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Abstract

BackgroundsandMethods:Childrenexhibitinghighfunctioningautism(HFA)andAsperger'sdisorder

(AS)aregenerallycharacterizedbypoorsocialcommunication･Todevelopamethodtoevaluatetheir

skills,wedevisedanewadvancedtestoftheoryofmind,modifiedandadaptabletoJapanesecultural

traits,comprisedoftentasks,basedonHappe,stestl)･Thisstudycoversnormal1,204childrenand55

youngadu]tsandisintendedtoclarifyageandsexdifferencesinsocialcommunicationofchildren

ranging舟omprlmaryschooltoadolescence,

Results:Theprobabilityofsucceedinginthetasksincreaseswithsubjectage･The50%passingratefor

tasksevaluatingthesubject'sgraspoflies,simile,pretending,appearance/reality,andcontraryemotion

wasachievedbyfirstgraders･Similarly,a50%successrateforthetasksevaluatingunderstandingof

whiteliesandmetaphorwasachievedbysecondgraders;jokeandpersuasionbyfわurthgraders;and

sarcasmbyfifthgraders.Withrespecttosexdifferences,thefivetasksofappearance/reality,whitelies,

metaphor,joke,andpersuasionareaccomplishedbyfemalesubjectsoneyearbeforemalecounterparts･

Forthetwotasksevaluatlngunderstandingofsarcasmandpersuasion,malestudentsareunab一eto

achievean80%successrateevenintheninthgrade.Evenforyoungadults,theprobabilityofsucceeding

inthetaskofpersuasionissignificantlyhigherwithfemalesubjects,

Conclusions:Theresultsofourstudyindicatethatinhandlingproblemsininterpersonalrelations,We

mustrecognizedevelopmentaldifferencesinsocialcommunicationwithrespecttoageandsexbefore

attemptlnginterventions.

Keywords:Theoryofmind;socialcommunication;development;sexdifferences;prlmarySChoo]to

adolescence



1.IrLtrOduction

Childrendemonstratinghighfunctioningautism(HFA)andAspergerlsdisorder(AS)aregenerally

pooratunderstandingjokes,Sarcasm,andotherimplicitmeanings,andtendtoexperiencedifrlCultyin

interpersonalcommunicationswhentheyreachthefourthtosixthgrade2)･However,nomethodfor

evaluatlngSOCialcommunicationhasbeendevisedinJapan･

Anadvancedtestoftheoryofmind])wasdevelopedtoascertaintheunderstandingofimplicit

meanlngS,InordertodevelopamethodforevaluatingsocialcommunicationofchildrenwithHFA/AS,

weconductedpreliminarystudiestomod)'fytheadvancedtestoftheoryofmindtomakeitsuitablefor

Japaneseculturaltraits3-5)･Theresultsindicatethatwhiletheprobabilityofnormalchildrensucceedhgin

thetasksincreaseswithage,HFA/ASsubjectsgeneral)yexhibitimpalrmenththisarea.

Wh ileresearchintothe"TheoryofMind"hasdrawnmuchattentionsince19786),moststudieshave

focusedontheyearsofearlychildhood(316yearsofage).Therehavebeenrelativelyfewstandard

materialsondevelopmentandsexdifferenceswithrespecttothefacultyofunderstandingthemindsof

others,specifically,classmatesandadults.

Basedontheresultsofourpreliminarystudy,thisstudyisintendedtoclarify1)thelikelihoodof

succeedinginthetasksclassifiedbyageand2)sexdifferencesinthedevelopmentofsocial

communicationofchildrenkomprimaryschooltoadolescence,utilizingamodifiedadvancedtestof

theoryofmindconsistlngOfnewlydevisedtasks,basedonHappe,stestl)･
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2.SubjectsandMethods

Wesecuredinformedconsent&omal11,204(597maleand607female)studentsinordinaryclassesof

twoprimaryschoolsandonejuniorhighschoolinHyogoPrefecture(Table1),andfrom55youngadults

(24.5土6.2years).

Weusedtentasksinvolvingtheunderstandingoflie,whitelies,simile,metaphor,pretending,

appearance/reality,contraryemotion,joke,sarcasm,andpersuasioninsettingsca]lingforsocial

communicationsettings･Thesetaskswerecompiledinworkbookformat,withtwoillustrationsforeach

(Fig.I).

Thetaskswereactuallyimplementedduringthecourseofasinglelessonperiod(45-60min･)bya

homeroomteacherdeliveringworkbookstosubjects.Subjectsreadtwosetsofquestions(Q1andQ2)

composedforeachtaskandselectedtheiranswers.QIwas"Iswhatthecharactersaidtrue?"Thepointof

thisquestionwastoascertainwhetherthesubjectunderstoodtheobjectivefactsdescribedineachtask.

Subjectsweretoselectoneofthefollowingoptions"Yes,""No,"or"Idon'tknow."Q2was"Whydid

thecharactersaythat?"SubjectsweretowriteBeeform responses.Necessaryprecautionsweretakenby

briefingeachteacherinadvancetoensurethatthesubjectswouldnotdiscussthequestionsamong

themselves,andthatassistancewouldbeprovidedonlytothosehavingdifficultiesreadingthetextor

writingouttheiranswers.

