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ABSTRACT

Fivetypesofaffectivesupportsweredesignedtoinduceanappropriateemotionalregulationstrategy
inplayersofaneducationalvideogame.Thesesupportswerebasedontheemotionalregulation
strategiesofsituationselection,situationmodification,attentionaldeployment,cognitivechange,and
responsemodulation.Aseriesofqualitativestudieswasdesignedtoanswerusabilityandefficacy
questionsontheincorporationoftheseaffectivesupportsintothegamePhysicsPlayground.Ultimately
twoofthefivesupporttypeswereremovedandtheimplementationoftwootherswerechangedto
betweengamelevelsratherthaninthemiddleofgameplay.Theresultsalsoofferedinsightintothe
relationshipbetweenplayerabilityandwhensupportwaspreferred.
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INTRoDUCTIoN

Learningandemotionareintimatelyinterwoven(Calvo&D’Mello,2011;Kim&Pekrun,2014).
Positiveaffectisfoundtoenhance,andnegativeaffecttoinhibit,manyaspectsofcognition(Clore
&Huntsinger,2007;Fredrickson&Branigan,2005;Isen,2008;).Thisisnotuniversallythecase
when it comes tocomplex learning; somenegativeemotions, suchasconfusionand frustration,
canbebeneficialtolearningifmanagedwell(D’Mello&Graesser,2014;Fielder&Beier,2014).
Educationaltechnologies,suchasdigitallearninggames,provideauniqueopportunitytosupport
students’emotionalexperiencewhilelearning(Calvo&D’Mello,2011).Affectiveexperiencesin
game-basedlearningmayalsoinfluenceengagement,akeyfactorinwhetheraneducationalgame
willhaveanimpactonplayerlearning(AbdulJabbar&Felicia,2015).Inthispaperwediscussthe
designandformativeevaluationofaffectivesupportsdesignedtohelpplayersmanagetheirfrustration,
improvetheirmood,andincreasetheirmotivationtolearninthegamePhysics Playground(Shute
etal.,2019).

https://orcid.org/0000-0002-4415-9123
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DIGITAL LEARNING GAMES AND STUDENT SUPPoRT

Theability fordigital learninggames to increase student learningoutcomes throughgameplay iswell
documentedintheliterature(e.g.,Shute,Rahimietal.,2020;Clarketal.,2016;Mayer,2019;Vogel,2006;
Woutersetal.,2013),asistheconnectionbetweenastudent’saffectivestateandtheirlearningoutcomes
(Sabourin&Lester,2014).Ameta-analysisbyClarket al (2016) showedanoverallpositiveeffect for
supportsinlearninggames;however,theformthesesupportstakecaninfluencehoweffectivetheyare.
Addingsupportstodigitallearninggamescanhave(a)noimpact(terVrugteetal.,2015),(b)anadverse
impact(Adams&Clark,2014),or(c)apositiveimpact(Wouters&VanOostendorp,2013)onoutcomes.
Inthecaseofsupportingplayersindigitallearninggames,designofthesupportsmatters(Shute,Smithet
al.,2020;Kubaetal.,2021;Ke,2016;Wouters&vanOostendorp,2013).

Previousexamplesofaffectivesupports indigital learningenvironmentsmostly take theformof
intelligenttutoringsystems(ITSs).Someexamplesinclude:AffectiveAutoTutor,whichmonitorsfacial
expressionsandprovidesemotionalscaffoldsinresponse(D’Mello&Graesser,2013),(Forbes-Riley&
Litman,2009;Forbes-Riley&Litman,2011),andanaffectivelearningcompanion,drivenbyphysiological
sensors,thatencouragesstudentstousemetacognitivestrategiesinsciencemodeling(VanLehnetal.,
2014).Thesesupportsallrelyuponcomplicatedand/orexpensivesystems,suchasfacialrecognitionor
lexicalanalysis.Thisresearchalsomaynotapplytolearninggames,andtheresearchintoaffectivesupport
inlearninggamesismorelimited(Sabourin&Lester,2014).

Apreviousstudyexaminingtheaffectivestatesanduseofaffectiveregulationstrategiesofstudents
playing Physics Playground found a combination of frustration or confusion and a combination of
determinationorcuriositywerethemostprevalentprimaryaffectivestatesreportedbystudents(Spann
etal.,2019).Studentsreportedusingcognitivereappraisalandacceptancemostfrequentlytoregulate
theiraffective state.However the study found that if students reported frustration/confusion, then the
useof cognitive reappraisalpositivelypredicted students’gameplayperformancealongwith learning
outcomes.Howeverthelatteronlyoccurredwhenstudentsreportedhighlevelsofeffort.Whereastheuse
ofacceptancewaspositivelyrelatedtostudentoutcomeswheneffortwaslowandfrustration/confusion
washighorviceversa(Spannetal.,2019).Butwhenbotheffortandfrustration/confusionwerereported
ashigh,therelationshipwasreversed,decreasingstudents’learningoutcomes(asmeasuredonanexternal
posttest).Theseresultsdemonstratethatdifferentaffectiveregulationstrategiescanbebeneficialinmany
scenariosbutdetrimentalinothers.Thecurrentstudiesexaminestudents’perceptionsanduseofasetof
embeddedaffectivesupportsinthegamePhysics Playgroundtoprovideinsightsintohowtobestsupport
students affective states during gameplay and therefore maximize their engagement, enjoyment, and
learningoutcomes.

Thecurrentstudiesseektobridgethesegapsbyusingaqualitativeapproachtoevaluatetheimpact
ofmultipleaffectivesupportsonfrustrationandmotivationinplayersofalearninggame.

Digital Learning Game
Physics Playground(PP)isadigitallearninggamedesignedtoteach7th-12thgradersNewtonianphysics
concepts.Eachlevelrequirestheplayertomakethegreenballhittheredballoon.Playersdrawinthe
environmenttocreatesimplemachinestomovetheball.Thefirstfivelevelsteachtheplayerhowtomove
theballandhowtodrawthesimplemachinesusedtosolvethelevels(ramps,levers,pendulums,and
springboards).Whilehundredsofgamelevelsexist,thecurrentstudyhadplayersplayonlythreelevels:
Wavy, Yippie!,andDouble Hoppy(seeFigure1),sothatallgameplayandinterviewquestionscouldbe
completedwithinanhour.

Support Design

Wedevelopedfivecategoriesofaffectivesupports fashionedafter theemotional regulationstrategies
outlinedbyGross(2008):
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• SituationModification:Changingaspectsoftheenvironmentoneisintoreducenegativeemotions
• SituationSelection:Choosingtobeinenvironmentsthatminimizenegativeemotions
• AttentionalDeployment:Distractingoneselffromnegativeemotions,shiftingattentiontosomethingelse
• CognitiveChange:Reappraisingorre-interpretingthesituation
• ResponseModulation:Suppressingnegativeemotions

Theaffectivesupportsweredesignedtocatchastudentatamomentofpotentialnegativeaffectand
encourageoneormoreoftheabovestrategies(seeTable1).

Thefirstaffectivesupportcondition,MusicChange(MC),istriggerediftheplayerremainsinagame
levelformorethan2minutes.Whentriggered,thebackgroundmusicofthegamewillimmediatelychange
toapieceofclassicalmusic.Threepiecesvalidatedtoinducepositiveaffectwerechosen:1)Mozart:Eine
KleineNachtmusik:Rondo;2)Tchaikovsky:TheNutcracker:WaltzoftheFlowers;and3)Vivaldi,Four
Seasons:AutumnIAllegro(Eichet.al.,2007).Thissupportdrawsuponsituationmodification,asan
aspectofthegameenvironmenthaschanged,anditalsodrawsuponattentionaldeployment,asthesudden
changemaycatchplayers’attentionandencouragethemtothinkaboutsomethingelse.

Figure 1. A screenshot from the level Double Hoppy

Table 1. Summary of support conditions and the strategies they evoke (Gross, 2008)

Affective Support Description Emotional Regulation Strategy(s)

MusicChange(MC) Themusicswitchestoahappysong SituationModification,Attentional
Deployment

FunVideos(FV) Theyplayertakesabreaktowatchafun,physics-related
videoforabout1minute

AttentionalDeployment,Situation
Selection

MotivationalMessages(MM) Anencouragingmessageappears CognitiveChange,Response
Modulation

CalmingCenter(CC) Theplayertakesabreaktodoabreathing,stretching,or
guidedimageryexercise

ResponseModulation,Situation
Selection

SecretStore(SS) Theplayerchangessomethingaboutthegame
environment(e.g.thebackground)

SituationModification,Attentional
Deployment

CognitiveSupport(CS) Theplayergetsavideohintaboutwhichmachinetouse
tosolvethelevel

CognitiveChange
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Inthesecondaffectivesupportcondition,FunVideos(FV),theplayerisinvitedtotakeabreaktowatch
anentertainingYouTubevideoforaboutaminutebeforereturningtothegamelevel(seeTable2).Apop-up
messagewouldappearasaspeechbubblefromoneoftheelementsinthegameenvironment(e.g.,theballoon)
withaninvitationtoviewaYouTubevideo.Playershadtheoptionofclickingthepop-uptostartthevideo
orpressingan“X”toclosethepop-upandreturntothegame.Thissupportdrawsprimarilyuponattentional
deployment,as thepurpose is todistract themfromtheircurrentproblem,but italsodrawsuponsituation
selection,asitremovesthemfromthegameenvironmenttemporarily.

Inthethirdsupportcondition,MotivationalMessages(MM),thegamegivestheplayeranencouraging
messageif theyremainin theunsolvedlevelformore thantwominutes.Thesemessagesweredesignedto
validateplayers’frustrationandreducethenegativeaffectiveconsequencesoftheirperceivedfailure.Three
messageswereused:

• Noonegetsthislevelrightaway.It’sgoingtotakeafewmoretriestofindthesolution.Keepgoing!
• Thisisareallyhardlevel-youaredoinggreat!Stayatit.
• Didyouknowthatstudiesshowwelearnmorefromfailurethanfromsuccess?Trytobuilduponwhat

you’velearned!

Themessagesprimarilydrawuponthecognitivechangestrategy,encouragingtheplayertore-evaluate
theirstruggleasanormalpartofsolvingthelevel.Inthiswaythesupportalsoincorporatesaspectsofresponse
modulation,asthisre-appraisalwillhopefullyreducethenegativeaffectiveinfluenceofplayers’frustration.

Inthefourthsupportcondition,CalmingCenter(CC),thegameinvitestheplayertoplayoneofthree
“minigames”: a breathing exercise, desk stretches, or a guided imagery exercise. If the player accepts the
invitation,avideoplayerappearsandautomaticallystartsplayingoneofthevideosdescribedinTable3.This

Table 2. Description of videos used in Fun Videos support

Video Title Video Description Pop-up Message invitation

IsaacNewtonvs.
RubeGoldberg

ARubeGoldbergapparatusmadeofhouseholdobjects. SURPRISE!Didyouknowthatphysics
canbeusedforfun?Clickheretosee!

