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ABSTRACT

Thisarticledescribeshowstudiesintheareaofdecision-makingsuggestcleardifferencesinbehavioral
responsestohumansversuscomputers.Thecurrentobjectivewastoinvestigatedecision-makingin
aneconomicgameplayedonlywithcomputerpartners.InExperiment1,participantswereengagedin
theultimatumgamewithcomputeragentsandregularcomputerswhiletheirphysiologicalresponses
wererecorded.InExperiment2,anidenticalsetupofthegamewasused,buttheethnicityofthe
computeragentswasmanipulated.Asexpected,almostallequitablemonetarysplitsofferedbythe
computerwereaccepted.Theacceptanceratesgraduallydecreasedwhenthesplitsbecamelessfair.
Althoughtheobtainedbehavioralpatternimpliedareactiontoviolationoftheruleoffairnessbythe
computerinthegame,noevidencewasfoundforparticipants’correspondingemotionalinvolvement.
Thefindingscontributetothebodyofresearchonhuman-computerinteractionandsuggestthatsocial
effectsofcomputerscanbeattenuated.
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INTRodUCTIoN

Humanshaveanaturaltendencytoperceivenon-humanandnon-livingentitiesintermsofhuman
qualities–theyreadilyattributethepowertoactortointentionallybehaveinacertainwaytoanimals,
naturalforces,gods,andtechnologicalgadgets,andthuscreatehuman-likeagentsinthesurrounding
environment(Waytz,Epley,&Cacioppo,2010).Oneofthemostscrutinizedinanimatesocialactors
is thecomputer. In thiscontext, experiments that investigated themechanismsofhuman-human
interactions(HHI)weresystematicallyadaptedtothestudyofhuman-computerinteractions(HCI).
Substitutingparticipants’interactionpartnerwitharegularcomputer,itwasshownthatpeopleadhere
topolitenessnormswhentheyrespondtocomputers,applygenderstereotypes,andtakepartinmutual
self-disclosure(e.g,Nass,Moon,&Carney,1999;Nass,Moon,&Green,1997).Theterm“media
equation”wascoinedtorefertotheseeffects(Reeves&Nass,1996).Invokingtheethopoeiaapproach,
theywereexplained tooccurdue to themindlessnessof thecomputeruserswhounconsciously
implementaccessiblebehavioralscriptssuitedforsocialexchangeinsettingsthatinvolvecomputers,
eventhoughsocialcuesinsuchsettingsaresometimesminimal(Nass&Moon,2000).

Computerswithanthropomorphiccharactersasinterfaceshavebeendemonstratedtoinstantly
evokereactionsnormallyreservedforhumans(Yee,Bailenson,&Rickertsen,2007).However,itis
especiallytheplausibilityofthecharacters’behaviorthatproducesenoughsocialcuestoengender
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interpersonaldynamics(Tinwell,Grimshaw,Nabi,&Williams,2011).Behavioralrealismandagency
aretwocrucialfactorsresponsibleforthemeaningfulnessofHCIwithintheThresholdModelof
SocialInfluence,analternativetotheethopoeiaapproach(Blascovichetal.,2002).Behavioralrealism
denotestheextenttowhichthecomputer-generatedcharactersactinamannerconsistentwiththe
user’sexpectationsshapedthroughoutsocialization,somainlyineverydayface-to-faceinteractions.It
iseventhoughttobemoreessentialthananthropomorphicappearanceitself,whichprimarilyserves
toaidperceptionofgivenbehaviors.Agencyreferstowhetherartificialcharactersareperceivedto
accuratelydepictrealpeopleinrealtime.

Howagencyaffordedbyavatars(virtualpersonificationsoftheusersoperatinginrealtime)
andagents(virtualcharactersdrivenbyacomputeralgorithm)influencespeople’sresponsesinHCI
remainsunclear.Ethopoeiapresumesthatifavatarsandagentsexhibitenoughsocialcues,theywill
elicitcomparablesocialresponses.Thisisparalleltohowpeoplewouldbeexpectedtorespondto
regularcomputers,asdemonstratedbyresearchdescribedearlier.Conversely,theThresholdModel
ofSocialInfluencepredictsthatsinceavatarsrepresentrealhumans,theirperceivedagencyisalways
greater.Hence, their social impact shouldbemorepronounced incomparison to theagents.An
interestinglineofresearchthataccommodatedtheversatilecomparisonofreactionstoavatarsand
agentsontheonehandandtohumansandregularcomputersontheotherwasfoundedonasimple
socialdecision-makingparadigmfrequentlyusedinpsychologicalexperiments–theultimatumgame.

