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Distinct Mechanisms of Location-Based and Object-Based Visual Attention
Wei-Lun Chou

Abstract

Visual attention studies have suggested two bases of selection—Ilocation-
based and object-based. Location-based attention denotes that locations in the visual
field are selected; object-based attention denotes that objects are selected. Location-
and object-based attention are not mutually exclusive; they can influence the
allocation of attention simultaneously. Over the last two decades, many studies have
focused on the boundary conditions of each basis of selection; however, little is
known about the underlying mechanisms.of each. This thesis describes a series of
five studies examining the.mechanisms of location-based and object-based attention.

Section I includes three studies mampulatrng visibility of stimuli with respect
to location (chapter.2),:0bject (chapter 3); and target (chapter 4) and distinct
functions (action/object recegnition ), brain pathways ‘(dorsal/ventral pathway), and
underlying mechanisms,(signal enhancement/noise exelusiony of location-based and
object-based atfeittion/are drff:;'fe?rﬁqted accgrdrhgly Section ITincludes two studies
manipulating high-lgvel factors—l.rrwo ._Jﬂpglhre ory (chaptey 5) and expectations
(chapter 6)—and demonstrated hew glmtrve factors also affect location-
based atténtion and object-based attcn ion drffele tly.

Taken togethégesult§ from thy ﬁve stulles show thatdocation-based and
object-based attention (1) ara i uence'd‘h';/ consclousness in different ways, (2) have
different underlying;rr-ljechan' nils, (3) involve dif&ent kinds_'of working memory,
and (4) rely on different aspects.oi-eue validity.THicse ﬁndirrgs challenge and shed

new insights into eurrent theorres of attentlon The consciotisness-dependent
hypothesis and the optimization hypothesrs are proposed to explain the novel
findings reported in this thesis.
Keywords: double-rectangle paradigm, subliminal spatial cue, object awareness,

signal enhancement, noise exclusion, working memory, cue validity
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Chapter 1

Introduction: Distinct Mechanisms of Location-Based and Object-

Based Attention

The complex visual world comprises an overwhelming amount of
information. Because of limited capacity of our cognitive system, only a fraction of
this information is selected fqr.ﬁﬁtﬁe[ pr&esﬂﬁhg‘,hence our visual system

AL

% e
comprises mechamsnl's of selecﬁv& uttentzgﬁ]i;'at can prrﬁmze processing of

foctfor
particular 1nforﬁ1at10n for e

“ﬂi{an objﬁ"t (or the location

occupied b)_(..:t;ﬁlel_(')'l?,]_fct ome conscious o j c;-'l'b'fher\/}.;_se it fades from

our conscfb;isness T.hls dail htF_Q{b ervatf i i b; émpu%ital evidence of

1nattent10£fll blimdness (Mack & S ndness Ei_imons & Levin
1997). Inraélé_ﬁiit_ipgf to ing i lforrnaﬁmi at ' nig'?n fq_t;ilitates

(_Carrascc?"& McElree, 2001;

tol ng out 1rrq]§'vant noise (Lu &
L "| "' 1 f.-l

Dosher, 2000) or sehsu-lzu’rg to fg_lewant mgna-l.@?arra‘sco, Pe‘.t'ipem Talgar, & Eckstein,

processing Speed dlSC inapility, ané spatial rgs@luti

'u

Posner, 1980; Yeshlfrun & Ca

.'-'-l|l

2000). "EJ'"E..' 5@ J‘b":L

Two bases of attentional selection

Attention allocation was conventionally described in metaphors such as an
“internal spotlight,” a “zoom lens,” or a “gradient structure.” According to the
spotlight metaphor (Posner, 1980), attention acts like a beam to illuminate a region in
the visual field; stimuli falling inside the attentional beam are facilitated. Eriksen and

Yeh (1985) further suggested that the region of the visual field selected by attention



can vary in size just like a zoom lens. Stimuli falling within the attentional beam are
facilitated. The gradient model (Downing & Pinker, 1985) further suggests that
enhanced processing of the selected region falls off gradually with distance. All these
models imply that attention operates in a location-based manner, called location-
based attention.

Since the early 1970s, in an effort to manipulate participants’ attention, many
studies have used a location marker, for example, a spatial cue, prior to target display
to indicate the possible location of ansupeceming target. This method has been named
the cueing paradigm, Researchers compare pérformance in the cue-present with the
cue-absent conditions or’in valid ‘with invalid! éonditjpris to infer the effect of

location-based attention JEriksen and Hoffman (1972) showggl,that a location cue

reduces target identification tifne oPghe cuei-'ﬁreéént trials relative to that of the cue-

! . 1.0 ."ﬂ.!.“ﬁ-‘ | .r-
absent trials. This was one offthe flrsﬁdicaggohs 'that a pre=cue can facilitate target
—
ol

processing at the cued locaticin. |
fL_ | a

In contrast to [e€ation-based attehtion, hpweversgrowmg evidence over the
past two decades hars[ showm th%t attentign operakes! net on‘lky‘ki;%l a location-based but
also in an object-based ﬁ;annner; theEt 15, attcntuion can.l:églect grouped parts across
different locations (i.e., an object[);and then higf.llight the processing of information
belonging to the selected object (Baylis & Driver, 1993; Brawn & Snowden, 2000;
Chou & Yeh, 2005; Duncan, 1984; Watson & Kramer, 1999).

Duncan (1984) applied a divided-attention paradigm to provide one of the
first pieces of evidence of object-based attention. He found that participants
identified two attributes belonging to a single object more accurately than two

attributes belonging to two objects (see also Baylis & Driver, 1993; Kramer, Weber,

& Watson, 1997; Marino & Scholl, 2005; Watson & Kramer, 1999; Vecera, 1994).



By modifying Posner’s cueing paradigm, Brawn and Snowden (2000) cued one of
two spatially overlapping objects by enhancing one object’s luminance. They found
that participants detected targets faster at the cued object than at an uncued object
(see also Chou & Yeh, 2005; Egly, Driver, & Rafal, 1994). In addition to the divided
attention paradigm and the object cueing paradigm, the notion of object-based
attention is also supported by a larger interference effect in a flanker task when
distractors (i.e., incompatible flankers) and target were located at the same object
than at different objects under a focused attention situation (e.g., Kramer & Jacobson,
1991; Richard, Lee, & Vecera, 2008 but see Shomstein &. Yantis, 2002).

Later studies have 1ndlcated that obJe(I:t_ based attentlon is influenced by
multiple cues of object-hood {Marino & Scholl, 2005) ObJectebased attention
operates on single-region ObjeCtS (E'gly et a} 1994 Watson & Kramer 1999),

illusory objects (Moore, Yantis, & \;ﬁ;ﬁ{\ 19b8p and grouped elements
i
(Matsukura & Vecera, 2006; Iv1 ore et ?!1 1998)'. F

4

¥ iy . | 1

The relationship between lota{ron based and okyéct-based a’ttentton

Many studies ha‘ve shown.that both location- based and object-based attention
can simultaneously influence attentlon deployment, suggesting that location-based
and object-based attention are not mutually exclusive. Egly and colleagues (1994)
used a cueing paradigm with a double-rectangle display to demonstrate the
coexistence of location-based and object-based attention. They presented two
outlined rectangles, with one end of one rectangle brightened as a cue to indicate the
possible location of a target. The target was a small solid square, shown subsequently
within one end of a rectangle. Location-based attention was indicated by the spatial-

cueing effect: Reaction times (RTs) were shorter when the target appeared at the



cued location than at uncued locations. Object-based attention was indicated by the
same-object advantage: RTs were shorter when the target appeared at the uncued end
of the cued rectangle than at the uncued rectangle, with an equal cue-to-target
distance between the two. Consistent with Egly et al., a series of studies using
various stimuli and tasks have demonstrated the spatial-cueing effect and the same-
object advantage (Abrams & Law, 2000; Avrahami, 1999; Lamy & Tsal, 2000;
Moore et al., 1998; Shomstein & Yantis, 2004). The double-rectangle method is a
simple and elegant way to probe and eompare location-based and object-based
attention in a single task. 4 =

Different accounts have been pubhshéc-i explalmng the same-object advantage
in the double-rectangle rﬁethod. Different accounts/assume ggfferent relationships
between locatioﬁ-l:;a{sed and oﬁjgffb@sed a:,ténjtliz}n The spreadﬁ’ig hypothesis

. 1

(Richard et al., 2008) states tha rWhe.;lﬁttengonl i} cued to alocation within an object,
attention will automatically s})r ad fro th:::ue!d Focatwn to the whole object.
Consequently, any cue that can uccessﬂiéIy dm!lcﬁ attefion toL a‘rspemﬁc location
within an object should alse a{lse attengion to s# 4ad throughout the entire cued
object (we tested this assumptlon 1n chapter 2) Such Spread of attention allows
better visual performance rela‘uveﬁ to a target W1th1n the cued object than the uncued
object. Since attentional modulation is triggered by a location cue and spreads to the
whole object, the same-object advantage should be an instance of location-based
attention; that is, the underlying mechanism of object-based attention is the same as
that of location-based attention (we tested this assumption in chapter 4).

On the other hand, Shomstein and Yantis (2002) proposed the prioritization

hypothesis to explain the same-object advantage. This hypothesis suggests that

object-based attention reflects a specific attentional prioritization strategy regarding



locations within the attended object, rather than modulation of early sensory
enhancement extending from location-based attention (we tested this assumption in
chapter 4). Accordingly, the prioritization hypothesis does not take a specific
position regarding the similarity of mechanisms between location- and object-based
attention. At best, it predicts different mechanisms for the exogenous spatial-cueing
effect and the strategic object-based scanning strategy.

Consistent with this trend, behavioral studies have demonstrated the
dissociation of location- and object-based:attention; for example, different types of
working memory are involved (Ch@ru & Yeh,2008; Matsukura & Vecera, 2009), and
they have different timeiCourses (Lls.t & Robertson 2007 Shomstein & Yantis,

2004). In addition, physwloglcal studies have sOw that different brain areas are

responsible for T(‘)caﬁon—basedr;n_efBbject—bpéred‘&éttention (Fidk; Dolan, Halligan,
| |

i‘Fr[_‘ N1

Marshall j& Frith, 1897; He, ﬁ mp) weys Fab, Icqen & Hah, 2008 He, Fan, Zhou,
& Chen, 2004; Wager, Jomd Rea?t) . 200‘4)’ For example tasks that trigger
location-based attention activat anter;mFJ'i)ram alr Fs whereas tasks that are relevant
to object-based atter-ltlon 1hy @l vie posteLior blam!IalJpas (He et al ,2008). These
studies demonstrating differences between locatlon based and object-based attention

r

hint at the possibility that they méy be two qualitatively different forms of attention.

The unified account of location-based and object-based attention

Although several studies have found differences between location-based
attention and object-based attention, a unified account of location-based and object-
based attention (see Mozer & Vecera, 2005, for a review) is still a widely held belief
(e.g., Davis & Driver, 1997; Kasai & Kondo, 1997; Richard et al., 2008). Rather than

viewing location-based attention and object-based attention as two qualitatively



different forms of attention, the unified account claims that object-based attention is
a consequence of the spread from /ocation-based attention (Richard et al., 2008) or a

grouped array of attended locations (Vecera, 1994).

Reexamining the unified account of location-based and object-based attention
Although some evidence has been presented of differences between location-

based and object-based attention, evidence strongly supporting the notion that

location-based and object- b?sed ?tte_[!t‘lonll.are 0 qualitatively different forms of

attention is lacking (sge- I\I/,Eozer-& Vccera 20_95, {or a-revg;w) This thesis thus seeks
J L_‘! _Ii‘:‘.

to examine the qu;}fta_ﬁifcbz dif mech %_’c_fﬁ;smsgilocanon-based and

obj ect-based'attej_l_‘glon
Iu i

Ina?ctlohﬁfl' i cipdnts’ awatengss of 1§<§ation

: F.:'VV-'| 5 _ r %ﬂ. h
respectively. Lo -:;:. r,_-, . "'\I
1 .__ -E ‘_ 1

In section II, by mamelatmg two hlgher-lizvel[factors—worklng memory
j" STy, ,"'.u",l ]
(chapter 5) and cue validity (chapter 6)—&'7've demonstrated that location-based
attention and object-based attention also showed discrepancies in higher-level

cognitive aspects. The findings of our study challenge current theories of object-

based attention and reveal new insights into them.



