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Abstract

Overconfidence is sometimes assumed to be a human universal, but there remains a dearth

of data systematically measuring overconfidence across populations and contexts. More-

over, cross-cultural experiments often fail to distinguish between placement and precision

and worse still, often compare population-mean placement estimates rather than individual

performance subtracted from placement. Here we introduce a procedure for concurrently

capturing both placement and precision at an individual level based on individual perfor-

mance: The Elicitation of Genuine Overconfidence (EGO) procedure. We conducted experi-

ments using the EGO procedure, manipulating domain, task knowledge, and incentives

across four populationsÐJa panese, Hong Kong Chinese, Euro Canadians, and East Asian

Canadians. We find that previous measures of population-level overconfidence may have

been misleading; rather than universal, overconfidence is highly context dependent. Our

results reveal cross-cultural differences in sensitivity to incentives and differences in over-

confidence strategies, with underconfidence, accuracy, and overconfidence. Comparing

sexes, we find inconsistent results for overplacement, but that males are consistently more

confident in their placement. These findings have implications for our understanding of the

adaptive value of overconfidence and its role in explaining population-level and individual-

level differences in economic and psychological behavior.
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Introduction
Overconfidencehasbeendescribedasªoneof themostconsistent,powerfulandwidespread
(psychologicalbiases)º[1], with ªno problem.. . moreprevalentandmorepotentiallycata-
strophicº[2]. OverconfidentCEOsmakepoorerinvestmentandmergerdecisions[3, 4], over-
confidenttradersincreasetradevolumeandleadmarketsto underreactto relevantinformation
andoverreactto anecdotalinformation [5], overconfidentleadersaremorelikely to goto war
evenwhentheoddsarestackedagainstthem[6], andoverconfidentpeoplearemorelikely to
startabusiness,eventhoughmostbusinessesfail [7]. On theotherhand,overconfidentpeople
takeon moreambitiousprojects,persistin thefaceof adversity[8], andhavebettermentaland
physicalhealth[9, 10].Regardlessof whetheroverconfidencehasanetbenefitor cost,thecom-
mon assumptionunderlyingall theseclaimsis thatalthoughthereexistindividual differences
andperhapsdifferencesbydomain,overconfidence,at leaston average,isuniversal.

Illustratingthisassumption,JohnsonandFowler[1] publishedamodelof theevolutionof
overconfidence.Despitethefactthat two equilibriaemergedundermostconditionsin the
modelÐfor eitherunderconfidenceor overconfidence,dependingon theratio of benefitsto
costsÐJohnsonandFowlerspeculatedthathumansmayhavefacedasufficientlyhighbenefit
to costratio overthecourseof humanhistory,suchthatoverconfidencehasbecomeagenetic
predisposition.

Researchersin thepsychologicalandtheeconomicscienceshavebeenstudyingoverconfi-
dencesomewhatindependently,oftennot citing work in theothers'discipline.In psychology,
researchon thecognitivebiasesunderlyingoverconfidencegoesbackto at leasttheearly
1960s[11], continuingthroughthework of researcherssuchasFrankYatesandGeorge
Wright [12±15].A separatebut overlappingbodyof psychologicalresearchfocusedon the
motivationalaspectsof overconfidence.Thismotivationalbias,referredto asself-enhance-
ment±thebiastowardviewingtheselfpositively±hasits rootsin earlyresearchon theselfand
self-esteem[10,16,17].More recently,economistshavebeendrawingon andextendingthe
earlypsychologicalwork on thecognitivebiasesunderlyingoverconfidence,but havelargely
ignoredthisparallelresearchon self-enhancementandmotivationalbiasesunderlying
overconfidence.

Ratherthanuniversal,thebroadbodyof researchon this topicsuggeststhatoverconfidence
ishighlyvariable,varyingbyage[18], sex[18±23],population[12±15,17,24±26],domaincon-
tent [20,23,27,28],anddomaincontext[21,29],sometimesdisappearingaltogetheror being
replacedbyunderconfidence[24,30,31]andwith interactionsacrossseveralof these
predictors.

Forpopulationdifferences,muchresearchhassuggestedthatEastAsianpopulationsarefar
lessoverconfidentthanWesterners,andsometimesevendemonstratestriking underconfi-
denceor self-criticismasopposedto self-enhancement[32,33].Moreover,thesepopulation
differenceshavealsobeenidentifiedusingmeasuresthathaveemployedhiddenbehavioral
measures,or measuretheoverlypositiveassessmentsindirectly, indicatingthat thepopulation
differenceisnot merelytheproductof self-presentationmotives[33,34].In sum,theuniver-
salityof overconfidenceisdifficult to assess,giventhat its magnitudeappearssodifferently
acrossstudies.

Partof thedifficulty in interpretingtheseresultsis thatalthoughresearchersregularlyuse
theterm ªoverconfidenceº,theyoftenmeanverydifferentthings.MooreandHealy[35] pro-
videausefulsetof definitionsfor differentoverconfidenceconcepts:

1. Overestimation is thebeliefthatyouarebetterthanyoureallyarecomparedto anobjective
standard(e.g.,believingyoucanconsistentlyperformaflawlessparallelpark,whenin real-
ity yougetit right 3 timesout of 10).
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2. Overplacement is thebeliefthatyouarebetterthanmorepeoplethanyoureallyare(e.g.,
believingyouarein the90th percentileof drivers,whenin realityyouarein the10th

percentile).

3. Finally,overprecision ishavingmoreconfidencein your beliefsthanis justified(e.g.,being
90%certainthatyou'reabetterdriver thanaveragewhenyoudon't haveenoughdatato
ascribethat levelof certainty).

Eachof theseformsof overconfidencemaybedrivenbybothmotivationalfactors(suchas
wantingto viewyourselfpositively;e.g.[10,36])andcognitivefactors(suchastheavailability
biasor aninability to representdistributions;e.g.[37,38]).Theterm self-enhancement, which
generallyrefersto themotivationto viewoneselfpositivelyratherthannegatively,particularly
comparedto otherpeople[17], mayunderlieoverestimationandoverplacement.Therelation-
shipbetweenoverprecisionandself-enhancementis lessclear.Theself-enhancementliterature
haslargelyfocusedon howpositivelypeoplecomparethemselvesto othersandnot on thecon-
fidencethat theyhavein theprecisionof their evaluations.In principle,viewingoneselfasbet-
ter thanmostotherpeopleand beingconfidentin thisbeliefmayincreaseself-enhancement,
but overplacementandoverprecisionaremutuallyseparableconcepts.That is,youmayview
yourselfasbetterthanotherpeopleandbeconfidentin thisbelief,but equallyyoumayview
yourselfasmuchworsethanotherpeopleandbeconfidentin thisbelief.In bothcases,over-
precisionishigh,but thelattercaseisunlikely to increaseself-enhancement.

Althoughdifferentdefinitions,andsometimesequivocation,mayhelpexplainsomeof the
diverseresultsfound in theliterature,arelatedandequallychallengingissueis that thesame
conceptsmaybeoperationalizedin verydifferentways.Measuringoverconfidencecanbedif-
ficult andmanyresearcherschooseto useaggregatecomparisonsto judgeoverconfidence.For
example,in theclassicBetter than Average effect, researchersclaimhighoverconfidencewhen
ª93%of driversclaimto beaboveaverageº.Butof course,manyof thosewhoclaimto bebetter
thanaveragemayactuallybebetterthanaverage(this mayevenbetrueof mostof thepopula-
tion givenaskeweddistribution,see[39]), andconverselytheseresultsmayhidesomeunder-
confidence,wherethosewhoaretruly betterthanaverageclaimlessconfidencethanthose
whoareworsethanaverage[40]. Further,peopledon't reallyseemto beableto conjureup
whatªaverageºmeansin thefirst place[37].

Despitethesedifficulties,thebroaderliteraturepresentstheintriguing possibilitythatover-
confidencemayvaryacrosspopulations,perhapsdueto thedifferentialcostsandbenefits
createdby thespecificphysicalandsocialenvironments[1]. Manyfactorscancreatepsycho-
logicaldifferencesbetweenpopulations[41±43]andthesefactorsmaymoderatemanyof the
predictorsof overconfidence.Forexample,in competition,afomenterof overconfidence,sex
differencesin choosingto competewereoppositebetweenpatrilinealandmatrilinealsocial
structures(womenin matrilinealsocietiesweremorecompetitivethanmen,see[44]). If
populationsdo systematicallyvaryin overconfidence,thismayhelpexplaindifferencesin
innovationrates[45,46].Fromadifferentangle,evenwhenoverconfidenceiscostlyfor the
individual,whosebusinessis likely to fail, it maybebeneficialfor thesociety,sincethebusi-
nessesthatdo succeedgivethesocietyacompetitiveadvantageagainstothersocieties,allowing
overconfidence(or underconfidence)to evolveviaculturalevolutiondrivenby intergroup
competition.

In thepresentsetof studies,wedevelopedaspecialcaseof theSubjective Probability Interval
Estimates (SPIES)method[47,48]andusedit to testseveraltheoreticalandempiricalclaims
andbring someorderto theliteratureusingspecificandpreciseoperationalizationsof over-
confidence.TheSPIESmethodinvolvespresentingparticipantswith therangeof possibleout-
comesseparatedinto intervals.Participantsthenassignaprobabilityestimateto eachinterval
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whereestimatessumto 100%.Themethodallowstheresearcherto captureoverprecision
usingsomemeasureof thespread,suchasaconfidenceinterval.In thepresentstudy,we
developaspecialcaseof SPIESto capturebothestimatedplacementandestimatedprecision
with aconcretemethodof creatingtheprobabilitydistribution thatcanbeusedto incentivize
for accuracy.ThisElicitation of Genuine Overconfidence (EGO)methodinvolvesgivingpartici-
pantstokensor currency(e.g.ten$1coins)whichtheycandistributein placementdeciles(e.g.
0-9th percentiles,10-19th percentile,20-29th percentiles,andsoon.)Byallowingparticipantsto
keepthecurrencyin thecorrectdecile,weincentivizethemto giveagenuineestimateof both
their estimateplacementandtheir precisionin thatplacementwithout havingto think about
percentagesor distributions.Overprecisioniscapturedusingameasureof spread,asin SPIES
(e.g.standarddeviation)andoverplacementiscapturedbyameasureof centraltendency(e.g.
mean)greaterthanactualplacementbasedon performance.Weran large,cross-culturalstud-
iesin Japan,HongKong,andCanada,usingtheEGOmethodandalsomeasuredseveralvari-
ableswhichhavebeenpreviouslyfound to predictoverconfidence.TheEGOmethodallowed
usto comparepeople'sself-assessmentsto their actualperformanceunderconditionswhere
theywereor werenot incentivizedfor accuracyÐbyusingtokensor currency.TheEGO
methodwasusedin bothconcrete(mathtestusingquestionsfrom theGraduateRecord
Examinations;GRE)andambiguous(empathyusingtheªRevisedReadingtheMind in the
Eyesºtestwhich involvedidentifying theemotionsexpressedin imagesof only eyesfrom
WesternandEastAsianindividuals)tasks,andwemeasuredjudgmentsbothbeforeandafter
participantscompletedthetasks.Wewill distinguishOverplacement astraditionallymeasured
Ðpredictedplacementabovethepopulationmean,from True OverplacementÐpredicted
placementaboveactualplacement.Wewill operationalizeoverprecisionasthestandarddevia-
tion in thetoken/coindistribution. It isworth noting thatwehaveno wayof measuringwhat
accurateprecisionwouldbewithout goingthroughtheproceduremultiple times±e.g.woulda
90%confidenceintervalcapturetheperformancemean90%of thetime?However,wewill
referto asmallerstandarddeviationasgreateroverprecision.Theseconceptsandtheir corre-
spondingoperationalizationsaresummarizedin Table1.