8EasyPhysics
TrickstoTryat
Home

AcompilationofDIYinstructionstouseeverydayitemstocreate
coolphysicseffects,e.g.,usingaAAbatterytomakeametalcoil
spinperpetually.

UNLOCKED:Physicstrickstotryat
home.Clickheretowatch!

BalloonRocket Awomaninalabcoatattachesaballoontoastrawaroundastring,
fillstheballoon,andletstheairpropeltheballoonalongthestring.

CONGRATS!You’veunlockedaphysics
video!Clickheretolearnhowtomakea
balloonrocket.

Table 3. Description of videos used in Calming Center support

Activity Video Description Pop-up Message 

Breathing
exercise
(Figure2)

Textinstructionstelltheplayertobreatheinandoutasaredballoon(usingthe
sameartfromthegame)inflatesanddeflates.Thesecondsspentinhalingand
exhalingincreasebyonewitheachbreathuntiltheyreachfive.

SURPRISE:abreathing
minigame!Clickheretoplay

GuidedImagery
(Figure3)

Vivaldi’sSpring,whichisvalidatedtoinducepositiveaffect(Eichet.al.,2007),
playsoveraslideshowofimagesalsovalidatedtoinducepositiveaffect(e.g.
puppies,naturalvistas).Twelveimagesareshownoverthecourseof1minute.

UNLOCKED:theHappy
Thoughtssidequestisnow
available!

DeskStretches
(Figure4)

Acartoonfiguresitsatadeskandactsoutnarratedstretchesthatcanbedone
whilesitting.e.g.,“tiltyourheadforwardandrollittooneside,nowtheother
way”.

CONGRATS!You’veunlocked
abonusgame!

Note: The Figures are in Appendix 1.
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conditionwasdesignedprimarilyforresponsemodulation,asitusesmindfulnesstechniquestoreducenegative
emotions.Italsohaselementsofsituationselection,asplayingoneoftheminigamestemporarilyremovesthe
playerfromthegameenvironment.

Inthefifthsupportcondition,SecretStore(SS),theplayerisinvitedtochangeanaspectofthegame:the
ball(Figure5),thebackgroundimage(Figure6),orthemusic(Figure7)(SeeAppendix1forFigures).Players
receiveoneofthreemessageinvitations:

• SURPRISE!You’veunlockedthesecretstore!Trychangingtheballcolor!
• UNLOCKED:Thesecretstore!Trychangingthemusic!
• CONGRATS!You’veunlockedthesecretstore!Trychangingthebackground!

Theycouldthenopttoaccepttheinvitationbypressing“OK”orclosetheinvitationbyclickingan“X”at
thecornerofthepop-upmessage.Changinganaspectofthegameemploystheemotionalregulationstrategies
ofattentionaldeploymentandsituationmodification;playersaretakingabreakfromthelevelwhilechanging
somethingabouttheenvironment.

Thesixthsupportconditionisnotdesignedtobeanaffectivesupport,butacognitivesupport.Asetof
cognitive supports havepreviouslybeen incorporated into thegame, andpriorpapershavediscussed their
design(Shute,Smithetal.,2020;Kubaetal.,2021)andefficacy(Shute,Rahimietal.,2020;Bainbridgeet
al.,2022).Hereweuseatypeofcognitivesupportthathasbeenfoundtobepositivelycorrelatedtoplayers’
learningoutcomesasacontrolconditiontoestablishifanyofthefiveaffectivesupportsdiscussedaboveare
moreeffectivethanthecognitivesupportatreducingfrustrationorincreasingmotivation.Inthissupport,players
receiveaninvitationtoseea“hint”.Iftheyaccept,avideoplayerappearsoverthelevelenvironmentwithan
animatedphysicstipillustratingthesimplemachinetheyshouldusetosolvethelevel.Thevideostakeplace
inthePPenvironment,haveaudionarrationsummarizingthephysicsconcept,andarelessthan1minutelong
(seeTable4).Thecognitivesupportsweredesignedtoinitiatecognitivechangeandmaybejustaseffective
atreducingfrustrationandincreasingeffortassupportsdesignedtotargetaffect.Inthissensethecognitive
supportsservedasanactivecontrolgroup,astheyhavealreadybeenincorporatedintothegame,andakey
researchquestioninthecurrentstudiesiswhethertheyaresufficientinmanagingplayeraffectorifadditional
affectivesupportsarestillneeded.

METHoDS

Wechoseaqualitativeapproachforthisresearchtoaddressquestionsaquantitativeapproachwasillequipped
toanswer,suchaswhyplayerschosetoengagewithsomesupportsandnotothers,underwhatcircumstances
playerschosetoreceivesupport,whattheaffectiveimpactofeachsupportwas,andifthesupportshadany
unintendedeffects.Aquantitativeapproachwithsomanyconditionswouldhaverequiredthousandsofplayers,
andlikelywouldhavemissedsomeofthesenuancesintheprocess.Weconductedourinterviewsoverthecourse
of2studieswithdifferentresearchquestions.First,wewilldiscussthemethodsandresultsforthefirststudy.

Supports

AllsixtypesofsupportswereexploredinStudy1andthreeofthesixsupportconditionswereexploredfurther
inStudy2.Thesixsupportconditionsare:

1. MusicChange(MC)
2. FunVideos(FV)
3. MotivationalMessages(MM)
4. CalmingCenter(CC)
5. SecretStore(SS)
6. CognitiveSupport(CS)
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Table 4. Physics concepts and screenshots of videos used in Cognitive Support condition.

Physics Concept Video Screenshot

EnergycanTransfer-
Lever

EnergycanTransfer-
Springboard

EnergycanTransfer-
Pendulum



International Journal of Game-Based Learning
Volume 12 • Issue 1

7

Participants
Werecruitedtwosetsof6participantsbetweentheagesof18-22totakepartinthetwostudies
throughanonlineadinaUniversityofColorado,Bouldercampusnewsletter.Participantsreceived
a$15Amazongiftcardinexchangefor1houroftheirtimeduringwhichtheyplayedtheeducational
videogamePhysics PlaygroundoverZoomandinterviewed.

Procedure for Study 1
InStudy1,playersreceived3outof6supportsonthreeconsecutivelevels:Wavy, Yippie,andDouble 
Hoppy.Whoreceivedwhichsupportonwhichlevelwasarrangedsothateachofthesixsupport
conditionswereseenthreetimesandeachsupportiterationwasseenonceoverthecourseofthestudy.

Table5belowillustratesthatforparticipant164theyfirstreceivedthemusicchangesupport
duringthelevelWavy,thentheyreceivedthecognitivesupportduringthelevelYippie,andfinally
theyreceivedthecalmingcentersupportduringthelevelDouble Hoppy.

PlayersmettheresearcherinarecordedZoomvideochatroom.Firsttheresearcherexplained
thestudyandgave thema link toaconsent formanddemographicsurvey.After thesurvey the
researcherprovidedthemwithalinktothegameandtheirlogininformation.Onceinthegamethe
researcherturnedofftheircameraandbeganrecording.Theparticipantplayedthefivetutoriallevels
withoutintervention.Afterthetutorials,theyplayedthelevelWavy.Atsomerandompointbetween
2-3minutesafterenteringthelevel,thegamegavethemoneofthesixsupports.Afterthelevel,the
researcherturnedontheircameraandaskedtheparticipantasetofinterviewquestions.Thisprocess
wasrepeatedaftereachlevel.Afterthelastlevelandquestionset,playerswereaskedanadditionalset
ofcomparisonquestionsthatdivulgedthepurposeofthesupports,e.g.,“Whichofthethreesupports
reducedyourfrustrationthemost?”Afterthecomparisonquestionstheresearcherstoppedrecording.

Research Questions
Ourinterviewsforthisfirststudywereguidedbythefollowingresearchquestions:(1)Whichsupports
doplayersengagewithmid-level?(2)Aresupportsimpactingplayers’moods,andifso,how?(3)
Areaffectivesupportshelpingmore/differentlyinadifferentwaythanthecognitivesupport?(4)
Shouldanysupportconditionsbeeliminated?

Interview Questions

Questions Asked After Every Level
Afterevery level, the researcher turnedon thecameraandaskedaseriesofquestionsabout the
supportwithwhichtheyhadjustengaged.

Table 5. Support assignment, Qualitative Study 1

Participant Wavy Yippie Double Hoppy

164 MC CS CC

256 FV SS CS

345 MM CC SS

432 CC MM FV

521 SS FV MC

613 CS MC MM
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Questions Asked After All Gameplay
Afterall threelevelshadbeenplayedtheresearcheraskedtheparticipant toclosethegameand
answeraseriesofquestionscomparingallofthesupportstheyreceivedtoeachother.Atthispoint
theresearcherdisclosedtheintendedpurposeofthesupports.

ForalistofallinterviewquestionsusedinStudy1seeAppendix2.

Quotation Selection
TheresultssectionsforbothStudy1andStudy2containonlyasubsetofquotationsfromtheplayers,
abridgedforspaceandclarity.Aneffortwasmadetohavearepresentativesampleofquotationsfrom
allplayers.SeeAppendix3forthetableswithselectedresponsesfromStudy1.SeeAppendix5forthe
tableswithselectedresponsesfromStudy2.Inaddition,notallthequestionsaskedwillbediscussed
intheseresults,assomequestionswereincludedforaimsoutsidethescopeofthispaper.Forexample,
responsesto“didyoufeellikequitting”(askedinStudy2)weremorerelevanttothedevelopment
ofourQuitModel(tobediscussedinafuturepaper),thantheevaluationoftheaffectivesupports.
Toseeacomplete,unabridgedlistofparticipantresponsestoeveryquestion,seethesupplemental
data.Onlyresponsesrelevanttotheresearchquestionsforeachstudywillbediscussed.

RESULTS FoR STUDy 1

Wesoughtanswerstothefollowingresearchquestionswhileconductingtheseinterviews:RQ1)Which
supportsareplayersmostlikelytoengagewithduringalevel?RQ2)Aresupportsinfluencingaffect,and
ifso,how?RQ3)Areaffectivesupportshelpingmore/inadifferentwaythanthecognitivesupport?RQ4)
Shouldanysupportconditionsbeeliminated?

RQ1:Whichsupportsdoplayersengagewithmid-level?

Thesupportsforthecurrentstudyweretriggeredinthemiddleofalevel,randomlybetween2-3
minutesafterplayersenteredthelevel.Withtheexceptionofthemusicchangesupportandmotivational
messagesupport,thesupportswereopt-inandwouldtemporarilyremovetheplayerfromthegamelevel.
Thereforesomesupportsmaynotactuallybeusedifpresentedmid-level.“Engagement”fortheMCand
MMconditionswasdefinedaswhethertheplayerreportednoticingthesupport.“Engagement”forthe
FunVideo,CalmingCenter,SecretStore,andCognitiveSupportconditionswasdefinedaswhetherthe
playeroptedtoleavethegameenvironmenttoviewthesupport.