Toensurereliability,theanalysesfocusedonanswerstoQ2forsubjectswhohadindicatedtheir

understandingofthesituationspresentedbycorrectlyansweringQlandexcludedsubjectswhodidnot

answerQIcorrectly･AnswerswerecategorizedbytheKJmethod7)toevaluatethereasoningexhibitedin

theanswersandtoprojecttheprobabnityofpassing.TheflrSt-StageCategorizationwastodetermine

whethertherepliessuccessfullysurmisedumentalstates,ncomprisedofthethoughtsandemotionsofthe



charactersinthevignettes,orwereaffectedby"physicalstates,"comprisedofphysicalappearancesand

othernon-mentalfactors.Repliessatisfyingtheintentionsofthequestionswerecategorizedinto"A

Group,"whiletheotherrep一iesweredesignatedthe"Non-AGroup."Therateor"AGroup''amongthe

totalsubjectpopulationisoccupationallydefinedasthepasslngrate.Theserateswerecalculatedforthe

respectivegradesandsexes.ThepasslngrateCurveWasSubjectedtoregressionanalysIS,andgradeand

sexdifferenceswereanalyzedbyachi-squaretest.Thelevelofsignificancewassetatlessthan5%.

Microso氏Excel(version2002)wasusedtocategorizereplies,TheSPSS11.OJprogramforWindows98

wasusedfわrstatisticalprocesslng.Inresponsecategorization,doublecheckswereconductedbytwo

evaluators,includingtheleadauthor,onallcollectedreplies.Ifmultipleanswerswerewrittenfわraslngle

task,analystsWasconductedonthebestresponse.Thatis,ifasubject'sanswerincludedbothphysical

andmentalstates,thejustificationwouldbescoredasmentalstates.Similarly,ifasubjectgavebothA

GroupandNon-AGroupanswers.

3.RestlLts

3.1.Passingratebyage

3.1.1.Primaryandjunior-highschoolstudents

Lie:I,177subjectsprovidingthecorrectanswertoQIwereanalyzed･Therewere1,126subjectsin"A

Group"(95.7%)(Table2),amongwhomonly7subjects(0.6%)responded,"Hetoldalie,"about89.0%

ofwhomcited"Hewouldbescolded,"or"Hedoesnotwanttobescolded"asreasons.TheHNon-A

Group"includedrepliesindicatingfacts,suchas"Gorobrokeit"(0.9%).Thepassingratesbyage

indicatedasignificantimprovementuptothethirdgrade.Morethan80%offirstgraderssucceededinthe

task(Fig,2-A).

Wh itelies:Analyseswereconductedon1159subjects,amongwhom781(67.4%)werecategorizedinto

the"AGroup"(Table2).Amongthem,morethanhalfl56･0%-repliedsurmisingthefeelingsofthe
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elderbrotherwhotookconsiderationnottohurtthegrandfather'sfeelings,suchas"Makingthe

grandfatherfeelsad,"etc.,followedby"Hardtosayhisbrotherwentout"(6･5%),"Tryingtoprotectthe

youngerbrother"(4.7%),andtwogir一sreplying"Consideringthegrandfather'sfeelingsandtryingto

protecttheyoungerbrother"(0.2%)."GroupA"wasthusdividedintothesefoursub-groups･"Non-A

Group"includedrepliessuchas"Becausetheyoungerbrotherwentout"(9･1%)AThepassingratesbyage

indicatedasignificantincreasebetweenthefirstandthesecondgrades,exceeding80%amongsixth

graders(Fig.2-B).

Simile:1153subjectswereanalyzed,amongwhom1044(90.5%)werecategorizedinto"AGroup"

(Table2),whichcanbesubdividedintothosewhoindicatedunderstandingoftheintendedsimiles,such

as"clutteredlikeaRerastorm,''etc.(89.9%)andthosewhosurmisedthementalstateofthemother,as

expressedby"Appalled"(0.6%)."Non-AGroup"includedrepliessuchas"Themotherdidnotknowthat

brotherswereplaying"(1.7%).Thepassingratebyageindicatedasignificantincreasebetweenthefirst

gradeandthesecondgrade,andwentover80%amongsecondgraders(Fig･2-C).

Metaphor:Analyseswereconductedon1072subjects,amongwhom775(72.3%)werecategorizedinto

"AGroup''(Table2),whichcanbesubdividedintothosewhoindicatedunderstandingontheintended

metaphoricexpressions,suchas"proverbs"and"badmanners,"etc.(37.8%)andthosewhoreplied,"She

wantedtosaythatAsami maygetfat"(34.5%).The"AGroup"wascategorizedintothesetwosubgroups.

"Non-AGroup"includedrepliessuchas"Joke"(3･9%)and"NotfuniffalIenintosleep"(I.2%),etc.The

passlngratebyageindicatedarapidincreaseuptothethirdgradeandexceeded80%amongthesecond

graders(Fig.2-D).

