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Effects of size and luminance of stimulus on visual stream

segregation

ISAO WATANABE

Department of Industrial Design,Kinki University,in Kyushu,Kayanomori,lizuka,Fukuoka 820

To investigate the effects of stimulus size and luminance on visual stream segregation

(VISS), I measured the upper limits and the optimal values of the interstimulus interval(ISI)
for producing VISS. Although the effect of luminance was small when the stimulus size is
large, the results were generally consistent with Korte's second law saying that theISI

decreases as the stimulus intensity increases to produce optimal beta movement. This is
favorable to Ohmura's(1982) notion that VISS is functionally equivalent to beta movement

because VISS can be regarded as a compound phenomenon consisting of two beta move-
ments. These results show that both of the stimulus size and luminance function as intensity
for producing VISS. The process of producing VISS was examined based on Ullman's

(1979) theory of motion correspondence.

Keywords: beta movements, visual stream segregation, stimulus size,luminance, Korte's

law, interstimulus interval, motion correspondence, affinity.

Four lights are located in a vertical row,
and named A,B,C,andD, in order from top
to bottom. The spatial distance between A
and B is equal to that between C and D. The
distance between B and C is longer than that
between A and B and that between C and D.
Four lights are flashed successively in the or-

der, A,C,B,and D. When they are flashed at
a slow rate, alight is seen moving back and
forth among the positions A,C,B,and D, in

that order. When they are flashed at a faster
rate, two lights are seen moving, one between

the positions of A and B, and the other be-
tween those of C and D. Bregman and
Achim(1973) named the phenomenon "vis-
ual stream segregation(VISS)."
VISS was introduced as a visual analogy of

"primary auditory stream segregation

(PASS). "PASS is a phenomenon in which a
fast sequence of high and low tones splits into
two separate perceptual streams, one consist-
ing of the high tones and the other of the low
tones (Bregman & Campbell, 1971; Dan-
nenbring& Bregman, 1976). PASS has been
studied extensively by some psychologists.
However, VISS has not been examined ex-
tensively. There is very little experimental

data to explain variables that affect VISS and
to construct the mechanism by which VISS
was produced. The present study was de-
signed to provide some additional experimen-
tal data to explain VISS and construct the
mechanism.
Bregman and Achim(1973) thought of

VISS as a kind of beta movement and ob-
tained the results that VISS followed Korte's
third law(Korte,1915). This law states that
the interstimulus interval(ISI) between the
stimuli increases with the spatial distance be-

tween them to produce optimal beta move-
ment. The results were explained by
Bregman and Achim(1973) as follows. The
fast rate(short ISI with duration constant) fa-
vors beta movements between short dis-
tances, those between A and B and between
C and D and thus produces VISS. The slow
rate(longISI) favors beta movements be-
tween long distances in the presented order,
and thus does not produce VISS. Watanabe

(1981) also obtained the results that were con-
sistent with the law. He found that the ISI for

producing VISS increased with the shortest
spatial distance between the two beta move-
ments, namely, the distance between B and C
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intheVISSconfigurationasmentioned
above.

Ohmura(1982)obtainedtheresultsthat

VISSfollowedKorte'sfourthlaw.Thelaw
statesthattheISIbetweenthestimulide-
creaseswithanincreaseinthedurationofthe
stimulustoproduceoptimalbetamovement.
ShealsoobtainedtheresultsthatVISSfol-
lowedKahneman'sISIlaw(Kahneman&
Wolman,1970)whichappliestobetamove-
mentbetweentwostimuli.Thelawstatesthat
theISIbetweentwostimuliisconstantlyzero
toproduceoptimalbetamovementwhenthe
durationofthestimuluswasover100ms.On
thebasisoftheresults,sheconcludedthat
VISSwasfunctionallyequivalenttobeta
movement,andthatitwas,inform,regarded

asacompoundphenomenonconsistingof
twobetamovements.
IfOhmura(1982)hadtherightnotionof

VISS,Korte'slawsconcerningtheintensity

ofthestimulusshouldalsoapplytoVISS.
Ohmura(1986)examinedtheeffectofthe
intensity(luminance}ofthestimulusonVISS.
Nevertheless,shedidnotobtainanyresults
thatindicatedtheeffectoftheintensity.On
thecontrary,Watanabe(1992)obtainedre-
saltsthattheISIdecreasedastheintensity

(luminance)ofthestimulusincreasedtopro-
duceVISS.Theresultswereconsistentwith
Korte'ssecondlaw.Thelawstatesthatthe
ISIdecreasesastheintensityofthestimulus
increasestoproduceoptimalbetamovement.