Eachaffectivesupportconditionwaspresentedatotalofthreetimesacrossthesixplayers.Table6
depictshowmanyplayersoutofthosethreeengagedwitheachsupport.Ofthesupports,theCognitive
SupportandFunVideohadthebestengagement,withallthreeplayersoptingtoviewtherespectivevideos.
TheMotivationalMessageandMusicChangeconditionshadthenexthighestengagement,with2out
of3playersreportingtheyobservedthesupport.Ofthe6supportconditionspresented,theSecretStore
andCalmingCenterhadtheleastamountofengagement,with0playerschoosingtousethesesupports.

WhenaskedwhytheydidnotchoosetousetheCalmingCenterorSecretStore,playerscitedfeeling
asthoughthepop-upmessagebroketheirfocusandsaidthistypeofsupportwouldbemorewelcome
ifgivenimmediatelyafteralevelratherthaninthemiddle.Oneparticipantsaid,“IfeltlikeIcouldn’t
visititbecauseIneededtofinishmytaskfirst.”Anothersaid,“Personally,Ifeltlikethepop-upforthe
minigamewasabitdistracting,asIwasmidwaythroughthelevelandIreallywantedtofinishit.So,
formepersonally,Iprobablywouldhavebeenmoreincentivizedtoclickontheminigamelinkifitwas
givenafterIjustfinishedthelevel”.Asaresultofthisfeedback,weeliminatedboththeSecretStoreand
CalmingCenterasmid-levelsupportoptions.However,wedecidedthatthesupportsmightstillhavemerit
ifplayersusedthem.Wehypothesizedthatthesesupportswouldbemoresuccessfulifpresentedbetween
levelsasopposedtowithinagamelevel.Theresultsofthisstudywillbediscussedinafuturepublication.



International Journal of Game-Based Learning
Volume 12 • Issue 1

9

RQ2:Aretheaffectivesupportsimpactingplayeraffect,andifso,how?

Immediateresponses,beforethepurposeofthesupportswasrevealed,wereanalyzedbycondition
toseehowparticipantsdescribedtheimpactofthesupportontheirmoodandbehavior.TheCalming
CenterandSecretStoresupportsarenotdiscussedasnoplayersoptedtousethem.TheCognitive
SupportconditionisdiscussedinthefollowingsectioninthecontextofRQ3.

Music Change
Despite the Music Change support being quite subtle, the two players who noticed the change
spontaneouslydescribedthemusicchangeasreducingtheirfrustrationorchangingtheirperspective
(seeTable7).Thisisheartening,astherewasadangerthatplayersmightnotconsciouslynoticethe
musicchange,letalonecorrectlyidentifyitspurpose.

Post-gamecomparison interviewswerenotasfavorable to themusicchangesupport.While
onepersonidentifieditasthemosteffectiveatreducingherfrustration,theothertwoplayerswho
receivedthemusicchangesupportrateditlowrelativetotheirothersupports.However,thisdoes
notseemtobebecausetheydislikedthemusicchange,butbecauseitwassimplylesssalientthanthe
otherinterventionstheyreceived.Oneparticipantdescribedthemusicchangeastheir“thirdfavorite”
support,ratherthantheir“leastfavorite”.Anothersaid:“thevideoandmotivationalmessagewas…
moreinteractiveversuslikethe[musicchange]waskindofpassive.SoalthoughIloveclassicalmusic,
Ithinkthatwouldbemythirdchoice”.Whilethemusicchangeconditiondidnotfareterriblywell
incomparisontotheotherconditions,theseresponsessuggestitwasnotnecessarilylesseffective
orlesswelcomethantheothersupports,simplylessnoticeable.Thespontaneousdescriptionsofthe
musicchangereducingparticipantfrustrationandchangingtheirperspectivepriortotheresearcher
disclosingthepurposeofthesupportsisenoughreasontokeepthissupportconditionintherunning
forwithin-levelaffectivesupports.

Fun Videos
ResponsestotheFunVideos(seeTable8)suggestedthattheyweregenerallywellliked.Twoout
ofthethreeplayerswhoreceivedtheFunVideosupportrateditastheirfavorite.Butplayersalso
reportedconfusion,astheyexpectedtheFunVideowouldhelpthemsolvethelevel(whichwasnot
theintendedpurposeofthesupport).ThesefindingswillbediscussedmoreindepthinRQ4.

Motivational Messages
Overall,theMMconditionwaswellreceived.Oneplayerdidnotnoticethemessage,andthetwo
playerswhodidnoticethesupportspontaneouslydescribedthesemessagesasreducingtheirfrustration
andincreasingtheirmotivationbeforethepurposeofthesupportswasdisclosed(seeTable9).None
oftheplayersdislikedtheMMtheyreceived.

Table 6. Support engagement, Study 1

Support Engagement (out of 3)

MusicChange 2

MotivationalMessage 2

FunVideo 3

CalmingCenter 0

SecretStore 0

CognitiveSupport 3
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RQ3:Areaffectivesupportshelpingmore/inadifferentwaythanthecognitivesupport?

Ourteamhadpreviouslyspentseveralyearsdesigning,developing,andevaluatingcognitive
supportsforPhysics Playground (Shuteetal.,2020a,2020b).Becauseof thecarefuldesignand
previous positive correlation between cognitive support use and learning outcomes, there was
apossibility that thecognitivesupportwoulddomore to influenceplayermoodthananyof the
affectivesupports.Toassessthis,wehadplayerscomparetheconditionstoeachotherattheendof
theirgameplay(SeeTable10).Pleaserememberthateachplayerwasonlyshown3outofthe6types
ofsupports,andtheyareonlyabletomakecomparisonsamongtheconditionstheywereshown.

Whenaskedtopickafavoritesupportconditionoverall, twooutof the threeplayersshown
thecognitivesupportlisteditastheirfavorite.However,whenaskedspecificallytocomparethe
supports’efficacyinreducingtheirfrustrationorincreasingtheireffort,only1ofthe3playerslisted
thecognitivesupportastheirpreference.Thissuggeststhatwhilecognitivesupportsarevalued,there
issomedifferentialvalueinprovidingaffectivesupportstoaddressmorespecificaffectivestates
suchasfrustration.However,asthecognitivesupportwasonlyseenby3outof6players,andas
someoftheseplayersweremakingcomparisonstosupportswithwhichtheydidnotengage,these
resultsmaybeskewedormisleading.Forexample,player521chosetheSecretStoreconditionashis
favoritedespitenotactuallyusingthestoreduringhisgameplay.Helikedtheideaofchangingthe
backgroundandmusicmorethanhelikedtherealityofthesupportswithwhichheengaged.Study
2wasdesignedtofollowuponthisquestionmoreextensively,withallplayersmakingcomparisons
tothesame3mid-levelsupportconditionsthroughoutthestudy.

RQ4:Shouldanysupportconditionsbeeliminated?

Thefinalgoalofthisinitialstudywastoevaluatewhetheranyaffectivesupportconditionsshould
beexcludedfromthegame.AsdiscussedinRQ1,boththeSecretStoreandCalmingCenterwere
notusedbyanyplayerwhenpresentedmid-level.Playerfeedbackindicatedthatthiswasduetothe
natureofthesupportbeingdisruptivetogameplaywhenpresentedpartwaythroughthelevel,soitwas
decidedthattheyshouldbere-examinedasbetween-levelsupportsratherthanbeeliminatedentirely.

ThemoresurprisingandconclusiveresultofthisresearchquestionwasthattheFunVideos,
whilebeingwell-receivedandhavinghighengagement,hadunintendedconsequencesforourplayers.
Thissupportwasintendedtoprovideabreakordistractiontoplayers,ratherthanahint.However,
becauseall theFunVideoswererelated tangentially tophysics insomeway,playersmistakenly
thoughtthevideosweremeanttogivetheminsightintohowtosolvethelevel.Table11isacollection
ofresponsesfromparticipantsdemonstratingthereasonablebutincorrectassumptionthattheFun
Videorelatedtohowtosolvethelevelinsomeway.

OneplayerratedtheFunVideosconditionastheirleastfavoritebecauseofthismisinterpretation.
Thevideo theyreceiveddepictedawomanina labcoatmakinga“balloonrocket”outofa red
balloon.Becauseallgamelevelshavethegoalofgettingaballtohitaredballoon,theplayermade
areasonableassumptionthattheballooninthevideoandtheballooninthelevelwererelated,and
thatthevideowastellingthemtheycouldmovetheballoontotheball.Immediatelyafterthevideo
theytestedthishypothesis,tonoavail,inducingmorefrustration.Thissuggeststhat,despiteFun
Videoshavinghighengagementandapositivereceptionoverall,theriskofinducinginappropriate
schemasthroughthisunrelatedcontentwastoogreat,andtheconditionshouldberemovedentirely.

DISCUSSIoN FoR STUDy 1

Ourfirststudyhadmultipleactionableinsights.Asaresultofplayerresponses,theCalmingCenter
andSecretStorewereremovedfromtheselectionofsupportsthatcanbetriggeredmid-level.These
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supportswillberevisitedinafuturestudy(tobediscussedinaseparatepaper)toseeiftheystill
havemeritwhenpresentedbetweenlevels.

InterviewsalsoindicatedthattheFunVideosintroducedinappropriateschemasinourplayers,
astheynaturallylookedforarelationshipbetweenthecontentofthevideoandtheleveltheywere
tryingtosolve.Thisisunsurprising,giventhecoherenceprincipleofmultimedialearning(Moreno
&Mayer,2000),whichsuggeststhattheintroductionofirrelevantinformation,particularlyifitis
interesting,canleadtothelearnerorganizingtheirmentalmodelsaroundtheinterestingdistractions
ratherthantherelevantcontent.Despitetheirwarmreception,therisktolearningistoogreatto
continuetoincludetheFunVideossupport.

PRoCEDURE FoR STUDy 2
TheprocedureforStudy2wasalmostidenticaltoStudy1,withtheexceptionthatallplayersreceived
thesamethreesupports:MC,MM,orCS(SeeTable12).Thesesupportswerechosenafterdata
fromStudy1hadbeenanalyzedandthreesupportconditions(FV,SS,CC)hadbeeneliminatedas
optionsformid-levelaffectiveinterventions.Eachsupportwasseenoneachleveltwiceoverthe
courseofthestudy.AswithStudy1,playersplayedfivetutoriallevels,thenthelevelsWavy,Yippie,
andDoubleHoppy.Aftereachlevel,playerswereaskedthefirstsetofinterviewquestions.Afterall
levelswerecompleted,playerswereaskedthecomparisonquestions.SeeAppendix4forallStudy
2interviewquestions.

