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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 populationsbJa 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

Overconfidencénasbeendescribedhs?one of the mostconsistentpowerfulandwidespread
(psychologicabiases){1], with 2no problem... more prevalentand more potentiallycata-
strophic®[2]. OverconfidentCEOsmakepoorerinvestmentand mergerdecisiongd3, 4], over-
confidenttradersincreasdradevolumeandleadmarketsto underreacto relevantinformation
andoverreacto anecdotalnformation [5], overconfidenteadersaaremorelikely to goto war
evenwhenthe oddsarestackedagainsthem[6], and overconfidentpoeoplearemorelikely to
startabusinesseventhoughmostbusinessefil [7]. On the otherhand,overconfidenfpeople
takeon moreambitiousprojects persistin the faceof adversity[8], and havebettermentaland
physicahealth[9, 10]. Regardlessf whetheroverconfidencdéasanetbenefitor cost,thecom-
mon assumptiorunderlyingall theseclaimsis that althoughthereexistindividual differences
andperhapdifferencedy domain,overconfidencegtleaston averageis universal.

lllustrating this assumption,Johnsorand Fowler[1] publisheda modelof the evolutionof
overconfidenceDespitethe factthat two equilibriaemergedinder mostconditionsin the
modelbfor eitherunderconfidencer overconfidencedependingon theratio of benefitsto
costsbJohnsorand Fowlerspeculatedhat humansmayhavefaceda sufficientlyhigh benefit
to costratio overthe courseof humanhistory,suchthat overconfidencénasbecomeagenetic
predisposition.

Researcheiis the psychologicahndthe economicsciencesavebeenstudyingoverconfi-
dencesomewhatndependentlypftennot citing work in the others'discipline.ln psychology,
researclton the cognitivebiasesinderlyingoverconfidencgyoesbackto atleastheearly
1960411], continuing throughthework of researchersuchasFrankYatesandGeorge
Wright [12+15].A separatdut overlappingobody of psychologicatesearcHocusedn the
motivationalaspect®f overconfidenceThis motivationalbias referredto asself-enhance-
menttthebiastowardviewingthe selfpositively+hads rootsin earlyresearcton the selfand
self-esteerfil0,16,17]. More recently economisthavebeendrawingon andextendingthe
earlypsychologicalvork on the cognitivebiasesinderlyingoverconfidencehut havelargely
ignoredthis parallelresearcton self-enhancemeragnd motivationalbiasesinderlying
overconfidence.

Ratherthanuniversalthe broadbodyof researchon this topic suggestthat overconfidence
is highly variable varyingby age[18], sex[18+23],population[12+15,17,24+26],domaincon-
tent[20,23,27,28],anddomaincontext[21, 29], sometimeglisappearin@ltogetheror being
replacedy underconfidencg24,30,31] andwith interactionsacrosseverabf these
predictors.

For populationdifferencesmuchresearchhassuggestethat EastAsianpopulationsarefar
lessoverconfidenthanWesternersand sometimesvendemonstratestriking underconfi-
denceor self-criticismasopposedo self-enhancemenj82, 33]. Moreover thesepopulation
differencesavealsobeenidentified usingmeasureshathaveemployedhiddenbehavioral
measureyr measurahe overlypositiveassessmenisdirectly, indicatingthat the population
differenceis not merelythe productof self-presentatiomotives[33, 34].In sum,theuniver-
salityof overconfidencés difficult to assesgjiventhatits magnitudeappearsodifferently
acrossstudies.

Partof thedifficulty in interpretingtheseresultsis that althoughresearchersegularlyuse
theterm2overconfidence%heyoftenmeanverydifferentthings.Moore andHealy[35] pro-
vide ausefulsetof definitionsfor differentoverconfidenceoncepts:

1. Overestimation isthebeliefthatyouarebetterthanyoureallyarecomparedo an objective
standard(e.qg. believingyou canconsistentlyperformaflawlesgarallelpark, whenin real-
ity you getit right 3timesout of 10).
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2. Overplacement isthe beliefthatyou arebetterthan morepeoplethanyoureallyare(e.g.,
believingyou arein the 90" percentileof drivers whenin realityyouarein the 10"
percentile).

3. Finally,overprecision is havingmore confidencen your beliefsthanisjustified (e.g. being
90%certainthatyou'reabetterdriver than averagevhenyou don't haveenoughdatato
ascribethatlevelof certainty).

Eachof theseforms of overconfidencenaybedriven by both motivationalfactors(suchas
wantingto viewyourselfpositively;e.g[10, 36]) and cognitivefactors(suchasthe availability
biasor aninability to representlistributions;e.g.[37,38]). Theterm self-enhancement, which
generallyrefersto the motivationto viewoneselpositivelyratherthan negativelyparticularly
comparedo otherpeople[17], mayunderlieoverestimatiorand overplacementTherelation-
shipbetweeroverprecisiorandself-enhancemerns lessclear. Theself-enhancemeriterature
haslargelyfocusedon how positivelypeoplecomparethemselveso othersandnot on the con-
fidencethattheyhavein the precisionof their evaluationsln principle,viewingoneselfasbet-
ter thanmostother peopleand beingconfidentin this beliefmayincreaseself-enhancement,
but overplacemenandoverprecisioraremutually separableonceptsThatis, you mayview
yourselfasbetterthan other peopleand beconfidentin this belief,but equallyyou mayview
yourselfasmuchworsethan other peopleandbeconfidentin this belief.In both casespver-
precisionis high, but the latter casds unlikely to increaseself-enhancement.

Althoughdifferentdefinitions,and sometime®quivocationmayhelpexplainsomeof the
diverseresultsfound in theliterature,arelatedand equallychallengingssueis that the same
conceptsnaybeoperationalizedn verydifferentwaysMeasuringoverconfidenceanbedif-
ficult andmanyresearchershooseo useaggregateomparisongo judgeoverconfidencek-or
examplein the classi®Better than Average effect, researcherslaimhigh overconfidencevhen
a93%of driversclaimto beaboveaverage®But of coursemanyof thosewho claimto bebetter
thanaveragenayactuallybebetterthanaveragéthis mayevenbetrue of mostof the popula-
tion givenaskewedlistribution, se€39]), and converselyheseresultsmayhide someunder-
confidencewherethosewho aretruly betterthanaveragelaimlessconfidencehanthose
who areworsethanaveragé40]. Further,peopledon’t reallyseento beableto conjureup
what2averagefneansn thefirst place[37].

Despitethesddifficulties,the broaderliteraturepresentgheintriguing possibilitythat over-
confidencemayvaryacrosgpopulations perhapsdueto the differentialcostsand benefits
createdvy the specificphysicaland socialenvironmentq1]. Many factorscancreatepsycho-
logicaldifferencedetweerpopulationg41+43landthesefactorsmaymoderatemanyof the
predictorsof overconfidencel-or examplejn competition,afomenterof overconfidencesex
differencesn choosingto competewereoppositebetweerpatrilinealand matrilinealsocial
structuregwomenin matrilinealsocietiesveremore competitivethan men,sed44])). If
populationsdo systematicallyaryin overconfidencethis mayhelpexplaindifferencesn
innovationrateg45, 46]. From adifferentangle evenwhenoverconfidencés costlyfor the
individual, whosebusinesss likely to fail, it maybebeneficiafor the society sincethe busi-
nessethatdo succeedjivethe societyacompetitiveadvantagagainsother societiesallowing
overconfidencgor underconfidencejo evolveviacultural evolutiondriven by intergroup
competition.

In the presentsetof studieswedevelopea speciataseof the Subjective Probability Interval
Estimates (SPIESmethod[47,48] andusedit to testseveratheoreticalandempiricalclaims
andbring someorderto theliteratureusingspecificand preciseoperationalizationsf over-
confidenceThe SPIESnethodinvolvespresentingparticipantswith the rangeof possibleout-
comesseparatedhto intervals Participantshenassigra probability estimateto eachinterval
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whereestimatesumto 100%.The methodallowstheresearcheto captureoverprecision
usingsomemeasuref the spreadsuchasaconfidenceanterval.In the presentstudy,we
developaspeciakaseof SPIESo captureboth estimatechlacementindestimatedorecision
with aconcretemethodof creatingthe probability distribution that canbeusedto incentivize
for accuracyThis Elicitation of Genuine Overconfidence (EGO)methodinvolvesgiving partici-
pantstokensor currency(e.g.ten $1coins)whichtheycandistributein placementecilege.qg.
0-9" percentiles10-19" percentile 20-29" percentilesandsoon.) By allowingparticipantsto
keepthe currencyin the correctdecile weincentivizethemto giveagenuineestimateof both
their estimateplacemenandtheir precisionin that placementvithout havingto think about
percentagesr distributions.Overprecisioris capturedusingameasureof spreadasin SPIES
(e.g.standarddeviation)and overplacemenis capturedby a measuref centraltendency(e.g.
mean)greaterthanactualplacemenbasedn performanceWeran large cross-culturastud-
iesin JapanHong Kong,and Canadausingthe EGOmethodandalsomeasuredeveravari-
ableswhich havebeenpreviouslyfound to predictoverconfidenceThe EGOmethodallowed
usto comparepeople'self-assessmerttstheir actualperformanceaunder conditionswhere
theywereor werenot incentivizedfor accuracybbyusingtokensor currency. TheEGO
methodwasusedin both concretg(math testusingquestionsrom the GraduateRecord
ExaminationsGRE)and ambiguougempathyusingthe2RevisedReadinghe Mind in the
Eyestestwhichinvolvedidentifying the emotionsexpresseth imagesof only eyedrom
Westernand EastAsianindividuals)tasksandwe measurequdgmentshoth beforeand after
participantscompletedhe tasksWe will distinguishOverplacement astraditionally measured
Bpredicted placementibovethe populationmean from True Overplacementbpredicted
placementboveactualplacementWe will operationalizeoverprecisiorasthe standarddevia-
tion in the token/coindistribution. It is worth noting that we haveno wayof measuringvhat
accurateprecisionwould bewithout goingthroughthe proceduremultiple timeste.gwould a
90%confidencanterval capturethe performancanean90%of the time?However wewill
referto asmallerstandarddeviationasgreateroverprecisionTheseconceptsandtheir corre-
spondingoperationalizationaresummarizedn Tablel.

