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1 INTRODUCTION

Sedentarypehaviorandunbrokentime spentsitting haswell-known
negativee ects on physicaland mentalhealth[18 29 39 47, 67,
73 76, 77). Further,we know that regularmovementthroughout
the day (non-exerciseactivity thermogenesisalsocalled NEAT
[50) canimprove long-term health evenwhen the movementis
performed in avery gentle manner§, 15 29. Active breaksfrom
sitting canfacilitate cognitiveactivity [14, 55, andgentlefull-body
movementdike stretchingandbendinghelpto improve blood ow
[13 82, neuronalresponse$12, musclesti ness [13, injury pre-
vention [30Q 54, coordination[31, 62, posturalstability [69, and
balancg71]. Thenatureof o ce jobs,aswell asmanyleisureac-
tivities, is often heavily basedon ubiquitousphoneand PCusage,
which ampli es unbrokensedentarybehaviorasa problemof great
concern[47, 50. Bothresearcherand companiesat the intersec-
tion of health and human-computeiinteraction have attempted
to encouragebehaviorchangeby using technologyto motivate
enjoyable physical activity and break up sedentary behavior.

Dueto their ubiquity, smartphonesnitially seemlike auseful
choiceto implementmovementreminders,especiallyfor short
breaksand bridging waiting time, yet they alsohavedownsides.
Someapplicationencourageandvisualizemovementor stepsbut
potentially fail to sustainenjoymentandmotivation long-term[85
or needan extensivemovementrange(e.g.[61)) anddo not lend
themselves well to waitingeriods in stationary settingée.g.at a
bus stop, waiting room, or in short school or work breaks).

Additionally, smartphone usén generalcanhave furtherneg-
ative e ects on users'health. Peopletend to look down at their
phones(while sitting, standing,andwalking) becauséolding them
atfaceheightis too fatiguing for long periodsof time. This not only
leadsto asti andforward-bentneckbut often alsoto the whole
backbeingbent[37, 48. Painand damagesometimegio not occur
until yearslater,whenit is challengingto treat and canreducethe
quality of life [76, 78].

Alternative solutionsto smartphone-baseédpplicationscould
thus be more promisingto counteractpostureand small screen
healthissueswhile motivating further healthbene ts through gen-
tle full-body movementdike standing,stretching/reachingand
bending/crouchingApplicationshavebeendevelopedhat could
potentially interrupt long sitting periodsand motivate movement,
suchasarm stretcheq 24. Building on suchwork, we believethat
approacheshat moreexplicitly incorporatefun or playful elements
that the generalpopulationalreadyenjoysmay be more positive
for useracceptanceyptake[52, andadditionalmovementrange
would expand the bene ts of gentle full-body movements.

In this work, we draw on the ideaof a casualexergame$24 to
explorealarger-than-humartouchwall displayto encouragegentle
full-body movementghroughits touch-basednteraction.Thiskind
of technologycouldin the future be more commonlyavailablein a
public (e.g.at abusstop)or semi-public/closed-publisetting (e.g.,
in awaiting room)asdisplaytechnologybecomegheaperCurrent
workplaced schoolsalreadyfeaturesmartboard®f slightly smaller
sizeswhich couldimplementapplicationsof this type. Research
like ours could help pushfor thesefuture interactive displaysto
hangin more (semi)publicspacege.g. waiting rooms)for multiple
usecasesEarly attentionto the bene ts canyield its importanceto
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encouragemplementinggentlefull-body movementsn displayin-
teraction[16. However,prior to undertakingsuche orts widely or
long-term,we needto know whetherthis kind of touchwall-based
interaction can e ectively encouragestretching/reachingbend-
ing, and moving, without negativelya ecting playerexperience
or performancecomparecdto smartphoneusage(thus hindering
uptake).

Forevaluationwe implementeda Match-3game a well-known,
popular,andstraightforward casualgamegenre[3g for alarge
2.58mx 3.88mtouchablescreen("touchwall")andfor the smart-
phoneitself. Thegame'skey mechanicconsistof swappingcolored
symbolswith neighboringonesin a 6 x 7 matrix to combineas
many of the samecolorsaspossibleinto a (verticalor horizontal)
row to destroythe matchedsymbolsandgain points. By transfer-
ring thesegameinteractionsfrom its conventionalsmartphone
settingto alargedisplayscreenjt becomes casualexergamehat
requires gentle full-bodynovements: moving a few stepsick or
to the sides turning one'sheadand eyesin di erent directions,
stretching/reachingandbendingoverto touch necessargymbols.
In comparisonthe samegamecanbe playedwith a smartphone
while sitting or standingbut without any additionalmovements.
Thelarger screenof the touchwall shouldmotivate peopleto com-
pletethesegentlefull-body movementsvhile having a brief but
enjoyable experience in a stationary setting.

We arguethe gameon the touchwall could be a healthier,more
fun, and potentially evena more socialandinteractive option to
spendtime while waiting in comparisonto usinga phonein an
unhealthy posture(sitting/standing).However,while in general
largedisplayusagen public settingscanyield positiveacceptance,
e.g.,in the contextof a playful festival exhibit [84], we alsoneedto

nd out whetherusersacceptthis kind of gameplayij.e.,fully use
the given spacefor gentle full-bodymovementswithout negative
e ects on playerexperienceor gameperformancedueto di erent
screen sizes.

To evaluatehese assumptionsye conducted anixed-methods
within-participants study with n=18participantscomparingthe

full-body interaction of the touchwall game(Figure 1 (a)) to
smartphonevariantswhile standing(Figurel (b))and sitting
(Figure 1 (c)).

After eachplaythrough,we assessegarticipants'interestand
enjoyment(IMI), emotionalvalencedominanceandarousal(SAM),
aswell asfatigueandenjoyment,andrecordedgameplaymeasures
like click positionsanditem use(PartA). In a nal interview, partic-
ipantsweretheninvited to providemoredetailedinsightsinto their
experiencefo which we applieda qualitative thematicanalysis
(PartB).While in part A), we wereinterestedin the spatialextent
of elicited movementsand whetherthis hasnegativee ects on
experienceandperformanceln part B),the interviewswentbeyond
this comparison tagain contextualunderstandingof adoptionfor
future research but also to expand the concept with new ideas.

Calculationsof required movementsheatmapof touch input
interaction,observationsandinterviewswith participantsshow
that the touchwall successfullyencouragegentlefull-body move-
mentscomparedo the smartphoneconditions.Our resultsshow
that this encouragemenbf gentle full-body movementson the
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touchwall was subtle enoughand not disturbing, evenif partic-
ipantsrecognizedhigher movement.In termsof enjoyment,the
full-body conditionyieldedslightly higher scoresFor gameperfor-
mance the full-body condition showedno discernableli erence
comparedo the smartphoneconditions(basedn the in-gamemet-
rics) andno obviousdi erence in screenusage(asshownby the
heatmaps)Only performinginteractionswasfasterfor smartphone
conditions,asusersdid not have towalk backandforth to seethe

whole layout. Regarding speculative user acceptance for public or

semi-publicspaceswe found that dependingon suitableframing
(i.e.,the speci c (public)spot,socialsituation,and applicationtype,
e.g.multiplayer),peoplewould beinterestedin usingthe full-body
touchwallinteractionto Il or bridgewaiting time. This providesa
promisingbasis forfurther researctconcerning otheapplication
types and eld studies.

With our ndings, we contributea lab-basegroof-of-concept
for the use ofarge touchwall displays for encouraging genfiel-
body movementsThey constitutea rst steptowardsinforming
the designof anapplicationfor a full-body touchwallgame encour-
aginggentlefull-body movementsasonepotential countermeasure
againstsedentarnybehaviorandpoor sitting/standingposturewhile,
for examplewaiting. Our ndings that enjoyablegentlefull-body
movementn atouchwall couldbean e ective methodagainst
sedentarywaiting behaviorsarean empiricalcontribution in this
contextto encouragduture applicationsor in-the-wild evaluation.
We discusghe advantagesnd disadvantagesf this approachand
describenew approachideasto inform future researchinto the ap-

plication of casual exergames for breaking up sedentary behavior.

2 RELATED WORK

Usingsmartphoneswvhile sitting cana ect not only healththrough
badpostureandsedentarybehaviorbut alsothe eyesKim etal. [43]
andJaiswakt al. [33] discussndicatorsthat handhelddeviceshave
e ects onvisualdiscomfort,especiallywhenusingthemexcessively.
Further,alot of researchdealswith questionsregardingthe link
betweenhealthand physicalactivity. In orderto narrow down the
topic, we heremainly focuson gentlephysicalmovementsitting
posture,andstretchingthe body.Researclshowswe canassume
that alreadygentlephysicalmovementcanimprove people'shealth
[25] as well as break up time spent sedentary [15].

