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ConfigurationalAsynmnetryinVernierOffSetDetection：AGeneralized

FactacrosstheStimulusOrientation

AK・MRezaulKarim＆HamyukiKcjima

要旨

我々の先行研究では副尺視力を垂直水平の基本方位において調べた。その結果，副尺視力は，
副尺同士の相対的位置，すなわち一方が他方の左にズレているか右にズレているか、あるいは
それらが上または下にズレているかといった２つの副尺の関係性に依存することを示した
(Karim＆KOjima，2008)。本研究ではその現象の一般性を斜方位において検討した。実験１で
は水平より＋45度の方位（時計の針が10時23分の時のような）において，観察者は右側の副尺
が下で左側の副尺が上に布置された条件での方が，その逆の条件のときよりも位置ズレ弁別の
成績が良かった。実験２では-45度の方位（同７時13分）において副尺視力が測定されたが，
右手の副尺が左手の副尺より右手にズレている場合にその逆の場合よりも成績が良かった。こ
の成績の非対称性は両方位において一貫しており、学習によっても消去しなかった。これは視
覚システムが対称の布置に選択的な情報処理を行っている可能性を示唆している。
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Abstract

Ourpreviousstudyhasdemonstratedthatinthecardinalorientation，offSetdetectiondepends
ontherelativepositionofthevemierbars,ｉ､e､,howtheleftandrightorupperandlowervernier
barsaredisplacedfiPomeachotherinspace(Karim＆KOjima,2008).TheculTentstudyexamined
whetherｔｈｅｆａｃｔｃａｎｂｅｇｅｎｅｒａｌｉｚｅｄｔｏｔｈｅｏｂliqueorientationExperimentldemonstratedthat

fOrapairofvernierbars，onedisplacedfmmtheotherandaITangedside-by-sidewithalal狸ie
gapat＋45．orientationfmmthehorizontal（tiltedclockwisesuchaslO：23),observerswere,on
average，somewhatbetteratdiscriminatinganoffSetiftherelativepositionoｆｔｈｅｌｏｗｅｒｒｉｇｈｔ
ｈａｎｄｂａｒｗａｓｔｏｔｈｅｒightoftheupperlefbhandbarthanviceversa・Asimilarasymmetrywas
evidentinExperiment2,whereobserversjudgedvernieroffSetfOrapairofbarsat-45oorienta
tionfmmthehorizontal（ｓｕｃｈａｓ７：１３)．Inthatcase,averageacuitywassignificantlybetter
whentherelativepositionoftheupperright-handbarwastotherightofthelowerlef卜handbar
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thantheopposite,TheasymmetriesinperfOrmancewereconsistentacrossthetwoorientations

anddidnotdiminishwithlearning,thusindicatingpossiblyconfiguration-selectiveneuralproc‐

essingofthevernierstimulus．
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onaveragebetteratdiscriminatingaverticaloffSetif