The EGOmethodallowedusto testfor population-levelariationin theseconceptsaswell
asstudythe effectf: (1) financialincentivegmoneyvs.tokens) (2) typeof task(mathvs.
empathy)and(3) updatingbasedn perceiveerformancegbeforevs.aftertasks)acrossall
our populations Our approachs alsomotivatedby the Johnson-Fowlemodel.An individu-
al'sdecisionto competewith others(e.qg. by startingabusinessjs motivatedby both their
beliefin placementandprecisionaboutthis belief.For examplesomeonewith high overplace-
mentandhigh precisionis morelikely to startabusinesgan entrepreneurthansomeone
highin overplacementut low in precision(a®wantrepreneur®)who maynot risk asmuch.
On theotherhand,someondow in overplacemenandhighin precisionwould almost

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

Concept Operationalization

Overplacerent:Beliefthatyouarebetterthan ' True Overplacemet: Predictedplacenentminusactual
morepeoplethanyoureallyare. placemen Thisis bothanintuitive and correctoperatioralization
of overplacerant, but is rarelymeasuredecausé requires
measuringactualperformance
Overplacemet: Predictedplacemenminus 50%.Thisis the
commonoperationakation of overconfidencgbut hides
individual differenesin ability and performarce,which mayvary

indeperdently.
Overprecigon: More confidencen your beliefs | The standarddeviationof placemenestimatesyith smaller
thanisjustified by evidence. valuesndicating more overprecision

https://abi.org/10.1371djurnal.por.0202288.t0D0

PLOS ONE | https://doi.org/10.1371/journal.pone.0202288 August 30, 2018 4/30


https://doi.org/10.1371/journal.pone.0202288.t001
https://doi.org/10.1371/journal.pone.0202288

o @
@ : PLOS | ONE Overconfidence is universal? Elicitation of Genuine Overconfidence (EGO) method reveals systematic differences

certainlynot startabusinesgsalariedvorker),but someondow in both overplacemenand
precisionmayseekout moreinformation to reducetheir uncertaintybeforemakingthe deci-
sion,or maynot risk asmuch.

Our operationalizationsirearguablycloserto their underlyingconceptghan previous
work. However we haveincludedthe more commonlyusedoperationalizationsoasto com-
pareour findingsto this previousresearchTo the degreghat our operationalizationsoncord
with the operationalizationsisedin earlierwork, we canusepreviousfindingsto guideour
expectationsThesehypothesebasedn previouswork areasfollows:

1. Earlierwork suggestthat EuropeanCanadians/Americanaould showhigheroverplace-
mentcomparedo our JapanessampleandHong Kong Chinesesampldg24], but lower
overprecisiorthanthe Hong Hong Chinesesample13], which weexpectedo replicate
here.AlthoughtheremaybedifferencedpetweerHong Kong Chinese Taiwaneséasin
Yatesetal. 1998) andmainlandChinesesamplesor indeedwithin China(e.g.[49]), Heine
andHamamura'q24] meta-analysisevealghat theseresultshavebeenfoundin Hong
Kong Chinesesamplesasusedin our study.

2. We expectedhat participantswould showlessoverplacemenaftertakingthetest[21] with
theincreasen knowledgeof their performance.

3. Weexpectedhat participantswould showmore overplacementfor the moreuncertainand
ambiguougask(empathy)comparedo the more concreteask(math)[50].

4. We expectedhatincentivesvould increasdghe motivationfor accuracyat the expensef
motivationsto feelpositiveaboutthe self motivationsfor self-presentatiorpr motivations
for self-improvementThefewincentivizedpastresultshavesuggestethat Chinesewere
unaffectedy incentivesand Americansbecamenore overconfiden{14] or wereunaf-
fected51] andthat Japanesmenandboth Japanesand Americanwomenbecameover-
confident,but Americanmenwereunaffected29]. However theseweresinglestudieswith
verydifferentoperationalizationsandin the caseof Yamagishetal.[29], population-level
aggregatesereusedin onestudy,andin the other studytheincentivizedmeasurements
weretaken8 monthslater,makingit difficult to disentangléemporalchange$rom the
effectof incentivesand compareit to the presentstudy.Pastresearctwith behaviorabnd
indirect measuresf overplacemenfargelyreplicateghe populationdifferencegoundin
explicitself-reportmeasuregfor areview,sed34]).

5. Finally,basedn pastwork, weexpectedhat maleq18+23]would showmore overplace-
ment,aswould olderpeople[18].

6. We hadfewerexpectationgboutoverprecisionsinceit islesscommonlymeasured,
althoughrecentwork suggest# increasesvith age consistentwith increasedaelf-knowl-
edgeoverthelifespan[52,53].

Our findingsreveathat, ratherthan universal)evelsof overplacemenand overprecision
varyconsiderablyy task,population,feedbackrom takingthetest,incentivesageandsex,
with interactionsbetweerthesevariablesin somecasegs,esultsdiffer dependingon whether
Overplacemenor True Overplacemenis measuredhighlightingtheimportanceof not using
aggregate-levaheasures.

Method

Ethicalapprovalwasgrantedspecificallyfor this studyby the Universityof British Columbia
BehaviouraResearclthicsBoardunderthetitle 20Overconfidencestudy®(ID: H12-02259).
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Informed consentwasensuredby participantsreadingand signingawritten consentform
prior to beginningthe study.A copyof this consentform hasbeenincludedin S1File.

Undergraduatestudentsat the University of Hokkaido, Japanthe ChinesdJniversity of
Hong Kong;andthe Universityof British Columbiain Canadgredictedtheir performance
relativeto other participantsat their university.We comparedhesepredictionsto their actual
performancgaswell asto the 50thpercentilefo comparewith pastresearch)Participants
took two testsamathtest,which pastresearclindicateshigherself-knowledgandwhereper-
formanceshouldbelessambiguousdueto familiarity andfeedbackhroughthe educational
systen{54], andanempathytest,for which theyshouldhavelessself-knowledgandwhere
performanceshouldbe more ambiguousParticipantamadepredictionsfor their relativeper-
formancebeforeandaftertakingthetestsln addition, participantswerealsorandomly
assignedo eitherbeincentivized(usingcoins)or not incentivized(usingtokens)for theaccu-
racyof placemenestimatesParticipantsestimatedheir relativeplacemenusingthe Elicita-
tion of GenuineOverconfidencdEGO) procedure The EGOprocedureinvolveddistributing
10coinsor 10tokensover10decilesamoreimplicit methodof eliciting placementhan sim-
ply askingfor apercentiludgment,whichislessconcreteandintuitive. In theincentivized
condition, participantskeptcoinsthatwerein the true performancedecile. Thesemethods
allowedusto measureédverplacementbasedn the coin/tokencentraltendencyor point esti-
matescomparedo the averag@erformance)True Overplacementbasecon the coin/token
centraltendencyor point estimatesomparedo actualperformanceandoverprecision
(basedn the coin/tokenspread).

The EGOprocedurecanbeperformedwith penand paper,but wehavemadeEGOsoft-
wareavailableon MM's websitehttp://muth.io/ego-®ft. Theexperimentaprotocolis avail-
ablein S1File.If yourequireassistancasingor modifying the softwarepleasecontactMM.

Procedure

All instructionswereprovidedusingastandardizedcriptto ensurethatall participants
receivedhe samenformation in the sameway/(the scriptis availablen S1File). Wetranslated
the Chineseand Japanesscriptsfrom the Englishscriptsusingaback-translatiormethod
[55].

For eachpopulation,webeganby collecting20pilot participantsin the unincentivized
(token) condition. Theseparticipantswerenot usedin our analysedyut wereusedasabase-
line to calculatgpaymentdor subsequenteal participants We split our Canadiansamplento
thoseof Europearand EastAsianorigin, howevertheseparticipantsweretold thattheywere
competingagainsbther participantsin the experimentwhichincludedCanadian®f both
ethnicbackgroundsAccordingly,we calculategperformancerelativeto all Canadiansather
thanwithin their ethnicgroup,althoughresultsdid not differ whenperformancevasmea-
suredrelativeto co-ethnicsOur Canadiarsamplewvasprescreenetbr thesetwo ethnicback-
groundsto excludeother ethnicities.

All non-pilot participantswererandomlyassignedo eitherthe incentivized(money)or
unincentivized(token) condition. The orderin whichthetwo testswereadministeredmath
first vs.empathyfirst) wasalsorandomized aswerethe questionswithin thesecomputerized
tests.

Participantsn all conditionswereinformedthattheywould getanentryinto alottery for
everyanswettheygotcorrectin both testsThewinner of the lottery waspaid CAD100/
HKD1000/JPY10,00@articipantsn the moneycondition werefurther incentivizedfor accu-
racyin their relativeperformanceon thetests Participantdn eachcountry weregiven10
coinsof roughlycomparablevalue(i.e.10CAD1/HKD10/JPY10@0ins).To win this money,
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Math Test

You will be given a test on your math ability where you will answer problem solving math problems. Please indicate what decile you think you will be in compared to other participants.

0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99

$0 $0 $0 $0 $0

Fig 1. Screenshot from the EGO method money condition in Canada before the math test. Participants couldchoosenowto distributetheir coinsacrosghe 10
decilesThis particularparticipantindicatesabeliefthat their performarcewill bearoundthe 65" percentilewith ataperingrangethat extenddo justbelowaverage
(40+49)o oneof muchaboveaverag€80+89)with ameanof 60+69.

https://da.org/10.137 1§urnal.pon®202288.g0D

participantscould placetheir 10coinsin anywaytheywantedacrosghe 10decileqsee~ig 1).
Theyperformedthis taskwith 10coinsboth beforeandaftereachtestandweretold thatthey
would bepaidthe moneyin the decilethat matchedheir relativeperformanceor only 1 of
thesed occasiongbeforevsafterfor mathvsempathy) By randomlypayingfor only 1 of these
4 occasiongparticipantswereincentivizedto maximizepayoffson all occasionsyithout
awealtheffects®whereparticipantsbehavedlifferentlylaterin the experimentasecdn their
estimate®f how muchtheyhadalreadywon, reducingincentivesAt the endof the study,par-
ticipantsdrewanumberfrom abox,which correspondedo 1 of these4 timesaplacement
estimatewasmade.Soin the caseof the exampldn Fig 1, this participantwould win $4if their
performanceavasactuallyin the 60+6decile $2if it wasin eitherthe 50+£5%r 70+7deciles,
$1if it wasin eitherthe40+49r 80+8%ecilesandzeroif their performancevaslesshanthe
40+4%ecileor in the 90+9%ecile.Thisincentivefor accuracyn placementvasin addition
to theincentivefor performingwell on the tests For the purpose®f payingparticipantsrela-
tive performancevascalculatedisingthe datafrom all prior participantsjncluding the pilot
group.Forthe purpose®f analysisrelativeperformancenascalculatedn the completesam-
ple of non-pilot dataafterexclusionsParticipantsverethusincentivizedto performaswell as
possiblan thetwo testsin both the moneyandtokenconditions,andwereincentivizedto
giveanaccurateestimateof their relativeperformancean the moneycondition. In thetoken
condition, coinswerereplacedwvith 10tokensandno mentionwasmadeaboutwinning
moneyin thisway.The EGOmethodallowedusto measuréoth (1) how participantsbelieved
theycomparedo their peerganindexof overplacementand(2) how confidenttheywerein
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this belief(anindexof overprecision)by looking atthe meanand standarddeviationof the
deciledistribution, respectively.