TheEGOmethodallowedusto testfor population-levelvariationin theseconcepts,aswell
asstudytheeffectsof: (1) financialincentives(moneyvs.tokens),(2) typeof task(mathvs.
empathy)and(3) updatingbasedon perceivedperformance(beforevs.aftertasks)acrossall
our populations.Our approachisalsomotivatedby theJohnson-Fowlermodel.An individu-
al'sdecisionto competewith others(e.g.,bystartingabusiness)ismotivatedbyboth their
beliefin placementandprecisionaboutthisbelief.Forexample,someonewith highoverplace-
mentandhighprecisionismorelikely to startabusiness(anentrepreneur)thansomeone
high in overplacement,but low in precision(aªwantrepreneurº),whomaynot risk asmuch.
On theotherhand,someonelow in overplacementandhigh in precisionwouldalmost

Table 1. Key overconfidence definitions for concepts and their corresponding operationalizations.

Concept Operationalization

Overplacement:Beliefthatyouarebetterthan
morepeoplethanyoureallyare.

TrueOverplacement: Predictedplacementminusactual
placement. This is bothanintuitive andcorrectoperationalization
of overplacement,but is rarelymeasuredbecauseit requires
measuringactualperformance.
Overplacement: Predictedplacementminus50%.This is the
commonoperationalizationof overconfidence, but hides
individual differencesin ability andperformance,whichmayvary
independently.

Overprecision: More confidencein your beliefs
thanis justifiedby evidence.

Thestandarddeviationof placementestimates,with smaller
valuesindicatingmoreoverprecision.

https://doi.org/10.1371/journal.pone.0202288.t001
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certainlynot startabusiness(salariedworker),but someonelow in bothoverplacementand
precisionmayseekout moreinformation to reducetheir uncertaintybeforemakingthedeci-
sion,or maynot risk asmuch.

Our operationalizationsarearguablycloserto their underlyingconceptsthanprevious
work.However,wehaveincludedthemorecommonlyusedoperationalizationssoasto com-
pareour findingsto thispreviousresearch.To thedegreethatour operationalizationsconcord
with theoperationalizationsusedin earlierwork,wecanusepreviousfindingsto guideour
expectations.Thesehypothesesbasedon previouswork areasfollows:

1. Earlierwork suggeststhatEuropeanCanadians/Americanswouldshowhigheroverplace-
mentcomparedto our JapanesesampleandHongKongChinesesample[24], but lower
overprecisionthantheHongHongChinesesample[13], whichweexpectedto replicate
here.AlthoughtheremaybedifferencesbetweenHongKongChinese,Taiwanese(asin
Yatesetal.1998),andmainlandChinesesamples,or indeedwithin China(e.g.[49]), Heine
andHamamura's[24] meta-analysisrevealsthat theseresultshavebeenfound in Hong
KongChinesesamples,asusedin our study.

2. Weexpectedthatparticipantswouldshowlessoverplacementaftertakingthetest[21] with
theincreasein knowledgeof their performance.

3. Weexpectedthatparticipantswouldshowmoreoverplacementfor themoreuncertainand
ambiguoustask(empathy)comparedto themoreconcretetask(math) [50].

4. Weexpectedthat incentiveswould increasethemotivationfor accuracyat theexpenseof
motivationsto feelpositiveabouttheself,motivationsfor self-presentation,or motivations
for self-improvement.ThefewincentivizedpastresultshavesuggestedthatChinesewere
unaffectedby incentivesandAmericansbecamemoreoverconfident[14] or wereunaf-
fected[51] andthatJapanesemenandbothJapaneseandAmericanwomenbecameover-
confident,but Americanmenwereunaffected[29]. However,theseweresinglestudieswith
verydifferentoperationalizations,andin thecaseof Yamagishietal.[29], population-level
aggregateswereusedin onestudy,andin theotherstudytheincentivizedmeasurements
weretaken8 monthslater,makingit difficult to disentangletemporalchangesfrom the
effectof incentivesandcompareit to thepresentstudy.Pastresearchwith behavioraland
indirect measuresof overplacementlargelyreplicatesthepopulationdifferencesfound in
explicitself-reportmeasures(for areview,see[34]).

5. Finally,basedon pastwork,weexpectedthatmales[18±23]wouldshowmoreoverplace-
ment,aswouldolderpeople[18].

6. Wehadfewerexpectationsaboutoverprecision,sinceit is lesscommonlymeasured,
althoughrecentwork suggestsit increaseswith age,consistentwith increasedself-knowl-
edgeoverthelifespan[52,53].

Our findingsrevealthat,ratherthanuniversal,levelsof overplacementandoverprecision
varyconsiderablyby task,population,feedbackfrom takingthetest,incentives,age,andsex,
with interactionsbetweenthesevariables.In somecases,resultsdiffer dependingon whether
Overplacementor TrueOverplacementismeasured,highlightingtheimportanceof not using
aggregate-levelmeasures.

Method
Ethicalapprovalwasgrantedspecificallyfor thisstudyby theUniversityof BritishColumbia
BehaviouralResearchEthicsBoardunderthetitle ªOverconfidenceStudyº(ID: H12-02259).
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Informedconsentwasensuredbyparticipantsreadingandsigningawritten consentform
prior to beginningthestudy.A copyof thisconsentform hasbeenincludedin S1File.

Undergraduatestudentsat theUniversityof Hokkaido,Japan;theChineseUniversityof
HongKong;andtheUniversityof BritishColumbiain Canadapredictedtheir performance
relativeto otherparticipantsat their university.Wecomparedthesepredictionsto their actual
performance(aswellasto the50thpercentile,to comparewith pastresearch).Participants
took two tests:amathtest,whichpastresearchindicateshigherself-knowledgeandwhereper-
formanceshouldbelessambiguousdueto familiarity andfeedbackthroughtheeducational
system[54], andanempathytest,for whichtheyshouldhavelessself-knowledgeandwhere
performanceshouldbemoreambiguous.Participantsmadepredictionsfor their relativeper-
formancebeforeandaftertakingthetests.In addition,participantswerealsorandomly
assignedto eitherbeincentivized(usingcoins)or not incentivized(usingtokens)for theaccu-
racyof placementestimates.Participantsestimatedtheir relativeplacementusingtheElicita-
tion of GenuineOverconfidence(EGO)procedure.TheEGOprocedureinvolveddistributing
10coinsor 10tokensover10deciles;amoreimplicit methodof elicitingplacementthansim-
ply askingfor apercentilejudgment,whichis lessconcreteandintuitive. In theincentivized
condition,participantskeptcoinsthatwerein thetrueperformancedecile.Thesemethods
allowedusto measureOverplacement(basedon thecoin/tokencentraltendencyor point esti-
matescomparedto theaverageperformance),TrueOverplacement(basedon thecoin/token
centraltendencyor point estimatescomparedto actualperformance)andoverprecision
(basedon thecoin/tokenspread).

TheEGOprocedurecanbeperformedwith penandpaper,but wehavemadeEGOsoft-
wareavailableon MM's website:http://muth.io/ego-soft. Theexperimentalprotocolisavail-
ablein S1File.If yourequireassistanceusingor modifying thesoftware,pleasecontactMM.

Procedure

All instructionswereprovidedusingastandardizedscriptto ensurethatall participants
receivedthesameinformation in thesameway(thescriptisavailablein S1File).Wetranslated
theChineseandJapanesescriptsfrom theEnglishscriptsusingaback-translationmethod
[55].

Foreachpopulation,webeganbycollecting20pilot participantsin theunincentivized
(token)condition.Theseparticipantswerenot usedin our analyses,but wereusedasabase-
line to calculatepaymentsfor subsequentrealparticipants.Wesplit our Canadiansampleinto
thoseof EuropeanandEastAsianorigin, however,theseparticipantsweretold that theywere
competingagainstotherparticipantsin theexperiment,whichincludedCanadiansof both
ethnicbackgrounds.Accordingly,wecalculatedperformancerelativeto all Canadiansrather
thanwithin their ethnicgroup,althoughresultsdid not differ whenperformancewasmea-
suredrelativeto co-ethnics.Our Canadiansamplewasprescreenedfor thesetwo ethnicback-
groundsto excludeotherethnicities.

All non-pilot participantswererandomlyassignedto eithertheincentivized(money)or
unincentivized(token)condition.Theorder in whichthetwo testswereadministered(math
first vs.empathyfirst) wasalsorandomized,aswerethequestionswithin thesecomputerized
tests.

