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Abstract
While somestudies suggestultural differences iwisual processingothersdo not, possibly
becaus the.compleity of theirtasksdraws upon highevel factorshatcould obscursuch
effects To contral for this, we examinexliltural differences iwisual searchior geometric
figures,arelatively simpletaskfor which the underlying mechanisms are reasonably well
known. W\ereplicated earlier results showirtigatNorth Americas hadareliablesearch
asymmetryfor line length search for long among short lin@asfaster tharvice versaln
contrast, Japanese participasti®wed nasymmetry Thisdifferencedid not appear to be

affected bystimulusdensity. Other kinds of stimulesulted inotherpatternsof asymmetry
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CULTURAL DIFFERENCES INVISUAL SEARCH 3

differences, suggestinghatthese are not due to factors such as analytic/hgfisticessing,
but are baseihstead on théargetdetectionprocesslin particular ourresultsindicate thatat
least someulturaldifferences reflectdifferentways of processingarly-levelfeatures,

possibly in‘'response to environmental fact@85 words)

Cultural Differencesin Visual Search for Geometric Figures

Culture appears taffect humarperception andognitionin variousways(see, for
example, Doherty, Tsuji, & Phillips, 200Ritayama, Snibbe, Markus, & Suzuki, 2004;
Markus & Kitayama, 1991Nisbett, 2003; Nisbett & Masuda, 2003; Norenzayan, Choi, &
Peng, 2007; Shweder, 1991; for a review, see Han & Northoff, 201@8}. of the studiethat
havereportedeultural differencein visual perception (especially those involving visual
attention)assumehatthesedifferencesaresimilar tothose in highefevel processssuch as
thinking and reasoninAbel & Hsu, 1949; Chua, Boland, & Nisbett, 2005 Peng, &
Nisbett, 2000; Kitayama, Duffy, Kawamura, & Larsen, 2Q@3asuda, Gonzalez, Kwan, &
Nisbett,,2008Masuda & Nisbett, 2001)n this view Westerners (e.gEuropeans or
Americans}tend touseanalytic (or focused processinganalyzingattributes of a salient
object independently of its context, and using generic rules about categories to axglai
predict its behavior. In contradtast Asians (e.g., JapaneseChinesgare more likely to
engage irmolistic (or diffused processing, analyzing the perceptual field as a whole,
emphasizingelationships between objects and the contextual field in whighatieelocated,
and explaining events on the basis of such relationships.

However, reports ofudtural differencs invisual perceptiomre not entirely
consistentstudies applying the same procedure often faiépticake (e.g., Caldara, Zhou, &
Miellet, 201Q Evans, RotelloLi, & Rayner, 2009Rayner,Castelhanp& Yang, 2009
RaynerLi, Williams, Cave & Well, 2007).Interestindy, such studietend toinvolve tasks

such as scene memory (Masuda & Nisbett, 2001), eye movementsefGhua005), and
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CULTURAL DIFFERENCES INVISUAL SEARCH 4

face perception (Miyamoto, Yoshikawa, & Kitayama, 20W#)ere stimuli were relatively
complex. Everwhenthestimuli weresimple geometric objectthetasks themselvdaended

to be quitecomplicatedJi et al, 200Q Kitayamaet al, 2003; Zhou, Gotch, Zhou, & Liu,
2008).For'such taskst is easyto accumulate errorseadng toconsiderable noiséMoreover,
becausdanguage can trigger cultural bias in perception (Lucy, 1992thdsetasks aralso
susceptible to biaga theinstructions given tparticipantsHence to definitively assesshe
generality of cultural differensan perception and attentipwhat is needed are simple tasks
that usesimplestimuli.

The'main goal of the current study istketerminewhethercultural differencesruly
existin visual perceptionandin particular,n the allocation of/isual attention. A secondary
goal is totestwhetherthe analytic/holistic distinctiomften used to explain cultural
differences between Westerners and East Agianals@xplainany differencegound here.

To achieve the first goalve employed visual searcltherean observemustreporta
giventargetamong several notarget (ordistracton itemsas quickly as possiblehisis a
relativelySimple speeded tas&nabling it to largely excludée effects of conscious
reasoning anéxplicit knowledge(seeShen & Reingold, 2001). Iparticular we used a
detectiontask where observers judge whetliee given target is present or absenthe
display (e.gu.kreisman & Gormican, 1988; Wolfe, 2012). This enables us to study two
differentcriteria for search termination: in targatesent trials searcdimply ends when the
observers find:the target, whereas in taggetent trials terminiain is based orstrategic
considerationgvolving accumulated informatioset size, crowdedness, and clutéhun
& Wolfe, 1996:Wolfe, 2013. If cultural differences are baskgely upon differences in
strategic judgmenishese differencewould likely show up to greaterextent in
targetabsent trials.

A potential confound in this approaisthe motivation of thgarticipantwhich

might influencesearch speedo compensatewvefocused orone particular aspeof

This article is protected by copyright. All rights reserved



CULTURAL DIFFERENCES INVISUAL SEARCH 5

behavior:search asymmetr§Baiki, Koike, Takahashi, & Inoue, 2005; Treisman & Gormican,
1988; Treisman & Sato, 1990; Wolfe, 200Ihisis a phenomenon where search efficiency
significantly changewhentarget and distractor items are swapffed example, searching
for a Q among Os is significantly more efficient than searching for an O among Qs)
Although differences in motivation mightfectabsoluteefficiency they should noaffect
relative measure: anasymmetry sbuld not appear atisappeafor differernt motivationsas
long asthe same items are used in all conditions

To helpachieveour second goalye usedthe fact that amnalytic/holistic accounis
theoreticallydndependent of the nature of stimulus prop&hys, i cultural difference in
visualsearchresult fromadifferent engagement of analytic/holistic processihgy should
be invariantacross different kinds of stimuli. To examine this possibilit)puekinds of
stimuli wereusedhere.If the analytic/holistic distinctionsgalways the main factor, the same
patterns oBearchasymmetrieshouldalwaysbe found. If not, differences should likely
appear.