Chapter 2

Subliminal Spatial Cues Capture Attention and
Strengthen Between-Object Link

Chou, W. L., & Yeh, S. L. (submitted).

wt bs;:;-g@,fm,

Cn) ILI. .l'
J |.'T—'_'F ‘ E'E.I

bJ‘e‘:}}ﬂ;z_aseﬁ é{,tentwn (e.g.,

& - !
ject should als@ cause ’ﬁ&:ﬁhon to sp eaﬂ-tHrox_gl‘lout the whole

subhmde'éue stren etweeEbj ect lin |. i coded I.i‘lmarlly within

- '. l"'lq,'
the dorsal p&ibway th p;#tptlng the two-
l Ty .
rectangle meﬁ;‘wd 6%1;7 et'al § 1994) andusing a tlvéf:subhi';hhal cue to
."

compare with the'aassw &_Igprathﬁf;s e_Lfou‘%ﬁ‘a dlﬂgrent result pattern with

L L] e
A
suprathreshold cues thanm ub]lmmal cue

= Al .,jr“;,.._r__ TF

conventional location and object effects, w'hereas a subliminal cue led to a different-

_Ilnf g at eshold cue replicated the

object advantage with a facilitatory location effect and a same-object advantage with
an inhibitory location effect. These results support our consciousness-dependent

hypothesis but not the spreading hypothesis.



Introduction

To recognize an object in a multi-object scene, our brain needs to calculate
the relation of properties—shape, color, configuration, and so on—within objects.
For example, a pail with a curvature on the side can be a mug, but if the curvature is
on the top of the pail, it is more likely to be a bucket (Biederman, 1987). Visual
attention can facilitate processing of properties belonging to the same object, that is,
object-based attention (Duncan, 1984; Egly et al., 1994), and this kind of object-
based attention may be achieved by strengthening the within-object link that is

it
critical for object recogmtlon However to aqt.in a multi-object environment, our

brain needs to calculate. the relafion of propertles—drlentatlon size, and distance—

between objects, Epr ex@MpIc, 1o hit a baseball, 175 Critical to know the moment-by-

L 1 F - E L'E

moment distance betiveen thd baﬁ.@ﬁﬁ the lpat= In Fthls case, 1t is hkely that attention
N | [ |

helps action execution by strén thWtTvJen object link{Davis, 2001,

Humphreys, 1998) that is importtant fomsua lyl glllded actlon

o T, l
Indeed, two Vlsual pa hways have been 1h tifigd for the two main functions

of vision: object redi)éni‘;_ion and actiof (Goodali ‘ Mjlner; 1992). The ventral
pathway—from visual prlrnary cortex (V1) to 1§mpor;1 Lcortex—is mainly involved
in object recognition, whereas the dorsal pathway——from V1 to frontal-parietal
cortex—is mainly involved in the visual guidance of action (Goodale, Milner,
Jakobson, & Carey, 1991; Kluver & Bucy, 1938). The double-dissociation
demonstrated by neuropsychological patients provides evidence for the two-pathway
theory. On one hand, patients with lesion areas in the ventral pathway lose conscious
vision for object recognition but not the unconscious vision to act (Goodale &

Milner, 2004). For example, Patient DF cannot report the orientation of a pencil, but

she can posture her hand correctly as she reaches out to grasp it (Goodale et al.,



1991). On the other hand, patients with lesions in the dorsal pathway have intact
object recognition but impaired visually guided action. These optic ataxia patients
are able to report the orientation of a slot cut in a disk, but they cannot reach out and
pass their hand through it (Perenin & Vighetto, 1988). Contrary to Patient DF, the
optic ataxia patients have conscious vision for object recognition but they cannot use
this vision to guide their action. This double-dissociation of conscious and
unconscious vision revealed by neuropsychological patients with damage in ventral
and dorsal pathways, respectively, hints at.the possibility that manipulating normal
participants’ consciousness of the stimuli can'dissociate the two pathways and show
their difference,in affecting perf(;nnélnce. Thlls s the géal of the current study.

In a sémipal papef; BEly and colleagues (1994) {Jsed a cueing paradigm with

a double-rectangle dlsplay to demonstrate tlhe ex1§tence of w1th1‘n object link. They
presented two outlined rectangl krrs[_w,;ﬁ(mgf end oif one rectangle brightened as a cue
to indicate the possible locatiF ofata ¢t!:;he~ taFget was a small solid square,
shown subsequently within onejend of'a;"ectangllleﬁ# Within- object link was indicated
by the same-abject é;iizantao : FTS WeLe shorte1! V\Ihen the target appeared at the
uncued end of the cued than at the uncued rectangle Wlth an equal cue-to-target
distance between the two. As Wl’[i’l Egly et al.; a series of studies showing this same-
object advantage have used suprathreshold stimuli that supposedly trigger conscious
vision in the ventral pathway (e.g., Abrams & Law, 2000; Lamy & Tsal, 2000;
Moore et al., 1998). We hypothesize that if subliminal stimuli are used, different-
object advantage—that is, faster response to a target within an uncued object than
within a cued object—should be obtained instead because unconscious vision

involved in the dorsal pathway is primarily for action, and action requires a between-

object link.



In contrast to this consciousness-dependent hypothesis, the influential
spreading hypothesis of object-based attention would make an opposite prediction
(Richard et al., 2008). The spreading hypothesis states that when attention is cued to
a location within an object, attention will spread automatically from the cued
location to the whole object. Consequently, a subliminal cue that can successfully
capture attention to a specific location within an object should also cause attention to
spread throughout the whole cued object. In sum, regardless of the participant’s
awareness of the cue, a conventional same-object advantage is expected.

To test these two hypotheses:, we designed four experiments orthogonally by
crossing the cue type (subliminaﬂ suérathresﬁo]d) Wi{th'the cue-to-target stimuli-

onset-asymmetry, (SOA; 400ms/1000 ms). A subliminal cue was followed by

suprathreshold cue'in‘cach pai; of :éXperilnths. 'T‘he expefiments were structured as
; % 1 e ‘:j.— N
follows: _— ' i

1. Experiment ik sulili inal ci,f:-il()j)—rlls FSOA.
2. Experiment 2 supra hreshérld%g?ue, 1%?0‘*[1115 SOA.

3. Experim;e[ﬁ;; 3: subli%ninal cue, IOOO—JPQ SOA."

4. Experiment 4 sﬁprathre_shold cue, }000-;[1‘; SOA.

Manipulation of SOA allc;]{zvs us to exan;ine the object effects induced by the
spatial cue across different time courses. Past studies using suprathreshold cues have
shown that one’s attention is attracted first to the cued location but then is inhibited
from going there again, as indicated by an early facilitation (faster RT) followed by
late inhibition (slower RT) at the cued location (for a review, see Klein, 2000).
Bennett and Pratt (2001) examined the spatial distribution of the late-inhibition

component and found facilitation in the quadrant opposite to the cued (inhibited)

location. Assuming that attention relocates to the opposite quadrant in the long-SOA
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condition, the uncued object in the current study becomes “attended-object,” and a
reversed object effect should be obtained. Indeed, with suprathrehold cues, results
opposite to that obtained in the short SOAs were found instead (Jordan & Tipper,
1999).

A recent study by Mulckhuyse, Talsma, and Theeuwes (2007) has shown the
same bi-phasic mode of early facilitation and late inhibition with a subliminal spatial
cue. Thus, we hypothesize that opposite object effects should be obtained for a long-
SOA condition compared with a ihQiI-SOI!,A_Q?,ndltlon for the subliminal cue as well.

That is, with subhmlqlabclues we's sﬁould ex_pp!:tto fi nﬁ-a _{j.tfferent -object advantage

J |.—“'l —i::
Qr\)g/_'S_OA"li_rrgI contrast, the

for a short;,;SjtpAh'(ﬁgi ., I994) &d difffeﬁvbject a al;&age for a long SOA

for a short SOA‘anlla"'a ;b;ﬁlg_-ob'

(Jordan &ﬂilpper 1999)—as ﬁo‘g 7 inall cue attragts agt‘enﬁm to its location.
P o]
= - o B
. 7 Py
; i I .':lﬁ.
B, L
_.:::;. oy ; " -l -I"I,il
- o, N
W, LFL - |
Participants T, Y TR R 4 'ﬂl'

Seventy-seven paid volunteers partlcipated in this study (N =29, 20, 17, and
11 in Experiments 1 to 4, respectively). All participants had normal or corrected-to-

normal vision and were naive as to the purpose of the experiment.

Stimuli, Apparatus, and Design

The stimuli were presented on a VGA monitor with the resolution of 640 x

11



480 pixels in a 256-color mode. A visual C++ computer program was run on an
IBM-compatible computer to present the stimuli and collect the RT data. Participants
sat in a dimly lit chamber with a viewing distance of 57 cm. Head position was
maintained with a chin rest.

Figure 1 illustrates the stimuli and sequence of events for a target-present
trial (83% of total trials) in each experiment. The displays were comprised of a pair
of adjacent rectangles, oriented either vertically or horizontally. The fixation cross
was a red plus sign (1° % l°)_r. E J:_efta,n le.g .X 8°, with a stroke width 0.2°) was

centered 3° from ﬁxaqllonl The cge"!’masks IE!& 1° s-(-)'-fr B _grey squares), and the target
.

11 ce\\R cred 4 24" from fixation.

E.

three cue- t"‘r‘gethf'él;h nshipsj

1 Valid: T . ™
2. Invalid s he uncuezf location
i
3. Invalid qftffére earéd;at tfib. near end of the
uncued_bbjeé't; = i ad W s
g L 2

s
The distance between J,he cue and the targlebt vare equal in the IS and ID

'_ '.' LY e

conditions, making any RT dlfference between IS and ID conditions not attributable
to location. There were four blocks of 58 trials each, including 16 valid, 16 IS, 16 ID,

and 10 catch trials, presented in random order.

Procedure

Each trial began with a fixation display containing the fixation cross and two

12



rectangles, with its duration jittered from 300 to 800 ms to reduce anticipation. In
Experiment 1, following the fixation display, the cue display was presented for 16
ms and was then replaced by an 84 ms mask display, making the cue-to-target SOA
100 ms. Then the target (or, in the catch trials, nothing) was presented and remained
visible until the participants either responded or, if there was no response, for 1000
ms. The next trial began after a 1000-ms intertrial interval, during which the screen
was blank.

The subliminal cue was a small pateh-appearing at one end of the two
rectangles in the cue display. The cue was préSented 16 ms earlier than the other
patches shown in the othier three énd.s g1v1ng| t-he 1mpresswn that all four patches

appear 51multaneously. THEWPARticipants were asKEdHO ﬁxate at the central cross

throughout each trlal and therr tasiy yvas to press ‘the spacd bar onh a computer

rF[_‘-I

keyboard as rapidly as possible wh?gﬁief ﬁg"y hefected the target. A 500-ms
feedback beep was presentedlif he pa 1pant n!nape agesponse to a catch trial that
contained no target Before the xpeuméﬁtal tr 1!}1% the part1c1£)a1;1t was given 20
practice trials that W‘ere rahd 141}/ selectgd from hl: expenrnental conditions.

After conductlng the target -detection task, pe;r-tlmpants were asked to perform
a cue-report task, which assessedE whether partlclpants were indeed unable to
perceive the cue. Sixty-four trials (16 trials x 4 possible cue locations) with identical
procedure to the trials in the target-detection task were conducted. Participants were
asked to ignore the target but to indicate which of the patches was presented earlier
than the other three patches by pressing a one of four designated keys on a computer
keyboard. Each trial ended when a response was given and no feedback was

provided. After this objective measure, the participants were asked directly about

whether they had seen any patches occur before the others during the whole
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experiment. This open question served as a subjective measure of the awareness of
the cue.

Instead of the subliminal cue used in Experiment 1, a suprathreshold cue was
provided in Experiment 2. In Experiment 2, following the fixation display, the cue
display was presented for 100 ms and then replaced by the target display. Instead of
the short cue-to-target SOAs (100 ms) in the first two experiments, the SOAs were
1000 ms in Experiments 3 and 4. In Experiment 3, the cue display was presented for
16 ms and replaced by a 984-1 ms, Exasf d,1§p In Experlment 4, the cue display was

T
presented for 100 ms.?rrdl'.iﬁen rqpl‘éieed by a:fEK)()—ms fixa émn display.

J |.—'F —i_
— l|r- 5
i : -
B ok
& T
. X A=l ]
Y| v )
ol LL.'_i
Cue-Report Task
=~
- - Lo B
Allcf)a;_rtiglpan at 't'h'é’y ysg%re unable to
perceive the qcre;, Wfix:h ve ‘fne"asuj;'h The mean

' aborat by the ‘
A £ 'Gll'
detection accuraoy _,Qf the %ur—algqrn rcs@_ ch(ﬁlbéj éue‘qieport tasks were not

significantly above chanca lejipl (_27% and 25"2;- resp@i‘rvely, ps>.30). All

participants in Experiments 2 and 4 were #ully aware of the cue.

Target-Detection Task

Figure 2 shows the mean correct RTs collapsed across rectangle orientation in
all experiments, since orientation did not affect the RTs, nor did it interact with

validity (ps > .05). The collapsed data were submitted to a one-way repeated
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measures Analysis of Variance (ANOVA) with the factor of validity (valid, IS, ID).
The main effects of validity were significant in all four experiments [F (2, 28) = 4.00,
p<.05F(2,19)=17.76,p <.001; F (2, 16) =4.33, p < .05; F (2, 10) = 17.86, p
<.001 for Experiments 1 to 4, respectively]. There were no differences in error rates
across conditions in each experiment, indicating no speed-accuracy trade-off.

