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ABSTRACT

Oneof thebenefitsofusingdigitalgames foreducation is thatgamescanprovide feedback for
learnerstoassesstheirsituationandcorrecttheirmistakes.Weconductedtwostudiestoexaminethe
effectivenessofdifferentfeedbackdesign(timing,duration,repeats,andfeedbacksource)inaserious
gamedesignedtoteachlearnersaboutcognitivebiases.Wealsocomparedthedigitalgame-based
learningconditiontoaprofessionaltrainingvideo.Overall,thedigitalgamewassignificantlymore
effectivethanthevideocondition.Longerdurationsandrepeatsimprovetheeffectsonbias-mitigation.
Surprisingly,therewasnosignificantdifferencebetweenjust-in-timefeedbackanddelayedfeedback,
andcomputer-generatedfeedbackwasmoreeffectivethanfeedbackfromotherplayers.
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INTRodUCTIoN

Proponentsofdigitalgame-basedlearningmaintainthatgamesandsimulationscanfacilitatelearning
becausethey(a)catertothedigitalgenerationoflearners(Prensky,2005),(b)allowforimmersive,
activelearningincreasingengagementandretention,and(c)encouragenewformsofknowledge
interactionunavailableinatraditionalcurricula(e.g.,perspective-taking,slowingdownorspeeding
uptimeprocesses,accessinghazardousordistantenvironments(Jackson,2008).Importantly,digital
gamesallowforimmediatefeedbackthatcanhelplearnerscorrecttheirmistakesandrewardlearners
formakingcorrectdecisions.

Theprovisionoffeedbackgenerally improves learning,however thereare importantcaveats
regardinghowandwhenfeedbackisgiven.Digitalgamescanprovidefeedbackbasedonlearners’
paceanddecisionmaking(Azevedo&Bernard,1995).Recentstudieshaveexaminedthecostsand
benefitsofofferingfeedbackduringinstruction(Hays,Kornell,&Bjork,2010),thetiming(Butler,
Karpicke,&Roediger,2007)andthesourceoffeedback(e.g.,ateacher,parent,peer,oracomputer
agentinthegame(Goldberg&Cannon-Bowers,2015;Hattie&Timperley,2007).Weaddtothis
bodyof researchbypresenting two studies exploring the effectsof feedback timing (immediate
vs.delayed)andfeedbacksource(computeragentsvs.humanpartners)inagame-basedlearning
environmentdesignedtoteachlearnersaboutthepitfallsofcognitivebiases.Totesttheseeffects,we
createdaseriousgamecalledMACBETH(MitigatingAnalystCognitiveBias byEliminatingTask
Heuristics)1,whereinplayersaretaskedwithdetectingandpreventingaseriesofterroristthreats
bygatheringandassessingintelligencedata(forMACBETHdevelopmentseeauthorcitation).The
gamefocusesonknowledgeandmitigationofconfirmation bias(CB)andfundamental attribution 
error(FAE).Thetrainingeffectivenessofthegamewascomparedtoatraditionalinstructionalvideo
explainingFAEandCB,whichofcourseexcludedfeedback.

Using Feedback in a Serious Game to Mitigate Cognitive Biases
Biasedinformationprocessingisoftencausedbytheover-relianceonheuristics—definedasmental
shortcuts,orsimpledecisionrules—arisingfromconventionalbeliefs.Byprovidingswiftsolutions
andminimizingcognitiveeffort,heuristicscanbenefitdecision-making;however,theymayoften
alsoleadtoinsufficientconsiderationofrelevant,diagnosticinformation,resultinginincreaseduse
ofcognitiveshortcutsassociatedwithpoordecisionsandbiasedinformationprocessing(Tversky&
Kahneman,1974).Confirmationbiasharmssystematicinformation-processingbydirectingattention
towardevidencethatconfirmsexistingattitudesandbeliefs(Lundgren&Prislin,1998)attheexpense
ofweighingandexaminingpertinentavailableevidencethatmightotherwisedisconfirmerroneous
assumptions.Similarly,FAEfostersatendencytofocusoninternal,dispositionalexplanationsof
others’behaviorsat theexpenseofexternal, situational factors (Harvey,Town,&Yarkin,1981)
likewisehinderingthedecision-makingprocess.

Cognitivebiasesaredifficult tochange:Theyaredeeplyembeddedwithinnaturalcognitive
processes,andpeoplerarelyrecognizetheirbiaseddecision-making.Tomitigatebias,peoplemust
firstbecomeawareoftheiruseofheuristics(Bornstein&Emler,2001)forwhichfeedbackcanhelp,
therebyleadingtobetter-informeddecisions.Feedbackingame-basedlearningcanbeeffectivewhen
itprovidesplayersobjectivelearninggoalswithclearcriteriaforsuccess,alongwithmethodsfor
improvementtoattaingoals(Erhel&Jamet,2013).