Another possibl¢estof theanalytic/holisticaccount involveshe mechaniss
believed to underligisualsearchTo account for search asymmeffyeisman and Gormican
(1988) proposed pooledresponsemodel, inwhich observers pool the activities of multiple
items in a spatial neighborhodtiey thencompare the pooled activity of the group of items
that include the target against the pooled activity of groups that do not. Assuntitigetha
differenceinssignal needed to detect the target is a fixed fraction of the background signal
(Weber assumption), signals must be pooled over smaller neighborhoods when the
backgroundias#aigher averaggalueto make the signal difference large enough (which
resulsin relativelyslow search In contrast, they could be pooled over larger neighborhoods
when the backgrounias a lowernveragevalue. If holistic processingorrelatesvith greater
pooling (e.g., via greater grouping), this mode of processing woulgldtesely

disadvantageous for backgroumndsh a higher average valuis such ahigher density of
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CULTURAL DIFFERENCES INVISUAL SEARCH 6

itemscouldenable evemore grouping, leading to faster search ewengreatersearch
asymmetry.

In Experiment 1, weise the classic paradigomh Treisman and Gormican (1988) with
aculturally'neutralproperty: line lengtland manipulated th&imulus densitiesf the
displays We find that whereassirong asymmetrgxistsfor Westerrparticipantsno such
asymmetrys foundfor Japanesparticipantsregardless of stimulus dengitn Experiment 2
we examineother well-known asymme#s circle vs. circle with an intersecting lineand
verticalvs. tilted orientationslIf analytic/holisic processing ishe central factor irall these
tasks, the sameatterrs of asymmetry differenceshould appeaimsteadwe find different
patterndor differentstimulus types. In Experiment &e examinewhetherthese effects are
due to differences idiscriminability between targeaind distract@. We find that they are
not. Taken together, then, geresults indicate thatultural differenesin attentional
processing.do.exisht least some of whiclrenot attributable to differences in the
engagement.of analytic/holistic processibgtinstead likely reflect differences in how visual
stimuli aré encodedt relatively early levels

Experiment 1

To investigatevhether differences in search asymmetry exist between Western and
Japanese observevee began withsearchor line length Treisman and Gormican (1988)
showed thator Westernerslong lines among short lin@seeasier to find than vice versa.
Thefirst questiorthenis thereforewhether a similar asymmetry exists Japanese observers.
Sincethecriterion forsearchterminationdiffers between targepresent antargetabsent
trials (Chun_&Wolfe, 1996; Wolfe, 2012)ve analyzed botlargetpresent antargetabsent
trials (plannedsicomparisonjVe alsomanipulated thetimulus densitiesf the displaygo
encourage morgrouping (and perhapsjore holistic processing)

In a pilot study, weepeatedreismanandGormicars (1988)difficult conditionof

Experiment 1 using Japanese participants from Kyoto University and North American
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participants fromMichigan University ( = 17 andn = 15 respectively). 8ultsshowedhat
North Americarparticipans hadareliableasymmetry fotine lengthwhereaslapanese
participantgdid not,n,? = .20. Basedon a power analysis of these results, we deciatethe
sample sizéor themainseries of experimenta = 24 for each groum Experiment 1, and
= 16 for each groum Experiments 2 and 3.

Method

Par ticipants. Thesecomprised®5 native English speakefddrth Americanborn and
-raised fromthe University of British Columbiand 26 native Japanese speakers
(Japanesdorn and raised from Kyoto University All reportedhavingnormal or
correctedto-normd vision. TheNorth AmericarandJapanese participanigere paid CA$10
and JPN¥100@espectively for the onkour experiment.

Stimuli and appar atus. Stimuli were long and short vertical lines subtending a visual
angle of 1:1° ‘and 0.9° respectively. These were distributed inifvisible matrix centered
on the screen.lie search displayas13.8° wide x 8.1° higin the lowdensity condition,
and 9.62wide x.6.8Righ in the high-density condition; density wierefoe about 70%
greaterin the highdensity condition.

Set sizes were 3, 6, or 12 items, wititle item randomly assigned to a cell such that
density wassapproximately constant. A target was présentandomlyselected half of all

trials. All items were white and presented on a black backgr(se®dFig 1).

----Insert Figure 1 about here --

The task.was generatading an Apple Macintosh OS 9 computer, usingearch
software(Enns, Ochs, & Rensink, 1990). All items were presented on a 19-inch cathode ray
tube(CRT) monitor in a dimly lit roomParticipants were seated in front of the morstioa

viewing distance of 57 cm.
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Procedure. Participants were asked to detect the presenceéanfetwith a key press
as quickly as possible, and to keep their error rates unddn®ach trialthe search display
remained visible until participants respongidlowed by a blanlscreenasting for 300 ms.
After eachtrial, a feedbaclsign appearethatlasted600 ms.