RESULTS FoR STUDy 2
TheresultsfromStudy1weremuddledbythefactthatparticipantsonlysawasubsetofsupportconditions
rather thanall conditions.Thismakes ithard togleanmeaningfulconclusions fromquestionsasking
participantstocomparetheconditions.ThepurposeofStudy2wastodigmoredeeplyintothedatagleaned
fromStudy1andaddressthreekeyresearchquestions:(1)Arethethreeremainingmid-levelsupports
effectiveatreducingfrustration,increasingeffort,andorimprovingmood,andisthisimprovementgreater
thanthecognitivesupportsalreadyprovided?(2)Wouldplayersprefertocontrolif/whentheygetthe
supports?(3)Whenandwhyshouldaffectivesupportsbetriggered?Bycomparingthesamethreemid-
levelsupports(MusicChange,MotivationalMessages,andCognitiveSupports)acrossallparticipants,
wecanmoreconfidentlyassesstheirefficacy.

RQ1:Aremid-levelsupportseffectiveatreducingfrustration/increasingeffort/improvingmoodrelative
totheCognitiveSupport?

Study1providedpreliminaryinsightsintothisquestion.Resultsfromthatstudysuggestedthatwhile
thecognitivesupportwascertainlypopular,theMusicChangeandMotivationalMessagesupportsdid
havedifferentialvaluetoaffectivestatessuchasfrustration.InStudy2,allplayerssawallthreesupport
conditionsinadifferentorder,sowecandrawstrongerconclusionsfromthecomparisonsmadeinthis
studythaninStudy1.Westartbydiscussingtheimmediateresponsestoeachsupportcondition.Then,
wediscussthecomparisonquestionresults.

Music Change
Threeoutofthesixplayersreportednotnoticingthemusicchange.Theremainingthreeplayerscitedfeeling
morepressurewhenthemusicchanged,asthoughthegamewasdrawingattentiontohowlongthey’dbeen
playingandencouragingthemtohurryup.Whilethiswasnotanintendedeffectofthemusicchange,it
didseemtoinspiretheseplayerstotrynewthingsorshifttheirfocus.SeeTable13forselectedresponses.
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Motivational Messages
Playersrespondedwelltothemotivationalmessages.Allsixplayersnoticedthemessageandfoundthem
encouraging.Allplayerscitedthemessageaseithermotivatingthemtokeeptryingorinspiringthemto
trysomethingnew.Oneplayerdoubtedtheywouldhavecompletedthelevelhadtheynotreceivedthe
MotivationalMessage.Overall, themessagehad thedesiredeffectsofcognitivechangeandresponse
modulationinourplayers.SeeTable14forselectedresponses.

Cognitive Supports
Multipleplayersmentionedthatthecognitivesupportshelpedthemconnecttheleveltothemachinesand
improvedhowtheywereapplyingthemachinestothelevel,whichistheirintendedpurpose.Thiswill
bediscussedmoreinalatersection.Whilesomeplayerssaidthey“knewwhattodo”afterviewingthe
cognitivesupport,theydidnotdescribethisasincreasingtheirmotivationorreducingtheirfrustration
untilafterthepurposeofthesupportswasdisclosed.Fiveoutofthesixparticipantsfoundthecognitive
supportsusefulandeffective;theremainingparticipantstillfoundit“helpful”,withthecaveatthatthey
“didn’treallyfindasolutionwithit,though”.SeeTable15forselectedresponses.

Comparison Questions
Whentoldthepurposeofthesupportsandaskedtocomparethemacrossthesedimensions,playersdescribed
thecognitivesupportasthebestatincreasingtheireffort,despitenotspontaneouslyusingthislanguage
inthepriordiscussionofthesupport.Thecognitivesupportwasalsomostfrequentlyreportedasplayers’
favoritesupport,althoughtheyslightlyfavoredthemotivationalmessagesintermsoffrustrationreduction.

TheMusicChangewastheleastpopularcondition,withnoplayersselectingitasafavorite
inanyconditionand5outof6playersnamingitastheirleastfavoriteconditionoverall.However,
whenexamining theirexplanations for this ranking, it isclear thatmusicchange isnotdisliked,
butsimplyalesssalient“thirdfavorite”formany.Thislackofinterestintheconditionduringthe
comparisonphaseoftheinterviewsuggeststheinclusionofthissupportmaynotbeworththeeffort
ofincorporatingitintothegame.

Lookingmoredeeplyatplayers’explanationsofwhyandhowthevarioussupportswereeffective
atinfluencingtheiremotions(seeTable17forselectedresponses),itbecomesclearthatwhilethe
CognitiveSupportmaybelistedfrequentlyasafavorite,MotivationalMessageshavethedesired
effectonfrustrationandmotivationinmostplayersandshouldbeincludedinthegame.

Itisalsoevidentfromthesecomparisonresponsesthattheonlyplayerswhodiscussthemusic
changeatanylengtharespeakinghypothetically.Inaddition,thesehypotheticalsituationsarenot
necessarilypositive,withoneplayersayingitwouldbehelpfulbecausethemusicwasirritating,
andanothersayingitwouldbehelpfulbecausethechangewouldbe“stressful”forsomeplayers,
withbothimplyingthatplayerswouldfindasolutionfastertomakethemusicendsooner.Thisis
decidedlynotthegoalofthisaffectivesupport,strengtheningtheimplicationthatweshouldreconsider
itsinclusioninthegame.

RQ2:Wouldithavebeenbetterforplayerstocontrolwhen/iftheygotsupports?

ForMusicChangeandMotivationalMessages,noneoftheplayerssaidthattheywouldhave
preferredthesupportiftheyhadbeengivenachoicetoengagewithit.Oneplayerstated,“Itwould
havebeeninspiringif[themusicchanging]wassomethingthatsomehowmyactionshadprompted.
Idon’tthinkIwouldhave[voluntarily]beenlike,‘newmusic,please’.”Likewise,forMotivational
Messagesoneplayermadethecomparison,“It’slikewhenyouaskforacuddle.It’snotquitethe
sameassomeoneoptingtogiveyouthat”.Preferenceforwhenandhowplayersreceivedthecognitive
supportweremorevaried.Thepatternsthatemergedregardingwhenplayerswantedthecognitive
supportledustoanewhypothesis,whichwillbediscussedinthesupplementalanalysislaterin
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thepaper.However, for theexisting,mid-level,affectivesupports it seems thataddingchoice is
unnecessary.

RQ3:Whenandwhyshouldaffectivesupportsbetriggered?

PlayersgenerallyagreedthattheywantedtoreceivetheMotivationalMessageatatimewhen
theywerestruggling,andnottoosoonafterstartingthelevel(seeTable18).Whereplayersdiffered
wasregardingwhethertheCognitiveSupportshouldbedeliveredearlyinthelevelorasalastresort.
SomeplayersexpressedapreferenceforreceivingtheCSatthestartofthelevel,toinspireagood
strategyrightaway.Onesaid,“Ithought[showingthevideointhemiddleofthelevel]wasjustan
addedcomplicationratherthanplayingbeforethegamestartsorsomething…[Itwouldhavebeen
themosthelpful]atthebeginning,justbecause[thevideo]wouldhaveputmeontherightlines
fromthestart”.

Otherplayersexpressedadesiretostruggleandfindasolutionontheirownbeforebeingoffered
ahint,preferringthecognitivesupporttocomeaftertheyhadtriedeverythingelse:“Iguessitalso
talkedabouttheactualphysicsbehinditanditshowedyouthebestwaytoactuallytackleit.ButI
guessIalsohadlesssatisfactionoffiguringoutonmyown.Solikethe[levelwiththemessage]I
probablyhadthebiggestsatisfactionfromfiguringoutonmyown.”

Interestingly,oneplayersuggestedthatforeasierlevelsthecognitivesupportshouldbegiven
towardstheendiftheplayerisstruggling,butforharderlevelsitshouldbegivenatthebeginning.
Thisinsightechoestheindividualdifferencesprincipleofmultimedialearning(Mayer&Moreno,
1998),whichstatesthathighpriorknowledgeplayersandlowpriorknowledgeplayerswillbenefit
differentiallyfromCognitiveSupportsinmultimedialearningenvironments.Thisplayerintuitively
surmisedthatifyoucanpredictthataplayerwillstruggleonaparticularlevel,itmaybebetterto
givetheCognitiveSupportrightaway,whereasifaplayerisdisplayingahigherlevelofcompetence,
theCognitiveSupportshouldbegivenlater.

DISCUSSIoN FoR STUDy 2
UponlookingmorecloselyatjusttheMusicChange,MotivationalMessage,andCognitiveSupports,
itbecameclearthattheMusicChangeconditionwasnotsufficientlyimpactfultowarrantthetime
andenergynecessarytoincorporateitintothegame.FortheMotivationalMessagecondition,we
found thatplayersdidnotwant tocontrolwhen they received this support,and that thesupport
wouldbemosteffectiveifdeliveredatamomentwhentheplayerwasstruggling.Futureresearch
shouldinvestigatewhetherpreviousgamebehaviorscanpredictaplayer’slikelihoodofquittingor
growingfrustrated;thentheMotivationalMessagecouldbedeliveredatamomentwhenweknow
playersarestruggling.

TimingpreferenceandchoicepreferencewerenotasclearfortheCognitiveSupportcondition.
Some players wanted control over when and if they saw the support, while others preferred to
struggleawhilebeforereceivingit.Thisledtoanewhypothesisthatwillbeinvestigatedmorein
thefollowingsection.

SUPPLEMENTAL ANALySIS: HIGH VS Low MACHINE USERS
InordertobetterinterpretthemixedresultswefoundinregardstothepreferredtimingoftheCognitive
Support,wecombinedthedatafromStudy1andStudy2andappliedanabilitylevellens.Ability
levelinthiscasewasoperationalizedaswhetherornottheplayeractuallyappliedtheunderlying
physicscontenttotheirgameplaybyusingappropriatesimplemachinestosolvethelevels.
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METHoDS

Procedure
Wedevelopedascalemeanttocapturewhetheraplayerwaslikelytouseoneofthefoursimple
machines(ramp,lever,pendulum,andspringboard)illustratedinthetutoriallevelstoattempttomove
theball.Threecodersweretrainedtodistinguishwhetheraplayermostlyusedmachinesormostly
just“doodled”ona4-point“MachineScore”scale.Allthreecoderswatchedavideorecordingof
eachplayer’sgameplayperlevelandgavethemascoreof1-4accordingtothescale.Wehadhigh
inter-raterreliability,withaCronbach’salphaof0.89.

Machinescoreswerethenaveragedacrosslevelsandacrossraterstoformaunifiednumber
meanttosignifythelikelihoodthattheplayerwouldusemachinestosolvealevel.Allplayerswho
receivedthecognitivesupportwererankedbytheirmachinescore,andamediansplitwasusedto
separate“highmachineusers”from“lowmachineusers”.NineplayersintotalreceivedtheCognitive
Supportsoverthecourseofthetwostudies;fiveoftheseplayerswereputintothe“lowmachine
users”groupaccordingtothemediansplit,and4oftheseplayerswereputintothe“highmachine
users”groupaccordingtothemediansplit(Machinescore=3.22).

Machine Coding Scale
Foreachgamelevelplayed,theplayerwasgivenascorefrom1-4basedonthecriteriabelow.