In Experiment 1 (subliminal cue; 100-ms SOA), planned comparisons (two-
tailed, paired ¢ test) showed faster RTs for valid than for IS trials (p <.05),
replicating the finding that a subliminal cue can capture participants’ attention (e.g.,
Mulckhuyse et al., 2007). More imp_ortantly,, the-subliminal spatial cue led to the
different-object,advantage: Partic[ipants respblllzcied fg:stéf- when the target appeared at
the uncued object (ID) than atithc cued object (ISP < VE.OS)._

In Expeffr[n.eht ) (supr;:%iﬁl_re{é'h'OId cu?;ilij(jbims SOA), thé‘RTs of valid trials

U 'F[_‘FI Iﬂ LI‘ o
were shorter than those of IS frials {msn035) -:anld ‘he RTs of IS trials were shorter

O
-
than were those of 1D ftrials (4» .01). E&perimeht !2 replicated the typical patterns

from a suprathreshold'eue with shortS‘@iA—lqc tion-based fdilitation and same-
object advantage. Qo.ﬁiparin 'E{xperiments 1 an«! revealkre[v'ersed object effects

with subliminal and sup’féti{iréshold_ Cucs. diﬁ”ez?ent-of)}éct advantage for subliminal
cues and same-object advantage %é)r sup;athrésliold cues:

In Experiment 3 (subliminal cue; 1000-ms SOA), the RTs of valid trials were
longer than those of IS trials (p <.05), indicating a late inhibition component of the
subliminal cue with long SOA and also replicating the findings of Mulckhuyse et al.
(2007). More importantly, participants responded faster when the target appeared at
the cued object (IS) than at the uncued one (ID) (p < .05). That is, the subliminal

spatial cue in a long-SOA condition led to location-based inhibition accompanied

with object-based facilitation.
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In Experiment 4 (suprathreshold cue; 1000-ms SOA), the RTs of valid trials
were longer than those of IS trials (p <.001), which were longer than those of ID
trials (p <.05). Namely, Experiment 4 found both location- and object-based
inhibition and replicated the findings of Jordan and Tipper (1999). By comparing
Experiments 3 and 4, we confirm that the subliminal cue and the suprathreshold cue

led to reversed object effects also in a long-SOA condition.

Discussion

1= . [
Our results show thata subliminal cué caused dlfferent -object advantage for
short SOA (Experiment l) ghidisame-object advantage for long SOA (Experiment 3).

These results ane ‘e}:aposne to the-ob,l"ect effecls*ebtamed Wlth a suprathreshold cues
used in Experiments 2 and 4 ﬁl %’i’chmnv%‘pﬂrn’al object effects were replicated:
same-object advantage for shi Oﬂe’gj_ﬂbﬂprlls & Law, 2000; Egly et al., 1994;
Lamy & Tsal, 2000; Moore cft al. 1998rIélnd dlffejent object adyantage for long SOA
(e.g., Jordan & Tlpper, 1993 L{st & Robertson, HZ(]PH The! crltlcal difference
predicted by the spreadlng hypothes1s and the conscmusness dependent hypothesis
lies in the results with the 1;se of $ubliminal cue (Experlments 1 and 3); we have
demonstrated that the subliminal cue we used indeed did not reach consciousness, as
confirmed by both subjective and objective measures of participants’ awareness of
the cue. Furthermore, the subliminal cue we used was effective in capturing attention
to its location, as indicated by faster responses to targets shown at the cued location
with short SOA and slower responses with long SOA, replicating early facilitation

and late inhibition with a subliminal cue proven by Mulckhuyse et al. (2007). The

fact that the suprathreshold and subliminal cues led to opposite object effects
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supports our consciousness-dependent hypothesis but not the spreading hypothesis.

The results of early facilitation with short SOA that leads to same-object
advantage for suprathreshold cues and different-object advantage for subliminal cues
can be explained as follows: The suprathreshold cue triggers the ventral pathway that
1s mainly responsible for conscious object recognition. Object recognition heavily
relies on within-object link—thus, properties within the same object should be
strengthened altogether—Ileading to the same-object advantage. The subliminal cue,
however, triggers the dorsal pathway thatis mainly responsible for visually guided
action. Action heavily relies on between -objéét-link—and;. thus, properties between
different objects shoulds be strengthened 1nste'a-d—1ead1ng to the different-object
advantage. The reversed geSult patterns triggered by the late inhibition with long
SOA follow the same reasonmg Tﬁerefore 'thls Study pr0v1des evidence of
dissociating uncons¢ious Vlsle (do;;?nd‘cokspous vision (ventral) pathways
with neuropsychologically 1nra t obse?te,rs Un 1kPe previous studies supporting
object-based attention that all used su;ir;tlhresholl(f#stlmuh (e-'g., Baylls & Driver,
1993; Brawn & an’w'(:ien, 2 OCi; Duncaa, 1984;!F&1y ctal’ [1:994), the current study
demonstrates opposite results from_ suprathiresheld an:[dLSubliminal cues by
manipulating participants’ conscii'c;usness regnrt.iing the cue.

Note that the task our participants performed was to detect a target within one
end of two objects, which is considered a type of “vision-for-perception” task. Thus,
it is reasonable that previous studies using suprathreshold cues found same-object
advantage because the within-object link was emphasized in such perception tasks
that supposedly are processed in the ventral pathway. When an action (i.e., pointing)

that triggered the dorsal pathway was required, the same-object advantage was

disrupted (Linnell, Humphreys, Mclntyre, Laitinen, & Wing, 2005). Why would the
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same perception task with a subliminal spatial cue in the current study prove to be
processed in the dorsal pathway that enhances between-object link? It is possible that
unconscious spatial cues can bypass the constraint of task demands, making the
dorsal pathway dominate the ventral pathway. The subliminal cue indexes a given
location, then sent along the dorsal pathway, which is also known to process location
information (Ungerleider & Haxby, 1994) without being masked by the influence of
within-object links.

Davis, Welch, Holmes, and Shepherd (2001) used a divided-attention task
wherein participants were asked.to compare {fwo-target features within an object or
across objects, and theysalso fOU.l"ld a. differen[[ -objec‘gadvantage: a faster response
when the two features belonged to different objEet8 th;r; to the same object. They

argue that different-object ad\f;c{nteféq was ob‘[éinepd due to‘pracesses in the

rF[_.l

magnocellular pathway. Thelr a sertmﬁbmgis sjm]e similarities to ourhypothesis
because it has been suggestei} thiat the ptral aLdFdorsal pathways are the cortical
extensions of separate Stbcoftidal parv’o%]lulal Ila\ﬁd magnocellular pathways
(Livingstone & Hut?el; 1987 ) I-}[owever, there IS!II’I(LW cons@erable evidence showing
that although the dorsal 'f;[at[iTaWay is_ largely—theugh not entitely—dependent on
magnocellular inputs, the Ventralibathway reeei;/es major contributions from both
magnocellular and parvocellular inputs (Merigan & Maunsell, 1993). Our study also
differs from that of Davis et al. (2001). They manipulated the stimulus presentation
that favors one pathway over the other and found same-object advantage in one case
(e.g., only high-spatial frequency information available that favors the ventral
pathway) and different-object advantage in the other (e.g., presenting the objects and

target features simultaneously that favors the magnocellular pathway). However, we

obtained both the same- and different-object advantage using the same stimulus
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displays. In our procedure, the objects were presented for 300 ms to 800 ms before
the cue was shown, and the cue-to-target SOA was 100 ms or 1000 ms. Davis et al.
(2001) suggest that it is the time interval between the objects and the target features
(delayed 2400 ms or simultaneous) that determines whether a same- or a different-
object advantage is observed. Although it is difficult to compare the cuing task and
the divided-attention task, the object preview time in our procedures and the cue-to-
target SOAs were long enough for the parvocellular pathway to operate. It is possible
that the 16-ms subliminal cue tri, igertthcl!.ma‘%nocellular pathway, which is sensitive

to transient changes; _]gowlever -\gh&’i'we empﬁ!sq—ze ﬁere 1§,.that the conscious status is

—-I_'_' 7 b 1o :r

critical for modﬂl'a%fngﬁé > obje

.':;:' I'!' I LRt o |
will enrlcl;;‘(zur ﬁ'ﬁder andingfof hutgan visfal pfpcessing IhaL-O'n one hand leads to

object recs'gmtlon afid, on th oﬁle1 1 isudlly guideg act;on.@_lapractlce,

a_—

subhmmaiTi!nformat seful 1E0 1ca1 settmgs to provide

modlﬁcatlonfﬁreatlwai genberg, iatkani c skeﬂh'zy, 1@91 Karremans,
Stroebe, & Claus 2;)06’ h@rlklet& 9-3) F%khbr ‘Qlur ﬁndlngs suggest that

o = -
conscious state and tlmln.g ar}both crltlcal factors t]_;}ai must be considered, not only
i | ¢ = j'--- .!.‘ T

for future studies but also for apphcatlon purposes.
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Chapter 3

Object-Based Attention Occurs Regardless of Object Awareness

Chou, W. L., & Yeh, S. L. (submitted).

Abstract
Al TS e,
This study 1mféj‘1gafed-sghéﬁler obf%zba
participants’ a\_ﬁqgéilﬁes}]ﬁ‘f f obje Ve uscanthe woal;%ﬁpg{@ethod (Egly et al.,
F i -l 1
1994) to prci%lomgct- a8 continuous flash suppression
& o GL
technique @ang ?I .,

Eljai'tiptlon is modulated by

bch, 2005) to gontrol feﬂ'-'?the visibility of
the two rg:i:&ngles. Qur resulT owithat sed atte ion‘as iﬂ_exed by the
same-obj&"f' advanta aster fesponse ith Acued obEct than within a
_'Il e, _?;.a | B 1 gl
non-cued obﬁctf—wa ptaiedirega i V: n_,q;-’g of the objects.
[1}[ [ﬁ!:" b ‘ d .'-h"
This study prm;d > {118 ence ofiobject-Bafed atteﬂ;ﬁﬁ'n u";her unconscious
.\:'I;5 J-'i--'m : r T

i £
conditions by shc@;‘-ﬂg fﬁayﬂe 36 g: 1 unit of ftte';%é'h caﬂlbe at an object level

" |.lIl .,g' -
131ble—a leve E

even when these obj ectsgl:_t: gtrgr 'n the previous evidence for

a subliminally cued location. We suggest that ObJ ect-based attentional guidance plays

a fundamental role of binding features in both conscious and unconscious mind.
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Introduction

When we attend to an object, we become conscious of it; when we shift
attention away from the object, it fades from our consciousness. This daily-life
observation leads to the suggestion that attention is the gate to consciousness, which
is supported by empirical evidence; for example, inattentional blindness (Mack &
Rock, 1998) and change blindness (Simons & Levin, 1997). Recently, however, new
evidence hints at the possibility that attention and consciousness might be two
independent processes (see Koch & Tsuchiya, 2006, for a review). For example,
under the condition of near abseqce:pf attenfi'(;n, observers can still be aware of

whether the visual displﬁay comf@is an animal¥{Biy Van_l{ullen, Koch, & Perona,

2002). Converser; sernantlc 1nf0rmat10n of a masked stlmuhls can be processed

g— = ;L
[ ’L;, g

with focused attention but w1th0y1 cqnsmopsness‘ (Ortells, Velhdo Daza, & Noguera,
[ o l

2006). However, thecritical €vi enfﬁlba-wle déuble-dissociation of attention and

consciousness—conscious pe]rc ption j ihout aftgntion (defined as
. | FJ,-!. .l
selection/ﬁltering)—still awditgl further uﬁequivbc;al evidence to disentangle one

position from the ot’her Neyexf clessgifibecomes clear from burgeomng studies
conducted under this debate that gttentlon and conscu;usness are not the same thing:
Attention can move freely under unconsciousconditions, as indicated by recent
findings of attentional capture by a subliminal cue to its location (Jiang, Costello,
Fang, Huang, & He, 2006; Mulckhuyse et al., 2007; Bahrami, Lavie, & Rees, 2007).
The fact that attention can operate unconsciously goes along with the
influential feature integration theory, wherein various features belonging to the same
location are processed in parallel and combined only when attention moves there

(Treisman & Gelade, 1980); from then on, the spatial-temporal information of that

location is compared to the stored representation to retrieve the information about the
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object (Treisman, 1996). Thereby, attention improves processing at a given location
and combines whatever is there. According to this view, attention serves as the first
step of detailed processing at one location due to limited capacity available, and thus
one cannot know what was there beforehand. Along this line of reasoning, what
remains unknown is whether attention can further operate on the whole object—that
is, object-based attention—even when the objects remain invisible. Ecologically, the
ability to make speedy correct fight-or-flight responses is important for survival. To
an animal, the decision to fight or flee depends on whether it sees prey or an enemy.
To recognize objects. immediately, spatlal inférmation is important but insufficient;
processing of propertles belonglr;g t(.) the sanie object 1s also critical. Because many

objects are out of our conseiousness in the over-complex visual world, we

hypothesize that not only loca'ffonfﬁ'qsed att,eﬁti(;'n but also, object-based attention can
| 4

rr[_J 1
be influeneed by unconsmous 1 kforrﬁm’htg. aciva}ntage surviving.
_l'
In contrast to our hyp')t esis, h yever, Lr}wa Yokosawa, and Ogawa (2007)
- I

argue that awareness of objectsis necesgary forP ject- based attention. They adopted
the two-rectangle rqcthod 3] 1)% et al., 1994) tha‘ cbntained [tWO rectangles with one