To equalize error rates across cultures, participants were asked to neyzezica
blockif they made more than two mistakiesany one of th@resence x set size conditians
a block, orf they madmore than six mistakesserall. Accuray andreaction time RT)
were also shown at the end of each blotihé error rateeached 10%r more a warning
was added:io tlsemessage

The stk were divided into two equal sessions, each having two equagessions
eachinvolving-a-different density condition. Thus, teevas dotal of 720trials: two sessions
(onefor eachtarget lengthwith 12 blocks per sessiofiye experimental and on@acticefor
eachof the two_sulsessios), and30trials per block.

Results

The data. of oneNorth Americanparticipant and two Japanese participants were
excluded because tin@rror rates werever15%.

Target-present trials. The results fotargetpresent trials ifExperiment lareshown

in Fig. 2.

Insert Figure 2 about here -------------------

Reaction“imes. A four-way (Culture x Density x drget typex Set size)analysis of
variance ANOVA ) showed a significant interaction of denstyd set sizeyith shallower
increasesn RT with set size inthehigh-density condition than in the lodensity condition,
F(2, 92) = 3.97p = .022,n,” = .08. Furthermore, there wassignificant interaction of

cultural group, target type, and set sz, 92) = 4.80p = .011, gpz = .09. For the Japanese
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group, there was no significant interactlmetweerany two factorsp > .05 No significant
difference was therefofeund between search for longer and shorter lines in either density
condition. For the North American group, in contréfs¢re was a significant interaction of
target type and set siZe(2, 46) = 14.92p < .0001,13|O2 = .39, showingastrong garch
asymmety in both density conditions.

Search slopefkecasting RTs into search slopethr@eway (Culture x Density x
Target typeANQVA showeda main effect of density, witslightly shallower slopes ithe
high-density condition (48.6 ms/item) than in tbe-density condition (8.8 ms/item),F(1,
46) = 5.26p= .027,13p2 =.10. Both JaparseandNorth Americanparticipans appeare to
be equallyaffectedby this.There wasgaina significant interactioof cultural group and
targettype F(1,46) = 6.62p = .013,13p2 = .13, showinga ckearasymmety for North
American(42.6ms/item forlong-ine targetsand 63.4ms/item forshort) but not Japanese
participantg49.4ms/item forlong-ine targetsand51.5ms/item forshort).

Error.rates.A four-way (Culture x Density x drget typex Set size)ANOVA showed
no significant.interaction thancludedculture p > .05.

Tar get-absent trials. The results for targetbsent trials ifexperimentl areshown in

Fig. 3.

----- Insert Figure 3 about here

Reactionjimes. The fourway ANOVA of mean RT showetthat an interaction of
density and set'Sizgas also significant in the targabsent conditior(2, 92) = 432, p
= .016,13p2 ="09.Furthermore, there was alacignificant interaction of cultural group,
target type, and set sizg(2, 92) =10.31,p = .0001,13,92 = .18.Separate (density) x 2
(targettype) x 3 (set size) ANOVAshowedhat for the Japanese group, there was no

significant interaction of any two factogs> .05 while for the North American groughere
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was a significant interaction of target type and set 5i&,46) = 21.23p < .0001,13p2 = 48.
As before then,search asymmetries were not observed among Japaaréisgantsn either
density condition, but werer NorthAmericanparticipans in both.

Search sloped here was a significant effeof density on slopes$;(1, 46) =4.65,p
= .036,13p2 = 094 again suggesting that both Japanese and Norhnicanparticipans were
affected A significant interaction of cultural group and target tgpsappearedr(1, 46) =
11.59,p = .001,13p2 = .20, showing search asymmetrigath shallower slopes in lonine
searchfor North American(97.1ms/item for long line vs. 138.4ms/item for shortines) but
not Japanesggarticipantg119.5ms/item for long line vs. 121.4ns/item for short ling).

Error rates.There was a main effect of target type, with lower error rates in searches
for longer linesF(1, 46) = 8.03p = .007,13p2 =.15. For both target-present atagigetabsent
trials, rone of the interactions involved the factor of cultural group, suggesting that éesor ra
did notreflectany differences between these groups.

Discussion

Experiment 1 showed clearsearch asymmaetifor North Americanparticipans but
notfor Japanesenes. This difference did nappeato besensitive to stimulus density
althoughthe absolute values of tredopes were affecte@catterplotFig. 4) of individual
performancegdicatethatmost North American participants consistently showed asymmetry
(moredata pointdocateal above the orthogonkhe) whereas Japanese participatitsnotin
any of the eonditions. Note that the lack of asymmetry in both density conddiuahi®
both targefpresent and targetbsentrials) for Japanese participantsicateshat theyare
likely not pooling over larger spatial neighborhoods (as might be suggested byea grea
reliance orholistic processinglut using a different processtirely, one that does not rely

on the Weber assumption.

----- Insert Figure 4 about here
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Experiment 2

If the cultural differencen searchound in Experiment is basedxclusively ora
differentialengagement adnalytic/holisticprocessingJapanese participargdould continue
to show eitler ne or small search asymmetry across different kinds of sti@thierwise a
patternof a. different sort might be found.

Experiment Z2xaminedwo typesof stimuli: a circlevs. circle with an intersecting
line (referred to here agd'vs.a reversed)"), and avertical line vs. a tilted linePrevious
work hasshewnthatfor Westernerssearch fol circle withanintersecting lineamong
circles iseasier thawice versaTreisman & ®uther, 1985) andSaiki (2008) and Saiki et al.
(2005) showedr'similar kind of asymmetrfpr Japanese participant¥esterners also show
an asymmetry for a tilted line amongrtical lines with the verticatargets being more
difficult to find.(Treisman & Gormican, 1988). The question here is whetheteifpee of
these asymmetries are the saméhia twoculturalgroups.