Notallfeedbackbenefitslearning:Repeatednegativefeedback,forinstance,canleadtolowered
expectations,reducedeffort,andamorenegativeself-image(Krenn,Würth,&Hergovich,2013).
Formative and corrective outcome feedback through suggestions and guidance can help modify
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thinkingandbehaviorandimprovelearning(Shute,2008).Yet,performancedecrementsarelikely
tooccuriftoomuchfeedbackinformationispresented,causingoverload.Thus,bothtimingand
quantityoffeedbackiscriticaltolearningandoptimalperformance.

Timinghasalsobeenexaminedtodiscerntheadvantagesofimmediateversusdelayedfeedback,
andameta-analysishasconcludeddelayedfeedbackisgenerallysuperiorinlaboratorystudies,since
studentsareoftenrequiredtoexplicitlyconsiderandrespondtoit,whereasimmediatefeedbacktends
tobemoreeffectiveinappliedstudies,suchasclassroomsettings(Kulik&Kulik,1988;vander
Kleij,Eggen,Timmers,&Veldkamp,2012).Theamountofa“delay”varieswidelyinthestudies
withfeedbackbeingprovidedfollowinganassessment,attheendofaday,oruptoaweekaftertask
completion(vanderKleijetal.,2012).Althoughofferingfeedbackduringgameplaycanenhanceits
salience,allowingplayerstoadjusttheirdecisions,itcanalsobeadistraction,harmingenjoyment.
In-gamefeedbackcanslowgameplay,inhibitinggoalattainment,particularlywhenspeedofplay
is abasis foradvancement (Ryan&Pintrich,1997).On theotherhand,despite itspotential for
slowingplay,detailedfeedbackearlyintheprocesscanleadtofasterlearning(Billings,2010;Tsai,
Tsai,&Lin,2015).Becauseplayerscanusein-task“just-in-time”(JIT)feedbacktoimprovetheir
performanceandcorrectmistakes,webelieveitcanbemoreeffectivethanfeedbackdelayeduntil
aftertaskcompletion.Thus,wehypothesize:

H1:JITfeedbackismoreeffectiveatmitigatingCBandFAEthandelayedfeedback.

Knowledgeisentwinedwithpractice,andlearningviavideogamesisnoexception(Lave&
Wenger,1991).Discoveringhowtoplayanewgametakestime.Noviceuserscanbeoverwhelmed
withgamemechanics,losingfocusofthetrainingcomponentsofthegameifspecificguidanceand
initial instructionarenotprovided(Serge,Priest,Durlach,&Johnson,2013).Overtime,players
becomemorecomfortablewiththecontrolsandmechanics(Dickey,2011),allowingthemtofocus
moreonlearningtactics.InapreviousstudytestingtheeffectsoftheMACBETHgameusingimplicit
orexplicitinstruction,repeatedplayandlongerdurationofplayweremoreeffectivethanshorteror
non-repeatedgameplay,althoughtheexplicitnessoftheinstructionmoderatedthosefindings(author
citation).InreplicatingtheeffectofrepetitionanddurationinmitigatingCBandFAE,wehypothesize:

H2:Longerexposure toMACBETHthrough(a)repeatedor(b) longerdurationofplay ismore
effectiveatmitigatingCBandFAErelativetoshorterduration.

EXPERIMENT 1 METHod

Participants
Atotalof508participants(57.5%females;age:M=21.30,SD=4.94,range:18-55)whofitour
eligibilitycriteria(atleast18yearsold;nativeEnglishspeakers)wererecruitedfromaMidwestern
university(n=233)andaSouthwesternUniversity(n=275)intheUnitedStates.Elevenparticipants
weredroppedpriortoanalysesforfailingtocompleteallthemeasures,forbeinggivenincorrect
measuresby research staff,or forquittinggameplaybefore their timehadexpired.Overall, 411
participants(81%retention)completedthe8-weekfollow-upsurvey.

design and Procedure
A2(feedback:JITvs.delayed)×2(repetition:one-shotvs.repeatedplay)×2(duration:30vs.60
minutes)mixed-modelexperimentwithanoffsetcontrolgroup(whowatchedaninstructionalvideo
providedbyourfundingagency)wasconducted.Descriptionsoftheconditionsareprovidedbelow.
Wehadnoinputinthedesignoftheinstructionalvideodevelopedbythefundingagencyanddid
notseeituntilMACBETHwasnearlycomplete.Studymaterialsandprocedureswereapprovedand
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determinedtoposelessthanminimalriskbytheinternalreviewboards(IRBs)ofboththeuniversities
andtheDepartmentofDefense.