Typically,theultimatumgameengagestwoplayers,calledtheproposerandtheresponder.They
haveanamountofmoneytosplitbetweenthemselves.Theproposeroffersacertainamounttothe
responderandtheresponder’staskistoeitheracceptorrejectit.Iftheofferisaccepted,themoney
isdistributedasdeterminedbytheproposer.Ifitisrejected,neitheroftheplayersgetsthemoney.
Fromthestandardeconomicdecision-makingpointofview,theproposershouldofferthesmallest
possibleamountandtherespondershouldalwaysacceptit.Insuchascenario,theplayerswould
taketheonlyrationalcourseofaction–theywouldmakedecisionstoboosttheirmonetarygains
(Becker,2013).Nevertheless,itappearsthatproposersareinclinedtosplitthemoneyfairlyandoffer
respondentsapproximately50%oftheamountattheirdisposal.Respondentsfrequentlyrefuselower
offersandtherejectionratesgrowastheoffersbecomelessfair(Nowak,Page,&Sigmund,2000).

Unfairofferselicitangeranddisgustintherespondents–emotionsthatariseinreactiontothe
perceivedviolationsofsocialrules(e.g.,Chapman,Kim,Susskind,&Anderson,2009).Rejection
oftheunfairofferisthemeanstopunishtheproposerforthesocialtransgressionandpeopletend
tochoosepunishmenteventhoughitispairedwithlackoffinancialgainsforthemaswell(Fehr
&Gächter,2002).Emotionalcomponentsofdecisionsconcerningunjustoffershavebeentackled
furtherinstudiesthatincorporatedphysiologicalmeasurements.Elevatedelectrodermalresponse
(activityofsweatglandsintheskin)mayindicateemotionalarousalandpersonalimplication,and
accompaniesbothreceptionandrefusalofunfairoffers(van’tWout,Kahn,Sanfey,&Aleman,2006).
ActivationoffacialmusclesatthesiteofCorrugator Supercilii(themuscleresponsiblefordrawing
theeyebrowstothemiddleanddownward)hasbeenlinkedtoexpressionsofnegativeaffect(visible
asfrowning),andtogetherwiththeactivationatothermusclesiteshasbeenassociatedrespectively
withanger(Cannon,Schnall,&White,2011)anddisgust(Krumhuber,Tsankova,&Kappas,2016).

Notably,thefull-fledgedbehavioralandemotionalreactionstakeplaceparticularlywhenpeople
believetoplaythegameagainstanotherperson.Unfairsplitsgeneratedbyacomputerareaccepted
morewillingly(Sanfey,Rilling,Aronson,Nystrom,&Cohen,2003).Ethopoeiaeffectsintasksthat
directlycompareresponsestocomputerswithresponsestohumansaretherebyattenuated–theoverall
magnitudeofsocio-affectivereactionstocomputersdiminishes.Inaniterationofadecision-making
dilemmawithavatarsandagents,thepatternsofparticipants’behavioralresponseswereanalogousto
theresponsestohumansandregularcomputersfoundinpriorresearch(deMelo,Gratch,&Carnevale,
2013).Thiswasinterpretedasevidenceinsupportoftheimportanceoftheagencycomponentin
HCI.However,theresponsestoavatarsseemedtobeaddressedtotheindividualsbehindthemand
responsestoagentswerereallydirectedatanobject.Whatwouldhappenifhumanpartnerswere
removedfromthisequation?
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oVeRVIew oF THe PReSeNT ReSeARCH

Theoverarchingaimofthecurrentresearchwastoexaminebehavioralandemotionalresponsesin
theultimatumgameplayedexclusivelywithcomputerproposers.Thereweretwotypesofcomputer
proposersthatvariedwithregardtothedegreeoftheiranthropomorphicappearance.Specifically,
theproposerswererepresentedeitherbyphotosofartificially-lookingfacesandlabeledas“agents”
(highlyanthropomorphicappearance)orbyphotosofa regularcomputer (non-anthropomorphic
appearance). Involvementofotherpeople in theultimatumgamewasnot implied; in fact,allof
theoffersweredeliveredbythesamesoftware.Researchparticipantswereassignedtheroleofthe
responderinthegame.