M ethod

Participants. A groupof 16 native English speakefdrth Americarborn and
-raised from the University of British Columbia and a group ofri&ive Japanese speakers
(Japanes®orn.and raised from Kyoto University participated in Experiment 2ay®nent
was the same dsr Experiment 1All participants reportedormalor correcteeto-normal
vision.

Stimuli and apparatus. The O andreversee stimuli subtenéd a maximumangle
of 1.5° and l.8fespectivelyThe angle of thentersecting linen thereversee stimuli was

45° clockwisefrom the botton{Fig. 5). For the orientationsearclstimuli, thevertical line

! Since the degree of asymmetry is #aravhen the items are rotated to form "Qs" and "Os" (Raudshrger

& Yantis, 2006), we use the reversed forms h&he mirrorreversed version of 'Q' is also likely to have
fewer cultural associations for Westerners than does theewensed versiorNote that the letter 'O’ is a
common component difoth targets and distractors, so that cultural (semantic) effects would be expected
be minimalhereas well
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CULTURAL DIFFERENCES INVISUAL SEARCH 12

subtenéda visual angle of 1.24And theilted lines wereformedby rotatingthis 15°
clockwise In all conditions, sarch items were distuibed overanareal6.3°wide x 9.7°
high. As before, et sizesvere3, 6, and 12 items. All were white and presented on a black

backgroundseerFig. 5).

----Insert Figure 5 about here

At Kyoto University, the task environment was created Wifindows XP, using
MATLAB seftwarewith the Psychophysics Toolbox extension and all items were presented
on a 21-inch CRT monitoAt the University of British Columbiahe task environment was
created withApple Macintosh O, using VSearckEnns, Ochs, & Rensink, 1990) arltl a
items were presented on aib@h CRT monitor. Experiments were conducted in a dimly lit
room in both locations.

Procedure. At the beginning of each trial, a blank display was shown fomd€0
followed by the search display, whiokmainedvisible until participantsespondedAfter
completion of a triala feedbaclsignappearedasing 2000 ms

Eachtestcondition was divided inttour blocks of 36 trials, which were preceded by
12 trials forpractice. This resulted in a total of 624 trials for each participant.

Results
Ne-participantsdatawereexcludedwith all error ratedeing under 5%.
Target-present trials. The results fotargetpresent trials ifExperiment Zareshown

in Fig. 6.

..... Insert Figure 6 about here --

Reaction imes. For the O vs.reversee, athreeway (Culture x Brget typex Set
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CULTURAL DIFFERENCES INVISUAL SEARCH 13

size)ANOVA showed a marginallgignificant interaction of cultural group, target type, and
set sizeF(2,60) =2.39,p = .10,1jp2 = .07. For the Japanese group, there wagynificant
interaction oftarget type and set si2&(2, 30 = 4.B,p = .014,13p2 = .25, replicating the
findings of'Saiki (2008) and Saiki et al. (2006pr the North American groufhis
interaction'wagven strongef; (2, 30 = 16.67,p < .0001,13p2 = 53, indicatingthat the
degree of search asymmetry was larger

For the verticalvs. tilted lines, ahreeway ANOVA showed a significant interaction
of cultural group, target type, and set sk, 60) =3.17,p = .049,1;]p2 =.10. For the
Japanese group, there vaesignificant interaction ofarget type and set size(2, 30 =
23.58p< .0001,13,92 = .61. For the North American grouihis interactionwas alsdighly
significantgout'notasstrong,F(2,30) =9.73,p = .0006,13p2 =.39.

Search slopeg:orthe O vsreversee, a twoway (Culture x Target type) ANOVA
showed a 'significant interaction of cultural group and target e 30) =5.81,p = .022,
gpz = .16. There was strong garch asymmegramong North Americaparticipans 2.5
ms/itemif6ireversedQ searchvs. 18.1ms/item forO search?, onemuchlarger tharthatof
the Japanespatrticipantg4.9 ms/item forreverseeQ searchvs. 12.2ms/item forO search.

For the verticalss. tilted lines,therewaslikewise a significant interaction of cultural
group and target typ&(1, 30 =4.80,p = .036,13|O2 = .14. HoweverJapanesearticipants
(5.7 ms/item for tiltedvs. 46.3ms/item for verticalines) now showed anuchlarger
asymmetry—=atleast in terms daflopedifferences—thanNorth Americarparticipans (0.8
ms/item fortiltedvs. 22.0ms/item for verticalines).

Error rates.Forthe Ovs.reverseeQ, a threeway (Culture x Target type xe size)

2 These slopes and reaction times were closer to those for the circle and circle withlirertiesdrch
rather than the circle and circle with 45° courtlecckwise line (namely "O" and "Q"), consistent with the
findings of Rauschenberger & Yantis (2006). These results also suppstighestion that the
mirror-reversed version of "Q" has fewaultural associations for Westerners and so cultural semantic
effects would be less. However, we cannot conclude this categorically sincepetimental settings were
a little bit different from the previous study.
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ANOVA showedmain effecs of culture,F(1, 30 =5.24,p= .029,13p2 = .15, with lower error
rates in searches for Japanese (0.65%)ftivadorth Americanparticipans (1.87%).No
other interactoins concerning culture were significant.

Forithe verticals.tilted line stimuli nomain effectsr interactionsconcerning
culturewere significant

Target-absent trials. The results for targegbsent trials ifExperiment2 areshown in

Fig. 7.