Adversee ects on postureare connectedto the duration of
smartphoneusagejnvestigatedoy Junget al. [37].In their study,a
groupthat usedsmartphonedor over 4 hours per day showeda
signi cantly higher e ect on badpostureandrespiratoryfunction.
In asystematiaeview, Szczygieet al. [76]found severalnegative
e ects comingfrom badsitting posturedike headachesjppercross
syndrome, postural pain syndromes, and balance disturbances.

Researclsuggests thastretching/reachingasa generabctivity
over di erent time periods has positive ects on muscle sti ness,
blood ow [13, arterial pressuredecreas§49, arterial sti ness,
andvascularendothelialfunction in middle-aged analderadults
[47, andblood ow that could berelatedto oxygenavailability
and utilization [44].

Sitting thus seemdo be very unhealthy, not only becauseof
the posturebut becausef the lack of movement.n an analysis
of 149,07 participants,Stamatakiset al. [75] found indications
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that sedentarybehaviorandlack of physicalactivity areassociated
with all-causeand cardiovasculadiseasgCVD) mortality risks.
Dunstanetal. [18] not only arguesaboutsedentarybehaviorbut
aboutprolongedinbrokersedentarybehaviorandits healthrisks.
Theauthorsconcludethat evenphysicallyactive peoplewho have
prolongedunbroken sedentarybehaviorare a ected by health
risks. A literature review from 2015conductedby Benattiand Ried-
Larsen[5] showspositive e ects on healththrough breakingup
prolongedsitting time with "light-intensity ambulatoryphysical
activity." Similarly,astudy by Englishet al. [20] found adecreasén
systolicbloodpressurghrough standinginterventionsandan even
higher decreas¢hrough walking interventionsevery 30 minutes
for strokepatients.Themoste ective breaktime andactivity while
havingabreakwasevaluatedn astudywith 48participantsby Ding
etal. [17]. Theyfound musclefatigue after 40minutesof sedentary
work. Comparingdi erent breaktypes( passivebreak,anactive
breakof changingtheir posture,and standingand stretchingtheir
body for 5 or 10 mins ), they reported standingand stretching
for 5 minutesasthe moste ective breakfor musclediscomfort
prevention.Furthermore peopleare happierif they live an active
life, wherefrequentlight physicalactivity seemgo be morehelpful
comparedo vigorousphysicalactivity [4§. Evenon mentalhealth,
there can be positive e ects [67, 73, 77].

In a study by Mazzoliet al. [55], researchersliscoveredthat
active breaksduring classesn elementaryschoolcan facilitate
cognitive activity. Productivity while using sit-and-standworksta-
tions wasinvestigatedby Mengistab[57] and Rostamiet al. [70];
no productivity lossappeared while performing taslet a standing
desk.Further,Janseret al. [34] conducteda studyto investigatethe
di erent e ects onlocomotion(moving andstationary)andscreen
overview (largewall displayandsmallwall display).Their results
showasigni cant e ect on visualoverviewbene ting spatialmem-
ory. Locomotionitself hadno signi cant e ect on spatialmemory,
but the combinationof both locomotionand overview performed
best against all other combinations.

Besidessocialinterventions (e.g.,with schoolkids, initiated
by teachersand/or parentd55 81]), thereare some technical ap-
proachego motivateandremind peopleof gentlephysicalmove-
ment.Very commonnowadaysare wearabletechnologieghat re-
mind the userto breakup time spentsedentary{ 74. Looking for
more enjoyment-basecakxercising,we can nd a wide range of
exergamegexercise-basegames), althougkthesemustbetreated
with caution[40 53. Someof thesecan be classi ed as casual
exergamesthat promotegentlephysicalactivity: e ective tech-
nologiesthat may facilitate light- to moderate-intensityphysical
activity [65].

Mandryk et al. [52] investigatedanti-sedentaryguidelinesthat
"focusonre-introducingphysicalactivity into daily routines":These
includean easyentry into play, achievableshort-termchallenges,
appropriatefeedbackon e ort, individual skill-matching,support-
ing socialplay to increasemotivation,acasuainteraction,motivate
for repetition and motivate to changesedentaryhabits. Further,
Levine[50] focuseson all physicalactivity that isn't sports-like
exercisgcontributingto energyexpenditureas”non-exercisectiv-
ity thermogenesis, i.eNEAT"), and states that a@ncreasing level
of NEAT could contribute to health bene ts. Prior work hasex-
ploredimplementinga gameto encouragencreasingone'slevel of
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NEAT[21, 22. Lookingfor moresedentarytime-breakingexercises
in prior casualexergamesye built on work like the GrabApple
intervention exergameZ4]. With this, Gao and Mandry24] im-
plementeda resistanceexercisegamein which usershaveto move,
stretch,and bendto grab an apple.While having fun, their pre-
liminary resultsshowedthat users'heartrate waselevatedand
more calorieswere burned.The authorsreportedthat theseresults
met recommende@xercise intensity and weresu cient to pro-
vide healthbene ts when playeda few timesper dayin 10-minute
increments. Isbisteret al. [32] did not nd higher enjoymentof
gameswith higher physicalactivity than gameswith no physical
activity, but they reporta signi cantly higherlevelof energywhen
using physically active games NeverthelessMueller et al. [59]
motivatesto usemoreof the body asplay , referring to the body
not only beinga "thing" (Leib)but beinga part of usthat canand
shouldbeusedin moredi erent waysto createamore humanized
technological future .

About ten yearsago,Ojalaet al. [63] reportedtheir researchon
interactive public displays.In a nutshell,they warn of di erences
betweenlaboratoryandreal-world settings,aswell asnovelty ef-
fects,which graduallydecreasefter a short period. Yetthereare
indicationsfor olderadultsthat technology-baseéxerciseprovides
more enjoymentthan traditional exerciseprograms[8(. Ardito
etal. [3] report challengedor both usersanddesignersThey men-
tion the challengef attracting diversepeoplein public spacesiue
to di erent ages, skills, andxperiences with technology. A litera-
ture review by Alt etal. [1] suggestguidelinesfor the evaluation
of public displays.They suggestontrolling for validity (internal,
external,and ecological)¢onsidering thecontent'simpact, under-
standingthe userthrough qualitative and quantitative data,and
checkingfor commonproblemdlike socialattention. Theypoint out
that lab studieshaveadvantagedike minimizedexternalin uences
and fewer setupdi culties, but provide low ecologicalvalidity.
A study from 2022by Béraud-Peigné&t al. [6] investigateduser
experiencgUX),enjoyment,exertion,and heartrate of 38 healthy
olderadultsplaying a multiplayer interactivewall exergameThey
report a"moderate-to-high" physicaictivity level, highperceived
enjoyment, and high UX.

Sincethe global COVID-19andemicnew concernshaverisen
againstpublictouchinterfacesIn a userstudy by Emmanuekt al.
[19], they try to avoid touching touchscreensvith holographic
projections.However,theseusecasesrevery speci c (e.g.trac
lights and ATM pin entry). Mé@kel&et al. [51]tried to visualizeand
heightenawarenes®f hygieneon touch displaysby highlighting

ngerprint positions.Otherapproacheso avoidtouchingthe sur-

faceof public displayscould bethe useof gesturesasinput [83 or
the useof personalsmartphonego interactwith the public display
[39. Here,however,we would againusea smallscreenandlose
the potential bene ts of thebigger screen, like overvieand the
primary goal of gentle physical movement.

We notethat thereis not only researchon largewall displays
but alsoon large oor displays[28 64, which canbeimplemented
as oor exergamesas well(se€g[41]). Floor displaysavoid hygiene
problemsthrough touching,andstill featurephysicalmovement,
but alsoneedmorespaceandmay incur di erent acceptancéssues.

