be unsuitablefor usein visually dynamicervironments.
However whenbackgroundsrerelatively static,having atransparendisplaymay
be preferableo having anopaquedisplay
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1 Introduction

The popularity of small, portable,or wearable computingdevicesis increasing.The

motivation for such devices is to allow usersto remain mobile while simultane-
ouslytaking advantageof computingpower. Small, wearable headmounteddisplays
(HMDs) arebeingdevelopedenablingusergo have a highresolutiondisplayavailable
without having to carryabulky LCD displayor beingrestrictedto the smallscreerof

aPDA [30].

HMDs mayhave avarietyof configurationsThedisplaymaybemonoculafwornover
oneeye) and opaqueaswas the casewith an early modelcalledthe Private Eye™™ .
Thedisplaymaybemonocularandtransparenor binocular(worn over botheyes)and
transparent.Binocular opaqueHMDs are usefulfor immersie virtual reality appli-
cations. Monocular transparentlisplaysare preferredwhereinteractwith the world
while looking atthe display[8].



Many applicationsof HMDs involve displayinginformationpertainingto a realworld
taskat hand. Specificpotentialapplicationsinclude: aircraftinspection- to aid the
userin a preflightinspection[18]; bridge inspection— helpingthe userto producea
bridgeinspectionreport[29]; terrestrialnavigation— providing userswith visual nav-
igationaidsin orderto performan orienteeringtask[31]; gamingandportablevideo
entertainment playingvideogamesor watchingmovies[30].

In augmentedeality approachetheinformationpresentedia thedisplayis co-located
with therelevantrealworld image[8, 28]. However, morecommonlyHMDs aresim-

ply of interestashighly portable light weightdisplaydeviceswhich afford handsfree

operation.

1.1 Perceptual Issues

Thereare a numberof perceptuafactorsthat may posedifficulties for monoculay
transparenHMDs. The sectionghatfollow describesomeof these.

1.1.1 Binocular Rivalry

Usuallybotheyesreceive approximatelythe samemageof theervironment.However,
with the transparentonocularconfigurationof the HMD eacheye views a different
image.Oneeyeviewstherealworld andtheothereye viewsthevirtualimageshovnin
the HMD optically superimposedn the realworld (Figure3). To createthe transpar
enteffecttwo imagesarecombinedn anopticalweightedaverageusingahalf-silvered
mirror.

Binocular Rivalry is the term given to the phenomenorthat occurswhen dissimilar
imagesarepresentedo thetwo eyes.[3, 5, 12, 14]. The brainreactsby goinginto an
unstablestate.In this unstablestatetherearealternatingperiodsof “monoculardom-
inance”[3]. Figurel shaws illustratessomepatternsthat instigatebinocularrivalry.
Someimportantcharacteristicef binocularrivalry include:

e Thedurationof any dominantandsuppressiophasés unrelatedo the duration
of prior phaseg44]. In otherwords,the durationof eye dominancdor a given
eyeis unpredictablendcanrangearnywherefrom 0 - 10 seconds[4, 27]

¢ Introducingatransientor animationin the suppresseedye generallyreturnsthat
eyeto dominancd4, 33

e At ary pointin time, overall dominanceoften appearsasa fragmentednixture
of the two eyes’ views [1, 15]. Differentimagesusually resultin piecemeal
dominanceDifferentpartsof thetwo eyes’imagesappeatinter-mixedresulting
in adynamic,patchvork appearancgl]

e Binocularrivalry is not somethingwe have consciouscontrol of [3]. An object
thatis normallyvisible disappearfrom consciouswarenes$or severalseconds
atatime.

A numberof authorsjncludingarecentpanelon tacticaldisplaysfor infantry soldiers
[2] haveidentifiedbinocularrivalry asa potentiallyseriousgperceptuaproblemrelating
to HMDs [21, 11].
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Figurel: Pairsof patternghatwhenshavn, oneto eacheye, stimulatebinocularrivalry.

There have also beenstudiesinvolving a monocularHMD night vision systemfor

pilots of Apachehelicoptersin thistypeof systeninfra-redimagesof theervironment
aredisplayedto oneeye while the othereye views the ervironmentdirectly. Rushet
al. reportedthat somepilots experiencetrouble switching attentionto the otherand
sometimesesortto closingoneeye, a potentialhazard?25].

