


2 MichitakaOhgishi

Manyinvestigatorshavetheopinionthatserialprocessingisalsointimatelylinkedto

otherfunctionsthatarelabeledastemporal.

Third,bothneuropsychologicalandcognitivestudieshavepresentedtheevidence

thatprocessingoftemporalinformationistheprototypicalpictureoflefthemisphere

mediation.Thesestudieshaveusuallyemployedthemethodologicalparadigmofthe

temporalorderjudgmentwhichwereoriginallydevelopedinvisualandauditory

perceptualexperiments.Inthisarticle,studiesthatarerelevanttothetemporalorder

judgmentarereviewed.

NatureoftheTemporalOrderJudgment

Accuratedeterminationofthetemporalorderingofeventsisoffundamentalimpor-

tancetothemajorityofperceptualabilitiespossessedbyalllivingcreatures.Inspite

oftheimportanceofthisattribute,however,muchisnotknownaboutneitherthe

degreetowhichsuchdeterminationscanbemadenorthemechanismswhichunderlie

theprocess.Differenttypesofsubjects(right-orleft-handed,adultsorchildren)

participating,thejudgmentofthecorrectorderoftwosuccessivestimuli(either

identicalornonidentical),presentedtothesamesensorymodalityortotwodifferent

modalities,havebeeninvestigatedbymanyauthorsoverthepast25years(for

example,Babkoff,1975;Carmon&Nachshon,1971;Efron,1963a,b,c,1973;Hirsh&

Sherrick,1961;May,Williams,&Dunlap,1988;Oatley,Robertson,&Scanlan,1969;

Ohgishi,1981;Robinson,1967;Rutschmann,1966,1973;Rutschmann&Link,1964;

Sherwin&Efron,1980;Swisher&Hirsh,1972).Severalgeneralfindingsaboutthe

temporalorderjudgmenthave,bynow,beenverifiedbyalmostalloftheseauthors.

Thenatureofsuccessivestimuliisthedifferencebetweenarrivaltimes・InAllan,

Kristofferson,andWiens'(1971)attention-switchingmodel,itissuggestedthatstimuli

arejudgedassimultaneousorassuccessivedependingonwhetherornotattentionhas

switchedfastenoughtoeachoftherelevantchannels.Thismodelassumesthat

informationtransmittedthroughdifferentchannelscannotenterthecentralprocessor

atthesametimesinceattentioncanbefocusedupononechannelatatime.Because

ofthiscentrallimitation,allinformationconveyedbynondominantchannelsis

neglecteduntilattentionisswitchedtothem.

Onthecontrary,Rutschmann(1973)suggeststhetransmissionratemodelthat

thelimitsoforderperceptionhavealsobeenthoughttodependondifferentratesof

informationtransmissionbetweenthechannels.Rutschmannconjecturedthatthe

centraltimingmechanismwasaccurate,withtemporalorderjudgmentsbeinglimited
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orderthresholdwasindependentOfdifferencesinmodality,intensity,orspatiallocali-

zation.Theintervalrequiredfor75percentcorrectdiscriminationofsequencewas

thesameforvisual,auditory,andtactilestimuli.Evensomekindofsimultaneity

centercommontoallsensorymodalitieshasbeenpostulated(Efron,1963a,1963b).

May,Williams,andDunlap(1988)suggestthataconsiderationofthereadingprocess

tellsusthatfromfixationtofixationtheinformationmustbeencodedtemporally

althoughauditoryinformationisarrayedtemporally,Whilevisuallypresentedinforma-

tionisdistributedinspace.

Fromtheseresults,SternbergandKnoll(1973)supportedtheindependentchannel

theoryonperceptionofsuccessionandoftemporalorderbetweentwostimuli.

Accordingtothistheory,asignalisdetectedafterarandomarrivallatency.Since

thislatencyessentiallydependsonthesignal'sspecificcharacteristics,andperhapson

certaindetectioncriteria,orderjudgmentsaredeterminedbythedifferencebetween

thearrivaltimesoftheinformationyieldedbytwostimulipresentedthroughdistinct

channels・BasedontheresultsobtainedbyHirshandSherrick's(1961)experiment,

Warren(1974)assumedthattwoprocessesareinvolvedindiscriminationandretention

oftemporalorderwithincomplexeventsequences・Inotherwords,serialorder

dependsonratelimitedverbalencodingandontraining.

ThethresholdorientedapproachconductedbyWarrenandByrnes(1975)reflects

the20msecorderthresholdvalue.Theynotethatorderjudgmentsaboutarrange-

mentsofunrelateditemssuchashisses,tonesthatwereembeddedwithinthecontext

ofrecycledsequenceswerenotaccurateunlesseventdurationswereatleast200msec.

Accordingtothistheory,eventorderisdirectlyperceivedonlyatdurationsinexcess

of200msecsincethiSiSthecriticaltimetoverballyencodeeaChitem.Whilesubjects

canlearntorecognizeveryrapidsequences,thisskillisassumedtodependona

different,holisticpatternrecognitionprocesswhichdoesnotinvolvedirectperception

ofindividualeventorder.InshortWarren'sresearchtestifiedthehypothesisthat

changesinratealterone'sexperienceofasequence.

Furthermore,Jones(1985)pointsoutthatthemorewidelycited20-30msec

temporalorderthresholdvalue(e.g.,Ohgishi,1981)mustbequalifiedduetoinfluences

ofeventtype,contextandtrainingamongotherthings.Inaddition,twospatially

separatedvisualtargets,stimulatedasynchronously,maygiverisetoajudgmentbased

onmotion,ratherthanajudgmentoftemporalorder,thusyieldingwhatappearstobe

psychophysicaltemporalorderthresholdsoflessthanlOmsec(Swisher&Hirsh,1972).

CentralProcessingoftheTemporalOrderJudgement
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Oneattempttoinvestigatetheorderingofstimuliintimesuggeststhatfortheorder

oftwoormorestimulitobedistinguishedrepresentationsofthestimulimustbe

transmittedtosomecommonpointinthebrainwhereamechanismforperforming

temporalorderjudgmentsresides.Judgmentsoforderwillreflectthearrivaltimes

oftheneuralrepresentationsofthestimuliatthemechanismandconsequentlywould

alsobeexpectedtobeinfluencedbythelengthsoftheafferentpathways.

Lovegrove,Billings,andSlaghuis(1978)pointoutthat,innormalsubjects,tempo-

ralcharacteristicsliketemporalresolutionorsuccessivenessareidiosyncratictothe

sensorymodality,buttemporalorderisnot.However,Efron(1963c)andGibbonand

Rutschmann(1969)haveshownthatstimulusdifferences(e.g.luminance)inthe

Stimulitobeorderedresultindifferencesintransmissiontimesforthetwomessages

whicharenotsubtractedoutbythemechanismsofthetemporalorderjudgmentand

resultinshiftsofthepointoftemporalequalityandasymmetriesinthetemporalorder

thresholds.Thissuggeststhatifearlysensorymechanismsarerenderedinsensitive

ormorelatentinresponse,temporalorderjudgmentswillbealtered.Anelaboration

ofthisviewmightsuggestthattransientproblemsoccurringduringacriticalstageof

thedevelopmentofthemechanismoftemporalorderjudgmentswouldleadtoperma-

nentorlonglingeringdeficits.

Theseconsiderationshaveledtothesuggestion(Efron,1963a)thattheremayexist

acentralprocessingmechanismwhichisdedicatedtothedeterminationoftemporal

orderirrespectiveofthemodalityofthestimulitobejudged.Guidedbythatnotion,

anumberofinvestigatorshavestudiedthetemporalordercapabilitiesofvarious

specialpopulationsofbraininjuredpatients.Ithasbeensuggestedthatdeficitsof

temporalorderjudgmentsimplyanabnormalityinthetemporallobesofthebrain

(Efron,1963b).FromtheirneuropsychologicalexperimentsSwisherandHirsh(1972)

concludedthatthetemporallobemighthavebeenappropriatelynamed.