Participantsin all conditionswereinformedthat theywouldgetanentry into alottery for
everyanswertheygotcorrectin both tests.Thewinnerof thelotterywaspaidCAD100/
HKD1000/JPY10,000.Participantsin themoneycondition werefurther incentivizedfor accu-
racyin their relativeperformanceon thetests.Participantsin eachcountryweregiven10
coinsof roughlycomparablevalue(i.e.10CAD1/HKD10/JPY100coins).To win thismoney,
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participantscouldplacetheir 10coinsin anywaytheywantedacrossthe10deciles(seeFig1).
Theyperformedthis taskwith 10coinsbothbeforeandaftereachtestandweretold that they
wouldbepaidthemoneyin thedecilethatmatchedtheir relativeperformancefor only 1 of
these4 occasions(beforevsafterfor mathvsempathy).Byrandomlypayingfor only 1of these
4occasions,participantswereincentivizedto maximizepayoffson all occasions,without
ªwealtheffectsº,whereparticipantsbehaveddifferentlylaterin theexperimentbasedon their
estimatesof howmuchtheyhadalreadywon,reducingincentives.At theendof thestudy,par-
ticipantsdrewanumberfrom abox,whichcorrespondedto 1of these4 timesaplacement
estimatewasmade.Soin thecaseof theexamplein Fig1,thisparticipantwouldwin $4if their
performancewasactuallyin the60±69decile,$2if it wasin eitherthe50±59or 70±79deciles,
$1if it wasin eitherthe40±49or 80±89deciles,andzeroif their performancewaslessthanthe
40±49decileor in the90±99decile.This incentivefor accuracyin placementwasin addition
to theincentivefor performingwellon thetests.For thepurposesof payingparticipants,rela-
tiveperformancewascalculatedusingthedatafrom all prior participants,including thepilot
group.For thepurposesof analysis,relativeperformancewascalculatedon thecompletesam-
pleof non-pilot dataafterexclusions.Participantswerethusincentivizedto performaswellas
possiblein thetwo testsin both themoneyandtokenconditions,andwereincentivizedto
giveanaccurateestimateof their relativeperformancein themoneycondition.In thetoken
condition,coinswerereplacedwith 10tokensandno mentionwasmadeaboutwinning
moneyin thisway.TheEGOmethodallowedusto measureboth(1) howparticipantsbelieved
theycomparedto their peers(anindexof overplacement)and(2) howconfidenttheywerein

Fig 1. Screenshot from the EGO method money condition in Canada before the math test. Participantscouldchoosehowto distributetheir coinsacrossthe10
deciles.Thisparticularparticipantindicatesabeliefthat their performancewill bearoundthe65th percentile,with ataperingrangethatextendsto justbelowaverage
(40±49)to oneof muchaboveaverage(80±89), with ameanof 60±69.

https://doi.org/10.1371/journal.pone.0202288.g001
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thisbelief(anindexof overprecision),by lookingat themeanandstandarddeviationof the
deciledistribution, respectively.

Sincethedecilemeasurewasnovel,participantsweretrainedusingacardboarddecilegrid
and10realcoinsor tokens.After training participantswereaskedquestions,whichtheyhad
to getcorrectto continue.Theseincluded:(1) whoareyoucompetingwith?(2) What isadec-
ile?And (3) How canyouwin money?If theparticipantgotanyof thesequestionswrong,the
relevantpartof thescriptwasre-readandthequestionswereaskedagain.Thefull script is
availablein S1File.

Whenparticipantsbegantheexperiment,theinstructionswerere-iteratedandthenafur-
ther training testwasadministeredto checkthatparticipantsknewhowmuchtheycouldwin
in themoneycondition in differentsituations.In both theexplanationby theexperimenter
andthisadditionaltraining,exampleswerebalanced(i.e.,bothanexampleof ahighmeanand
anexampleof alow mean;bothanexampleof low uncertaintyandanexampleof highuncer-
tainty), to ensurethat theinstructionsdid not influenceparticipantbehaviorin anyparticular
direction.Participantsthenindicatedtheir placementusingtheEGOmethodbeforetaking
thefirst test.

Themathtestconsistedof 30multiple choiceword problemstakenfrom thequantitative
sectionof practiceGraduateRecordExaminations(GREs),presentedin arandomorder.Par-
ticipantsweregiven20minutesto completethis task.Theempathytestconsistedof the72
questionscomprisedof the36questionªRevisedReadingtheMind in theEyesºtest[56],
whichhadEuropeaneyes,andthe36questionAsian(Japanese)eyesversionof this test[57].
Questionswerepresentedin randomorder.Thus,all participantsjudgedtheeyesof both their
own-raceandtheotherrace(at leastat thecoarselevelof Europeanvs.Asianeyes).Theempa-
thy testwasuntimed.

After thefirst testandcorrespondingplacementestimates,participantsweregivenseveral
measures.Theyweregiventwo measuresthathavereliablydistinguishedEastAsianandWest-
ernsamplesin pastresearchin termsof their self-enhancement:theRosenbergSelf-Esteem
scale[58], whichassessesoverallpositivityof theself-concept,andtheFalseUniquenessTask
[59], whichassesseshowpeopleevaluatetheir placementcomparedto their same-sexpeers
from their university,in termsof 10abstracttraits.Thesetwo taskswill allowusto compare
howthepresentsamplescomparewith thoseusedin previousstudies.Participantsalsocom-
pletedtheBig5 PersonalityInventory[60,61]andthePrestigeandDominancescale[62]. Par-
ticipantsthentook thesecondtestwith correspondingplacementmeasurements,afterwhich
theycompletedfurther measures:theSelf-Construalscale[63], andseveraldemographicques-
tions.In theCanadiansample,madeup of two subsamples,thedemographicquestions
includedmeasuresof lengthof time in Canadaandacculturation(Identity FusionScale[64];
VancouverIndexof Acculturation[65]).

Participantswerethendebriefedandthosein themoneycondition werepaid.Thewinners
of theCAD100,HKD1000,andJPY10,000werepaidafterdatacollectionwascompleted.

Participants

Thesampleconsistsof undergraduatestudentsat theUniversityof Hokkaido,theChinese
Universityof HongKong,andtheUniversityof British Columbia.TheCanadiansamplewas
further dividedinto thosewhowereof Europeanor EastAsianancestry.All datahereinrefers
to non-pilot data(i.e.thosecollectedafterthefirst 20from eachuniversity).Participantswere
excludedfor oneof threereasons:(1) Technicalerrors,whendatawasn'tsavedor thepartici-
pantaccidentallystartedthetestswithout receivinginstructions;(2) Failedvigilancechecks,
whenparticipantsfailedto correctlyansweravigilancecheckquestionsuchasªPleaseclick
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`Notatall'º; and(3) Exploitingthesystem,definedasputting all their moneyin thelowestdec-
ile andthenperformingat levelssignificantlybelowchance.Incentivizingperformanceon the
two tests(independentof accurateperformancepredictions)wasexpectedto preventpartici-
pantsfrom exploitingthegamein thiswayandthiswastrue for all but 4participants.Table2
reportsthetotaldatacollected,all exclusions,andageandsexinformation.Canadianexclu-
sionsarereportedtogetherastechnicalissuespreventedusfrom determiningethnicity in
somecases.

Results

Comparability of present samples to past samples of self-enhancement

measures

First,wenotehowour samplescomparedwith thoseusedin pastresearchon self-enhance-
ment,to discernwhetherour samplesareunusualon relevantvariables.TheRosenbergSelf-
EsteemscaleandtheFalseUniquenessTaskareroutinelyusedin theself-enhancementlitera-
tureandsoweincludedtheseto giveusabasisto compareour samples(insofarasexposureto
our measuresdon't changebehavior).A meta-analysisof pastresearchhasfound thatWestern
andEastAsiansamplesdiffer on thesetwo measureswith effectsizesof d = .94andd = 1.2
(whereasWesternersdiffer from EastAsianAmericans with effectsizesof d = .32andd = .53),
for theRosenbergandFalseUniquenessTasks,respectively[24]. Forcomparison,weregress
thesesamemeasureson thedummycodesof eachsamplewith EuropeanCanadianssetasthe
referencegroup.Wereport thebetacoefficientsin Table3below.

Table 2. Demographic details for all non-pilot participants.

European Canadian East Asian Canadian Hong Kong Chinese Japanese

Total Collected 145 128 100

Excluded Technical 6 5 6

Excluded Vigilance 10 13 10

Excluded Exploit 0 1 3

Total Analyzed 66 63 109 81

Age Mean 20.52 20.43 20.55 19.10

SD 2.69 4.13 1.83 0.93

Sex Female 34 33 59 28

Male 32 30 50 53

https://doi.org/10.1371/journal.pone.0202288.t002

Table 3. Standardized differences between Western population (European Canadians in our experiment) and other populations.

Self-enhancement

Measure

East Asian–

Western

(Meta-analysis)

East Asian Americans–Western

(Meta-analysis)

East Asian Canadians–Euro-

Canadians

Hong Kong Chinese–Euro-

Canadians

Japanese–Euro-

Canadians

Rosenberg Self-

Esteem

-0.94 -.32 -0.19
[-0.50,0.12],p = .231

-0.56
[-0.83,-0.27],

p< .001

-1.21
[-1.51,-0.92],p<

.001

False Uniqueness

Task

-1.16 -.53 0.21
[-0.11,0.52],p = .194

0.50
[0.23,0.78],p< .001

-0.64
[-0.93,-0.34],p<

.001

Note. Basedon ameta-analysisandin our sample.Self-esteemresultsarelargelyin thesamedirectionasthemeta-analysis,althoughEastAsianCanadiansarenot

significantly differentto EuropeanCanadians.FalseUniquenessresultsarein theoppositedirectionto pastresultsfor EastAsianCanadiansandHongKongChinese,

significantly soin thelatter,but comparableto pastresultsfor theJapanese.

https://doi.org/10.1371/journal.pone.0202288.t003
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Our EastAsianCanadianpopulationaremoreself-enhancingthanis typicallymeasured
andaremostlyindistinguishablefrom theEuropeanCanadians.TheHongKongChineseare
somewherein-betweentypicalself-esteemmeasuresfor EastAsianAmericansandEastAsians
comparedto Westerners,but in thesamedirection,but arehigheron FalseUniqueness,a
reversalof pastresults.TheJapanesehaveself-esteemandfalseuniquenessresultsin thesame
direction,andof roughlythesamemagnitude.Theseresultsmakeit difficult to compareour
EastAsianCanadianandHongKongChinesesampleto previousself-enhancementresults,
but our Japanesesampleisquitesimilar to pastsamples,increasingour confidencein thegen-
eralizabilityof thosefindings.In thenextsection,wecorrelateall of our differentmeasuresof
self-enhancement,overplacement,andoverprecision.

Correlation between self-enhancement, overplacement, and overprecision

Herewecorrelateself-esteem,falseuniqueness,Overplacement,TrueOverplacement,and
Overprecision.Weusethemeanvaluesfor eachparticipantto avoidinflating power.These
correlationsarereportedin Table4 belowandarereportedseparatelyfor eachsamplein the
supplementary(S1±S4Tables).

Theseresultsrevealsmallcorrelationsbetweenfalseuniquenessandself-esteem,between
self-esteemandOverplacement,andbetweenfalseuniquenessandOverplacementandto a
slightlylesserextent,falseuniquenessandTrueOverplacement.OverplacementandTrue
Overplacementaremoderatelycorrelatedwith Overplacementshowingasmallnegativecorre-
lation with overprecision(i.e.lowervaluesareassociatedwith higherprecision).This indicates
two important things.First,our measuresof overplacementandoverprecisionrevealonly a
weakrelationshipwith standardmeasuresusedfor self-enhancement.Our measuresof over-
precisionandoverplacementaretheoreticallydistinguishableconstructsandshowno correla-
tion here.Thoughtheoretically,overprecisionandoverplacementmaybeindependent,more
work is requiredto statisticallydemonstratethis (see[66]). In thenextsectionwediscussour
mainapproachto analyzingthesedata.