Sincethe decilemeasurevasnovel,participantsweretrained usinga cardboarddecilegrid
and10realcoinsor tokens After training participantswereaskedjuestionswhichtheyhad
to getcorrectto continue.Thesdancluded:(1) who areyou competingwith? (2) Whatis adec-
ile?And (3) How canyouwin moneyf the participantgotany of thesequestionsvrong, the
relevantpart of the scriptwasre-readandthe questionsvereaskedagain.Thefull scriptis
availablen S1File.

When participantsbegarthe experimenttheinstructionswerere-iteratedandthenafur-
thertraining testwasadministeredo checkthat participantsknewhow muchtheycouldwin
in themoneycondition in differentsituationsIn both the explanatiorby the experimenter
andthis additionaltraining, examplesverebalancedi.e.,both an exampleof ahigh meanand
anexampleof alow mean;both anexampleof low uncertaintyandan exampleof high uncer-
tainty), to ensurethattheinstructionsdid not influenceparticipantbehaviorin anyparticular
direction. Participantghenindicatedtheir placementusingthe EGOmethodbeforetaking
thefirst test.

Themathtestconsistedf 30multiple choiceword problemstakenfrom the quantitative
sectionof practiceGraduateRecordExamination GRES) presentedn arandomorder.Par-
ticipantsweregiven20minutesto completethis task. Theempathytestconsistedf the 72
questionsomprisedof the 36 questiorfRevisedReadinghe Mind in the Eyestest[56],
whichhadEuropeareyesandthe 36 questionAsian(Japanesa)yesversionof this test[57].
Questionsverepresentedn randomorder. Thus,all participantsudgedthe eyef both their
own-raceandthe otherrace(atleastat the coarsdevelof Europearvs.Asianeyes) Theempa-
thy testwasuntimed.

After thefirst testand correspondingplacemengstimatesparticipantsweregivenseveral
measuresTheyweregiventwo measureghat havereliablydistinguishedeastAsianand West-
ernsamplesn pastresearclhin termsof their self-enhancementhe Rosenbergelf-Esteem
scalg58], which assessaw/erallpositivity of the self-conceptandthe FalsdJniquenesg ask
[59], which assessédmw peopleevaluateheir placementomparedo their same-sepeers
from their university,in termsof 10abstractraits. Thesawo taskswill allowusto compare
howthe presentsamplegsomparewith thoseusedin previousstudiesParticipantsalsocom-
pletedthe Big 5 Personalityinventory [60,61] andthe Prestigeand Dominancescalg62]. Par-
ticipantsthentook the secondestwith correspondingplacemenmeasurementsfterwhich
theycompletediurther measureghe Self-Construascalg63], and severaliemographiques-
tions.In the Canadiarsamplemadeup of two subsampleghe demographiaquestions
includedmeasuresf lengthof time in Canadaandacculturation(ldentity FusionScalg64];
Vancouverndexof Acculturation[65]).

Participantsverethendebriefedandthosein the moneycondition werepaid. Thewinners
of the CAD100,HKD1000,andJPY10,00verepaid afterdatacollectionwascompleted.

Participants

Thesampleconsistof undergraduatestudentsatthe University of Hokkaido,the Chinese
Universityof Hong Kong,andthe Universityof British Columbia.The Canadianrsamplewas
further dividedinto thosewho wereof Europearor EastAsianancestryAll datahereinrefers
to non-pilot data(i.e.thosecollectedafterthefirst 20from eachuniversity).Participantsvere
excludedor oneof threereasons(1) Technicalerrors,whendatawasn'tsavecr the partici-
pantaccidentallystartedthe testswithout receivinginstructions;(2) Failedvigilancechecks,
whenparticipantsfailedto correctlyansweravigilancecheckquestionsuchas®Pleaselick
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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://da.org/10.1371durnal.pon®202288.t002

"Notatall°; and (3) Exploitingthe systemdefinedasputting all their moneyin the lowestdec-
ile andthen performingatlevelssignificantlybelowchancelncentivizingperformanceon the
two testg(independenbf accurateerformancepredictions)wasexpectedo preventpartici-
pantsfrom exploitingthe gamein this wayandthis wastrue for all but 4 participants.Table2
reportsthetotal datacollectedall exclusionsandageandsexinformation. Canadiarexclu-
sionsarereportedtogetherastechnicalissuegpreventedisfrom determiningethnicityin
somecases.

Results

Comparability of present samples to past samples of self-enhancement
measures

First,wenotehow our samplezomparedwith thoseusedin pastresearclon self-enhance-
ment,to discernwhetherour samplesreunusualon relevantvariablesThe Rosenber&elf-
Esteenscaleandthe FalsdJniquenesd askareroutinely usedin the self-enhancemeiritera-
ture andsoweincludedtheseo giveusabasiso compareour sampleginsofarasexposurgo
our measureslon't changebehavior) A meta-analysisf pastresearchasfound that Western
andEastAsiansamplesliffer on thesetwo measuresvith effectsizesf d = .94andd = 1.2
(whereadVesternerdgliffer from EastAsian Americans with effectsizef d = .32andd = .53),
for the Rosenbergnd FalsdUniquenesd asksrespectively24]. For comparisonweregress
thesesamemeasuresn the dummy codesof eachsamplewith EuropeanCanadiansetasthe
referencegroup.We reportthe betacoefficientsn Table3 below.

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

Self-enhancement | East Asian- East Asian Americans-Western | East Asian Canadians-Euro- | Hong Kong Chinese-Euro- Japanese-Euro-
Measure Western (Meta-analysis) Canadians Canadians Canadians
(Meta-analysis)

Rosenberg Self- -0.94 -.32 -0.19 -0.56 -1.21
Esteem [-0.50,0.12],p=.231 [-0.83,-0.27], [[1.51,-0.92]p <

p <.001 .001

False Uniqueness -1.16 -.53 0.21 0.50 -0.64
Task [-0.11,0.52],p=.194 [0.23,0.78],p < .001 [-0.93,-0.34],p <

.001

Note. Basedn ameta-andysisandin our sample Self-esteemesultsarelargelyin the samedirection asthe meta-andysis,althoughEastAsianCanadiansrenot
significartly differentto EuropeanCanadiansFalseJniquenesresultsarein the oppositedirectionto pastresultsfor EastAsianCanadiasand Hong Kong Chinese,
significartly soin thelatter,but comparabldo pastresultsfor the Japanese.

https://da.org/10.1371durnal.pon®202288.t003
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Table 4. Correlation between overplacement, overprecision, and self-enhancement measures.

1
2
3
4
5

Note. N =319;p < .001

“*p<.01

2: False Uniqueness 3: Overplacement 4: True Overplacement 5: Overprecision
1
0.31** 1
0.20"* 0.33** 1
0.00 -0.15* 0.00 1

* p < .05.Lowervaluesof overprecsionsuggesgreatemprecision.

https://da.org/10.1371¢urnal.pon®202288.t004

Our EastAsianCanadiarpopulationaremore self-enhancinghanis typicallymeasured
andaremostlyindistinguishablérom the EuropeanCanadiansThe Hong Kong Chineseare
somewherén-betweentypicalself-esteermeasurefor EastAsianAmericansand EastAsians
comparedo Westernershut in the samedirection, but arehigheron FalseUniquenessa
reversabf pastresults The Japaneskaveself-esteerandfalseuniquenessesultsin thesame
direction,andof roughlythe samemagnitude Theseresultsmakeit difficult to compareour
EastAsianCanadiarandHong Kong Chinesesampleto previousself-enhancememnesults,
but our Japanessamplds quite similarto pastsamplesincreasingour confidencen the gen-
eralizabilityof thosefindings.In the nextsectionwecorrelateall of our differentmeasuresf
self-enhancementverplacemengndoverprecision.

Correlation between self-enhancement, overplacement, and overprecision

Herewecorrelateself-esteenfalseuniquenessQverplacementfrue Overplacementand
OverprecisionWe usethe meanvaluedor eachparticipantto avoidinflating power.These
correlationsarereportedin Table4 belowandarereportedseparatelyor eachsamplan the
supplementaryS1+STables).

Theseesultsreveakmallcorrelationsbetweerfalseuniquenessndself-esteenhetween
self-esteerand Overplacementandbetweerfalseuniquenesand Overplacemenandto a
slightlylesseextent falseuniquenesgand True OverplacementOverplacemenand True
Overplacemenaremoderatelycorrelatedwith Overplacemenshowingasmallnegativecorre-
lation with overprecisior(i.e.lowervaluesareassociatetith higherprecision).Thisindicates
two important things.First,our measuresf overplacemenandoverprecisiorrevealbonly a
weakrelationshipwith standardmeasuresisedfor self-enhancemenOur measuresf over-
precisionandoverplacemenaretheoreticallydistinguishableonstructsand showno correla-
tion here.Thoughtheoretically overprecisiorand overplacementnaybeindependentmore
work isrequiredto statisticalljdemonstratehis (se€g66]). In the nextsectionwediscusur
main approachto analyzinghesedata.