1. Neverdrawsamachine
2. Mixofmachineanddoodlesandendswithoutamachine
3. Mixofmachineanddoodlesandendswithamachine
4. Only/mostlydrawsamachine

A“doodle”wasdefinedasanydrawingthatwasnotidentifiablyoneofthefoursimplemachines,
or inserviceofmaking themachineswork(e.g., ifaplayerdrewawedgewithoutusing itasa
fulcrum,thatwouldbea“doodle”,butifaplayerdrewawedgeinordertomakealever,thatwould
notbea“doodle”).

RESULTS

Thepurposeofthisstudywastoexaminetherelationshipbetweengameperformanceandaplayer’s
preferenceforthetimingofthecognitivesupport.Wehadonlyoneresearchquestion:Areplayerswho
areengagingwiththeunderlyingphysicscontentofthegame(i.e.,usingsimplemachinestotransfer
energy)morelikelytowanttheCognitiveSupportlaterthantheplayerswhoarenotsuccessfully
connectingtheeducationalcontenttotheirgameplaystrategy?Selectedparticipantresponsesarein
Table20andTable21inAppendix6.

RQ1:Ispreferenceforcognitivesupporttimingrelatedtomachineuse?

WhilelookingatHighandLowmachineusersasseparategroups,apatternemergedsuggesting
thatthehighmachineusersweremorelikelytomentionmachineswhendescribingtheirthinking,tie
whattheyweredoinginthelevelstothetutorials,andexplicitlyrelatethetermsfromtheCognitive
Supporttotheirstrategy.Tofurtherexplorethishypothesis,wesummedthenumberoftimeseach
playersaidkeywordslikelever,pendulum,springboard,ramp,weight,height,andtutorial(seeTable
19).Lowmachineusersmentionedthekeywordsanaverageof1.6timesduringtheirinterviews,
whereashighmachineusersmentionedthekeywordsanaverageof4.2timesoverthecourseoftheir
interviews.ThissuggeststhatourMachineScoremetricissuccessfullycapturingthelikelihoodthat
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agivenplayerisrelatingtheirplaytothesimplemachinesthatconstitutetheunderlyingphysics
contentofthegame.

WhenweseparatetheplayerswhoreceivedtheCognitiveSupportsinStudy1andStudy2into
highandlowmachine-usergroups,wecanalsoseeadifferencebetweenthegroupsinpreferencefor
whenandhowtheywantedtoreceivetheCS.Thisdifferenceisexploredmorebelow.

Low-Machine Users
Low-machineusersappeartohaveapreferenceforreceivingsupportsearly,frequently,and/oron
demand(SeeTable20).Theyfeltadesiretogethelpsoonerandmoreoftenthanplayerswhoscored
ashigh-machineusers.

High-Machine Users
Amongthehigh-machineusers,therewasastrongpreferenceforreceivingthesupportlater(see
Table21).Playersinthisgroupwantedtheopportunitytostrugglebeforegettingan“easywayout”
andexpressedmoresatisfactionfromsolvinglevelswithouttheCognitiveSupportprovidingthem
withahint.Onlyoneplayerwhoscoredasahigh-machineuserexpressedadesiretogetthecognitive
supportbeforethelevelstarted,inresponsetothequestion“Whenwouldthesupporthavebeenmost
helpfultoyou?”However,thissameplayerexpressedlaterintheinterviewthattheypreferredthe
MotivationalMessagesupportbecausethecognitivesupportwasa“moreblatantanswer”.

DISCUSSIoN FoR SUPPLEMENTAL ANALySIS

Inthisaddendumtoourqualitativeexplorationofaffectivesupports,wecombinedresponsesfrom
playersinbothStudy1andStudy2whoreceivedtheCognitiveSupport.Eachplayerwasscoredona
4-pointscalerelativetotheir“MachineUse”,whichcapturedhowlikelythatplayerwastouseamachine
tosolvealevel.Thisscalehadhighinterraterreliabilityandwasalsorelatedtothenumberoftimes
ausermentionedthemachinesfromthetutorialsduringtheinterview(LowM=1.6,HighM=4.2).

Whenpreferencefortheplacementofthecognitivesupportwaslookedatthroughthislens,itwas
clearthatlow-machineuserswantedthesupportearlyandoften,whereasthehigh-machineuserspreferred
thesupportlater,aftertheyhadhadanopportunitytostruggle.ThisislikelyrelatedtotheIndividual
Differencesprincipleinmultimedialearning(Mayer,2009)—i.e.,thedesigneffectsarestrongerfor
low-knowledgethanforhigh-knowledgelearners.Itisalsolikelyrelatedtothe“expertisereversaleffect”
(Kalyuga,2007),whichsuggeststhatcognitivesupportsinmultimedialearningenvironmentsmostly
benefitlearnerswithlowpriorknowledgecomparedwithhigher-knowledgelearners.

GENERAL DISCUSSIoN

Weusedaqualitativeapproachoverthecourseofthreestudiestoinvestigatewhethertheaffective
supportswehaddesignedwereeffectiveandengaging.Thesesupportsweremeanttoreduceplayer
frustrationand increaseplayermotivationby introducingemotional regulation strategies (Gross,
2008).Forasummaryofthesupportsandthestrategiestheyevoke,seeTable1.

InStudy 1we found that the Secret Store and Calming Center conditions were not used if
presentedduringalevel.WealsofoundthattheFunVideosconditionviolatedthecoherenceprinciple
ofmultimedialearning(Moreno&Mayer,2000)andshouldbeeliminated.InStudy2weeliminated
anothercondition,MusicChange,duetoitslackofsalience.Aseparatestudywillinvestigatewhether
theSecretStoreandCalmingCenterconditionsareeffectiveifpresentedinawaythatencourages
higherengagement,suchasbetweenlevelsorusinganincentivesystem(e.g.,Rahimietal.,2021).

Oftheremainingsupports,MotivationalMessagesandCognitiveSupport,wefoundthatbothwere
effectiveatreducingfrustrationandincreasingmotivation.TheCognitiveSupport,despitenotbeing
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designedtoinfluenceaffect,wassuccessfullydoingsomoreeffectivelythanotheraffectivesupports.
Theresultsshoweddifferentpreferencesregardingidealtimingforthetworemainingsupports.The
randomtriggeringoftheMotivationalMessages,between2and3minutesafteraparticipantentered
thelevel,wasreportedtobewelltimedformostparticipantsacrossbothstudies.IntheCognitive
Supportconditionwefoundthatabilitylevelinformedwhenthesupportwaspreferred.Forparticipants
whowerehavingtroublemappingthegameplaytotheunderlyingphysicscontent,theirpreference
wasfortheCStobegivenatthestartofthelevel.Forparticipantswhoweresuccessfullyusingthe
simplemachinesthatconstitutedtheintendedsolutionstothelevels,theirpreferencewasforthe
CStobegivenafterthey’dhadanopportunitytosolvethelevelontheirown.Futurestudiesshould
investigatewhetherplacingthesupportsearlierorlaterintheleveldifferentiallybenefitsplayersof
differentabilitylevelswithaquantitativeapproach.

Limitations and Future Directions
Thecurrentstudy,whileallowingustomoredeeplyexaminethenuancesofhowoursupportswere
influencing theplayers affectiveexperienceof thegame, reliesonqualitativedata froma small
numberofparticipants(n=12).Futurestudiesshouldconfirmthattheseaffectivesupportshavea
positiveimpactonlearningbyusingamixed-methodsapproach,incorporatingquantitativemeasures
oflearninggainsinphysicsknowledgeintotheanalysis.

Whileourmanual“MachineScore”codeseemedtobeaccuratelycapturingthelikelihoodaplayer
wouldusemachinestosolvelevels,itwasonlyfeasibletodosobecausewehadalimitedsample
sizeandfewlevels.Itwouldnotbefeasibletoapplythismethodtoquantitativeinterventions,which
involvehundredsofplayersplayingdozensoflevels.Inthehopesthatalesslabor-intensiveversion
ofthescorecouldbecreated,wecomparedourmanualmachinescorestoamachinescoregenerated
byanalgorithmusinggameplaybehaviorscollectedinlogfiledata.Thatis,thegameautomatically
labelsandstoreseachactionaplayertakes,includingiftheyhavedrawnaramp,lever,pendulum,or
springboard.Weusedthenumberoflevers,pendulumsandspringboardsdividedbythenumberof
machinesdrawnintotaltocreateanautomaticmachinescore.Rampswereexcludedfromthisscore
becausethegamewillcategorizemoststraightlinesasramps,eveniftheyarenotusedthatway.Our
manualmachinescoreandthisautomaticmachinescoreweresignificantlycorrelated(r=0.72,p
=0.03),indicatingthatwecanusetheautomaticmachinescoreinlargerstudiesgoingforwardto
exploretherelationshipbetweenmachineuseandlearning.

Thedifferenceinpreferenceforsupportplacementbetweenlowandhigh-machineuserssuggests
thatfuturestudiesshouldexplorewhetheradaptiveplacementofcognitivesupportsbasedonmachine
useandothermeasuresofattainmentofeducationalcontentcanbenefitbothpopulations.Forexample,
ifthegamecouldautomaticallydetecthowoftenplayersareusingmachinestosolvelevels,itcould
usethatmetrictoshifttheplacementoftheCStobettermeettheplayers’needs.

CoNCLUSIoN

Aseriesofqualitativeinterviewsprovedanefficientwaytoevaluatealargenumberofaffective
supportsdesignedtoreducefrustrationandboostmotivationinaneducationalgame.Usingfeedback
from12playershelpedustonarrowsixcategoriesofaffectivesupportsdowntotwothathavethe
desiredimpactonplayerswhentriggeredinthemiddleofgameplay:MotivationalMessagesand
CognitiveSupports.Therichfeedbackgainedinthisseriesofstudieshassetupfutureexplorations
ofplacingsupportsbetweenlevelsaswellasthepotentialuseof“machinescore”topredictsupport
placementpreference.

Thecurrentstudyaddstothebodyofliteraturebyproposingacost-andtime-effectivewayof
narrowingdownawiderangeofpossiblemethodsofinfluencingplayeraffect.Thisqualitativedata
focusesfuturequantitativestudydesignsthatcanmoreeffectivelyfindalinkbetweenplayeraffect
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andlearningoutcomeswithoutbeingunderpowered,andgivesinsightintowhy, whenandhowthe
supportsareinfluencingaffect.
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APPENDIX 1

Figure 2. A screenshot for the Calming Center support “Breathing Exercise”

Figure 3. A screenshot of the Calming Center support “Guided Imagery”

Figure 4. A screenshot of the Calming Center support “Desk Stretches”
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Figure 5. The Secret Store support inviting players to change the ball

Figure 6. The Secret Store support inviting players to change the background image

Figure 7. The Secret Store support inviting players to change the music
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APPENDIX 2

Interview Questions Study 1

Questions asked after each level

1 Didyounoticethe[support]?

2 Whatdoyouthinkwasthepurposeofthe[support]?

3 Justbeforethe[support]cameup,whatwereyouthinkingandfeeling?

4 Whenthe[support]cameup,whatdidyouthinkandfeel?

5 Whatdidyouthinkaboutthe[support]whileyouwere[engagingwithit]?

6 Whenyoucamebacktothe[level],after[thesupport]whatwereyouthinkingandfeeling?

6a Didyourgameplaychange?