theright-handbarwasbelowtheleft-handbar

(Fig.1ｂ；horizontal)thanviceversa(Fig.1ａ；horizon‐

tal).Weobservedasimilarkindofasymmetrywhen

observersjudgedhorizontaloffsetfbrapairofverti‐

callyorientedbarsoneabovetheother、Ｔｈａｔｉｓ，per‐

Ibrmancewasbetterwhentheupperbarwastothe

rightofthelowerbar（Fig.1bWertical）thantheop‐

posite（Figla;Vertical)．Inconsistentwiththepast

studies（ＡｄａｍｓｅｔａＬ，２００４；Champion＆Adams，

2007)，wealsoshowedthattheasymmetryreduced

moreorlessasafUnctionoftraining

a b

1．Introduction

Visualperceptualtasksometimesrequiresanalysis

ofthespatialfeaturesofavisualscene・Ourspatial

analyticskillisofgreatimportancebecausetheway

weperceivespaceandpositionofobjectswithinthat

spacecanaffectourgrossmotorskillsForexample，

goodvisualacuityiscrucialfbrskiUedperfOrmance

inspatiallycomplextasklikesurgicalprocedures・

Ourperfbrmanceormasteryofanalyｓｉｓｉｓｄｅｔｅｒ－

ｍｉｎｅｄｂｙａｎｕｍｂｅｒｏｆｆactors，oneofthemostdra-

maticbeingthestimulusorimageorientation（Fur‐

manski＆EngeL2000；Mustillo,Francis,Oross,Fox，

＆Orban，１９８８；Saarinen＆Levi,l995b；Skrandies，

Jedynak,＆Fahle,2001).Inaddition,Scientistshave

reportedvariousasymmetrieｓｉｎｔｈｅｗａｙｔｈｅｕｐｐｅｒ

ａｎｄｌｏｗｅｒｏｒｌｅｆｔａｎｄｒｉｇｈｔｓｉｄｅｓｏｆｓｐａｃｅａｒｅｐｅｒ‐

ceivedandrepresentedForexampIe，severalstudies

demonstratedtop-leftlightingpreferencein3Dshape

perception（Elias＆Robinson，２００５;Gerardinde

Montalembert，＆Mamassian，２００７；Mamassian＆

Goutcher,2001；Ｓｕｎ＆Perona,1998).Thereisalso

evidencethatsuchpreferencecanbemodifiedby

visual-haptictraining（Adams,Ｇｒａｆ＆Ernst,2004)．

Similarly,ChampionandAdams(2007)demonstrated

anaftertrainingreducedasymmetrybetweenvisual

searchperfbrmancewithconvexandconcavedistrac-

ters，suggestingamodificationoftheconvexityprior・

Thus，perceptualasymmetriescanbemodifiedby

visualexperienceorleaminｇ

ｌｎａｒｅｃｅnｔｓｔｕｄｙｗｅ（Karim＆Kqjima，2008）

demonstrateｄｔｈａｔｆｏｒａｐａｉｒｏｆｈｏｒｉｚｏｎｔａｌｂａｒｓａr-

rangedside-by-sidewithalargegapobserverswere，

く

FiglSchematicoftheconfigurationaIdifferencesinvernier

acuityreportedinapreviousstudy（Source:Karim＆
Kojima，2008)．（a）０.and90oorientedvemiercon‐
figurationsinwhichaverageacuitywasworse.(b)Ｏｏ
ａｎｄ９０゜orientedvernierconfigurationsinwhichaver-

ageacuitywasbetter．

Ｔｈｅdemonstrationofthissurprisingfactmotivated

ustocarryoutthepresentstudywithatwo-fOld

purpose：ｔｏsee(1)whethertheasymmetricresponse

propertyofthevisualsystemcanbegeneralizedto

theobliqueorientationand（２）whethertheresponse

propertycanbeshapedbylearning・Weconducted

twoexperimentsusinglinevernierstimuliat＋45．

and-45oorientationsrespectivelyanddemons[rated

thattheefllectcanbegeneralizedtotheseorienta-
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tions・Wesuggestthattheconfigurationpreiierencein

vernieroffSetdetectionmightbeauniversalproperty

ofthecorticalneuronsatanystimulusoriemation・

However,unlikethepreviousstudy(Karim＆Kqjima，

2008）wedidnotseehereanydiminishingtｒｅｎｄｏｆ

ｔｈｅｐ1℃ferencewithtraining，ｔｈｕｓindicatinga

cardinal-obliquedifferenceinresponsetotraining

andsuggestinganecessityofmoretrainingatthe

obliqueorientation．

tionofeachpixelwas30arcsec・
ａ ｂｃ

。 ⑧

2．Experimentl：detectingvernieroffset
at＋45.orientation

Fig.2．SchematicofthevemierstimuIiuseｄｉｎＥｘｐ､１．曙Ｃ,,
ａｎｄ“Ｄ”ｉｎｔｈｅｉｍａｇｅｓｒｅｆｅｒｔｏｔｈｅＣｏｎｓｔａｎｔａndDis-

pIacedbarsrespectiveIy．（a）StimuIiwithrightward
offsetoftheIowerright-handbar，（b）StimuIiwith