..... Insert Figure 7 about here

Reagction‘imes. Forthe O vs.reversedQ, athreeway ANOVA showed a significant
interaction of target type and set siE€2, 60 =45.70,p < .0001,13,92 = .45, indicating that
the RT increasewith set size ismallerin reversee search tha® search Howeverthere
was no significant interaction that inckdiculture p > .05.

Forthe verticalvs. tilted lines stimuli, hethreeway ANOVA showed anarginally
significant interaction of culture, target ty@ad set size;(2,60) =3.12,p = .051,1;]p2 =.09.
Through gparate 2 (targeype x 3 (set size) ANOVAswe founda larger search asymmetry
for the Japanese participatisin for the North American participani2, 30) = 39.96, p
<.0001,,% = .73 andF(2, 30 =29.67,p < .0001,° = .66, respectively.

Searchssloped-or the O vsreversee, there was a significant effeot target type,
F(1,30 =53.85p< .OOOl,gp2 = .64, with shallower slopes foeversee search (6.2
ms/item) than#f00 search (47.2 ms/item), but the interaction of cultural group and target
type was not'significang < 1.

Forthe verticalvs.tilted lines stimuli, there were likewise significaftect of target
type,F(1,30) =81.79,p < .0001,13,)2 = .73, with shallower slopes for tilted line search (19.3

ms/item) than for verticdine searci{78.6 ms/item). There was also a marginally significant
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CULTURAL DIFFERENCES INVISUAL SEARCH 15

interaction of cultural group and target typ€l, 30) =3.58,p = .068,13p2 = .11, showinghat
search asymmetries amod@panese participantgerelarger than amonijorth American
participants.

Error rates.For the Ovs.reverseeQ, there was main effect ofculture F(1, 30 =
7.45,p = .0L0], gpz =20, with lower error rates in searchieg Japanese (0.22%) than North
Americanparticipant1.17%).

Forthe verticalvs. tilted line condition there werano significantmain effectsor
interactions.

Discussion

The results oExperiment 2 showed thdifferent stimuludypesyielded different
kindsof search‘asymmetry differendae O vsreverseeQ gave rise tdargerasymmetries
for Westerners (North Americapsvhereaghe verticalvs. tilted lines gave rise tdarger
asymmetriesor East Asians (JapanesAjthough a main effect of cultural group on error
rates was'ebserved in tlevs.reversee set, any interactionhatincluded cultural group
were not'statistically significanMoreover, this main effect was observed in both
targetpresent antargetabsent trials bud culturaldifference in search asymmetry was
observed only.in targgiresent trialssuggeshg that theasymmetrydifference observed in
the O vsreverseeQ stimuli may not bedue to agenerakpeedaccuracy tradeff.
(Otherwise this difference mighalsohave benobserved in targedbsent trialg.

Sincesthis is a withirobserverdesign, wecouldcompare the degree of asymmetry of
individual observergcharacterized by difference in slopes) between the two. iAskdy/sis
revealed that.degrees of asymmetry were not correlated in-paegent trials;(30) = .04 p
= .81, but were,in targetbsentrials, r(30) = .51,p = .003. These results suggest that

processesnderlyingthe twosearchasks are independent in targatesent trialswhile the
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CULTURAL DIFFERENCES INVISUAL SEARCH 16

same criteriomay beusedin targetabsent trial§ supporting theiew that theprocess of
search termination differs between targegsent and targetbsent trials (Chun & Wolfe,
1996; Wolfe, 2012).

An analysis of individuaslopeqFig. 8) indicates thain thetargetpresent trial®f
the O vsreverseeQ searchthe data pointsf North American participants wefertheraway
from the diagonal lineltanthose ofJapanese participantsig. 8A). For the vertical/tilted
line searchhoweverthedata pointof Japanese participants wéuetherawayfrom the
diagonal ling(Fig. 8C).

The different patternsf asymmetryfor the different types of stimuli further support
the proposal that simple analytiwslistic-based accounts of search asymmetry cannot explain
the resultsinsteadihe cultural differencefund herevould appeato depend on stimulus

properties.

————— Insert Figure 8 about here

Experiment 3

One possible explanation tife resultgound herds the discriminability of the target
and distractersfhe Japanese observarExperiment Inayhave engaged iaslow, serial
item-by-item searchdue to theelatively small differences in lengthvolved, and thus shown
no asymmetry=in Experiment 2, however, stimdiremorediscriminale (@s shown by
faster reaction tinetherg, and Japanese observers showed asymnifadigcriminability is
responsibleasymmetryshould then appean Japanesebserves even for line length search
whentargetdistractor discriminability is sufficientlizigh.

To investigate this possibility, wested Japanese participantstiom low-density

% Similar results were observed in a different experiment, which was presented in e of Vision
Sciences Society by the first author (Ueda, Kurosu, & Saiki, 2015).
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condition of Experiment 1, bwtith stimuli thathada larger differencen length.Following

the setup offreismanand Gormican (1988yye used lines subtending visual asgbé 1.1°

and 0.7°. (Treisman and Gormian (1988) foargtrong asymmetry for Westerners for these:
7.6 ms/item for longer targets vs. 14.3 ms/item for shorter omekelack of search
asymmetry,for Japaneparticipantds due to poodiscriminability, search asymmetry stld
now be observed.

Method

Participants. A total of 16 native Japanese speakers (Japahese and raised)from
Kyoto Universityparticipatedn this experimentAll reported normal ocorrectedto-normal
vision and none had participated in Experiments 1 or 2.