6b Didyoufeelanydifferentthanyoudidbeforethe[support]?(Ifstruggling):Didyoufeelanybetteror
worse?

7 Whenwouldthe[support]havebeenmosthelpfultoyou?

7a (ifstrugglingtoanswer):diditcomeatagoodtime,orwouldyouhavepreferreditearlierorlaterinthe
level?why?

Questions asked after all gameplay

1 Betweenthe[support1],[support2],and[support3],whichdidyoulikebest?Why?

2 Betweenthe[support1],[support2],and[support3],whichdidyoulikeleast?Why?

3 The[support1,support2,andsupport3]thatcameuppartwaythroughthelevelsarecalled“supports”.
Oneofthegoalsofthesesupportswastohelpyoufeellessfrustratedwhileplayingthegame.

3a Didthesupportsreduceyourfrustration?Whyorwhynot?

3b Whichofthe3supportsyousawreducedyourfrustrationthemost?Why?

3c Whatwouldyouchangeaboutthesupportstomakethemmoreeffectiveatreducingfrustration?You
cantalkaboutspecificsupportsormoregenerally.

3d Howwouldyoudesignasupporttoreducefrustration?Whatwoulditlooklikeandhowwoulditwork?

4 Anothergoalofthesesupportswastoencourageyoutokeeptryingwhenyoumightotherwisehavequit
orfeltdiscouraged.

4a Didthesupportsmakeyouwanttokeeptrying?Whyorwhynot?

4b Whichofthe3supportsyoureceivedincreasedyourdesiretokeeptryingthemost?Why?

4c Whatwouldyouchangeaboutthesupportstomakethemmoreeffectiveatmaintaining/increasing
effort?Youcantalkaboutspecificsupportsormoregenerally.

4d Howwouldyoudesignasupporttomaintain/increaseeffort?Whatwoulditlooklikeandhowwouldit
work?
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APPENDIX 3

Table 7. Selected responses to questions regarding the Music Change support, Study 1

Question Quote

Didyoufeelanydifferent
thanyoudidbeforethemusic
changed?

Slightly,butinlikeapositivedirection.Ididn’thavelikeaverysignificant
difference,butthenlikeslightlyinapositive,orlessfrustrated

Didyourgameplaychange?

Ididn’tnoticeanythingdifferentaboutmyplaying,ifitchanged

IguesslikeIchangedmyperspective,becauseIwastryingtodoitonewayand
thenthemusicchanged.AndIwaslike,ohwaitmaybeIcoulddoitadifferentway,
likeapendulum.Andthenthatendedupworking.SoIguessitdidlikehelpme

Whatdidyouthinkaboutthe
musicchangewhileyouheardit? Coolmusic,butitwasdistracting,soIdidn’tlikehavingmusic

Whatdoyouthinkwasthe
purposeofthemusicchange?

Maybetogetmybrainthinkinginadifferentway,adifferentmindset

Iguessifitwasfaster.Itwouldmakeyoulikemoreurgentatyourtask.Orjustto
maybegetareactionoutoftheusertoseelikeiftheywouldrealize,oh,Imight
havebeenstuckonthisforawhileto,like,noticethatthesonghadchangedso…

OK,somyfirstthoughtwas,maybeliketohelpbecauseIknowthatalotofmy
friendslistentoclassicalmusicwhentheystudy.Somaybeit’llhelplikemefocus
more,um,that’slikesubconsciously,that’smyfirstguess.Andthenmysecond
thoughtisthatmaybeifstudentsget…boredoftheoriginalmusic,youmightneed
tochangeitup…orgivemeanewthoughtprocesslikemaybethemusicwill
generatenewideas

Whenthemusicchanged,what
didyouthinkandfeel?

Actually,probablystillfrustrated,alittlebit,notmuchdifferent

Oh,itwasactuallyagooddistraction,likeIwasjustlike,kindofgettingstuck.But
thenthemusicchanged.Iwaslike,okay,refresh,refreshmybrainandthenjustlike
trytothinkagain
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Table 8. Selected responses to questions regarding Fun Videos, Study 1

Question Quote

Whatdidyouthinkaboutthevideo
whileyouwerewatchingit?

Iwasjustlike,well,thisissocool.IwasveryinterestedinlikewatchingcloselybecauseI
couldn’tquite-Likemymindcouldn’tquitefigureoutwhatwasgoingon…Iwastryingto,
like,lookforsomethingthatwouldgivemeahintastowhatwasgoingoninthevideo

Iwasjustkindofnotseeingthecorrelationbetweenthelevelandthevideo

Whatdoyouthinkwasthepurposeof
thevideo?

Theideawastokindofencouragemetolookatsomethingfromadifferentperspectiveor,you
know,bewillingtotrynewthingsandnot,notjustlikefocusonsomething,onespecificfacet
oftheproblem,butmaybetryabunchofdifferentthings

Iguesstoshowthelikethepropulsion,youneedtolikelaunchtheball.Um,Idon’tknow,I
guessitkindofconfusedmebecausetome,whenthevideopoppedup,itmademethinkthatI
wasabletousetheballoontosomehowcompletethelevelwell

Whenthevideocameup,whatdidyou
thinkandfeel?

Iwasinterested.Iwaslike,Okay,cool.Let’sseewhatthisisabout

Ithoughtthatthevideowaskindofsimilartolikethoselittlefiveminutevideosyouseecome
uponFacebook,allthetime,whichIthoughtwasprettyinteresting,Ithink,itwasentertaining
andhelpedgivemesomeideasforwhattodowiththelevelgoingforward

IfelthappybecauseIthoughtIwasgoingtogethelpfromthegametofinishthelevel

Whenyoucamebackto[level],after
thevideowhatwereyouthinkingand
feeling?

UmlargelythesameasIdidpreviously.IthinkIwouldhavefeltbetteriftherewaslikean
actualtiptohelpsolvethelevel.

IguessIjustfeltconfused.LikeIsaid,becauseIthoughttheballoonwasgoingtohelpme
finishthelevel.

Didyoufeelanydifferentthanyoudid
beforethevideo?

Probablybetterjustbecauseitwasa,itwasabitofabreak

Ifeltslightlymoremotivatedbecausethey’rejustmoreideasthatcameup.Ah,onmyend,
personally,um,Iguessthat’sprettymuchit.

Confused

Didyourgameplaychange?
Idon’tknowifmygameplaychanged…Igotalittlelessfrustratedbecausemymindkindof
tookabreakfromtheproblemIwastryingtosolve.Soitwasjustlikenicetohavesomething
tofocusonotherthantheproblemandthencomebacktoitafter

Table 9. Selected responses to questions regarding Motivational Messages, Study 1

Question Quote

Whatdidyouthinkaboutthe
messagewhileyouwerereadingit?

Ithinkthecontentinthemessagewashelpfulandencouraging,butitwasn’tatipthatdirectly
contributedtohelpmesolvethelevel

Iwaslikeaw,thegame[is]sosupportive.Ithoughtitwasreallysweet.[Itgaveme]aboostof
confidence

Whatdoyouthinkwasthepurposeof
themessage?

Toprovideencouragement,whenIwasn’tyetclosetosolvingthelevelorIwasstruggling

Oh,toencouragestudentsbecauseifthisisahigherdifficulty,theymightwanttogiveupduring
themiddleofit

Whenyoucamebacktothe[level],
afterthemessagewhatwereyou
thinkingandfeeling?

Itgavememoremotivation,because,um,itsaidthatitwaslikeaharderlevelthantheprevious
onesthatIwaslike,Ineedtofinishthisone

Didyoufeelanydifferentthanyou
didbeforethemessage?

Um,soitjustgavememotivation.ButthenitwasjustlikeittookawaylikefrustrationIguessif
there.Ididn’thavetoomuchfrustration,butifIdid,thenitwouldhaveIthink

Didyourgameplaychangeafterthe
message?

Iwastryingtolikecalculateallmystepsandthenmakesurethateverythingwasperfectlyset
up,butthenthisoneIjustkeptdrawinguntillikeitworkedlike,Ithinkthatmadeitmadeitlike
active[i.e.,permissiontotryanything]

Whywasityourleastfavorite? BecauseIfeellikeitwhileitwasencouraging,didn’treallyprovideanytangiblesolutionsto
helpmesolvethelevel

Whywasityourfavorite? Ihaven’treallydonemanypsychologicalstudies,butI’mseeingthatwaskindofanicereminder
thatlikethisisnotatrick.Thisisn’tlikea,youknow,thisislikethisissomethingthatyoucan
do.It’snotlikeanimpossibletask
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Table 10. Participants’ responses when comparing supports they received in Study 1.

  Player Favorite Least favorite Best at reducing 
frustration Best at increasing effort

  164   Cognitive   SecretStore   Cognitive   Cognitive

  256   FunVideo   NA   Funvideo   Funvideo

  345   Motivational
Message

  CalmingCenterand
SecretStore

  NA   MotivationalMessage

  432   FunVideo   Motivational
Message

  FunVideo   Funvideo

  521   SecretStore
(hypothetically-did
notnotice)

  FunVideo   SecretStore
(hypothetically)

  SecretStore
(hypothetically)

  613   Cognitive   MusicChange   MusicChange   MotivationalMessage
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APPENDIX 4

Interview Questions Study 2

Questions asked after each level

1 Didyoufeellikequittingatanypointduringthelevel?Whenandwhy?

2 Didyounoticethe[support]?

3 Whatdoyouthinkwasthepurposeofthesupport?

4 Pleasedescribeyourthoughts,feelings,andgameplayastheydevelopedfromjustbeforethe[support]
cameup,asyou[engagedwiththesupport],andafter.

4a Didyounoticeachangeinyourthoughts,feelings,orgameplay?

5 Whenwouldthe[support]havebeenmosthelpfultoyou?

5a (ifstrugglingtoanswer):diditcomeatagoodtime,orwouldyouhavepreferreditearlierorlaterinthe
level?why?

6 Wouldyouhaveliked[thesupport]moreifyouhadchosentogetit?

Questions asked after all gameplay

1 Betweenthe[support1],[support2],and[support3],whichdidyoulikebest?Why?

2 Betweenthe[support1],[support2],and[support3],whichdidyoulikeleast?Why?

3 The[support1,support2,andsupport3]thatcameuppartwaythroughthelevelsarecalled“supports”.
Oneofthegoalsofthesesupportswastohelpyoufeellessfrustratedwhileplayingthegame.

3a Didthesupportsreduceyourfrustration?Whyorwhynot?

3b Whichofthe3supportsyousawreducedyourfrustrationthemost?Why?

3c Whatotherkindsofmessageswouldhavereducedyourfrustration?Thinkofasmanyasyoucan.