Finally, the honeypote ect is a well-known issuewhen dis-
cussinginteractive systemsin public scenarioslt describeghe
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e ect of an attractivestimulus (the"honeypot"), e.g., thpresence
of other peoplealreadyinteractingwith a system.This canmoti-
vateby-passer®r observerdo join aninteraction. This e ect was
morecloselyinvestigatedby Wouterset al. [84]. They believethe
key factoris an activationloop consistingof information exchange,
learning socialnorms,andinteractivefeaturesby observingpeo-
ple. Somethingsimilar was investigatedby Michelis and Miller
[58], who observed60by-passer®f alargedisplayin acity cen-
ter. Besides the honeypot e ect, they observed di erent behaviors
in groupsand individuals. Moreover,they show the processin
numbers:When 100%are by-passersone-third startedwith subtle
interaction of the display,mostof them proceededvith moredirect
interaction,andtwo-thirds of them stayedanddid multiple interac-
tions. Thesametopic againwasinvestigatedoy Brignull andRogers
[11], who suggesthe main problemis the fear of socialembarrass-
ment,which makesthe honeypote ect and seeingpeopleplaying
alreadypotentially very e ective. Thereare indicationsthat the
honeypote ect canalsowork for beingphysicallyactiveandthat
observing other people's activity can be a motivating factor [79].

3 RESEARCH QUESTION

Our researchfocusesn the e ects of gentlefull-body movements
(like moving sideto sideor front to back,stretchingupwardsto
reach,andbendingover/crouching)and how they canbeelicited
by alarger-than-humartouchwall.In particular,we areinterested
in how thesemovementsandinteractionsareperceivedanda ect
gameplaycomparedo ubiquitoussmartphoneinteractionsthat are
mostly performed while sitting or standing.

We assumethat the gentlefull-body movementdntegratedinto
a casuafjame could positively in uencenjoyment, cause greater
movement(if usingthe full spaceof the wall) without noticeably
increasingfatigue,andyield on-parperformancecomparedo con-
ventionalsmartphone interactionSuchfactors(high enjoyment,
low fatigue,on-parperformanceould benecessaryo induceand
maintain users'motivation to actually usea touchwall full-body
gamein a(semi-)publicarea[7, 36 52 56 60. Thesewerethusour
primary dependent variables of interest.

Simultaneouslyit isimportantto know if participantswould use
the given spaceto actually perform gentlefull-body movements.
We assesthis by logging dataof touch positions,observationsand
individual perceptionsof fatigue and calculationof the touchwall
spaceWe optedto forgo physiologicalmeasure®f exertion(e.g.,
heartrate) aswe were moreinterestedin full-body stretchingand
bending than in exercise heart rate levels.

Additionally, large public displayshavebeenexploredalot in
previous work in real-world scenarios, showing that social accept-
ability is achievablewvhen carefully designedimportant factorsto
considerinclude contextfactorslike location[63, systemfactors
like usability and visibility of sensitivedata[1], challengeswith
designingfor adiverseusergroup[3], novelty e ects [63, hygiene
[19 51], and overcoming initiahesitance 11, 84. Relying on this
prior work, we assumethat our speci ¢ scenariocould achieve
similar acceptabilitywith future designiterations.Therefore we
opt for alab study dueto unmovablehardwareasa rst proof-of-
concept. We neverthelessked our participants to speculate how
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Figure 2: The picture shows the Match-3 game with the touchwall layout against the monster on the right. @ is the health bar
of the monster, @ is the health bar of the player, @ is the mana bar of the player, @ is the in-game money the player has left,
® are two potion slots were one is lled with apotion, ®) is the indication that this symbol will deal more damage,® is the

indication that this symbol will deal less damage.

likely they would beto usethe prototypein areal-world scenario
to inform future work.

We aimedto comparee ects on enjoyment,performance(in-
cludingtouch positions),andacceptancén playersinteractingwith
aMatch-3gameplayedin three conditions:  on alarger-than-
humantouchwall (with a2.58mx 3.88msizeddisplay,necessitating
reaching/bendingnovements), on asmartphonewhile standing,
and asmartphonewnhile sitting. The standingsmartphonecon-
dition wasusedasan intermediatecondition betweensitting (no
physical activity) and touchwall (full-body interactiGih

Theresearch questiondRQs)riving our three-conditioncom-
parisonstudy areasfollows: RQA1Doparticipantsactuallyperform
our intendedgentlefull-body movementsacrosshe full touchwall
space RQA2Howdoedull-bodyinteractionona touchwallin the

form ofgentle full-bodynovementa ect playerexperience, perfor-

manceanduseracceptancie comparisomno smartphoneisagevhile
sitting and standing?n the pursuit of this researchwe constructed
athird, more exploratoryresearchquestion:RQBWhatimpacts

Iwhile we alsoconsideredmplementinga smartphonegamevariant that requires
similar full-body interactionto the touchwall,we optedagainstthis becaus¢he smaller
displaycouldresultin disadvantagefike eyestrain[26, 27, 33 66 or postureissues
[37, 48, andfull-body movementwith asmartphoneis lessexploredin termsof social
acceptability Additionally, the touchwall preservespotential future possibilitiesto
designfor largedetailedoverviewscreensr groupinteractionvia the honeypote ect
[84].

2Walking s partly involvedin the full-body condition, but aswe areaimingfor example
for waiting scenarios, we focus on in-place gentle full-body movements.
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the acceptancand adoptionof suchtouchwallsand how couldwe
expand this concept with new ideas for future research?

4 MATCH-3-MONSTER IMPLEMENTATION

To investigateour RQswe designeda simpleMatch-3gamethat

couldbeusedwhile waiting asdescribeckarlier. The goal of the

player,representedy alittle white owl-like characterjs to defeat
all evil monstersin orderto free the owl's hometown.The game
consistsof ve dierent levelsof Match-3games Eachlevel is

connectedo adi erent monster.To win the gameall ve levels
and,therefore, ve monstershaveto be defeatedA Match-3game
consistsof a matrix (in this case6x7) lled with symbols(in this

caseb di erent colors).In eachturn, onesymbolcanbe swapped
with aneighboringsymbol.The goalis to createdi erent patterns
wherein symbolsof the samecolor form a horizontal or vertical

line. Patternsof three or moreidentical symbolsare calleda match

andwork towardsthe player'sgoal of destroyingsymbolson the

map:The matchedsymbolsdisappeaandin doing so,dealdamage
to the monster.New symbolsthen appearandclosethe gap.The

goalof the gamedesignwasto requireregularuseof the whole size
of the Match-3grid. With this interactiondesign,we try to subtly

encouragegentlefull-body movementsn the touchwall condition

by requiring playersto stretchandbendin all the cornersandmove
back and forth for overview.
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Figure 3: D, @, and 3 show the three di erent islands on the game map: eachisland hasdi erent monsters with di erent
abilities. (3 marks the platinum-bordered nodes of the shop and (O5 marks the bronze-bordered nodes of the Match-3 battles.

4.1 The Match-3-Monsters Game

Our gameis implementedasa speci ¢ versionof a Match-3game.
Eachtime symbolsaredestroyedhrough acombination life points
are subtractedfrom the opposingmonsters'health bar. The loss
of life pointsincreasewith the size ofcombinationswith every
destroyedsymboldealingtwo damagesach.The damagedoneto
monsterscanbeoptimizedin anumberof waysthrough speci ¢
combinationsasexplainedbelow.lf the life points (seeFigure2 D)
of the monsterreachzero,the monsteris defeatecandthe player
can progress to the next level on the map.

The player is equippedwith a life bar (Figure2 (2), a mana
bar (Figure2 (3: manacanbeseenasthe amountof power,or in
this casenumberof turns left to do something)two potion slots
(Figure2 (5 oneis empty) and the numberof in-gamecurrency
referred to as gold (also all shown in Figure4d.O

Thelife bar showsthe amountof life pointsthe playerhasleft.
A full baris 100life points.Life points arelost wheneveran enemy
monsterattacks which occurswheneverthe playerhasno more
manaleft. The mana baiis usedup after 3 swapsf no potionsare
usedto replenishmana.The turn is not endedautomaticallyto

enablethe useof potionsbefore theenemymonster would attack.

After an enemyattack,the manabar lls up againandthe next
three swapscanbe made.The manabar is replenishedbetween
levels, while life points are not.

Thetwo potion slotscanbe lled with apotion each,andthen
is removedpermanentlyon use.However, new potions can be
boughtin ashopwith gold,which is earnedwhenevera monsteris
defeated.
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Combinationsind SpeciakE ects. The mostbasicmatchis acom-
bination of three same-coloredgymbolsin aline. Multiple combi-
nationscanbecreatedwith asingleswap.If ve symbolsof the
samecolor arematchedall visible symbolsof that color disappear,
resulting in a massive burst of damage.