BasedonethopoeiaandontheThresholdModelofSocialInfluence,twodivergenthypotheses
pertainingtothebehavioralresponsesinthegamewereformulated.First,asassertedbyethopoeia,
participantswereexpectedtorespondinanentirelysocialmannertobothtypesoftheproposers
sincebothcomputeragentsandregularcomputersengagedtheminthesamesocialtaskandthereby
contributedsocialcues.Unfairoffersshouldappearasviolationofsocialnormsandconsequently,
bothtypesofproposersshouldbealikepunishedbytheresponderswitharejection.However,itis
worthemphasizingthatanthropomorphicappearanceoftheagentsactuallyprovidedmoresocialcues
thannon-anthropomorphicappearanceofaregularcomputer.Hence,responsestotheformershould
bemoresocial.Second,accordingtotheThresholdModelofSocialInfluence,participants’social
responsesmightbeoverallunderminedbecausetheagencyofbothtypesoftheproposerswaslow
(thatis,noneofthemrepresentedarealhumanbeing).Participantsshouldbethusreadytoaccept
unfairofferstomaximizetheirownfinancialgains.Anthropomorphicappearanceneednotplaya
roleasitisbehavioralrealismthatproducesthemostsalientsocialcues.

Physiological measures could be useful to further determine the nature of responses to the
proposers.Inlinewithpreviousfindings,unfairoffersfromthecomputeragentswereexpectedto
beassociatedwithincreasedactivityoftheCorrugator SuperciliiandLevator Labiifacialmuscles
(associatedwith expressionsof anger anddisgust) aswell aswithheightened skin conductance
responses(SCR),whichreflectsmorepronouncedemotionalengagementinthegameandindicates
amoresocialresponsetotheagentsincomparisontoaregularcomputer.Thiswouldsuggestthat
agencyisnotcrucialforpeopletoacceptobjectsaslegitimatesocialpartners.Alternatively,ifthe
agentsweretreatedsimilarlytothecomputer,nochangesintheactivityoffacialmusclesandskin
responseswouldoccurafterreceivingunfairoffersfromthetwotypesofproposers.Thisinturn
wouldsupporttheclaimthatentitiesoflowagencyarenotrecognizedaspropersocialpartnersin
aninteraction.

Thepresentsetting,inwhichresearchparticipantsplayedwithmultipleagentsandoneregular
computer,correspondedtotheearliersetupsofthegameemployedinvariousstudies,playedwith
differenthumansandasinglecomputer(Sanfeyetal.,2003).Ithasbeentherebyestablishedthat
reactionstounfairoffersfromhumans,butnotfromthecomputer,werecharacterizedbyelevated
electrodermalactivation(van’tWoutetal.,2006).Nevertheless,withanewhumanproposerineach
roundofthegameandrepetitivepresentationofthesamecomputer,previousresearchmighthave
demonstratedanevaluativeresponsetonovelty,asthisphysiologicalmeasureislinkedtoitaswell
(seeBradley,Lang,&Cuthbert,1993).Inordertoaddressthisprobableshortcoming,anindependent
groupofparticipantswasengagedinaversionoftheultimatumgameplayedwithmultipleagents
andmultipleregularcomputers.

eXPeRIMeNT 1

Themainpurposeofthefirstexperimentwastocompareparticipants’behavioralandemotional
responsestocomputeragentsversusaregularcomputerintheultimatumgame.Additionally,another
groupofparticipantsplayedtheultimatumgamewithcomputeragentsandmanyregularcomputers.
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Method
Participants.52students(16men),ranginginagefrom18to25years(M=19.79,SD=1.26),at
JacobsUniversityBremen,Germany,participated in this studyon avoluntarybasis.Theywere
recruitedviae-mailandreceived10%oftheamountearnedintheultimatumgameandapartial
coursecreditascompensation.AllparticipantswereCaucasianandproficientEnglishlanguageusers.
Dataoffourparticipantswereexcludedfromtheanalyses(oneduetocomputermalfunction,three
reportedextensiveknowledgeoftheultimatumgameinthedebriefingsession).Thefinalsample
comprised48participants.