IeftwardoffsetoftheIowerright-handbar,（c）Stimu‐

IuswithnuII-offset,（d）ＳｔｉｍuIiwithrightwardoffsetof
theupperIeft-handbar,(e)StimuIiwithIeftwardoffset

oftheupperIeft-handbar・Vemierseparationisde-

finedastheparaIIeIdistancebetweentheendｐｏｉｎｔｓ
ｏｆｔｈｅｕｐｐｅｒＩｅｆｔ－ｈａｎｄａｎｄＩｏwerright-handbarsand

vernieroffｓｅｔｉｓｄｅｆｉｎｅｄｉｎａｒｃｓｅｃａｓｔｈｅｐｅｒｐｅndicu-
Iardistancebetweenthem・ThedottedIinesindicate

theapproximatepositionsofthedisplacedbarwith
differentolfsetsizes．

2.1．Method

2､１．１．ObseⅣers

Eightpaidundergraduatestudentsofnormalor

correctedtonormalvisionparticipatedinthisexperi‐

menLAllobserverswerenaIvetotheexperimental

purposeanddidnothaveanyhistoryofpsycho-

physiologicalorneurologicalillness．

２．１．２．Stimuliandapparatus

Vemierstimuli，eachcomprisingoftwolightbars

eitheralignedormisalignedat＋45．orientation，

weregeneratedusingBorlandC＋＋Builder6The

offSetsizesofthemisalignedvernierswere±30,±

９０，±150,±210ａｎｄ±270arcsecsOneofthebars

wasconstantandanotheronewasdisplacedtothe

right(－)orleft(＋).Thestimuliwerewhiteincolor

againstablackbackground，ｗｉｔｈａ化atureseparation

ofl5arcmin（Fig.2).Thewidthandlengthofeach

barwasO5andl5arcminsrespectively・Thelumi-

nanceofthestimulusandbackgroundweremeasured

byalummancemeter（TOPCONBM-3).TheMich‐

elsoncontrastofeachstimuluswas０．９８(ＬＭ＝90.43

cd/㎡;Ｌｉｎｉ､＝0.81cd/m2)．Fordisplayingthestimuli
weusedａ５５ｃｍｃｏｌｏｒｍｏｎｉｔｏｒ（EizqFlexScanT

962）ofl280xlO24pixelsand85Hzwithahigh
speedgraphiccard(３ＤlabsWildcatlll6110)．From

aviewingdistanceofl82meterstheangularresolu‐

２．１．３．Procedures

Atthebeginning,observerstookafewpracticetri-

alstogetsomepracticalknowledgeofhowtore-

spondwithakeyboardThentheywererunintwo

experimentalsessionsusingthemethodofconstant

stimuli」nonesession，wepresentedthe5possible

vemierstimuliofrightwardofM（－）and5aligned

(null-offset）vemiersinrandomordereachonere‐

peating80times，ｗｉｔｈstimulusdurationoflOOms

andresponsestimulusintervaloflOOOms，ａｔｔｈｅ

ｃｅｎｔｒｅｏｆｔｈｅｖｉｓｕａｌｆｉｅｌｄＳｉｍilarly，inanotherses-

sionwepresentedthe5possiblestimuliofleftward

offset(＋)andthealignedones､Theorderofthetwo

sessionswascounterbalancedbetweenthetraining
daysandbetweentheobservers、Observersinadark

roomviewedthestimulibinocularlyusingachinand

foreheadrestfiPomadistancesaidabove・Because

therewasnoadditionalfixationpointastoavoidun-

wantedpositionalcuesavailablehomthatpoint，ｗｅ
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ａ

askedobserverstoalwaysattendtothegapbetween

thevernierfeatureswhileresponding・Theyindicated

byakeypress（ＦｏｒＪ）whetherthefeatureswere

alignedormisaligned，whereincorrectresponses

werefOllowedbyanauditoryfeedback・Ｔｈｅｔｗｏｒｅ‐

sponsekeyswerecounterbalancedbetweentheob-

servers

TheexperimentwascontinuedfOr6dayseachday

coveringl600trialsintotal（800ineachsession)．
Ahalfoftheobserverswereintroduｃｅｄｔｏｓｔｉｍｕｌｉ

