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Effectofadaptationtovelocityontimeestimation

SatoriiKAWAMURA

1.Introduction

Whileanumberoffactorshavebeenreportedtoaffectsubjectivetime,

JonesandBoltz(1989)proposedamodelsuggestingarelationshipbetween

expectancyofeventsandsubjectivetime.Theirmodelhypothesizedthatthe

subjectivedurationofaneventchangeswiththecontrastbetweentheexpected

endingtimeandtheobservedendingtimeofthemovement.Their.model

assumedthataperceiverestimates.thetemporaldurationofaneventusingthe

expectedendingtimeof山eevent.Baseduponthisassumption,iftheeventends

earlierthanexpected,thentheobserveddurationoftheeventisshorterthanthe

expecteddurationand,asaresultofthiscontrast,thedurationoftheeventis

perceivedasshorter.Iftheeventendslaterthanexpected,thedurationoftheevent
'

isperceivedaslonger.Thismodelhasbeentestedusingvarioussituationsand

methods(Boltz,1993;Jones&Boltz,1989;Jones,Boltz,&Klein,1993).

Inthepreviousstudies,thefocuswasontheexpectationoftheendingtimeof

events.Eventsexperiencedbypeopleineveryday.life,however,cannotalwaysbe

expected.Moreover,eveninsituationswheretheendingtimecanbeexpected,people

donotalwaysexpectonlytheendingtime.Rather,peopleestimatethetransitionof

eventsintheworldcontinuouslyandrevisetheirexpectationsaccordingtothe

progressoftheevents.Itisreasonabletoassumethatexpectancyoftheending

timeisonlyonespecificaspectofacontinuousprocessofexpectation.Therefore,

whenaperceivercontinuouslyexpectsthetransitionofanevent,thiscontinuous

expectancyshouldhavethesameeffectasexpectancyfortheendingofanevent

ontimeestimation.ThepresentstudyproposesamoregeneralizedmodelthanJones

andBoltz(1989),thatexpectancyforthetransitionofaneventaffectssubjec-tive

durationevenwithoutcuesforexpectingtheendingoftheevent.Inotherwords,

subjectivedurationforaneventthatprogressesmoreslowlythanaperceiverexpects

isperceivedaslonger,andaneventthatprogressesfasterthanaperceiverexpects

isperceivedasshorter.
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Inthepresentstudy,participantsobservedacircleoflightmovingonaCRT

screenataconstantvelocity(calledthe"estimationstimulus")andreproducedthe

durationofthemovementofthe.circle.Before.theywerepresentedwiththe

estimationstimulus,theyobservedrepeatedlyacirclemovingatadifferentvelocity

(calledthe"adaptationstimulus")fromtheestimationstimulus.Thepurposeof

presentingtheadaptationstimuluswastogiveparticipantsacueforexpectancyfor

themovementoftheestimationstimulus.Theexperimentconsistedoftwosessions

toinvestigatetheeffectofpresentationoftheendingpointofthemovementon

subjectiveduration.InSessionNC(NoCue),thecuefortheendingtimeofthe

eventwasnotpresented.InSessionEC(End-Cue),beforethemovementstarted,

thepositionwherethemovementwastoendwasgiventotheparticipantsasacue

forexpectingtheendingtime.Thecontentsofthetwosessionsdifferedfromeach

otheronlyinpresenceorabsenceoftheendingpoint.Iftheeffectofthevelocityof

theadaptationstimulusisgreaterwhentheendingpointispresented(SessionEC)

thanwhenitisnotpresented(SessionNC),itcanbeconcludedthatexpectancy

fortheendingtimeofthemovementaffectssubjectiveduration.Iftheexpectancy

fortheendingtimedoesnotaffectsubjectiveduration,thentheeffectofthe

velocityoftheadaptationstimuluswillnotdifferbetweenthetwosessions.

2.Method

2.1Apparatus

StimuliwerecontrolledusinganNECPC9801VMpersonalcomputeranddis-

playedonaNECPC-TV451nmonitorwitha26cmX16.4cmscreen.Participants'

timereproductionswererecordedusingaNihonAssemblaJACTimerBoardII.

Achinrestwasusedtofixtheviewingdistanceatlm.

2.2Participants

Twenty-twoundergraduateandgraduatestudents,whoseagesrangedfrom20to

24years,participatedintheexperiment.Allhadnormal(orcorrectedtonormal)

visualandauditoryacuity.Eachparticipantcompletedtwosessions,whichwere

conductedondifferentdays.Theorderofthetwosessionswascounterbalanced

acrosstheparticipants.