Conditions
Feedback
ParticipantsplayedeitheraJITordelayedfeedbackversionofMACBETH.TheJITversionhas
computermentorsappearing immediatelyduringgameplay inaboxat thebottomof the screen
conveying feedback on the player’s actions. For example, if the player based a decision on a
dispositionalcue,thementorwouldsay:“Notquite.Lookforcluesaboutthesituationnexttime,not
dispositionalcuesaboutthesuspect’spersonality”(seeFigure1).Inthedelayedfeedbackcondition,
playersreceivedthesamefeedbackbutattheendofthescenario.

Duration
Playerswererandomlyassignedto30-or60-minuteversionsofthegame,andaplayclockwasvisible
onthescreen.Whenthetimeexpired,playersweretoldtheymustsubmittheirfinalhypothesisto
endthegame.

Repetition
Participantsintheexperimentwererandomlyassignedtotworepetitionconditions:eitheraone-shot
gamesessioninthelab,orarepeated-playsessioninitiallyinthelab,followedbyareturnsession
aweeklater.

Thedatawerecollectedintwolaboratorieslocatedinseparateuniversities,withexperimenters
ateachlocationfollowingidenticalprocedures.Participantsfirstcompletedanonlinequestionnaire
determiningtheireligibility(ageandEnglishrequirements)andprovidingtheirdemographicand
personalitydata;then,uponarrivalatthelaboratory,completedpretestmeasuresusingtheQualtrics
onlinesurveytool.Participantswererandomlyassignedtoconditionsinblocksandwereaskedto
playMACBETHonce,orwatchthevideoonce,orcomefortwoplaysessions(aweekapart)inthe
samelaboratory.Thoseinthegameconditionwerealsorandomlyassignedtodurationandfeedback
conditions, which were held constant across play sessions for repeat players. After the game or

Figure 1. Feedback
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video,participantscompletedthepost-testmeasuresandwereemailedafollow-upsurvey8weeks
followingtheirlabsession.Participantswerecompensated$20foreachlaboratorysessionand$30
forthefollow-upsurvey.

Measurement
Bias Mitigation Measures
WedesignedandtestedanewCBscalemodeledafterRassin’s(2010)TestStrategyScaleinwhich
allthepossibleanswersofferedlegitimateconfirminganddisconfirmingquestionsthatwererelevant
totheitem’sscenario.SixofthesenewCBmeasuresweredevelopedtomakeuptwoscaleslabeled
“NewCB”.Eachofthetwo3-itemscaleswasusedtwice:Theywereusedeveryothertimeperiod
(pretest,posttestsafterbothplaysessions,and8-weekfollowup)acrossthefourtestperiods.The
NewCBscalescoresrangedfrom0to28(α=.74,.90,.92,and.90inthefourtestperiods).

TomeasuresusceptibilitytoFAE,webeganwiththeRon’s Bad Dayscenario(Riggio&Garcia,
(2009)andcreatedadditionalscenariostomeasurethedegreetowhichindividualsrelyonsituational
vs.dispositionalattributesforunderstandingothers’behaviors.Participantssawtwoscenarios,one
positive(e.g.,Alex’ssuccessfulday)andonenegative(e.g.,Ron’sbadday).Theywereaskedto
evaluatewhatfactorscontributedtotheeventsdepictedandtheirscoreswereaveragedacrossfive
dispositionalitems(e.g.,personality,skills)andfivesituationalitemsrelatedtothescenario(e.g.,the
weather,contingencies).Trainingshouldresultinalowerdispositionalrelativetosituationalscore.
TheFAEscoresrangedfrom1to11andwerereliableinthefourtestperiodsforsituations(α=.67,
.75,.83,.91),anddispositions(α=.77,.78,.85,.92).

Experiment 1 Results
Three separate repeated-measures Analysis of variance (ANOVA) were conducted to test the
hypotheses. Feedback (delayed vs. JIT), Duration (30- vs. 60-minutes), Repetition (one-shot vs.
repeat-play)wereenteredas independentvariablesand themeasures forCBandFAE(situation
anddispositioncues)wereusedasthreeseparatedependentvariables.Tocomparethevideoand
non-repeatgameconditiontotherepeatgamecondition,a“LatestPosttest”variablewascreated
usingposttest1forparticipantsinthenon-repeatplayandvideoconditions,andposttest2forrepeat
playcondition.Thus,therepeatedmeasuresanalysesincludedthreewithin-subjectmeasuresofbias
mitigation:thepretest,thelatestposttest,andthe8-weekposttest.