Analysis of primary measures

Herewepresentour strategyfor analyzinghowour keypredictorsÐtasktype(mathvs.empa-
thy), incentives(moneyvs.tokens),feedback(beforevs.after),andpopulation(European
Canadian,EastAsianCanadian,HongKongChinese,andJapanese)ÐaffectOverplacement,
TrueOverplacement,andoverprecision.Wealsocalculatedaªrewardfor accuracyºÐwhich
assesseshoweffectivethecombinationsof TrueOverplacementandoverprecisionwerein
generatingpayoffs.

Table 4. Correlation between overplacement, overprecision, and self-enhancement measures.

1: Self-esteem 2: False Uniqueness 3: Overplacement 4: True Overplacement 5: Overprecision

1 1

2 0.26��� 1

3 0.13� 0.31��� 1

4 -0.01 0.20��� 0.33��� 1

5 0.03 0.00 -0.15�� 0.00 1

Note. N = 319;p< .001
�� p< .01
� p< .05.Lowervaluesof overprecisionsuggestgreaterprecision.

https://doi.org/10.1371/journal.pone.0202288.t004
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Predictedplacementwasdefinedasthemeanof thedistribution of coinsor tokensin dec-
iles.Overplacement,consistentwith pastoperationalizations,is50%subtractedfrom this
meanplacementestimate.In contrast,TrueOverplacement,is theactualindividual relative
performanceplacement,subtractedfrom thismeanplacementestimate.That is:

Overplacement ¼ Mean½Decile Distribution� � 0:5

True Overplacement ¼ Mean½Decile Distribution� � Actual Placement

Bythesemeasures0would indicateno bias,anegativevalueindicatesanunderplacement
bias,andapositivevalueanoverplacementbias.Weoperationalizeoverprecisionasthestan-
darddeviationof thedecilespread.Lowervaluesof thedecilespreadindicatemoreoverpreci-
sion.That is:

Overprecision ¼ SD½Decile Distribution�:

To analyzetheeffectof our manipulations,weregressedOverplacement,TrueOverplace-
mentandoverprecisionon our keypredictors±tasktype(mathvs.empathy),incentives
(moneyvs.tokens),andfeedback(beforevs.after)usingamultilevelregressionmodel,looking
ateachpopulationseparately.Weusedrandominterceptsto control for thecommonvariance
associatedwith eachparticipantprovidinguswith 4 datapoints(beforeandafterthetwo
tasks).Notethatdifferencesbetweentreatmentsfor agivenoutcomevariablearenot multiple
tests;theycomefrom thecoefficientsof asingleregressionmodelfor eachoutcomevariable:

Overplacement ¼ b0 þ b1 �Math þ b2 � After þ b3 � Incentivesþ �

True Overplacement ¼ b0 þ b1 �Math þ b2 � After þ b3 � Incentivesþ �

Overprecision ¼ b0 þ b1 �Math þ b2 � After þ b3 � Incentivesþ �

Sinceour condition predictors(task,feedback,andincentives)andpopulationsarefactors,
theinterceptsof our regressionaretheconfidenceanduncertaintyof thereferencegroup(the
predictorsetto 0).Forexample,in our defaultcoding,thereferencegroupisunincentivized
empathytestbeforefeedback.In thiscondition,for example,Overplacement = β0 (all other
coefficientsaremultiplied by0.Theregressioncoefficientof eachpredictortellsushowthe
predictorincreasesor decreasesoverplacementcomparedto thisbaselinecondition.For
example,β1 is theincreasein overplacementamongthosein themathcondition comparedto
theempathycondition beforetakingthetestandwithout incentives.β0 + β1 is theOverplace-
mentvaluefor thismath,beforethetest,unincentivizedgroup.In thisway,wecanusethe
samethreeregressionmodelsandsimplyswitchthereferencegroupandlook at thevalueand
significanceof theinterceptβ0 to knowtheOverplacement,TrueOverplacement,andOver-
precisionof thatcondition where0 isaccuracyin placementor maximumoverprecision.

Notethat thisanalyticstrategyof changingthereferencegroupandlookingat theintercept
to look for overplacementwouldnot work if youaddedcontrols,sincenowtheintercept
wouldrepresentoverplacementwhenthesecontrolswerealsoequalto 0.However,this is
whatwewantin lookingat theeffectof eachsexwithin eachcondition.Aswith othercondi-
tions,wecanlook at theinterceptcoefficientandsignificancewhenwechangethereference
sex.Thesearenot running separateteststo compareconditions±eachhasoneregression
model.Byusingasingleregressionmodelfor eachoutcome,weavoidinflating our TypeI
error.
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Wereport theseregressionmodelsin Table5 (Overplacement),Table6 (TrueOverplace-
ment),Table7 (overprecision),andTable8 (Rewardfor Accuracy).Ratherthanreportmulti-
pleversionsof thesamemodelwith referencegroupschanged,weinsteadplot therawmeans
andrawconfidenceintervalsandthendiscusstheresultsbygraduallyunfolding thecomplex-
ity. Thestatisticsreportedarestatisticaltestsfrom theregressionmodelsreportsin Tables5,6,
7and8.

Tables5,6,7and8useunincentivizedempathybeforefeedbackasthebaselinesincethis
mostcloselyresemblestheconditionsin whichoverplacementor self-enhancementhasbeen
measuredin thepastÐanambiguoustask,without incentivesfor accuracy,andwithout imme-
diatefeedback.Fromthisstartingpoint, wewill thengraduallyaddlayersof complexityaswe
examinetheeffectof feedback,tasktype,andincentivesin four differentpopulations.After
goingthroughthesemain results,wecalculateªrewardfor accuracyºÐhowthestrategies
found in eachpopulationaffectedpayoffs.Finally,wediscussageandsexeffectsbyadding
theseto theregressionmodels.

Thisstrategyof changingthereferencegroupandfocusingon theinterceptallowsusto
look for patternsof overplacementandoverprecisionwithin eachpopulationandseeif these
statisticallydiffer from the0 point of accuracy.Wecanemploythesamestrategyto testif pop-
ulationsdiffer from eachotherwithin eachconditionbyaddingdummycodedpopulationvar-
iables.Wereport this regressionwith all populationsincludedin thefinal columnof Tables5,
6,7 and8.

Table 5. Multilevel model regression of Overplacement on the binary variables for task type (math), updating (after) and incentives (incentive). Theintercepthere
ismeaningful andtellsusthelevelof TrueOverplacement whenall othervariablesare0,i.e.TrueOverplacementin empathy,beforetakingthetest,without incentivesfor
accuracy.Wecontrol for common variancefrom repeatedmeasuresusingrandominterceptsfor participants.

European Canadians East Asian Canadians Hong Kong Chinese Japanese All Populations

Intercept 11.14��� (6.01,16.26) 10.33��� (4.20,16.46) 9.00��� (5.17,12.84) 2.24(-2.47,6.94) 11.14��� (5.50,16.77)

Math -9.36��� (-13.31,-5.41) -4.04� (-7.47,-0.61) -0.74(-3.82,2.33) 1.52(-1.48,4.51) -9.36��� (-13.04,-5.67)

After -6.78��� (-10.73,-2.83) -8.07��� (-11.50,-4.64) -4.28�� (-7.36,-1.21) -1.98(-4.97,1.02) -6.78��� (-10.47,-3.10)

Incentive 1.86(-3.66,7.38) 2.92(-5.23,11.07) -1.23(-5.81,3.35) 3.71(-1.75,9.16) 1.86(-4.55,8.27)

EA Can -0.81(-8.45,6.84)

HK -2.13(-9.00,4.74)

JP -8.90� (-16.44,-1.36)

EA Can:Math 5.32� (0.04,10.59)

HK:Math 8.61��� (3.94,13.28)

JP:Math 10.87��� (5.91,15.84)

EA Can:After -1.29(-6.56,3.98)

HK:After 2.50(-2.17,7.17)

JP:After 4.80+(-0.16,9.77)

EA Can:Incent 1.06(-8.01,10.14)

HK:Incent -3.09(-11.15,4.97)

JPIncent 1.85(-6.77,10.47)

N 264(66Clusters) 252(63Clusters) 436(109Clusters) 324(81Clusters) 1276(319clusters)

R2 Fixed .095 .051 .014 .016 .042

R2 Total .256 .560 .244 .366 .350

+ p< .10
� p< .05
�� p< .01
��� p< .001

https://doi.org/10.1371/journal.pone.0202288.t005
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Note:Immediatelyafterparticipantsmadetheir decileestimates,weaskedthemwhatper-
centiletheythoughttheywouldscorein, howcertaintheywerethat thiswasthepercentile
that theywouldscorein, and,thenfor acomparabledecilemeasure,howcertaintheywere
that theywouldscore5%on eithersideof thispercentile.Weusedthepercentileestimate
(whichwasnot incentivized)to calculateaTruePercentileOverplacementbysubtractingthe
participant'spercentilebasedon performance.ThecorrelationbetweenTrueOverplacement
andTruePercentileOverplacementwaslargeandsignificant(rangefrom .94to .97within
eachsample).Thecorrelationbetweenoverprecisionandthepoint estimateequivalentwere
in theright direction,but muchsmaller(rangefrom -.03to -.25;it wasasignificantcorrelation
for all groupsexcepttheEastAsianCanadians).Thissuggeststhatpeoplemayfind it difficult
to assignaprobabilityto their overprecision.For theEastAsianCanadiansit waseffectively
uncorrelated.Sincethepoint estimateanddecileestimateof TrueOverplacementwereso
highlycorrelated,andbecausethepercentileestimatewasnot incentivizedandis thusharder
to interpret,wefocusour analyseson thericherandlessexplicitmeasureof bothoverplace-
mentandoverprecisiongivenby thedecilemeasures.

Multiple regression analysis

Weusedamultilevelregressionmodelto understandtheeffectsof eachof our keyvariablesof
interest,regressingOverplacement,TrueOverplacement,overprecision,andRewardfor
Accuracyon eachvariablefor eachpopulationseparately.Sinceweget4 datapointsfrom

Table 6. Multilevel model regression of True Overplacement on the binary variables for task type (Math), updating (After) and incentives (Incentive). Theintercept
hereismeaningful andtellsusthelevelof TrueOverplacement whenall othervariablesare0,i.e.TrueOverplacementin empathy,beforetakingthetest,without incentives
for accuracy.Wecontrol for commonvariancefrom repeatedmeasuresusingrandominterceptsfor participants.