The game'smonstershavedi erent weaknesseandresistances,
relatingto the di erent colorsof symbolsin the game.Forexample,
aredmonstertakesdoublethe damagdrom bluesymbolg4damage
persymbol).Theséstrong' symbolsaredenotedwith agreenarrow
pointing upwardsin the lower right corner(Figure2 (6). In contrast,
ared monstertakeshalf the damagefrom greensymbols(only 1
damageper symbol).Symbolsthat dealhalf the damage('weak’
symbols) aralenoted by aed arrowpointing downwards inthe
lower right corner (Figure 270)

TheMap. To progresshroughthe game playersmaketheir way
alonga one-waypath on a mapthat featuresall levels(seenodes
with brown bordersin Figure3 (5) andshops(nodeswith platinum
borders, see Figure®). The map and its path is split into three
distinct islandsthat are connectedwith bridges,andincreasen
di culty. Monsterson the seconddark-greenisland (Figure3 2)
arestronger(120healthanddealing12%of the player'shealthas
damagéen eachattack).Additionally, thesemonstershaveboth a
weaknessand aresistancei.e.,the level containsormal, strong,
andweaksymbols.The fth andlastmonsteron the greyisland
(Figure3 (@) has200health and deals12%of the player's health
asdamagein eachattack.It hasno resistancepnly a weakness,
but freezessymbolsto adddi culty. Frozensymbolscannotbe
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swappedanymoreand canonly be unfrozenby getting destroyed
via a match.

After themonsterin eachlevelis successfullylefeatedthe player
canprogresson the mapto the next node.After the lastmonster
has been defeated, the game is completed.

Shopand Currency.The shop allows the player to buy three
kinds of potionswith di erent e ects. Onepotionis ahealthpotion
that restoreshalf of the player's maximum health. The second
potion is a manapotion, (which allows the playerto resettheir
manabar and getthe full setof turns back,or threeturns if the
baris empty).Thethird potion is adamagepotion (which instantly
damageshe monster,without interactingwith the symbolsin any
way, dealing30damage)Health potionscanbeusedin the shop
andin battle,while the othertwo potionscanonly beusedwhile
ghting amonster.Potionscanbeboughtwith goldthatis earned
by defeating monsters.

4.2 Touchwall Calculation for Full-body
Movements

To getanoverviewof the completesymbolmatrix on the touchwall,
usersneedto standat a distancefrom the touchwall (seeposition
Pin Figure4).To calculatethe distancebetweensuchan overview
position (P)anda position at which userscantouch the touchwall,
we used thdength of thetouchwall andthe central eld of vision
(60degrees). Our calculationresultedin an approximatedistance
of 2.23 m from the wall for a good overview of the matrix (P).
If we considera participant of averageheight (173cm)* with
an arm length of up to 78.7cn® standingat position Py with an
outstretchedarm (seeright half of Figure4),we cancalculatethe
approximatedistancea userhasto overcometo selectthe target

symbols in the four outmost corners. The approximate distances

for the uppercornersymbolsarethen 1.753m, and 2.073m for the
lower cornersymbols.To overcomethis distancethe participantis
forcedto take stepsbackandforth (this wasalsoobservediuring
the user study and can be seen in the paper's video gure).

4.3 Mobile Game vs. Touchwall Layouts

Thegameworks similarly when presentecn the 2.58by 3.88meter
touchwalldisplayor onasmartphonewith anaspecratio of 6:9.\We
note thatthere wasan additionaldi erence in layout to provide a
comparativeoverviewandusability: a horizontal orientationon the
touchwall andvertical orientationon the smartphong(seeFigureb).
Symbolscould beswapped byeither swipingacrossor tappingon
two neighboringsymbolsthis interactionworked exactlythe same
way regardless of screen size or device.

5 USER STUDY

In orderto nd out how the full-body touchwallinteraction with
gentlephysicalmovementin a Match-3gamea ects playerexperi-

ence, performance, and usacceptance compared to smartphone

Shttps://www.epd.gov.hk/eia/register/report/eiareport/eia_2522017/EIA/html/
Appendix/Appendix%2011.1.pdf

“We assumechis averagebasedon the averageheight of womenand menin our
general population https://www.worlddata.info/average-bodyheight.php

5The highestvaluefor arm length in our generalpopulation basedon DIN 33402
http://www.arsmartialis.com/technik/laenge/laenge.html
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usage, walesigned aiser study complied as far as possible with
guidelinesby Alt etal. [1]. Asacomparabléaselinethe samegame
with asmartphonan astandingandasitting positionwasused We

chosestandingand sitting asthe two comparisonsettingswith the

smartphonebecaussaitting would beafamiliar positionandlevelof

physicalactivity while playing a casualgame,andstandingwould

bewith the samedevice(asmartphoneputwith ahealthierposture
(standing)inherentto the touchwall condition. This allowed usto

betterisolatethe e ects of gentlephysicalmovementgasopposed
to gentle physical movements aradstanding position).

We chosea mixed-methodapproachfor the study design.With
the quantitative data (A) , we aim to measureand compareen-
joyment and perceivedexhaustionwhile the in-gamedatawas
usedto compareperformanceacrossconditions.The qualitative
data(B)wasusedto inform our understandingof the quantitative
data,andthe speculativeuseracceptancef the full-body touchwall
interaction if presented in a public scenario.

5.1 Conditions / Study Design

The participantswereinvited to play the Match-3gamein all three
conditions(within-participants design).To avoidlearninge ects,
the conditionswere counterbalancedor eachparticipant.All levels
were played by each participant until the nal screen appeared.

touchwallfull-bodyinteractionin this condition, participants
playedthe Match-3monstergameon the touchwall screen
(2.58m x 3.88m, Figure 1),

smartphonetandingin this condition, participantshadto
standfor the gameduration while playing the sameMatch-
3-Monster game on the smartphone (Figure 11,
smartphonsesitting: In this baselinecondition, participants
were seated on a chair while playing (Figure 1.,

5.2 Participants

A total of 18participants(9 female,9 male,0 non-binaryor other
gendersMgg = 31.16,SD = 14.54)took part in our user study.
Theyoungestparticipantwas19,the oldestwas59.Most of them
were studentsor university employeesThirteen participantswere
known by the study conductor (we address this in limitations).
The participantswere almostevenly dividedinto peoplewho

play video gamesa lot and peoplewho play rarely (10rarely; 8
often).Almostno one(2of 18)playedMatch-3gamesbut almostall

of themgenerallyknew the genre.Participantsreportedfrequent
physicalactivity; only two mentionedthey were not physically
active.Theyall saidthe full-body interaction on the touchwallwas
not or only slightly fatiguing.

5.3 Measures

In additionto a demographicsurveyprior to gameplay(ageand
gender), we employed three kinds of measures:

In-GameMetrics.While participantswere playing the game we
loggedin-gamedata.We measuredseveralgame-relevaninfor-
mation like overalltimestampywhenthe gamestartsandends),
timestampsand usage ofpotions,aswell asinformation aboutthe
level and monster,the time and number of swaps,and detailed


https://www.epd.gov.hk/eia/register/report/eiareport/eia_2522017/EIA/html/Appendix/Appendix%2011.1.pdf
https://www.epd.gov.hk/eia/register/report/eiareport/eia_2522017/EIA/html/Appendix/Appendix%2011.1.pdf
http://www.arsmartialis.com/technik/laenge/laenge.html
https://www.worlddata.info/average-bodyheight.php
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Figure 4: Calculation of the distances: On the left side, trigonometry was usedto calculate the distance from the wall if the
participant (P)wants to have afull overview of the symbol matrix in the game: 223cm. On the right side, the approximate
distance between the player's arm stretched out and the symbols furthest away is calculated. This calculation used geometry in
a 3D spacepoint. Point (0,0,0)is in the lower front left corner at the distance of the player Py.The approximate length to be

overcome between the outstretched arm and the corner symbols are 207.3 cm (bottom corners) and 175.3 cm (upper corners),
respectively.

Figure 5: The game had two layouts: The horizontal versions (rst and third picture) were shown on the touchwall, and the
vertical ones (second and fourth) on the smartphone. The rst two pictures are game screens, the second two are the map.

information aboutthe swappedsymbolsand what damagethey with subscalesalence arousaland dominance(5-picturescale).
caused. Two customquestionswith a 7-point Likert scale(1=stronglydis-
agreeto 7=stronglyagreewereaddedto askaboutphysicalfatigue
Post-Game Questionnairédter eachplaythrough, participants ~ (exhaustionwvhile playing the game andoverallenjoymentof each
hadto Il out the interestand enjoymentsubscalg7-pointscale game condition.
from 1="notat all true" to 7="verytrue") of the Intrinsic Motivation
Inventory (IMI) [72, andthe self-assessmemhanikin (SAM)[8]
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Interview. After all threeconditions,we interviewedparticipants.
Theinterview consistedf 14 questiongseesupplementary mate-
rials) designedo gaininsightinto participants'game,exergame,

and Match-3 priorexperience, their experience and acceptance of

the conditionsduring the study,andtheir speculativesocialaccep-
tanceof the full-body touchwall interactionin public scenarios.
We followed the structure of the questionsbut deviatedto clarify
participants'answerswith follow-up questions(semi-structured
interview).