Pretending:1177subjectswereanalyzed,amongwhom1032(87･7%)werecategorizedinto"AGroup"

(Table2),whichmaybefurthercategorizedintotwosubgroups:thosereplying"Tryingtoavoidothers

fromflndingoutthatshehaseatenit,pretendingignorance"(38L3%)andthoseanticipatingthefuture,as
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in"Sachikowouldbescolded(ifhersisterfindsout),"(49A%)."Non-AGroup"includedrepliessuchas

"Sachikowantedtoeatit"(4.1%),etc.Thepassingratebyageindicatedasignificantincreasebetween

theflrStgradeandthesecondgrade,asweHasbetweenthethirdgradeandthefourthgrade.Thepasslng

rateexceeded80%amongthesecondgraders(Fig.2-E).

Appearance/reality:992subjectswereanalyzed,amongwhom774(78.0%)werecategorizedinto"A

Group"(Table2),whichcanbefurthercategorizedintotwosubgroups:thosereplying"Becausethestore

clerkwantedtosellthecandiesbytellingthegirlthereweremanyinthenoveltybott一e"and

"Business"(73.4%),andthosesumisingthementalstateorthewomanintendingtocommunicatewith

children,asin"Joke"(4.6%)."Non-AGroup"includedrepliessuchas"Itlookedasiftherewere

(actually)manyinit''(2.6%),etc.Thepassingratebyageexceeded80%amongfi氏hgraders(FigL3lA).

Contraryemotion:1124subjectswereanalyzed,amongwhom997(88.7%)werecategorizediTltO"A

Group"(Table2),whichcanbeRlrthercategorizedintothreesubgroups:thosesumisingTaro'skind

considerationtowardthe&iend,asin"TarodoesnotwanttomakeJirocarrythebag,asJirohasa

stomachache,"etcL(74.6%);"(Taro'S)bold&ont"(10.6%);and"&iendship"(3.5%)."Non-AGroup"

includedrepliessuchas"Lie"(1.7%),etc.ThepassingratebyageindicatedasignificanthlCreaSe

betweenthefirstandsecondgrades,aswellasbetweenthefourthandfi氏hgrades.Thepasslngrate

exceeded80%amongsecondgraders(Fig.3-B).

Joke:1166subjectswereanalyzed,amongwhom681(58.4%)werecategorizedinto"AGroup"(Table2),

whichincludedthosesurmlSlngtheintentofthestoreclerktobefriendlywiththegirl,asin"Joke"

(253%),"Tosurprise"(16･6%),and''Toamusethegirl"(6･1%)."Non-AGroup"includedrepliessuch

as"Thestoreclerkwantedtomakemoremoney"(817%)and"Mistake"(1519%),etc.Thepassingrateby

ageindicatedasignificantincreasebetweenthefirstandfourthgrades,aswellasbetweenthefi氏hand

sixthgrades･Thepasshlgrateexceeded80%amongsixthgraders(Fig.3-C).
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Sarcasm:I159subjectswereanalyzed,amongwhom535(46.2%)werecategorizedinto"AGroup"

(Table2),whichincludedthosereplying"Sarcastic"(13.2%),HFlabbergasted"(7.9%),and"Toodiny"

(16.0%),etc."Non-AGroup"includedrepliessuchas"Mudlookedlikeadesignedpattern"(1110%)and

"Pitiful"(6.2%),etc.ThepassingratebyageindicatedsigniflCantincreasesbetweenthefirstandthird

grades,betweenthefourthandfi氏hgrades,andbetweentheseventhandeighthgrades･Thepassingrate

exceeded80%amongeighthgraders(Fig･31D)･

Persuasion:I121subjectswereanalyzed,amongwhom667(59.5%)werecategorizedinto"AGroup"

(Table2),whichwasfurthercategorizedintothefivefollowingsubgroups:Morethanhalfreplied,"She

wantedthe&iendtohavethepuppynomatterwhat,persuasion"(52.8%),"Pitifulpuppies"(5.7%),"She

wantedtogivethepuppiesaway,astheparentswerepe叩lexed"(0･4%),"Shedoesn'tknowwhattodo

andpushedthemoff"(0.5%);andonegirlcommenting"Theparentswereperplexedanddidnotwantto

abandonthepuppies,soshewantedthefriendtokeepthepuppies"(0.1%).The"Non-AGroup"included

repliessuchas"Shedoesn'tlikedogs"(9.8%),etc.Thepassingratebyageindicatedsignificant

improvementsbetweenthefirstandsecondgrades,aswellasbetweenthethirdandfi氏hgrades.The

passingrateexceeded80%amongninthgraders(Fig.3-E).

3.1.2.Young adult

Withrespecttopasslngratesfわryoungadults,thehighestratewasachievedf♭r"contraryemotion''

(100%),whilethelowestwasachievedfor"sarcasm"(88.9%),indicatinga901100%consistencywith

expectedtaskresults(Table2).