Thedifferentexperimentalmethodsmay
explainthedifferentresults.Ohmura(1986}
askedthesubjectstoratetheappearanceof
VISSonthevisualdisplayforitsgoodnessin
eachconditionofthestimulus-onset
asynchrony(SOA),thatisthetimefromthe
onsetofthestimulustotheonsetofthenext
stimulus.Whatwascomparedwasthepeak
valueoftheSOA,namely,thevalueofSOA
toobtainoptimalVISS.Thiswasbecauseshe

attachedimportancetothegoodnessof
VISS.Ontheotherhand,Watanabe(1992)
examinedtheupperlimitoftheISIthatwas
directlyadjustedbythesubjecttoproduce

VISS.Thiswasbecauseheattachedimpor-

tancetoadifferentiationbetweenabeta
movementintheorderofpresentationand
twosimultaneousbetamovements(VISS),

followingBregmanandAchim(1973).The
differencebetweenSOAandISIisnotim-

portantherebecauseSOAistranslatedeasily
intoISI.
AccordingtoGraham(1951),Korte(1915)

usedthetermintensitytorefertonotonlythe
luminanceofthestimulusbutthesize.Does
thesizeofthestimulusaffectVISSinthe
samewayastheluminance?Dothelumi-
nanceandthesizeofthestimulusinteract
witheachothertoproduceVISS?Whywere
differentresultsobtainedbetweenOhmura

(1986)andWatanabe(1992)?
Thepresentstudyexaminestheeffectsof

sizeandluminanceofthestimulusonVISS,
usingthesamemethodasWatanabe(1992)
andamethodsimilartothatofOhmura

(1986).Onthebasisoftheresults,theeffect
ofintensityonVISSisdiscussed.

Experiment1

Thisexperimentexaminedtheeffectofthe
sizeofthestimulusonVISS.Theupperlim-
itsofISIforproducingVISSweremeasured
followingthemethodofadjustment,where
thesizeofthestimuluswasvariedinthree
levels.

Method

Subjects.Thesubjectswereeight(twofe-
maleandsixmale)undergraduatesfrom
KinkiUniversityinKyushu.Allhadnormal
orcorrected-to-normalvision,andwerenaive
totheexperimentofbetamovement.
Apparatus.Asetoffourelectrolumines-

cent(EL)panelswasflashedsuccessively,us-
ingapowersourceforELpanels.Thetime
schedulesofflashingwerecontrolledbya
two-channeldigitaltimer,cone-channelre-
mote-controlledtimer,andatime-controller.
Fourpanelswereflashedwiththedurations
equallyconstant,theISISbetweenthem
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equal,andtheintercycleinterval(ICI)con-

stant.TheISISwereadjustablebyusingtwo

buttonsofaswitchontheremote-controlled

timer.Thetimeadjustedbythesubjectwas

displayeddigitallyinmillisecondstotheex-

perimenter.

Stimulusdisplay.Thestimulusdisplaycon-

siltedofasetoffourrectanglesofELpanels,

A,B,C,andD,whichwerearrangedina

verticalrowasshowninFigure1.The

intercentralspatialdistanceswere1.15°ofvis-

ualanglebetweenAandB,betweenCand

D,and2.3°betweenBandC.Threesizesof

panelswereprepared.Thewidthsofthepan-

elswereO.02°,0.23°,and2.3°ofvisualangle,

whilekeepingtheheightofthepanelscon-

stantlyO.23°ofvisualangle.Thepanelswere

about150cd/㎡ inluminance.Agreenlight-

emittingdiodewaslocatedinthemiddlebe-

tweenBandCasafixationpoint.Itwas

O.05°ofvisualangleindiameterand3cd/㎡

inluminance.

Procedure.Asetoffourpanels,whichwere

stimuli,wasflashedintheorderA,C,B,and

D,repeatedly.Thedurationwasalways50

ms,whiletheICIwasalways500msfrom

theoffsetofDtotheonsetofA.Thesubject

satatatablewithhisheadlocatedonachin-

rest,andobservedbinocularlythestimulus

display150cmdistantfromhim.Hejudged

theappearanceofthedisplay,whilestaringat
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Figure1.StimulusdisplayusedinExperiment1 .

Thewidthsofthestimuliwerechanged(0.02°,0.23°and

2.3°ofvisualangle)withtheirheightsconstant(0.23°).

thefixationpoint.Thesessionconsistedof3

tasks:training,observation,andadjustment.