5.4 Procedure

Eachparticipantwasaskedto signa consentform allowing usto
record, andoublish theiranonymized datancluding demograph-
ics, usagemetrics,questionnaireanswersandtranscribedaudio
data.Afterward, the processof the study was explainedandthe
participantwasaskedto Il outthe demographicgjuestionnaire.
Participantswereintroducedto the game(mechanicsand proce-
dure)with ashortinstruction handout.If the participantshadany
guestionsthey were answeredn detailto ensurea thoroughun-
derstandingof the gamebeforeplayingit for the rst time andto
minimizethe learninge ect betweenconditions.Participantswere
then askedto play the game,starting with the counterbalanced
assignedstart conditionsIf questionsaroseduring thegame, they
were againansweredo minimize confusionon the participant's
sideandensureastraightforward rst gameThegameendedeither
after nishing all levelsandislandson the mapor dueto lossof life
points, after which participantscompletedthe post-gamequestion-
naire. This cycle (playing andthe post-gamequestionnaire)vas
completedthree times(for eachcondition). Thestudy endedwith
an audio-recordedemi-structurednterview. Finally, participants
were given 10 Euro as remuneration.

6 ANALYSIS & RESULTS

We rst reportthe ndings of our quantitativeanalysiswith details
of signi cant resultsande ect size(FriedmansANOVA for non-
parametric results, Bonferrordorrection for pairwise comparison
andKendall'sw for e ect size)in Tablel andnon-signi cant results
in the appendix (Table 2). We then report the interview ndings.

6.1 Quantitative Analysis

During analysisof the SAM scoresyalenceanddominanceshowed
no signi cant di erences.Arousalshoweda signi cant e ect be-
tweenthe three conditions,however,the post-hoctestwith Bon-
ferroni correctiondid not (seeTablel).Interest/enjoyment(IMl),
while rated positively, did not di er signi cantly betweencondi-
tions. Similarly, players'enjoymentratedwith the customguestion
wasoverallratedhigh in all conditions(seeFigure6 (b)),but there
was no signi cant di erence between conditions for this item.

The custom questioon participants' exhaustion showed a sig-
ni cant di erence in exhaustion between the conditions full-body
andstanding andfull-body andsitting. While exhaustionwasgen-
erally low, the sitting condition scoredsigni cantly lower on this
item than both other conditions, see Figure 6 (a).

GameplayPerformanceTherewasno signi cant di erence be-
tweenconditionswhen analyzingthe total numberof swapsper
game However,the time betweeneachswapin secondslid di er
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Condition  SAM Arousal Exhaustion Time Between Swaps
M SD M SD M SD
full-body 3.17 0.86 3.33 146 14.37sec 11l.44sec
standing 2.83 0.79 278 1.4 8.59sec  10.75sec
sitting 256 092 211 1.08 9.26sec 11.26sec
X2 6.34 9.41 274.61
p<.05 p<.01 p<.001
w=.18 w=.26 w=.18
post hoc $ ns. $ p<.05 $ p<.002 .01
$ ns. $ p<.002 .01

Table 1: We report means (M), standard deviation (SD),and
post-hoc pairwise comparisons with Bonferroni correction
for all initially signi cant measures SAM arousal (5-point),
exhaustion (custom 7-point likert), and time between swaps
in seconds.The post hoc test for exhaustion yields signi cant

di erences between full-body and sitting aswell asfor
time between swaps. Time between swaps isalso signi cant

between full-body and standing. Results for all measures
can be found in Appendix.

signi cantly: Posthocanalysisrevealedthat playerstook signi -
cantly longer for each swap in thielll-body condition compared to
the other two conditions standingnd sitting(see Figure 6 (c)).

We foundno signi cant di erence when analyzing thenumber
of stronghits (or weakhits per game) hormalizedby the number
of total swaps, see Figure 6 (d).

As ameasureof participants'actions,we groupedthe individual
input of eachparticipant on the 6x7 symbolgrid asan average
andvisualizedthis asa heatmapin Figure7.Acrossall conditions,
participantsinteractedwith grid cellsaminimum of four times,and
amaximumof 84times.Wetook acloserlook at the outermostsym-
bols in the full-body conditiorto calculate how often participants
reachedor symbolsin the borderregions,i.e.,reaching maximum
physicalactivity in the full-body condition. On averagegachpar-
ticipant reachedor the top cells(uppermostrow) 6.72timesacross
all levels,about7.0timesfor the bottom cells,about5.67for the
left-most cells, and 6.28 times for the right-most ones.

6.2 Qualitative Analysis

AnalysisProcedureln total, we collected2:28hoursof spoken
interview data.Foranalyzingthe transcribedinterviews,we em-
ployeda hybrid thematicanalysisapproachusing elementsfrom
bothre exive thematicanalysis(e.g. organiciterative development
ofthemes)andacodebook-orientethematicanalysis(useof acode-
bookandconsensugoding)[9, 10. Interviewsweretranscribed
and codedn Dovetaif in the original languaggquotes presented
in this paperwere translatedinto English).We constructedfour
deductivecategories Enjoyment, Speed/Success/Perforiphysie,
cal Activity and SocialAcceptanceyhich drove our analysisasthe
guiding variablesandfactorswe wereinterestedin. We developed
inductive codeswithin thesecategorieshasedon a closeinspection
of the data.

Swww.dovetailapp.com
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(a) Exhaustion (Likert) (b) Enjoyment (Likert)

(c) Time Between Swaps (Sec)
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(d) Strong Hits (Count, normalized)
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Figure 6: The sitting condition was rated signi cantly
time between each swap in secondstook signi cantly

less exhausting than the full-body or standing conditions (a). The
longer in the full-body condition than in the other two conditions (c).

All conditions were rated as enjoyable (custom item); while the full-body condition was rated most highly, this was not a
signi cant margin (c). The total number of strong hits per game (divided by the overall number of swapsper game)did not

di er signi cantly between conditions (d).
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Figure 7: The heatmaps show the position of the Match-3 symbols for all three conditions. The more input a symbol of the 6x7
Match-3 matrix had, the brighter the coordinate block is depicted. The x- and y-axis denote the coordinates of each Match-3
matrix position. The scale on the right of each heatmap denotes how many total inputs each block had.

Two codersinitially codedone interview separatelyand dis-
cussedhe codesin agroupwith two additionalresearchersThen
two moreinterviewswere codedby the sametwo main codersand
againdiscussednd comparedwith eachother afterward,followed
by the sameprocesswith three moreinterviews. Throughthis pro-
cess, waleveloped andterated on acodebookAfter havingcoded
anddiscussedix interviews,the remainingtwelve interviewswere
splitin half (six per coder)andthe codebookhat wasdeveloped
basedonthe rst six interviewswasappliedto the remainingones.
If codersfelt that additional new codeswere neededthey were
codedin adi erent color anddiscussedn a nal meetingafter
the rst completecodingandwerethen addedto the codebookf
necessaryThe rst sixinterviewswerere-checkedo seeif these
new codes applied there, too.

The nal codeboolafterthe completerst roundwasusedasthe
basisfor developingthemeswithin eachof the deductivecategories
that represenbour areasof interest. Thethemeswere constructedn
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three meetingsof the two main codersin eachmeeting,the coders
matchedthe themesto the interviewsto makeadjustmentswvhen
necessary.

ParticipantBackgroundThe participantswere almostevenly
dividedinto peoplewho play videogamesalot andpeoplewho play
rarely (10 rarely; 8 often). Almost no orf2 of 18) played Match-3
gamesbutalmostall of themgenerallyknewthe genre Participants
reportedfrequentphysicalactivity; only two mentionedthey were
not physicallyactive.They all saidthe full-body interactionon the
touchwall was not or only slightly fatiguing.

6.2.1 Developed Themes.

Themel: While thetouchwalllackedin overviewjt madeup for it
with enjoymentnd novelty.In comparisorthe smartphonéada
betteroverviewandwasfamiliar andcomfortableMany participants
mentionedthat gaining an overview of the touchwallwasanissue
comparedto the smartphone For example one participant said
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"ontheboardthat wasa disadvantagéor me,becauselackecdthe
overviewYoualwayshaveto gobacka stepandlookat thewhole
picturesothat youcansomehowecogniz@atternsandonthemobile
everythingwascompact.(P14) Someonealsomentioneda focus
switch dueto the big sizeof the wall: "Onthebig screelj...] it was
veryconfusing...] | hadto payattentionto thegameontheonehand,
whichwason theleft half, andthen looko theright every nowand
then." (P1) .