2.3Stimuli

TheestimationstimulusinSessionNCwasasfollows.First, averticalline(8.2
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mminlength)indicatingthestartingpositionofthetargetwasshownontheleft

sideofthescreen.Twosecondsaftertheappearanceoftheline,acircletarget

(4.1mminlength)appearedwithitsleftborderadjacenttotheline.Immediately

itstartedtomove121mmtotherightataconstantvelocityandthendisappeared.

Thelineindicatingthestartingpositiondisappearedwhenthetargetdisappeared.

Thetemporaldurationofthepresentationofthetarget,i.e.,thetimeittookfor

thetargettomove121mm,wasO.75secondsor1.50seconds.

Theadaptationstimuluswasidenticaltotheestimationstimuluswiththeexcep-

tionthatthevelocityandthedistancemoveddifferedfromthoseoftheestimation

stimulus.Thevelocityoftheadaptationstimuluswasone-thirdortriplethatofthe

twotypesoftheestimationstimuli.Thedistancemovedbytheadaptationstimulus

isdescribedbelowintheProceduresection.

BoththeestimationstimulusandtheadaptationstimulusinSessionECwere

identicaltothoseinSessionECwiththeexceptionthattheendingpositionofthe

targetmovementwaspresentedinSessionEC.Averticallineindicatingtheending

positionofthetargetmovementwasshownwhenthelineindicatingthestarting

positionappeared.Thislinedisappearedwhenthetargetreachedtheline.The

lengthofthelineindicatingtheendingpositionwasequaltothatoftheline

indicatingthestartingposition.Thesizeofthetarget,thetemporalsequenceof

stimuluspresentation,thedistancemovedbythetarget,thecompositionofthe

temporaldurationofthepresentationofthetargetandthecompositionofthe

adaptationstimuluswereidenticaltothoseinSessionNC.

2.4Procedure

Theprocedureinthetwosessionswasthesame.Atthebeginningofeachtrial,

theadaptationstimuluswasrepeatedlypresented.Thenumberofrepetitionsvaried

randomlyfrom7to12times.Theintervalbetweentheendofanadaptation

stimulusandthestartofthenextwastwoseconds.Twosecondsaftertheendof

thelastadaptationstimulus,anestimationstimuluswaspresented.Lastly,abeep

soundedtwosecondsaftertheendoftheestimationstimulus,whichwasasignal

requestingtheparticipanttorespond.Sinceitwasnotuntilthesignalwasgiven

thattheparticipantcouldknowwhichstimulushe/shewasrequiredtorespondto,

theparticipanthadtobepreparedtorespondtoalladaptationstimuliandthe

estimationstimulus.Theparticipants'taskwastoreproducetheintervalbetween

theappearanceandthedisappearanceofthestimulusmarkedbythesignal

(estimationstimulus)bypressingaresponsebuttonforthedurationtheyhad
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perceived.Tensecondsaftertheendoftheparticipant'sresponse,thenexttrial

started.

Asdescribedabove,theadaptationstimuluswasrepeatedlypresented.Thedistance

movedbythetargetvariedrandomlywitharangeof61mmto242mm.The

reasonforrandomizingthedistancewasthatifthedistancewaskeptconstant,

thenthedurationwasalsoconstantandthentheparticipantwouldbeaffectednot

bytheexpectancyforthetransitionoftheeventbutbyadirectcontrastbetween

thedurationoftheadaptationstimulusandthatoftheestimationstimulus.

Theexperimentconsistedoftwosessionswithatotalofeightconditionsdefined

bythreefactors:presence(SessionNC)orabsence(SessionEC)ofanendingpoint;

thedurationofmovementoftheestimationstimulus(0.75secondor1.50second);

andthevelocityoftheadaptationstimulus(one-thirdortriplethevelocityofthe

estimationstimulus).Eachparticipantcompletedfourblocksoftrials(onepractice

andthreeexperimentalblocks).Oneblockineachsessionconsistedof4trials

correspondingtothe4conditions.Theorderofthefourconditionsinablockwas

random.Participantsweregivenafewminutesofrestbetweentheblocks.