3d Whatotherkindsofsongchangeswouldhavereducedyourfrustration?Thinkofasmanyasyoucan

4 Anothergoalofthesesupportswastoencourageyoutokeeptryingwhenyoumightotherwisehavequit
orfeltdiscouraged.

4a Didthesupportsmakeyouwanttokeeptrying?Whyorwhynot?

4b Whichofthe3supportsyoureceivedincreasedyourdesiretokeeptryingthemost?Why?

4c Whatotherkindsofmessageswouldhaveincreasedyoureffort?Thinkofasmanyasyoucan.

4d Whatotherkindsofsongchangeswouldhaveincreasedyoureffort?Thinkofasmanyasyoucan.

5 WhatCombinationwouldworkbestforyou?Underwhatcircumstanceswouldyouwanteachtypeof
support?
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APPENDIX 5

Table 11. Responses from Fun Videos condition that demonstrate support-induced misconceptions

User Quote

Didyourgameplaychange? IdidtrylikesomethingsthatIthoughtwereinterestingsuchaslikethisspiral
techniqueinthevideoatonepoint

Whatdidyouthinkaboutthe
videowhileyouwerewatching
it?

Um,ItrytoincorporatesomeofthetechniquesIsawinthevideo,butnoneof
themendedupbeingsuccessful.ButIdidtrylikesomethingsthatIthoughtwere
interesting

Iwasjustkindofnotseeingthecorrelationbetweenthelevelandthevideo

Whatdoyouthinkwasthe
purposeofthevideo?

ToprovideinspirationforwaysIcouldsolvethelevel

Iguesstoshowthelikethepropulsion,youneedtolikelaunchtheball.Um,Idon’t
know,Iguessitkindofconfusedmebecausetome,whenthevideopoppedup.It
mademethinkthatIwasabletousetheballoontosomehowcompletethelevelwell

Whenthevideocameup,what
didyouthinkandfeel?

Ithink,itwasentertainingandhelpedgivemesomeideasforwhattodowiththe
levelgoingforward

Whenyoucamebacktothe
levelafterthevideowhatwere
youthinkingandfeeling?

IguessIjustfeltconfused.LikeIsaid,becauseIthoughttheballoonwasgoingto
helpmefinishthelevel.

Whywasityourleastfavorite?
JustbecauseIthoughtthatitdidn’treallyhelpmeprogressthelevelitjustkindof
gavemeaphysicstipthatIdidn’tthinkwasrelevanttoit.Haditbeenmorelike
correlatedtothelevel[Iwouldhavefounditmore]beneficial.

Table 13. Selected responses to questions regarding Music Change, Study 2

Question Quotation

Didyounoticeachangeinyour
thoughts,feelings,orgameplayafter
themusicchanged?

Andthenwhenitdidchange,itfeltliketherewasmorelikepressure.SoIwas
tryingtobebetterattryingdifferentthings,whichIdon’tthinkIactuallydid
butitfeltlikeIneededto

Ithinkoncethemusicstartedgoing,IkindoffeltlikethewayIhadwasgonna
work.It’skindofgoingalittlefasterbetweeneachtry,tryingtogetittowork.

Whatdoyouthinkthepurposeofthe
supportwas?

Afirstitstressedmeout.SoIwaslike,f*ck,Ishouldhavefinisheditalready.
ButIhadn’t.Soit’slikeokayIguessit’snicethatit’snotthesame[kindof
music].

ItkindofgotmoreIguess,energetictoliketogetyou,haslotsofswingingand
thesoundandgetyoumore.Tokeeptryingandyeahclassical

Um,Idon’tknow,maybeliketoshowlikehowlongit’stakingmaybe,likethe
longeryoutakelikethemorelikemusicchangesthereare?

Table 12. Support assignment, Study 2

Participant Wavy Yippie Double Hoppy

136 MC MM CS

361 MM CS MC

631 CS MM MC

316 MM MC CS

163 MC CS MM

613 CS MC MM
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Table 14. Selected responses to questions regarding Motivational Messages, Study 2

Question Quotation

Didyounoticeachange
inyourthoughts,
feelings,orgameplay?

Oncethemessagecameup,thenIwaslike,okay,coolontherighttrack...andtheneventuallyIcameup
withthegoodidea

Idon’tthinkit[themessage]affectedmethatmuch.ItkindofdidgivemeinspirationIguessindifferent
waystosolveit

Ifeltmorerelaxed,knowingthatIwasn’ttheonlyonewhostruggledwithit.I’dsaythatkindofgavemea
chancetosortoftakefiveandthinkofdifferentsolutions.Ifeltmorerelaxedaboutitandjust,youknow,it
didn’tmatterthatIwasn’tabletogetitup

AndthenitpoppedupandthensoIwaslike,IguessIcantryadifferentmethodandit’sgoingtobemore
difficultthanIthoughtitwasgoingtobe.AndthenonceIdidthat,Itriedthenewmethodandthatworked.

Ithinkso.Idon’tthinkIwouldhave[won],likeIwasliterallyjustredoingtheexactsamethingoverand
overbeforeitcameup

Pleasedescribeyour
thoughts,feelings,
andgameplayasthey
developedfromjust
beforethemessage
cameup,asyoureadthe
message,andafter.

Iwas[stillusing]trialanderror...AndthenIsawthemessageatlikethepointoffeelinglikethere’snowayI
couldfigurethisout.ButthenIsawthemessage.Itdefinitelymademefeelalittlebitbetter.

Yeah.Imean,IthinkIwasjustrepeatingtheexactsameactionsoverandover,andthenIgotthemessage.
AndItriedsomethingdifferent.Andthatdidn’tgowell.SoIwentbacktothesamething,butmadelike
alterationsonthesamelikeaction.Butjustlikeslightlydifferent

Whatdidyouthinkof
themessage?

Itdefinitely[helped]becauseIthinkithadsaidthatI’mlikeontherighttrack.Sothatmademefeelbetter
andmademewanttokeepgoing.SoIwaslike,ifI’montherighttrack,thatIshouldkeepgoin’andI’llget
iteventually.Sodefinitelyencouragedmetokeepgoing.

Whatdoyouthinkthe
purposeofthemessage
was?

Um,solikesincelikeyou’refailingitlikegivesyouinspirationtolikekeepontryingtosucceed

Toencouragemetonotgiveupandkeeptrying

SobecauseIwasjustdoingthesamemethodanditwasn’tworking.Andsowhenitsaidthatkindofgave
metheconfidencethatit’sgonnabehard.Ijustgottrydifferentways.

Well,onceitsaidthatIwaslikeokayIshouldtrysomethingdifferent,becauseclearlywhatI’mdoingisn’t
working.ButthenItriedsomethingdifferent.Andthatwasworse.Solike,okay,itmustbeaskingmeto
learnfromlike,whatIdidwasclosebutnotquitethere.

Table 15. Selected responses to questions regarding Cognitive Supports, Study 2

Question Quotation

Didyounoticeachangein
yourthoughts,feelings,or
gameplay?

AndthenafterwatchingthevideoItriedtouse[a]springtogettheenergy

ThenIsawthevideoanditsaidtoactuallyattachsomethinganduseitaslikeadivingboard.Usingthe
weighttopullitdowntothenwhenIactuallydiditIattacheditandusedtheweightandthenonceit
pulleditdownIthenreleaseditusingtheenergy.

Afterthevideo,IunderstoodhowtousetheshapethatIhadandIwasabletousetrialanderrorto
knowwhattodo.

Pleasedescribeyourthoughts,
feelings,andgameplayasthey
developedfromjustbefore
the[support]gameup,asyou
[engagedwiththesupport],
andafter.

AtfirstIwasjusttryingtoclicktheball,butthenIrememberedthetutorialsandtrieddrawingthelever
andpoints,butitwasn’tintherightplaces.Thenafterthevideo,Iunderstoodhowtousetheshapethat
IhadandIwasabletousetrialanderrortoknowwhattodo.

Yeah,Imean,IthinkIwasjustkindoftryingthings.IthinkImadeapendulum,perhaps,Idon’tknow,
andsothenwhenIsawthevideohadusedlike,aleverIthink.Oh,wellIwaslike,Oh,I’mnotsolving
itthewayI’msupposedtobutIthinkveryclosetothewayIwasdoing.SoIfeellikeitshoweda
differentprobablysimplerwaytosolveit
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Table 17. Selected responses to questions regarding Comparing supports, Study 2

Question Quotation

Didthesupportsmake
youwanttokeep
trying?Whyorwhy
not?

Yeah,becausejustlikeyouknowtherewasasolutiontotheproblem,andtheyjustkindof
likeencourageyoutojustlikekeeplookingforit.[Areminderthatthereisasolution]

Uh,yeah,Ithinkthe[message].ItmademekepttryingbecauseIknewitshouldbedifficult.
[Cognitivesupport]mademewannakeeptrying,becauseitgavemeagoodsenseofwhatI
neededtodotosolvetheproblemwithadifferentmethodthatIcouldtry,the[musicchange]
wasprobablytheleasteffectivewantmetokeeptrying,becausethere’saveryslightchange
justtothemusic,whichsomethingImightnotnotice.

Notthemusic.Buttheothertwo[CSandMM].Yeah.

Didthesupports
reduceyour
frustration?Whyor
whynot?

Ithinktheydid.Again,it’shardwiththemusicbecauseIdidn’tnoticeit,butImean,maybe
Ilikesubconsciouslynoticedit,butthehintintheencouragingmessagereallydidhelpmade
mewanttonotquitandto,youknow,haveguidanceorjusthavesomebodysaylikeonthe
righttrack.Keepitgoing,youknow.SoIdothinkthattheyhelpedalot.

Andthe[motivationalmessage]definitelydidreducemyfrustration,justbecauseofthatIfelt
likeIwasn’taloneandthatjusttohanginthere.

Yeah,forexample,the[message].WhenIwasfeelingalittlefrustrated.Isaid,Oh,it’sgonna
bedifficult.MostpeoplestruggleandthengavemethefeelingthatI’mnotaloneinthis.It
should.Ishouldbestrugglingandthenwith,likethehint.Itprovidedlikemehowtoactually
figureitout.Andthenthemusicwaslikeuplifting.

Ithinkthemessagedefinitelyreduceditalittlebit.Ithinkitkindofvalidatedmyfrustration.

AndIdon’tthinkthemusicdidmostlybecauseI’mprettygoodatliketuningitout,andsince
ithadbeenthesamemusicthewholetimeIjustlikedidn’tnoticeitwastheresoIwasn’t
stressingmeout.ButIthinkifI’mthinkingofsomethingliketheJeopardysongwerelikethat
couldhavebeenstressfulforsomeone.Itwouldbenicebutnotforme.Butyeah,Ithinkthe
messageandthevideowerebothsupportivelikethemessagemademefeellikeIwasn’tdoing
everythingwrongsothatIwouldgetthereeventually.Andthevideowasmorelikeyoumaybe
you’redoingthingswrong.Buthere’sadifferentwaytodoit,whichwasalsouseful

Whichofthe3
supportsyoureceived
increasedyourdesire
tokeeptryingthe
most?Why?