In comparisonthe smartphonewasperceivedashaving a better
overview.Forexample P18said"Theadvantagef the mobilepart
is that you cantakeit with you,that you canoverlookeverythingat
aglance.(P18)This factorwasnamedby anotherparticipantas
why a "cell phone is most suitable for such applications" (P16).

While the full-body gameon the touchwall wasoften mentioned
asa novel interaction, the smartphonewas often mentionedin
termsof familiarity. Oneparticipantdescribed'Of courseplaying
onthewall wasunusuall meannormallyyouonly knowthat you
play it onyour cellphoneandthat's why it hadan additionalfun
factorthat you couldalsomovearoundand that you experienced
somethingnew."(P12) Similarly, the touchwall was perceivedas
"mostnnovative'(P17)something'special(P7)that "fascinated(P7)
them.Someonevendescribedt ashaving"aneventcharacter(P3).
In comparisonthe smartphonewvasamorefamiliar tool: “onthecell
phoneyouaremoreusedo” (P13)A few participantsalsomentioned
afasterandmorehastyplay style with the smartphone!'[onthe]
cellphone]| probablyplayedfasterandmore uidly." (P8)and"onthe
cellphond thoughtlessstrategicallybut rathersimply played"(P17).
Oneparticipantattributedtheir succes$n the seatedsmartphone
conditionto "the habituationandtherest"(P16)Neverthelesspne
participantsaid"but soto play oncen awhile or veryrarely,thewall
is just cooler." (P2).

Theme 2Most participantbelieved they coultbncentrate better

while sitting than standingdueto lessdistraction.Yetsoméelt con-
centratingwaseasieduring full-bodyinteraction. Participantshad
di erent opinionson the topic of concentrationMost participants
mentionedthey performedbetter and were more concentrated
while sitting, comparedto standingor moving at the wall. One
participantsaidthey were "probablymostsuccessfuna cellphone
andwhile sitting, becausgou'renot concentratingpn anythingelse.”
(P15)anotherone mentionedWhenyou'resitting, you canconcen-
tratefully onthegame. That'sometimes hit di cult when you're
standing| think. (P5) Another explained"playingsitting down...]
yeah that's a little bit more relaxed than standing." (P4).

On theother hand some participantexperienced th@pposite.
They felt that standing,moving, and steppingaway heightened
their concentration Forexamplepneparticipantsaid"”l guess was
mostsuccessfgtandingup. Thenyouareperhapsnoreconcentrated”
(P14)Another describedonthewall, | tooka bettedookandthought
strategicallyaboutthe wholething andwasprobablybetterfor that
reason." (P17).

Theme3: Althoughparticipantswere awaref the full-body move-
mentdlike walking, stretchingandbendingnoneof themwerereally
fatigued by them.

Participantswere awareof the fact that they hadto movemore
on the touchwall than while sitting or standing:"I'm constantly
walking sol cankeeptrack, you haveto go backand closeto the
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wall again"(P8).Another mentionedbeingawareof the stretching:
"| think it's goodthat sometimegou haveto stretch’(P10)Some
participantshighlightedthe movementsasbeingenjoyable e.g.,
"But on the screenit wasfun, becausavhenyou weremoving,it
wasfun." (P1)or asexciting:"Becaussomehovby havingto move
aroundmoreandbemoreinvolvedin the gameyourselfjt wasmore
exciting than typing something on your phone." (P15).

Two participantsmentionedthat the height of the personcould
havean e ect on the physicalexperience!Thewall is toobig for
me.| can'treacheverywhere(P8).In contrast,beingtall hade ects
too: "it wasno problemfor meto reachthe top.But | hadto bend
downto reachthe stones ahe bottom, anthat mightbeexhausting
in the long run" (P3).

Oneparticipantfelt that gentlemovementis more pleasanthan
only standing:"standingroundapathetids the mostuncomfortable.
Just standingometimes othe left,sometimes otine rightfoot was
a bit uncomfortableBut whenyou standat the wall like that, you
movea bit andit's not noticeabl¢hat you'removinga bit more"(P9)

While no oneexperiencedhe full-body interactionon the touch-
wall asreally tiring, somewere awareof it: "youdon't noticethat
you're movingbecause you're just somersed. [...]Jé¢ould imagine
| woulddothat, simply becausgou aremoving."(P10)r "I didn't
necessarilperceivét asstrenuoushut of coursd kind of felt after-
wardsthat | wasactiveand on my feet."(P9).Oneparticipantdid

nd it more fatiguing: "I found itmore tiring compared to tl¢her
variants becausgou haveto stayattentiveall thetime andsomehow

put more energy into it than when you play it on your phone." (P4).

Themed: Participanthaddi erent opinionsregardingsocialac-
ceptanceajependin@nthe publicscenari@ndplaceitself,whowas
already playing, and how welley think they would perform them-
selvesin general,our participantsfelt suchan interactivetouch-
wall would improve public spaces?]...] sucha screemooksextremely
forward-lookingfuturistic, andyes,it really spicesip a busstop.”
(P2)oneparticipantsaid.Another explainedin moredetail "[...it's]
somethingo keepeopldusy]...] They'realsoa little bit maybemore
moderr...] Sofor me,that wouldde nitely havea positivee ectand
| wouldde nitely tell peopleHeyi,it's really coolthere,you cando
that there." (P9).

While someparticipantswould rather prefer a closedpublic
spacdike awaiting room,they explain:"[In a] waiting roomlike if
I'm really killing time and| knowit's goingto beanotherhalf hour,
I'd bemore likely to gdor it." (P7)One participantmentioned "You
canplay a gameonyour cellphonerelativelyquickly,[...] Butyou
don'thavea wall like that yourself.Soyou don'townit, butif it's
in thewaiting roomor | canimagineit in theo ce whenyouhave
to wait or somethingl think | wouldhavefewerworriesthere.(P4).
Onthe other hand,somewould prefer playing at a busstop (but
unfortunately did not further explainwhy); otherswould not careif
it was aclosedpublic setting (e.g.a waitingroom)or a fully public
open one (e.g., a bus stop).

In contrast,somehadissueswith any public setting. The main
factoris the feelingof beingwatchedandthe possibility of perform-
ing poorly in front of others:" youfeellike you'rebeingwatchedIn
thebeginningyou might notbeusedo it andthenyou consideit
funny whensomeonglaysonthewall." (P14)Another participant
explained'Unlesd wassupergoodor supettrained,thenmaybeUm,
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uh, if I'm alonede nitely. | couldimaginethat." (P10)A participant
thought critically aboutperformingfull-body movementsn public:
"[...] especiallyvhenyou'rein a waiting roomlike that, youalsoneed
morespace, and you haveo stretchand benaverlike thatall the
time, it might bea bit awkward."(P13)or seeingchildrenasatarget
group:"l think that'swhere thaargetaudience tends beyounger

than me. So | think kids would tend to do it more than me." (P1).

Thehoneypote ect [84 resultingfrom participantswatching
othersandbeingenticedto play themselveor helping andjoin-
ing the game,alsowas perceivedby participants:they sawthe
touchwall asa conversationstarter. They statedthey would help
othersplaying:"l think so,becausenaybethat's howyou getinto
conversatiorf... Somethingyoudon'tusuallydoin thewaiting room
or at the busstop.And soyou canthenmaybealreadycomeinto the
conversatiomandyou askwhat exactlythat is or whatis happening
there." (P4).

Further,severalparticipants eventhosewho initially seemed
averse mentionedthat they would enjoy watching other partic-
ipants play and that it would probably createthe desireto play
themselvesSummarized by10: "as viewerpf coursé wouldbe
coolif someonelayedit andyouhadsomethingo watchl...] likely
| wouldwant to dothat, too."(P10) Therewere howeveralsodif-
fering opinionson helpingothersplay: it would "[...Jdepen@nthe
personlf theygivetheimpressiorthat they arenotthat interestedn
[me] beinginvolved thenprobablynot." (P15) Somestatedit would
dependon whetherthe other personwas making mistakes:'Yes,
maybeif thepersorsomehownakesa mistakeor overlooksomething
that might helphim now."(P11)Alternatively, they might help if
they were really "bored'(P12) Multiplayer games "strategically
[playing] together" (P1Were also suggested in this context.