[

end of one rectangle ﬂaéiiiiaf;g' a sme_lll circlC as acue {6: indicate the possible location
of a target. The target was shownﬁ'éubsequentiy r.within one end of a rectangle. Object-
based attention was indicated by the same-object advantage: RTs were shorter when
the target appeared at the uncued end of the cued than at the uncued rectangle, with
an equal cue-to-target distance between the two. Ariga et al. (2007) used objects that
were defined by perceptual completion—that is, illusory objects —and found that the
same-object advantage was not obtained in the condition when observers were

unaware of the illusory objects. Only when observers were aware of the objects was

object-based attention found.
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We noticed that in Ariga et al.’s (2007) study, awareness was manipulated by
changing the object preview time; therefore, in their unconscious-object condition
(Experiment 2), the objects and the target were presented simultaneously; that is,
there was no object preview time. At least two studies from different groups imply
that such a design may not be favorable for obtaining the same-object advantage:
First, Davis and Holmes (2005) argue that the same-object advantage reflects strong
within-object feature binding by mechanisms in the parvocellular to ventral-stream
pathway that is responsible for objectirecognition. According to Davis and Holmes,
the simultaneous presentation of fhe target and-objects in-Ariga et al. will weaken the
contribution of this pathway becatuse. of the tr'a-mlent 31gnals of the two; this would

reduce or even eliminate the same-object advantage. Second , Shomstein and

Behrmann (2008) showed tl’ldt Var yrpg the qb Ject prev1ew tlme changes the

I‘r,r[—,‘_ i

magnitude of the same- object a Van‘[;]ge ﬂL saJmF object advantage is observed only

if there is ample object previiw time t stabllsL tPe object representatlon
A L §
Based on'these differin studles Jwe furt]l hypothesme‘that it is preview
time but not awarenes*s that etFrmines @b ject—bks*d attention: Given sufficient

[

object preview time to s’uceessfu]ly estaplish object re‘presentatlon even invisible
objects can lead to object-based e;ttentlon Desplte a prevalent assumption that a long
processing time unavoidably leads to the involvement of awareness and
methodological difficulties in teasing apart the influences of processing time and
awareness, it has been shown that the two can be dissociated in separate processing
streams for implicit and explicit visual perception (Lo & Yeh, 2008).

To provide a long-enough object preview time, we used the newly developed

paradigm called continuous flash suppression (CFS) (Fang & He, 2005; Tsuchiya &

Koch, 2005). In this paradigm, constantly changing high-contrast patterns are flashed
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to one eye that provide strong interocular suppression signals to a static stimulus
presented to the other eye. Critically, the suppression of the static stimulus can last
for quite some time (see Lin & He, 2009, for a review). Unlike other paradigms used
for manipulating awareness (e.g., masking or crowding) wherein awareness is
manipulated by changing visual stimulation (e.g., either masked or not), CFS has the
merit of keeping visual stimulation invariant and surmounting the limitations of
binocular rivalry (e.g., relatively short suppression duration and uncontrolled

variation of one percept to anothir)_}i: st,ufly_m consciousness.

L ¥
By adopting tl‘e.dFS te-akmique in the l.‘.urrent -stugy visual objects can be
| |.—“'l —i_j .F :

shown to obser&e'rg'ﬁvr_ﬁ"él relati 90'(1ms) Moreover, unlike

Ariga et al. (‘ZQOQ_WhCT 1 by #‘_‘a\ngiﬁlg object preview
.": I'!' ¢ : L Pt 1|
time, we emgnh'ﬂ a g tuation st higlf of the Paftidpants aware and the

other halﬁyinaware n—thaﬁga, the same
o ’ -'.L
stimuli ariiafprocedu awareness states
- - e B
T ! Uy, {
l-:I" & a -:rl_.-.l_ Py ;
e, - iy i
' "-._1 ) 5 &\.-I v
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Participants . f Y ;';i'-w-:"._'-'j-i:'f p=

Twenty-six National Taiwan University undergraduate students were paid to
participate in this study. All participants had normal or corrected-to-normal vision

and were naive as to the purpose of the experiment.

Apparatus, Stimuli, and Design
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The stimuli were presented on a VGA monitor with the resolution of 640 x
480 pixels in a 256-color mode. A visual C++ computer program was run on an
IBM-compatible computer to present the stimuli and collect RT data. Participants sat
in a dimly lit chamber with a viewing distance of 57 cm. Head position was
maintained with a chin rest.

Two different images—both surrounded by a frame (15.7° x 15.7° visual
angle, with a thickness of 0.2°) composed of random dots—were projected onto each
eye through a four-mirror stereosFop? (sep Flg,ure 3 for an illustrated depiction).

Figure 4 illustrates th? Stllmuh and Eequencqnf:svents fog,a trial that contained

| |.-71' —i: =

objects (the obj_ﬁc‘thﬁzqﬁ);'_'lgpml nQinéd 10_'.:5?, x 10.5° Mondrian
eV’ J

I

eye 1mage_s.t:omprls d two hdrizonialslight J aclillred’mngle (2° x 8°,
» ‘ ; g

s
contrast of the
» 1'.' Tar ""-r

'r -
t10n uue a'hd target were

constant at 5&% cotftrast 1 t'_ the end ofithe trlal i f
presented blnoculqi;ly af MCOWML@P&) th‘?yes The fixation was a
red plus sign (1° x 1°) The cue and the target werf ldltn‘ﬂc;ll (a 1° x 1° solid black
patch) and all were centered 4. 24{f_r6m ﬁiaﬁgﬁ- l

The spatial pre-cue was presented at one end of a rectangle, with one of the
three cue-target relationships:

1. Valid: The target appeared at the cued location.

2. Invalid same-object (IS): The target appeared at the uncued location

within the cued object.
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3. Invalid different-object (ID): The target appeared at the near end of the

uncued object.

The distance between the cue and the target were equal in the IS and ID
conditions, making any RT difference between IS and ID conditions not attributable
to location. There were 12 object trials, including 4 valid, 4 IS, and 4 ID trials, which
were mixed with 22 no-object trials (foils). All trials were presented in a random
order.

The stimuli and procedure of the no-object trials were identical to those of
the object trials except there were 1o rectanglés.-Despite the absence of rectangles in
the no-object trials, we still used the Samce dell;tatlons (vahd IS, ID) based on the
imagery rectangles. The proportions of valid, IS, 1D, and cag;h trials of the no-object

trials were 70%, 10%, 10%, afd | 10%, respc;buvely

i

' — : !
r ] 7‘ J '
= i i F
Structure of the Experimenti F
&14 l ;

T ey w

Figure 5 deplcts the sl cture of the exp%rﬁlpent Flrst a dominant eye
measurement was cronducted Participants used thelr thumb and index finger of their
right hand to make a eircle and view an obj ect on the wall binocularly through this
circle, closing the left or right eye alternatively to determine which eye could still see
the object through the circle even when the other eye was closed. The eye that could
still see the object was treated as the dominant eye. The dynamic Mondrians (the
masks) were then presented to the dominant eye to provide stronger suppression to
the critical stimuli that was presented to the other, non-dominant eye. In the

beginning of the CFS procedure, the participants were asked to fuse the dichoptic

images through a four-mirror stereoscope. After a perfect fusion, the experimenter
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started the target-detection task with the practice stage, which contained 20 no-object
trials that were randomly selected from the training stage. After the practice stage
and a short break, the training stage (34 no-object trials) and the critical stage (12
object trials mixed with 22 no-object trials) were conducted in sequence without
break.

After conducting the target-detection task under the CFS procedure,
participants were asked to perform the object-report tasks to assess their state of
awareness of the rectangles. First, anopen:question was served as a subjective
measurement: “Did you see any: ﬁgures besidés the cue, target, fixation, and
Mondrians during the whole expérin.qent?” Tllle;n a ﬁyeialtemative-forced-choice (5-
AFC) task followed to s;erve asan objective measurerr;nt: Multiple-choice questions
contained five ﬂIustranns (tWO hoh!'zontal fectaﬁrgles twa VertICal rectangles, four

| 10

squares, eight horizantal lmes Ind. e@e’gﬁceh ﬁmes) and the participants were

asked to indicate the one the)' had see prmg tLe! expgeuitiént. F 1nally, the
i}
participants rated the eonfidenc level"(ﬁ'pomt sfc le, 1 denotmg ‘not confident at all”

and 5 denoting Very confid t{) aboutgheir Ch(%lc ifl the S:AFC task.

|
¥

Procedure of the CFS Trial

Figure 4 illustrates the stimuli and sequence of events for an object trial. The
images projected to the dominant eye were 10-Hz dynamic Mondrians. The fixation,
cue, and target were presented to both eyes, and the rectangles were presented only
to the non-dominant eye. Each trial began with a fixation display containing the
fixation cross and two rectangles (or, in no-object trials, nothing) with 1,600-ms

duration. Following the fixation display, the cue display was presented for 100 ms
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and then replaced by a 200-ms fixation display, making the cue-to-target SOA 300
ms and the object preview time 1,900 ms. Then the target (or, in the catch trials,
nothing) was presented and remained visible until the participants responded; if there
was no response, 1,000 ms. The next trial began after a 1,000-ms intertrial interval,
during which the screen was blank.

The participants were asked to fixate on the central cross throughout each
trial, and their task was to press the space bar on a computer keyboard as rapidly as
possible whenever they detected the target: A- 500-ms feedback beep was presented

if the participant made a response to a catch ffial that contained no target.

Results

% L“ “
| e

7"3:* ik |
—_— ‘

Object-Report Task | T
ject-Report Tasks | = o

A || .

. - Y R :
For the subjectfive meEas remeiit, 6 part1h01pants reported-that they were
: \

r
F

unable to pereeiveany: fighias %side from the cu'?, taxget, fixation, and Mondrians

during the entire experiﬁéﬁt; the, o‘Eher 10 parti:cipan;:s:feponed seeing the rectangles.
For the objective measurement (tfle 5-AFC taslg), 14 participants —include the 10
participants who reported seeing the rectangles in the subjective measurement—
responded correctly (the average of 5-point confidence rating was 4.71, with a range
from 3 to 5). The other 12 participants made an incorrect response (the average of 5-
point confidence rating was 1.33, with a range from 1 to 3). Only participants who
were unaware of the rectangles by both subjective and objective measurements were

sorted to the “unaware group” in the further analysis, making 12 and 14 participants
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in “unaware group” and “aware group,” respectively. Figure 6 shows the summary of

results in the two groups.

Target-Detection Task

The mean correct RTs of object trials were submitted to a two-way repeated
measures ANOV A with the factor of awareness state (aware, unaware) and validity

(valid, IS, ID). The main effect of validity was significant [F (2,23)=7.17,p

—.E f — '
f awareness 's‘,'gte - was far from statistical

l- 'h

< .005]. However, the mﬂn;i-e!t‘feélé
A"
significant [F (2 2|3'j 049,p= ‘62] Therﬁce.re no d.1f1feré§5_:_es in error rates across

¥ =
-
. T

05), replicating th
n )r%glca ing the

= e * F .
finding that a spatia o the cued location

(Egly et af:f:'l 99497 thé’,ﬁ'ﬁh}g?bbject
2
advantage regardle“srg-'@_f ifigants’ awareness joffthe jé_e"EES\ F &t_er RTs were
found when the'ﬁxget appeanem(lﬁ,};thpn atfthie uncued object (ID)
= 3 N

in both groups (ps < Oﬁ)_ The migmtudes of' th"pj sam_ewob}ect advantage in both
aware and unaware group— 4 aﬂﬁ#ﬂmsjtesgectlvely- are well within the range of
such effects reported in the literature (e.g., Moore et al., 1998; Shomstein &
Behrmann, 2008).

The data from the no-object trials were also submitted to two-way repeated

measures ANOVA with the factor of awareness state (aware, unaware) and validity

(valid, IS, ID). The main effect of validity was significant [F (2,23) =8.27,p
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< .005]. The main effect of awareness state was far from statistical significant [F (2,
23) =0.39, p = .73]. There were no differences in error rates across conditions,
indicating no speed-accuracy tradeoff. Planned comparisons showed faster RTs for
valid than for IS trials in both aware and unaware groups (ps < .05), proving that the
spatial cue in this study could capture participants’ attention to the cued location.