Stimulifand appar atus. Stimuli were long and short vertical lines subtending a visual
angle of 1.1° and 0.7° respectiveBther settingssuch aghevisual angleof thesearch
display and,set sizevere the same dsr the low-density condition dExperiment 1

Thestask was generated onfguple Macintosh OX computey using MATLAB with
the Psyehophysics Toolbox extension. All items were presented oma2CRT monitor in
a dimly lit room. Participants were seated in front of the moaitarviewing distance &7
cm.

Procedure. At the beginning of each trial, a blank display was shown fomd€0
followed by asearch displayhatremairedvisible until participantsespondedAfter
completion-oef-a-trial, a feedbasignappearedasing 2000 ms

Eachtestcondition was divided inttour blocks of 36 trials, which were preceded by
12 practicetrialsi'This resulted in a total 8fL.2trials for each participant.

Results

No participantsdatawere excluded, with all error ratbging under 5%.

Target-present trials. The results fotargetpresent trials ifExperiment 3areshown
in Fig. 9.
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----Insert Figure 9 about here

Reaction imes. A two-way (Target typex Set size)repeateemeasures ANOVA
showed a significanmhain effect of set sizayith RTs increasg with set sizeF(2, ) =
77.24p< .0001,13,92 = .84.However therewas no significant main effect of target tyme
interaction.of target type and set sige; .05, demonstratinthatthere was ngearch
asymmetryfor Japanese participants even vatlarge differencein line lengths

Seareh slope® onessampleANOVA showedno significantmain effect of target type
indicating that there waso search asymmetryl 8.5ms/item forlong line search and5.5
ms/item forshortline search consistent with th&T resultsp > .05.

Error rates.A two-way (Target type x & size ANOVA exhibiteda main effect of set
size, showing that error rates increased with sef5{2e ) =7.54,p = .002,13p2 = .33, and
amarginally.significaninteraction betweetarget typeand set size (2, 30) = 2.89p = .071,
gpz = .16-However, sparateonesample(target type) ANOVAs showed thdterewasno
significant differencén error rate aanyset sizeFs (1, 19 < 3.00,p > .10,indicating that the
resultswerenot due to a speedakcuracy tradefr.

Target-absent trials. The results for targetbsentrials in Experimen8 are presented

in Fig. 10.

----- Insert Figure 10 about here

Reaction. imes. A two-way (Target typex Set size)ANOVA showedsignificantmain
effects of target typewith RTslessfor longerline search thafor shorer-line searchi(1,
15) = 5.07p = .040,1,° = .25 It alsoshowed significant main effects sét sizewith RTs

increagng with set sizefF(2, 30) =45.26,p < .0001,13,92 = .75. There waslsoa significant
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interaction of target type and set sig€?, 30) = 5.98p = .007,13p2 = .28, suggesting that
search asymmetmyas observednly in the targetabsent trials.

Search slope® one sampl&ANOVA showed anain effect otarget type, witha
shallower slope when participants searched for longer (888 ms / item)than shorter ones
(47.4ms / item)< This difference was significaR{1, 15 = 6.88,p = .019,13p2 = 31.

Error rates.A two-way (Target type x & size ANOVA did not show angignificant
main effecgsorinteractionsp > .05.

Discussion

In spite efthe much greatatiscriminabiity of items(indicated by the shallower
search slopésthe results oExperiment 3 largelyeplicated tbse of Experiment Xor
targetpresenttrialssearch asymmetrpr line length was not observed for Japanese
participantsin a post-hoc analysis, we conducted a thvag-{Experiment x Target type x
Set size) ANOVA ¢ RTsof Japanese participants in Experiments 1 {tt@msity condition)
and 3 A'significant main effect of Experimemtas foundf(1, 38 =61.02,p < .0001,1jp2
= .62, indicatingthatRTsin Experiment 3veresignificantly shorteoverallthan in
Experiment 1consistent with increaseliscriminability As such, theeresultsindicatethat
theresults fordJapanese participardse notlimited to a particular linéength, and are not due
to poordiscriminability Interestingly thetargetabsent trialslo reveala search asymmetry.
The scattaglot in Fig. 10C shows that—in contrast to the corresponding condition in
Experiment-1=many observers hatdeper slopes for the shorliee searchThese results
suggest that sedrasymmetryor line length in the targedabsent trial€anbe observetor
Japanese participanigen stimuliareeadly discriminatedThe difference between these
resultsand thosdor targetpresent trials maggainreflect(as do the results of Experiment 2)
adifference in the mechanisms used for the two kinds of séamtiination(Chun & Wolfe,

1996; Wolfe, 2012).
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General Discussion

This study @monstratedwo things. Firstyisual search-and in particular, search
asymmetry—candiffer significantly betweeiVestern North Americai andEast Asian
(Japaneseobserverseven whersearch itemsvolve onlyrelatively simplegeometric
propertes among other things, this suggetstatthe processes underlying visual searay
not be culturallyneutral Second, ouresultsstrongly suggedhat the analytic/holistic
distinction eftemyused to explatulturaldifferencesdoesnot suffice to explaimll cultural
influences on visual perceptiorgiferences in other mechanismaistalsobe involved. In
particular,our results suggest thie differencedound herearenot due tadifferences in
general processirgjrategyor simplediscriminability An interesting possibilitys that they
may be dueodifferences irthe codingof visual stimuliat relatively early levelsf

processing.