Materials. Imagesof theproposersdepicted10 facesofCaucasianmalesobtained from the
CenterforVitalLongevityFaceDatabase(Minear&Park,2004)and11computers,10ofwhich
wereretrievedfromtheInternetandonewasaphotographofalaboratorycomputer(seeFigure1).
ThefacesweremodifiedinPhotoshop(CS3-ME,AdobeSystemsInc.,2007)torenderthemartificial
(seeKrumhuber,Swiderska,Tsankova,Kamble,&Kappas,2015).Theimagesoffacesandofthe
laboratorycomputermeasured473x586pixelsandweredisplayedvertically.Therestoftheimages
ofcomputersincludedmonitorsandotherpiecesofequipment(e.g.,keyboards,mice),measured
660x586pixels,andweredisplayedhorizontally.

Procedure. Participants played 20 rounds of the ultimatum game, always in the role of the
responder.In10rounds,theproposerswerecomputeragents,representedby10picturesofartificial
faces.Inanother10rounds,theproposerwasaregularcomputer,representedbyasinglepictureof
alaboratorycomputerinoneversionofthegame,orby10picturesofdifferentcomputersinthe
additionalsetup.Theversionsdifferedonlywithrespecttowhethertheproposerinthecomputer
roundswassymbolizedbyalwaysthesamecomputerorbyadifferentcomputerineverytrial.

Computerandagentroundswerepresentedrandomly.Eachtime,theamountof10€wasdivided.
Ineach10roundsofthegame,theproposers’offerswerefairthreetimes(5/5),andunfair7times
(once6/4,threetimes7/3,twice8/2,once9/1).Theroundsbegunwithafixationpointpresentedfor

Figure 1. Examples of stimuli used as visual representations of the two types of proposers in Experiment 1: A facial image 
representing one of the computer “agents” and a regular computer
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avaryingintervalof3,6,or9seconds.Next,apictureofaproposerwasdisplayedfor6seconds,
followedbyanoffer,displayedfor6secondsaswell,andlastly,adecisionphasewithnotimelimit.
Participants’taskwastoeitheracceptorrejecttheoffers(seeFigure2).

Apparatus and Physiological Recordings
Participantswere tested individually.Theywereseated ina recliningchair inadimly lit sound-
absorbentboothinfrontofacomputermonitor,onwhichtheexperimentaltaskwasdeliveredby
MediaLabsoftware(V.2010,EmpirisoftCo.,NYC,USA).Activityoffacialmuscleswasrecorded
withthreepairsof11mmAg/AgCl(DM-Davis)miniaturesurfaceelectrodesattachedatthesitesof
Corrugator Supercili(associatedwithexpressionsofnegativeaffect,e.g.,frowninginanger),Levator 
Labii(associatedwiththeexpressionofdisgust),andadditionally,Zygomaticus Major(astheactivity
ofthismuscleisassociatedwiththeexpressionofpositiveaffect–smiling,itwasmeasuredherefor
thepurposeofcomparisonwithnegativeaffectmeasures).One20mmAg/AgClelectrodeserved
asagroundreference.TheplacementoftheelectrodesadheredtotheguidelinesbyFridlundand
Cacioppo(1986).Electrodermalactivitywasrecordedwithapairof8mmAg/AgClelectrodesattached
tothedistalphalangesoftheindexandmiddlefingerofthenon-dominanthand,asrecommended
byBoucseinandcolleagues(2012).DatawereacquiredviaMPR-150BIOPACsystemwiththree
EMG-modulesandoneGSR-module,workingwithAcqKnowledge(V.4.1;BIOPAC Systems Inc.)
software,andfilteredthrougha50Hznotchfiltertoreduceelectricalnoise.

Figure 2. Schematic representation of a single round of the ultimatum game in Experiment 1
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Results
Behavioralresponses.Percentagesofacceptedofferscomingfromtheagentsandtheregularcomputer
areshowninFigure3.Totestwhethertheacceptanceratesdiffereddependingonthetypeofthe
proposerandthetypeoftheoffer,arepeated-measuresanalysisofvariance(ANOVA)wasconducted
withProposer(Agents,SingleComputer)andOffer(5/5,6/4,7/3,8/2,9/1)aswithin-subjectsfactors.
ThemaineffectofProposerwassignificant,F(1,23)=7.32,p=.013,ηp

2=.24.Themaineffectof
Offerwasalsosignificant,F(4,20)=27.73,p<.001,ηp

2=.85.However,theinteractionbetween
ProposerandOfferdidnotreachsignificance(p>.05).