More importantly, data from the no-object trials did not show any significant

difference between the IS and ID conditions in both groups (ps > .6).
i [BE2E ‘{"-?-'f"c

i

and unawarc groups
.l —'-i'

same- objemdvantage

h $u jectivmfi objgctive res- Fu;tb"ermore the
| I.

tailed was m%eed causefl by epbjects and cannot be

I.E,
e ,.

attributed to oi:hels cf)nfoundi fe, cxpectatl,.(gn hemlfleld of

E- .'L: " I-' [" = ¥ I“'-:QL:. 1 F

target, and other st"“étigwsr—beé-ause when wg._iafnalyZed rlel:s'uﬁts from the no-object
trials, there were no dlfferenc-gs 13.1)_qﬁfonljancf beLweIén the IS and ID conditions in
both groups. To our knowledge, almost all evidence supporting object-based
attention is obtained from studies using suprathreshold objects (e.g., Baylis & Driver,
1993; Duncan, 1984; Egly et al., 1994). The fact that both aware and unaware groups
led to similar same-object advantage in the current study provides evidence for
object-based attention under the unconscious state—just as observed under the

conscious state. In other words, consciousness of the object is not required for
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object-based attention, and the consciously and unconsciously perceived object may
trigger the same attentional processing.

Showing that object-based attention can occur even when the observers are
unaware of the objects is inconsistent with the results of Ariga et al.’s (2007)
Experiment 2 because they did not obtain the same-object advantage when their
observers were unaware to the objects. The fact that Ariga et al. used illusory objects,
presented the cue before the objects, and provided no object preview time may have
weakened the strength of object representation, thereby weakening the ability of the
attentional guidance by unconsciously processed objects.:In contrast, our use of real-
contour object, presenting the ob ject; before !tﬁe cue, a'ngi providing 1,900 ms object
preview time may have strengthened the object represelntation; thus, selection based
on an unconsciéusldbject is peréé—il;il‘en Indeegl’,lSjl‘fo“mstein and Bé“hrmann (2008)

- A E

confirm that the strength of obj ct reﬁehtéﬁdn Plays a critical role in object-based

-

attention. i ‘ l
&r[J | & —

™,

The current results support Oul Hybotheﬁisl that object—Based attention can be
obtained as long as ;siifficientl otaject prexiew tinile is provf&éci" for establishing robust
object representation. Th;: teason tl_lat e same[-obje;.::f:;ldvantage was not obtained in
Experiment 2 of Ariga et al. (200[7) but was obf.alined in their Experiment 1 may not
be due to the unaware versus aware state, but rather to the O ms vs. 400 ms object
preview times used in that study. In our study, by adopting the CFS paradigm —an
excellent tool that permits independent manipulation of processing time and
awareness —we could provide a sufficient object preview time (1,900 ms) in both

aware and unaware groups. The reliable finding of the same-object advantage from

both the aware and unaware groups in the current study suggests that sufficient
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object processing time, but not the consciousness state, is critical for the same-object
advantage (e.g., Davis & Holmes, 2005; Shomstein & Behrmann, 2008).

In addition to the methodological concern, along the mainstream of recent
debate as to the issue whether attention and consciousness are independent (Koch &
Tsuchiya, 2006) or whether attention is necessary for consciousness (Mack & Rock,
1998; Simons & Levin, 1997), the opposite stand as suggested by Ariga et al.

(2007) —awareness is necessary for attention—is unusual, had it not been applied to
objects (as opposed to locations) as selection units. Although the current study was
not designed to clarify this debate, we did demonstrate that awareness of object is
not the gate of object-based attenuon and prolv;ded counterev1dence to the latter

position. Additionally, out finding is consistent with preV1ou§:studles and suggests

that stimuli suppressed from gonscigusness fire ﬂ‘(‘)t suppressed-from further

processing (e.g., He, Cavanagh .A& Iﬁgéﬁgr h9P6; Jiang et al., 2006; Moore et al.,

e F

1998; Ortells et al., 2006; Loi& Yeh, 2&@8). |
Both the/mainstream th oretic:ﬂ fj;éimewl?r{( (.25 Treiéﬁan & Gelade, 1980)
and empirical ev1dence (eg. M 1%% et alg 2006; #/I{llckhuyse et al.;2007) indicate
that a subliminal stlmuIUS éan capiure attention-to a spemflc location for future
processing. In the current study, ;)ve extended tl.lis argument to object-based attention:
Attention can “select” an object even when we are not conscious of it. The ability of
object-based attentional guidance by an unconscious object seems to have ecological
function: Although there are many unconscious objects in our visual world (Mack &
Rock, 1998), they do modulate our visual attention in both location- and object-
based manner to facilitate processing.

We propose that the attentional guidance from unconscious objects may play

a fundamental role in many high level unconscious processing —for example, the gist
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of a scene (Li et al., 2002), the semantic meaning of a word (Naccache, Blandin, &
Dehaene, 2002), the emotion on a face (Yang, Zald, & Blake, 2007), and the
category of an object (Almeida, Mahon, Nakayama, & Caramazza, 2008): All of
these unconscious processes imply implicit object recognition at different levels.
Regardless of the awareness state, visual processing initially breaks up the visual
scene into isolated fragments that are detected by individual neurons in the primary
visual cortex and higher visual areas (Livingstone & Hubel, 1988). Visual perception
of objects somehow reassembles the-isolated fragments into complete objects. The
problem of creating aunified percept from the responses of separate neurons is
referred to as the “binding probié[rrl” (Treisrﬁéﬁi, 1999): Emd our finding here suggests
that unconscious_‘g‘)_bjects‘, faceithc same binding proble;; asr(_ilcz)_conscious objects. In

[ Y .'r r 3 r-_F_‘r' i‘—'l-"- 3 L= . .
line with the unconscious binding ﬁyq.)othesfs, WﬂflCh states§ thatthe unconscious mind
1 ey

o) S P
not only encodes individual fea uresEah?gi:biLl(is features (Lin & He, 2009), we

.
propose further that theattentio Pal guimce by!u Iconseious objects may be the

mechanism for unconseious l)inHing of fe;i'tures.l is speculation bears some

similarities to the mram CONCE pttof the fegture inke ration theory (Treisman &

Gelade, 1980) that atten‘tibgi integra_ltes separate feaﬁ;r?'és"at the master map of location.
Here, we demonstrate that uncon[ls'ccious Cobjecis :also can be the interface for
integration. We suggest that attention not only plays the critical role in feature
integration in conscious vision but also integrates individual features that belong to
an invisible object in unconscious vision. Ecologically, unconscious object-level

process speeds object recognition and results in speedy and correct reaction to the

object, which is important for survival.

35



‘(¢ 1dey)) uorssaxddns yse[j snonunuod Ym d[qISIAUL PAIdPUAL [[NWNS “¢ IN31{

2d09s0019)8
D JOLITIN

36

9A9 JueUIHO(] 949 JUBUIWO(T-UON

:uondasiag :S9Ad om) A} 01 pAyudsaxd nung



‘Te1n 100[qo owes-pijeaut jo ojdurexa ue SI SIY[, “SwW (O] 10J
paise] oweJ yoeq "(UMOYS 1M SI[3ULIOAI OU ‘s[eLn 193[qo-ou Y 10y) ¢ 191dey) ul [er 303[qo oy} JO aInpadold “f N3

own

°. . noauwin swr m_vmv ﬁﬁmmﬁ.@_ _.D.._.ﬁ ﬁ.ﬁ—ﬁD

& &, wm Py
. ANl

VOS 193181-01-9n9
SW-00¢

'\--'I
L}

e [ |

VYOS and-03-192[qo
SW-0091

QA9 JUBUIIO(] QA JUBUIWO(]-UON

37



‘(¢ 1dey)) uowadxd oY) JO IMONIIS Y, G AINJ1

A\ = t...wWB Hmam U.W% .

a.n_.“.mﬁ omr.“.w..c.,.ﬁ

s[eLn j09[qo-ou 7z

ﬁgw.hl.,__ DEPPAG SIS0
s[eLn 192[qo NE__m.___w, Bufg eonLI
-Set vm._.mu ?._.l 615 vm

ty
-..l,r_

omwam 3ururer |

... L S[BLI) 103
...w .Tm__. a3e)s oos\ff.m
ﬁuu.____.ﬂ...

Eo&u.ﬁ.smmoa
QA9 JurUIIO(]

38



"UBQW Y} WOJJ JO1Id pIepue)s duo Judsaidal sieq J01g
‘(¢ 191dey)H) uoONIPUOD OB JOpUN (AIBMBUN ‘QIBME) JJBIS SSOUAIBME JO UOIOUNJ B SB sow) 9suodsar uedy ‘9 21n3r,|

"9010Y9 PIJI0J dANBUIN)B-0AL D JV-S ‘Siuedroned jo zoquunu :N 910N

ee'l e.i_ﬁnv LB © 1 8uner 95udpIyuod UBSA
joon00u] ﬁx.,ﬁoohoo T _p.n.;.,:;i.. OL LA

39



Chapter 4

Distinct Mechanisms Subserve Location- and

Object-Based Visual Attention

Chou, W. L., Yeh, S. L., & Chen, C. C. (submitted).

o o A
5 U Abstract <
V' ETI ™

Background. \QSua'l ajip'ntlon rimarily. to either a location or an
object, nameﬁ'-lvocatlon— ctivgyh D‘I;spite the

'I.; Tigghi | 2 ek % -
burgeomngb'ewa@hce n supp istgl ds.‘bf‘attentlon little is
known abeut their s of whegher they'.‘ame achieved by
enhancing signal str ®

- ol Pay

ndnéb—rqgskmg paradigm

amﬂﬁc the Ihechamsms of

in conjunctlon'wnh:lthq d __|e ectangle method t
location- and objeg!'.-ba§ed-attent,1_,qn Qecta%gles%éré mgawn and one end of one

'Ea- :
s
rectangle was cued, foll'o_wed};y the target appearmg 4t (a ' the cued location; (b) the
j—'..l" i ,I;" ]

uncued end of the cued rectangle; and (c) the equal-distant end of the uncued
rectangle. Observers were required to detect the target that was superimposed at
different levels of noise contrast. We explored how attention affects performance by
assessing the threshold versus external noise contrast (TvC) functions and fitted
them with a divisive inhibition model. Results show that location-based attention —
lower threshold at cued location than at uncued location—was observed at all noise

levels, a signature of signal enhancement. However, object-based attention—lower
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threshold at the uncued end of the cued than at the uncued rectangle —can be found
only in high-noise conditions, a signature of noise exclusion.
Conclusions/Significance. We found different underlying mechanisms for
the two kinds of attention in terms of their TvC functions. Location-based attention
operates by enhancing signal strength, whereas object-based attention operates by
excluding external noise. This is the first study that systematically estimates the
characteristics of attentional processes and directly compares location- and object-
based attention using the popular. double-rectangle method. Findings here shed a new

insight into the current theories of Obj ect-based-attention.
E

Introd ugtion

L i F e
i 3 I

\ |' .F

Our visual world con51sts o'ft_ muﬂglelo%;] er;ts Howevdr, 7due to limited capacity
of our cognitive system, only‘ a racﬁﬂ-eg_ﬂqe pﬂercelved objects are selected for
further processing: Henee, our visual émem cofn]ﬁ)rlses mechanisms of attention that
prioritize the proce{s;ngg of p rtfcular mformatlo:n.#IOver the lgst two decades, many
studies have shownrthat_k\“zis,ual attention can beallocaicd either fo a spatial location
or to an object, called locatgion-baﬁséd attentionr.zind object-based attention,
respectively (Brawn & Snowden, 2000; Duncan, 1984; Egly et al., 1994; Gibson &
Egeth, 1994; Posner, 1980; Tipper, Driver, Weaver, 1991). Egly et al. (1994) used a
cueing paradigm with a double-rectangle display to demonstrate the coexistence of
location- and object-based attention. They presented two outlined rectangles, with
one end of one rectangle brightened as a cue to indicate the possible location of a

target. The target was a small solid square, shown subsequently within one end of a

rectangle. Location-based attention was indicated by the spatial-cueing effect: RTs
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were shorter when the target appeared at the cued location than uncued locations.
Object-based attention was indicated by the same-object advantage: RTs were
shorter when the target appeared at the uncued end of the cued rectangle than at the
uncued rectangle, with an equal cue-to-target distance between the two. Concurring
with Egly et al., a series of studies using various stimuli and tasks has demonstrated
the spatial-cueing effect and the same-object advantage (e.g., Abrams & Law, 2000;
Brown, Breitmeyer, Leighty, & Denney, 2006; Lamy & Tsal, 2000; Matsukura &
Vecera, 2006; Moore & Fulton, 20055 Moore-et al., 1998; Shomstein & Behrmann,
2008). g ¥

W o,

The spreadmg hypothésisilias been propoSed to eXplam the same-object

advantage (e.g. Rlchard et al. &9@% Kasai &Kondo 1997 Dav1s & Driver, 1997).

The spreading hypothesis stat“esﬂl_ét mmag thllm is cuedito a location within an

-
object, attention will §pread au ll-y"l’"ct)ni the cueddocation to the whole object.