Finally, a few participantsraisedconcernsaboutthe unknown
time frameuserswould havewhile waiting "It hasto bedesigned
in sucha way that you canstopat any time andstill havea sensef
achievement(P18)as well ashygiene:"At themomentthishygiene
issuds sobig that you haveto think carefullyaboutwhichsurfaces
you touchnow and which not." (P11) One participant suggested
switching to "gestures, [so] thahe must not reallfouch the wall"
(P3).

7 DISCUSSION AND LIMITATIONS

We rst discusshow well the touchwallworkedto inducegentle
full-body movementswithout noticeablya ecting fatigueasakind
of manipulationcheck.Subsequentlywe discusshe e ects of the
di erent conditionson enjoyment,performanceand (speculative)
acceptance, respectively.

MovemenandFatigue.Ourinterviewsandobservationsndicate
that many participantsmovednoticeablya lot morewhile doing
the full-body touchwall interactionscomparedo the sitting and
standingconditions.Participantsalsowere awareof the stretch-
ing/reachingup and bendingdown to reachsymbolsthat were
not closeby. They alsomentionedthat the large screenresulted
in alack of overviewthat requiredthemto take stepsbackward.
This matcheswith our calculationsin Section4 that showsthat
peopleneededo move,stretchandbendto reachall the corners.
It canbeseenin the heatmapof loggedtouchesthat all areasare
coveredeventhe borders(though not asmuch).We seethis as

212

Funke, et al.

con rmation that participantsactually usedthe spaceandthere-
fore werewalking sideto side,stretching/reachingupwards,and
bendingdownwards which asdiscussedncreaseNEAT [5( and
canhavebene cial e ects on blood ow, musclesti ness, posture,
etc.[12 13 13 30 31, 54 62 69 71, 8. We note that the degree
of movementwill di er betweenparticipantsdependingon their
heightandarm span,asthis a ects how muchthey haveto move
to reachall positionson the wall. However,we leavesuchmore
speci ¢ details open to address in future work.

While noneof the conditionswere perceivedasvery fatiguing,
sitting wasde nitely perceivedas most comfortableyith standing
smartphoneuseand full-body touchwall interaction considered
slightly lessrelaxingcomfortablebut still nottiring. Thisalignswith
our expectationsand alsomatchesprior researchwhile unhealthy,
sitting is more comfortablethan standingor stretching[17]. These

ndings indicatethat gameson largetouchwallscouldbeafeasible
andnot too tiring option to breakup sedentaryperiodsthat would
otherwiseprobablybe spentusinga phonewith a smalldisplay,
thereby potentially avoiding neck or posture issues [37, 48].

Theamountof gentleexerciseprovidedthrough stretchingand
bendingat the full-body touchwall could contribute to meeting
currentguidelinesaboutavoidingsedentarybehavior.It indicates
that suchatouchwall could preventpeoplefrom sitting in times
of waiting, without leavingthem uncomfortabledueto too much
exercising and while also o ering an enjoyable pastime.

Enjoyment As expectedandassuggestedn researchexploring
other time-bridging (casual)exercisegames[24, 52, 65, partici-
pantsacceptedhe gentlefull-body movementghat is part of our
casuakxergameandalsoenjoyedit. Wedid nd slightly higheren-
joyment betweengameplay withgentlefull-body movementsand
non-activegameplaybut it wasnot statisticalsigni cant, which is
asimilarresultasin astudy by Isbisteret al. [32]. Like Isbisteret al.
[32] we did not nd signi cant di erencesbetweenphysicalactive
andnon-activegameplayprobablydueto smalle ect sizeproba-
bly due tosmalle ect size.We emphasizehat the slightly higher
enjoymentin the full-body condition cannotbe notedwithout con-
sideringnovelty e ects; their connectionto enjoymentis referred
to in related work[63 and was alsandicated by oumparticipants.
We cannotexcludethat the higher enjoymentof the touchwall
would decreaséo the samelevelif full-body interactiontouchwall
wereomnipresentin public spacesNeverthelessye believethat
when having a full-body interaction touchwall at speci c places
like airports or waiting rooms,where peoplenormally arenot very
often,novelty e ects might remainandyield positivee ects longer.
Moreover,consideringthat devicedike the Xbox Kinect’ which
successfullymotivatesfull-body movementswe believethat if
suchatool becameomnipresentin the distantfuture it couldeven
beintegratedinto the selectionof ubiquitousdigital devicesn con-

sumer homes that are used for gaming or information presentation

like tablets.To investigatethesee ects, long-termandin-the-wild
studies will be required in future work [63].

PerformanceOur resultsconcerningparticipants'performance
indicateno signi cant di erence betweentouchwall interaction
andeither of the smartphoneconditions.Strongandweakhits were

https://en.wikipedia.org/wiki/Kinect
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equally balanced in all condition$hese results coincide with the
onesfrom Mengistab[57] and Rostamiet al. [70] who found no
performancedi erence betweenstandingandsitting at adesk.The
only di erence we discoveredwvasthe time participantsneeded
between swapsyhich probablyhas todo with the steps bacland
forth to gain an overview. This phenomenaf stepping backo
gainabetteroverviewis commonlyobservedwith largedisplays
[2, 4, 49, andsuggestghat gamedeveragingspatialmemoryand
overviewa ordanceswould beinterestingto further investigate
performancee ects with the touchwall. Previousstudiessuggest
that setupslike our touchwall condition (largedisplaycombined
with letting usersmovearoundin front of it) canbene t tasksthat
requirespatialmemory[34, 6§. Despiteno impacton performance
(exceptduration), ourparticipantsnotedthe lack ofoverviewand
havingto stepbackandforth with aslightly negativeconnotation.
In the future, alternativeapplicationsways could be consideref
allowing usersto interactwith the touchwallwhile still motivating
gentle full-body movements.

Additionally, we note that other gamedesigns e.g.,onesthat
require fast-pacednovementslike a rhythm gameor reaction-
basedmechanicssimilar to BeatSabef23 might of courseshow
signi cant e ects on performancewith our comparecconditions.
However,suchmechanicsavould alsolikely pushthe gameaway
from gentlephysical activity and the casuaxergame.

AcceptancePublicdisplayinteraction and socialacceptanceare
avery commonproblem[1]. Our participantshadvery di erent
opinionson public scenarioghey would preferfor touchwall inter-
action.Thismatchegrior work that suggestshat socialacceptance
with public displaydependn alot of di erent factorsrelatingto
diverseusercharacteristicdike age,gender,nterests,body height,
extra-/introversion,etc.[3]. Someparticipantsexpressediisliking
socialscenariogemin general primarily dueto the remfeelingof
beingwatchedandfear of socialembarrassmentyhich is one of
the many problemsin socialscenariosaccordingto Brignull and
Rogerq11]. However,otherssharedthis fearonly in openpublic
scenarioqe.g. busstops)but not soin closedpublic scenarioge.g.,
waiting room), perhapshecauséhis suggestthe presenceof fewer
peopleor, at sometimesno peopleat all. After participantswere
askedabouthelping others,many weremorewilling to join even
in (semi-)publicscenariosMany of our participantsThis canbede-
scribedasan e ect that amountsto the honeypote ect [84], which
is avery well-known e ect wheninteractingin socialscenarios.
Like Brignull andRogerd11] suggestpnly onepersonis needed
to attractotherswhich is similar to the role modele ect for being
physicalactive[79. This wascon rmed by our participantsand
probablywould bethe main hurdle in achievingsocialacceptance.

This alsosuggestghat multiplayer movement-basetbuchwall
gamesmight havedi erent socialacceptancehan single-player
onesasalsoproposedby Mandryk et al. [52]. Multiplayer aspects
shouldbefurther investigatedin future work for touchwall games
featuring gentlefull-body movementstoo. A full-body interactive
touchwall couldfeaturenot only an entertainingcasualexergame
but moreover become a conversation starter and a social hub.

Now that pandemiaegulationsseento belooseningwe hopeto
investigatethe acceptancef our gamewith touchwallinteraction
in areal-world scenario(e.g.a busstopor awaiting room)in the
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future, aslab study ndings andpeople'sown assessmentsanvary
when confrontedwith themin the eld [63. However,we note
that given prior resultson acceptancef largedisplaysin the eld

andour interview ndings, similar resultsfor our prototype should
likely occur [58, 84].

Public touchscreensan also posea hygiene problemlike it
has beeninvestigatedby Méakel&aet al. [51]. Someparticipants
mentionedexperiencingdiscomfortsincethe COVID-19pandemic
when touching surfaces that many others have already touched.