Pairwise comparisons revealed that participants were more likely to accept offers from the
computerthantheagents(M=.62vs.M=.52,respectively).Furthermore,acceptanceratesdecreased
withloweroffers,withsignificantdifferencesoccurringbetweenoffers7/3,8/2,and9/1(ps<.05)
andbetweenthefairandleastunfairoffers(5/5and6/6)andtheotherthreetypesofunfairoffers
(ps<.05).

Fortheversionoftheultimatumgameplayedwithagentsandmultiplecomputers,arepeated-
measuresANOVAwithProposer(Agents,DifferentComputers)andOffer(5/5,6/4,7/3,8/2,9/1)
aswithin-subjectsfactorswasconducted.ThemaineffectofProposerandtheinteractionbetween
ProposerandOfferturnedouttobenon-significant(p>.05).ThemaineffectofOfferwasagain
significant,F(1,23)=27.48,p<.001,ηp

2=.85,showingthattheacceptanceratessignificantly
differedbetweenthefairandleastunfairoffersandotherunfairoffers(ps<.05).

Physiologicalresponses.TheactivitiesofCorrugator Supercilii,Levator Labii,andZygomaticus 
MajoraswellasSkinConductanceResponses(SCR)werecalculatedseparatelyforthetwotypes
ofeventsintheultimatumgame:a)whentheoffersweremadebythecomputeragentsorregular
computer,b)whentheparticipantmadetheaccept/rejectdecision.ANOVAswereconductedonfour

Figure 3. Percentages of accepted offers in the ultimatum game played with 10 different agents and a single computer in Experiment 1
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measures(activitiesofCorrugator Supercilii,Levator Labii,Zygomaticus Major,andSCR)foreach
ofthe5typesofoffers.

Resultsrevealedsignificantdifferencesinthecontextofthegameplayedwithagentsversus
asinglecomputer.ThemaineffectofProposerwassignificantforLevatorduringpresentationof
Offer6/4,F(1,23)=5.43,p=.029,ηp

2=.19,andOffer9/1,F(1,23)=6.86,p=.015,ηp
2=.23.

Specifically,activityoftheLevatormuscle(involvedindisgustexpressions)washigherwhenOffer
6/4camefromthecomputerthantheagents(M=.63vs.M=.31,respectively).Thereversewastrue
forOffer9/1(M=.11vs.M=.40;seeFigure4A).ForZygomaticus,themaineffectofProposerwas
significantagainforOffer6/4,F(1,23)=4.48,p=.045,ηp

2=.16,andOffer7/3,F(1,23)=5.80,p
=.024,ηp

2=.20.ActivityofZygomaticus(involvedinsmiling)washigherwhenbothOffer6/4and
Offer7/3camefromthecomputerthanwhenitcamefromtheagents(M=.09vs.M=-.10andM
=.05vs.M=-.10;seeFigure4B).Nosignificantresultsemergedduringpresentationofoffersin
thesetupofthegameplayedwithagentsversusmultiplecomputers.

Consideringphysiologicalactivityduringtheaccept/rejectdecisionphaseofthegameplayed
withagentsandasinglecomputer,theonlysignificanteffectoccurredforOffer8/2,F(1,14)=6.87,
p=.02,ηp

2=.33,wherebySCRwashigherinreactiontotheagentsthanthecomputer(M=.33
vs.M=-1.08,respectively;seeFigure4C).Inthecaseofthegameplayedwithagentsandmultiple
computers,asignificanteffectoccurredforOffer6/4,F(1,20)=5.67,p=.027,ηp

2=.22,whenthe
activityofZygomaticuswasgreaterwhilerespondingtotheofferfromagentsthancomputers(M=
-.12vs.M=-.32).Thissingularresultdidnotallowfordrawinganyfirmconclusionsandwillnot
bediscussedanyfurther.