3･2･Task-Specificagelevelscapableofunderstandingandpertinentforscreenlng

Table3indicatesagesatwhich50%and80%probabilitiesofpasslngWereaChieved･Bydesignatlng

the50%thresholdofpasslngtasksastheagelevelsofunderstanding,firstgradersweredeterminedtobe
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capableofunderstandinglies,similes,pretending,appearances/realities,andcontraryemotions;second

graderscapableofunderstandingwhiteliesandmetaphors;fourthgraderscapableofunderstandingjokes

andpersuasions;andfi氏hgraderscapableofunderstandingsarcasm･

Designatingthe80%thresholdforpasslngtasksastheagelevelforscreeningdefinesliestobefor

rlrStgradersandolder;similes,pretences,andcontraryemotionsmaybeforsecondgradersandolder;

metaphorsandappearances/realitiesmaybeforfifthgradersandolder;whiteliesandjokesmaybefor

sixthgradersandolder;Sarcasmmaybeforeighthgradersandolder;andpersuasionmaybeforninth

gradersandolder.

3.3.Sexdifferences

lnthepasslngratesforprlmaryandjuniorhighschoolstudentscombined,femalestudentsexhibited

significantlyhigherpassingratesthanmalestudentsinseven(whitelie,simile,pretending,contrary

emotion,joke,sarcasm,andpersuasion)orthetentasksJntheotherthreetasks(lie,metaphor,

appearance/reality),whilemalepassingrateswerelowerthanthoseoffemales,thedifferenceswere

insignificant(Table2).

Withrespecttosexdifferencesinpasslngratesbyage,theratesforliesincreasewithagesimilarlyfor

bothsexes･Nosexdifferencewasobservedthere(Fig.21F).Anappreciationforwhiteliesrapidly

improvedamongfemalesubjectsbetweenthethirdandfourthgrades,anincreasedelayedbyaboutone

yearformalesubjects.SignincantdifferenceswereobservedinthepasslngratesOfmaleandfemale

subjectsamongsixthandninthgraders(Fig.21G).Theratesforsimilewereloweramongmalesubjects

inthefirstandsecondgrades,buttheserateseventuallyequaledthatoffemalesubjectshlthethirdgrade,

resultinginnodifferenceattributabletogender(Fig.21H).Formetaphor,asignirlCantSexdifferencecan

beobservedinmaleandfemalepassingratesamongeighthgraders(withfemalesshowingahigher

successrate)(Fig･2-I)･Forpretending,malesubjectsexhibitedalowerpassingratethanfemalesinthe
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firstgrade,butequaledthatoffemalesinthesecondgrade,resultinginnosignificantsexdifferences(Fig･

2-J).Forappearance/reality,malestudentsexhibitedalowerpassingratethanfemalesinthefirstto

fourthgrades,butequaledthatoffemalesinthefiRhgrade,makingupthesignificantsexdifferenceseen

inthethirdgrade(Fig.31F).Forcontraryemotion,thepassingratesforbothmaleandfemalesubjects

increasedalmostsimilarly(Fig.3-G).Forjoke,whilethepassingratesoffemalesjumped&omthethird

tofourthgrades,theincreasesinratesofmaleslaggedbyoneyear,resultinglnSignificantsexdifferences

inthethird,fourth,andninthgrades(Fig.3-H).Forsarcasm,whiletheratesoffemalesjumped&omthe

secondtothirdgrade,theincreasesamongmalesweredelayedbyonetotwoyears.Asignificantsex

differencewasobservedinpassingratesamongfourthgraders(Fig,31I).Forpersuasion,whilethe

passingrateOffemalesrapidlyjumped舟omthethirdtofi托hgrades,theincreasesamongmaleswere

delayedbymorethanayear,andsignificantsexdifferenceswereobservedinthepassmgratesamong

third,fiRh,andninthgraders(Fig.3lJ).

Judging&omagelevelsexhibiting50%and80%passingrates(Table3),thetasksthatprovedtobe

understoodbymalesandfemalesalmostequallywerelie,simile,pretending,contraryemotion(rlrSt

grade),andsarcasm(fiRhgrade).Ontheotherhand,tasksinwhichsexdifferencescanbeobservedinthe

ageofunderstandingprovedtoincludeappearance/reality(males:second,females:first),whitetie,and

metaphor(males:third,females:second),andjokeandpersuasion(males:fourth,females:third).lneach

case,femalesubjectsdemonstratedanunderstandingalmostoneyearearlierthantheirmalecounterparts,

Thetasksforwhichtheagesatwhich80%ofmaleandfemalesubjectspassedwerenearlyequal

provedtobelies(rlrStgrade),similes,pretending,andcontraryemotions(secondgrade),metaphor(fi氏h

grade),andjoke(sixthgrade)IOntheotherhand,tasksthatshowedsexdifferencesinagesconceming

the80%passingrateprovedtobewhitelies(males･'seventh,female:sixth),appearance/reality(males:

fiRh,females:fourth),sarcasm(males:ninthgradeandolder,females:eighth),andpersuasion(males:

ninthandolder,females:fiRh)IForthesefourtasks,whiletheagesofthe80%passingrateforwhitelies
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andappearance/realityCameearlieramongfemalesthanmalesbyaboutoneyear,thepassingrateamong

malesubjectsforsarcasmandpersuasionfailedtoexceed80%,evenamongninthgraders(Sarcasm:

72.2%,persuasion:75.7%).Inaddition,thepassingratesfわrthesetwotasksfわrmaleyoungadultswere

83.3%forsarcasmand76,0%forpersuasion(Table2)･

Concemmgthepasslngratesamongyoungadults,100%understandingwasattainedbybothmaleand

femaleforcontraryemotion.Femalesattaineda1OO%passingrateforfivetasks(lie,metaphor,contrary

emotion,joke,andpersuasion),whilemalesattaineda1OO%passingrateonlyfor"contraryemotion."A

signiflCantSexdifference(withfemalesshowingahighersuccessrate)wasrevealedonlyin"persuasion,"

butmalesexhibitedlowerpassingratesinsixtasks(lie,whitelie,simile,metaphor,joke,andsarcasm)by

4.0-10.6%.

4.Discussion

4.1.Validityofcompiledtasks

Asthepasslngratesamongyoungadultsexhibited90-100%co汀eSpOndencewiththelevels

anticipatedbytheauthorsfわralltasks,thevalidityortheuseofthecompiledtasksintestinghasbeen

confirmed.

4.2･Backgroundofcompilingtasks

InaccordancewithAstington8),acaseinwhich"somethingsaidisuntrue,andthespeakerknowsitis

untrue,butintendstomakeothersbelieveitistrue"canbedefinedasalie,whilecasesinwhichthe

speakerdoes"notintendtomakeothersbelieveitistrue"canbecalledjokes,sarcasms,ormetaphors,etc.

Childrengrowtobecapableofunderstandingthenatureofdeception,totellliesintentionally,Ortotryto

foolothersbytheageoffourorfiveyears9).Itisonlya鮎renterlngschoolthattheycanmakesarcastic

remarkstoteaseothers,tellwhiteliestoavoidhurt]ngothers'feelings,orusemetaphorstocreatepoetic
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images10)･Furthermore,Winneretalli1)Contendthatbetweenmetaphorandsarcasm,thelatterismore

difrlCulttounderstand,duetothelevelsofdifferencefundamental1yrequiredtounderstandthestateof

mindofothers･lnJapan,Koyasuetal･12)reportsonadditionaldifferentiationtasksconcernlngliesand

sarcasticremarks13)involving890primaryschoolstudentsinKyoto,concludingthat50%orsixthgraders

canprovidecorrectreasonsforsarcasticremarks.

Ourstudyindicatesthatlies,similes,pretending,appearances/realitiesandcontraryemotioncanbe

understoodbyfirstgraders;whiteliesandmetaphorscanbeunderstoodbysecondgraders;jokesand

persuasionscanbeunderstoodbyfourthgraders;andsarcasmcanbeunderstoodbyrlfthgraders･From

theseresults,thefollowlngSevenpointshavebeenconrlrmed:

I)Passingratesincreasewithagef♭raHtasks･

2)Theageofunderstand]'ngmaydifferduetothepurposeofthestories.

3)Liesmaybeunderstoodinearlychildhood,aspointedoutbyLeekam9).

4)Inacomparisonofsimi1esandmetaphors,thelatterisunderstoodlaterthantheformer-onlyafterthe

rlrStgrade.

5)Inparticular,皿derstandingsarcasmdevelopsatalatertime.

6)AshypothesizedbyWinner,etal.ll),anunderstandingofsarcasma汀iveslaterthanthatofmetaphor.

7)AspointedoutbyKoyasu,etal.12),thepassingrateforprovidingreasoningtosarcasmexceeds50%

onlyinthefbur山tosixthgrades.

4･3･Relationshipbetweenmanifestationofdisordersanddevelopmentofsocialcommunication

Happe14)Studiedrelationshipsbetweendevelopmentsinthetheoryofmindandverbaldevelopment.

Shedeterminesthata50%probabilityofpasshgtasksexhibitedby31tOl4year-oldsnormallydeveloped

childrencanbeattainedattheverbalmentalagesof9-10inthecaseofautisticsubjectsbyexamlnlngthe

passlngagesinfirstl0rdertasksfor70autisticsubjects.Inotherwords,chitdrenwithHFA/ASinthe

fourthtosixthgradeshavegrowntoacquirethetheoryofmindandarecapableofreadingothers'mental
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statestosomeextent.Butwhilenormallydevelopedchildrencanreadothermindsintuitively,HFA/AS

childrenappeartoreadthemwithdifferentstrategiesbyusingdifferentportionsofthebrain15)I

sugiyama16" )infersthatthisgrowthprocessmayresultinmanyerroneousreadings,whichmayexplain

theincreaslngnumberofproblemsfirstencounteredduetotheirfearsofbehgharmed,although

incidentsofbreakingrulesatgroupsettlngSdramaticallydecreasewithanunderstandingofthetheoryof

mind.HealsopolntSOutthatsmallgroupsofchildrenwithHFA/ASmayshowincreasedbehavioral

problemsinaroundthefわurthtosixthgrades,becomingthetargetsorseverebullying･

Ourstudyindicatesthatnomalchildrencanunderstandjoke,persuasion,andsarcasmbythefわurth

andfiRhgrades.Atthatage,theinterpersonalrelationsofsubjectswithHFA/ASgenerallytendtobe

troubledandfacedtodifrlCulty2･16,17).Thisdifficultyispresumedtoberelatedtoaproblemaffectingthe

developmentofsocialcommunicationstills."