1.1.2 Visual Interference

Visual interference is the term usedto describethe notion of whentwo imagesare
not clearly distinguishablérom one another Two imagesaresaidto interfereif it is

difficult for an obsener to separatehemvisually. In a study of transparenpop-up
menusHarrisonandVicenteshovedthatthe moresimilar the patternsthe greaterthe

visualinterferencd9, 10]. However, they foundthatonly whentransparengexceeded
50%wasperformancesignificantlydegraded.

1.1.3 Depth of Focus

HMDs areconstructedsothatthevirtual imageappearsat a fixedfocal distancefrom
the user; typically oneto two meters. However, real world imagerymay be at ary
focal distance.Lessinterferencecanbe expectedif the virtual imageandreal world
imageryareat differentfocal distancesdecaus@neof theimageswill be blurredand
userscanchooseto attendto eitherthe HMD or the real-world image. The eyeswill
automaticallybring the attendedmageinto focus. Sinceblurring removeshigh spatial
frequeng informationthis canbe expectedto minimize interferencewith high spatial
frequeng text.
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Figure2: Textin theforegroundwith objectsatthreedifferentfocal distancesn thebackground.

Figure 2 shaws text at one focal distance,and backgroundobjectsat threedifferent
simulatedfocal distances.The fruit which is closerto the focal distanceof the text
makesthetext harderto readwhereaghetext in front of thetreeis easierto read.

1.1.4 Phoria

Simply put, phoriais the directionof gazeof the eye whenthereis nothingto look at.
Prolongedcclusionof oneeye canresultin changesn phoria[7, 26]. Phoriahasbeen
measureavith active useof amonoculatHMD for work processing.

Pelireportedhatfollowing 45 minutesof usewith aword processindaskoneof three
subjectshada measurablehangen phoria[19].

Mon Williams et al. studiedsubjectswearingHMDs for shortterm use[16]. They
foundthatfor mostof their twenty subjectsthe changesn phoriadisappearegvithin
5 minutes,but one subjecthad phorialasing for approximately40 minutesand two
reportedong lastingheadachesdowever, theseeffectsappeato betransitoryandall
researcherbave noteda rapidreturnto normalwhenthedisplayis removed.

Whenan obsener looks at aninstrumentor a displaywith only oneeye, the brainis
obligedto maintainfocuson the imagefor thatsingleeye eventhoughasa resultthe
othereye will have out-of-focusimagery[24]. Thisis differentfrom the normalsitua-
tion wherebotheyesre-focusatthesametiime aswe changehe objectof our attention.
Instrumentmyopiais the effect thatoccurswhenfocusis changedor a shortwhile as
a consequencmonoculaviewing throughaninstrumentsuchasa microscope Since
the situationis similar for a monoculardisplay the sameeffect may be expectedto
occur However, ary effectsappeato besmallandtransien{20].

1.15 EyeMovements

Peopleuse coordinatednovementsof both the eyes andthe headto conductvisual

searche®f the environment. HMDs do not allow redirectionof gazethroughhead
movementsandso all scanningmustbe donewith eye movements.Ordinarily, when

thedistanceo a new targetinvolvesa smallangulammovement the eye is movedfirst,

followedby thehead[13, 32]. Whenthe angulardistanceis large,the headnormally
movesin conjunctionwith the eyes. Trying to readmaterialwith the eyespersistently
off axisis likely to be a causeof strain.



This may presenta problemwith HMDs sincethey arefixedwith respecto the head;
compensatorjneadmovementswill not centerthe displayin the visual field and all

scanningof the display mustbe donewith eye movements.Peli pointedout that this

factorcanespeciallybeaproblemwith menusandiconsthatarenormallyplacedclose
to the edgeof the screen[21]. He suggestedhat anglesof more than 10 degrees
off the centerwould be very uncomfortablé¢o maintain. Following this principle, Pel

suggestethatthehorizontalspanof aHMD screerusedasacomputetterminalshould
benomorethan20 degrees.