Inthetrainingtask,asequenceofflashings

ofthesetofpanelswasdisplayedtothesub-

ject.Thesubjectwastrainedtounderstanda

differentiationbetweenVISSandbetamove-

mentintheorderofpresentation.Hewas

requiredtojudgewhethertheapparentse-

quenceofflashingsissimilartoVISSornot

undersomeISIsbetween30msand300ms .

Afterafewtrials,whenthesubjectconstantly

reportedperceivingVISSinshorterISIand

notinlongerISI,thetaskended.Thestimu-

lusdisplayintheO.23°conditionwasusedfor

thistask.

Intheobservationtask,thesequenceof

flashingswasdisplayed,whiletheISIwas

variedcontinuouslyfrom30msto300msor

from300msto30msbytheexperimenter.

Thesubjectobservedthechangeoftheap-

pearanceoftheflashingscausedbyachange

oftheISIundereachconditionofsize.

Intheadjustmenttask,thesubjectwas

askedtofindthetransitionpointofISIat

whichachangeoccurredbetweenVISSand

betamovementintheorderofpresentation .

Atrialconsistedofanascendingseriesanda

descendingseries.Intheascendingseries ,the

subjectlengthenedtheISIstartingfrom30

msuntilVISSceasedtoappear,usingthe

buttonsofaswitchontheremote-controlled

timer.Inthedescendingseries ,heshortened

theISIstartingfrom300msuntilVISSbe-

gantoappear.TheupperlimitofISIforpro-

ducingVISSwastheaverageoftheascend一
コ 　ingseriesanddescendingseries.Thetransi-
lionpointwasconsideredasathreshold.
Theadjustmenttaskconsistedofsixblocks

ofthreetrialswithatrialforeachsizecondi-
tionperblockinrandomorder.Atwo-
minuterestwasgivenbetweenblocks .The
ordereffectwascounterbalancedbetween
blocksandacrosssubjects.Fiveminuteswere

givenfordarkadaptationbeforetheexperi-
ment.Thesubjectwastestedindividuallyina
darkroom.
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Results

Thefirstblockwaspracticetrialsandthe

otherweretesttrials.Meanupperlimitsof

ISIwereusedasdataafterbeingaveragedfor

eachsubjectthroughfivetesttrialsineach

condition.Figure2showsthemeanISIsav-

eragedforeightsubjectsineachsizecondi-

lion.AsisseeninFigure2,theISIdecreases

asthesizeofthestimulusincreases.TheISI

datawereexaminedbyaone-wayanalysisof

variance.Themaineffectofsizewassignifi-

cant(F(2,14)=10.05,p<.005).Thelowertest

wasperformedonthedatabyusingtheleast

significantdifference.Asignificantdifference

wasobtainedbetweenO.02°andO.23°and

betweenO.23°and2.3°(1.SD=21.36,p<.05).

Asignificantdifferencewasalsoobtainedbe-

tweenO.02°and2.3°(LSD=29.64,p<.Ol).

Experiment2

Thisexperimentexaminedtheeffectsof

thesizeandtheluminanceofthestimulus

andtheirinteractingeffectonVISS.Thesize

andluminanceofthestimuluswerebothvar-

iedintwolevels.TheupperlimitsofISIfor

perceivingVISSweremeasuredfollowingthe
samemethodasinthefirstexperimentunder

eachconditionofsizeandluminance.

Method

Subjects.Thesubjectswereeight(twofe-

maleandsixmale)undergraduatesfrom
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Figure3.StimulusdisplaysusedinExperiments2

and3.Thewidthsofthestimuliwerechanged(0.04°,

and1.15°)withtheirheightsconstant(0.23°).Thelumi-

Hancelevelswere3cd/m2(solidrectangle}and300cd/

m'一(openrectangle}.

KinkiUniversityinKyushu.Allhadnormal

orcorrected-to-normalvision.Twoofthem

werenaiveastotheexperimentofbeta

movement,andtheresthadservedassub-

jectsinthefirstexperiment.

Apparatus.Theapparatuswerethesame

asusedinthefirstexperiment.

Stimulusdisplay.Asetoffourrectanglesof

ELpanelswasusedasastimulusdisplay.It

wassimilartothatusedinthefirstexperi-

ment.Twosizesofpanelswereprepared.

ThewidthsofthepanelswereO.04°and

1.15°ofvisualangle,whilekeepingtheheight

ofthepanelsconstantlyO.23°ofvisualangle.