European Canadians East Asian Canadians Hong Kong Chinese Japanese All Populations

Intercept 10.49� (1.40,19.59) 11.09�� (3.27,18.92) 6.28� (0.71,11.85) -2.52(-10.25,5.20) 10.49� (1.98,19.01)

Math -7.69�� (-13.46,-1.92) -4.36+(-9.47,0.75) -0.56(-4.46,3.34) 1.64(-3.31,6.60) -7.69�� (-12.98,-2.40)

After -6.78� (-12.55,-1.01) -8.07�� (-13.18,-2.96) -4.28� (-8.18,-0.39) -1.98(-6.93,2.98) -6.78� (-12.07,-1.49)

Incentive 3.17(-7.28,13.61) -0.19(-10.25,9.87) 3.80(-3.20,10.81) 11.42� (2.48,20.37) 3.17(-6.66,12.99)

EA Can 0.60(-10.95,12.15)

HK -4.21(-14.59,6.17)

JP -13.02� (-24.42,-1.61)

EA Can:Math 3.33(-4.24,10.91)

HK:Math 7.13� (0.42,13.84)

JP:Math 9.33� (2.20,16.46)

EA Can:After -1.29(-8.87,6.28)

HK:After 2.50(-4.21,9.20)

JP:After 4.80(-2.33,11.94)

EA Can:Incent -3.35(-17.26,10.56)

HK:Incent 0.64(-11.71,12.99)

JPIncent 8.26(-4.95,21.47)

N 264(66Clusters) 252(63Clusters) 436(109Clusters) 324(81Clusters) 1276(319clusters)

R2 Fixed .032 .028 .012 .040 .028

R2 Total .369 .434 .365 .375 .382

+ p< .10
� p< .05
�� p< .01
��� p< .001

https://doi.org/10.1371/journal.pone.0202288.t006
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everyparticipant,weuserandominterceptsfor participantto accountfor thecommonvari-
ance.Theinterceptof theregressionrevealsthelevelof TrueOverplacementwhenall other
variablesare0, i.e.,TrueOverplacementin theempathytest,beforetakingthetestandwithout
incentives.All othervariablesarecomparedto thisbasecondition.To avoiddifficult to inter-
pret interactionsbetweenthesamplesandour keypredictors,weinsteadreport regressions
for eachsampleseparately,but alsopresenttheregressionwith all populationsin thesame
model.

Theregressionon TrueOverplacementin Table6 revealsthat in thisbasecondition (empa-
thy,beforethetest,unincentized),all but theJapanesearesignificantlyoverconfidentin place-
ment,with thetwo Canadiansamplesthemostoverplaced.TheJapanese,if anything,are
accurateor slightlyunderplaced±theirplacementisstatisticallyindistinguishablefrom zero
(accurate).Moreover,theJapanesearesignificantlylessoverplacedthantheEuroCanadians
(-13.02%,p = .026)andEastAsianCanadians(-13.62%,p = .015),andmarginallysignificantly
lessoverconfidentthanHongKongChinese(-8.80%,p = .074).SeeJupyterfile in S1Filefor
moredetailson thisanalysisandall analysesto follow.

All groupsbecomemoreaccurateaftertakingtheempathytestunincentivizedandbecome
similar in overplacement.Indeed,theyall becomestatisticallyindistinguishablefrom zero
(accurate)andsimilar in value(thoughtheJapaneseerr on thesideof underplacement).

Themathtestvariesbypopulation,with bothCanadiansbecomingsignificantlyandmar-
ginallylessoverplaced,respectively,andHongKongChineseandJapanesestayinglargelythe
same.Incentivesseemto increase overplacementin theJapanese,whobecomesignificantly

Table 7. Multilevel model regression of overprecision (standardized standard deviation) on the binary variables for task type (Math), updating (After) and incen-

tives (Incentive). Wecontrol for common variancefrom repeatedmeasuresusingrandominterceptsfor participants.

European Canadians East Asian Canadians Hong Kong Chinese Japanese All Populations

Intercept -0.22(-0.50,0.07) -0.33� (-0.64,-0.03) 0.28� (0.05,0.52) -0.06(-0.34,0.21) -0.22(-0.54,0.11)

Math -0.05(-0.20,0.10) -0.17� (-0.30,-0.04) -0.35��� (-0.46,-0.24) -0.24��� (-0.38,-0.10) -0.05(-0.19,0.09)

After -0.02(-0.17,0.13) -0.04(-0.17,0.09) -0.12� (-0.23,-0.01) -0.04(-0.18,0.10) -0.02(-0.16,0.13)

Incentive 0.12(-0.22,0.46) 0.22(-0.20,0.65) 0.54��� (0.22,0.86) 0.33+(-0.004,0.66) 0.12(-0.27,0.51)

EA Can -0.12(-0.55,0.32)

HK 0.50� (0.11,0.89)

JP 0.16(-0.28,0.59)

EA Can:Math -0.12(-0.33,0.09)

HK:Math -0.30�� (-0.48,-0.12)

JP:Math -0.19+(-0.38,0.01)

EA Can:After -0.02(-0.23,0.19)

HK:After -0.10(-0.29,0.08)

JP:After -0.02(-0.22,0.17)

EA Can:Incent 0.10(-0.46,0.66)

HK:Incent 0.42+(-0.08,0.91)

JPIncent 0.21(-0.32,0.74)

N 264(66Clusters) 252(63Clusters) 436(109Clusters) 324(81Clusters) 1276(319clusters)

R2 Fixed .001 .021 .099 .044 .111

R2 Total .487 .706 .696 .540 .647

+ p< .10
� p< .05
�� p< .01
��� p< .001

https://doi.org/10.1371/journal.pone.0202288.t007
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moreoverplacedandreachlevelsof overplacementcomparableto all othergroups.TrueOver-
cplacementismaximizedbybeingaEuro-Canadianunderincentivesbeforetheempathytest,
whereasit's minimizedbybeingJapanese,not incentivizedaftertheempathytest.

Theseresultsarecomplicatedandwehaveyetto discussoverprecisionandrewardfor accu-
racy.Insteadof describingall keyresultswith wordsalone,it's perhapseasierto showall
resultsbyunpackingthemslowlybygraphingtherawvalues.Whendiscussingthekeyfind-
ings,we'll referbackto theregressionsaboveto discussthesizeof theresultsandwhether
they'resignificant.

Overplacement and true overplacement

Webeginby lookingathowOverplacementandTrueOverplacementdiffer by taskandincen-
tives,beforeandafterperformingthetask.Weplot therawmeansfor eachsample,for each
cellof our designwith 95%confidenceintervalsto allowfor visualcomparisonsbetween
means.Let'sstartwith our baselineconditionÐempathywith incentivesfor accuratepredicted
placement.

Unincentivized empathy. In Fig2 below,weplot OverplacementÐpredictedperfor-
manceminus50%ÐandTrueOverplacementÐpredictedperformanceminustrueperfor-
manceÐforeachsamplebeforeandaftertakingtheempathytestwith no incentivesfor
accuracyin placement.Bybothmeasuresof overplacement,wefind thatall samplesupdate
their predictionsaftertakingthetests,with almostidenticalslopestowardslessconfidence.By
thetraditionaloverplacementmeasure(Fig2A),all but theJapaneseappearto besignificantly

Table 8. Multilevel model regression of Reward for Accuracy on the binary variables for task type (Math), updating (After) and incentives (Incentive). Wecontrol
for common variancefrom repeatedmeasuresusingrandominterceptsfor participants.

European Canadians East Asian Canadians Hong Kong Chinese Japanese All Populations

Intercept 0.67� (0.09,1.25) 1.04��� (0.44,1.64) 1.10��� (0.73,1.46) 0.89��� (0.44,1.33) 0.67� (0.12,1.22)

Math 1.32��� (0.86,1.78) 0.94��� (0.45,1.44) 0.38� (0.07,0.69) 0.50�� (0.15,0.85) 1.32��� (0.89,1.75)

After 0.15(-0.31,0.61) 0.40(-0.09,0.90) 0.14(-0.17,0.45) 0.29(-0.06,0.64) 0.15(-0.28,0.58)

Incentive -0.19(-0.81,0.43) -0.29(-1.00,0.42) -0.07(-0.49,0.35) -0.05(-0.52,0.42) -0.19(-0.79,0.40)

EA Can 0.43(-0.25,1.11)

HK 0.37(-0.39,1.12)

JP 0.22(-0.52,0.96)

EA Can:Math -0.94��� (-1.48,-0.40)

HK:Math -0.37(-0.99,0.24)

JP:Math -0.82�� (-1.39,-0.24)

EA Can:After -0.01(-0.56,0.53)

HK:After 0.25(-0.36,0.87)

JP:After 0.14(-0.44,0.71)

EA Can:Incent 0.12(-0.63,0.87)

HK:Incent -0.10(-0.94,0.75)

JPIncent 0.14(-0.66,0.94)

N 264(66Clusters) 252(63Clusters) 436(109Clusters) 324(81Clusters) 1276(319clusters)

R2 Fixed .032 .028 .012 .040 .028

R2 Total .369 .434 .365 .375 .382

+ p< .10
� p< .05
�� p< .01
��� p< .001

https://doi.org/10.1371/journal.pone.0202288.t008
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overplaced.TheJapanesealsoappearslightlyoverplaced,but arestatisticallyindistinguishable
from unbiasedestimates(0%).After takingthetest,all groupsupdatetowardslessconfidence,
statisticallyindistinguishablefrom accurate,thoughtheEuroCanadians(4.36%,p = .098)and
theHongKong(4.72%,p = 0.017)participantsarestill significantlyor marginallyoverplaced.
However,theseinterpretationsaremisleadingandrevealthedangerin usingpopulation-level
estimates.Whenweconsideractualperformancein theTrueOverplacementmeasureviathe
EGOmethod,theorderof thesamplesis thesame,but themeasuresaredifferent.Here,as
mentionedbefore,theJapaneseareindistinguishablefrom accurateanderringon thesideof
slightlyunderplaced (thoughnot significantlyso;-4.50%,p = .256aftertakingtheempathy
test)andaresignificantlylessoverplacedthantheEuroCanadians(-13.02%,p = .026)and
EastAsianCanadians(-13.62%,p = .015),andmarginallysignificantlylessoverplacedthan
HongKongChinese(-8.80%,p = .074).

To summarize,Fig2showsthatby thetraditionalmeasure,all samplesappearto beover-
placedbeforetakingthetest,exceptfor theJapanese,whoarestatisticallyindistinguishable
from accuracy.After takingthetest,all samplesbecomelessoverconfident,with all but the
HongKongChineseandperhapstheEuroCanadians,statisticallyindistinguishablefrom
accurate.TheTrueOverplacementmeasuretellsaslightlydifferentstory±allsamplesareini-
tially overplaced,exceptthetheJapanesesamplewhoareindistinguishablefrom accurate,err-
ing on thesideof underconfidence,andsignificantlylessconfidentthanall othersamples.
After takingthetest,all populationsarestatisticallyindistinguishablefrom accurate,though
theJapaneseareevenmoreunderconfident(thoughstill not statisticallydistinguishablefrom
accurate).

Wenextlook athowtheresultscomparefor thetaskthatparticipantsshouldhavemore
self-knowledgeabout:mathability.