3.ResultsandDiscussion

Foreachparticipant,thereproduceddurationsforthethreetrialsofeachof

theeightconditionswereaveraged.Themeanreproduceddurationsandstandard

deviationsfortheeightconditionsareshowninTable1.Theaveragedvalueswere

subjectedtoawithin-participants,three-wayANOVAwiththefactorsbeingthe

durationoftheestimationstimulusXthevelocityoftheadaptationstimulusx

thepresenceorabsenceoftheendingpoint.

TeblelMeanreproducedtimesasafunctionoftherateoftheadaptation

stimulusincasesofabsenceandpresenceofanendingpoint

Rateofadaptationstimulus

Endingpoint Actualduration Triple One-third

Absent 0.75s

1.SOs

1.47(0.42)

2.04(0.42)

1.36(0.40)

1.88(0.45)

Present 0.75s

1.SOs

1.51(0.46)

2.04(0.40)

1.39(0.48)

1.87(0.49)

Note.Standarddeviationsareinparentheses.
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Themaineffectsofduration(Fi ,zi=762.481,p<.01)andvelocity(Fi,zi=37.630,

p<.01)weresignificant.Themaineffectoftheendingpointwasnotsignificant

(Fi,zi=0.701,p>.1).Allone-wayinteractionswerenotsignificant(durationX

ve豆ocity:1『,21=0.941,P>.1;velocity×endingPoint:F,,21=0.008,P>.1;duration×

endingpoint:Fi,21=0.708,p>.1).Thetwo-wayinteraction(duration×velocity

Xendingpoint)wasnotsignificant(Fi ,2i=0.000,p>.1).

Theresultthatthemaineffectofthevelocityoftheadaptationstimuluswas

significant.indicatesthatthesubjectivedurationofthemovementincreasedwhen

theparticipantsadaptedtoafastmovementcomparedwithwhentheyadaptedto

aslowmovement.Inaddition,thefindingthattheinteractionbetweenthepresence

orabsenceoftheendingpointXvelocityoftheadaptationstimuluswasnot

significantindicatesthattheeffectofadaptationtothevelocityoftheprevious

stimulusdidnotdifferbetweenwhentheendingpointofthemovementwaspresent

andwhenitwasabsent.Thesefindingssupportthehypothesisthatexpectancyfor

thetransitionofaneventaffectssubjectivejudgmentofdurationevenwhenthere

isnotanexpectationfortheendingtimeoftheevent.Furthermore,thefailureto

findasignificantmaineffectofthepresenceorabsenceoftheendingpointindi-

Gatesthatexpectancyfortheendingtimeofaneventdoesnotaffectsubjective

durationatleastinthesituationusedinthisstudy.Thechangeofsubjectivedura-

tionassociatedwiththechangeofthevelocityoftheadaptationstimuluscanbe

interpretedasbeingcausednotbythecontrastbetweentheexpectedendingtime

andtheobservedendingtime,whichwasproposedbyJonesandBoltz(1989),but

bythecontrastbetweentheexpectedtransitionrateofaneventandtheobserved

transitionrate.

Asdescribedintheintroductionofthisarticle,thefocusofthemodelofJones&

Boltz(1989)isontheexpectancyfortheendingtimeofevents.Theconceptof

thishypothesisisthatastartingpointandanendingpointsegmentmanyevents,

andthatpeopleanticipatetheendingtimeofevents.However,itisnotnecessary

thatthemodelshouldonlyfocusonsegmentedevents.Manyreal-lifeeventsare

continuouswithoutexplicitsegmentationand,therefore,peoplemusthavecognitive

processesthatenablethemtoadapttoacontinuoustransition.Thus,theeffectof

expectancyonsubjectivedurationshouldnotchangewiththepresenceorabsence

ofanendingpoint,aswasfoundinthepresentexperiment.Thestimulususedin

thepresentexperimentwasthemovementofalightwithcontinuoustransition.To

adaptbehaviortoeventswithcontinuity,itisnotnecessarythatexpectancyfora

particularpoint,e.g.,theendingpoint,hasadominantinfluence,butitisnecessary
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tocontrolbehaviorbyestimatingthetransitionofeventssuccessively.Accordingly,

therelationshipbetweentheexpectedphaseofaneventandtheobservedphase

wouldbeestimatedsuccessively,andasaresult,thecontrastbetweentheexpected

rateoftransitionoftheeventandtheobservedratewouldaffectsubjective

judgmentoftime.