Twolevelsofluminancewereprepared:3

cd/㎡ and300cd/㎡.Theluminanceof3

cd/㎡ wasproducedbymountingaKodak

WrattenneutraldensitygelatinfilterNo.96

(1%oftransmissivity)onthepanelof300cd/

㎡ inluminance.Fourconditionsresulted

fromacombinationofvariablesofsizeand

luminanceasshowninFigure3.Afixation

pointwaslocatedinthesamewayasinthe

firstexperiment.Itwasthesamelight-emit-

tingdiodeasinthefirstexperiment,butO.3

cd/㎡ inluminance.

Procedure.Thesetoffourpanels,which

werestimuli,wasflashedinthesamewayas

inthefirstexperiment.Thesubjectwastested
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inasetof3tasks:training,observation,and

adjustment.Thestimulusdisplayinthe

O.04°-300cd/㎡ conditionwasusedforthe

trainingtask.Theadjustmenttaskconsisted

ofsixblocksoffourtrials,atrialforeachof

thefourconditionsinrandomorder.

Theprocedurewasthesameasinthefirst

experimentexceptforthechangesabove.

Results

Thefirstblockwaspracticetrialsandthe

otherweretesttrials.Meanupperlimitsof

ISIwereusedasdataafterbeingaveragedfor

eachsubjectthroughthefivetesttrialsin

eachcondition.Figure4showsthemeanISIS

averagedforeightsubjectsineachcondition

ofluminanceasafunctionofthesizeofthe

stimulus.AsisseeninFigure4,theISIde-

creaseswithanincreaseinthesize.TheISI

decreasesmoreslowlyin300cd/㎡ condi-

tionthanin3cd/㎡ .TheISIisshorterin

300cd/㎡ thanin3cd/㎡ undertheO.04°

condition.TheISIin300cd/㎡ isalmost

equaltothatin3cd/㎡ underthe1.15°con-

dition.

TheISIdatawereexaminedbyusinga2x

2(luminancexsize)analysisofvariance.A

significantmaineffectofsizewasobtained

(F(1,7)=72.6,p<.01),aswellasasignificant

interactioneffectofluminancewithsize(F(1,

7)=7.37,p<.05).Thettestswereperformed
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Figure4.MeanadjustedupperlimitsofISIforper-
ceivingVISSforeachluminancelevelasafunctionof
stimulussize(Experiment2).

betweentwoconditionsofsizeundereach

luminancecondition.TheISIwassignifi-

cantlyshorterinthe1.15°conditionthanin

theO.04°conditionundereither3cd/㎡ 0r

300cd/㎡ (t(7)=6.76,p<.001;t(7}=3.01,

p<.01).Thettestswereperformedbetween

twoconditionsofluminanceundereachsize

condition.UndertheO.04°condition,theISI

wassignificantlyshorterin300cd/㎡ thanin

3cd/㎡ (t(7)=2.20,p<.05).Underl.15。con-

dition,nosignificancewasfoundbetweenthe

ISIs in 3cd/㎡ and300cd/㎡ (t(7)=0.59,

p>.05).

Experiment3

Thisexperimentexaminedtheeffectsof

thesizeandtheluminanceofthestimulus
andtheirinteractingeffectonVISS,follow-

ingamethodsimilartothatofOhmura

(1986).Thestimulusconditionswerethe
sameasinthesecondexperiment,exceptthat
thedurationofthestimuluswasshortened.
ThepeakvaluesofISI,namely,thevaluesof
ISIforproducingoptimalVISSweremea-
sured,followingthemethodoflimits.

Method
Subjects.Thesubjectswerefivemaleun-

dergraduatesfromKinkiUniversityin

Kyushu.Allhadnormalorcorrected-to-nor-
malvision.Theyhadservedassubjectsinthe
firstorsecondexperiment.
Apparatus.Thetimeschedulesofflashing

werecontrolledbyathree-channeldigital
timerandatime-controller.Theapparatus
wasthesameasinthefirstexperimentexcept
fortheabovechanges.

Stimulusdisplay.Thestimulusdisplaywas
thesameasusedinthesecondexperiment.
Procedure.Asetoffourpanels,whichwere

stimuli,wasflashedinthesamewayasinthe
firstexperiment.Thedurationofthepanel
wasalways30ms,whiletheICIwasalways
800ms.TheISIswere3ms,10msandevery
incrementupto200ms.Atrialstartedfrom
theISIselectedatrandomoutofaseriesof
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theaboveISIs.Thesubjectwasrequiredto
reportwhetherthequalityofVISSwas"bet-
terthan,""equalto,"or"worsethan"thatin
thepreviousISIcondition,foreachstepof
ISI.Atrialstopped,whenthesubjectre-

portedthefirst"worsequalityofVISS"after
a"betterqualityofVISS."Hewastestedin
fourblockswithablockforeachofthefour
conditions.Ablockconsistedofeighttrials
withfourtrialsforeachoftheascendingand

descendingseriesinrandomorder.Theor-
dereffectwascounterbalancedacrosssub-

jects.Beforetheexperiment,thesubjectsex-
periencedthechangeoftheappearance
causedbyachangeofISIwithatrialunder
eachascendinganddescendingseriesfor
eachcondition.Tenminutesweregivenfor
darkadaptationbeforetheexperiment.A
five-minuterestwasgivenbetweenblocks.
Theprocedurewasthesameasinthesec-

andexperimentexceptforthesedetails.