Does unincentivized math differ from unincentivized empathy?. In Fig3below,we
plot thesametwo graphs,without incentivesfor placementaccuracy,but this time for the
mathtest,anability for whichpeopleshouldhavemoreself-knowledge.Fig3 showsseveral
keydifferencesin confidenceon themathtestcomparedto theempathytest.Themostobvi-
ousdifferenceis thatbybothOverplacementandTrueOverplacement,thetwo Canadiansam-
plesandtheHongKongChinesehavemuchsteeperupdating,goingfrom overplacedto
accurateor evenslightlyunderconfidentandsignificantlylessthantheir pre-testestimates.By

Fig 2. Empathy(a)Overplacementand(b) TrueOverplacementwithout incentivesfor placementaccuracy.Error barsare95%confidenceintervalson therawvalues.
Notethat they-axisrangeisdifferentto visuallymaximizethedifferencesbetweenlines.

https://doi.org/10.1371/journal.pone.0202288.g002
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thetraditionalOverplacement,EuroCanadiansandEastAsianCanadiansappearto gofrom
1.78%,p = .497to -5.00%,p = .058(this differenceisasignificantdecrease;-6.78%,p< .001)
and6.29%,p = .047to 1.78%,p = .570(this isasignificantdecreaseaswell;-4.04%,p = .022)
respectively.HongKongChinesegofrom 8.26,p< .001to 3.98%,p = .044(this isasignificant
decrease,-4.28%,p = .007).TheJapaneseappearto bemoreaccurateandbecomeslightly
moreaccurate,thoughthisdecreaseisnot significant:3.75%,p = .120to 1.78%,p = .460(the
decreaseis -1.98%,p = .198).

However,takingplacementinto considerationwith TrueOverplacement,weseesteeper
updatingamongthetwo Canadiansamples(thoughthedifferencebetweentheseslopesand
theslopesof theothertwo populationsisnot statisticallysignificant).All samplesendup indis-
tinguishablefrom accurateaftertakingthemathtest(asmight beexpectedfor ataskwith
moreself-knowledge).EuroCanadiansgofrom 2.81%,p = .547to -3.98%,p = .394(decreaseis
-6.78%,p = .022);;EastAsianCanadiansgofrom 6.74%,p = .096to -1.34%,p = .739(decrease
is -8.07%,p = .002),HongKongChinesegofrom 5.72%,p = .046to 1.44%,p = .614(decrease
is -4.28%,p = .032);andJapanesegofrom -0.88%,p = .824to 2.86%,p = .470(decreaseis
-1.98%,p = .435).Thoughtheslopedifferencesmaysuggestpopulation-leveldifferencesin
updating,theseslopesarenot significantlydifferentfrom oneanother.

To summarize,Fig3showsthatcomparedto theempathyresults,beforetakingthetests,
thefour populationsaremuchcloserto eachotherin thesizeof overconfidence.Beforeand
aftertakingthetest,theJapaneseareaccuratebybothmeasures,but all groupsareindistin-
guishablefrom accurateaftertakingthetest.Weseeasubstantialdrop in confidencebyboth
measuresamongbothCanadiangroupsto underconfidenceandtrueunderconfidence,
thoughthesearenot statisticallydistinguishablefrom accurate.

Underno incentivesfor accurateplacementestimates,thepatternof resultsin themathtest
comparedto theempathytestarelargelysimilar,exceptthat theEuroCanadiansaresignifi-
cantlymoreaccurateabouttheir mathplacement,p = .010andmoresothantheHongKong
ChineseandJapanese(p = 0.37andp = .010).Without incentives,theJapanesearemoreaccu-
rateaboutboth testsbeforeandafter.Wenextlook atwhetherincentivesfor accuracyaffect
theseresultsin both tests.

Do incentives affect overconfidence?. In Fig4,weplot both theempathyandmathtest
whenparticipantswereincentivizedfor accurateplacementestimates.Foraside-by-side

Fig 3. Math (a)Overplacementand(b) TrueOverplacement without incentivesfor placementaccuracy.Error barsare95%confidenceintervals.

https://doi.org/10.1371/journal.pone.0202288.g003
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comparisonwith theunincentivizedcondition,seeS1Fig.Under incentives,Fig4 reveals
quitedifferentpatterns.To beginwith, all groupsaresignificantlymore overplacedbyTrue
Overplacementwhenincentivizedbeforetakingtheempathytest,not lessassomeexpect
(EuroCanadiansat13.66%,p< .001;EastAsianCanadiansat10.91%,p = .010;HongKong
Chineseat10.09%,p< .001;Japaneseat8.90%,p = .010).Theseresultsareexaggeratedby the
traditionalOverplacementmetric rangingfrom 5.94%to 13.25%,p< .01.

After takingthetest,byTrueOverplacement,all but theJapanesesignificantlydecrease
their estimates(-6.78%,p = .022;-8.07%,p = .002;-4.28%,p = .032;and1.98%,p = .435,
respectively),but all remainoverplaced,significantlysofor theHongKongChinese(5.80%,
p = .050)andJapanese(6.93%,p = .045)andmarginallysignificantfor theEuropeanCanadi-
ans(6.88%,p = .083).TheEastAsianCanadiansareindistinguishablefrom accurate(2.83%,
p = .496).

NotethedifferencebetweenOverplacementastraditionallymeasuredandTrueOverplace-
mentbyconsideringperformance:aftertakingtheempathytest,theJapaneseappearto bethe
leastoverconfidentof thefour groupsby theOverplacementmeasure,but themostoverconfi-
dentby theTrueOverplacementmeasure.Thisreversalhighlightstheneedto considerperfor-
manceandoperationalizeTrueOverplacementandnot justpopulation-levelOverplacement.
TheseresultsoccurbecausetheJapaneseperformworseunderincentives(seeS2Figfor per-
formancedifferences).

Fig 4. Empathy(a)Overplacementand(b) TrueOverplacementandMath (c) Overplacement and(d) TrueOverplacement. All with incentivesfor placementaccuracy.
Error barsare95%confidenceintervals.Notethat they-axisrangefor empathyisdifferentsoasto visuallymaximizedifferencesbetweenlines.

https://doi.org/10.1371/journal.pone.0202288.g004
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In themathtest,while thecombinationof incentivesandfeedbackseemsto reducebias
amongtheCanadians(byTrueOverplacement,EuroCanadiansgofrom 5.97%,p = .132to
-0.81%,p = .837,decreaseof -6.78%,p = .022,differencewith empathyof 7.69%,p = .010;East
AsianCanadiansgofrom 6.55%,p = .118to -1.52%,p = .714,decreaseof -8.07%,p = .002,dif-
ferencewith empathyof 4.36%,p = .096),theHongKongandJapaneseparticipantsarefairly
similar to theempathytest,remainingoverplaced(HongKongChinesegofrom 9.53%,p =
.001to 5.24%,p = .077,decreaseof -4.28%,p = .032,differencewith empathyof 0.56%,p =
.779;Japanesegofrom 10.54%,p = .002to 8.57%,p = .013,decreaseof -1.98%,p = .435,differ-
encewith empathyof 1.64%,p = .517;seeS5andS6Tablesfor supportinggroupcompari-
sons).Thecombinationof moneyandfeedbackin mathactuallymakestheJapanesemore
overconfident,(11.42%,p = .014higherthanwithout incentives),perhapsbecausetheJapanese
found themathtesteasierthantheyexpectedÐJapaneseperformancewasbetterthanevery
othergroupandsignificantlysounderincentives(seeS2Fig).

To summarize,Fig4 revealsthat thepatternweseeunderincentivesisquitedifferentto
thepatternwith no incentives.Thusfar,updatingtowardlessoverplacementaftertakingthe
testhasseemedto beuniversal,but herewefind thatwhenit comesto math,theJapanesesam-
plegofrom overconfidentto evenmoreoverconfident.Theimportanceof usingTrueOver-
placementisunderscoredby theempathyresultswheretheJapanesegofrom theleast
overconfidentgroupto themostoverconfidentgroup.Thisreversaloccursdueto poorerper-
formanceunderincentives.For themathtest,bothOverplacementandTrueOverplacement
largelytell thesamestory,althoughOverplacementsuggeststhatEuropeanCanadiansare
underconfidentaftertakingthetest,whichisnot truewhenyouconsideractualperformance.
EuropeanCanadiansarenonethelesstheleastoverconfidentin mathwhenincentivizedfor
accuracy.

Overprecision

Overprecision,capturedasthestandardizedstandarddeviationof thedecilespread,aimsto
measurehowmuchconfidenceparticipantshadin their placementestimates.In Fig5,weplot
thisstandarddeviationaswedid for OverplacementandTrueOverplacement(asmallervalue
indicatesmoreoverprecision).Fig5suggeststhatEastAsianCanadiansaremoreoverprecise
thanEuroCanadianparticipantswhoaremoreoverprecisethantheJapanese,whoarein turn
moreoverprecisethantheHongKongChinese.Comparedto theHongKongChinese,the
Japanesearemoreoverpreciseby -0.35,p = .062,theEuroCanadiansaremoreoverpreciseby
-0.50,p = .013,andtheEastAsianCanadiansaremoreoverpreciseby -0.62,p< .001.When
moneyison theline,all groupsbecomelessoverprecise,thoughthisdifferenceisonly signifi-
cantfor theHongKongChinese(0.54,p = .001)andmarginallysignificantfor theJapanese
(0.33,p = .056).All groupsarealsomoreoverprecisefor theconcretetask(math)comparedto
theambiguoustask(empathy)andthisdifferenceissignificantfor theEastAsianCanadians
(-0.17,p = .012),HongKongChinese(-0.35,p< .001),andJapanese(-0.24,p = .001),but not
theEuroCanadians(-0.05,p = .519).Thusweagainseeadifferencein reactionto incentives.

Theseresultsaresupportedbyaregressionanalysis(Table7). In theTrueOverplacement
analysis,wewereableto meaningfullyinterpretcoefficientsaspercentagesanduseour inter-
ceptto indicatethepresenceof overconfidence(positive)comparedto accuracy(zero)or
underconfidence(negative).Here,our outcomevariableis lessmeaningful.

Theseresultsindicatethatpopulationsareemployingdifferentstrategiesunderdifferent
conditionsalongtwo dimensionsÐplacementandprecision.BothCanadiansamplestook
moreof aªgobigor gohomeºstrategy,putting morecoinsor tokensin fewerdeciles,while
theHongKongChineseandJapanesetook amorerisk aversestrategy,andtheHongKong

Overconfidence is universal? Elicitation of Genuine Overconfidence (EGO) method reveals systematic differences

PLOS ONE | https://doi.org/10.1371/journal.pone.0202288 August 30, 2018 19 / 30

https://doi.org/10.1371/journal.pone.0202288


Chineseparticularlysowhenrealmoneywason theline. In termsof effectsize,theinfluence
of monetaryincentiveswascomparableto beingfrom HongKong.BeinganEastAsianCana-
dian(relativeto Japanese)iscomparableto beingmale.In thenextsectionwemeasurehow
thesestrategiestranslateto payoffsin termsof howmuchmoneyparticipantscouldhave
potentiallytakenhome.