Correcttemporalorderjudgmentistherequisitefactornotonlyforperceptionbut

alsoforlong-termmemory(seeGrossberg,1986).Estes(1972)notesthattheinhibi-

torytendencieswhicharerequiredtoproperlyshapetheresponseoutputbecome

establishedinmemoryandaccountforthelong-termpreservationoforderinforma-

tion.Thisleadstotheassumptionthatinhibitoryconnectionsformfromthe

representationsofearlieritemsinthelisttotherepresentationsoflaterlistitemssuch

thatearlieritemswillbelessinhibitedthanlateritemsonrecalltrialsandwill

thereforebeperformedearlier.

Fromtheviewpointofmemorydisorders,Milner(1971)emphasizedaroleofthe

frontallobesintemporalorderingtasks.OnegoodexampleofhoWthefrontallobes

contributetomemoryfunctioncomesfromastudyofmemoryfortemporalorder.In
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Poeck&Huber,1977;Swisher&Hirsh,1972).Otherresearchers,however,seem

inclinedtowardtheunilateralposition(Carmon&Nachshon,1971;Efron,1963a,1963b,

1963c;Mills&Rollman,1980).Inaddition,Molfese(1980)hasdevelopmentallyinves.

tigatedthetemporalaspectsofinformationavailableinthespeechsignaland

suggestedthatthereareunilateralleft-hemispheremechanismssensitivetoF2transi-

tioncuesandunilateralright-hemispheremechanismssensitivetovoiceonsettime.

Unilateralright-hemisphericspecializationhasalsobeenclaimedforsometypesof

complexpitchdiscrimination(Sidtis,1980;seeCraig,1979).

Thereisevidenceforleft-hemisphericspecializationonanumberoftasksinvolv-

ingtheprocessingoftemporalinformation.Variousproceduresandresultsofthese

lateralitystudiesaresummarizedinTablel.

Toinvestigatetemporalorderjudgments,thereseemstobethreeapproaches.

Oneapproachistoexpectalljudgmentsoforderintimetobelocatedinthespeech

hemispherepreciselybecauseSpeechisatimebasedprocessrequiringthedetailed

separationofsoundsintime(Halperin,Nachshon,&Carmon,1973;Papcun,Krashen,

Terbeek,Remington,&Harshman,1974).Analternativeistoconsiderjudgmentsof

orderintimetobeanon-verbalactivityandthereforelocatethisfunctiOninthe

non-speechhemisphere.Athirdapproachistolimittheprimacyofthelefthemi-

sphereintemporalresolutiontotheauditorydomain,consistentwithitspredominance

inspeechperception(Natale,1977),andtoconsiderjudgmentsoforderinthevisual

modalitytobeconsistentwiththevisualperceptionorientationoftherighthemi-

sphere.

Efron(1963a)assumedthatthetemporalordermechanismislocatedinthe

hemispherewhichspecializesinspeechproductionwhichisusuallythelefthemisphere

inalmostright-handedsubjects.InthevisualexperimentbyEfron(1963a)subjects

wereaskedtojudgethesimultaneityandtemporalsequenceofverybrief(1msec)

bilateralstimuli,whichwerepresentedineithervisualortactualmodalities(light

flashesorelectricshocks)．Intheright-handedsubjects,theleft.visual-fieldstimulus

tobejudgedassimultaneouswitharight-visual-fieldstimulus,theformermust

precedethelatterbyabout5msec.Heinterpretedthisasrepresentingthetime

neededforcallosaltransferofinformationfromtherighthemispheretotheleft

hemisphere.Left-handerswerenotsignificantlylateralizedonthisfunction,although

theyshowedanoppositetendencyintemporalorderingtasks.Hesuggestedthatthe

superiorityoftheleftcerebralhemisphereinverbalperformanceresultsfromits

abilitytorecognizetemporalsequences.

Furthermore,Efron(1963a,1963b)concludedthatthedominantcerebralhemi-

sphereforlanguagefunctionscontainsthesimultaneitycenter.Ifthisistrue,then
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Tablel.SummaryoftheLateralityStudiesontheTemporalOrderJudgment

Author(s） MOdality Subjects

Efron(1963a）

Efron(1963b）

Vision＆

Cu垣neous

聖nsation

Vision＆

cutaneous

聖nsation

Efron(1963c）Vision＆audi
tion

Cannon＆

Nachshon

(1971）

Swisher＆

Hirsh(1972）

Vision＆audi

tion

Vision＆alldi

tion

Halperin， Audition

Nachshon,&
Cannon(1973）

40normalsubjects（20
right.handedand201eft.
handded)．

40normalsubjects（20

right.handedand201eft.
handed)．

121eft-hemisphere‐
damagedpatientsofwhom
llhadsomedegreeofapha‐
siaand5controlpatient．

47patientssufferingfrom
unilaterallesions（21left‐

hemispherelesionedand26
right-hemispherelesioned)
and42controlpatientsfree
fromneurologicaldisorders．

101eft-hemisphere・

damagedpatients,5right.
hemisphere-damaged
patients,l5controlsubjects
(5pathologicalpatientsand
lOnormalstudents)．

36right-handedfemalestu‐
dentsbetweentheagesl8
and22years(meanage19．8
years)．

Sekuler， Vision 4subjects

Tynan，＆
Levinson

(1973）

Babkoff(1975）Audition 4subjects

Tasks

Twosqulsestosubject，shands
ortwolightnashesweresucces‐
sivelypresented・Thetwo
stimuliwereinitiallyseparated
bylOOmsecandtheintervalwas
reducedby5msecstepsuntilthe
subjectrespondedwithajudg，
mentofsimultaneity．

Twosquarepulsestosubject，s
handsortwolightfla曲eswere
successivelypresentedunder
fourstmulusintensitycondi‐
tions，

Inthevisllｮlconditiontwo

fla曲es(5msecduration)ofdif・
ferentcolorwereseparatedby
variCusintervalsoftimefromO

to600msec，andthepairof
nasheswasrepeatedeveryfour
second，Thesubjectwas
requiredtoindicatewhetherthe
redorgreenlightappearedfirst・
Intheauditoryconditionapair
oftonesoflOmsecduration

consistedofahigh-pitchedanda
low､pitchedpulses,andthesub，
jecthadtoreportwhichsound
wasfirstwhenthepairof
soundswasrepeatedeveryfour
seconds≦

Thepatients，presentedwith
sequencesof3,4or5stimuli(3
coloredlightsand2sounds)，
choseanystimulusasastarting
point,andidentifiedtheorderof
stimulifollowmgitinthecontm-
uoussequencebypointingatthe
stimulussource・

Pairsofauditory（clicks）or
visualstimuli(flashlamps)were
presentedandsubjectswere
askedtoindicatewhichmember

ofthestimuluspaircamefirst，
Thetimedifferencebetweenthe

onsetsofthetwostimulivaried

from20to640msec．

Threesoundswhichvariedin

telmsofeitherfrequency(High
orLow）orduration（Longor
Short)weredichoticallypresent‐
ed・Subject，staskwasto
reportthesequencesbyear，
Briefvisualstimuliwere

presentedsmultaneouslyorsuc‐
cessively,onetotheleftandone
totheright，Theinterstimulus
delaywas2,4,8,16,or32msec・
Thesubjectwasinstructedto
indicatewhichstimulus(pulses）
occurTedfirstbydepressingthe
keyifthefirststimulus
appearedattherightear，the
leftkeyifthefirststimulus
appearedattheleftear，The
intervalbetweenthedichotic

stimuliwasvariedfrom2tol28

m聖c、

Results

＊Thereisastatisticallysignificant
differencesbetweentheright‐andleft・
handedgroupsforbothshocksandlights.
＊Theright-handedsubjectsexperi・
encedtheircenterpointsofsimultaneity
whentheleftstmulusprecededtheright
by3.32msecforshockand3.81msecfor
light．
＊Theleft-handedsubjectsex歴ri‐
encedtheircriteriaofsimultaneitywhen
thetwostmuliwereessentiallysmulta‐
neous．

