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ABSTRACT

This study aims to investigate the effect of smartwatches’ menu structure and layout on user
performance and satisfaction. A total of 30 younger and older adults participated in this study.
Usabilitytestingwasfirstconducted,anditidentifiedthetwomostserioususabilityproblemsof
smartwatches:confusinginformationstructureandinterfacecontent.Furthermore,resultsshowed
thatmenudisorientationwaspredominant.Therefore,prototypeswithadifferentmenustructureand
menulayoutweredevelopedandtestedintwosubsequentexperiments.Themenustructureexperiment
indicatedthatthetreestructureofthemenuisbetterthanthelinearstructureintermsofperformance
andsatisfaction,andthetwo-branchhierarchicalmenucontributedtobetterperformancethanthe
three-branchhierarchicalmenu.Themenulayoutexperimentindicatedthatmenuswithhighvisual
densityhadaslightlybetterperformancebutlowersatisfactionthanlowvisualdensity.Intheend,
designguidelinesaboutsmartwatchmenuswereproposed.
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INTRodUCTIoN

Smartwatchesarefacingadilemmaabouthowtostandoutfromsmartphonesandfitnesstrackers.
Onemajoradvantageofsmartwatchesoverfitnesstrackersisitsdisplay,butitcouldalsobecomea
disadvantageifpoorlydesigned.Theinterfacedesignofsmartwatchesmainlyfollowedpracticesof
smartphones,andlittleisknownabouthowtoadapttosmartwatches’characteristics.

Thetinydisplayofsmartwatchescausesmanyusabilityproblems.Particularly,smartwatchescan
downloadabundantapplicationslikesmartphones,butdisplayingthemonamuchsmallerdisplayis
challenging.Tosolvethisproblem,themenuiswidelyusedinsmartwatchestoorganizeapplications.

Themenustructureandmenulayoutmightinfluenceusers’performanceandsatisfaction.Most
previousresearchhasinvestigatedthemenustructureofcomputersandsmartphonesandfoundthat
apropermenustructurecouldimproveinterfaceusability.However,thereisalackofstudiesonthe
menustructureofsmartwatches.Apartfromthat,menulayoutisarelativelyuntappedtopic.Since
many smartwatches are equipped tiny round displays, which are quite different from the square
displaysofcomputersandsmartphones,itwouldbeinterestingtoexaminetheeffectofmenulayout.
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Bothmenustructureandmenulayoutarelikelytomakeadifferenceintheusabilityofsmartwatches.
Therefore, this paperproposeddifferentmenu structures and layoutsof smartwatches, developed
prototypes,andtestedtheireffectonusers’performanceandsatisfactionthroughexperiments.

ReLATed woRKS

Menu design and Usability
Menudesignofthedisplayhasgreatinfluenceonproductusability(Albers&Mazur,2014;Hilbert
&Redmiles,2000;Nielsen&Loranger,2006).Therearemanyfactorsinfluencingmenunavigation
performanceandtheycanbeclassifiedintotwosources:humananddevices.

Regardingthehumanfactor, theexperienceofusingtechnologyproducts,users’age,verbal
memory,andspatialabilityinfluencenavigationperformance.Duringthemenunavigationprocess,
usersareexposedtoinformationsuchaslandmarksandroutes,justlikenavigationintherealworld
(Thorndyke&Goldin,1983).Basedontheinformation, theyformmentalmodels tounderstand
howthemenuworks(Ziefle&Bay,2004).However,thisprocessinvolvesmanycognitiveabilities.
Declinedverbalmemoryandspatialability(Arning&Ziefle,2009)ofolderadultsresultedinpoorer
menunavigationperformancethanyoungeradults(Ziefle&Bay,2005).

Regarding devices, menu structure and menu layout influence navigation performance on
desktopcomputersandsmartphones(Beck,Han&Park,2006).Fordesktopcomputers,thedepth
andbreadthofmenusandthenumberofmenuitemsinfluenceinteractionperformance(Parkinson,
Hill,Sisson&Viera,1988).Parkinson,SissonandSnowberry(1985)foundthatthecolumnmenu
contributedtobetternavigationperformancethantherowmenu.Onwebpages,menuslocatedinthe
leftandrightsidewerebetterthanthoselocatedatthetop(Kingsburg&Andre,2004).Furthermore,
acomparisonbetweenthesimpleselectionmenu, theglobalandlocalnavigationmenu,andthe
pull-downmenushowedthatthepull-downmenucontributedtobetterperformanceinsearching
tasks(Yu&Roh,2002).

Forthesmartphone,thelimiteddisplaysizecouldincreaseusers’memoryload(Chae&Kim,
2004).Therearetwowaystodealwithlimiteddisplay.Thefirstwayistostaywiththetreestructure
andimproveitsdesign.Previousstudieshaveeitherprovidednavigationtoolsorbalancedmenu
depthandbreadth(Zhou,Rau&Salvendy,2012;Ziefle,2008,2009).Menubreadthmightconflict
withfontsize.Displayingfivemenuitemsperpageonfeaturephoneswasbetterthandisplaying
onemenuitemperpage,and12pt.fontsizewasbetterthan8pt.(Ziefle,2010).Anavigationtool,
whichaddedsurveyknowledgetothetreestructureoffeaturephones,helpedusersachievebetter
interactionperformance(Ziefle&Bay,2006).Thesecondwayistoabandonthetreestructure.A
piemenuwithroundpatternwasdesignedandcomparedtothelinearmenu.Resultsshowedthatthe
piemenureducedtargetsearchingtimeanderrorrates(Callahan,Hopkins,Weiser&Shneiderman,
1988).Also,theroundrotatingmenuwasimplementedonapersonaldigitalassistant(PDA)prototype
andgainedpositivefeedbackfromolderadults(Zao,2008).

Application Scenarios of Smartwatches in daily Life
Smartwatches have the potential to seamlessly integrate with the human body and enhance life
experiences(Mann,1997,1998).Mostsmartwatchesextendthefunctionofsmartphonesbyintegrating
existingapplications(Maglogiannis,Ioannou,Spyroglou&Tsanakas,2014)toimprovethequalityof
medicalcare,work,andhomelife(Bieber,Kirste&Urban,2012;Seppälä&Broens,2013).Regarding
medicalcare,smartwatchescouldbettermonitorusers’healththansmartphones,becausetheycollect
users’physicaldatamoreaccurately(Lee,Seong&Kang,2013).Theyareconsideredtobehealth
aides(Wile,Ranawaya&Kiss,2014)andanadjuvant treatment tool (Dubey,Goldberg,Abtahi,
Mahler&Mankodiya,2015).Regardingwork,theworkefficiencyofsmartphonesandsmartwatches
were compared and the results showed that smartwatches savedmore time than smartphones in
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