Analysis of primary measures

Herewe presenbour strategyfor analyzinghow our keypredictorsbtasktype (mathvs.empa-
thy), incentivegmoneyvs.tokens) feedbacKbeforevs.after),and population(European
CanadianEastAsianCanadianHong Kong Chineseand Japanese)baffe@verplacement,
True OverplacementandoverprecisionWe alsocalculatedarewardfor accuracy®Pwhich
assessdmw effectivethe combinationsof True Overplacemenand overprecisionwerein
generatingayoffs.
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Predictedblacementvasdefinedasthe meanof the distribution of coinsor tokensin dec-
iles.Overplacement;onsisteniith pastoperationalizationss 50%subtractedrom this
meanplacemenestimateln contrast,True Overplacemenis the actualindividual relative
performanceplacementsubtractedrom this meanplacemenestimateThatis:

Overplacement = Mean|Decile Distribution] — 0.5

True Overplacement = Mean|Decile Distribution] — Actual Placement

Bythesemeasure® would indicateno bias,anegativevalueindicatesan underplacement
bias,andapositivevaluean overplacemeniias.We operationalizeoverprecisiorasthe stan-
dard deviationof the decilespreadLowervaluesof the decilespreadndicatemore overpreci-
sion.Thatis:

Overprecision = SD[Decile Distribution).

To analyzehe effectof our manipulationsweregresse@®verplacementTrue Overplace-
mentandoverprecisioron our keypredictorsttaskype(mathvs.empathy),jncentives
(moneyvs.tokens)andfeedbacKbeforevs.after)usingamultilevelregressionimodel,looking
ateachpopulationseparatelyWe usedrandominterceptsto control for the commonvariance
associatewvith eachparticipantproviding uswith 4 datapoints (beforeand afterthetwo
tasks) Notethat differencedetweertreatmentdor agivenoutcomevariablearenot multiple
teststheycomefrom the coefficientsof asingleregressioimodelfor eachoutcomevariable:

Overplacement = B, + B, - Math + B, - After + f, - Incentives + €
True Overplacement = f, + f, - Math + f, - After + f, - Incentives + €

Overprecision = B, + f, - Math + p, - After + f3, - Incentives + €

Sinceour condition predictors(task,feedbackandincentivesjandpopulationsarefactors,
theinterceptsof our regressiorarethe confidenceanduncertaintyof thereferencegroup (the
predictorsetto 0). Forexamplejn our defaultcoding,the referencegroupis unincentivized
empathytestbeforefeedbackln this condition, for exampleOverplacement = o (all other
coefficientsaaremultiplied by 0. Theregressiortoefficientof eachpredictortellsushowthe
predictorincreasesr decreasesverplacementomparedo this baselineeondition. For
examplep; istheincreasan overplacemenamongthosein the math condition comparedo
theempathycondition beforetaking the testandwithout incentives g, + 3, is the Overplace-
mentvaluefor this math,beforethetest,unincentivizedgroup.In this way,we canusethe
samethreeregressiormodelsand simply switchthe referencegroupandlook atthe valueand
significanceof theinterceptsy to know the OverplacementTrue Overplacement&and Over-
precisionof that condition whereQ is accuracyin placemenbr maximumoverprecision.

Notethatthis analyticstrategyof changingthe referencegroupandlooking attheintercept
to look for overplacementvould not work if youaddedcontrols,sincenow theintercept
would represenbverplacemenivhenthesecontrolswerealsoequalto 0. However thisis
whatwewantin looking at the effectof eachsexwithin eachcondition. Aswith othercondi-
tions,wecanlook attheinterceptcoefficientand significancevhenwechangehereference
sex.Thesearenot running separatéeststo compareconditionsteacHhasoneregression
model.Byusingasingleregressiommodelfor eachoutcome weavoidinflating our Typel
error.
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Table 5. Multilevel model regression of Overplacement on the binary variables for task type (math), updating (after) and incentives (incentive). Theintercepthere
ismeaningfu andtellsusthelevelof True Overplacemet whenall othervariablesare0, i.e. True Overplaementin empathybeforetakingthetest,without incentivesfor
accuracyWe control for comman variancerom repeatedneasuresisingrandominterceptsor participants.

European Canadians
Intercept 11.14** (6.01,16.26)
Math
After
Incentive
EACan
HK
JP
EA Can:Math
HK:Math
JP:Math
EA Can:After
HK:After
JP:After
EA Can:Incent
HK:Incent
JPIncent
N 264(66 Cluster$
R’ Fixed .095
R? Total .256

1.86(-3.66,7.38)

p<.10
*p<.05
“*p<.01
“** p<.001

https://da.org/10.1371durnal.pon®202288.t005

-9.36+* (-13.31-5.41)
-6.78** (-10.73:2.83)

All Populations
11.14** (5.50,16.77)
-9.36"* (-13.04-5.67)
-6.78** (-10.47-3.10)
1.86(-4.55,8.27)
-0.81(-8.45,6.84)
-2.13(-9.004.74)
-8.90 (-16.44-1.36)
5.32 (0.04,10.59)
8.61** (3.94,13.28)
10.87* (5.91,15.84)
-1.29(-6.56,3.98)
2.50(-2.17,7.17)
4.80+(-0.16,9.77)
1.06(-8.01,10.14)
-3.09(-11.154.97)
1.85(-6.77,10.47)

Japanese
2.24(-2.47,6.94)
1.52(-1.48,4.51)
-1.98(-4.97,1.02)
3.71(-1.75,9.16)

East Asian Canadians

10.33** (4.20,16.46)
-4.04 (-7.47,-0.61)

-8.07** (-11.50-4.64)
2.92(-5.23,11.07)

Hong Kong Chinese
9.00"* (5.17,12.84)
-0.74(-3.82,2.33)
-4.28* (-7.36,-1.21)
-1.23(-5.81,3.35)

252(63Clustery 436(109Clusters) 324(81Clusters) 1276(319clusters)
.051 .014 .016 .042
.560 244 .366 .350

Wereporttheseregressiomodelsin Table5 (Overplacement)Table6 (True Overplace-
ment), Table7 (overprecision)and Table8 (Rewardfor Accuracy) Ratherthanreport multi-
pleversionsof the samemodelwith referencegroupschangedweinsteadplot therawmeans
andraw confidencentervalsandthendiscusghe resultsby graduallyunfolding the complex-
ity. The statisticgeportedarestatisticatestsfrom the regressionmodelsreportsin Tabless, 6,
7and8.

Tabless, 6,7 and 8 useunincentivizedempathybeforefeedbaclasthe baselinesincethis
mostcloselyresembleshe conditionsin which overplacemenor self-enhancemeritasbeen
measuredn the pastbanambiguougask,without incentivesor accuracyandwithoutimme-
diatefeedbackFrom this startingpoint, wewill thengraduallyaddlayersof complexityaswe
examinethe effectof feedbackiasktype,andincentivesn four differentpopulations After
goingthroughthesemain resultswecalculatérewardfor accuracy®®howthe strategies
found in eachpopulationaffectedpayoffsFinally, wediscussageand sexeffectdy adding
thesdo theregressiommodels.

This strategyof changingthe referenceyroupandfocusingon the interceptallowsusto
look for patternsof overplacemenandoverprecisiorwithin eachpopulationandsesf these
statisticallydiffer from the O point of accuracyWe canemploythe samestrategyto testif pop-
ulationsdiffer from eachotherwithin eachcondition by addingdummy codedpopulationvar-
iablesWe reportthis regressiomwith all populationsincludedin thefinal columnof Tables,
6,7and8.
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Table 6. Multilevel model regression of True Overplacement on the binary variables for task type (Math), updating (After) and incentives (Incentive). Theintercept
hereis meaningfu andtellsusthelevelof True Overplacemet whenall othervariablesare0,i.e. True Overpla&ementn empathybeforetakingthetest,withoutincentives
for accurag. We control for commonvariancerom repeatedneasuresisingrandominterceptsfor participants

Intercep
Math

After
Incentive
EACan

HK

JP

EA Can:Math
HK:Math
JP:Math

EA Can:Afte
HK:After
JP:After
EA Can:Incent
HK:Incent
JPIncent

N

R’ Fixed

R? Total

p<.10
*p<.05
“*p<.01
“** p<.001

https://da.org/10.1371durnal.pon®202288.t006

European Canadians
10.49 (1.40,19.59)
-7.69* (-13.46,-1.92)
-6.78 (-12.55;-1.01)
3.17(-7.28,13.61)

264(66 Clustery
.032
.369

East Asian Canadians
11.09* (3.27,18.92)
-4.36+(-9.47,0.75)

-8.07* (-13.18;2.96)
-0.19(-10.259.87)

Hong Kong Chinese
6.28 (0.71,11.85)
-0.56(-4.46,3.34)

-4.28 (-8.18,-0.39)
3.80(-3.20,10.81)

Japanese
-2.52(-10.255.20)
1.64(-3.31,6.60)
-1.98(-6.93,2.98)
11.42 (2.48,20.37)

All Populations
10.49 (1.98,19.01)
-7.69* (-12.98-2.40)
-6.78 (-12.07-1.49)
3.17(-6.66,12.99)
0.60(-10.9512.15)
-4.21(-14.596.17)
-13.02 (-24.42;71.61)
3.33(-4.24,10.91)
7.13 (0.42,13.84)
9.33 (2.20,16.46)
-1.29(-8.87,6.28)
2.50(-4.21,9.20)
4.80(-2.33,11.94)
-3.35(-17.26,10.56)
0.64(-11.71,12.99)
8.26(-4.95,21.47)

252(63Clusters) 436(109Clustery 324(81Clusters) 1276(319clusters)
.028 .012 .040 .028
434 .365 .375 .382

Note:Immediatelyafterparticipantsmadetheir decileestimateswe askedhemwhatper-
centiletheythoughttheywould scorein, how certaintheywerethat this wasthe percentile
thattheywould scorein, and,thenfor acomparablelecilemeasurehow certaintheywere
thattheywould score5%on eithersideof this percentile We usedthe percentileestimate
(whichwasnot incentivized)to calculatea True PercentileOverplacemenby subtractingthe
participant'spercentilebasedn performanceThecorrelationbetweenTrue Overplacement
andTrue PercentileOverplacementvaslargeandsignificant(rangefrom .94to .97within
eachsample)Thecorrelationbetweeroverprecisiorandthe point estimateequivalenwere
in theright direction, but muchsmaller(rangefrom -.03to -.25;it wasa significantcorrelation
for all groupsexcepthe EastAsianCanadians)This suggestthat peoplemayfind it difficult
to assigra probabilityto their overprecisionFor the EastAsianCanadianst waseffectively
uncorrelatedSincethe point estimateanddecileestimateof True Overplacemenivereso
highly correlatedandbecaus¢he percentileestimatevasnot incentivizedandis thusharder
to interpret,wefocusour analysesn thericher andlessexplicitmeasuref both overplace-
mentandoverprecisiorgivenby the decilemeasures.