＊Theright-handedsubjectsshow“a
greaterdeviationfromtruesmultaneity
whenthestimulusintensitywasweak
thanwhenitwasstrong．

＊Thelesionswhichproducedistur‐
bancesinthediscriminatiOnoftemporal
orderareallinthehemi曲erewhichis

dominantforspeechfUnctions．
＊Everysubjectwithadominanthemi・
spherelesionwhohaddifficultywith
temporalanalysisalsohadsomedegree
ofaphasia．
＊Theauditorytemporalorderanaly、
siswasmoreseverelyaffectedthanthe
visualanalysis．

＊Perfonnanceofpatientssuffering
fromlefthemisphericlesionwassignifi‐
cantlyimpairedascomparedwiththatof
theotherpatients．

＊Thecontrolsubjectsrequiredinter‐
valsbetween30and40msectoordertwo

lightspresentedatthesameplace．
＊Theleft-hemisphere-damaged
aphasicshadlargedifferencelimensfor
allauditorytaskspresented．
＊Theright-hemisphere,damagedsub‐
jectsrequiredrelativelynoImali､tervals
toorderthevisualstimuli,butrequired
abnonnallylongintervalswereneces‐
saryfortwooftheauditorytasks．
＊Theright-hemishere-damagedsub‐
jectsalsohadtroublediscriminating
betweenthepairedsounds．
＊Asthenumberoffrequencyordura，
tiontransitionsincreasedfromzeroto

two,earsuperiorityshiftedfromleftto
right．

＊Aleft-rightpairismoreeasilydi‐
scriminatedfromasmultaneouspair
thanisaright-leftpair．

＊Temporalorderdiscriminationis
relatedtothedichotictemporalinterval
byanonmonotonic，V-shapedfunction
beginningwithahighlevelofdiscrimina‐
tionatshortintervalsdecreasingasan
intervalincreasesto8msec,theincreas‐

ingasanintervalincreasesfurtherfrom
l2tol28msec．

＊Thefunctionoftheleft-firststimuli

crossesthe75％discriminationlevelat

approximately6msecwhilethefunction
oftheright-fiststmulicrossesthe75％
discriminationlevelatapproximatelyl8
m聖C二
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Author(s)Modality Subjects

Bosshardt＆Audition 24normalsubjects
Hormann

(1975）

Newman＆Vision

Albino(1977）

Cannon(1978）Vision

Newman＆Vision

Albino(1978）

Mills＆Roll‐Audition

man(1980）

Ohgishi（1981）Vision
Ex唾rimentl

Ohgishi（1981）Vision
Experiment2

Ohgishi（1981）Vision
Experiment3

9right-handedundergradu・
atesbetweentheagesof20
and25years．

3groupsofleft,hemisphere‐
lesioned,right-hemisphere
lesioned，andcontrolpati・
entswithoutanycerebral
disea配．Eachcomposed
of20right､handedpatients，
Themeanagewasabout
50yearsinallgroups．

5studentsbetweentheages
ofl8and25years,twoof
whomwerefemaleandthe
othersmale．

20right-handednOrmalcol･
legestudentwithinanage
rangeofl8-25years．

23normalgraduateand
undergraduatestudent（16
right､handed,71eft-handed)．
Allweremalesubjects．

33normalgraduateand
undergraduatestudent（23
right､handed，10left､hand‐
ed)．Allweremalesub‐

jects．

32normalgraduateand
undergraduatestudent（23
right-handed,91eft-handed)．
Allweremalesubjects．

Tasks

Freerecallperformancefor
wordsdichoticallypresentedto
therightandtotheleftearwas

analysedseparatelywithrespect
tothecorrespondencebetween
thesequenceofpresentationand
thatofrecall・

Subjectswererequiredtojudge
thetemporalorderoftwophysi-
callysimultaneouslightnashes.
Fourstimulusconditionswere

administeredwiththeleftlight
nashbeingtransmittedinitially
totherighthemisphereandthe
rightlightflashinitiallytothe
lefthemisphereinallfourcondi‐
tions・

Subjectwerepresentedwithspa.
tialpattemscomposedofil.
luminatedsegmentsinthefonn
ofbarswithawidthoflOmm

andamaximumlengthof60
n皿n．Thesegmentswereparts
ofanalphanumericelectro‐
luminescentpanel，Cor-rect
identificationoftheorderof

illuminationwasscoredonlyif
thesubjectidentifiedthecor,rect
sequenceinthreeconsecu-tive
delays，

Subjectsadjustedtwolight
nashesuntiltheyappeared
simultaneous、Thepsycho，
physicalmethodusedwasthe
descendingmethodoflimits
withthesubjectadjustingthe
interstimulusinterval・

Subjectswereaskedtoreport
eithertheorderorthesimulta‐

neityoftwoclickswheneach

wassuccessivelypresentedtoa
differentear、

Thedescendingmethodoflimits
withtheexperimenteradjusting
theinterstimulusintervalwas

usedtomeasureathresholdof

simultaneity，Twolightnashes
(l0msecduration）were
presentedtoeachvisualfield

andthesubjectswererequired
topressatelegraphkeywhen
thetwostimulusappeared
simultaneous・

Theexperimentconsistedofthe

right.to-leftandtheleft-to-right
presentationconditions、Two
nashes(10msecduration)were
separatedby30msecintervalof
timefromOto600msecandthe

subjectswererequiredtoindi‐
catewhethertherightorleft
nashapparedfirst・
Theexperimentconsistedofthe

right-to.leftandtheleft-to-right
presentationconditions、Two
flashes(10msecduration)were
separatedby30msecintervalof
timefromOto600msecandthe

subjectswererequiredtoindi‐
catewhethertherightorleft
nashappearedlast．

Results

＊Thesequenceofpresentationand
thesequenceofrecallcolTespondtoa
greaterextentinthecaseofrightear
material．

＊Sevenoftheninesubjectshada
largernumberof@leftfirst'responsesin
theexperiment．
*Thelargeamountofvariability
betweensubjectsinthenumberof‘simul，
taneous，judgmentswasobtained．

＊Lesionsofthelefthemispherewere
foundtoincreasegenerallythetime
neededforperceptionofsequences,
whereaslesionsoftherighthemisphere
werefoundtoimpairperceptiononlyin
relationtothespatialcomplexity.ofthe
patterns．

＊Thedifferencebetweenthetwostim

ulusconditionissignificant(p<.01).