Confirmation Bias Mitigation Results
TheCBanalysisshowedthattherewasasignificantmaineffectofTestPeriod,F(1.90,812.25)=
24.07,p<.001,ηp

2=.05(Mauchly’sTestofSphericityindicatedthattheassumptionofsphericity
hadbeenviolated,thereforeaGreenhouse-Geissercorrectionwasused).Thetrainingimprovedthe
participants’CBbiasmitigationability.Pair-wiseBonferronitestshowedasignificantimprovement
fromthepretest(M=10.22,SE=.24)tothetwoposttestperiods(latestposttest:M=13.01,SE=
.35;8-weekposttest:M=13.10,SE=33),buttherewasnosignificantdifferencebetweenthelatest
posttestandthe8-weekposttest.

H1whichpredictedthatJITfeedbackimprovesCBmitigationabilityrelativetodelayedfeedback
wasnotsupported:The interactionbetweenTestPeriodandFeedbackTypewasnotsignificant,
F(1.90,812.25)=.34,p=.700,ηp

2<.01.
H2a,predictingrepeatedplayismoreeffectiveinmitigatingCBthanthesingleplay,wassupported

byasignificantinteractionbetweenTestPeriodandRepetition,F(1.90,812.25)=15.41,p<.001,
ηp

2=.04.Post-hocpairwisecomparisonrevealedtherepeatplayconditions(latestposttest:M=
15.13,SE=.54;8-weekposttest:M=14.68,SE=.55)weresignificantlybetterinCBmitigation
thansingleplay(Latestposttest:M=11.50,SE=.38;8-weekposttest:M=12.39,SE=.43)both
inthelatestposttestandinthe8-weekposttest(seeFigure2).Inaddition,bothrepeatedandsingle
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playweresignificantlymoreeffectiveinCBmitigationthanthevideocondition(latestposttest:M
=9.08,SE=1.17;8-weekposttest:M=9.84,SE=1.11).

H2bwhichpredictedlongerdurationofgameplaymitigatesCBmoreeffectivelythanshorter
durationwasnotsupported.TheinteractionbetweenTestPeriodandDurationwasnotsignificant,
F(1.90,812.25)=.01,p=.990,p<.001.Therewasnosignificantdifferencebetweenthelonger
60-minutegameduration(latestposttest:M=13.00,SE=.39;8-weekposttest:M=13.62,SE=
.44)andtheshorter30-minutegameduration(latestposttest:M=12.85,SE=.50;8-weekposttest:
M=13.47,SE=.49).However,bothlongerandshortergameplayconditionsweresignificantly
moreeffectivethanthevideocondition(latestposttest:M=8.98,SE=.87;8-weekposttest:M=
9.58,SE=.91)inCBmitigation.

Fundamental Attribution Error Mitigation Results
Twoseparaterepeated-measuresANOVAwereconductedtoexaminethehypothesesregardingFAE
mitigation.Thefirstexaminedwhetherparticipantsdecreasedtheirrelianceondispositionalcues,
andthesecondwhetherparticipantsincreasedtheirrelianceonsituationalcuesaftertraining.

Fordispositionalcues,resultsshowedasignificantmaineffectforTestPeriods,F(1.90,819.01)
=33.95,p<.001,ηp

2=.07.Tofurtherinvestigatetheeffect,weperformedapost-hocBonferroni
test,whichshowedasignificantreductioninrelianceofdispositionalcuesbetweenthepretest(M=
7.52,SE=.09)andthetwoposttesttestperiods(latestposttest:M=6.64,SE=.12;8-weekposttest:
M=6.63,SE=.11).Therewasnosignificantdifferencebetweenlatestand8-weekposttest.Results
showedacrossconditionsparticipantsdecreasedtheirrelianceondispositionalcuesafterreceiving
thetraining.However,therewasnosignificantinteractioneffectbetweenTestPeriodandFeedback
aspositedbyH1(F[1.90,819.01]=2.25,p=.911),TestPeriodandRepetitionaspositedbyH2a
(F[1.90,819.01]=.06,p=.940),orTestPeriodandDurationaspositedbyH2b(F[1.90,819.01]=
3.79,p=.217).Theseresultssuggestthat,althoughplayingthegamedecreasedplayers’relianceof
dispositionalcues,neitherfeedbacktype,repetition,nordurationshowedanadvantageinreducing
FAE.

Figure 2. Experiment 1 results
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Forsituationalcues, therewasasignificantmaineffect forTestPeriods,F[1.68,724.41]=
14.82,p<.001,ηp

2=.03.Post-hocBonferronitestsrevealednosignificantincreaseinrelianceon
situationalcuesimmediatelyafterplayingthegame(Pretest:M=7.36,SE=.08,LatestPosttest:M=
7.35,SE=.08).Surprisingly,alltheparticipantssignificantlydecreasedtheirrelianceonsituational
cuesaftereightweeks,regardlessofconditions,M=6.80,SE=.10.