Probablythevideo.Because,likeIgottheconceptlikeIknewkindofwhatconcept.Likethe
videowasshowing.Iwasjusttryingtofigureoutlikehowtomakeitfitwiththeproblem.

The[message]did,andtobefair,Imean,thevideodidmakemekeeptrying,becauseit
likebecauseitgavemeaguidanceofhowitmightworkthatmaybekeepgoing,youknow,
thatwaslikeknowingtherewasasolution.[Forthemusic,ahypothetical]Yeah,maybe,
maybereducemyfrustration,justbecauseitdoesn’tbecomesoirritatingastimegoesonand
annoying.

Whichofthe3
supportsyousaw
reducedyour
frustrationthemost?
Why?

Um,goingtosayprobablybeencouragingmessage,justbecauseIwasjustalittlelikewhat
elsecanIdohere,andhavingthattherewaslikeokay,Ijustneedlikeonemoreobjector
somethingandthenIcangetitgoing,justlikethinkalittleharderandyou’llbeabletogetit
kindofthing.Soit’saprobablythatonesoit’snicetogetsomepraise

Andthe[message]definitelydidreducemyfrustration,justbecauseofthatIfeltlikeIwasn’t
aloneandthatjusttohanginthere.

Probablythe[CS],becauseitbasicallyrelievedthefrustrationimmediatelybecauseitgaveme
howtodoit.

Ithinkthemessagedefinitelyreduceditalittlebit.Ithinkitkindofvalidatedmyfrustration.

Table 16. Favorite condition comparisons, Study 2 

Condition Favorite* Least Favorite Best at Reducing Frustration Best at Increasing Effort

MusicChange 0 5 0 0

MotivationalMessage 2 0 4 2

CognitiveSupport 5 1 3 5

*Out of 6; some categories sum to 7 if a player named two favorites.
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Table 18. Selected responses to questions regarding support timing preference, Study 2

Question Quote

Isthereawayyouwould
wanttocombinethe
supportsoverthecourse
ofthelevels?Ifso,how?

“Ifeellikeallthreelikefitlikeworkverywell.If,likeifthe[message]andthevideowere
likespreadoutlikethe[message]wouldgolikefirstandthenlikesometimegoesbyand
thenlikethevideo,Ifeelthatwould’vebeenthebest”

“IdefinitelythinkIcouldseeallthreegoingtogetherandlikeonelevel...maybelikeinthe
middleyou’dhavethemessagepopup.Butthenlikealittlebitafterwards.You’dbelike,
Here’sahint.SinceyouseemtobestrugglingandthatwouldbetheresoIthink”

“Yeah,Icouldseethemallbeenplayedtogether.Ithinkthevideomightbegoodupfront
sothatyoukindofstartoffintherightdirection.Andthenobviouslyastimegoeson.
Maybethemessageofencouragementandmusicchangessortthroughouttoseeyoudon’t
getkindofboggeddownwithit”

“Yeah,Ithinkyoucouldpossiblyuseallthreelikethehandiftherewaslikeanoptional
thingthatyoucanclickandthenthemusic.Youcouldjusthavestartonthoserightaway
andthenthe[message],youcouldhavethatbealittlebitfartheralongsoyouhavedifferent
stagesofhelp,thatcankeepyoubeinglessfrustratedandthenasalastresort,youcando
thehint”

WhatCombinationwould
workbestforyou?Under
whatcircumstances
wouldyouwanteachtype
ofsupport?

“Imean,ifIimaginethemlikeinsuccession.Ifeellikeitwouldbenicetogetthemessage
firstandthenifyoustillcan’tfigureitoutthentohavethevideo.Andtome,themusic
changefeelsliketheverylast,like,you’resoclose,andyou’regettingthere.Sothatwould
havetolikecomelastinmymind”

“Goingoffofthatassumptionthatlikethevideokindofgivesyouthemostkeystoopen
thedoor.Ifeellikethemessagewouldbebetterbeforethat,becauseIdon’tthinkthere
wouldhavebeenveryusefullikeitlikewhatthevideofirstandthenthemessagelast
becauseImean,maybeIguessfortheharderchallenges...maybehavingthemthevideo
andthenthemessageonthelikethehardertasks”

Whenwouldthesupport
havebeenmosthelpful
toyou?

“Ithinkthattiming[ofthemessage]wasgoodbecauseIwaslikefailing.SoIguessitwas
likeagoodwaytoaddthemessage”

“Ithink[themessage]didcomeatagoodtime.Soatthatpoint,likeinthemiddleish.I
waslike,okay,nothing’sworking.Idon’tknowwhatelseIcando.Andthenthemessage
poppedup.Anditwaslike,‘you’reontherighttrack.’”

“Ithink[thevideo]wasprettyhelpfulrightwhenIneededit.Ithinkifit’stooearly.It
wouldrequirenothinkingonmyend.Andthentoolate.You’realreadyreadytolikegive
up.”

“Ithink[themessage]cameatagoodtime.Ithinktooearlyanditwouldhavelostitseffect
bytheend.I’vegotfrustratedprobablytowardstheend.SoIthinkitwasquitegoodtiming
really”

“Atthebeginning,justbecause[thevideo]wouldhaveputmeontherightlinesfromthe
start”

“Ithink[thevideo]couldhavecomeslightlylater.Ifeellikethehint…shouldbeyourlast
resort”

“ImeanIguessthatwoulddependonwhatyou’relookingfor,becauseatthebeginning,
[thevideo]wouldhavebeenhelpfultogivemelikeagaugeoflikewhatI’msupposedtobe
doing.Butifyou’retryingtolikemakemethinkreallyhardaboutit,thenIguesswhereit
wasgood”

[Regardingthecognitivesupport]“Imean,probablyinthebeginningbeforeIevenstarted
thetask”
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APPENDIX 6

Table 20. Selected responses from Low Machine Users, Bonus Study

Question Quote

Howwouldyoudesignasupport
tomaintain/increaseeffort?

“Iwould...make[thevideo]optionalthewatchornot.AndthenIwouldmakeitavailabletoclick
atthebottom”

Whatwouldyouchangeabout
thesupportstomakethemmore
effectiveatreducingfrustration?

“Ithinkahintoneverylevelwouldbehelpfulsupport.”

Whenwouldthecognitivesupport
videohavebeenmosthelpfulto
you?

“Ithinkthevideomightbegoodupfrontsothatyoukindofstartoffintherightdirection.”

“ImeanIguessthatwoulddependonwhatyou’relookingfor,becauseatthebeginning,itwould
havebeenhelpfultogivemelikeagaugeoflikewhatI’msupposedtobedoing.Butifyou’re
tryingtolikemakemethinkreallyhardaboutit,thenIguesswhereitwaswasgood”

Whydidn’tyoulikethecognitive
supportvideo?

“JustbecauseIthought[thevideointhemiddle]wasjustanaddedcomplicationratherthanplaying
[thevideo]beforethegamestartsorsomething.”

Wouldyouhavelikedthe
cognitivesupportmoreifyouhad
chosentogetit?

“Probably.Imean,Iguessifitwasatthebeginning,Iwouldhavejustappreciateditbeingthere.
Butifitweretocomeupatsomepointthroughoutthegame.Iwouldratherhavechosenwhen.”

Table 19. Machine use and CS timing preference

High/Low Participant Machine Score CS Timing Preference # of mentions 

LowMachine
Scores

316 1.67 Earlier 2

136 2.78 Nochange 2

256 2.89 On-demand 1

631 3.11 Earlier 3

164 3.22 On-demand 0

HighMachine
Scores

361 3.33 Later 3

611 3.33 Earlier 8

613 3.33 Later,exceptondifficultlevels 3

163 3.78 Later 3
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Table 21. Selected responses from High Machine Users, Bonus StudyS

Question Quote

Isthereawayyouwouldwantto
combinethesupportsoverthecourseof
thelevels?Ifso,how?

“maybelikeinthemiddle-ishyou’dhavethemessagepopup.Butthenlikealittlebit
afterwardsyou’dbelike,‘Here’sahint.Sinceyouseemtobestruggling’”

“Yeah,Ithinkyoucouldpossiblyuseallthree...asalastresort,youcandothehint.”

Whatcombinationwouldworkbestfor
you?Underwhatcircumstanceswould
youwanteachtypeofsupport?

“Goingoffofthatassumptionthatthevideokindofgivesyouthemostkeystoopenthedoor.
Ifeellikethemessagewouldbebetterbeforethat...maybeIguessfortheharderchallenges,
thevideo,giventhatthevideomightnotgiveyoueverythingyouneed....somaybegiving
themthevideoandthenthemessageonthelikethehardertasks”

Whenwouldthesupporthavebeen
mosthelpfultoyou?

“IthinkitwasprettyhelpfulrightwhenIneededit.Ithinkifit’stooearlyitwouldrequireno
thinkingonmyend.”

“Ithinkitcouldhavecomeslightlylater.Ifeellikethehint..shouldbeyourlastresort…So
quitealittlelater.”

“Imean,probablyinthebeginningbeforeIevenstartedthetask.”

Whichofthe3supportsyoureceived
increasedyourdesiretokeeptryingthe
most?Why?

“Definitelythe[message]…becausethevideo,itwasreallyhelpful,butthenitwaskindof
givingyouthestepstocompleteit.Itwasamoreblatantanswer,Iguess,comparedtothe
[message],whereit’slike,encouragingyou.Explainingthatweknowthisishard…thatwas
morehelpfulpersonally”

Why[wasn’ttheCSyourfavorite]?

“Idon’twanttobelikealmostgiventheanswer,becausethenthat’snotasgreat.”

“Because[thevideo]talkedabouttheactualphysicsbehinditanditshowedyouthebestway
toactuallytackleit.ButIguessIalsohadlesssatisfactionoffiguringoutonmyown.Solike
the[levelwiththemessage]Iprobablyhadthebiggestsatisfactionfromfiguringoutonmy
own.”

Wouldyouhavelikedthesupportmore
ifyouhadchosentogetit?

“I’mgonnasay,probablynotjustbecauseIfeellikethat’saneasywayout.SoIkindoflikeit
whenitwasmorewe’llchoosetogiveittoyouinsteadofmechoosingtogetitbecausethen
likethatrequiresnothinkingonmyend,ifIconstantlyhaveahint,readytogo.”

Wouldyouhavelikedthesupportmore
ifyouhadchosentogetit?

“Idon’tknowifIwouldhavelikedthevideomore.IthinkIneverwouldhaveuseditearlier...
IthinkIcouldhavelikedreliedonitmaybetoomuch.Um,butIthinkIdon’tthinkIwould
havelikeditmorelikethecontentofthevideoorlikethewayitwaspresented...[withoutthe
video]I’llbeabletojusttrytothinkmoreinthatheadspaceofbeingcreativeandusinglike
thethingsIalreadyknowhowtodotoaccomplishthetask,ifthatmakessense.”