＊Thethresholdfortemporalorder
wassmallerwhentheright-earclick
precededtheleft-earclickcomparedto
theoppositeorderofpresentation．

＊Theright-handedsubjectsreported
theircenterpointsofsimultaneitywhen
thestimuluspresent函totheleftvisual
fieldprecededthestmuluspresentedto
therightvisualfieldby3､19msecwhile
theleft-handedsubjectsreportedtheir
centerpointsofsimultaneitywhenthe
rightstimulusprecededtheleftstimulus
by2．42，sec．

＊Therighthandedsubjectsresponded
morecorrectlyintherightpreceding
conditionthanintheleftprecedingcondi‐
tion（p＜,05）whiletheleft､handedsub・
jectsshowednodifferencesbetweentwo
conditions．

＊Sixteenoftherighthandedsubjects

respondedmorecorTectlyintheright-to‐
leftconditionthanintheleftpreceding
condition（p＜,05）whiletheleft-handed
subjectsshowednodifferencesbetween
thetwoconditions．
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Author(s） Modality Subjects

Sherwin＆Audition

Efron(1981）

Aram＆Audition

Ekelman(1988）

May，
Williams，＆

Dmlap(1988）

Vision(binocu
lar）

11patientswhohadunder-
goneunilateraltemporal
lobectomyforthetreatment
ofmedicallyintractableepi.
lepsy．

12left‐andl2right,hemi
sphere.lesionedchildren.

l43rdand4thgradechil，
drenwhowere韮lectedon

thebasisofreadingability．

T聖k§

Subjectswererequiredtoreport
thepitch錘quenceoftwolO，
msectonesofdifferentfre・

quencypresentedmonaurally
whilethestimulusonsetasyn・

chronybetweenthetwotones
wasvaried・Thevalueofthe

stmulusonsetaSynchronyat
whichthesubjectsachievedan
80％coITectsequencereport
wasdetermnedbyanadaptive
procedurewithoutfeedback.
Thismeasurewascomparedin
therightandleftears,onsub-
jectswitharightorleftanterior
temporallobectomyandona
nonnalcontrolgroup・

Subjectswererequiredtodis.
criminate，associateand

sequencetwononverbalaudi.
torystimuli．

Twowords(BoxandFox),were
tachistoScopically（100msec
duration）presentedtotheleft
andrightoraboveandbelowa
fixationpoint、Subjectswere
askedtosaywhichwordcame
firstunderonecondition，or

whichpositioncontainedthe
stimulusthatoccurredfirst

lmderanothercondition・No

feedbackwasgiven，The
amountoftmerequiredto
makeaccurate（75％corTect）

temporalorderjudgementswas
measur園．

ReSults

＊Theresultsrevealanelevated

thresholdforperformingterporalorder
judgmentsintheearcontralateraltothe
surgicallesion．

＊Unlikeadultswithlefthemisphere

injuryorchildrenwithdevelopmental
languagedisorders,neitherleft.nor
right.hemisphere.lesionedchildrendiffer
significantlyfromcontrolsubjectsmat.
chedbyage,sex,raceandsocialclass.
＊GoOdreadersrequiredsignificantly
longerstimulusonsetasynchroniesto
achieve75％corTectthanadults，but

significantlyshorterstimulusonsetasyn-
chroniesthanpoorreaders．
*Therewasnotasignificantdiffer-
enceinthresholdsforthewordandposi，
tionconditionsforadultsorgood
readers,butpoorreadersrequiredsignifi.
cantlymoretimetoachievecriterionfor
thewordcondition．

＊Thewordthresholdswerehighly
correlated(-0.77)withreadinglevel,but
thecoITelationbetweenpositionthresh.
old2ndreadin頁levelwasnotsignifiCant．
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informationprojectedontotherighthemispheremusthaveatleastoneextraneural

stagetogothrough,andhencemayendupwithagreatervariabilitythaninformation

projecteddirectlyontothelefthemisphere.Aseriesofexperimentswhichassessed

thethresholdofsimultaneityforvisualandshockstimuliofferedthefindingwhich

wereinterpretedassupportingthetheory.Therearesimilarindicationsinother

experimentalstudies(Corwin&Boynton,1968;Ohgishi,1981;Oostenbrug,Horst,&

Kuiper,1978).

Thenotionofalefthemispherespecializationforjudgmentoftemporalorderhas

gainedacceptanceinthelateralityliterature(Beaumont,1974)．Davisand

Wada(1977),onthebasisofspectralanalysesofvisualandauditoryevokedpotentials

togroupsofflasheSandclicks,concludedthatthelefthemisphereanalyzestemporally

orderedinformationandtherightprocessesspatiallydistributedinformation.The

temporalstructureofboththeclickandnashwouldbemoreeasilyprocessedwithin

thedominanthemisphere.Theseresultsareconsistentwiththehypothesisthatthe

dominantandnondominanthemispheresarerespectivelyinvolvedintheanalysisof

temporallyandspatiallyorderedinformation.

Inthefieldofneuropsychologicallesionstudies,themajorityofinvestigatorshave

observedthatpatientswithleft-hemisphericlesionsperformmorepoorlyondiscrimi-

nationofthedurationoftonesthandothosewithright-hemisphericlesions(Gordon,

1967;Needham&Black,1970;VanAllen,Benton,&Gordon,1966),althoughothers

haveobtainedjusttheoppositeresult(Chase,1967;Milner,1962).Inanyevent,

left-hemisphericspecializationappeartoextendtootherdiscriminationsrequiring

precisetemporaljudgments(seeGates&Bradshaw,1977,forareview).Efron(1963b)

foundlefthemisphere-damagedaphasicpatientstohavesignificantlyhighertemporal

orderthresholdsforauditoryandvisualstimulithanrighthemisphere-damaged

patients,andbothgroupsweresignificantlyworsethannormalcontrols.

SwisherandHirsh(1972)replicatedthisbasicfinding,thatis,whenpairsofclicks

orflasheswerepresentedandsubjectswereaskedindicatewhichmemberofthe

stimuluspaircamefirst,theleftbrain-damagedsubjectshadlargerdifferencelimens

foralltasksthantherightbrain-damagedsubjects.Thevariationsinthisexperiment

dependinguponsensorymodality,spatiallocationofstimuli,featuresbywhichthe

stimulidiffer,andtypeofaphasiapresent,however,indicatethatmanycomponents

contributetothejudgmentsrequiredbytemporal-orderingtasks.Consequently,

SwisherandHirsh(1972)concludedthattheobserveddeficitsintheabilitytoorder

stimulitemporallydidnotimplicateexclusivelyahypotheticalorrealtime-ordering

centeralthoughEfron's(1963c)conclusionthatthelefthemisphereisinvolvedinthe

perceptualintegrationofeventsintimeisespeciallyappropriateforstimuliwhich
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arriveatoneplace.

CarmonandNachshon(1971),requiringpatientssufferingfromunilaterallesions

toidentifytheorderofaudiovisualnonverbalstimuliinthecontinuoussequenceby

pointingatthestimulussource,foundthatperformanceofpatientssufferingfromleft

hemisphericlesionwassignificantlyimpairedascomparedwiththatofnormalsub-

jectsandpatientswithrightcerebraldamage.Itispossiblethatsuchdeficitcanbe

ascribed,nottoanimpaifedverbalperformance,butrathertoadefectinprocessing

sequences､Otherstudieswithdifferentstimuliprovidedsimilarsupport(Chedru,

Bastard,&Efron,1978;Sherwin&Efron,1981).

Carmon(1978)andNatale(1977)reviewtheextensiveclinicalevidenceinsupport

ofthispositionandconcludethatthelefthemisphereisresponsibleforthesequential

processingandtemporalresolutionofinfonnation,sincelesionsheretypicallyresultin

thatthepatientsneededmoretimetoperceiveorderandsequencing,irrespectiveof

spatialcomplexity.Righthemispherelesionsimpairperceptiononlyinrelationto

spatialcomplexityofpatternsratherthanwithrespecttotheperceptionofsequences.

Conductinganexperimentusinganalphanumericelectroluminescentpanel,Carmon

(1978)conjecturedthepossibilitythatpatientswithlefthemispherelesionscould

benefitbyusingthespatialconfigurationasacluetothecorrectorder.Thisstudy

alsoreportedthatdamagetothelefthemisphereresultedinanoverallimpairmentof

recognitionofavisualsequenceirrespectiveofitsspatialcomplexitywhiledamageto

therighthemispheredidnotaffectperceptionofsequencesunlessthenumberof

spatialcomponentswasincreased.