discussion
Inlinewithpreviousresearchthatemployedtheultimatumgame,almostallfairofferswereaccepted.
Astheoffersbecamelessfair,theacceptanceratesdecreasedforboththeoffersgeneratedbytheagents
andtheregularcomputer.Theunfairoffersmadebytheagentswereacceptedlessoftencomparedto
theunfairoffersfromtheregularcomputer.Therefore,onthebehaviorallevel,participantsseemedto
differentiatebetweenthetwotypesoftheproposers.Analysesofdataobtainedfromtherecordings
ofparticipants’physiologicalactivityyieldedhighlyinconsistentresults,whichdidnotallowusto
ascertainthepatternofphysiologicalchangesdependentonthetypeoftheproposerortheoffer.In
theadditionalsetupoftheultimatumgameplayedwithagentsandmultiplecomputers,thebehavioral
differencesdependingonthetypeoftheproposervanished,suggestingthatcertainoutcomesofthe
gamemightbeduetoaclearcontrastbetweenponderingoffersfromdistinctproposersandrepetitively
fromthesameproposer.

Groupmembershipisanotherfactorshowntoexertcomplexinfluenceontheprocessofeconomic
decisionmaking.Forexample,whenpeoplecanchoosehowtodistributetheavailableresources,they
dividethemfairlybetweenin-groupandout-group,butwhentheyareconfrontedwithpredetermined
allotments, they favor the in-group (Mullen,Brown,&Smith,1992).When thedecisions entail
personalcosts,asintheultimatumgame,peoplebecomelessequitableandlessrational(Kubota,Li,
Bar-David,Banaji,&Phelps,2013).Thatis,attheexpenseofprospectiveearnings,theygenerally
rejectunfairoffersandfurtherdiscriminatebasedonraceoftheproposers,beingmorepronetoreject
offersfromBlackscomparedtoWhites(Kubotaetal.,2013).InExperiment1,allparticipantswere
CaucasianandtheywereexposedtocomputeragentssymbolizedbyCaucasianfaces.Thefaceswere
thuspresumedtofunctionasarepresentationofparticipants’in-group.Althoughcomparedtothe
regularcomputers,unfairsplitsproposedbytheagentswerethendismissedmorefrequently,thiseffect
warrantsfurtherscrutiny.InthefollowingExperiment2,theCaucasianfaceswerereplacedbySouth
Asianfaces,whichweretorepresentanout-grouptoparticipantsdrawnagainfromCaucasianstudents.
Theexperiment’sobjectivewastotestwhethersuchmanipulationwouldstrengthenparticipants’
reactionstotheagentsandincreasetheratesofrejectionsofdifferentunfairoffers,paralleltowhat
couldbepredictedfortheultimatumgameplayedwithhumanout-groupmembers.
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eXPeRIMeNT 2

Thepurposeof thisexperimentwastoexploretheimpactofgroupmembershiponparticipants’
decisionsintheultimatumgame,playedwithcomputeragentsthatembodiedethnicout-groupand
regularcomputers.

Method
Participants.21students(9men),ranginginagefrom18to22years(M=19.90,SD=1.18),at
JacobsUniversityBremen,Germany,participatedintheexperimentonavoluntarybasis.Theywere
recruitedviae-mailandreceived10%oftheamountearnedintheultimatumgameandacourse
creditascompensation.AllparticipantswereCaucasianandfluentinEnglish.

Figure 4. Mean difference scores of Levator Labii (A) and Zygomaticus Major (B) muscles’ activities, and SCR (C) to the presentation 
of the offers and response phases of the ultimatum game played with the agents and a single computer in Experiment 1. The 
difference scores were calculated relative to 150-second baseline preceding the game. Error bars denote +SE. The marked 
differences are significant at *p < .05
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Materials.Imagesoftheproposersincluded10facesofSouthAsian(Indian)malesobtained
fromtheCenterforVitalLongevityFaceDatabase(Minear&Park,2004)andonephotographofa
laboratorycomputer.AsinExperiment1,thefacesweremodifiedinPhotoshop(CS3-ME,Adobe
SystemsInc.,2007)inordertomakethemappearartificial.TheimagesofSouthAsianfacesandof
thelaboratorycomputer(sameasinExperiment1)measured473x586pixelsandweredisplayed
verticallyonablackscreen.