4.4.Effectsofsexdifferences

Judgingfromtheagesatwhichthe50%passlngrateCanbeattained,ithasbeendeterminedthatofall

tentasks,femalesubjectsunderstandthefivetasksofappearance/reality,whitelies,metaphor,joke,and

persuasionaboutoneyearbeforetheirmalecounterpartsIForthetwotasksofsarcasmandpersuasion,

malestudentsareunabletoachievean80%passlngrateevenintheninthgrade･Inthecaseofyoung

adults,thepasslngrateforthepersuasiontaskissignificant7yhigheramongfemalesthanmales･Judging

斤omtheseresults,furtherstudyoftheunderstandingofsarcasmandpersuasionmaybejustified,

broadenhlgthesubjectgrouptothoseolderthanyoungadults_

Amongyoungadults,thepasslngratesformalesubjectswereslightlylowerthanforfemalesttldents

notonlyinthetaskofpersuasion,butintheothersixtasks･Sincethenumberofyoungadultsubjectswas

limitedinourstudy,sexdifferencesmayhavebeendetectedincertaincaseshadweincreasedthenumber

ofsubjects.
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Withrespecttofactorsinwhichsexdifferencescanbedetected,thefotlowlngObservationshavebeen

madefromtheperspectivesof1)verbaldevelopment,2)E-STheory,and3)socialbrain･

4.4.I.Perspectiveofverbaldevelopment

lthasbeenreportedthatthedevelopmentintheoryofmindinvolvesthedevelopmentofverbal

abilityH),Ithasbeenverifiedthatfemales,ingeneral,havebetterlanguageabilitiesthanmales18)･Itisa

generallyacceptedtheoryinbrainphysiologythatthebrainisfunctionallyasymmetrical,andthatmale

brainsarehighlylateralized,whilefemalebrainsarehighlybilateralized.Thisdifferenceistheorizedto

bederived斤omthedifferentcommissuralsystemsconnectlngrightandle氏hemispheres19･20)

Specifically,onetheorycontendsthatthefemalespleniuminthecorpuscallosumismorebulbousand

largerthanthemalecounterpart21)･Anotherstatesthatthecross-sectionofthefemaleanterior

commissureislargerthanthemalecounteIPart22)IYetanotherhypothesisstatesthatanembryonal

androgendelaysthedevelopmentofthecerebralcortexofthele允hemisphereandacceleratesthe

developmentoftherightcerebralcortex23)･Thus,inourstudy,sexdifferencesincommissuralsystems

andtheembryonalhormoneenvironmentmayaccountforthesexdifferencesobserved･

4.4.2.PerspectiveofE-Stheory

Baron-Cohen24･25)reviewedthehistoricaldevelopmentofstudiesonsexdifferencesandmentionedthe

keyfeaturesofverbalandspatialabilitiesbefore,butpointedouttheimportanceof"empathizing"and

"systemlZlng"inpresentingtheE-Shypothesis･Thetheorycontendsthatinthemalebrain,systemlZlnglS

significantlybetterdevelopedthanempathy,whilethefemalebrainisdefinedashavingtheopposite

cognltlVeprofile,exhibitingsuperiorempathizingthansystemlZlngCapacities.Allindividualsarelocated

somewherealongthecontinuumfromthefemalebraintothemalebrain･Autismmaybeconsideredan

extremeinstanceofthetypicalmaleprofile."Empathizing"includestherecognitionofothermental

states,andisrequiredforthedevelopmentofsocialcommunication･TheEIStheorymayexp7ainthesex
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differencesconfirmedinourstudy.

4･4･3.Perspectiveofsocialbrain

Theoryofmindimpliescapabilitiesassociatedwithsocialintelligence,independentofgeneral

intelligence,toreadthementalstatesofothersandtorespondtothebehaviorofotherindividuals26)I

Brothers27)proposedahypothesisunderwhichsocialintelligenceislinkedtoanetworkinvolvingthe

frontallobe,temporallobe,andamygdala;thatis,asocialbrain･Baron-Cohen,etal･26)conflrmedthe

socialbrainhypothesisbyusingfunctionalmagneticresonanceimaglngOnnormalsubjectsandpatients

withHFA/AS.NormalsubjectsexhibitedinCreasedactivationofsuperiortemporalgyrusandamygdala

relatedtotasksinvolvingsociaHntelligence.Someareasoftheprefronta]cortexalsoshowedactivation

inrelationtosuchtasks,Incontrast,patientswithHFA/ASactivatedthefrontal-temporallobereg10nSbut

nottheamygdalawhenworkingonsuchtasks.Theseresultssupportboththesocialbraintheoryof

normalfunctionandtheamygdalatheoryofautism.Theamygdalaisreportedtoberelatedtojudgments

ofthefeelingsofothers28).Arai20)alsoreportssexdifferencesinthephysicalaspectsoftheamygdala･

Sexdifferencesintheamygdalamayfunctionasacontributingfactorinthesexdifferencesobservedin

ourstudy.