Differences.in Visual Search

Experiment 1 showed thakorth Americangxhibit significant asymmetry for line
length whereas Japanede not. Tls differencewas robust againsthangesn display
density, and.thus unlikely to be due to differences in the growpingmsor the pooling of
their activities, Fhese conclusionsere reinforced by the results of ExperimenwvBere the
direction of the asymmetry difference depeddn the particulatype of stimulus used:
North Americamparticipans exhibiedlargerasymmetries inesarchfor acircle vs. acircle
with line, whereas Japaneparticipantexhibitedlarger asymmetesin search for a vertical
line vs. a tilteddineFinally Experiment 3 showed thathen the target was presetfig
Japanesgroupudid not exhibit search asymmefioy line length even when the
discriminability of targes and distractoraras muchhigher.

This is the first report of cultural differences in visual search with geonitetms

that differ only in a simple property (lengttjnlike previous workNlalinowski & Htbner,
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2001; Shen & Reingold, 2001), we did not use items with meathiagdiffer between
cultures(e.g.,Chinese character\s such ourresults cannot be accounted for by the effects
of explicit knowledgeAnd becaus®ur task is highly perceptual in nature, cesults are
unlikely to'bedue todifferences irmemory, decision making, aonscious strategy selection.
These differenceappear to bguiterobustacross experiments targetpresent searcfio
explain them by differences motivation or any other strategic effeatewould have to
assume thahedapanesparticipantsvaried in motivation for different conditions (including
targetpresent and targetbsent trialsandthat North American participantalso varied in
motivation,:butifferently for different kinds of stimuli. Such an assumptappears

unlikely.

Interestingly asymmetry differencewerefar less striking irtargetabsent searclior
line length, Experimert showedvirtually no asymmetriegor Japanese participantghereas
Experiment,3 exhibitedlearones. In contrast, North Americaarticipans consistently
demonstrated strormgymmetryfor line length in all conditiondPerhaps even more
importantly cultural differencetargely disappeareith targetabsent trials fothe circlevs.
circle with line and verticals. tilted line stimuli, suggestinghat therenayberelativelyfew
cultural difference inthe strategic considerations involvedangetabsent searcfef. Chun
& Wolfe, 1996;Wolfe, 2012)On the other hand, ig important to keep in minghatthe
cultural differencs in targetabsent trial@resimply moredifficult to detect becaushe
process is mere complicatezteatinga greatesusceptibility toaccumulatd errors.

In any event, theleardifferencesencounteredh targetpresent trials show that
current modelsof search (e.g. Treisman & Gela@801Treisman & Gormican, 1988jolfe,
2007 are incompletethey cannot explaithe existence afuch differencg, much lesshe
particular pattersifoundhere.Therevision of these mode(sr the creation of new ones) will
be challenging, in that they must not oalycountfor thedifferent patterngn terms of

particular mechanisméutmustalsoexplain whyparticularmechanisms woulteassociated
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with particular cultures.

Involvementbf Analytic/Holistic Processing

Cultural differences in perception and cognition have often been explained in terms of
differences,in the degree to which analytic or holistic processing is wgbd\Vesterners
using an analytimode which emphasizésolated unitsandEastAsians a holistic mode
which emphasizes relationshi@sisbett, 2003)This factor, however, is unlikely to explain
all theresultsfound hereFirst,sincethis factorrelates to howthe observefocuseson
informatiomsanydifferences that it causeshould be invariant across stimutypes.Such
invariancewas not found. Moreoveasymmetry differencawerefoundregardless athe
shapeof the'setsize/RT functionFor example, linear functionseneobserved in the
high-density conditiomf Experiment 1whereas negatively accelerated
functions—suggesting parallel processing (Kristofferson, 1972; Treisman & Gelade
1980)—were,observed ithe low-density conditiorBut the same asymmetpatternsvere
found intboth.cases.

More generally, ouresultsindicatethatasymmetrydifferences do not depend on the
size oftheattentioral window, or the extent gsarallel processinthat might be associated
with analytie.orsholistic processing analytic/holistic processing relates to the sizéhef
pooled group (i.e., holistic processing encourages more poalagggnese participants might
show largemasymmetryin lower stimulus densities (larger display size) than North American
participants But the results of Experiment\Werecontrary to tis prediction.

Alterpatively, t might be thalapaneseHast Asiansaremore likely to engage
attention based,omelationships between objects and the contextual. fiess, discrimination
between targstand distracta@ would bebased omelative differencesather than the absolute
values. Insucha caseasymmetry might not exisBut then search for Japanese participants

should be symmetric for all conditions in ExperimenARd thiswas not found.
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Consequently, the differences in search found here #ikelyrto bedue to differences in a
general angtic/holistic processing mode. And given that they are also unlikely to be due to
differences in discriminabtly, they are likely due to some otheason, such as differences in

theencodingof items at early levels of visual processing.

Implicationsfor Visual Coding

Could culturaldifferences exist in the way visugtimuli areencoded? One possibility
(admittedlyspeculativeather than explanatoyys that the visual system of abserver might
be affected bythe orthographical systemsth which they are familiaf~or example, people
using hiraganand Chinese charactersght bemoresensitive to line length (e.dhe letters
Ly vs. Y, gor=" vs. £ differ only inthelengthof some componentsdptersectio points
(e.g., & vs. &, & vs. &, & vs. ¥, or > vs. 43), and presence of an element (e.g.,
M vs. AV Fvs. (£, or X vs. X, and X). Meanwhilg people usindRomancharacters
might bemoresensitive to orientation (e.g., "ws%."v", "a" vs. "0" for cursive handwriting,
or "H" vsi®N"). Thesecritical featuregmnight bediscriminatel more effectivelyleadng to
smaller Webefractions andrelativelyweaksearch asymmettpr tasks based on these
featuresevenfor meaningless geometric figuréss such, our hypothesisayalsohelp
explain the'findings oMalinowski & Hibner(2001), in which asymmetry was not found
with “N” vs. mirror-reversedN” for participants who were familiar withothletter shapes
(Slavic) whereas it was for participants who were familigin only one Germai).