Such spread of"attention allows|the paﬂc\pant | have a better'yisual performance to

I
a target within the cixe_d Objcdt t{han the uncued (ﬂb ct Sincethe attentional

ur'

modulation is triggered _b'y:_a[ location cue and spreads._fq the[whole object, the same-
object advantage should be[ an instance of loc'a;ion-bésed attention. That is, the
underlying mechanism of object-based attention is the same as that of location-based
attention. In addition, it is shown that improvement of visual performance in a
location-based attention task can be due to (a) the participant being more sensitive to
a target at the cued location than that at the uncued one; and/or (b) the participant
being less influenced by irrelevant visual information (Lu & Dosher, 1998). Hence,

these two factors should be able to account for object-based attention as well, if it

shares the same mechanism as location-based attention.
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On the other hand, Shomstein and Yantis (2002) proposed the prioritization
hypothesis to explain the same-object advantage. This hypothesis suggests that
object-based attention reflects a specific attentional prioritization strategy rather than
the modulation of an early sensory enhancement extending from the location-based
attention. Accordingly, the prioritization hypothesis does not stand on a specific
position regarding the similarity of the mechanisms between location- and object-
based attention. At best, it would predict different mechanisms for the exogenous
spatial-cueing effect and the strategiecally ebject-based scanning strategy. Therefore,
the same-object advantage cannot be explame’d by a change in early sensory
mechanisms. - -

Here, we are rintereéted iifthe mechanisms that sﬁi;serv_glocation- and object-
based attention ;ésp.)écially whé;‘[llqé}{the me(i.l'iar;ﬁms underlyin'g:“t'hese two types of

o~ |
attention are the same. Notlce t kra‘[ Enﬁﬁous .mVL:s}lgatlons adoptingthe double-
rectangle method generally ul;e reacti t;?n'[e ILePsurement with a single level of
task difficulty (e.g., Abrams aw, Zﬁ)@é Brm!ylﬁ et all 2006 Egly et al., 1994;
Lamy & Tsal, 2000;‘M00re +ulton 2005; M(Jf)rle et al., 1998 Shomstein &
Behrmann, 2008). Reactlon timg-measurcinent may réﬂect increased processing
speed, response biases, or a coml;ination of the .two (Ratcliff, 1978), making it hard
to infer the underlying mechanisms. In addition, while an estimation of response
variability is important to evaluate certain theories of location-based attention (Lu &
Dosher, 1998), it is difficult to separate measurement error from the experimental
procedure and the variability of the internal responses in the reaction time
measurement.

Therefore, in this study, we used a noise-masking paradigm (Legge, Kersten, &

Burgess, 1987; Lu & Dosher, 1998; Nagaraja, 1964; Pelli, 1991) that can evaluate
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the variability in the response of the visual system in the double-rectangle method to
examine the mechanism(s) of location- and object-based attention. In a typical noise-
masking paradigm, the task of the observer is to detect a pre-designated target that is
superimposed on a patch of white noise. In the context of our experiment, the target
was a periodic pattern defined by Gabor function—which is a product of a sine wave
and a Gaussian envelope—while the noise was a random modulation of luminance.
The intensity of the noise mask was defined by contrast—the maximum luminance
modulation in the mask divided by the mean luminance. By systematically
measuring the target threshold at different extérnal noise levels, we can measure the
threshold versus external noise c‘ontr."ast r TvCI*) func;{gﬁs-. This information allows an

estimation of the response propertics and variabilifyaot the target detection

mechanisms, thus prov1d1ng a more pompre-henslve estimatiqh 6f various perceptual

r[_J. |
mechanisms (Chen & Tyler, 20 l; ;I;fﬁﬁgjal l 1P87 Lu & Dosher, 1998; Nagaraja,

il
1964; Pelli, 1991; Wu & Chern 010). iﬁgure 7~sqows examples of how TvC
function might be affeeted by differonts ﬂ'termonl c&)ndmons. If the TvC functions of
attended and unattep;{ed con itlons are horizontlilllly shifted copies of each other

[

(Figure 7A)—that is; thé‘u[se}rie external noise leyel cgﬁ have different effects in the
attended and unattended conditioiiis—this suggests that attention allows the
participants to exclude irrelevant information (i.e., noise) in the stimuli more easily.
On the other hand, it is possible that the TvC functions of attended and unattended
conditions are vertically shifted copy of each other (Figure 7B). That is, the same
target would have different thresholds in the attended and unattended conditions.

This suggests that the participant has a different sensitivity to the target. Hence, the

effect of attention is to enhance the sensitivity to the target.
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By taking advantage of the double-rectangle method, we evaluated the TvC
functions of attended and unattended location/object within a single paradigm. The
participants were required to detect a Gabor target superimposed on a noise pattern
(mask) in a two-alternative intervals choice task (Figure 8). The displays consisted of
two vertical rectangles (outline drawing), one on each side of fixation. Four possible
locations of cue (or target) are at the ends of the rectangles. The target occurred at
either (a) the cued location (the valid condition); (b) the uncued location but within
the cued object (the same-object condition); or (¢) an equidistant location within the
uncued object (the\different-object condition). Then, we measured the TvC functions
for all the different conditiens 8o that we can compaté location- and object-based
attention and infot theif mechamrsmgs directly Fitheir mechéniéps are identical, they
should show the sanie kind of skift} 1;\-&6 T\ZC ur‘lct1ons

| — r

F
= -

o

i |
* ’ Results

|
|
|
|

\ l
Figure 9 shows the rest!lt Eweraged Beross three partlclpants The blue circles

and solid curve denote the TVC fynction for the valid condition; red squares and dash
curve, the same-object condition; and green triangles and dash-dot curve, the
different-object condition. To account for the individual difference in overall
sensitivity to the target, we scaled each threshold by that measured at zero noise
contrast of the valid condition of the corresponding participant before averaging.
When there is no noise mask, the threshold for the valid condition is lower than that
for both invalid conditions. The difference was 2 dB (#(2) = 3.46, p = .037 <.05)
between the valid cue and both the invalid conditions. Such difference between the

valid and invalid conditions remained as the mask increased. Thus, the TvC
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functions of the invalid conditions look like a vertically shifted copy of the valid
condition on log-log coordinates. Such general facilitation on target detection
suggests that the effect of the valid cue was to increase the sensitivity to the target
(Chen & Tyler, 2010; Cohn & Lasley, 1974; Foley & Schwarz, 1998; Lu & Dosher,

1998; Pestilli & Carrasco, 2005; Zenger, Braun, & Koch, 2000).

The target detection thresholds were not influenced by the low contrast noise
mask for all attention conditions. As a result, all TvC functions were flat at low noise
contrasts. When the noise contrast {gached a critical value, the threshold began to
increase with noise contrast. Hete, Whethet ot not the cue and the target were within

the boundary.of an object had an effect. The threshold increment for the different-

object condition. started at a lowergoise congresy, than thag for the same-object

FF i

condition. As a result, the TvC functamfor the 'd1fferent object condition showed a
- j

leftward shift from the TvC fun tlom sadle object gondition. This suggests

that the noise effect on targel:i tectloﬂrLLthe sahb—object condition is different from

|
that in the different-objcet co

| 1iti01’1. !I r!

Model

We fitted the TvC functions by a version of the divisive inhibition model (Chen
& Foley, 2004; Foley, 1994; Meese, Summers, Holmes, & Wallis, 2007; Ross &
Speed, 1991; Snowden & Hammett, 1998; Teo & Heeger, 1994; Watson &
Solomon, 1997; Wilson & Humanski, 1993) modified to account for the noise-
masking experiment (Chen & Tyler, 2010; Goris, Wagemans, & Wichmann, 2008;
Lu & Dosher, 1998). Chen and Tyler (2010) and Lu and Dosher (1998; 2000) used a

similar model to account for the cueing effect in a noise-masking paradigm. Figure
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10 shows a diagram of this model. This model contains several stages: The first stage
is a band of linear filters, each with its own orientation and spatial frequency tuning
and location selectivity. The excitation of a linear filter is then half-wave rectified,
raised to a power and scaled by a divisive inhibition input to form the response of the
target detector. The decision variable is the ratio of the response of the target

detector and the noise from different sources.

The first stage of each mechanism j is a linear operator within a spatial

! Lf,_ Lr
sensitivity profile f. (x,y). [I‘,be! E’Xgit%tlon of tTuEI“h-éaﬂ pperator to the i-th image
g ¥y .
component g(x,y) hs* g }Tp as | = ‘:'-E:_ - 5-:
L."_:':' ¥ ' .H\G{’ ".[-']I (1)
AN LT

I.:;'.\. -?H' 2l & =

ey T [ {-"- =
where the -.]k{}ea;-ﬁlte fj(x,y) I I é%'élMe'il;lods section) .

J ANy

Suppose ﬂl'é!t the image com pntrast C Surgmlf@“over xandy,

where Se;; is a Geﬁstnt gﬁ@m{%?y of :heh,mechamsm to the
stimulus (j =t for the:.a?rgg and-j:__ Tn for theiﬁ?sk) Detaif:}i derivation of Eq. (1)’
from Eq. (1) has been dlscuts?dei'éﬁwhﬁg({ﬂen bFoley, & Brainard, 2000; Chen &
Tyler, 1999).

The excitation of the linear operator is half-wave rectified (Foley, 1994; Foley
& Chen, 1999; Teo & Heeger, 1994) to produce the rectified excitation E;

E; = max(E;',0) )

where max denotes the operation of choosing the greater of the two numbers.
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The response of the j-th detector is the excitation of the j-th filter, E;, raised
by a power p, in which E; = 3} E;; is the sum of excitations produced by all image
components, and is then divided by a divisive inhibition term I; plus an additive

constant z. That is,
R =EP/(;+2) (3)

where [; is the summation of a non-linear combination of the excitations of all

relevant mechanisms to mecham s1ve inhibition term I; can be
e | E.-'Ili -EEhE dﬁr

represented as .||-‘;_‘!“. ’L -2 % 3 E_- '-_-h
r-ﬂl ;.r - :%’ 5 E A f-;I

l"-" )T'_’___ J%J - *ff‘
3 1 )4 i o || (4)

ach com ﬁafeﬁf to.ﬂxe inhibition

term. Het?{lwe assumme that thie oi@o( bes little ¢ citqiorf:ﬂj the target
' -

ce 1sihmi;éd by the noise.

fa%, .-':"x T
We consider ﬁg s%gr ofse in thj odel:# F temafnms:é\mherlted in the
— P \*’ W
o
system, and the e%naf m§i§'l gngm ¢ by the nq;se P emg"’{i‘he variability of the
.-" ’
internal noise, 0,2, is a coﬁsuft for all detectors 11-1.th1m0del The variability of the

- 1 |. || "r-' Jl' 1
external noise, 0.” is proportional to the square of the contrast noise mask; that is, .’

The cdﬂgibﬁ‘:i-on

=Wp * sz, where wy, is a scalar constant that determines the amount of contribution
of the noise mask to the variance of the response. Pooling these two noise sources,

the variance of the response distribution in each detector is

o’ = (0, + 05%) (5)
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In the context of our experiment, the observer compared the response to the
stimuli in both intervals at the three possible target locations. The observer can detect
the target if the difference between the response to the target+mask, R, (+m, and that
to the mask alone, R; , is greater in at least one channel than is the limitation
imposed by the noise. In practice, we need to consider only the mechanism that
produces the greatest response difference between the target+mask and the mask

alone conditions. Thus, we can drop the subscript j for this study. That is, the

decision variable d’ is, _ f = ]’ e W
e o
4B -k LAY
(- riera el ®

-

The threshold I;" deﬁnedl W

|

the target, Se,, t&-‘be di- i h%cendmdn@r The TvC function
_: _'-_‘. o _ B T e _.E .

for the different- obJ eQ}COl’ldltIOIL'S:hlfted._tO tﬂ‘e‘ @ft from ﬂi_lat of the same- object

condition. This suggests that 'ﬁle ﬁntgbutpn gbf tﬂ'e external noise to the response

variance, Wy, to be different in the same-object and the different-object conditions.

Notice that in the valid condition, the target and the cue were also presented within

the boundary of the same object. Therefore, we constrained all parameters to be the

same across conditions except for sensitivity to the target, Se;, and the contribution

of the external noise, wy,. This model fits the data well; the root of mean squared
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error (RMSE) was 0.27. This model explains 98.61% of all variance in the averaged

data.
Table 1
The estimated parameters of the model.

Conditions

Valid Same- Different-

Object Object
Sem 2.47 247 2.47
Se; 1000 93.99 93.99
Si; 308.75 308.75 308.75
z 1.62 1.62 ,3
Wi 5.71 qml[_ ol 1 4870
Ce Iy L" ok "---ih.'»; '
p 3:,'1} 3, ff:-e- i
q NE: F , Pt '1;"'@_.