ascendinganddescendingseriesineach

blockwerepracticetrials,andtheothersix

trialsweretesttrials.MeanpeakvaluesofISI

wereusedasdataafterbeingaveragedfor

eachsubjectthroughthesixtesttrialsineach

condition.Figure5showsthemeanISIsav-

eragedforfivesubjectsineachconditionof

luminanceasafunctionofthesizeofthe

stimulus.AsisseeninFigure5,theISIis

shorterinthe1.15°conditionthaninthe

O.04°condition,irrespectiveofthelumi-

nance.TheISIisshorterfor300cd/㎡ than

for3cd/㎡ ,irrespectiveofthesize.

TheISIdatawereanalyzedbyusinga2x

2(size x luminance)analysisofvariance.A

significantmaineffectofsizewasobtained(F

(1,12)=18.71,p<.005),aswellasasignificant

maineffectofluminance(F(1,12)=20.62,

p<.001).Nointeractioneffectwasfoundbe-

tweensizeandluminance(F(1,12)=0.001,

p>.05).

Results
ApeakvalueofISIwasdeterminedonthe

basisoftheclarityofVISSreportedbythe
subjectforeachtrial.Thevaluewasthe
meanISIaveragedbetweentheISISforthe
last"betterqualityofVISS"andthefirst
"worsequalityofVISS ."Thefirsttrialsof
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optimalVISSforeachluminancelevelasafuncrionof
stimulussize{Experiment3).

Discussion

Themainpurposeofthepresentstudywas

toexaminetheeffectsoftheintensity(thesize

andtheluminance)ofthestimulusonVISS.

TheupperlimitsoftheISIforproducing

VISSweremeasuredinthefirstandthesec-

andexperiments.Bothoftheexperiments

showedthattheISIdecreasedasthesizeof

thestimulusincreased.Ifwefollowthenotion

thatthesizeofthestimulusiscontainedin

theKorte'sintensity,accordingtoGraham

(1951),theresultssupportKorte'ssecond

law.

Thesecondexperimentshowedthatthe

luminanceofthestimulusaffectedtheISIin

adifferentwaydependingonthesizeofthe

stimulus.TheISIwasshorterinthehighlu-

minancecondition(300cd/㎡)thaninthe

lowluminancecondition(3cd/㎡),whenthe

sizewassmaU(0.04。).Therewasnodiffer-

encebetweentheISIsinhighluminanceand

lowluminanceconditions,whenthesizewas

large(1.15°).TheresultssupportKorte'ssec-

andlaw,whenthesizeofthestimuluswas
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small.However,whenthesizewaslarge,the

resultscontradictthelaw.

Afterall,itwasshownthatthesizeandthe

luminanceofthestimulusaffectedVISSgen-

erallyaccordingtoKorte'ssecondlaw.The

resultwascompatiblewithGraham's(1951)

notionthatKorte's(1915)intensityincludes

notonlytheluminancebutthesizeofthe

stimulus.Itwasalsoshownthattheeffectsof

thesizeandtheluminanceinteractedwith

eachother.ThisisnotexplainedbyKorte's

secondlaw・Itisinterpretedas follows.

Ricco'slaw(Ricco,1877)statesthatthereis

aninverserelationbetweenthesizeandin-

tensityrequiredfordetectionoflight.Piper's

law(Piper,1903)alsostatesasimilarrelation

betweenthemwithalittledifference.Accord-

ingtotheselaws,aweaklightthatwasnot

detectablewhennotlarge,isdetectablewhen

itislarge.However,theselawsdonotapply

beyondacertainsize.Beyondthatsize,de-

tectabilityoflightremainedconstantirrespec-

tiveofthesize.Thetotaleffectoflightover

space,therefore,isdetectedbythevisualsys-

tem,butwithincertainsizelimits(Hood&

Finkelstein,1986).Thesystemalsofunctions

similarlyforperceptionofbetamovement

andVISS.Theluminanceandthesize,in

total,functionastheintensityforproducing

VISS.Whenthestimulusis1.15°insizeand

3cd/㎡ inluminance,thetotalintensitydue

tothesizeandtheluminancealreadyexceeds

thecriticalintensitylevelofthevisualsystem.