Multiple regression analysis

We usedamultilevelregressiomodelto understandhe effectsof eachof our keyvariableof
interest regressing@verplacementlrue Overplacemenipverprecisionand Rewardfor
Accuracyon eachvariablefor eachpopulationseparatelySinceweget4 datapointsfrom
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Table 7. Multilevel model regression of overprecision (standardized standard deviation) on the binary variables for task type (Math), updating (After) and incen-

tives (Incentive). We control for comma variancefrom repeatedneasuresisingrandominterceptsor participans.

Intercept
Math

After
Incentive
EACan

HK

JP

EA Can:Math
HK:Math
JP:Math

EA Can:Afte
HK:After
JP:After
EA Can:Incent
HK:Incent
JPIncent

N

R Fixed

R? Total

“p<.10
*p<.05
“*p<.01
> p<.001

https://da.org/10.1371durnal.pon®202288.t007

European Canadians
-0.22(-0.50,0.07)
-0.05(-0.20,0.10)
-0.02(-0.17,0.13)
0.12(-0.22,0.46)

264(66 Clusters)
.001
487

East Asian Canadians
-0.33 (-0.64,-0.03)
-0.17 (-0.30,-0.04)

-0.04(-0.17,0.09)
0.22(-0.20,0.65)

Hong Kong Chinese
0.28 (0.05,0.52)
-0.35"* (-0.46,-0.24)
-0.12 (-0.23,-0.01)
0.54** (0.22,0.86)

Japanese
-0.06(-0.34,0.21)
-0.24** (-0.38,-0.10)
-0.04(-0.18,0.10)
0.33+(-0.004,0.66)

All Populations

-0.22(-0.54,0.11)
-0.05(-0.19,0.09)
-0.02(-0.16,0.13)
0.12(-0.27,0.51)

-0.12(-0.55,0.32)
0.50 (0.11,0.89)
0.16(-0.28,0.59)
-0.12(-0.33,0.09)
-0.30°* (-0.48,-0.12)
-0.19+(-0.38,0.01)
-0.02(-0.23,0.19)
-0.10(-0.29,0.08)
-0.02(-0.22,0.17)
0.10(-0.46,0.66)
0.42+(-0.08,0.91)
0.21(-0.32,0.74)

252(63Clusters) 436(109Clusters) 324(81Cluster3 1276(319clusters)
.021 .099 .044 111
.706 .696 .540 .647

everyparticipant,weuserandominterceptsfor participantto accountfor the commonvari-
ance Theinterceptof theregressionmevealghelevelof True Overplacemenivhenall other
variablesare0,i.e., True Overplacemenin the empathytest,beforetakingthe testand without
incentivesAll othervariablesaarecomparedo this basecondition. To avoiddifficult to inter-
pretinteractionsbetweerthe samplesandour keypredictors weinsteadreportregressions
for eachsampleseparatelyhut alsopresenthe regressiomwith all populationsin the same
model.

Theregressioron True Overplacemenin Table6 revealghatin this basecondition (empa-
thy, beforethe test,unincentized) all but the Japanesaresignificantlyoverconfidentin place-
ment, with the two Canadiarsampleshe mostoverplacedT he Japanesd, anything,are
accurateor slightlyunderplacedztheiplacements statisticallyindistinguishabldrom zero
(accurate)Moreover the Japanesaresignificantlylessoverplacedhanthe Euro Canadians
(-13.02%p = .026)and EastAsianCanadiang-13.62%p = .015),and marginallysignificantly
lessoverconfidenthan Hong Kong Chinesg-8.80%p = .074).Se&Jupyterfile in S1Filefor
more detailson this analysisandall analyse$o follow.

All groupsbecomemore accurateaftertakingthe empathytestunincentivizedandbecome
similarin overplacementindeed,theyall becomestatisticallyindistinguishabldrom zero
(accuratepndsimilarin value(thoughthe Japaneserr on the sideof underplacement).

Themathtestvariesby population,with both Canadiandecomingsignificantlyandmar-
ginallylessoverplacedrespectivelyand Hong Kong Chineseand Japanesstayinglargelythe
samelncentivesseento increase overplacemenin the Japaneseyho becomesignificantly
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Table 8. Multilevel model regression of Reward for Accuracy on the binary variables for task type (Math), updating (After) and incentives (Incentive). We control
for comma variancefrom repeatedneasuresisingrandominterceptsfor participants.

Intercept
Math
After
Incentive
EACan
HK
JP
EA Can:Math
HK:Math
JP:Math
EA Can:Afte
HK:After
JP:After
EA Can:Incent
HK:Incent
JPIncent
N
R Fixed
R? Total

“p<.10
*p<.05
“*p<.01
> p<.001

https://da.org/10.1371durnal.pon®202288.t008

European Canadians

0.67 (0.09,1.25)
1.32** (0.86,1.78)
0.15(-0.31,0.61)
-0.19(-0.81,0.43)

264(66 Cluster3
.032
.369

East Asian Canadians

1.04** (0.44,1.64)
0.94*" (0.45,1.44)
0.40(-0.09,0.90)

Hong Kong Chinese
1.10** (0.73,1.46)

0.38 (0.07,0.69)
0.14(-0.17,0.45)
-0.07(-0.49,0.35)

Japanese
0.89** (0.44,1.33)
0.50* (0.15,0.85)

0.29(-0.06,0.64)
-0.05(-0.52,0.42)

All Populations
0.67 (0.12,1.22)
1.32** (0.89,1.75)
0.15(-0.28,0.58)
-0.19(-0.79,0.40)

-0.29(-1.00,0.42)
0.43(-0.25,1.11)
0.37(-0.39,1.12)
0.22(-0.52,0.96)

-0.94** (-1.48,-0.40)
-0.37(-0.99,0.24)
-0.82* (-1.39,-0.24)
-0.01(-0.56,0.53)
0.25(-0.36,0.87)
0.14(-0.44,0.71)
0.12(-0.63,0.87)
-0.10(-0.94,0.75)
0.14(-0.66,0.94)

252(63Clustery 436(109Cluster3 324(81Clusters) 1276(319clusters)
.028 .012 .040 .028
434 .365 .375 .382

moreoverplacedndreachlevelsof overplacementomparabléo all othergroups.True Over-
cplacements maximizedby beinga Euro-Canadiarunderincentivesbeforethe empathytest,
whereast's minimized by beingJapanese@pot incentivizedafterthe empathytest.

Theseesultsarecomplicatecandwehaveyetto discusoverprecisiorandrewardfor accu-
racy.Insteadof describingall keyresultswith wordsalone,it's perhapsasietto showall
resultsby unpackingthemslowlyby graphingthe raw valuesWhen discussinghe keyfind-
ings,we'll referbackto the regressionaboveto discusghe sizeof the resultsandwhether
they'resignificant.

Overplacement and true overplacement

We beginby looking at how Overplacemenand True Overplacementliffer by taskandincen-
tives,beforeandafterperformingthetask.We plot theraw meansfor eachsamplefor each
cellof our designwith 95%confidencentervalsto allowfor visualcomparisondetween
meansLet'sstartwith our baselineconditionbempathywith incentivesor accuratepredicted
placement.

Unincentivized empathy. In Fig2 below,weplot Overplacementbpredictegerfor-
manceminus 50%BbandTrue Overplacementbprediad performanceminustrue perfor-
mancebforeachsamplebeforeandaftertakingthe empathytestwith no incentivesfor
accuracyn placementByboth measuresf overplacementyefind thatall samplesipdate
their predictionsaftertakingthe testswith almostidenticalslopedowardslessconfidenceBy
thetraditional overplacementeasurdFig 2A), all but the Japanesappeato besignificantly
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Fig 2. Empathy(a) Overpla&ementand (b) True Overplacenentwithout incentivesfor placementiccuracyError barsare95%confidencentervalson therawvalues.
Notethatthey-axisrangeis differentto visuallymaximize the differencedetweerines.
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overplacedTheJapaneselsoappearslightlyoverplacedbut arestatisticallyindistinguishable
from unbiasedestimateg0%).After takingthetest,all groupsupdatetowardslessconfidence,
statisticallyindistinguishabldrom accuratethoughthe Euro Canadiang4.36%p = .098)and
theHongKong (4.72%p = 0.017)participantsarestill significantlyor marginallyoverplaced.
However thesenterpretationsaremisleadingandreveathe dangerin usingpopulation-level
estimatesWhenweconsideractualperformancen the True Overplacementeasureviathe
EGOmethod,theorderof the sampless the samebut the measuresaredifferent.Here,as
mentionedbefore the Japanesareindistinguishabldrom accurateanderring on the sideof
slightlyunderplaced (thoughnot significantlyso;-4.50%p = .256aftertakingthe empathy
test)andaresignificantlylessoverplacedhan the Euro Canadiang-13.02%p = .026)and
EastAsianCanadiang-13.62%p = .015),and marginallysignificantlylessoverplacedhan
Hong Kong Chinesg(-8.80%p = .074).

To summarizefFig 2 showshat by thetraditional measureall samplesppeaito beover-
placedbeforetakingthetest,excepfor the Japaneseyho arestatisticallyindistinguishable
from accuracyAfter takingthetest,all samplesecomdessoverconfidentwith all but the
Hong Kong Chineseand perhapghe Euro Canadiansstatisticallyindistinguishablgrom
accurateThe True Overplacementneasurdellsaslightlydifferentstory+allsamplesreini-
tially overplacedexcepthethe Japanessamplewho areindistinguishabldrom accurateerr-
ing on the sideof underconfidenceandsignificantlylessconfidentthanall othersamples.
After takingthetest,all populationsarestatisticallyindistinguishabldrom accuratethough
the Japanesareevenmore underconfident(thoughstill not statisticallydistinguishabldrom
accurate).

We nextlook athowthe resultscomparefor the taskthat participantsshouldhavemore
self-knowledga@about:math ability.