Note: * Fixed Vaige,, no

tafre,l:p

lh..\-:: b,
Tq_efhrther validate ou 1‘te trled Val’ls-us constraints
to the moa%l. If we he sengitivity t et, to bhe same for all
- , |
conditions ﬂg sum o : of the créa"bd -ﬁgmﬁcantly
Tk, g 1 F _.".- Fo S
[F(1,12) = 73:’%, p‘.‘ﬁ{:bo ven whepgwe tookit umbe‘n-of ﬁ"'he parameters into
account. Slmllarl ns n con utlo of %‘éx‘c al noise, wp, to be the
.-_é..‘q ja:-:ﬂ B on eﬂi
same for both 1nva11d con{ﬁﬂ gp_s s1gn1ﬁcantly 1ncpfasq&'the SSE [F(1,12) =16.63, p

|.1| '?r-' |:_ L

=.0015 <.05]. Therefore, the change of sensmVlty to the target is necessary to
explain the spatial-cueing effect while the change of the contribution of the external
noise is necessary to explain the same-object advantage. We also found that more
free parameters in the model never produced a significant improvement of goodness-

of-fit. Thus, no extra factors are necessary to explain our results.
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Discussion

The current study systematically probed the target threshold improvement by
location- and object-based attention with different noise levels using the double-
rectangle method, and the results suggest that location- and object-based attention
involve different mechanisms. Location-based attention operates by enhancing signal
strength, whereas object-based attention operates by excluding external noise. This
study is the first to demonstrate the discrepancy in the TvC functions of location-

and object-based attention within a single task.
1- . [
| 5 -4
In previous studiesylocationand objeetsbased attention were examined

separately by the noise-masking paradigm. Location-based attention was observed in

both no-noise and high-noise “C'(.;n_d{ﬁ*'g'ons (Dpis.lhé-i'f-F& Lu, 26005Eu & Dosher, 2000),
L o~ L
consistentwith our results here Hovgef,dianj qosher and Lu (2003) found that

object-based attention 1s.also

0 served{rr both 111 1no1se and hlgh -noise conditions,
Jl R

inconsistent with our findings here. Notice that H h ct als (2003) compared the

performances of tas‘rk.s' thatuct u}red participants I[o‘ atiénd to [ohly one object versus

two spatially separated 6i.5j[elets. Obj:ect—based a_ttenti(;ﬁ Wwas indexed by higher
accuracy of reporting two attribu;'és belénging ‘;o a single object than different
objects, and it was shown in both no- and high-contrast noise conditions in Han et
al.’s study. It is reasonable to argue that their participants may have changed their
attentional window—Ilike a zoom lens (Eriksen & Yeh, 1985)—from “wide” in the
two-object condition to “small” in the single-object condition. Accordingly, the
differences between the two-object and single-object conditions not only are the

number of attended objects but also the size of spatial attention (Davis, Driver,

Pavani, & Shepherd, 2000).
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This argument is supported by a study with an identical design as Han et al.’s
(2003). The magnitude of the same-object advantage was modulated by the required
precision of judgments: The higher the task precision, the larger the difference in
performance between the two-object and the single-object conditions (Liu, Dosher,
& Lu, 2009). Assuming that attentional window is wide in the two-object condition,
the density of attentional resource should be low due to the reciprocal relationship
between size and density of attentional distribution (Eriksen & St. James, 1986;
LaBerge & Brown, 1989). The low-precision-task that requires less resources can be
performed equally well with less attentional fésource in the two-object condition as
opposed to the one-object conditi‘on;leadmgl ;0 red}}.céd or No same-object
advantage. The critical éomparison in their study—tw.(;iobjectzand single-object

condltlons—may rot feflect o'bject hased a‘;{entlon but rathera Change in the window

Fr[_" i

size of spatial attention. Indeed the-mﬁlﬂlaffod pgttern of ‘fobject-based” attention in
Han et al.’s study is similar t<i> the modlfat;:l thtPern oflocation-based attention
(Dosher & Lu, 2000; Lu & Dosher, 2000): Bothlc n be observed 11 no-noise and
high-noise condltl(;rris.-Howe eI', the damble-rec Iau‘lgle methgd compares the same-

[

object and different-obj éctioonditions based on-an edﬁ'al cue-to-target distance
between the two conditions; in using the double-rectangle method, we rule out the
confounding of location-based attention in the current study and find that object-

based attention is observed only in high-noise conditions, indicating that external

noise exclusion plays a critical role in object-based attention.

The qualitative difference between the intrinsic mechanisms of location- and
object-based attention suggests that object-based attention is not an outcome of the

spreading from the location-based attention, which is a finding arguing against the
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well-accepted spreading hypothesis (e.g., Davis & Driver, 1997; Kasai & Kondo,
1997; Richard et al., 2008). Instead, we suggest that object-based attention might
reflect attentional orienting that is independent of location-based attention rather than
the modulation of an early sensory enhancement extending from the location-based
attention. This argument is also against the prioritization hypothesis proposed by
Shomstein and Yantis (2002), who claim that object-based attention reflects strategic
prioritization regardless of location-based effects and neither is it due to object-based
perceptual enhancement. However; using the noise-masking paradigm, we provide
evidence for the underlying mechalt{ism of object-based attention. The current
finding of the leftward-shifted copie:s of the "lEvC fuqctiqns n the same-object and

different-objeet conditions suggests that the underlying mechanism of object-based

attention i to exelud¢ external noise, an evi‘dené‘q of objeét-based perceptual

|
—

i P S
enhancement. L e F

2 ||

b |

A |
IRl
7-| I: I i

E Conclusion F

|

3 I : ,

The current study.measured the thresholds indifferent levels of task difficulty
and revealed the underlying mechanisms of loeation- and object-based attention—
which are difficult to evaluate from conventional reaction time measurements—and
sheds a new light to current theories of object-based attention. Here, we overturn two
widely accepted theories that object-based attention is due to the “spread” or
“prioritization” of attention. In addition to revealing the underlying mechanisms of
location- and object-based attention, the current finding fills the gap between

previous physiological (Fink, Dolan, Halligan, Marshall, & Frith, 1997; He et al.,

2008; He et al., 2004; Wager et al., 2004) and behavioral evidence (Chou & Yeh,
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2008; Matsukura & Vecera, 2009; List & Robertson, 2007; Shomstein & Yantis,
2004) that have demonstrated the discrepancy in location- and object-based attention
by providing important convergent evidence from a novel aspect using the noise

masking paradigm to the double-rectangle method.

Materials and Methods

Ethics Statement

[

The use of human participéi{ts I;)yas appﬁqved by the IRB of National Taiwan
University Hospital ancffollowed the guidelingiof Helgi;lki Declaration. The written
informed consent"was gbtamed from each participant:

L 1 o E'-l(‘- ! ‘
Apparatus | | Fal
- - i ) :

The stimuls wete presente onwr sorn 15-in. CRT monitors, each driven

by a Radeon 7200 graphic board, whi@l{&rovidéid !1 0-bit digital-to-analog converter
¥ T
depth. A Magintosh comput lntrolled the graty ic board, Lights from the two

- b
monitors were combined by a

am _splitter. Thi £w9-m0nit6.r setup allowed us to
present the target on on.e rr;:(;nitori ?.nd the cue,e:n.:ld the‘.:ethernal noise patch (mask) on
the other. This arrangement provided the advantage of independent control of the
contrast of the target while ensuring that the context (the cue and the external noise
patch) was identical in two intervals of a trial. The viewing field was 10.7°
horizontal by 8° vertical. The resolution of the monitors was 640 horizontal by 480
vertical pixels, giving 60 pixels per degree at a 128 cm viewing distance. The refresh
rate of the monitors was 66 Hz. We used the LightMouse photometer (Tyler &

McBride, 1997) to measure the full-detailed input-output intensity function of the

monitors. This information allowed us to compute linear lookup table settings to
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linearize the output within 0.2%. The mean luminance of the displays was 74.9
cd/m?,
Stimuli and Display

Figure 8 illustrates the stimuli and sequence of events for a trial. The displays
are comprised of a pair of adjacent vertical rectangles. The fixation was a small dot.
Each rectangle (1.63° x 4.88°, with a stroke width 0.13°) was centered 3° from

fixation. The cue and the target were all Gabor patches (1.3 cycle/deg vertical Gabor)

defined by the equation: e il o 1S S, ;
i u,)’ (y-u,)
G(x,y,c,u, L+L>L<c*?&os2 *ex + xe A LY
(vt g =Lov Lt (#& ) e )
d L]

:"'- ’-:'r'

where L wasﬁthe mean lu

oriented. The.nontr _ c Bu (c) wag -6 dB 5 heupixel gi;iay -levels of each

external noise ﬁ'ame wei‘e_safnple s_smfr'ﬂiﬁtmbu 1or"1|i
riTrs .
. ' . "":{- P .:'Lf

! i QU [
Procedure " 3 e, oy [ s b

A two-alternative intervals choice paradigm was used to measure the target
threshold (illustrated in Figure 8). For each trial, the cue was presented randomly at
one of four possible locations in each interval. The target was presented at (a) the
cued location (valid trials); (b) uncued end within the cued object (same-object
trials); or (c) uncued end within the uncued object (different-object trials) in one of
the intervals. The display sequence of each interval was as follows: (a) a fixation

display consisted of a central fixation point and two outline rectangles; (b) a 16-ms
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cue display; (c) a 64-ms fixation display; and (d) a 96-ms target display containing a
target and four mask patches. The cue-to-target stimuli onset asynchrony (SOA) was
80 ms. The inter-stimuli-interval (ISI) within a trial was 600 ms and the inter-trial-
interval (ITI) was 800 ms. An audio tone indicated the beginning of each trial.
Auditory feedbacks were provided for a correct response and an incorrect response.
There were three attention (valid, same-object, and different-object) conditions
within each block of seven external noise levels (-oo, -26, -22, -18, -14, -10, -6 dB),
and the sequence of blocks was in randomroerder. We used the PSI threshold-seeking
algorithm (Kontsevich & Tyler, 1999) to measure the threshold at 75% correct
response level. There were 40 trl;als followm;; -two practice trials for each threshold

measurement. Four thresholds within a single block—two for the valid condition,

one for the same- Ob] gCt and one  fort the dlfﬁerent obJ ect condltlons—were measured
r[—

in an interleave way within ofie blocﬁhhs arrzln$ement let the total number of valid

-

trials (84 trials) twice as manly s the t?r,] num 611 of the'same- object or different-
object trials (42 trlals) ifila sifgle bloekl ;herefqrﬁ% the spatlal che predicted the
target location withy 50% vali 1}y withimevery slpéle block The sequence of trials
within a single block wis pseudo -randomized: each qur trials contained two valid
trials, one same-object trial, and (Eine different—o.bj ect trial with a random sequence
for the four trials. The TvC function of the valid condition is the average of two
threshold measurements of valid condition within each single block. Each data point
reported was an average of four to eight repeated measures. Participants were well
informed about the relationships between the cue and the target, and they also were
told that the two outline rectangles were task-irrelevant. The task was to determine

which interval contained the target and to press a corresponding key of a computer

keyboard.

56



Participants

Three observers participated in this study. WL is an author of this article, and
RY and TH were paid participants who were naive as to the purposes of this study.
All participants had normal or corrected-to-normal visual acuity. The trials took
about 10 hours, divided into three or four periods, for each participant. During the

experiments, participants could take a brief rest at any time they needed one.
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Chapter 5

Location- and Object-Based Inhibition of Return are Affected by

Different Kinds of Working Memory

Chou, W. L., & Yeh, S. L. (2008). Location- and object-based inhibition of
return are affected by different kinds of working memory. Quarterly Journal

of Experimental Psychology-,qo‘i;ﬂiﬁli—l 'ﬁ& ,!' [y -'!':

n Gl
r :’_I o e l%’ 1.*; LR .
..‘E‘."-" S i ““i':'{l-
'.':-:"!l!';r | T
N ‘ o

L 5.‘.' i, ¥ . l"

S S, T

te that in ‘1b,|5m‘f1 of-neturn (IOR, the

involves %tial Wor'
spatial WI\/I;':*I;ION_";gve

'y ( at IOR i-'s mediated by
ol |

i not R'vf/’a-s qtt/olved We used

the twp Kipds of:IO’R (fb(:atlon- and object-

a dual-task pa}tdlg'%-% e wheth

based IOR) are aff_é.éted'bfl;two l;_-ﬂm on.dgry t‘%&‘thaﬁpvolve spatial and non-
spatial WM, respectw.;fy..-‘l‘hgl,results sh(lw that lofqtih ‘t?ased IOR was disrupted by
a spatial secondary task while the OL;Iect-b;s-ed-IOR was disrupted by a non-spatial
secondary task. The present study further elaborates the conclusion of Castel et al.
(2003) by differentiating the effect of the two kinds of WM (spatial vs. non-spatial)

on the two kinds of IOR (location based vs. object based).
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Introduction

When you search for a pen on your desktop, the best strategy is to remember
where you have already looked and not search there again. Human behaviour
observed in psychological experiments reveals a phenomenon similar to this strategy.
Inhibition of return (IOR; Posner, Rafal, Choate, & Vaughan, 1985) refers to the
increased reaction time (RT) when a target appears at a recently cued location. This
phenomenon was first demonstrated by Posner and Cohen (1984). They used three
outlined boxes with the central box as a fixation and brightened the left or right box
briefly as a non-informative pef‘i[[)hgral cue. fq:)mpared to RT in detecting the target
at the uncued box, they[;f;)und @tacilitatory cTieGtati .‘e-.,;:%.horter RT) when the cue-to-
target stimulus onset asynchron.]y_(SOA) was §1(1‘0rter than 150 ms and an inhibitory
effect (i.e., long;r Ri") when tuile_@SQﬁasﬂé?ge;’than 300 n‘l’s.'.}i:he initial RT benefit
was explained by the summoning @ tT tlle cued location, replaced by a
subsequent inhibition to the pre iouslﬁied locFlt'lon after atte;gtjon had returned to

T TEw

the central fixation. Although carlier studies (e.é., osner & Cohen, 1984)

e

emphasized that it was the.cued location that waL inl_l_ibiited (l;ut see Tipper, Weaver,
Jerreat, & Burak, 1994): ré;:;nt s’gl}dies have sli(}wn th.;.t LIOR can also be object based
(e.g., Chou & Yeh, 2005; Gibson & Ege;ch, 1994; Jordan & Tipper, 1998; Tipper et al.,
1991).