Theresultsofourstudyindicatethatinhandlingproblemsininterpersonalrelations,Wemust

recognizedevelopmentaldifferencesinsocialcommunicationwithrespecttoageandsexbefore

attemptinglnterVentions.

5.Acknow]edgements

Theau血OrswishtoexpresstheirsincereappreciationtoDr･ChisatoKawasaki(SaseboCityChildren's

DevelopmentCenter)whoreviewedthemanuscript;MsISetsukoOrii(OsakaCollegeofRehabilitation)

whorenderedkindassistanceinorganizingmaterials;andMs.MarikoBaba(KansaiSeishonen



16

Sanatorium,OTR),whohelpedcreatetheillustrationsusedinthisstudy,

partsofthisstudyhavebeenreportedonfourpreviousmeetings29-32)



17

6.References

1.HappeFG.Anadvancedtestoftheoryofmind:Understandingofstorycharacters'thoughtsand

feelingsbyableautistic,mentallyhandicapped,andnormalchildrenandadults･JAutismDev

Disord24:129-154,1994.

2.ItohM,YamadaT,YagiY,etal.ALifestoryofhowaschoolchHdwithAsperger'sdisorder

overcomebullying(inJapanese).Sagyoryoho(Suppl)(Tokyo)20:191,200I･

3.ItohM,TakaharaA,TsucMdaR,etal.Anattempttocomposeanadvancedtestoftheoryofmindin

picturestoryformatsIResponsecharacteristicsinnormalschoolchildren(inJapanese)･ShoniNo

SeishinToShinkei(Suppl)(Tokyo)40:53-54,2000.

4.ItohM,TakaharaA,Tsuchida良,etal.ApilotstudyJ叩aneSeVersionofthe"StrangestoriestestH

advancedtestoftheoryofmind'':Usingpicture-storiestoevaluatecommunicationabilitiesof

peoplewithhighfunctioningautisticdisorderandAsperger'sdisorder(inJapanese).Nagasaki

DaigakuIryoGijutsuTankiDaigakubuKiyo(Nagasaki)14:69-76,2001･

5.ItohM,KawasakiC,TsukazakiA,etal.Astudyonchildhoodunderstandingorjokesandsarcasm

(inJapanese).ShoniNoSeishinToShinkei(Suppl)(Tokyo)41:393-394,2001･

6･PremackD,WoodruffG.Doeschimpanzeehaveatheoryofmind?BehavBrainSci1:5151526,

1978.

7.Kawakita∫.Howtocomeupwithideas.64thed(inJapanese).Tokyo,Chuokoron-s九a,1991.

8.AstingtonJW.Thechild'sdiscoveryofthemind,Cambridge,HarvardUniversityPress,1993.How

doesthechilddiscoverthemind?Tokyo,Shinyosha,pp･169-185,1997ltranslationbyMatsumuraN･

9･LeekamSR･"Believinganddeceiving:Stepstobecomingagood一iar,"(In)Cognitiveandsocial

factorsinearlydeception,CeciSJ,LeichtmanMD,andPutnickME(Ed.)Hillsdate,Erlbaum,

pp.47-62,1992.

10.WinnerE.Thepointofwords.Cambridge,HarvardUniversityPress,1988.

11･WinnerE,GardnerH･Metaphorandirony:Twolevelsofunderstanding.(In)Metaphorandthought.



18

2nded.OrtonyA(Ed.)CambridgeUniversityPress,pp.425-443,1993.

12.KoyasuM,NishigakiJ,HattoriK.Asurveyofchildren'sunderstandingofmindbypicturebook

form(inJapanese).KyotoDaigaknKyoikuGakubuKiyo(Kyoto)44:1-23,1998･

13.WinnerE,LeekamS.DistinguishinglrOnyfromdeceptlOn:Understandingthespeaker'ssecond

orderintention.Br∫DevPsycho19:257-270,1991.

14.HappeFG.Theroleofageandverbalabilityinthetheoryofmindtaskperformanceofsubjects

withautism.ChildDev66:843-855,1995.

15･HappeF,EhlersS,FletcherP,etal･̀Theoryofmind'inthebrain･Evidence舟omaPETscanstudy

ofAspergersyndrome.Neuroreport8:197-201,1996･

16.SugiyamaT.Theexperienceofautism:Areviewofclinicalstudiesofhigh-functioningPDD(in

Japanese)ShoniNoSeishjnToShinkei(Tokyo)40:88-100,2000.

17.TsujiiM,SugiyamaT."Theoryofmhld"andmaladjustedbehaviorinhighfunctionlngPervasive

developmentaldisorders(inJapanese).The37thNihonJidoSeinenSeishinIgakkaiSokai

Syorokusyu(Kyoto)56,1996.