Ithasbeenobservedthatthestimulusonsetasynchronyhavetobeincreased

markedlybeforeleftbrain-damagedsubjectscanreliablyreportthecorrecttemporal

sequence.Thesesubjectsarecapableofmakingreliablycorrecttemporalorder

judgmentsifthestimulusonsetasynchronywaslarge.IntheSherwinandEfron

(1981)study,subjectswererequiredtoreportthepitchsequenceoftwolOmsectones

ofdifferentfrequencypresentedmonaurallywhilethestimulusonsetasynchrony

betweenthetwotoneswasvaried・Thevalueofthestimulusonsetasynchronyat

whichthesubjectsachievedan80percentcorrectsequencereportwasdeterminedby

anadaptiveprocedurewithoutfeedback.Thismeasurewascomparedintheright

andleftears,onsubjectswitharightorleftanteriortemporallobectomyandona

normalcontrolgroup.Theresultsrevealedanelevatedthresholdforperforming

temporalorderjudgmentsintheearcontralateraltothesurgicallesion.Thismeans

thatthedeficitcannotbeattributedtoanygeneralizedcognitivedisturbances,butis

consideredtorepresentaspecificperceptivedisabilityintheprocessingofrapidly

presentedsequentialstimuli.
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Furthermore,SherwinandHirsh(1981)summarizedtheresultsoftheclinical

temporalorderexperimentsasfollows.First,theseverityofthedeficitisgreatestin

subjectswithleft-hemispherelesionsthatareassociatedwithaphasia.Second,the

severityofthedeficitinpatientswithaleft-hemispherelesionwithoutanaphasiamay

alsobeseverebutthecorrelationismorevariable・Althoughthesestudiesimplieda

particularcorrelationwithtemporallobelesions,itisnotpossibletobecertainwhat

cerebralregionhastobedamagedbeforethedeficitisproduced.Similarlyitcannot

bedeterminedwhetherthereisanycorrelationbetweenthesizeofthelesionandthe

severityofthetemporalorderdeficit.

Theviewpointmentionedaboveisfurthersupportedbytheobservationthatinleft

speechdominantpatients,finetimediscriminationsbetweenconsecutiveclicksare

moreaffectedbylesionsofthelefttemporo-parietal(dominant)areasthanlesionsof

theright・Forexample,LacknerandTeuber(1973)haveshoWnthatpatientswith

penetratingwoundsoftheleftposteriorcerebralhemispherehaveabnormalfusion

thresholds,thatis,thesepatientsstillreporthearingonlyasinglefusedsound,even

thoughtheinterauraltemporalasymmetryissufficientfornormalsubjectstoreport

hearingtwosound.

Astothehandedness,thedifferencesintemporalorderjudgmentswerefound

betweenright-andleft-handedsubjects(Efron,1963a,1963b;Ohgishi,1981).Onthe

basisofdetailedanalysisofthelateralityoftheleft-handedsubjects,Efron(1963b)

concludedthatthejudgmentoftemporalasynchronyisexecutedbythehemisphere

whichisdominantforlanguagefunctions.CarmonandNachshon(1971)foundthat

temporalorderperceptionwasmoreimpairedbylesionsintheleftthanintheright

cerebralhemisphereinright.handedpatients.Inadditiontothisfinding,Carmon

(1978)pointsoutthatthevalidityofthedichotomyabouttemporalperceptionapplies

onlytoright-handedsubjects.Inleft-handedsubjects,damagetotherighthemisphere

compromisedboththetemporalandthespatialfactorsofperceptionwhiledamageto

thelefthemispheredidnotaffectperformancetoasignificantdegree.Therefore,in

left-handersnoevidencewasfoundforacompletereversaloftheeffectobservedin

right-handedpatients.

VisualStudies

Ontheperceptualside,ithasbeenshownforboththevisual(Carmon,1975;Carmon

&Nachshon,1971)andtheauditory(Efron,1963c;Halperin,Nachshon,&Carmon,

1973)sensorymodalitythattheanalysisoftemporalandsequentialorderdependson
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theintegrityofthelefthemisphere(Gordon,1974).Inaddition,tactilemodalitytasks

yieldessentiallysimilarobservations.NachshonandCarmon(1975)studiedhand

preferencesinthesequentiallocalizationoftouchedfingersandfoundthattheright

handprovedbetterontasksrequiringtemporalanalysisandtheleftontaskswhere

spatialrelationshipsweremostsignificant.BakkerandVandeKleij(1978)obtained

similarlateraldifferencesinthelocalizationoftouchedfingersunderbothdichaptic

andunimanualstimulation.

Althoughthesedataillustratethesupramodalqualityofthetemporalperfor-

mancesofthelefthemisphere,thereexistsomemodality-specificcharacteristicstobe

noted・Forexample,Rutschmann(1966),usingtherighteye,obtaineddifferencesin

thejudgedtemporalappearanceofstimuliatdifferentlocationsoftheretina.The

resultswithpairedflashesoflighttothefoveaandtotheleftorrightperipheryofthe

righteyeproducedgreaterasynchronyforfourofthefivesubjectswhenthetemporal

hemiretina,ratherthannasalhemiretina,wasstimulatedbytheperipheralmember.

Itseemsthataneccentricstimulushadtoappearbeforeafovealstimulusforthetwo

tobejudgedassimultaneous,butthisintervalwassmallerforthenasalthanthe

temporalhemiretina.Therefore,astimulusinonehemifieldmayappeartothe

observertoarriveinthecentralnervoussystembeforeasimultaneousstimulusinthe

oppositehemifield.Thesesubjectsseemtohavepossibledominanceoftheleftside

ofthebrainorthenasalhemiretina.Transmissionofstimulationtothehigher

centersappearstobefasterforstimulipresentedtothenasalhemiretina.Evidence

fromreactiontimeexperimentsandtemporalorderjudgment(Rutschmann,1966)

suggeststhattransmissionofstimulationtothehighercentersappearstobemore

rapidalongthenasalvisualpathwaysthanthetemporalpathwaysatsimilarvisual

angles.

Rutschmannalsomentionedotherdatathatindicatedaneffectofviewingeye.

Assumingvisualpathwaydifferences,onewouldhaveexpectedthemostleftfirst

judgmentstobeyieldedwhentherightnashwaspresentedtothelefteye'stemporal

retinaandtheleftonewaspresentedtothelefteye'snasalretinarespectively.

Althoughthisexpectationwasnotfulfilledintheexperimentwhichrequiredsubjects

tojudgewhethertheflashwere:rightfirst'or$leftfirst'(Newman&Albino,1977),this

waspartiallyfoundinresultsofsimultaneityexperiments(Newman&Albino,1978).

Theseresultssuggestthatsomeperipheralfactorsinthevisualsystemmustbe

consideredaswellasthecentralprocessingmechanismwhenconductingavisual

temporalorderexperiments.