Hence,thefurthereffectofincreasinglumi-

nancewasnotclearinthe1.15°condition.

Theotherpurposeofthepresentstudywas

toanswerthequestionwhythedifferentef-

fectsofintensityonVISSwereobtainedbe-

tweenOhmura(1986)andWatanabe(1992).

Thethirdexperimentwasperformedtoan-

saverthequestion.ThepeakvaluesofISI

weremeasuredforproducingoptimalVISS,

whilethestimulusconditionswerealmostthe

sameasinthesecondexperiment.Thethird

experimentwassimilartoOhmura(1986)
,in

thatbothattachedimportancetothegood-

nessofVISSandexamineditsquality ,one

aspectofVISS.Watanabe(1992)andthesec-

andexperimentmeasuredtheupperlimitsof

ISIforproducingVISS.Thiswasbecause

theyattachedimportancetoadifferentiation

betweenVISSandbetamovementinthe

presentedorder,andexaminedatransition

pointatwhichachangeoccurredbetween

them,theotheraspectofVISS.Ifthediffer-

enteffectswereascribedtothedifferencein

theaspectofVISSexaminedbetween

Ohmura(1986)andWatanabe(1992),theef-

fectsofintensitywouldnotbefoundinthe

thirdexperiment.

Theresultswereasfollows.TheISIde-

creasedasthesizeofthestimulusincreased つ
irrespectiveoftheluminanceofthestimulus.

TheISIdecreasedastheluminancein-

creased,regardlessofthesize .Theresults

replicatedthoseofthesecondexperiment

withtheexceptionthatnointeractionwas

foundbetweensizeandluminance .

Bothofthesecondandthethirdexperi-

mentsshowtheeffectsofintensity(sizeand

luminance)inspiteofthedifferenceinthe

aspectofVISSexamined.Ohmura(1986)

didnotdemonstratetheeffectsofluminance,

althoughsheexaminedthesameaspectof

VISSasinthethirdexperiment.Theresults

indicatethatthedifferenteffectsoftheinten-

sitycouldbeexplainednotbythedifference

intheaspectofVISSexamined,butbydif-

ferencesinthemethodused.

Themethodusedinthethirdexperiment

wasdifferentfromthatofOhmura(1986)in

twoways.First,therangeofthevariedinten-

sitywaslargerinthepresentstudythanin

Ohmura(1986).Therangewasfrom13cd/

㎡ to220cd/㎡ inOhmura(1986),but3

cd/㎡ to300cd/㎡ inthepresentstudy.

Watanabe(1992)hasshowedthattheeffect

ofluminancewasclearinthelowluminance

condition,butnotinthehighluminancecon-

dition.Inthepresentstudy,thecleareffectof

luminanceresultedfromtheextendedrange

oftheluminanceespeciallytowardslowlumi-

nance.Thedifferenceinrangewassufficient

toleadtodifferentresults.Second,ISIwas
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variedinsmallstepsof10msinthepresent
study,whileSOAwasvariedinroughsteps

(30,70,100,130,160,200,and260ms)in
Ohmura(1986).SOAistranslatedintoISIby
subtractingthedurationfromSOA.Thedif-
ferenceinISIproducedbytheluminance
wasabout15msinthepresentstudy.The

smallstepsofvariedISIwasusefultoobtain
thedifferentialeffectoftheluminanceinthe

presentstudy.
Insummary,thepresentstudyshowedthe

effectsoftheintensityonVISSthatfollowed
Korte'ssecondlaw.Theresultssupport

Ohmura's(1982)notionthatVISSisfunc-
tionallyequivalenttobetamovementand
thatitis,inform,regardedasacompound

phenomenonconsistingoftwobetamove-
ments.
Manyhavetriedtoexaminetheeffectof

intensityonclassicalbetamovementbetween
twostimuli(Caelli&Finlay,1981;Lane&
Horne,1964;Neff,1936;Neuhaus,1930;
Ogasawara,1936).InspiteofKorte'slaw,

theycouldnotsucceedinobtainingevidence
oftheeffectsofintensity.Ogasawara(1936)
failedtoshowtheeffectsofthesize.Caelli
andFinlay(1981)foundnodifferencedueto
theluminanceandsizeofthestimulus,and
noneduetothecontrastbetweenthestimu-
lusandthebackground.Thelackofevidence
forintensitywasbecauseoftherestrictions
imposedbytheexperimentalapparatusused.
Forexample,inCaelliandFinlay(1981),
theypresentedthevisualstimulionaCRT.It
didnotallowISItochangeinsuchsmall