1.1.6 EyeDominance

Peopleusuallyhase a dominanteye, thatis, imageryfrom thateye is “preferred” over
the othereye. In binocularrivalry situationsthe dominanteye imageryis seenmore
frequentlyandfor longerthannon-dominaneye imagery[g. Thusnormally HMDs
shouldbe worn over the dominanteye althoughthis will make real world imagery
viewedin theothereye relatively harderto perceve.

Otherproblemshave beenreportedwith heads-uplisplays(HUDs) [17]. In astudyof
HUDs usedin tacticalfighteraircraftRoscoeaeportedthefollowing [23]:

1. Thirty percentof pilots reportingdisorientationfrom the useof HeadsUp Dis-
plays(HUDSs).

2. Pilotsreportingtroublewith focusingonthe HUD insteadof therealworld.
3. Pilotsreportingconfusionin maintainingaircraftorientation.

Someheadmounteddisplaysdisplacetheline of sightfrom normalandthis maycause
problemsn eye-handcoordination22].

1.2 Previous Work

In a preliminary study to investigatesomeof thesefactorswe had subjectsperform

a table selectiontask using a transparenmonocularheadmounteddisplay[1]. We

variedbackgrounccomplexity (a movie shovn on a large television monitor with the

soundoff, anuntidy bookshelfandauniformwall) andthedistanceo thebackground.
At the nearviewing distancethe HMD imagerywasapproximatelyat the samefocal

depth(1 meter)asthe background.As expectedwe foundthatthe television imagery
wasthemostdisruptive,resultingin a37%increasen responséimesandahighererror

rate.Wefailedto find aneffectfrom varyingthefocal distance However, althoughthis

studysuggestedhat problemscanoccurwith HMDs it saidnothingabouttherelative

contribution of binocularrivalry andvisualinterference.

1.3 Isolating Rivalry and Interference Effects

It is possibleto separat®ut the effect of rivalry andinterferenceoy comparingdiffer-
entHMD configurations.If oneeyeis coveredandthe othereye seesonly anopaque
HMD norivalry or interferenceshouldoccur—all the userseeds the display Binocu-
lar rivalry will occurhowever, if theuseruncoverstheeye andseegeal-world imagery
Similarly, by comparingopaquedisplay performancewith transparentisplayperfor
mancewe canisolatethe effect of visualinterference.
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Figure3: In someHMD configurationghe userwore a patchover oneeye or an opaqueflap
wasplacedoverthe HMD (or both).

This methodrestson the assumptiorthat what a coveredeye seesdoesnot causeri-
valry. To testthis we addedtwo further conditions. In one, subjectsperformedthe
taskviewing the monitor directly with botheyes(ho HMD). In the othersubjectsalso
viewedthe monitordirectly but oneeye wascovered.This alsoallowedusto compare
HMD performancavith viewing a monitordirectly.

2 Method

As in our previous studywe useda tablelook-up taskto evaluateperformancewhile
wearingthe HMD or directly viewing a monitorin variousconfigurationsasshown in
Figure3.

1. botheyesviewing thecomputemonitor(no HMD worn)

2. one eye viewing the computermonitor directly (no HMD worn, other eye
patched)

3. oneeye viewing the opaqueHMD

4. botheyes: oneeye viewing the opaqueHMD, the othereye viewing the book-
shelfin therealworld background

5. both eyes: oneeye viewing the opaqueHMD, the othereye viewing the TV in
therealworld background

6. oneeye viewing thetransparenHMD with the bookshelfin thebackgroundthe
othereye patched

7. oneeye viewing thetransparenHMD with the TV in the backgroundthe other
eye patched

8. both eyes: one eye viewing the transparenHMD, the other eye viewing real
world, bothwith thebookshelfin the background

9. botheyes:oneeye viewing thetransparenHMD, the othereye viewing thereal
world, bothwith the TV in theworld background
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Figure4: A 23 matrix thatsummarizeshe HMD configurationsve evaluated.

Theviewing conditionsaresummarizedn Figure4. We evaluatedeachcombinatiorof
opacity transpareng, numberof eyes,andbackground However thereis a redundant
conditionshavn in Figure4. And thatis the oneeye, opaque pookshelfbackground
configurationandthe oneeye, opaquerV backgroundtonfiguration.Thisredundang
wasremoved in the actualexperiment. Note that the two control conditionsof both
eyesviewing thecomputemonitordirectly andoneeye viewing the computerdirectly
arenotshown in thefigure.