Otherstudieshavereportedaneffectoftherateofamovementonsubjective

durationinobservingamovingobject,asfoundinthepresentstudy.Bonnet(1968)

andRachlin(1966)reportedthatsubjectivedurationlengthenedasthevelocityof

amovingobjectincreased(hereinaftercalledtheL-effect).Conversely,.Bonnet

(1965),Brown(1931)andMatsuda(1968)allreportedfindingsthatsubjective

durationshortenedasthevelocityofamovingobjectincreased(hereinaftercalled

theS-effect).Matsuda(1974)analyzedthedifferencesintheexperimentalsituations

betweenthestudiesobtainingthelengtheningeffectwithvelocityandthoseobtaining

theshorteningeffectandpredictedthatthedirectionoftheeffectofvelocity

dependedonwhetherparticipantschosevelocityordistancefromtheelementsof

theobservedmovementasacuefortimeestimation.Matsuda(1974)confirmed

thispredictioninastudythatfoundthatparticipantswhowereforcedtochoose

distanceasacuefortimeestimationestimatedthedurationofthemovementtobe

longerandparticipantswhowereforcedtochoosevelocityestimatedtheduration

tobeshorter.Matsuda(1974)indicatedthatwhenparticipantshadasettochoose

distanceasacuefortimeestimation,subjectivedurationlengthenedwiththe

increaseinvelocity,andwhenparticipantshadasettochoosevelocityasacue,

subjectivedurationshortenedwiththeincreaseinvelocity.Further,Matsuda(1974)

explainedwhythesetwotypesofeffectsexisted.Accordingtoherexplanation,

whenthecuefortimeestimationwasdistance,subjectivedurationlengthenedwith

theincreaseintheperceivedamountofstimulationaccompanyingtheincreasein

distance,whichwasproportionaltovelocity.Inversely,whenthecuefortime

estimationwasvelocity,subjectivedurationshortenedbecauseparticipantsusedthe

conceptofaninverseproportionbetweenvelocityanddistance.

Asdescribedabove,Matsuda(1974)reportedthattheS-effectoccurredwhen

participantshadasettochoosemovingvelocityasacuefortimeestimation.Since

theS-effectrefersto.theeffectthatsubjectivedurationshortenedwiththeincrease

inmovingvelocity,Matsuda's(1974)findingiscloselyrelatedtothefindingof

thepresentstudy.Thepresentfindingsindicate,intermsoftherelationshipof

velocitybetweentheadaptationstimulusandtheestimationstimulus,thatsubjective

durationisshorterwhenthevelocityoftheestimationstimulusislarger.The
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findingsofthepresentstudycouldbeexplainednotonlybaseduponexpectations

forthetransitionofevents,butalsobythefollowingtwofactors:thesettouse

movingvelocityandparticipants'conceptabouttherelationshipamongtime,

distanceandvelocity.Thus,thepresentfindingscouldalsobeinterpretedaccording

tothefollowingscenario.Thestimulusandprocedureinthepresentstudyforced

participantstohaveasettousethemovingvelocityasacueforestimation.Then

participantsperceivedthedurationofthestandardstimulus,whosevelocitywas

largerthanthevelocityoftheadaptationstimulus,tobeshorter;thiswasderived

fromtheconceptofaninverseproportionbetweenvelocityandtime.However,it

isalsopossiblethattheS-effectobtainedinpreviousstudiescanbeexplainedby

expectationsforthetransitionofevents.Furtherinvestigationisnecessarytoclarify

this.
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Effectofadaptationtovelocityontimeestimation

SatoruKAWAMURA

JonesandBoltz(1989)hypothesizedthatsubjectivedurationoftimeisinfluencedby

thecontrastbetweentheexpectedendingtimeofaneventandtheobservedendingtime.

Thepresentstudyproposesamoregeneralizedhypothesisthat.subjectivetimedurationis

basedonthecontrastbetweentheexpectedvelocityandtheobservedvelocityofanevent,

evenwithnoexplicitendingpoint.Intheexperiment,participantsreproducedtheduration

ofthemovementofatarget,bothwithandwithoutpresentationoftheendingpoint,after

theyhadadaptedtoamovementwithafasterorslowervelocity.Analysisshowedthatthe

durationreproducedbytheparticipantsvariedwiththevelocityoftheadaptationstimulus.

Theeffectofthevelocityoftheadaptationstimuluswasidenticalwhentheendingpoint

ofthemovementwaspresentandwhenitwasabsent.Thesefindingsindicatethatitisnot

thecontrastbetweentheexpectedandobservedendingtimebutthedifferencebetweenthe

expectedandobservedvelocitythatiscrucialtosubjectivedurationoftime.