Does unincentivized math differ from unincentivized empathy?. In Fig3below,we
plot the sametwo graphswithout incentivesfor placementiccuracybut thistime for the
mathtest,anability for which peopleshouldhavemore self-knowledgei-ig 3 showsseveral
keydifferencesn confidenceon the mathtestcomparedo the empathytest. The mostobvi-
ousdifferenceis that by both Overplacemenand True Overplacementhetwo Canadiarsam-
plesandthe Hong Kong Chinesehavemuch steepeupdating,goingfrom overplacedo
accurateor evenslightlyunderconfidentandsignificantlylesshantheir pre-testestimatesBy
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Fig 3. Math (a) Overplaementand(b) True Overplacemet without incentivesor placementccuracyError barsare95%confidencentervals.
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thetraditional Overplacement-uro Canadiangnd EastAsianCanadiansappearo gofrom
1.78%p = .497to -5.00%p = .058(this differences asignificantdecrease.78%p < .001)
and6.29%p = .047to 1.78%p = .570(this is asignificantdecreasaswell;-4.04%p = .022)
respectivelyHong Kong Chinesegofrom 8.26 p < .001to 3.98%p = .044(this is asignificant
decrease4.28%p = .007).The Japanesappearto bemoreaccurateandbecomeslightly
moreaccuratethoughthis decreasés not significant:3.75%p = .120to 1.78%p = .460(the
decreasés-1.98%p = .198).

However taking placemeninto consideratiorwith True Overplacementye seesteeper
updatingamongthe two Canadiarsamplegthoughthe differencebetweertheseslopesand
the slopesf the othertwo populationss not statisticallysignificant).All samplegndup indis-
tinguishableéfrom accurateaftertakingthe mathtest(asmight beexpectedor ataskwith
moreself-knowledge)Euro Canadiangiofrom 2.81%p = .547to -3.98%p = .394(decreasés
-6.78%p = .022);EastAsianCanadiangiofrom 6.74%p = .096to -1.34%p = .739(decrease
is-8.07%p = .002),Hong Kong Chinesggofrom 5.72%p = .046to 1.44%p = .614(decrease
is-4.28%p = .032);and Japanesgofrom -0.88%p = .824to 2.86%p = .470(decreasés
-1.98%p = .435).Thoughthe slopedifferencesnaysuggespopulation-levetifferencesn
updating theseslopesarenot significantlydifferentfrom oneanother.

To summarizeFig 3 showshat comparedo the empathyresults beforetakingthe tests,
thefour populationsaremuch closerto eachotherin the sizeof overconfidenceBeforeand
aftertakingthetest,the Japanesareaccurateoy both measuredyut all groupsareindistin-
guishabldrom accurateaftertakingthetest.We seeasubstantiatlrop in confidenceby both
measureamongboth Canadiangroupsto underconfidenceandtrue underconfidence,
thoughthesearenot statisticallydistinguishabldrom accurate.

Underno incentivedor accurategplacementestimatesthe patternof resultsin the mathtest
comparedo the empathytestarelargelysimilar, excepthat the Euro Canadiansresignifi-
cantlymoreaccurateabouttheir math placementp = .010and more sothanthe Hong Kong
ChineseandJapanesg = 0.37andp = .010).Without incentivesthe Japanesaremoreaccu-
rateaboutboth testsbeforeandafter.We nextlook atwhetherincentivesor accuracyaffect
theseresultsin both tests.

Do incentives affect overconfidence?. In Fig4,weplot boththe empathyandmathtest
whenparticipantswereincentivizedfor accurateplacemenestimatest-or aside-by-side
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Fig 4. Empathy(a) Overplaementand (b) True OverplacenentandMath (c) Overplacemet and(d) True Overplacemet. All with incentivesfor placementiccuracy.
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comparisonwith the unincentivizedcondition, seeS1Fig.Underincentivesfig 4 reveals
quite differentpatterns.To beginwith, all groupsaresignificantlymore overplacedy True
Overplacememnivhenincentivizedbeforetakingthe empathytest,not lessassomeexpect
(EuroCanadiansit 13.66%p < .001;EastAsianCanadiansit 10.91%jp = .010;Hong Kong
Chineseat 10.09%p < .001;Japaneset8.90%p = .010).Theseaesultsareexaggeratetly the
traditional Overplacemeninetric rangingfrom 5.94%o 13.25%p < .01.

After takingthetest,by True Overplacementll but the Japanessignificantlydecrease
their estimate$-6.78%p = .022;-8.07%p = .002;-4.28%p = .032;and 1.98%p = .435,
respectively)hut all remainoverplacedsignificantlysofor the Hong Kong Chinesg5.80%,

p = .050)and Japanes.93%p = .045)and marginallysignificantfor the EuropearCanadi-
ans(6.88%p = .083).The EastAsianCanadiansreindistinguishabldrom accuratg2.83%,
p = .496).

Notethe differencebetweerOverplacemenastraditionally measuredind True Overplace-
mentby consideringoerformanceaftertakingthe empathytest,the Japanesappearo bethe
leastoverconfidenbof thefour groupsby the Overplacemenieasurebut the mostoverconfi-
dentbythe True OverplacemenineasureThis reversahighlightsthe needto considerperfor-
manceandoperationalizelrue Overplacemenandnot just population-leveDverplacement.
Theseesultsoccurbecausehe JapanesperformworseunderincentivegseeS2Fig for per-
formancedifferences).

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

18/30


https://doi.org/10.1371/journal.pone.0202288.g004
https://doi.org/10.1371/journal.pone.0202288

o @
@ : PLOS | ONE Overconfidence is universal? Elicitation of Genuine Overconfidence (EGO) method reveals systematic differences

In the mathtest,while the combinationof incentivesandfeedbaclseemdo reducebias
amongthe Canadiangby True Overplacementzuro Canadiangiofrom 5.97%p = .132to
-0.81%p = .837 decreasef -6.78%p = .022 differencewith empathyof 7.69%p = .010;East
AsianCanadiangjofrom 6.55%p = .118t0 -1.52%p = .714 decreasef -8.07%p = .002 dif-
ferencewith empathyof 4.36%p = .096) the Hong Kong and Japanesparticipantsarefairly
similar to the empathytest,remainingoverplacedHong Kong Chinesegofrom 9.53%p =
.001to 5.24%p = .077 decreasef -4.28%p = .032 differencewith empathyof 0.56%p =
.779Japanesgofrom 10.54%p = .002to 8.57%p = .013 decreasef -1.98%p = .435 differ-
encewith empathyof 1.64%p = .517;seeS5and S6Tabledor supportinggroup compari-
sons).The combinationof moneyandfeedbackn mathactuallymakeshe Japanesgiore
overconfident(11.42%jp = .014higherthanwithout incentives) perhapsecaus¢he Japanese
found the mathtesteasiethantheyexpectedbJapanegperformancevasbetterthanevery
othergroupandsignificantlysounderincentiveqseeS2Fig).

To summarizefFig 4 revealghat the patternwe seeunderincentivess quite differentto
the patternwith no incentivesThusfar, updatingtoward lessoverplacemenaftertakingthe
testhasseemedo beuniversalbut herewefind thatwhenit comeso math,the Japanessam-
plegofrom overconfidento evenmore overconfidentTheimportanceof usingTrue Over-
placements underscoredy the empathyresultswherethe Japanesgofrom theleast
overconfidengroupto the mostoverconfidenigroup. This reversabccursdueto poorerper-
formanceunderincentivesFor the mathtest,both Overplacemenand True Overplacement
largelytell the samestory,althoughOverplacemensuggestthat EuropearCanadiansre
underconfidentaftertakingthetest,whichis not true whenyou consideractualperformance.
EuropearCanadiang@renonethelesthe leastoverconfidentin mathwhenincentivizedfor
accuracy.

Overprecision

Overprecisioncapturedasthe standardizedtandarddeviationof the decilespreadaimsto
measurénow much confidenceparticipantshadin their placemenestimatesin Fig 5, weplot
this standarddeviationaswedid for Overplacemenand True Overplacementasmallervalue
indicatesmore overprecision)Fig 5 suggestthat EastAsianCanadiansremore overprecise
than Euro Canadiarparticipantswho aremore overprecis¢hanthe Japaneseyhoarein turn
moreoverprecis¢éhanthe Hong Kong ChineseComparedo the Hong Kong Chinesethe
Japanesaremoreoverpreciséy -0.35p = .062 the Euro Canadiangremore overprecisdy
-0.50,p =.013,andthe EastAsianCanadiansiremore overprecisdy -0.62 p < .001.When
moneyis on theline, all groupsbecomdessoverprecisethoughthis differenceis only signifi-
cantfor the Hong Kong Chinesg0.54 p = .001)and marginallysignificantfor the Japanese
(0.33,p = .056).All groupsarealsomore overprecisdor the concretetask(math) comparedo
theambiguougask(empathy)andthis differenceis significantfor the EastAsianCanadians
(-0.17,p =.012) Hong Kong Chinesg-0.35,p < .001),andJapanesg0.24,p = .001) but not
the EuroCanadiang-0.05p = .519). Thusweagainseeadifferencen reactionto incentives.
Theseesultsaresupportedby aregressioranalysigTable7). In the True Overplacement
analysisywewereableto meaningfullyinterpret coefficientsaspercentageand useour inter-
ceptto indicatethe presencef overconfidencgpositive)comparedo accuracy(zero)or
underconfidencénegative)Here,our outcomevariableis lessmeaningful.
Theseresultsindicatethat populationsareemployingdifferent strategiesinder different
conditionsalongtwo dimensionsbplacemenand precision.Both Canadiarsample$ook
more of a2go big or gohomeP°strategyputting more coinsor tokensin fewerdecileswhile
theHong Kong Chineseand Japaneswok amorerisk aversestrategyandthe Hong Kong
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Fig 5. Uncertaintyin Placemat for Empathy(a) without incentivesand (b) with incentivesandfor Math (c) without incentivesand (d) with incentivesOverall the
Hong Kong Chineseand Japanesghowmore uncertanty thanthe Canadiangcontrolling for demographis) andwefind moreuncertaintyin generalvhen
incentivizd.Incentivesncreasaincertaintyanduncertanty is greaterfor the moreuncertaintask,empathy Error barsare95%confiderceintervals.

https://da.org/10.1371¢urnal.pon®202288.90D

Chineseparticularlysowhenrealmoneywason theline. In termsof effectsize theinfluence
of monetaryincentivesvascomparabldo beingfrom Hong Kong.Beingan EastAsianCana-
dian (relativeto Japaneséa¥ comparabldo beingmale.In the nextsectionwe measurénow
thesestrategiesranslateto payoffsin termsof how much moneyparticipantscould have
potentiallytakenhome.