Recent research using taskber than visual search also support this proposal
culture-specifiettuning of visual attention and oculomotor control can occur by adapting to
environmentakfactors such as the artifacts encountered in everydayiyiger(oto ,Nisbett,
& Masuda 2006; Ueda & Komiya, 20)2Interestingly,n somecomputationamodels
search asymmetiganemerge as a byproduct of bottom-up processing with

environmentally-tuned neurons (Bruce & Tsotsos, 2011; Zhang, Tong, Marks, Shan, &
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Cottrell, 2008). Although these studies suggeat ¥isual environment can influence visual
attention thecritical factorsremain unclear.

It might also be noted thatientation is an elementary feature, in that a simple linear
filter can extract it; it is alsknown to be processed jmimary visualcortex(V1). Meanwhile,
line lengthandthe circle/circle-with-line distinction are more complex, requiring operations
involving local grouping and theorrelationof outputsof neighborindinear filters (Freeman,
Ziemba, Heeger, Simoncelli, & Movshon, 2013; Rensink & Enns, 149&ge are therefore
likely to be processed in extrastriate cortical areas, such,ag3vand 4. This might be
connected withsthe finding that different kindsbo&in activitycan resulfrom different kinds
of literacy. familiarity with the Western (Romarmphabetanleadto increasedctivationin
corticalareav®;"while familiarity with Chinese charactersdds toincreasedctivation in

areasv3 and V4(Szwed, Quao, Jobert, Dehaene, & Cohen, 2014).

Future Directions

Quir study. provides some hints for future explorations, not only of&bareof
cultural differences in perception, but atsore generallyhe role of visual experience in the
development.of early visual processing. For example, it would be worth conducting visual
searchstudies.usingther stimuliknown to causasynmetryin Westernerge.g., dark vs.
light), or having an additional discrimination tasKetter shapeprecede the maisearch
task It would-also be worth carrying out more empirical studies (as wekt@nding current
computational models) to determine whagpects o$timulus encodingnight underlie the
asymmetry differences found here, and to understand how they depend on the nature of the
surroundingvisual environment

Finally, it is worth roting that our results do not necessarily contradict previous
proposals o&n effect of analyc/holistic processing oparticular aspects @erceptiorand

attention (Masuda & Nisbett, 2001; Masuda & Nisbett, 2006; Miyarab#d, 2006). Instead,
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our resultssimply showthatthe analytic/holistic processingjistinction cannoaccount for all

such effects; a new factappears to be responsible, one that inestire stimulus properés
themselvesAs such, our proposal opens up some interesting new possibilities for explaining
variouscultural effects omerceptione.g., Caparos, Ahmed, Bremner, de Fockert, Linnell, &
Davidoff, 2012;Doherty et al., 2008}ffectsthat have previously beaxplainedonly in

terms ofdifferences iranalyticholistic processing.
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Fig. 1.Examples of the search displays used in Experiment 1.

Fig. 2. Mean reaction times and error ratesaf#d B)and search slopes (C) of targeesent
trials in Experiment 1In A and B the lines show the mean reaction tiraad thebarsshow

the error rate<rror bars indicate standard errors of the mean. RT = reaction time.

Fig. 3. Mean reaction times aretror rateA and B)and search slopg€) of targetabsent
trials in Experiment 1In A and B the lines show the mean reaction tiraad thebarsshow

the error rates..Error bars indicate standard errors of the mean. RT = reaction time.

Fig. 4. Scatterplots of search slopes for individual participanExjperiment or
low-density targepresent trials (A), lowdensity targeibsent trials (B), higllensity

targetpresent trials (C), and high-density targbsent trials (D).

Fig. 5. Examplesof the search displays used in Experini&nt

Fig. 6. Mean reaction times and error rates, and search diopt®targetpresent trials in
Experimenti2fer boththe O vs.reverseeQ (A and C) and verticals. tilted line (B and D)
stimuli. In A and B the lines show the mean reaction timraad thebars show the error rates

Error bars indicate standard errors of the mean. RT = reaction time.

Fig. 7. Mean.reaction times and error rates, and search dlopteetargetabsent trials in
Experiment 2,:for botkthe O/reverseeQ (A and C) and vertical/tilted line (B and D) stimuli
In A and B the lines show the mean reaction tiraad thebars show the error ratdsrror

bars indicate standard errors of the mean. RT = reaction time.
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Fig. 8. Scatterplot®f search slopes for individual participants in Experiment 2, for O vs.
reversee search in targgbresent trials (A)Q vs. reversed-Qearch in targesbsent trials
(B), verticalvs.tilted line search in targgiresent trials (C), and verticad. tilted line search

in targetabsent trials (D).

Fig. 9. Mean reaction times and error rates (A), and search slopesf (Bjgetpresent trials
and a scatterplet of search slopes for individual participants &jperiment 3. In A, the
lines show the mean reaction tingewd thebars show the error rates. Error bars indicate

standard errors/of the mean. RT = reaction time.

Fig. 10.Mean‘reaction times and error rates (A), and search slopes$ {@petabsent trials
and a satterplot of search slopes for individual participants (Bxperiment 3. In A, the
lines show the mean reaction tingesd thebars show the error rates. Error bars indicate

standard errors of the mean. RT = reaction time.
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