Concerningsituationalcues,resultsshowedasignificantinteractioneffectbetweenTestPeriod
andFeedback(H1)(F[1.68,724.41]=3.64,p=.034,ηp

2=.01).
However, thedifferencebetween the twofeedbackconditionswasnotsignificant (JIT:M=

70.70,SE=1.03;Delayed:M=71.84,SE=.96),andthecontrolvideoconditionwassignificantly
higher,M=75.08,SE=2.26).TheinteractionbetweenTestPeriodandRepetitionpositedbyH2a
wasnotsignificant(F[1.68,724.41]=.59,p=.526),norwastheinteractionbetweenTestPeriodand
DurationpositedbyH2b(F[1.68,724.41]=1.39,p=.250),suggestingneitherFeedback,Repetition,
orDurationofgameplayincreasedrelianceonsituationalcues.

Experiment 1 discussion
WepredictedthatJITfeedbackwouldbemoreeffectivethandelayedfeedbackinreducingCBand
FAE(relianceondispositionalcuesandincreaserelianceonsituationalcues).However,wefound
littledifferenceinthetimingoffeedbackdelivery,withJITanddelayedfeedbackperformingequally
well,andbothoutperformingthetraditionalinstructionalvideointermsofreducingCBanduseof
dispositionalcues.Itcouldbethatadvantagesofthefaster,uninterruptedplayofthedelayedcondition
andtheimmediatesalientfeedbackoftheJITconditionsoff-seteachother.Itcouldalsobethatthe
delayofabout20-40minuteswhiletheplayerwasengagedinthescenariowasnotenoughofadelay
tomakeadifference.Playersseemedtopreferthedelayedfeedback,asanecdotalcommentsonopen-
endedquestionsinthepostsurveysuggested,theyfoundtheJITfeedback“annoying.”

Toaddressthisissue,wemodifiedthefeedbacksystembeforeExperiment2,andtestedanaltered
formofJITfeedbackasecondtime.Playersweregivenfewerpositivecommentsfrommentorsand
thefeedbackfocusedoncorrectiveactiontoimprovetheirperformancewhentheymadeerrors.The
feedbackquoteswerealsoshortenedwhereverpossibleandweaskedourvoiceactorstospeedup
theirspeechtoshortenthetimespentlisteningtofeedback.

H2apositedrepeatedgameplaywouldbesuperiortosinglegameplay,andthiswaspartially
supported,playerswhoplayedthegamemultipletimesshowedgreaterCBmitigationthanplayers
whoplayedonlyonce,butthiswasnottrueforFAEmitigation.MACBETHisacomplexstrategy
gamewithasteeplearningcurve;playersinshorterdurationconditionswerelikelyconsumedwith
learningtonavigategamemechanics,thuspointingtotheefficacyofadditionalrepeatedsession.
Playerswithrepeatedexposuretothegamewereprobablyabletomastergamemechanicsandbetter
absorbthetraining.

H2b,whichpositedincreasedexposuretothegamewouldenhancetraining,wasnotsupported.
Longergamedurationprovidednoadvantage;however,bothlongandshortgamedurationsweremore
effectivethanthevideocontrolcondition.Comparingeventhe30-minutegamewithoutrepetitionto
the30-minutevideo,thegamewasmoreeffectiveatmitigatingCB,butnotFAE.

Experiment 2: Alternative Feedback Sources in the Mitigation of Cognitive Bias
Experiment1revealedthetimingofthefeedbackappearedtomakelittledifferenceinmitigationof
CBandFAE,however,itdidnotaddressthesourceofthefeedback,whichmaybeapertinentissue.
ResearchershavefoundindividualsoftenexaggerateorunderstateCBwhenmakingdecisionswithin
agroup(Kerschreiter,Schulz-Hardt,Mojzisch,&Frey,2008).Tschanetal.(2009)foundthathaving
doctorsdisplaymoreexplicitreasoningtoagroupwhenjustifyingtheirdiagnosisdecreasedCB,
andGreen(1990)foundthatsimplyhavingtoanswerquestionsaboutone’sdecisionscaneliminate
CB.Evenhavingacomputeragentquestionone’sdecisionscanreduceCB(Silverman,1992).A
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similarmechanismmayoperateforFAE,althoughweareunawareofanystudieshavingtestedFAE
mitigationinsolovsgroupdecision-makingsituations.