18.MaccbyEE.Thedevelopmentofsexdifferences.Stanford,StandfordUniversityPress,1966.(Sex

differencesITheiroriginsandroles.1sted.Tokyo,Kaseishuppan-sha,pp.52-56,1979.translation

byAokiY,IkegamiC,KawanoK,etal.)

19.KimuraD･Sexandcognition.Cambridge,Massachusettsinstituteoftechnology,1999.(Female

ability,maleability.ShinyoISha,Tokyo,pp.1651176,2001.translationbyNojimaH,MiyakeM,

SuzukiM.)

20.AraiY･SexDifferenceofbrain(inJapanese)Tokyo,KyoritsuShuppan,1999.

21.deLacoste-UtamsingMC,HollowayRLSexualdimorphisminthehumancorpuscallosum.Sciense

216:143111432,1982.

22･AllenLS,GorskiRA.Sexua一dimo叩hismoftheanteriorcommissureandmassaintemediaorthe

humanbrain.JCompNeuro1312.･97-104,1991.

23･GeschwindN,GalaburdaAMICerebral1atera]ization･Biologicalmechanisms,associations,and



19

pathology:I.Ahypothesisandaprogramforresearch･ArchNeuro142:428-459,1985･

24.Baron-CohenS.Theextrememalebraintheoryofautism.TrendsCognSci6:248-254,2002･

25.Baron-CohenS,RichlerJ,BisaryaD,etal.ThesystemlZlngquotient:aninvestlgationofadultswith

Aspergersyndromeorhigh-functionlngautism,andnormalsexdifferences･Phi)osTramsRSoc

LondBBioISci358:3611374,2003.

26.Baron-CohenS,RingHA,WheelwrightS,etal.Socialintemgenceinthenormalandautisticbrain:

anfMRIstudy.EurJNeurosci11:1891-1898,1999.

27.BrothersL.Socialbrain･Conceptsinneuroscience1:27151,19901

28.ShawP,LawrenceE,Baron-CohenS,etal.Roleoftheamygdalainsocialsensitivity.AnnNY

AcadS°i985:508-510,2003.

29･ItohM,TakadaS,KanekoT.Developmentandsexdifferencesinunderstandingliesandsarcasm

(inJapanese).NihonShonikaGakkaiZassi(Suppl)(Tokyo)107:227,2003.

30.ItohM,TakadaS,KanekoT.Developmentandsexdifferencesinunderstandingpretence,jokes,

andpersuasion(inJapanese).NoToHattatsu(Suppl)(Tokyo)35.'S128,2003.

31.ItohM,KanekoT,TakadaS,etal.Developmentandsexdifferencesinunderstandingwhitelies

andpersuasion(inJapanese).Sagyoryoho(SuppI)(Tokyo)22:346,2003.

32,ItohM,TakadaS,KanekoT.Developmentandsexdifferencesinunderstandingsimile,sarcasm,

andpersuasion:Formulationofanadvancedtestoftheoryofmind,Japaneseversion.16thAsian

ConferenceonMentalRetardationProceedings3441352,2003.



Figurelegends

Fig.1-1.Alltasks1

Fig.1-2.Alltasks2

Fig.2.Passingratebyage(A-E)･Passingratebygender(FIJ)1

Fig.3.Passingratebyage(A-E)･Passingratebygender(F-∫)2
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Fig.1-1.Alltasks1
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A :Lie * *

一 讐一 萎I因
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円
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* 国
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lst2nd3rd4th 5th . 7th8th9th

lst2nd3rd4th 5th 6th 7th 8th ヮth

65380.690.990.994.296,696.2964914
ElFemale 76.289.991.397.492,995.9 97 95.7100

Ⅰ *

1st2nd 3rd4th5th 6th 7th8th9th
23 51.I77866.482479.591.989,290.2 ｡Male 24.446,875.867.181.6753 9277889.2

EaFemale 21,454,979565.883.I84 91.795.79).I

E:Pretending** J

lst 2nd3rd 4th5th 6th 7tb 8th9th

一′

lst2nd3rd4th5th6th7th8th9th

59.I82.982.694.9 95393897 8 93.4952 E)Male 51481.280 94.992 92 98193194.6

JlFemale 67.284.384.89598.896 97.293.695.7

PassingratecuⅣe(total)

*:p<0･05,**:p<0.01,***:p<0,001

A-E:adjoiningschoolyeardifference
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Passingratecurve(female)

*:p<0･05,**:p<0.01,***:p<0.001

F-J:Sexdifferencesofthesameschoolyear

Fig･2･Passingratebyage(A-E)･Passingratebygender(F-∫)1
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Table1

Number,gradeandsexofsubjects

Gra°e Male Female Tわtal

1st 76

2nd 70

3rd 71

4th 79

5th 90

6th 88

7th 53

8th 30

9th 40

73 149

84 154

80 151

80 159

85 175

75 163

37 90

47 77

46 86

Tbta1 597 607 1204
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