21 HMD

Our HMD wasa modifiedi-glasses™ display[30] with a450 x 266 resolutiondis-
play. We corvertedthis to a monoscopidisplay by remaoving the left eyepiece. We
alsorearrangedheopticsfor theright eyeasshavnin Figure5. A beam-splitteblends
externalimagerywith displayimagery About 30% of the light from externalimagery
wastransmitted. This produceda virtual imageof a computerdisplayat a focal dis-
tanceof approximatelyl.0 metercombinedwith realworld imagerythatwasoptically
unalteredexceptfor having reduceduminance.

Whenviewed throughthe HMD the displayimageryandthe externalimagerywere
roughly comparablén brightnesslin orderto block left eye view for someconditions
the subjectwore anopaquesye patch. In orderto convertthe TransparenHMD to an
opaqueHMD we addeda flap thatwhenclosedblockedrealworld imagery

2.2 Task

The users taskwasto answerquestionssuchas“What is the price of lettuce?* pre-

sentedht thetop of theHMD screen.The answemwasobtainedby scanningatableas

illustratedin Figure6. Usersprovided the resultsusinga normalmouse. Questions
wererandomlyorderedanditem names$ (in the left column)wererandomlyordered
for eachquestion. The userwasrequiredto usea mouse(on a corveniently placed
desktop)to move a cursorandclick onthe cell containingthe correctresponseEach

tablecell hadan equalprobability of containingthe correctanswer

1Thefont usedwasJava’s 20pt,bold, “Dialog” style.
2Therewastotal of 65 itemsfrom which the applicationchosel 2 at random.



Whenever a usermadean error, the applicationwould indicatethis by soundinga sys-
tem beep. The purposewasto help subjectsprioritize accurag over responsdime.

2.3 Backgrounds

The effectsof both binocularrivalry andvisual interferencewvere evaluatedwith two
differentbackgrounds.The two backgroundsvere (1) a static, fully populatedbook-
shelfand (2) a dynamicbackground-a 32 inch TV shaving a movie with the sound
off. The contentof the TV imageswasthe samefor eachsubject. Both backgrounds
wereviewedfrom approximatelytwo meters.

Theeffectof theHMD itself andthe patchwereevaluatedwith two controlconditions.
Theuserwasasledto performthe sameapplicationtaskwithoutthe HMD atall, view-

ing the 15inch computemonitordirectly, andagainusingonly oneeye (again,looking

directly atthecomputemonitor).

2.4 Procedure

Following anintroductory trainingsessioreachsubjectanswered 2 questionsn each
of 9 experimentalkconditionsreplicatedwice. Thuseachsubjectcompletedl8 blocks
of questionsA block consistedf answeringl2 questionsn oneof thenineconditions
describein Section2 —Method(for a total of 216 questiongper subject). The blocks
werepresentedn randomorderwithin eachsubjectThe questionsvere presentedn
randomorderwithin eachblock. Thethreeindependenvariablesvere: monocularvs
binocularviewing, transpareng of the HMD, andthetype of realworld background.
Thetwo dependentariableswereresponséime (basedon onemouseclick perques-
tion) perquestiorandnumberof errors.

2.5 Equipment

The applicationwaswrittenin Java 1.2 runningon top of RedHat Linux 7.0. The PC
hada Pentiumlll (Coppermine600 MHz processoand 192 MBytes of RAM. The
HMD wasasdescribedn Section2.1.

curved mirror

< $ beam splitter
]
screen

Figure5: Realworld imagerywascombinedwith displayimageryasshavn



2.6 Subjects

A total of 12 studentsaandfaculty from the University of New Hampshirevolunteered
asparticipants.They weretestedfor eye dominancewerepaid $15 for participation,
and could voluntarily withdraw without penaltyat any time. Participantswereasled
for openendedfeedbaclkat the endof the experiment.