Regardingthedifferencebetweenstimulusonsetandoffsetasynchronies,

KapparufandYeatman(1970)testedright-andleft-handedsubjectsinaperceived-
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ordersituation.Theexperimentwasconductedbytheup-and-downmethodto

determinetherelativeon-latencyforavisualteststimulusandasimilarlydefined

relativeoff-latencyforthesameteststimulus.Itwasfoundthatthealgebraic

differencebetweentherelativeon-latencymeasureandtherelativeoff-latency

measure・Previousdatahadsuggestedthatthison-offdifferencewaspositivefor

left.handedsubjectswerefoundtodiffersignificantlyfromtheright-handedsubjects

inthemagnitudeoftheon-offdifference.Thisoutcomewasinterpretedbythe

authorsasapossiblecluetofunctionalinterhemisphericdifferencesrelatedto

handedness.Researchonevent-relatedpotentialshasprovideddatathatarerelevant

toabsolutedurationthreshold.･

On-andoff-responsesevokedbyonsetandoffsetofbriefvisualstimulihavebeen

recordedbyEfron(1973),whofoundthatoffresponseswerefoundtobeelicitedby

stimulusoffsetonlywhenstimulusdurationwaslongerthan50msec.Forduration

between5and50msecoffreSponsesalwaysappearedafteranalmostfixeddelay

followingstimulusonset.Theresultsshowsthatperceptionofflashwaslinkedto

theonsetratherthantotheoffsetofthestimulus.

Asregardsthemethodologicalaspectsofavisualtemporalorderexperiment,four

experimentalconditionsarepossibleaccordingtowhetherthesameordifferent

stimuliareusedandwhetherthestimulioccupythesameordifferentpositionsin

space、Withstimuliofdifferenttypes,colororintensitywillbeconfoundedwith

temporalorder.Usingthesamelightstimulusinthesamepositioninvolvesafusion

experimentwhichisunsuitablefortheinvestigationoflateralityeffectsonnormals,as

eyemovementscannotbeprevented・AccordingtoEfron'shypothesistherightlight

flashshouldarrivebeforetheleftlightflashinthetemporalordermechanismasthe

leftlightnashwouldneedtobetransmittedfromtherighthemispheretothetemporal

ordermechanisminthelefthemisphere.Consequentlyonewouldexpectthesubjects

tohavejudgedtherightlightflashdirectlysenttothelefthemisphereasleadingthe

flashpairmoreo丘enthantheopposite.

However,oneconditionoftheSwisherandHirsh(1972)experimentemployedthe

sametypeoflightflashesfromdifferentpositionstonormalsubjectSandfailedtofind

anylateralitydifference.NewmanandAlbino(1977)couldnotsupportthepredic-

tionsderivedfromEfron'sworkandsuggestedarighthemispherespecializationin

visualtemporalorder.Theauthorssuggestedthatthefailurecamefromtwo

methodologicalshortcomingswhichEfron'sexperimentholds.

First,NewmanandAlbinoquestionedEfron'scriteriaofexcludingallsubjectson

thevisualsectionofthetemporalorderthresholdexperiment.Efron(1963a)excluded

thosesubjectswhoexceededastandarddeviationof7msecinmorethanonehalfof
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thevisualexperiments.Thiscriterionledtoarejectionofalargenumberofthe

subjectsfromtheanalysis,thatis,inthemajorexperimentonvisualtemporalorder,

only9outof20subjectssucceededinbeingincludedintheanalysis,11havingfailed

tofulfiltherequirementsofnotexceedingastandarddeviationof7msecinmorethan

onehalfoftheexperiments.Sincesubjectsinasimultaneitythresholdexperiment

arefreetoselecttheirownCriteria(Sekuler,Tynan,&Levinson,1973)andthenotion

thatthresholdmeasuresaresusceptibletoawiderangeofvariablesissupportedby

severalperceptualstudies(Corso,1963),itispossiblethatthiscriterionwouldeffect

theresults.

Second,inEfron'sexperimentemployingthedescendingmethodoflimits,the

separationofthetwostimuliinitiallypresentedwasnotsufficientenoughtoperceive

acorrectinterstimulustemporalorder.ThetwolightflasheswereseparatedbylOO

msecattheoutsetofeachdescendingseries.Itisimportantthatsubjectshavea

slablebasisofseparationonwhichtobasetheirjudgmentsofsimultaneity.

InNewmanandAlbino's(1977)study9right-handedsubjectswererequiredto

judgewhetherthelightswere@rightfirst',@leftfirst'or.simultaneous'.Inallfour

conditionstherightlightflashwaStransmittedinitiallytothelefthemisphereandthe

leftlightflashinitiallytotherighthemisphere.Theresultsofallfourconditions

yieldedagreaternumberof@leftfirst'judgments,contrarytothepredictionsderived

fromEfron'shypothesis.AlmostallthesubjectshadalargernumberOf$leftfirst'

responsesintheexperiment.Inordertopredictmore@leftfirst'judgments,the

authorsproposedonealternativeexplanationoftheresultsthatthetemporalorder

mechanismresidesintherighthemisphereofmostrighthanders.

Inadditiontothisexperiment,NewmanandAlbino(1978)conductedaseriesof

experimentsinordertoinvestigatethepossibilityofhemisphericspecializationfor

judgmentsofthesimultaneityoftwolightflashes.Fivenormalsubjectsadjustedtwo

lightflashesuntilthestimuliappearedsimultaneous・Sincethedifferencebetweenthe

twostimulusconditionwassignificant,theauthorsconcludedthattheresultwas

contrarytoEfron'shypothesisandwasconsistentwiththeproposalthatthemecha-

nismfortemporalorderresolutionofbrieflightflashesresidesinthehemisphere

oppositetothatofspeech(righthemisphereinmostright-handers).

AlthoughNewmanandAlbino'scriticismonEfron'sexperimentispersequite

reasonable,thenumberofsubjectsintheirexperimentsissmallasaneuropsy-

chologicalexperimentusingnormalsubjects.Ohgishi(1981),testinglargernumberof

normalsubjectsthanNewmanandAlbino'sexperimentS,supportedEfron'sresultsin

boththeexperimentofsimultaneitythresholdandtheexperimentoftemporalorder

judgments.Inspiteofthemethodologicalproblems,therefore,Efron'sconclusionthat
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thetemporalorderjudgmentispredominantlycontrolledbythelefthemisphereseems
tobeaccepted.

Someotherexplanationscanalsoaccountforresultsofthevisualtemporalorder

judgments.Ithasbeendemonstratedthataninternalperceptualscanningmechanism

thatscansfromlefttoright(Sekuler,Tynan,&Levinson,1973)andanattentionalbias

totheleftvisualfieldproposedbyKinsbourne(1970)havetheprepotencyofleft-right

perceptionofvisualsequences.Sekuler,TynanandLevinson(1973)administeredan

experimentwherebriefvisualstimulipresentedinrapidsequence,onetotheleftand

onetotherightappearedtooccurleftfirst,thenright,regardlessoftheactualorder

ofpresentation.Thisillusionpersistedunderconditionsofforced-choicetestingand

didnotvarywithpresentationtothesameoroppositeretinalhemifields.Inspiteof

thesescanningandattentionaleffects,however,ithasbeenreportedthatsubjects

makemore@rightfast'responseinprototypicalvisuallateralityexperiments(May,

Williams,&Dunlap,1988;Newman&Albino,1978).

Asthescanninghabitsareconnectedtoreadingability,temporalorderjudgments

havebeenalsostudiedinaviewpointofreadingability.Suchaconceptcomesfrom

workwithdysphasicanddyslexicchildren,forwhomthereappearstohavesome

deficitsinperceivingthetemporalorderofnonverbalstimuli.Lovegrove,Billings,

andSlaghuis(1978)assumedthatsomepoorreaders'deficiencyintransientprocessing

(rapidsequencingofvisualevents)wouldresultinatemporalorderjudgmentproblem.