Reward for accuracy

Hereweconsiderhowpotentialpayoffs,that ishowmuchmoneyparticipantswouldhave
takenhomeif or whentheywerepaidfor thatcondition.In reality,participantswerenot paid
for accuracywhenusingtokens(unincentivized)andwerepaidfor oneof thefour stagesof
reportingplacement(beforeandaftereachtask)in theincentivizedcondition.Wereferto this
potentialpayoffastheªrewardfor accuracyº.

Fig6andTable8 revealsthatdespitethedistinctstrategiesemployedbydifferentpopula-
tions(e.g.ªgobigor gohomeºvsrisk averse)little differenceemergedin termsof payoffs.Fur-
thermore,thesepayoffswerecloseto chanceperformance,indicatingthatparticipantshad
little in thewayof accurateself-knowledgeaboutthesetasks.Perhapssurprisingly,usingreal
moneywasnot substantivelydifferentto usingtokens,andif anythingresultedin slightly
lowerpayoffs.Unsurprisingly,participantshadsignificantlyhigherpayoffsin thetaskin

Fig 5. Uncertaintyin Placement for Empathy(a)without incentivesand(b) with incentivesandfor Math (c) without incentivesand(d) with incentives.Overall, the
HongKongChineseandJapaneseshowmoreuncertainty thantheCanadians(controlling for demographics)andwefind moreuncertaintyin generalwhen
incentivized.Incentivesincreaseuncertaintyanduncertainty isgreaterfor themoreuncertaintask,empathy.Error barsare95%confidenceintervals.

https://doi.org/10.1371/journal.pone.0202288.g005
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whichtheyhadmoreknowledgeÐmathandweregenerallyableto updatetheir estimatesand
increasetheir payoffsaftertakingthemathtest(thoughthis increasewasnot significantly
higher).Feedbackfrom havingtakentheempathytestdid verylittle to increasepayoffs.
Althoughthesedifferenceswerenot significantwhenmoneywason theline.TheCanadian
strategyof ªgobigor gohomeºpaidoff significantlybetterfor thetaskfor whichtheyhad
moreknowledgeÐmath.

Overprecisiondiffersbysexandage,with olderindividuals(-0.10,p = .028)andmales
(-.30,p< .001)showingmoreoverprecision.Thoughsexesdifferedin precision,theydid not
differ in placement.Did thisprecisionpayoff?ForRewardfor Accuracy,maleshadslightly
higherpayoffs(27cents,p = .047;seeS5andS6Tables)controlling for othermaineffects,but
alsosignificantlyhighervariance(ΔSD = .38,p< .001;i.e.,morewinnersandlosers).In the
nextsection,wediscusssexandagedifferencesmorebroadly.

Sex and age

Sexpredictsbothplacement,precision,andperformance.In generalour resultssuggestthat in
contextswhenmalesaremoreoverplaced,thedifferenceismuchlargerthanin caseswhen
femalesaremoreoverplaced.However,femalesareoftenasoverplacedor slightlymoreplaced
thanmales.Soratherthanmalesbeingconsistentlymoreoverplacedthanfemales,asissome-
timessuggestedby theliterature,overplacementandperformancedifferencesbetweenthe
sexesvariesby incentives,task,andpopulation.Theseresultsdo not changetheoverallpattern
of resultssofar reported.

Herewelook at thedifferencebetweenmalesandfemalesin performance,Overplacement,
TrueOverplacement,andoverprecisionwithin eachsamplefor eachtest,with andwithout
incentives,andfor theestimatesof performance,beforeandaftereachtest.Thesepatternsare
complex,soweregresseachoutcomeon sexandplot thecoefficientof sexasacolor ranging
from red(femaleshigher,shownbynegative)to blue(maleshigher,shownbypositive),where
white indicatesneitherishigher.Significantdifferencesareboldedandoutlinedin adarker
black.Marginallysignificantarejustbolded.Webeginby lookingatperformance.

Fig 6. Themeannumberof (a) tokensor (b) moneyin thecorrectdecile.Overallpeopledid quitepoorlygettingcloseto chance($1)in howmuchmoneytheymade.
Themeanwasnot substantially higherfor realmoneycomparedto tokensandwasin factgenerallylowerwhenusingrealmoney.Themeanwashigherin thetaskfor
whichparticipantshadmoreself-knowledge±mathandin this task,takingthemathtestincreasedreturns. TheEuropeanCanadiansmeanwasparticularlylow for
empathyin with realmoney.Error barsare95%confidenceintervals.

https://doi.org/10.1371/journal.pone.0202288.g006
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Performance. Theseresultsin Fig7 indicatethatmenandwomenperformdifferentlyon
thedifferenttestsbetweenpopulationsandunderincentives.On theempathytestwithout
incentives,EuropeanCanadianwomenandHongKongChinesewomendid better,but under
incentivestherewasonly asmalldifferencewith menperformingabit better.Thepatternwas
theopposite,but not significantamongEastAsianCanadiansandJapanese.

Men in generalperformedbetteron themathtest.EuropeanCanadianmenperformedsig-
nificantly betterunderincentives,but therewasno sexdifferencewithout incentives.Japanese
menwereconsistentlybetteratmath,whereasEastAsianCanadianswerepartwaybetween
thesegroups±menperformingbetteroverall,but moresounderincentives.

In assessingoverplacement,it iscritical to taketheseperformancedifferencesinto consider-
ation,but first we'll look atwhatyouwould find if youdidn't taketheseperformancediffer-
encesinto account.

Overplacement. Theresultsin Fig8 highlight thatmenandwomenbehavedifferently,
but this ismostlybasedon testtype.Without consideringperformancedifferences,menin all
populationsandconditions,exceptEastAsianCanadiansbeforetakingthemathtest,show
moreoverplacement(valuesabovethemean)thanwomen.Forempathy,thepredictionsare
morebalanced,with Japanesewomenunderincentivesshowingmoreoverplacement.How-
ever,sinceweknow thatperformancediffers,theseresultsareonly meaningfulin sofar as
theyreplicatepastresearch.

At leastfor math,theseresultsreplicatepastresearch,suggestingthatmenaremoreover-
placementthanwomen.But theseresultsdon't takeinto considerationtheperformancediffer-
encepreviouslydiscussed.Do theresultschangewhenweconsiderperformance?

True overplacement. WhenTrueOverplacementismeasured,asshownin Fig9,the
strongsexdifferencesdisappear.In fact,only amongEuropeanCanadiansaretheysomewhat
consistent,with unincentivizedmenshowingmoreoverplacementfor bothempathyand

Fig 7. Performance as a percentage difference in raw score on test between males and females. Positivevalues(blue)indicatethatmales
performedbetter.Negativevalues(red) indicatethat femalesperformed better.Thecolor rangesfrom -20%to 20%.Statisticallysignificant valuesare
boldedandsurrounded byadarkerborder.Marginallysignificantvaluesarebold.

https://doi.org/10.1371/journal.pone.0202288.g007

Fig 8. Traditional overplacement difference between males and females. Positivevaluesandblueindicatethatmaleshadhigheroverplacement. Negativevalues
andredindicatethat femaleshadhigheroverplacement. Thecolor rangesfrom -30%to 30%.Statisticallysignificant valuesareboldedandsurroundedbyadarker
border.Marginallysignificant valuesarebold.

https://doi.org/10.1371/journal.pone.0202288.g008
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math.Whenincentivized,EuropeanCanadianwomenshowmoreoverplacement.EastAsian
Canadianwomenshowmoreoverplacementin maththanEastAsianCanadianmen.This
biasisdrivenby themnot predictingtheir poorerperformance.On empathy,bothsexesare
roughlythesame,but EastAsianCanadianmenseemto beabit moreoverconfidentcom-
paredto womenwhenincentivized.ResultsaremixedamongtheHongKongChineseand
Japanesewith only marginallyor not significantresults.

Next,weconsidersexdifferencesin overprecision.
Overprecision. Theresultsin Fig10,codedsothatmorebluesuggestsmaleshavemore

certaintysuggestthat theoverall,EastAsianCanadianandHongKongChinesemenshowthe
mostcertainty.For theJapaneseandEuropeanCanadians,thesexesactmoresimilarly,with a
slighttrend towardshigherfemalecertaintyamongEuropeanCanadiansfor theempathytest.

Theoverprecisionresultssuggestthatmenaregenerallymorecertainof their beliefs,but
not universallyso.And of course,wehaveno wayof knowingif thiscertaintyiswarranted.
Men do haveslightlyhigherRewardfor Accuracypayoffs,suggestingthat thiscertaintymay
bewarrantedor at leastpayoff.

Discussion
HereweintroducetheEGOprocedurefor elicitingoverconfidencethroughparticipant'sdis-
tributions ratherthanpoint estimates.Thismethodallowsusto concurrentlycaptureboth
estimatedplacementandconfidenceor uncertaintyin thatplacement(overprecision).It also
lendsitselfto incentivizingthehonestyof thesedistributions.UsingtheEGO,weshowthat
overconfidencein placementandprecisionis inconsistent,sometimesweak,andcross-cultur-
allyvariable,ratherthanªconsistent,powerful,andwidespreadº[1]. Theseresultschallenge
theideathatwecanmakebroadandgeneralclaimsaboutoverconfidence.Theymakeclear

Fig 9. True Overplacement difference between males and females. Positivevalues(blue)indicatethatmaleshadhighertrueoverplacement.Negativevalues(red)
indicatethat femaleshadhigheroverplacement. Thecolor rangesfrom -30%to 30%.Statisticallysignificant valuesareboldedandsurroundedbyadarkerborder.
Marginallysignificant valuesarebold.

https://doi.org/10.1371/journal.pone.0202288.g009

Fig 10. Overprecision difference between males and females as measured by differences in standardized standard deviations in the decile distribution.