MichaelandChen(2006)positthatimmersivecollaborativevirtualenvironmentsmayincrease
students’understandingofabstractconcepts.Multiplayergamingenvironmentsencourageplayers
to“communicateandcollaboratetoachieveindividualandcollectivegoals”(Dickey,2011,p.201),
butitisunclearfromtheresearchwhethermultiplayergamesaremoreconducivetolearning,or
whetherthegroupdistractsfromanindividual’slearning.

Webelieveamultiplayerseriousgamecanbeasuccessfullearningmediumwiththepotential
tomitigatebiasmoreeffectivelythansingle-playertraining.Theopportunityforplayerstoconstruct
their own knowledge by actively engaging with one another, beyond simply having knowledge
transmittedfromascreen,should lead tohigher levelsof learning.Thesuccessofamultiplayer
versionshoulddependonhowplayersinteractwithpartners,aswellasthequalityoffeedback.Thus,
wecreatedtwoversionsofMACBETH:Oneinwhichplayerstradedintelligencewithanotherplayer
(oranartificialintelligencedesignedtobehavelikeahumanplayer,whenanotherplayerwasnot
available),andcomparedittothesingle-playergameusedinExperiment1.InadditiontoH3below,
were-testedH2toreplicatetheeffectsofrepetitionandduration,andagaincomparedMACBETH
totheinstructionalvideo.

H3:TheMultiplayerversionofMACBETHissuperiortotheSinglePlayerversionatmitigating
CBandFAE.

Experiment 2 Method
InExperiment2,thekeyvariablewasPlayerType(singlevs.multiplayer).TheuseofJITfeedback
washeldconstant,andparticipantsplayedeitherthesameSingle-player-JITversionofMACBETH
testedinExperiment1,oramultiplayer-JITversion,inwhichtheyplayedwitheitheranotherhuman
participantoracomputeragentwhenanotherhumanplayerwasunavailable.Experiment2followed
thesameproceduresasExperiment1exceptasnoted.

Participants
Participants(N=558)wererecruitedbymassemailsthroughtheuniversityregistraranddepartmental
emaillists,andbyclassroomannouncementsatthesametwolargeuniversities.Thesampleof558
participantsusedintheanalysesincluded48%females,andparticipantsrangedfrom18to44years
ofage(M=21.61,SD=4.89).Ofthe558initialparticipants,436(78%retention)completedthe
8-weekfollow-upsurvey.Intotal,204participantsplayedthesingle-playergame,and176played
themultiplayergame,with56participantswatching thecontrolvideo.Of thosewhoplayed the
multiplayerversion,69playedwithanotherhuman,and107playedwithacomputeragent(AI),or
amixofhumanandcomputeragent.

Conditions
Player Type (Single Vs. Multiplayer)
Participantsplayedeitherthesamesingle-player-JITversionofthegameusedinExperiment1,or
themultiplayer-JITversiondescribedabove.Comparisonsbetweenplayerswhoplayedwithahuman
orwiththeAIagentwerenotsignificant,thereforethetwoconditionswerecombined.Moreover,
qualitativeanalysesoftheplayer’scommentsrevealedtheywereunawaretheAIagentwasnothuman,
nordidtheynoticewhenahumanplayerwhoquitwasreplacedbytheAI.

Therewereseveralgameplaydifferencesbetweenthemultiplayerandsingleplayerversionsof
thegame:Thesingle-playergameinExperiment1hadAIagentsprovidinginformation,howeverthey
werenotinteractive,anditwascleartoparticipantsthattheywerenotmakingdecisionsorhypotheses
collaboratively.ForthemultiplayerversioninExperiment2,playerscouldrequestassistancefrom
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otherplayersoneventurns.Theplayer(oragent)receivingtherequesthadtothenprovideintelligence,
andwouldreceivepointsfordoingso,aswellasreceivefeedbackfromtheotherplayertheyhelped
basedonthetypeofinformationsubmitted.

Anotherdifferencewasinthefinalhypothesissection.Inbothversionsofthegame,players
eventuallyhavetomakeaguessabouttheperson,place,andweaponusedintheterroristattack.For
thesingle-playerversion,whenaplayersubmittedafinalhypothesisheorshegainedpointsbasedon
correctitemsandabonusfortheturninwhichitwassubmitted.Iftheplayerdidnothavesufficient
evidencetoprovethehypothesis,theywerepenalized.Forthemultiplayerversion,aplayer’sfinal
hypothesishadtobeapprovedorrejectedbytheotherplayer(orAI)theywereplayingwith.To
rejectahypothesis,aplayerhadtosubmitdisconfirmingintelligence.Ifahypothesiswasapproved,
thesubmittingplayerreceivedabonus.Ifahypothesiswasrejected,therejectingplayerreceived
pointsandthesubmittingplayerreceivedapenalty.Bothplayerssharedthefinalapprovedhypothesis,
playerssharedpointsbasedoncorrectitems.