CarryingouttheirexperimentalresearchwithintheframeworkoftheWeisstein,Ozoc,

andSzoc(1975)sustained/transienttheoryofvisualperception,Lovegrove,Billings,

andSlaghuisreportedthattemporalsensitivitiesarelowerforalltemporalfrequencies

inreadingdisabledsubjects.BakkerandSchroots(1981)arguedthatthepoor

reader'sproblemcentersaroundaninabilitytopreservetemporalorder.Theyhave

shownthatwhengoodandpoorreadersareaskedtoreproducethesequenceof

differentvisual,auditory,orhapticstimuli,thelattergroup'sperformancewassignifi-

cantlyworsethantheformer.However,thestimulusdurationsandtheinterstimulus

intervalsusedinthesestudiesweremuchlongerthanthoseusedtomeasurethe

thresholdforthetemporalorderjudgment.

May,Williams,andDunlap(1988)discussedtheimplicationsofreadingdisability

inrelationtoatemporalorder.Thehypothesisthatchildrenwithreadingproblems

havedifficultyjudgingthetemporalorderofvisualstimuliwastestedinavisual

experiment.Arangeofstimulusonsetasynchronieswereselectedsuchthatit

encompassedthethresholdofhumantemporalorderjudgmentsandapproximatedthe

durationofeyemovementsduringreadingfromtheendofonefixationtothe

beginningofthenext.Theauthorsalsoattemptedtodetermineifthetemporalorder
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judgmentdifferencesdependedonreadingorpositionaldiscriminationsbymeasuring

amountoftimerequiredtomakeaccurate(75percentcorrect)temporalorder

judgements.Subjectswereaskedtosaywhichwordcamefirstunderonecondition,

orwhichpositiOncontainedthestimulusthatoccurredfirstunderanothercondition.

Twowords,BOXandFOX,weretachistoscopicallypresentedinseparatechannels,to

theleftandright,oraboveandbelowacentralfixationcross・Employingthe

psychophysicalmethodofconstantstimulitodetermineeachsubject'sthresholdfor

temporalorderjudgement,theauthorsmeasuredthethresholdintermsofthe

stimulus-onset-asynchronyinmsecrequiredtodetectwhichstimulusappearedfirst

withanaccuracyof75percent・Baseduponthisperformancetheauthorschosea

stimulusonsetasynchronyclosetotheestimatedthreshold.Twotypesofthresholds

wereobtainedfromeachsubject,thatis,subjectswereaskedtoindicatewhichword

appearedfirst,ortoindicatewhichpositionappearedfirst・Theresultsindicatethat

goodreadersrequiredsignificantlyshorterinterstimulusintervalstoachieve75per

centcorrectthanpoorreaders.

Inallthestudiesoftemporalperceptiondiscussedinrelationtothereading

disability,readingimpairedchildrenhavebeenshowntoperformmorepoorlythan

childrenwithnormalreadingability.However,Tallal(1980)claimsthatpsycho-

physicalstudieswithnormaladultshaveshownthattemporalanalysisandsequencing

tasks,ofthetypeusedinmoststudieswithdyslexicchildren,areinfactdependentfor

normalperformanceonseveralmoreprimaryperceptualprocesses.

AuditoryStudies

Theauditorymechanismhasbeenshowntobecapableofresolvingverysmall

temporalseparationsbetweenstimuliindichoticsituations.Forexample,whenthe

intervalbetweendichoticstimuliisincreasedtoapproximately2-4msec,twosounds

arereported.Increasesininterauraltimeasymmetryleadtotheabilitytojudge

temporalorder(Hirsh&Sherrick,1961).Babkoff(1975)notesthattwotrendsof

subjects'responsesappearinafunctionrelatingdiscriminationofthedichotictempo-

ralorderofshort-durationstimulitothetemporalintervalseparatingthem，Atvery

shortinterstimulusintervalsdiscriminationshouldbeatahighlevelsinceaninteraural

loudnesscueexists.Asanintervalincreases,however,interactionbetweenthe

dichotiCstimulidecays,resultinginadecreaseofloudnesscueandofdiscrimination

level.Atlongerintervals,temporalorderjudgmentshouldincreaseasafunctionof

interval.
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Efron(1973)showedthatthetemporalseparationismuchshorterthanthethresh-

oldforauditorytemporalorderjudgment.Whenapairofshort-durationmonaurally

presentedtoneburstsofdifferentfrequencies(200Hz)arepresentedwithasyn-

chronousoffsets,subjectsareabletodiscriminatethemfromamirror-imagepairwith

anoffsetasynchronyof2.0msec,sinceadifferentdominantpitChisassociatedwith

eachofthetwopatterns.Withlongerdurationstimuli,however,offsetasynchronies

of20msecandlongerarenecessaryfordiscrimination.InBabkoffandSutton's

(1970)studymonauraltemporalintervalsofl.5to6.0msecweresufficientfordiscrimi-

nationbetweenmirror-imagepatternsoftwounequalintensitytransientsinwhichone

pairconsistedofanintensestimulusfollowedbyalessintensestimulus(1.5msecto

6.0msec)andtheotherpairconsistedofthemirrorimage(sameintervals),although

theseintervalswerenotsufficienttojudgetemporalorderoftheindividualmembers

ofthepairofstimuli.

Regardingalateralityeffectintemporalperception,Deutsch(1974)reportedan

exampleofauditorytemporalillusionwhichwasyieldedintheexperimentwhere

subjectsheardsequencesoftones,alternatinginfrequencybetween400Hzand800Hz,

eachofwhichwasdichoticallypresentedfor250msecandimmediatelysucceededthe

previousone.Althoughtheperceivedlocationofthetonesseemedtoalternate

betweenears,withthehighertoneontherightandthelowertoneseeminglylocated

ontheleft,subjectsreportedonlythesequencepresentedtotherightear.Thisresults

impliesaleft-hemispherepredominanceoftemporalperceptionaswellasadissocia-

tionbetweentemporalperceptionandlocationperception.Fromtheresultthatthe

rightearsuperioritywaslagerforright-handedsubjectsthanforleft-handedsubjects,

theauthorwascbmpelledtoconsiderthatthiseffectwasrelatedtocerebraldomi-

nance.Theauditoryillusion,whichiscontingentonreceivingalongsequenceof

tones,wasinterpretedasthelefthemispherepredominanceforrhythm(Craig,1979),

sinceOtherstudiesemployingasimilarprocedure(Efron&Yund,1976)couldnot

obtainneitheranyearsuperiorityoranyrelationtohandedness.

TheprototypicalpictureoflefthemispheremediationofjudgmentsoftempOral

order(Divenyi&Efron,1979;Efron,1963a,1963b;Mills&Rollman,1980)reflect

capacitiestoprocessrapidlychangingacousticinformationandtheabilitytodiscrimi-

natetwosoundsfromonewhentheyareverycloselycontiguous.Withdichotictests

theleftearhasshownanadvantageintheprocessingofcertainnon-verbalsounds.

MillsandRollman(1980)employedtwopsychophysicalmethodstoexaminetheroleof

theleftcerebralhemispherefortheauditorydiscriminationoftemporalorder.Pairs

ofsuccessiveclickswerepresentedtothesubjectssuchthatoneachtrialonemember

ofthestimuluspairwasdeliveredtotheleftearandtheothermemberofthepairwas
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deliveredtotherightear.Normalsubjectswereaskedtoreporteithertheorderor

thesimultaneityoftwoclickswheneachwaspresentedtoadifferentear・Theresults

showedthatthethresholdfortemporalorderwassmallerwhentheright-earclick

precededtheleft-earclickcomparedtotheoppositeorderofpresentation.Inrelation

toanhypothesisthatthelefthemisphereisthelocationfortemporalprocessinginthis

task,theseresultssuggestthatthetransferofleft-earinformationneededforthe

temporaldiscriminationwasdonefromtherighthemispheretothesiteoftemporal

analysisinthelefthemisphere.

Analternativeinterpretationoftheeffectwasalsoproposedbythesameauthors.