Positivevalues(red) indicatethatmaleshadhigheruncertainty.Negativevalues(blue)indicatethat femaleshadhigheruncertainty.Thecolor rangesfrom -5 to 5.
Statisticallysignificant valuesareboldedandsurroundedbyadarkerborder.Marginallysignificant valuesarebold.

https://doi.org/10.1371/journal.pone.0202288.g010
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thatoverconfidenceishighlydependenton incentives,context,availableinformation,sex,and
population.Nonetheless,thedataofferssomecritical lessonsandkeyfindings:

1. It is crucialto distinguishbetweenplacementandprecisionin overconfidence.Forexam-
ple,thoughmenandwomencanbothbeoverconfidentbyplacementestimates(overplace-
ment),mendo appearto generallybemorecertainaboutthoseestimates(overprecision).
Similarly,thoughall groupsappearto beoverconfidentbyplacement(at leastwhenincen-
tivizedandprior to feedback),HongKongChinese(andperhapsJapanese)showlesscer-
tainty.TheEGOmethodallowsthesimultaneousandimplicit measurementof both
placementandprecision,andcouldeasilybeadaptedto measureoverestimationrather
thanoverplacement.Indeed,EGOisaspecialcaseof theSPIESmethod,whichhasbeen
successfullyusedin thecontextof overestimation[47,48].Overestimationisusuallymea-
suredby individual estimatescomparedto actualperformance(ratherthanpopulation
means),but isalsooftenapoint estimatethatdoesnot captureconfidenceor uncertaintyin
thisestimate.

2. It is crucialto considerindividual performancemeasureswhencomparingoverplacement
betweengroups.Forexample,CanadiansandHongKongChineseappearto beoverconfi-
dentandJapaneseaccurateon theempathytaskwithout incentives.However,whenwe
considerindividual performance,all populationsareactuallyaccurateandtheJapanese
tendtowardsunderplacement(thoughnot significantin our sample)andaresignificantly
lessconfidentthanotherpopulations.Under incentives,theJapaneseseemlike theleast
confidentgroupwhenyoucompareestimatesto meanperformance,but arethemostconfi-
dentgroupwhenyoucompareestimatesto individual performance!Thisdiscrepancy
occursbecauseperformancealsovariesbetweenconditions.

3. Overplacementisprevalent,but not universal.In fact,by theTrueOverplacementmeasure,
of our 32cells(Taskx Incentivesx Feedbackx Population),22%wereunderconfident.

4. Feedbackthroughtakingthetestgenerallyresultsin moreaccurateestimates.Thesizeof
theupdateissimilarbetweenpopulations,with two exceptionsin themathtest.Underno
incentives,bothCanadiansampleswentfrom overconfidentto accuratetendingtoward
underconfidentaftertakingthetest,perhapsbecausetheyfound thetestparticularlydiffi-
cult±theyperformedmorepoorly thantheEastAsianpopulations.Conversely,under
incentives,theJapaneseactuallyincreased in overplacement,perhapsbecausetheyfound
thetestparticularlyeasyÐJapaneseperformedsignificantlybetterthanall other
populations.

5. Consistentwith theideathatmoreinformation leadsto moreaccurateestimates,individu-
alsaremoreaccuratein thetaskfor whichtheyshouldhavemoreself-knowledge:math.
Wefound thatparticipantsweremoreaccuratein placementfor maththanempathyand
morecertainaboutthisbelief.

6. Theeffectof incentivesisculturallyspecific.ForTrueOverplacement,all but theJapanese
werelargelyunaffectedby incentivesandin all cases,ratherthanmakingpeoplemoreaccu-
rate,incentivesresultedin higherTrueOverplacement.

7. Theeffectof incentivesvariesbetweenplacementandprecision.Whenincentivized,most
groupsincreasedplacementestimates,but decreased certaintyaboutthoseestimates.

8. Populationsdifferedin placementandprecision,but payoffsfrom thesedistinctstrategies
wassimilar.Canadiansusedmoreof aªgobigor gohomeºstrategy,comparedto therisk
aversestrategyemployedby theJapaneseandChinese,particularlywhenmoneywas
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involved(this finding appearsto contradicttheªcushionhypothesis,ºwhichclaimsthat
EastAsiansarefinanciallyrisk-seekingbecausetheyperceiveagreatersupportnetworkto
relyon if theyfail [67]). Payoffs(or potentialpayoffs)werelargelythesamebetweenreal
moneyandtokens,andwereremarkablysmallÐrarelydeviatingfrom chanceÐindicating
overallpoorself-knowledge.However,payoffsdid varyby task±participantsgenerallymade
moremoneyfor math±andmoresoaftertakingthemathtest.Takingtheempathytesthad
no effecton payoffs.Thedifferentpopulationstrategiesmadealmostno differenceto pay-
offs,althoughwhenrealmoneywasinvolved,theªgobigor gohomeºstrategywasmargin-
allybetterfor math,thehigherself-knowledgetask,andthemorerisk aversestrategy,
marginallybetterfor empathy,thelowerself-knowledgetask.Of course,althoughtheyare
roughlythesameon-average,theªgobigor gohomeºstrategywill generatemorevariation
in winning acrossthosepopulations.

Our findingson culture,age,andsexareconsistentwith someandcontrastto otherprior
research.Theoverprecisionincreasewith ageisconsistentwith pastwork andtheideathatwe
improveself-knowledgeaswemature[52,53].That theEastAsiansamplesshowedoverplace-
mentin thefaceof incentivessimilar to thatof theEuropeanCanadiansamplesmayseemat
oddswith pastresearchfinding pronouncedpopulationdifferencesin self-enhancementusing
hiddenbehavioralandindirect measures(althoughweremind readersthat theself-esteemand
falseuniquenessmeasuresindicatedthat theEastAsian-CanadianandHongKongChinese
sampleswereunusuallyself-enhancing;for reviewssee[34,36]).Onereasonfor thedifferent
patternof resultsmaybethat themeasuresusedin thisstudytappedinto somewhatdistinct
processescomparedwith thosemeasuresusedin previousstudies;thisnotion issupportedby
themodestcorrelationsbetweenthedifferentmeasuresof overplacementandself-enhance-
mentpresentedin Table4.An alternativeaccountis thatperhapstheseconflictingfindings
indicatethatEastAsiansadoptunderconfidentassessmentsof themselvesasastrategyto moti-
vatethemselvesfor self-improvement,evenif theyareableto recognize,whenincentivizedto
scrutinizetheir performancemoreclosely,that theyarebeingoverlyself-criticalwhendoing
so.Peoplecanhavedifferentmotivationsfor assessingthemselves,eitherto feelgoodabout
themselves,to attendto areasin needof improvement,or to accuratelyassesstheir standing
(cf.,[68]). That theJapaneseandHongKongChinesesampleshadoverallgreateruncertainty
in placementsuggeststhat theyhaveweakercommitmentsto anysingleviewof self.Thismay
indicatethat their variousself-viewsaremorein conflictwith eachother,andmoredependent
on circumstances,thantheyarefor Westerners(see[68,69]).

It iscommonlyclaimedthatmenaremoreoverconfidentthanwomen(althoughthis isnot
reliablyfound in self-enhancementstudies).Wearguethat thisconclusionmaybearesultof
measuringoverplacementwithout consideringperformancedifferences.In thestereotypically
maledomainof math,malesappearoverconfident,but only whencomparedto themean(males
makehigherplacementestimates).WhenTrueOverplacementiscalculatedbysubtracting
actualperformance,maleoverplacementevaporates,becausemalesactuallyperformbetteron-
averagein stereotypicallymaledomains.Instead,bothmenandwomenareoverconfidentin dif-
ferentcontexts.However,menaremorecertain thanwomen.It isdifficult to saywhetherthis is
ªoverprecisionº.Oneindication ishowthiscertaintytranslatesto payoffs.Menhaveslightly
higherpayoffsthanwomensuggestingthat thecertaintymaynot beªoverºwhatisadaptive,but
malesalsohavegreatervariancein payoffsin everypopulation,suggestingthatalthoughthiscer-
tainty paysoff for malesoverall,thespreadof winnersandlosersis largerthanfor females.

Therearetwo keydirectionsfor futurework.First,our motivationfor thisstudywasour
interestin differencesin overplacementandoverprecisionandhowtheymaymotivatedeci-
sionsto becomeentrepreneurs.Asdiscussedearlier,entrepreneursarelikely to behigh in
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overplacementandoverprecision,whereashighoverplacement,but not overprecisionmaybe
theclassicªwantrepreneurº,whoaspiresto becomeanentrepreneur,but nevermakestheleap.
To thisend,wepaidparticipantsonly for thecoinsplacedin thecorrectdecileÐsimilarto a
positiveskewon thesuccessof anewbusiness.In thissituation,expectedvaluewouldbemaxi-
mizedbyplacingall coinsin thehighestprobabilitydecile.An alternativeincentivestructure
wouldbeto useaproperscoringrule (suchasaBrier, logarithmic,or sphericalscore;for dis-
cussionsee[70]). Usingaproperscoringrulewould incentivizeamorehonestdistribution
andaccountfor thepossibilitythatanyincreasesin overprecisionweseearearesultof realiz-
ing whatwouldmaximizeexpectedpayoffs,regardlessof overprecision.

Theseconddirection isusingdifferenttasksto determinewhetherbetterself-knowledgeis
whatisdriving theresultsweseebetweentasks.Wecannotexcludethepossibilitythatother
differencesbetweenthetasksdrovethedifferencesbetweentasksweseein our results.For
example,weusedthestandardwayin whichthesetestsareadministered,whichmeantthat
themathtesthadatime limit andfewerquestionsthantheempathytest.Thisandotherfea-
turesmayhaveledparticipantsto believethatonetestwaseasierthantheotheror that they
wouldsomehowperformbetter.Of courseall participantsexperiencedthesameconditions
for eachtest,wemaybeinadvertentlytappinginto someotheraspectof overconfidencepsy-
chologybeyondtaskknowledge.Runningthisprotocolwith differenttaskswouldhelpanswer
thisquestion.

WepresentEGOasaprocedureandprovidedatafrom four populations,two distinct tasks,
beforeandafterfeedback,andexperimentalmanipulationof incentives.Fromthesedata,we
arguethatassumptionsof universaloverconfidence,evenon average,do not standup to the
incrediblevariationin bothplacementandprecisionbydomain,knowledgeof thetask,incen-
tives,population,age,andsex.Instead,overconfidenceappearsto beahighly-contextdepen-
dentstrategy,suggestingcautionagainstbroadgeneralizationsaboutoverconfidence.
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population,age,andsex.Wecontrol for commonvariancefrom repeatedmeasuresusingran-
dom interceptsfor participants.
(PDF)

S6 Table. Multilevel regression models with interactions. Multilevel regressionmodelson
thebinaryvariablesfor tasktype(Math),updating(After) andincentives(Incentive),with
population,age,andsex.This tableincludesinteractions.Wecontrol for commonvariance
from repeatedmeasuresusingrandominterceptsfor participants.
(PDF)

S1 Fig. Side by side comparisons of True Overconfidence for empathy and math with and

without incentives. Error barsare95%confidenceintervals.Notethat they-axisrangeisdif-
ferentsoasto bettervisualizethedifferencesbetweenlines.
(TIF)

S2 Fig. Actual raw performance (i.e. not relative to rest of population) for each population.

For theEmpathyunder(a)no incentivesand(b) incentivesandtheMath testunder(c) no
incentivesand(d) incentives.Error barsare95%confidenceintervals.
(TIF)
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