Procedure.TheprocedurecloselyfollowedthatemployedinExperiment1inthesetupofthe
gameplayedwithcomputeragentsandasingleregularcomputer.Participantsweretoeitheraccept
orrejectofferscomingin10trialsfromagents,representedbyimagesof10differentSouthAsian
faces,andinanother10trials,fromacomputer,representedbyapictureofalaboratorycomputer.
TheofferswerethesameasinExperiment1.Physiologicalactivitywasnotrecorded.

Results
Percentages of accepted offers in the current experiment are displayed in Figure 5. A repeated-
measuresANOVAwasconductedwithProposer(Agents,SingleComputer)andOffer(5/5,6/4,7/3,
8/2,9/1)asthetwowithin-subjectsfactors.Themaineffectsweresignificant,bothforProposer,F(1,
20)=6.99,p=.016,ηp

2=.26,andOffer,F(4,17)=25.23,p<.001,ηp
2=.86.Thesemaineffects

werequalifiedbyasignificantinteraction,F(4,17)=4.42,p=.012,ηp
2=.51.Overall,participants

acceptedOffers7/3and9/1moreoftenwhentheycamefromaregularcomputer(M7/3=.65and
M9/1=.29)thanfromcomputeragents(M7/3=.51andM9/1=.10;ps<.05).

DatafromExperiment2werecomparedwiththosefromExperiment1(versionwithasingle
computer)totestfortheeffectoftheagents’Ethnicity(Caucasian,SouthAsian)onparticipants’
decisions.Arepeated-measuresANOVAwithOfferaswithin-subjectsfactorandEthnicityasbetween-
subjectsfactorshowedthatthemaineffectofEthnicitywasnotsignificant(p>.05).

discussion
ThebehavioralresultsadheredtothepatternobtainedinExperiment1inthattheunjustsplitswere
acceptedlessoftenwhenproposedbytheagentscomparedtotheregularcomputer.Contrarytothe
hypothesis,ethnicityoftheagentsdidnotinducedefinitivechangesinparticipants’decisionsinthe
game.

CoNCLUSIoN

Priorresearchhasfoundpeopletoconsistentlyarriveatdifferentdecisionswithregardtothesame
monetaryincentivesofferedbyanotherhumancomparedtoacomputer.Thelatteraremorelikely
tobeacceptedevenwhentheyareunfair.Thepresentresearchfocusedontheinvestigationofthe
behavioralandemotionalcomponentsof reactions tocomputers in thecontextof theultimatum
game.Unlikeintheearlierstudies,participants’choiceswerenotcontrastedwiththeirreactionsto
humanpartners.Byavoidingthepotentialconfoundofaninteractionwithbothanotherhumanand
anobject,themagnitudeofsocialresponsestocomputerswasexplored.Onthebehaviorallevel,
inExperiments1and2almostallfairandtheleastunfairsplitswereaccepted.Asexpected,the
acceptanceratesdeclinedasthesplitsbecamemoreunequalandtheyvariedasafunctionofthe
partner’santhropomorphicappearance.Unfairoffersfromnon-anthropomorphic,regularcomputer
wereacceptedmoreoftenthantheoffersfromhighlyanthropomorphiccomputeragents.Ingeneral,
bothtypesofcomputers’representationselicitedsocialresponsesanalogoustoresponsestohumansin
thatparticipantsseemedtohaveperceivedtheunjustbehaviorsintermsofatransgression,forwhich
thecomputerdeservedasymbolicpunishment.Thisphenomenonwasstrongerforthecomputers
representedbyfacialimages.

InExperiment1,participants’physiologicalresponsesdidnotfluctuateconsistentlydepending
onthetypeoftheproposerinthegameorthepresentedoffer.Lackofevidencefortheexpected
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emotionalreactionstotheunfairnessofthecomputerindicatesthatitsroleasasocialpartnerwas
limitedtohowitshapedtherelevantbehaviors.Furtherdemonstrationofthediminishedsocialfunction
ofthecomputerwastheabsenceofthepredictedinfluenceofthecomputeragentsthatembodiedan
ethnicout-grouptoparticipantsinExperiment2.Theethnicityofthecomputer,similarlysymbolized
byfaces,hasbeenpreviouslyshowntohaveastrongeffectonparticipantsinthehuman-computer
interaction, just likeanactualhuman inahuman-human interaction.However, this concerneda
slightlydifferentevaluation task thatdidnotdirectlyaffectparticipants’ownoutcomes(Nass&
Moon,2000).Althoughthepropositionofaninequitablesplitintheultimatumgamewasaninstance
ofaviolationofsocialnorms,tangibleintermsoffinanciallosses,andpeoplearetypicallymore
receptiveoftransgressionsbyout-groupmembers(Valdesolo&DeSteno,2007),reactionstothe
out-groupcomputeragentsappearednottobeclearlymorenegativethantothein-groupagents.