Reward for accuracy

Herewe considerhow potentialpayoffsthatis how much moneyparticipantswould have
takenhomeif or whentheywerepaidfor that condition. In reality, participantswerenot paid
for accuracywhenusingtokens(unincentivized)andwerepaidfor oneof the four stage®f
reporting placementbeforeandaftereachtask)in theincentivizedcondition. We referto this
potentialpayoffasthe@ewardfor accuracy®.

Fig 6 and Table8 revealghat despitethe distinct strategieemployedoy different popula-
tions (e.g.2gobig or gohome®vsrisk averselittle differenceemergedn termsof payoffs Fur-
thermore thesepayoffswerecloseto chanceperformanceindicatingthat participantshad
little in the wayof accurateself-knowledg@aboutthesetasks Perhapsurprisingly,usingreal
moneywasnot substantivelylifferentto usingtokens andif anythingresultedn slightly
lower payoffsUnsurprisingly participantshadsignificantlyhigherpayoffsin the taskin
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whichtheyhadmore knowledgebmathandweregenerallyableto updatetheir estimatesnd
increasdheir payoffsaftertakingthe mathtest(thoughthis increasevasnot significantly
higher).Feedbackrom havingtakenthe empathytestdid verylittle to increaseayoffs.
Althoughthesedifferencesverenot significantwhenmoneywason theline. The Canadian
strategyof @go big or gohome®paid off significantlybetterfor the taskfor whichtheyhad
moreknowledgePmath.

Overprecisiordiffersby sexandage with olderindividuals(-0.10,p = .028)and males
(-.30,p < .001)showingmoreoverprecisionThoughsexedlifferedin precision theydid not
differ in placementDid this precisionpayoff?For Rewardfor Accuracymaleshadslightly
higherpayoffg(27 centsp = .047;seeS5and S6Tables)controlling for othermain effectsput
alsosignificantlyhighervariancg4SD = .38,p < .001;i.e.,morewinnersandlosers)In the
nextsectionwediscussexandagedifferencesnorebroadly.

Sex and age

Sexpredictsboth placementprecision,and performanceln generabur resultssuggesthatin
contextswhenmalesaremore overplacedthe differenceis muchlargerthanin casesvhen
femalesaremoreoverplacedHowever femalesareoftenasoverplacear slightlymore placed
than males Soratherthan malesbeingconsistentlymore overplacedhanfemalesasis some-
timessuggestedty theliterature,overplacemenand performancedifferencedetweerthe
sexewvariesby incentivestask,andpopulation.Theseresultsdo not changehe overallpattern
of resultssofar reported.

Herewelook atthe differencebetweemmalesandfemalesn performanceQOverplacement,
True Overplacementandoverprecisiorwithin eachsamplefor eachtest,with andwithout
incentivesandfor the estimate®f performancepeforeandaftereachtest. Thesepatternsare
complexsoweregreseachoutcomeon sexandplot the coefficientof sexasacolor ranging
from red (femalesigher,shownby negative}o blue (maleshigher,shownby positive) where
white indicatesneitheris higher.Significantdifferencesareboldedandoutlinedin adarker
black.Marginallysignificantarejustbolded.We beginby looking at performance.
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Fig 7. Performance as a percentage difference in raw score on test between males and females. Positivevaluegblue)indicatethatmales
performedbetter.Negativevalueqred) indicatethatfemalegperformed better. The colorrangedrom -20%to 20% Statisticallysignificart valuesare
boldedandsurroundel by adarkerborder.Marginallysignificantvaluesarebold.
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Performance. Theseesultsin Fig 7 indicatethat menandwomenperformdifferentlyon
thedifferenttestshetweerpopulationsandunderincentivesOn the empathytestwithout
incentivesEuropeanCanadianwomenand Hong Kong Chinesevomendid better,but under
incentivegherewasonly asmalldifferencewith menperformingabit better.The patternwas
the opposite put not significantamongEastAsianCanadiang&nd Japanese.

Menin generaperformedbetteron the mathtest.EuropeanCanadiarmen performedsig-
nificantly betterunderincentivesput therewasno sexdifferencewithout incentivesJapanese
menwereconsistentlbetterat math,whereagastAsianCanadiansverepart waybetween
thesegroupstmerperformingbetteroverall,but more sounderincentives.

In assessingverplacementit is critical to taketheseperformancelifferencesnto consider-
ation, but first we'll look atwhatyouwould find if youdidn't taketheseperformanceiffer-
encesnto account.

Overplacement. Theresultsin Fig 8 highlightthat menandwomenbehavdifferently,
but thisis mostlybasedn testtype.Without consideringoerformancealifferencesmenin all
populationsandconditions,exceptastAsianCanadiandeforetakingthe mathtest,show
more overplacemenfvaluesabovethe mean)thanwomen.For empathythe predictionsare
more balancedwith Japanese&omenunderincentivesshowingmore overplacementiow-
ever sinceweknow that performanceliffers,theseresultsareonly meaningfulin sofar as
theyreplicatepastresearch.

At leastfor math,theseresultsreplicatepastresearchsuggestinghat menaremoreover-
placementhanwomen.But theseresultsdon't takeinto consideratiorthe performanceliffer-
encepreviouslydiscussedDo theresultschangevhenwe considemperformance?

True overplacement. WhenTrue Overplacemenis measuredasshownin Fig9,the
strongsexdifferenceslisappearln fact,only amongEuropeanCanadiansaretheysomewhat
consistentwith unincentivizedmenshowingmore overplacementor both empathyand

Empathy Math
Ewopean | EsstAsian | Hong Kong Ewopean | East Asin
Canodian | Canodian | Chinese | 7P | Caadian | Canadian
Tokens| -1% | -1% | 5% | 5% | 3% | 2% | -2% | -2% |/14% 1% |/13%
Money| -4% | 7% | 3% | 8% | 5% | 7% |-11%] -8% | 14% | 12% | 1% | 10%

Fig 8. Traditional overplacement difference between males and females. Positivevaluesandblueindicatethat maleshadhigheroverplacemet. Negative values
andredindicatethatfemalesiadhigheroverplacementThe color rangesrom -30%to 30% Statisti@ally significart valuesareboldedandsurroundedby adarker
border.Marginally significart valuesarebold.

https://doi.0g/10.1371§urnal.pon®202288.9g008
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Marginally significart valuesarebold.
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math.Whenincentivized EuropeanCanadianvomenshowmore overplacementastAsian
Canadianwvomenshowmore overplacemenin maththan EastAsianCanadiarmen.This
biasis driven by themnot predictingtheir poorerperformanceOn empathy both sexesare
roughlythe sameput EastAsianCanadiarmenseento beabit moreoverconfidentcom-
paredto womenwhenincentivized Resultaremixedamongthe Hong Kong Chineseand
Japaneswith only marginallyor not significantresults.

Next,weconsidersexdifferencesn overprecision.

Overprecision. Theresultsin Fig 10,codedsothat morebluesuggestmaleshavemore
certaintysuggesthat the overall, EastAsianCanadiarand Hong Kong Chinesemenshowthe
mostcertainty.For the Japanesand EuropeanCanadiansthe sexesactmore similarly, with a
slighttrend towardshigherfemalecertaintyamongEuropeanCanadiangor the empathytest.

Theoverprecisiorresultssuggesthat menaregenerallynore certainof their beliefs put
not universallyso.And of coursewe haveno wayof knowingif this certaintyis warranted.
Men do haveslightly higherRewardfor Accuracypayoffs suggestinghatthis certaintymay
bewarrantedor atleastpayoff.

Discussion

Hereweintroducethe EGOprocedurefor eliciting overconfidenceéhrough participant'sdis-
tributions ratherthan point estimatesThis methodallowsusto concurrentlycaptureboth
estimatedplacementind confidenceor uncertaintyin that placemen{overprecision)lt also
lendsitselfto incentivizingthe honestyof thesedistributions.Usingthe EGO,we showthat
overconfidencén placementndprecisionis inconsistentsometimesveak,andcross-cultur-
allyvariable ratherthan2consistentpowerful,andwidespread{1]. Theseesultschallenge
theideathatwecanmakebroadandgeneraklaimsaboutoverconfidenceTheymakeclear
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Money| 1.16| 1.84(-2.02 -0.97| -0.15| 1.01| 0.26|-1.76 -0.88| -1.52

Fig 10. Overprecision difference between males and females as measured by differences in standardized standard deviations in the decile distribution.
Positivevalueqred) indicatethat maleshadhigheruncertainty Negativevaluegblue)indicatethat femaleshadhigheruncertainty. The colorrangedrom -5 to 5.
Statistially significant valuesareboldedandsurroundedby adarkerborder.Marginally significan valuesarebold.
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that overconfidences highly dependenbn incentivescontext,availablénformation, sexand
population.Nonethelesghe dataofferssomecritical lessonsaindkeyfindings:

1. It iscrucialto distinguishbetweerplacementandprecisionin overconfidencef-or exam-
ple,thoughmenandwomencanboth beoverconfidenty placemenestimategoverplace-
ment),mendo appeato generallype more certainaboutthoseestimategoverprecision).
Similarly,thoughall groupsappeaito beoverconfidenty placement{atleastwhenincen-
tivizedandprior to feedback)Hong Kong Chinesdand perhapslapaneseshowlesscer-
tainty. The EGOmethodallowsthe simultaneousandimplicit measuremenof both
placementindprecision,andcouldeasilybeadaptedo measureverestimatiorrather
thanoverplacementindeed,EGOis aspeciataseof the SPIESnethod,which hasbeen
successfullysedin the contextof overestimatiorf4 7, 48]. Overestimatioris usuallymea-
suredby individual estimategsomparedo actualperformanceratherthanpopulation
means)put is alsooftenapoint estimatethat doesnot captureconfidenceor uncertaintyin
this estimate.