Duration and Repetition
AsinExperiment1,playerswererandomlyassignedtothe30-or60-minutedurationcondition.The
playerswerealsorandomlyassignedtoeitherasingleplayinthelaboratory,repeated-playinthe
laboratory,ortheinstructionalvideocondition.

Measures
The same bias mitigation measures in Experiment 1 were used in Experiment 2. For NewCB,
Cronbach’salpharangedfrom.68to.91forthethreetimeperiods.FordispositionalFAE,alpha
rangedfrom.85to.93,andforsituationalFAE,itrangedfrom.77to.88.

Experiment 2 Results
Todeterminethelevelofinterdependencebetweenhuman-humandyads,weconductedaseriesof
intraclasscorrelationsbetweenindividuals’posttestbiasscoresandtheirgamingpartner’sposttest
biasscoresasrecommendedbyKenny,Kashy,andCook(2006).Resultsrevealednosignificant
correlations,indicatingparticipants’posttestbiasscoreswerenotinfluencedbytheirgamingpartner’s
scores.Thus,playerswereindependentof theirpartners,andtheassumptionof independencein
parametricstatisticaltestswasmet.

Forallanalysesreportedbelow,weconductedrepeatedmeasuresANOVA,inwhichDuration
(30vs.60-min.),Repetition(one-shotvs.repeat-play)andPlayerType(multiplayervs.single-player)
servedasbetween-subjectfactors.Tomaintaincomparabilityacrossconditions,thewithin-subjects
factor(TestPeriod)hadthreelevels:pretest,latestposttest(posttest2fortherepeatplayers,posttest
1forone-shotandvideoplayers),and8-weekPosttest.

Confirmation Bias Mitigation Results
To test theoverallCBmitigationeffectacross the testperiods,weconducteda single repeated-
measuresANOVA.TherewasasignificantmaineffectonTestPeriod,F(2,716)=20.99,p<.001,
ηp

2=.06.PairwiseBonferronicomparisonshowedthatboththelatestposttest(M=12.04,SE=
.38)and8-weeksposttest(M=12.32,SE=.37)werehigherthanthepre-testscore(M=9.70,SE
=.27),indicating,theoveralltrainingswereeffectiveinmitigatingCB,andthemitigationeffects
remainedevenaftereightweeks.

Hypothesis3positedplayingwithotherplayerswouldimprovetheeffectivenessofthetrainings
on bias mitigation, and the repeated-measures ANOVA results showed a significant interaction
betweenTestPeriodandPlayerType,F(2,716)=9.48,p<.001,ηp

2=.03.However,contraryto
ourexpectation,thesingle-playergame(M=12.61,SE=.47)wassignificantlymoreeffectivethanthe
multiplayergame(M=10.72,SE=.36)andthevideocondition(M=8.85,SE=.73).SeeFigure
3forcomparison.
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AsignificantTestPeriod×Repetitioninteraction,F(2,716)=3.08,p=.046,ηp
2=.02,was

alsofound,suggestingtherepeatcondition(M=12.16,SE=.40)tobemoreeffectivethanthesingle
playcondition(M=11.17,SE=.43),whichinturnoutperformedthevideocondition(M=8.85,
SE=.73),withnodeclineatthe8-weekPosttest.Therewasalsoasignificantthree-wayTestPeriod
×Repetition×Durationinteraction,F(2,716)=3.76,p=.024,ηp

2=.01,indicatingthe60-minute,
repeatgameconditiontobemoreeffectivethantheothergameconditions,whichinturnweremore
effectivethanthevideo,withnodrop-offfromLatestPosttestto8-weekPosttest.

FAE Scenario Mitigation Results
H3positedthemultiplayerfeedbackdesignwouldbemoreeffectivethanthesingle-playerfeedback
inFAEmitigation(i.e.reducerelianceondispositionalcuesandincreaserelianceonsituationalcues).
However,resultsshowednosignificantdifferencebetweenthesingle-player(M=6.77,SE=.17)
andthemultiplayer(M=6.75,SE=.13)conditions,northevideocondition(M=6.85,SE=.27),
F(1.92,688.28)=.21,p=.802fordispositionalcues.Therewasnosignificantinteractioneffect
betweenTestPeriodandDuration,F(1.92,688.28)=2.99,p=.053.Therewasalsonosignificant
differenceintermsofRepetition(singleplay,repeatplay,video),F(1.92,688.28)=1.10,p=.331.