Gesturesnsteadof directtouchinput wasa solution proposed
by oneof our participants.Forgestureson public displays there
is alreadysomepromisingresearchby Walter et al. [83]. Gestures
insteadof directinput couldkeepthe whole-bodymovementand
contributeto emphasizinghe body asplay [59 while solvingthe
hygieneproblem,andadditionally couldsolvethe problemwith par-
ticipantsof di erent heights.Thismakest aninteractiontechnique
worth lookinginto in future work. However,socialacceptancenust
be taken into account here as well.

TakeawayFeasibilityof the Touchwallwith Full-Bodyinteraction.
Summarizinghe di erent advantagesnddisadvantagebetween
the three conditions,it seems<learthat thereis no obvious best
variant. In termsof enjoyment,all conditionswere rated positively.
The full-body touchwall condition wasrated assomewhatmore
exciting (basedn the SAM arousalscores)but took participants
longerto completeactions although this did not impactperfor-
mance.

In termsof our goalto elicit gentlefull-body movementsthe
touchwall worked well: participantsdid not avoid the borderre-
gionsandsohadto bend,stretch,andreachto play the game.This
resulted in higher physical fatigue for players, but not overly so.

Participants' speculation regarding the social acceptability in a
waiting scenariocanbeclassi edasmixedfor the full-body touch-
wall variant thus worsethan the seatedsmartphoneexperience
but betterthanthe standingsmartphonecondition.In summarywe
believea touchwallgamethat encouragegentlefull-body move-
mentsisa rst approacho closethe gapfor enjoyablycounteracting
sedentary behaviour in stationary contexts. Moreovetr, it combines
positivee ects of gentlefull-body movementsike stretchingand
bending while counteracting bad postuaad sitting behaviour.

Fromthis, we concludethat the smartphonesitting condition
is the mostcomfortableandtime-e ective option. Thetouchwall
conditionwassimilarly enjoyablewhile successfullyeliciting gentle
full-body movements which is lesscomfortablebut hashealth
bene ts. In contrast,the standingwith the smartphonecondition
combines mosbf the disadvantage®verall, our ndings suggest
that the touchwall could potentially counteractsedentarybehavior
and motivategentle full-body movements whilstill providing a
comparablyenjoyableexperienceThis indicatesthat the ideais
feasiblefor the contextof waiting periodsin public or semi-public
spaces.
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Figure 8: The three sketches show the possible other future applications that were suggestedby participants. Picture A shows a
human scrolling a huge newsletter, Picture B is showing a person bending over a public transport city map, and Picture Cis
showing two people playing a joint game together. Pictures generated with DALL-E 3.

7.1 Potential future applications

Basedn our interviews,we presentsomenew ideasfor applica-
tions with gentlefull-body interaction.We showsomepotention
sketches of them made with DALL-E B Figure 8.

A: NewsletterA potentialinterestingapplicationcouldbeanews

or book application where pages need to be ipped or the content

hasto somehowbe movedaround.Here,gentlefull-body move-
mentscould be usedfor large swiping movementsor buttonson
the far corners.

B:PublicTransporOverview.It canbeusedto showpublictrans-
port maps wherethe cornersandedgesanbeusedto movethe
maptowardsa new spacein this area.Full body zoomingmove-
ments(pinch and stretchboth hands)canbe usedto changethe
level of overview.Buttonson di erent outer positionscouldguide
to subviewsof a busline or the departureview of the currentbus
station (if positioned on a bus stop)

C:GamesMany di erent kind of gameswould possiblesome
for singleplayer but othersfor multiplayer were suggestedrur-
thermore,the gamesshouldbe short or round basedand easyto
understandSomementionedthinking gamedetterwould bebetter
than extremeaction gamesfor (semi-)public setting.Mentioned
examlesTick-TackToe,4 wins, Pong,sudoku,Ludoor Parcheesi,
Battle ChessCard GamesMini Metro, Memory,crosswordpuzzle,
skill or fast reaction games.

7.2 Limitations

We note somefactorsrelating to our implementationand study
designthat may havea ected the resultssomehowForexample,
the input on the touchwall wassometimesot recognizeddueto
the hardwaresetupitself. Thereforeparticipantsoccasionallyhad
to repeattouchinput, leadingto annoyanceThis may alsohave

contributed to the longer times between swaps on the touchwall.

8https://openai.com/dall-e-3
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Further,the additional COVID-19measuresnadeit hardto nd
participants,soour numberof 18 participantsis relatively small.
Still, the reportedsigni cant di erences,evenshowingsmalle ect
sizes presentindicationsthat are further supportedby our qual-
itative ndings. The xed wall alsohinderedusfrom conducting
a eld studyin a public or semi-publicsetting or re-creatingso-
cial scenarioswith largergroupsin our in-lab study, which would
havehelpedincreasescologicalvalidity [1]. As aresult,however,
the study conductorknew severalparticipants(13)personally,at
leastasan acquaintanceThis could havea ected their answers,
although likely more so in the interview.

In termsof analysisand measureswe note that one of the main
codersinvolvedin the thematicanalysishadno prior experience
with this methodologywhile the other main coderhasa strong
exercisemotivation which could havein uenced their readingof
the transcriptsand the constructionof themes.Additionally, in
retrospectwe would haveliked to alsomeasureparticipants'body
heightandeachparticipant'sphysicalexertionthrough physiologi-
cal measures (e.g., heart rate) while playing.

Fromour perspectivea noteworthy limitation is that the novelty
of the full-body touchwall interaction mayhavebeena strongfac-
tor in its enjoymentratings.We cannotsaywith certainty whether
their enjoymentof the touchwallwould belessenedf it were per-
vasivelyavailableandusedfrequently.Our ndings suggesthat
the touchwall may be ableto introduce a healthier postureand
gentle full-body movementsinto sitting and waiting periodsin
public spacesThis works to motivatea eld study; this kind of
future work will beableto explorethe socialacceptabilityof such
a touchwall scenario with greater validity.

8 SUMMARIZING CONCLUSION AND FUTURE
WORK

With our Match-3monstergameimplementationwe designeda
prototypeto investigatewhethera touchwallapplicationactually
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inducesthe expectedtaninducegentlefull-body movementsnclud-
ing stretchingandbending.ln amixed-methodstudy,we compared
(1)full-body interactionon a larger-than-humartouchwall with
two smartphoneconditions,(2) standingand, (3) sitting. We found
that participants perceive thdi erence in physical movement, use
the full spaceof the wall for full-body movementswhile not feeling
overly fatigued,and overall enjoy the full-body touchwallinterac-
tion andits novelty. While we found no di erence in succes®r
gamescreenusagetherewere mixedopinionstowardsspeculative
usageof the touchwallin public spaceglike abusstopor awaiting
room).In future work, our ndings for full-body interactionson
alarge-sizedouchwall shouldhaveto bevalidateddirectly in a
public scenaridike awaiting room or at a busstop,possiblytak-
ing di erent wall sizes,applicationsor touch-freegesturesinto
considerationThe greatestpossibleuseof interactionand public
displayspace shoulthe takeninto account inthe design procest
encourage healthy posture amunter possible unhealthy behav-
ior with gentlefull-body movementsOur positive resultsowards
gentlefull-body movementsanwork towardslarge-sizedouch-
walls beingconsideredn future planning of (semi)publicspaces
and product design.
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A SUPPLEMENTARY MATERIALS

Table 2: Mean values and standard deviation for all measures.

Condition SAM Pleasure SAM Arousal SAM Dom. IMIInt/Enj Exhaustion Enjoyment total#Swaps timeBetwSwaps normStrHits
M SD M SD M SD M SD M SD M SD M SD M SD M SD

full-body 4.3 077 3.17 086 322 088 593 0.78 3.33 146 6.22 1.11 43.39 6.02 1437 1144 138 0.27
standing 4.1 058 283 079 344 0.78 568 0.79 278 14 578 088 4294 699 859 1075 133 03

sitting 40 073 256 092 367 069 563 0.84 211 108 589 1.02 42.67 9.04 9.26 1126 132 0.35
X2 2.62 6.34 4.13 4.55 9.41 3.64 2.32 274.61 1.44
n.s p<.05 n.s. n.s. p<.01 n.s. n.s p <.001 n.s.
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Figure 9: This gure shows boxplots of total playtime of the total swap count and normalized weak hits.

Figure 10: This gure shows all the di erent screenson the game. On the horizontal view on the right was the touchwall view,
while the vertical view next to it on the left, was the view of the mobile phone.
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