These results may be interpreted in support of the ethopoeia approach. Ethopoeia puts an
emphasisonthemindlessexecutionoffamiliarbehavioralscripts,attributedinturntoautomatic
cognitiveprocessingthatdoesnotreachconsciousawareness.Itarguesthatevenminimalsocialcues
providedbyacomputeraresufficientforittotemporarilybecomeafellowhumanandthevirtual
worldtobecomerealtoparticipants(Reeves&Nass,1996).Themorehuman-likecharacteristicsthe
computermanifests,themorepronounceditssocialimpactis(Nass&Moon,2000).Nonetheless,
therealizationofbehavioralscriptsalonecannotfullyexplaindecisionstorejectconcreteoffersin
theultimatumgame.Thesederivefromnegativeemotions(e.g.,anger,aswellaswoundedpride
andspite;Straub&Murnighan,1995).Inthecurrentsetting,theemotionalreactionsmighthave
beentoosubtletocapture.

Althoughhumangamepartnerswereexcludedfromtheinteraction,withthefocusofthepresent
researchontheinteractionwithobjects,inclusionofhighlyrealisticartificialfacestorepresenta
proposerstillconstitutedastarkcontrast toaregularcomputerasproposer.Futurestudiescould

Figure 5. Percentages of accepted offers in Experiment 2. Marked differences are significant at *p < .05
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addressthisissuebyimprovingthestimulusmaterial.Forexample,thefacesmaybeshowntogether
withabackgroundaspartofaninterfacedisplayedonamonitortoreinforcetheideathattheyare
computer-basedentities.Inaddition,thefacescouldbeanimatedtodisplayemotionalexpressions
dependentonparticipants’ responses (deMeloetal.,2013).Thiswouldserveasanother strong
socialcuemorelikelytoelicitemotionalresponses,whichwereverylimitedinthepresentcontext.
Moreover, thecomputer’s subsequentofferscouldbecontingentonparticipants’decisions (e.g.,
increasingwhenprecededbyarejectionofalowoffer).Thecomputercouldalsotakeontherole
oftheresponderwithparticipantsactingasproposers(Nouri&Traum,2013).Ifparticipantswould
offerthecomputerfairoralmostfairmonetarysplits,thiswouldbeevidenceforasocialinteraction
withanobjectcomingabout.

Theadvancementofethopoeiaapproachesandtheresearchitinspiredhavereflectedasteady
improvementinthequalityofHCI,partlybecauseregularcomputerswithtextoraudiooutputevolved
intomachinesthatincorporateanthropomorphicinterfaces(Reeves&Nass,1996).TheThreshold
Model of Social Influence contributed to better understanding of interactions with avatars and
agents(e.g.,VonderPütten,Krämer,Gratch,&Kang,2010).Anessentialcommonalityofthetwo
approachesisthattheyseektoelucidatetheinterplayofpeopleandavarietyofcomputer-generated
entities.Indoingso,theytendtocenteronhuman-likeappearanceandbehavior,whichaugment
socialcuesandareseenasadvantageousforHCIbymakingitmorenaturalandintuitive,andakinto
HHI(Breazeal,2002).Whilethecomputersbegantofulfillrolesoncereservedforhumans(Küster,
Krumhuber,&Kappas,2014),therangeoftheusers’responsesexpandedfrommainlytask-oriented
toemotionalengagement.Someapplications(e.g.,educationalprograms)actuallyrequiretheuser
tobeemotionallyinvolvedfortheinterventiontobesuccessful.Moreover,emotionsareassociated
withreactionstomoralviolations,asintheultimatumgame,andthisopensupthepossibilityforthe
computertobecomeapartnerwithmoralobligations.Takentogether,itseemsthatethopoeiaandthe
ThresholdModelofSocialInfluencemaynotcoveralloftheintricaciesoftheHCI.
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