stepsasinthepresentstudy,thoughintensity
wasvariedinaslargearange.Asmentioned
above,itisimportanttochangetheISIin

smallstepstoobtainthee$'ectsofluminance.
Atanyrate,theeffectsofintensitywere
clearlydemonstratedinthepresentstudy.
Thissuggeststhepossibilitythatsomeeffects
ofintensityshouldalsobefoundinacareful
studyofclassicalbetamovementbetweentwo
stimuli.
Incidentally,howarethedif differentresults

tobeexplainedbetweenthesecondandthe

thirdexperiments?Althoughthestimulus

conditionswerealmostthesame,theinterac-

lionbetweensizeandluminancewasfound

inthesecondexperiment,butnotinthethird
　

expenment.

Therewasalittledifferenceinmethods

betweenexperiments.Thedurationwas50

msinthesecondexperiment,and30msin

thethirdexperiment,inadditiontodiffer-

encesinthemeasuredphenomenon.Thedif-

ferenceindurationwasapparentlysmall,but

mayhavestronglyaffectedtheresults.

Bloch'slaw(Bloch,1885)statesthatthere

isaninverserelationbetweendurationand

theintensityrequiredfordetectionoflight.

Accordingtothelaw,aweaklightthatwas

notdetectablewhenshortinduration,isde-

tectablewhenitislonginduration.However,

thelawdoesnotapplybeyondacertaindura-

tion.Bloch's,Ricco's,andPiper'slawsmean

thatthetotaleffectoflightoverspaceand

timeisdetectedbythevisualsystem,but

withinacertainsizeandduration{Hood&

Finkelstein,1986).Thesystemalsofunctions

similarlyfortheperceptionofbetamovement

andVISS.Theluminance,size,anddura-

tion,intotal,functionastheintensityforpro-

ducingVISS.Therefore,whenthestimulus

was1.15°insize,3cd/㎡ inluminance,and

50msinduration,thetotalintensityofthe

size,luminance,anddurationexceededthe

criticalintensitylevelofthevisualsystemin

thesecondexperiment.Thetotalintensity

didnotexceedthecriticalintensitylevelin

thethirdexperiment,whenthestimuluswas

thesameinsizeand,luminanceasinthesec-

andexperiment,but30msinduration.

Hence,theeffectofincreasingluminancewas

foundinthe1.15°conditionofthethirdex-

periment.

Apreliminaryexperimentwasperformed

beforethethirdexperimenttotestwhethera

differentialeffectoftheintensityisobtained

withthedurationof50ms.Theexperiment

foundthatthepeakvalueoftheISIwas

nearlyzeroineitherconditionofintensityat

thatdurationandadifferentialeffectwasun一
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likely.Thedurationwas,therefore,shortened

from50msto30msinthethirdexperiment.

Inthisway,thehypothesiswasprovedtrue.

Inaddition,therestillremainsthepossibility

thatthedifferencewascausedbythemea-

suredphenomenon.Thepossibilityshouldbe

testedinanotherstudy.

Finally,howshouldtheresultsberelated

totherecentprocessingmodel?Manystudies

suggestthatmotionperceptionismediated

bytwotypesofsub-systems:short-rangeand

long-rangeprocesses.Ashort-rangeprocessis

thoughttooccuratarelativelyearlylevelof

thevisualprocessing,whereasthelong-range

processisthoughttooccuratahigherlevelof

thesystem.Theshort-rangeprocessisdiffer-

entiatedfromthelong-rangeprocessbyits

short-spatialrange(belowO.25°ofvisual

angle),brieftemporalrange(below100msin

ISI),motionaftereffects,andsoforth(Anstis,

1978;Braddick,1974;Cavanagh&Mather,

1989).Thepresentstudywasconcernedwith

themotionperceptionmediatedbyalong-

rangeprocessbecausethestimulusconfigura-

tionwaslonginspatialdistanceandlongin

ISI.IfwearerightinconsideringVISSasa

kindofbetamovement,thepresentstudyhas

indicatedthatthelong-rangeprocessisaf-

fectedbyintensityinsomelevelofthevisual

processingsystem.