3 Reaults

Theresultsaresummarizedn Figure7. Thisshavstheresponsd¢imesaveragedcross
all subjectdor eachof the sevenHMD configurationgestedplusthe two controlcon-
ditions The effectsof binocularrivalry andinterferencedueto transpareng are sum-
marizedn Tablesl and2. Themonocular/binoculacomparisorallows usto assesthe
effectsof binocularrivalry while theopaque/transpareabmparisorallows usto assess
theeffectsof visualinterferenceWith the TV backgroundherewasa51%increasen
responsdimesattributableto binocularrivalry anda 43% increasen responsgimes
attributableto visualinterference Thesedataaresummarizedn Table1. An analysis
of variancerevealedboth of thesefactorsto be highly significant(p < 0.01) while
therewasno significantinteractionbetweenthe two factors. The combinedeffect of
rivalry andinterferencevas112%.

The patternwas quite differentwith the staticimageryof the bookshelfbackground
(Table2). In this casetherewere no significantmain effectsbut therewas a signifi-
cantinteractionbetweenthe opaque—transpareahd monocularbinocularconditions
(p < 0.01). A subsequerdinalysisshoved a highly significanteffect for the monoc-
ular/binocularvariablewith the opaquedisplay (p < 0.01). Thereis approximately
a 21%increasein responsdime dueto binocularrivalry, but only whenthe opaque
displayis used.

Comparinghetwo controlconditions(binocularvs monoculadirectmonitorviewing)
we foundthatcoveringoneeye resultedn a 6% increasen responsd¢ime. This differ-
encewasnotsignificant. ComparingnonoculaopaqueHMD viewing with monocular
directmonitor viewing revealsan non-significantl% performancelegradation. This
shavsthatHMD canbeaseffective asmonitordisplaybut only underoptimalviewing
conditionswhich would not normallybe obtained.

Therewereno significanteffectsof errorrate.

Figure6: Taskscreen:subjectswererequiredto answerthe questionpresentedt the top by
selectinghe appropriatdablecell usingthe mouse.



Figure7: Averageresponséime versuseachof 9 HMD configurationsThe configurationsare
labeledwith (1) the numberof viewing eyes(2) the HMD opacity(or transpareng and(3) the
typeof backgroundbookshelfor TV) e.g.binocular opaquebookshelf

| | Opaque| Transparenf Mean |

Monocular| 3.32 4.52 3.92
Binocular 4.79 6.99 5.89
Mean 4.05 5.76

Tablel: Summaryof binocularrivalry andtransparengeffectswith the TV in thebackground.
All unitsarein seconds.

3.1 Anecdotal Results

Oneuserreportedthat the monoculay transparentonfigurationof the HMD did not
malke thetaskarny moredifficult thanthe (monocularjopaquecondition. However, for
the TV backgroundsubjectshaved a 36% performancepenaltywhich is sameasthe
average.Anotheruserreportedthathaving the TV in the backgroundequiredanin-
creaseén concentratiotin orderto completethetask. Severalof theparticipantsnitially
complainedhatthey couldn't readanythingin theHMD or seethemousepointerin the
binocular transparentMD configuratiorwith the TV in thebackgroundTheseusers
requireda shortinterval to visually adjustto this configurationbeforeactuallystarting
thetask. However, thisinitial periodof adjustments notreflectedn the resultswhich
meanghatwe mayhave underestimatethe magnitudeof the problem.
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| | Opaque| Transparenf Mean |

Monocular| 3.32 3.89 3.61
Binocular 4.04 3.85 3.95
Mean 3.68 3.87

Table2: Summaryof binocularrivalry andtransparengeffectswith the bookshelfbackground
imagery All unitsarein seconds.

3.2 Discussion

Theresultspresentedhereareconsistentvith our hypothesighatbinocularrivalry and

visualinterferencenegatively effect taskperformanceOverall the effectsof binocular

rivalry arenot aslarge aswe hadanticipatedespeciallyfor the bookshelfbackground.
Therivalry literatureleadusto suspecthatthe HMD viewing eye might only seethe

display about50% of the time andthis could causea doublingin task performance
times.

