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Figure 1: Three display patterns of Object-Centered UI in head-worn MR environment: (a): Always-Displayed UI, in which virtual UIs are
always visible; (b): Glance-Single UI, in which the default hidden UIswill appear one-to-one according to the user's line of sight; (c): Glance-Group
UI, in which the default hidden UIs will appear in groups according to the user's line of sight.
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Figure 1: Three display patterns of Object-Centered UI in head-worn MR environment: (a): Always-Displayed UI, in which virtual Uls are
always visible; (b):Glance-Single UI, in which the default hidden Uls will appear one-to-one according to the user's line of sight; (c): Glance-Group
UI, in which the default hidden Uls will appear in groups according to the user's line of sight.

ABSTRACT

Object-centereduser interface (UI),whichUI displayed around
real-worldobjects providesconvenienceforusersto interactwith
real objects in head-worn MixedReality(MR) environment.
However, it remainsunclearhowtodesignthe object-centeredUI
to reducethe interferenceof always displayedUI.Inthis research,
we designed twodisplay patterns of object-centeredUIand
comparedthemwiththebasic object-centeredUI without any
displaypatterns.Ourresults demonstratethe trade-offsamongthe
threeUIsand collect user preference.Bothdisplay patternscan
providebetter supportforusers while reducingthe occlusion and
interferenceof theUI.

Index Terms: Human-centeredcomputing-Mixed/ augmented
reality; Human-centeredcomputing-Userinterfacedesign

INTRODUCTION

Mixedreality head-worndisplays (MR HWDs) havethe potential
to supportusers' everyday useinthefuture. Object-centeredUI
[I],wherevirtualUIinMR environmentis displayednexttoits
correspondinginteractableobject, provide theuserwitha better
connection tothe real-world and reduce the obstruction of the
user'sviewbytheinterface. However, althoughobject-centered
UIisa promisingdesignsolution,its always-displayedinterface
stillsuffersfrom occlusion problems which requires amore
suitablesolutionto optimizethedesign.

Inspiredbythe GlanceableAR[2]andthe techniquesforrapid
activation [3], we designedtwodisplay patternsof object-centered
UIusing eye-tracking technology, inwhichtheUIsarehidden
whennotactivated.We evaluated theUIsusingbothdisplay
patternsaswellasabasic object-centeredUI without anydisplay
patterns ina simulated real-use indoor environment.Theresults
showthatthetwodisplay patternscan provide better supportfor
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usersin performingtaskswithaclearerview.

2 OBJECT-CENTERED UI DISPLAY PATTERNS

Forthe object-centeredUItobe acceptedbetter,it needstobeas
unobtrusive as possible totheuser's everyday behaviour,while
supporting amore lightweight andnaturalway of interaction.
Basedonthebasicdesign of object-centeredUI,we designedtwo
UIdisplay patterns basedon eye-tracking technology: Glance-
SingleUIand Glance-GroupUI,whereallvirtuaUIarehiddenby
default andtheuserneedstomakethe interface appearby
glancingatthe correspondingobject.

The display of the Glance-SingleUI(GS)is one-to-onewith
theuser'ssighttarget, which meansthatwhentheuser glancesat
anobject,onlythe interface correspondingtothe object willbe
displayed(seeFig.Iband2b).

The display of the Glance-GroupUI(GG)is one-to-many,
whichmeansthattheUIs of allthe interactableobjects inacertain
areanearthe targetobject will appeartogetherwiththeUI of the
targetobject whentheuserlooksatthetarget object (seeFig.Ic
and2c).

FortheUIs without anydisplaypatterns,allthe object-centered
UIsarealwaysvisible whethertheuserlooksattheobjectsornot,
whichwecall Always-DisplayedUI(AD)(seeFig. laand2a).

3 EXPERIMENT

We conducted auserstudywith28 participants (14 females)
between19and26yearsold(M = 23.61).Seventeen of themhave
experiencewithMR.The experimentswere conductedina4mx
7m indoor environmentsimulating a real-world usagescenario,
containingeight interactablereal-worldobjects (seeFig.3).

Weuseda within-subjectsdesign.Latinsquare counterbalancing
wasappliedtotheorder of the conditions.Participantswereasked
tositatadesk wearing HoloLens 2andperformthetasksusing
each of thethreeUIs.Eachset of experimentaltasks consistedof
foursubtasks,each of which required participants tofindthe
specified object, trigger the correspondingUIand complete the
interaction that triggers the specified icons according tothe
instructions onthequestionpaperonthetable,andto completea
text fill-in-the-blank questionfromthepaperina handwritten
manner.The solutions willbe displayed intheMRUIifthe
participant completes theaction correctly according tothe
instructions.Participantswereaskedtofillinthe blankscorrectly
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Figure 2: The implementations of (a) Always-Display UI, (b) Glance-Single UI, and (c) Glance-Group UI in head-worn MR environment.