HowisVISSproducedinthevisualproc-

essingsystem?Studiesaboutthecorrespon-

deuceproblemareusefultoanswertheques-

tion(Ullman,1979).Thecorrespondence

problemisasfollows.Whenmorethanone

elementwerecontainedintwodifferent

framesandalternated,howaretheelements

matchedbetweentheframesandtobeper-

ceivedasasingleobjectinmotion?The

problemisdiscussedinthesplitmotiontask,

whereR,astimulusinthefirstframe,isre-

placedbyAandB,twosimultaneousstimuli

inthesecondframe,flankingoneithersideof

RwiththeISIbetweentheframes.WhenA

andBareequalindistancefromR,asplit

motionisseenfromRtoAandB.When

theyarenotequalindistance,motionisseen
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towardsthestimuluswiththeshorterdis-
tance.Thetypeofmotionissupposedtobe
determinedbynotonlythedistancebutthe
similarityinbrightness,length,andorienta-
tionbetweentheelements,andthetiming.
Ullman(1979)statesthatthecorrespon-

Bencebetweentheelementsisgovernedbya
certainbuilt-inmetric,termed"affinity"or
correspondencestrength.Motioncorrespon-
denceisestablishedbetweenelementsthat
havethelargestaffinityinthesituation.The
affinityiscalculatedprimarilyonthebasisof
thedistance,theISI,andthesimilaritybe-
tweentheelements.Theaffinityincreases
withadecreaseindistancebetweentheele-
mentsandwithanincreaseinsimilarity.The
effctofaffinityissupPosedtobeclearinthe
shortISIbutunclearinthelongISI.
Thecorrespondenceproblemappliesto

VISSinthefollowingway.Considertheaf-
finitiesamongtheelements,A,B,C,andD .
Alltheelementsarethesame.Thedistances
betweenAandBandbetweenCandDare
equalandshorterthanthosebetweenAand
C,betweenBandC,andbetweenBandD.
FortheshortISI,theaffinitybasedonthe
distancepredictsVISS,thatis,twolights
movingfromAtoBandfromCtoD.For
thelongISI,however,theeffectsofaffinityis
notclearandthereforealightisseenmoving
inthepresentedorder.Inthisway,theaffin-
ityexplainswhyVISSisseenintheshortISI.
TheeffectoftheISIshouldbefurtherex-

amined.Thestimulusconfigurationinthe
VISStaskisnotexactlythesameasinthe
splitmotiontask.lnthesplitmotiontask,
ambiguousstimuli,AandB,arepresented
simultaneouslyfollowingR.IntheVISStask,
fourstimuliispresentedsuccessivelyinthe

orderofA,C,B,andD.Ambiguousstimuli,
BandCarepresentedsuccessivelyfollowing
A.Stimuli,BandD,arealsopresentedinthe
samewayfollowingC.TheISIfromAtoB(i

[A,B])isalwaysthetotalof50msplustwice
theISIofAtoC(i[A,C]).TheISIfromC
toD(i[C,D])isalsothetotalof50msplus
twicetheISIofCtoB(i[C,B]).Thismeans
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thatthedifferencebetweeni[A,B]andi[A,
C]ismagnifiedastheISIincreases.Thedif-
ferencebetweeni[C,B]andi[C,D]isalso
magnified.Asaresult,thedifferenceissmall
betweeni[A,B]andi[A,C],andbetween
i[C,B]andi[G,D]whentheISIisshort.
WhentheISIislong,thedifferenceislarge
betweeni[A,B]andi[A,C],andbetween
i[C,B]andi[C,D].
AccordingtoUllman(1979),theshortISI

doesnotaffecttheaffinityduetotheother
variables,andtheincreaseinISImakesthe
affinitymoreuniform.Theobtainedresultsin
thepresentstudyareconsistentwith
Ullman'stheoryeveniftwoambiguous
stimuliarepresentedsuccessively.Theresults
alsosuggestthattheISIhasstrongrelations
withtheaffinityatthelongerISI.Forex-
ample,theISIdecreasedgraduallyinaccor-
dancewithincreasingthesizeofstimulus.
ThismeansthattheISIaffectstheaffinity

differentiallydependingonthestimuluscon-
dition.RememberthatVISSisproducedeas-
ilywhentheISIisshort.Inaddition,VISSis

exactlyamotioncorrespondenceproduced
bytheaffinity.Theresultsindicatethatthe
affinityincreaseswithadecreaseinISIbe-
tweentheelements.
ThepresentstudyalsoshowedthattheISI

decreasedastheintensity(sizeandlumi-
nance)increased.Thismeansthattheaffinity
shouldbestrengthenbyshorteningtheISIin
accordancewithincreasingtheintensity.Ifit
isrightthattheISIcontributestotheaffinity
intheabove-mentionedway,theintensity

(sizeandluminance)issupposedtodecrease
theaffinity.
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