We found only a 22% increasen responsdimes attributableto rivalry for the book-

shelf backgroundbut only in the opaquecondition. One explanationfor this canbe

basedntheobsenationthatintroducingatransienin oneeye usuallyreturnsthateye

todominancg4, 33. In ourcasehemousepointersuppliedatransienfor theeyethat

viewedtheHMD andthis mayaccounftfor the betterthanexpectedperformanceAlso,

the text itself is a transientsincethe letters(the questionsandthe answersxhanged
with eachquestion.A transientin the HMD displaymayreducethe effectsof binocu-
lar rivalry. This explanationmay alsoaccountfor why the TV backgroundsaremuch

more disruptive (althoughstill not asbad as expected),asthe TV suppliedfrequent
visualtransients.

Oneof the factorsthat was not tightly controlledin our studywasthe relative lumi-

nanceof theenvironmentseenthroughthe HMD andseenwith theothereye. We tried

to roughly equatduminancebetweenthe displayandthe ernvironment. However, our
display necessarilyeducedthe overall luminanceof the ernvironmentby a little over
50%. Otherkinds of displaysmight causea smallerreductionin seenernvironment
luminance.The overall brightnessf the ervironment,relative displayis likely to also
beanimportantfactorin displaylegibility. In bright environmentsthe displaywill be
relatively dim andin dim environmentst will berelatively bright. Suchfactorsfactors
needto be investigatecandstratgiesdevelopedto automaticallyadjustdisplaylumi-

nance.

Overall, our resultsindicatenon-trivial restrictionson the userof thesekinds of dis-
plays. They suggestthat transparenimonocularHMDs are unsuitedfor a usein
crowded or dynamicernvironmentsor wheremaintenancef visual attentionis criti-
cal. They arealsounsuitablefor individualsoperatingmoving vehicles.However the
bookshelfresultssuggesthatthesedisplaysare usablewhenthe backgrounds static
andtherelatively smallperformancelecrements acceptable.

4 FutureWork

Futurework in this areacould go in multiple directions. For example,thereis some
evidencethatrivalry effectsmaybecontrollablewith practice.Rushetal. [25] reported
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that Apachehelicopterpilots becamebetterat switchingattentionbetweertheir head
mountedinfra-reddisplayandthe clearview with the othereye. However, studiesare
neededo understandhow they did this andmary unansweredjuestionsstill remain:

1. Whatarethelong termperceptuaéffectsof HMDs?
2. How muchcanusersadaptto the perceptuakffectsof HMDs?

3. Canuserslearnto mitigate or “block out” the effects of binocularrivalry by
selectvely attendingto theimageof anindividual eye?

4. Canuserslearnto reducethe effects of visualinterferenceby preventingother
imagesfrom dividing their attention?

In additionto studyingthelong termperceptuaéffectsof HMDs moreresearctshould
bedonein orderto evaluatethe effectsof HMDs on motor skills andhand-ge coordi-
nation.In otherwords,would simpletasksinvolving hand-ge coordinatiorbeaffected
by the useof an HMD? Also we may expectthatthe degreeof transpareng andthe
relative luminanceof the HMD will beimportantfactors.

Future work could include an experimentwhose subjectsprovide only verbal re-

sponsesHaving the testsubjectclick on the answercell with the mouseslows them
down andchangeshetasksomevhatfrom simply seeingheinformationonthescreen
to seeingandreactingaccordingly Themotivationfor suchanexperimentcomesrom

the obsenation that speechnot mouse-basednterfacesmay becomemore common
for wearablecomputers.lt might alsobe interestingto seetheresultfrom a transpar
entHMD configuredto useboth eyes. Someotherexperimentafactorsthat could be
addresseth futurestudiesinclude:

1. Theluminanceof the display Increasingthe displayluminancerelative to the
realworld is likely to influencedisplayandbackgroundegibility. Strateyiesfor
automaticallyadjustingdisplayluminancewill alsobeimportant.

2. Theresolutionof the displayandthe displaysize. As discussecbarlie; making
eye movementto the edgesof large displaysis likely to causestrain. Thusop-
timizing displaybothresolutionandthe amountof the visualfield coveredis of
critical importance.

3. Transpareng level. Finding the ideal transpareng level would be usefuland
stratgies for automaticallyadjustingtranspareng basedon the ernvironment
maybe neededor moreadvanceddisplays.

The above factors,aswell asthe othersreviewedin the introductionareall likely to
be importantin designingHMD configurationghat are usablein the widestpossible
rangeof circumstances.
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