2. ltiscrucialto considerindividual performanceneasuresvhencomparingoverplacement
betweergroups.ForexampleCanadianand Hong Kong Chineseappearo beoverconfi-
dentandJapanesaccurateon the empathytaskwithout incentivesHowever whenwe
considerindividual performanceall populationsareactuallyaccurateandthe Japanese
tendtowardsunderplacemenfthoughnot significantin our sampleandaresignificantly
lessconfidentthan otherpopulations Under incentivesthe Japanesseemiike theleast
confidentgroupwhenyou compareestimateso meanperformancebut arethe mostconfi-
dentgroupwhenyou compareestimateso individual performanceThis discrepancy
occursbecaus@erformancealsovariesbetweerconditions.

3. Overplacemenis prevalentput not universalln fact,by the True Overplacementneasure,
of our 32cells(Taskx Incentivesx Feedback Population),22%wereunderconfident.

4. Feedbackhroughtakingthetestgenerallyresultsin more accurateestimatesT he sizeof
the updateis similar betweerpopulationswith two exceptionsn the mathtest.Under no
incentivespoth Canadiarsamplesventfrom overconfidento accuratéendingtoward
underconfidentaftertakingthetest,perhapsecause¢heyfound the testparticularlydiffi-
cultrtheyperformedmore poorly thanthe EastAsianpopulations Converselyunder
incentivesthe Japanesactuallyincreased in overplacemeniperhapsecaus¢heyfound
thetestparticularlyeasybJapanegeerformedsignificantlybetterthanall other
populations.

5. Consistenwith theideathat moreinformation leads¢o more accurateestimatesindividu-
alsaremoreaccuratén thetaskfor whichtheyshouldhavemore self-knowledgemath.
Wefound that participantsweremore accuratén placemenfor maththanempathyand
more certainaboutthis belief.

6. Theeffectof incentiveds culturally specificFor True Overplacementall but the Japanese
werelargelyunaffectedby incentivesandin all cases;atherthan makingpeoplemoreaccu-
rate,incentivegesultedn higherTrue Overplacement.

7. Theeffectof incentivesvariesbetweerplacementnd precision Whenincentivizedmost
groupsincreaseglacemenestimateshut decreased certaintyaboutthoseestimates.

8. Populationdifferedin placementand precision but payoffsfrom thesedistinct strategies
wassimilar. Canadiansisedmore of a®go big or gohome®°strategycomparedo therisk
aversestrategyemployedby the Japanesand Chineseparticularlywhenmoneywas
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involved(this finding appeardo contradictthe2cushionhypothesis,Which claimsthat
EastAsiansarefinanciallyrisk-seekingbecaus¢heyperceiveagreatersupportnetworkto
rely on if theyfail [67]). Payoffqor potentialpayoffswerelargelythe samebetweerreal
moneyandtokensandwereremarkablysmallbrarelydeviatingfrom chancebindicating
overallpoor self-knowledgeHowever payoffsdid vary by taskxparticipantgenerallymade
more moneyfor math+andmore soaftertakingthe mathtest. Takingthe empathytesthad
no effecton payoffs.Thedifferentpopulationstrategiesnadealmostno differenceto pay-
offs,althoughwhenrealmoneywasinvolved,the2go big or go home°strategywasmargin-
ally betterfor math,the higherself-knowledg¢ask,andthe morerisk aversestrategy,
marginallybetterfor empathythelowerself-knowledgéask.Of coursealthoughtheyare
roughlythe sameon-averagethe?go big or gohome°strategywill generatenore variation
in winning acrosshosepopulations.

Our findingson culture,age and sexareconsistentvith someand contrastto other prior
researchTheoverprecisiorincreaseavith ageis consistentvith pastwork andtheideathatwe
improveself-knowledgeswemature[52,53]. Thatthe EastAsiansampleshowedoverplace-
mentin thefaceof incentivessimilarto that of the EuropeanCanadiarsamplesnayseenat
oddswith pastresearcHinding pronouncedpopulationdifferencesn self-enhancementsing
hiddenbehaviorabndindirect measuregalthoughweremind readerghat the self-esteerand
falseuniquenessneasurefdicatedthatthe EastAsian-Canadiarand Hong Kong Chinese
samplesvereunusuallyself-enhancingfor reviewssed 34, 36]). Onereasorfor the different
patternof resultsmaybethat the measuresisedin this studytappedinto somewhatlistinct
processesomparedwith thosemeasuresisedin previousstudiesthis notion is supportedoy
themodestcorrelationsbetweerthe differentmeasuresf overplacemenandself-enhance-
mentpresentedn Table4. An alternativeaccounts that perhapgheseconflicting findings
indicatethat EastAsiansadoptunderconfidentassessmentds themselveasa strategyto moti-
vatethemselvefor self-improvementevenif theyareableto recognizeywhenincentivizedto
scrutinizetheir performancemore closelythattheyarebeingoverlyself-criticalwhendoing
so.Peoplecanhavedifferentmotivationsfor assessinthemselvesitherto feelgoodabout
themselvedp attendto areasn needof improvement,or to accuratehassestheir standing
(cf.,[68]). Thatthe Japanesand Hong Kong Chinesesampledadoverallgreateruncertainty
in placemensuggestthattheyhaveweakercommitmentsto anysingleviewof self. Thismay
indicatethattheir variousself-viewsaremorein conflict with eachother,andmoredependent
on circumstanceghantheyarefor Westernergseg68, 69]).

It iscommonlyclaimedthat menaremore overconfidenthanwomen(althoughthisis not
reliablyfound in self-enhancemersttudies)We arguethat this conclusionmaybearesultof
measuringoverplacementvithout consideringperformancedifferencesln the stereotypically
maledomainof math, malesappeamnverconfidentput only whencomparedo the mean(males
makehigherplacemenestimates)When True Overplacemenis calculatedy subtracting
actualperformancemaleoverplacemengvaporatedfecausenalesactuallyperformbetteron-
averagén stereotypicallynaledomains Instead poth menandwomenareoverconfidenin dif-
ferentcontextsHowever menaremore certain thanwomen.lt is difficult to saywhetherthisis
doverprecision®Oneindication is howthis certaintytranslatego payoffsMen haveslightly
higherpayoffshanwomensuggestinghat the certaintymaynot be2over°whatis adaptive but
malesalsohavegreatevariancean payoffsn everypopulation,suggestinghat althoughthis cer-
tainty paysoff for malesoverall,the spreadbf winnersandloserss largerthanfor females.

Therearetwo keydirectionsfor future work. First,our motivationfor this studywasour
interestin differencesn overplacemenandoverprecisiorandhowtheymaymotivatedeci-
sionsto becomeentrepreneursAsdiscussee@arlier,entrepreneursrelikely to behighin
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overplacemenandoverprecisionywhereahigh overplacementyut not overprecisiommaybe
the classi¢wantrepreneur®who aspireso becomean entrepreneurbut nevermakegheleap.
To this end,we paid participantsonly for the coinsplacedn the correctdecilebsimilarto a
positiveskewon the successf anewbusinessln this situation,expected/aluewould bemaxi-
mizedby placingall coinsin the highestprobability decile An alternativeincentivestructure
would beto useaproperscoringrule (suchasaBrier, logarithmic,or sphericakcorefor dis-
cussiorsed 70]). Usingaproperscoringrule wouldincentivizeamore honestdistribution
andaccountfor the possibilitythatanyincrease overprecisiorweseearearesultof realiz-
ing whatwould maximizeexpectegayoffsregardlessf overprecision.

The secondirectionis usingdifferenttaskso determinewhetherbetterself-knowledgés
whatis driving the resultswe seebetweertasks We cannotexcludethe possibilitythat other
differencedetweerthetasksdrovethe differencedetweertasksvesedn our results For
exampleweusedthe standardwayin whichtheseestsareadministeredywhich meantthat
themathtesthadatime limit andfewerquestionghanthe empathytest.Thisandotherfea-
turesmayhaveled participantsto believehat onetestwaseasiethanthe otheror thatthey
would somehowperformbetter.Of courseall participantsexperiencedhe sameconditions
for eachtest,we maybeinadvertentiytappinginto someotheraspectf overconfidencgsy-
chologybeyondtaskknowledgeRunningthis protocolwith differenttasksvould helpanswer
this question.

We presente GOasa procedureand providedatafrom four populationstwo distincttasks,
beforeand afterfeedbackand experimentamanipulationof incentivesFrom thesedata,we
arguethatassumption®f universaloverconfidencegvenon averagedo not standup to the
incrediblevariationin both placementnd precisionby domain,knowledgeof the task,incen-
tives,population,ageandsex.Insteadpverconfidenceappearso beahighly-contextdepen-
dentstrategysuggestingautionagainsbroadgeneralizationaboutoverconfidence.

Supporting information

S1 File. Supplementary files including analytic script, copy of consent form, experimental
protocol and additional analyses. ContainsAnalytic Scriptfor Overconfidence.htmlAnalytic
Scriptfor Overconfidence.ipynfOverconfidenc&ConsentForm.pdfQverconfidence_Supple-
mentary.pdf.
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S1 Table. Correlation between overconfidence and self-enhancement measures for Euro
Canadians.
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S2 Table. Correlation between overconfidence and self-enhancement measures for East
Asian Canadians.
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§3 Table. Correlation between overconfidence and self-enhancement measures for Hong
Kong Chinese.
(PDF)

S$4 Table. Correlation between overconfidence and self-enhancement measures for Japa-
nese.

(PDF)

S5 Table. Multilevel regression models without interactions. Multilevelregressiomodels
on thebinaryvariabledor tasktype (Math), updating(After) andincentivegIncentive),with
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population,age andsex We control for commonvariancerom repeatedneasuresisingran-
dominterceptdfor participants.
(PDF)

S6 Table. Multilevel regression models with interactions. Multilevelregressioomodelson
thebinaryvariabledor tasktype (Math), updating(After) andincentiveqIncentive),with
population,age andsex.Thistableincludesinteractions We control for commonvariance
from repeatedneasuresisingrandominterceptsfor participants.

(PDF)

S1 Fig. Side by side comparisons of True Overconfidence for empathy and math with and
without incentives. Error barsare95%confidencdntervals.Notethatthey-axisrangeis dif-
ferentsoasto bettervisualizethe differencedetweerlines.

(TIF)

S2 Fig. Actual raw performance (i.e. not relative to rest of population) for each population.
Forthe Empathyunder (a) no incentivesand (b) incentivesand the Math testunder(c) no
incentivesand(d) incentivesError barsare95%confidencentervals.

(TIF)
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