Fromthehemisphericactivationtheory,whentheleftearreceivedthefirstclick,the

righthemispheremayhaveperformedthetask,butlessefficientlythantheleft

hemisphere.Ifthiswerethecase,theearsuperioritymightbebaseduponthe

differenceinaccuracyorlatency,ratherthanprovidingthebasisforanestimateof

interhemispherictransfertime.Thisnotionwouldleadtoalower"noiselevel''of

signalsafterbeingtransmitted･throughthelefthemispherethanthroughtherightone,

hencetoahighertemporalacuity.

Inadditiontoclicksounds,tonalsequencestimuliincludingrhythmhavetemporal

characteristics.Thesetaskssuggestthatthelefthemisphereisspecializedforjudg.

mentsoftemporalorder,afindingwhichsupportsthemoregeneralnotionofleft

hemisPheresuperiorityfortemporalprocessing.Usingnormalsubjects,Halperin,

Nachshon,andCarmon(1973)foundthatwhiletheleftearwassuperiorforsimple

tonalsequences(longandshort),therightearwassuperiorformorecomplex

sequences,whenthenumberoftemporaltransitionsbecameimportant.Robinsonand

Solomon(1974)obtainedasimilarrightearadvantageusingdichoticpairsofrhythmic

puretones.

Natale(1977)foundarightearsuperiorityinthereportofnonverbalrhythmic

sequences,particularlyforthemorecomplexsequencesandforthemoredextral

subjects.Thisauthoralsoconcludedthatthislefthemispherespecializationforthe

temporalresolutionofrhythmicsequencesispartofapreliminarystageinthe

analysis-by-synthesisperceptionofspeech,takingadvantageofthefactthatsuch

patternshaveatrajectorythatcanbetrackedwithoutconstantmonitoring.Gor-

don(1978)alsofoundarightearadvantageinadichotictestofmelodiesdifferingonly

inrhythmandconcludedthatthelefthemisphereisconcernedwiththesequential,

temporalaspectsofthetimedimension.Inasimilarvein,Papcun,Krashen,Terbeek,

Remington,andHarshman(1974)usingmorsecodefoundthatSkilledoperatorsgave

arightearsuperiorityforbothcomplexandsimplesequenceswhilenaivesubjects

gavealeftearsuperiorityforcomplexsequences.
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Withverbalmemorytasks,BosshardtandHormann(1975)presentedwords

dichoticallytotherightandtotheleftearandanalysedfreerecallperformance

separatelywithrespecttothecorrespondencebetweenthesequenceofpresentation

andthatofrecall.Theresultsshowedthatthesequenceofpresentationandthe

sequenceofrecallcorrespondtoagreaterextentinthecaseofrightearmaterial.

Thesetasksallappeartoinvolvethediscriminationoffinetemporalintervalsanda

greaterfacilityfortemporalresolutioninthelefthemisphere・Whatappearsfurther

necessaryistotestwhetherauditorytemporaldiscriminationisthecriticalmechanism

determininglateralitydifferences.

Conclusion

Althoughthelefthemisphereseemstobeprepotentinfinetemporalanalysis,there

havebeenseveralreportsintheliteraturewhichidentifytherighthemisphereas

havingaroleinsomekindsoftemporaldiscriminations.Vroon,Timmers,and

Tempelaars(1977)foundthatthelefthemisphereisbetteratestimatingsimplereaction

times,predictingtimeofarrival,anddetectingshortinterruptionswithauditory

thoughnotwithviSualstimuli.

MillsandRollman(1979),however,showedleft-hemispheresuperiorityforproces-

singinformationrelatingtostimulusduration(unconfoundedwiththeperceptionof

temporalorder,asinallthestudiesdescribedbelow)whenthedurationswerelessthan

acriticalvalue(50msecorless),butabovethatvalue,therighthemisphere'sparticipa-

tionappearedtobeequivalenttothatoftheleft.Theynotedthatthisdurationisof

thesameorderofmagnitudeasthatrequiredforachievingtheperceptualdistinctive-

nessofphonemesandspeculatedthatbothphenomenamaydependonaspecialized

timingmechanisminthelefthemisphere.

Inasimilarvein,Buchtel,Rizzolatti,Anzola,andBertoloni(1978)foundthat

subjectsdiscriminatedthedurationofbriefacousticstimulimorequicklywhenthe

stimuliwerepresentedtotheleftearthanwhentheywerepresentedtotherightear.

Theyconcludedthattheleftearisbetterabletodiscovertheinternalstructureofa

timeseries.Furthermore,Bertoloni,Anzola,Buchtel,andRizzolatti(1978)foundno

evidenceofhemisphericspecializationinthediscriminationofbriefvisualstimuli.

Thesedataindicatethattheremightbesomespecializationofprocessingintime

perceptionbetweenthetwohemispheres.Accordingtothetheorypresentedby

Polzella,DaPolito,andHinsman(1977)toaccountforcerebralasymmetryintime

perception,neitherhemisphereismorecompetentinmakingtemporaljudgments;



22 MichitakaOhgishi

however,thesejudgmentsreflectdifferentstimulusparameters.Theyconsidered

thatthelefthemispheremayrelymoreontemporalinformationwhiletheright

hemispheremayrelymoreonnontemporalinformation.

AmodeloftemporalperceptionproposedbyThomasandWeaver(1975)assumes

thattheperceivedtimeofabriefvisualstimulusisafunctionoftwoprocessors,a

temporal(timer)andavisual-informationprocessor.Asvisualinformation

decreases,moreattentionisgiventothetemporalprocessorandperceivedtimeis

assumedtobeaweightedaverageoftheoutputofbothprocessors.Thismodelcan

beextendedtotheassumptionthatthehemisphericdistinctionservesasanautomatic

controloverthedistributionofattentiontothetemporalandthevisualinformation

processor(Polzella,DaPolito,&Hinsman,1977).Temporaljudgmentwillbebased

ontheoutputofthevisual-informationprocessorwhenthestimulusispresentedtothe

leftvisualfield,whiletemporalprocessorwillperformjudgmentswhenthestimulusis

presentedtotherightvisualfield.Inthiscontext,Efron'sfinding(1963a,1963b)ofa

simultaneitycenterinthelefthemispheremayreflectthefactthatthenontemporal

parametersintheexperimentswereheldconstant.

IntheexperimentconductedbyKoch,Polzella,andDaPolito(1980)where

temporalandnontemporalinformationwasvaried,subjectswererequiredtojudgethe

durationofsmallandlargecoloredcircles.Theauthorsfoundthatover-allaccuracy

wasequivalentinbothvisualfields,andtheeffectsofsize,color,andexposure

durationdidnotinteractwhenstimuliwerepresentedfoveallysuchthatbothhemi-

sphereshadsimultaneousaccesstostimuli.ThomasandWeaver'smodelissupported

bythefindingsthatthechangesinchromaticityofvisualstimuliaffectedaccuracyof

temporalperceptiononlyinthevisualfieldwhilechangesinstimulusdurationaffected

accuracyonlyintheleftvisualfiled.

Thevariationsinthefindingsontemporalorderjudgmentsindicatethatmany

componentscontributetothejudgmentsrequiredbytemporal-orderingtasks.How-

ever,neitherdothefindingsreviewedaboveprecludeacentralsystemfortemporal

orderingwhichisindependentofthesensorymechanism.Furthermore,itistruethat

language,especiallyinitsoralform,isfundamentallysequential,whichsuggeststhat

theleft-hemisphericspecializationforlanguagemayhaveitsoriginsinsomemore

basicspecializationforfinetemporalprogramming.Thisthemeshouldbefurther

examinedincognitiveandperceptuallateralitystudies.
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