Concerningsituationalcues,thegoalofthestudywastoseeifdifferentfeedbackconditions
wouldincreaseparticipants’relianceonsituationalcues.Omnibusresultsforanalysisofrelianceon
situationalcuesshowedanon-significantmaineffectforTimePeriod,F(1.82,652.77)=1.07,p=
.343.NosignificanteffectsemergedforDuration(30vs.60-min.),F(1.82,652.77)=.70,p=.486,
Repetition(single-play,repeat-play,take-home),F(1.82,652.77)=.27,p=.745,orPlayerType
(single-playervs.multiplayer),F(1.82,652.77)=1.55,p=.215.Thedatawerenotconsistentwith
H3predictingmultiplayertobemoreeffectivethansingle-player.

Experiment 2 discussion
Experiment2replicatedsomeoftheresultsfromExperiment1:Longerdurationandrepeatedplay
weremoreeffectiveinmitigatingCBthanshorterdurationandthesingle-playgame,butwerenotmore
effectiveinmitigatingFAE.ThemaingoalofExperiment2wastotestH3,positingthemultiplayer
gamewouldoutperformthesingleplayergame.However,thishypothesiswasnotsupported.Instead,

Figure 3. Single-player game vs. multiplayer game
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thesingle-playerdesignwasmoreeffectivethanthemultiplayerfeedbackdesigninmitigatingCB,
althoughnodifferenceswerepresentforFAE.Onepossibleexplanationisthatsingleplayerswere
morefocusedontheirtasks.Sinceparticipantsinthemultiplayerversionhadtowaitfortheirpartners
torespondtotheirrequests,whereasparticipantsinthesingle-playerconditiondidnot,itcouldbe
thatlesswaitingtimeforsingleplayersledtomoreengagementwiththetrainingmaterials.

GENERAL dISCUSSIoN

Thegoalofthisstudywastoexaminehowdifferentfeedbackdesignsinaseriousgamemayinfluence
theeffectivenessoftwotypesofbiasmitigation:confirmationbiasandfundamentalattributionerror.
Wealsocomparedthegametoaprofessionallyproducedinstructionalvideoasaseparateassessment
ofgamedesigneffectiveness.Sinceseriousgamescanprovidefeedbacktolearnersinawaythata
staticinstructionalvideocannot,weexpectedthegameswouldout-performthevideooverall.This
studyfurtherexaminediftimingandsourceoffeedbackwouldimprovethegame’seffectiveness.
Overall, the game performed significantly better than the video in terms of confirmation bias
mitigation,withsomecaveats.InExperiment1,wetestedwhetherthetimingoffeedbackaffected
biasmitigationeffectiveness(H1),howeverresultsshowednosignificantdifferencebetweenJITand
delayedfeedback,althoughthegamedidreduceCBinbothconditionsequallywellcomparedtothe
instructionalvideo.InExperiment2wetestedwhetherthefeedbacksourceaffectedbiasmitigation
effectiveness.Specifically,wehypothesizedfeedbackfromanotherplayerwouldbemoreeffective
thanfeedbackfromthegame.ContrarytoHypothesis3,theresultsshowedsingleplayerfeedback
wassignificantlymoreeffective inmitigatingCB than themultiplayer feedbackdesign;perhaps
becauseplayersinthemultiplayerconditionhadtowaitfortheirpartnerstorespond,thuswereless
engagedinthecontent,andmayhavebeendistractedbytheinteraction.

Inbothexperiments,wetestedwhether longerdurationofgameplayandrepeatedgameplay
improveditseffectivenessinH2aandH2b.Theresultsweremostlyconsistent.Thegamewasmost
effectivewhenplayedfora longerduration,andwithrepeatedplay.Oneof theaffordancesofa
seriousgameoveratraditionallecturevideoistheformer’sabilitytoengageplayersforalonger
duration,aswellasitspotentialforrepeatplay.Throughlongerdurationandrepeatedengagement,
playerscanexperimentwithdifferentsolutionsandobservetheoutcomes,therebypracticingtheir
decision-makingskillsrepeatedlywhilelearningtominimizetheirbiases.

CoNCLUSIoN

Althoughfeedbackisgenerallyconsideredbeneficialforlearning,ourexperimentstestedwhether
thetimingandthesourceofthefeedbackcouldaffectitsefficacy.Overall,thevariousgameversions
weremoreeffectiveinreducingbiasthanthetrainingvideo.Thetimingofthefeedback—whether
justintimeordelayed—appearedtoplaylittleroleinimprovingbiasmitigation.However,thesingle-
playerversionshowedgreaterCBmitigationrelativetothemulti-playerversion.Thissuggeststhat
incomplexgameswithsteeplearningcurves,likeMACBETH,providingadditionalplayingtime,
especiallyintheformofrepeatedlearningsessions,appearstohaveagreatereffectonlearningthan
addingplayers,oradjustingthesystemoffeedback.
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