Figure 3: Experimental environment with eight interactable objects.
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Figure 2: The implementations of (a) Always-Display UI, (b) Glance-Single UI, and (c) Glance-Group UI in head-worn MR environment.

Figure 3: Experimental environment with eight interactable objects.

basedonthe contentof thevirtualtext.
We collected threesources of timefor participantstoperform

each subtaskforfindingtime(thetimeittooktofindthe correct
tasktarget), triggering time(thetimeittookfromfindingthe
targetto successfully activating itsUI),and completiontime(the
timeittookto completethetask)and calculatedthetotalvaluefor
each participant ineach condition. After each condition,
participants wereaskedtofillouttheSystem Usability Scale
(SUS)[4]and NASA TLX workloadquestionnaire[5],aswellas
a questionnaireaskingabout occlusion usinga 7-point Likert
scale. Finally,weasked participants for their preferences and
collectedtheir commentsoneach interfaceinthe interviews.

4 RESULTS

Weused one-wayrepeated-measuresANOVA(RM-ANOVA)tests
onalltimedata.Shapiro-Wilktestswereappliedtotestthe
normality of thedata. Friedman testswereappliedwhendata
failedthe normality tests.For qualitative data gathered from
questionnairesand recordings,Wilcoxon signed-ranktestswere
conducted.Weapplied Bonferroni corrections forall pair-wise
comparisons.Weusedanalevel of 0.05inall significancetests.

Time. RM-ANOVA yielded significant maineffect of UIson
findingtime (F(2,54) ~ 9.194,p<.001),triggeringtime (F(2,54)
~ 5.464,P ~ .007),andcompletiontime (F(1.328,35.847)~ 5.198,
P ~ .020).Pairwise comparisonsshowedthatAD(M ~ 8.71,SD ~
4.40)ledtomoretimethanbothGG(M = 5.79,SD = 1.97)(p
<.001)andGS(M = .68,SD = 2.63)(p = .016)forfindingtime,
GSledto more time than GG(p = .006)for triggeringtime,GG
(M ~ 299.89,SD ~ 56.80)ledtolesstimethanAD(M ~ 339.04,
SD ~ 63.34)(p ~ .048)for completiontime.

Overall usability. Thereisno significant difference inSUS
scoresamongGG (M~73.93, SD~12.48), AD (M~73.39,

SD~13.56) andGS (M~72.59, SD~13.82) , distributed moreor
lessaroundthe "good" rating[6].

Workload Pairwise comparisons showedthatGS yielded a
higherlevel of effort(GS-AD:p < .001;GS-GG:p ~ .011)and
frustration(GS-AD:p ~.018; GS-GG:p ~.009) than AD and
GG. GGyielded ahigherlevel of effortthanthatAD(p ~ .049).

Visual occlusion. Friedmantest yielded maineffects of UIon
theratingsforthe occlusion of virtual informationand real-world
information(p < .001).Forthe unobstructedview performanceof
browsing virtualcontent,GS(M = 5.89,SD = .31)wasrated
higherthanAD(M ~ 4.00,SD ~ 1.00)(p < .001)andGG(M ~

4.00,SD ~ .93)(p < .001).Forthe unobstructedview performance
ofbrowsingreal-worldcontent,GS(M ~ 6.00,SD ~ 1.07)wasrated
higherthanAD(M = 4.75,SD = .43)(p < .001)andGG(M = 5.50,
SD ~ .50)(p < .001),andGGwasratedhigherthanAD(p ~ .023).
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User preferencesandComments. Sixteen of the28 participants
(57.1%) preferredGG,9 (32.1%) preferredGS,and3 (10.7%)
preferredAD. ParticipantspraisedADfor beingdistinc, convenient
anddependable.But participantsdisliked itforbeing complicated,
interferential and obstructive. GSwaspraisedfor being specific,
unobstructiveand comfortable,but participantscommenteditwas
slow andtheyfelt uncertain whenusingGSastheyworryabout
whethertheuser interfacewillbe presented.AsforGG, participants
praiseditforbeing controllable, efficient and organized. They
agreedthatGGisagood transitionbetweenADandGS, covering
the advantagesand neutralizing the disadvantagesbetweenthe
twoUIs,whichisamore moderatechoice.

5 DISCUSSION

Although some participantsindicatedtheir preferencetouseAD
intheir day-to-daylifefor extended periods of time,theirtask
performanceandcommentsaswellasourown experienceleadus
to believe thatADwouldnotbetheidealUIfor long-termuse
becausethevirtual informationwhichisalways presentcancause
many distractionstousers. Although theeffortand frustration of
usingGSishigherthanthat of the other twoUIs,we believe the
importanceof GSwill become more significant as technology
develops.Ingeneral,ourresultsshowthe different benefits and
limitationsofusingGGversusGS.Incase of different application
scenarios, different object-centeredUIdisplay patterns canbe
chosento bettermeettheneeds ofusers.
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