ｗｉｔｈｔｈｅｌｏｗｅｒｒｉｇｈｔｂarbeingdisplacedrightwardor

leftward（Fig2a,b）andtheremaininghalfwiththe

upperleftbarbeingdisplacedineitherdirection（Fig

2d,e).Fromthepointofintersectionofthｅｔｗｏａｘｅｓ

(０，０),theconstantbarwasalwaysatthesamedis‐

tanceacrosstheleft-upperandright-lowervisual

Helds・However，observerswerenotinfbrmedof

whicｈｂａｒｗｏｕｌｄｂｅｃｏｎｓｔａｎｔａｎｄｗｈｉｃｈｏｎｅbedis-

placed（asituationofspatialuncertainty)．
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Fig.3．PsychometricfunctionsoftwotypicaIobserversina

singIetrainingdayinExp､１．“Ｃ,,ａｎｄ“Ｄ”ｉｎｔｈｅｖｅｍｉｅｒ

ｉｍａｇｅｓｒｅｆｅｒｔｏｔｈｅＣｏｎstantandDispIacedbarsre-

spectiveIy.(a)Psychometricfunctionsofobserver-Ifor

theIeftwardOeftpaneI）andrightward（rightpaneI）

dispIacementsoftheupperIeft-handbar.（b）Psycho‐
metricfunctionsofobserver-KfortheIeftwardOeft

paneI）andrightward（rightpaneDdispIacementsof

theIowerright-handbar．

ANOVA(fOrgroup)fbllowedbypost-hocLSDtest

whereappropriate，ＦｏｒｒｅｐｅａｔｅｄｍｅａｓｕｒｅｓＡＮＯＶＡ

ｗｅｕｓｅｄtheGreenhouse-Geissercorrectｉｏｎｉｆａｆａｃｔｏｒ

ｈａｄｍｏｒｅｔｈａｎｔｗｏｌｅｖｅlsThiscorrectsfOrpossible

violationofthesphericityassumptioninrepeated

measuresdata・Forsuchcorrection，theparametere

isestimatedasO<emin二e≦Ｌwhichisusedto

adjustthedegreesoffreedomoftheFdistributionlf

e＝１，noviolationofsphericitywasdetectedandthe

Greenhouse-GeissercorrectionhasnoeffectJfe＜

１，ｔheresultingtestismoreconservativethanifno

correctionwasapplie。（deGraveFranz,＆Gegen‐

hlrtner，２００６；Greenhouse＆Geisser，１９５９：Jen-

nings,１９８７；Vasey＆Thayer,1987)．

２．１．４．Dataprocessingandstatisticalanalysis

Wecalculatedineachsessiontheproportionof

correctoffSetdetectionateachoffsetandthepropor-

tionoffalsedetection（i､e､,detectionofanull-offSet

vemieｒａｓａｎｏｆｆＳｅｔｏｎｅ)．Theproportionsoffnlse

detectionwereusedtodeterminerightwardorleft‐

wardresponsebiasesThedataintherightwardand

leftwarddisplacementswereseparatelynttedbypro-

bitmodel（usingXLSTAT；AddinosoftUSA),with

theexclusionofsubjectiveresponsebiaseswhere

necessary・AccordingtoYes/Noparadigm,thresholds

werecalculatedat50％correctdetectionofthever‐

niermisalignment、Fig3displaysthepsychometric

fimctionsoftwotypicalobservers，oneintheupper

leftbar(a)andanotherinthelowerrightbar(b)ｄis‐

placementscenarios，inasingletrainingday． 2.2．ResuItsanddiscussio、

2.2.1．Responsebias

lfobserverswerebiasedtowardaparticularver-

nierconfigurationagainstanother（i・巳,ifbiasdistri‐

butionwasnotunifOrminthetwoconfigurations)，

Weanalyzedtheresponsebiasdatainonesample

t-tesLandthresholddatainmatchedsamplet-test(for

individualobservers）andinrepeatedmeasures






