Tipper et al. (1991) first demonstrated object-based IOR in a dynamic display
by using two objects rotated around an imaginary circle. The cued object rotated
from its original location, and the inhibition associated with it was also shown to
move. However, Schendel, Robertson, and Treisman (2001) note that the objects

used in this experiment retained their relative locations topologically while rotating

around the fixation point. Thus, the objects may simply help to set up a frame of
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reference in which attentional orienting operates on relative locations, but not on
objects. Such a dynamic display has also been criticized as being confounded with
the left-to-right attentive tracking strategy, and object-based IOR was found only
under certain experimental conditions (Muller & von Muhlenen, 1996).

There are also studies that have shown object-based IOR in static displays.
Jordan and Tipper (1998) found that the magnitude of IOR of an object was
significantly larger than that of an empty location. They interpreted their results with
the view that when objects are cued, bothdocation and object-based IOR can operate,
while when only locations are eu¢dionly location-based IOR is involved. As they
have admitted, these displays we‘re 1;nav01dall)1;/ assqpiated with space representation

as well as object representation

In our prévious study (Chou'& Yeh,iQOOS) we used oveflapplng objects to
. LF
avoid interference from locatio -basgd;effects d g, Duncan, 1984; Haimson &

i

Behrmann, 2001) and succesff 1y der?fnstrateld chat object-based IOR can occur for
spatially overlapping abjects: Using o;efj];éppiné (i]bjects to prébé object effect has an
important advantage il that lociaﬂon effects are !Ftidlfferentlated or operate equally
across objects. Addltlonally, usmg overlappmg Ob]eCtSLIS justifiable on ecological
grounds: The retinal images of many real-world objects are usually overlapped.
Notably, IOR can occur with SOA as long as three seconds (e.g., Samuel &
Kat, 2003; Tipper, Grison, & Kessler, 2003): With such a long duration some
memory process must be involved in maintaining the information. Indeed, Castel et
al. (2003) found that a secondary task disrupts IOR, but only when the secondary
task involved spatial, as opposed to non-spatial, working memory (WM). Based on

this they suggested that IOR is mediated by a spatial WM system.

Note that Castel et al. (2003) used outline boxes as placeholders, and thus
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their participants may have viewed these boxes as locations, objects, or both (Tipper
et al., 1994). In other words, location- and object-based IOR cannot be differentiated
in such displays. A question that naturally follows is whether the two kinds of IOR
are both mediated by spatial WM. Because location-based IOR relies on memory of
spatial information, spatial WM is critical. In object-based IOR, which is revealed
when spatial information is irrelevant (e.g., Chou & Yeh, 2005; Tipper et al., 1991),
non-spatial WM is more likely to be involved.

Accordingly, we hypothesized that-location-based IOR is mediated by spatial
WM, and object-based IOR is mediated by non=spatial WM. We adopted a dual-task
paradigm based on the [as:sumptiotn tl.lat it add'n-lg a sg:cfmdary task interferes with
performance on the priﬁaw task, they must be compe:i;lg f(_)£ a single resource. We
used two kinds Bf ;écondary t‘ei.s]l?{sa’ﬂ!'ch that;ti)llll‘eﬁ'(ﬁhe directjort té[Sk) involved spatial

Fal™ T
WM while the other (the object task);.ﬁd”nqg ﬂ) efxamme the role of WM type on

location- and objectsbased ICiR we deglgned t\Jro !condltlons suitable for probing the
Jl | |

effect of each, rendering a 2 deslgn WO tprJ of tagk versus-two kinds of IOR. It

was predicted that Ih.e' dircetit n{task wamld dlsrL\pt!Ilocatlon-[based IOR only, and the

object task would disrupf qll)j'ect-based IOR only.

r

Experiment 1

The display for probing object-based IOR consisted of two overlapping
triangles (Figure 11A), while that for probing location-based IOR consisted of six
dots (Figure 11B), removing the lines in the triangles display. The participants were
told that there were two triangles or six marked locations, depending on the

experiment, and post-experiment inquiry confirmed that they treated the triangles as
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individual objects and the dots as locations.

A luminance change detection task was used as the primary task throughout.
In addition, two types of secondary task were used: a direction task, in which the
participants reported the direction of the to-be-remembered item, and an object task,

in which the participants were required to memorize its identity.

Participants - "
1I: | I - 1. ‘:.— ot

A total of / 1'66 un ergradl,l'afé‘é of N%Tt%aal TalwaE Uﬁrversny participated in

—

A=,
eight expenm,snts ( la—lh'

r
.:}

M’Yma})ﬂs‘m{l and rgﬁwe ras to the purpose
Mo o ) 3

All reporte&'nomglrb'il,o orrec
"'i. | i

of these e'.x:gerlment [ i)
§ '-ﬂ‘i E ; 1
[ - L T
Stimulus m_atei?l:als Eﬂ’" -
-. '; ions Wwere c\%ﬂed ty‘l' 8&5&55‘&1 computer

and were presented &I} ald’ p

ewSonic monitdr. fhej ompmer ggogram DMDX

(Forster & F ors'l:é';t, 2003)‘&!@8 mt(ﬁ{h and to"'collect the RT data.

.-.- riry

Participants sat at a Vl-ewmg dls:tafnce of60 cm—ﬁl a du_nlﬂy'iht chamber with their
.E.;.-jhl —I:Tb"“
heads supported by a chinrest. T .i
The two kinds of display (triangles, dots) were crossed with the two kinds of
secondary task (direction, object). Half the participants conducted one of the four
dual-task experiments (Experiments 1a—1d), and the other half conducted one of the
four single-task controls (Experiments 1e—1h). In the control experiments, only the

main task, in which all stimuli were the same as those in their comparable dual-task

experiments, was performed, and the participants were told to ignore the
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direction/object symbols.

In the triangles condition, the fixation display contained a central white cross
(0.67° x 0.67°) and two overlapping outline (0.29° in width) triangles (9.46°/side),
presented on a grey background. One of the triangles (randomly chosen) was green
and the other red, and one was inverted and the other upright (also randomly chosen).
On the corners of the triangles were three dots (0.95° in diameter), the same colour
as the triangles. In the cue display, one of the triangles (and its end dots) was
brightened; this was defined as the cued object. In the memory display, a rightward
or a leftward arrow (3° x 0.95°) was presented for the direction task, whereas a
dumbbell or a two-waysdrrow wz;s p;‘esented !f(;r the object task.In the target display,

one of the six dos was either brightened or dimmed. In the dots'condition, the

displays were the'sanic as thoffe in the trianglés EPndition except that the lines

joining theindividual dots wére remnoved 5 ' i
— _

Design i & i
Lr[J | &

™,

A cueing paradigim was used fot 'the prinPaiTy tasks andLVQIé compared the RT
obtained between vaii(:i an ihv%lid trials. IOR \xﬁai indexe‘ckl‘]:);/ longer RT in valid
trials. In the triangles cdr;diition, th§ target appeared .(-):i‘lb one of the three dots of the
cued triangle (a valid trial), or onibne of the thr:ae uncued-triangle dots (an invalid
trial). In the dots condition, similarly, the target appeared on one of the three cued
dots (a valid trial), or on one of the three uncued dots (an invalid trial).

Each experiment contained 96 trials, divided into four blocks of 24, with an
equal number of valid and invalid trials. An effort was made to balance the possible
combinations of target locations within each block. A total of 24 practice trials
preceded the formal trials, and the participants were allowed to take short self-paced

breaks between blocks.
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Procedure

The participants initiated each block by pressing the space bar. At the
beginning of each trial, an auditory tone (100 ms) and a fixation display (1,020 ms)
were shown first, followed by the cue (255 ms), fixation (340 ms), memory (425 ms),
fixation (340 ms), and target displays. The target display appeared at 1,360 ms SOA
after the onset of the cue and stayed for 1,000 ms or until the participants responded,
whichever happened first. 1 . 15 o= .[—-- &) -"'l;,-é.-
In Experlment‘s .}*cl. E'ld (dpalli‘task) aftét-the t'argct _‘Ehsplay, the words “left or

L |
right?” or “dumEbz'ﬂ gx:-ffw_g -wa, ?

resen.féﬂ_on thgscreen until a

response waéi'i'nade Aft 7 f__j:_d—ﬂank for an inter-
"-.," ,-,- |
trial 1nterval (I"l"T;t 0-}‘ ,000 m§, an extirial beg n. .E h’é pa'rt1c1pants

]
5 i

!
was brlgh?el'fled ord n the computer
='-__.I . = |- T rlh

the subsequerrt‘targf. Ih additi( Pri ks arti"m_panf‘Were asked to
memorize the dlreéﬁon ofﬂa'e arrp,w ﬁ Elregtlon%&%'k) dg the identity of the
2" o B
object (in the object task).-'an»(’i;;o Rress a corre ondl_.ng .key after responding to the
e |. 1i .l'll jl'- j)

primary task.
In Experiments le—1h (single task), the target display was followed by a

blank for an ITI of 1,000 ms, and then the next trial began.

Results

RTs below 200 ms were excluded (less than 1%), and only trials with correct
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responses for both primary and secondary tasks were included in the analysis.
Results are shown in Table 2. There was no speed—accuracy trade-off for the effects
based on RT reported below, because there were no differences in error rates across
conditions. As a baseline, all single-task experiments (1e—1h) showed longer RT in
valid trials than in invalid trials—that is, IOR effects were obtained when no
secondary task was performed, all Fs(1, 19) > 4, ps <.05.

In the dots condition, IOR (presumably location based) was obtained when
the secondary task was an object taske=Experiment 1b, F(1, 19) = 6.53, MSE =
167.96, p < .05—but not when-it was a direction task—Experiment la, F(1, 19) =
0.83, MSE =289.01, p>..1, In the tr:iangles c!ojnditiop, TOR (presumably object based)
was found when the secondary task was a direction tasic—E;gperiment le, F(1,19) =
5.19, MSE = 256’.3.3‘, p< 05-#but :r’ro_t whel‘}” ith\.fa‘s an objéct téék—Experiment 1d,

.

F(1, 19) 20,99, MSE — 119.065 Jp =iz | |

il

R ||

E Dis‘éﬁssiop _t

+ i
A PI:

We obtained typjéql; 10R effects in single-taskf:ondirtions, as shown in many
other studies (e.g., Chou &[ Yeh; 2605; Gibson:‘& Egeth, 1994; Jordan & Tipper, 1998,
1999; Posner et al., 1985; Tipper-etal, 1991).:Most importantly, in the dual-task
experiments, IOR was disrupted by a spatial WM task in the dots condition and by a
non-spatial WM task in the triangles condition.

These results support our hypothesis: Location-based IOR and object-based
IOR are mediated by spatial WM and non-spatial WM, respectively. The error rates
between the direction-task and object-task conditions were equal, suggesting no

difference in difficulty or memory load between the two secondary tasks.
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However, up to this point the support for our hypothesis is given only by
cuing effects in independent experiments and not by direct comparisons. To confirm
the critical results directly, in Experiment 2 the secondary task type (direction or

object) was varied within each participant.

Experiment 2

To compare the direction task condition with the object task condition within
the same participant group, we designed the secondary task type as a within-subject
factor, ensuring that any disparity between the two conditions would not be caused
by individual differences. Also, we made some chanzg'esr in the stimuli in order to

further approximate,typical logatien and objgetgueing paradigr}}s.

i | ‘
| g

‘f :ﬁi k 7'1_ r
| | “letod |
| - 1
r‘ i'-! \ |
Participants & . y 1

ik | L | :
Two groups'of 30, unc!eﬂgraduates gach, With the same characteristics as those

‘_-l' J‘

described in Experimen:t 1: participated in Equriment[s 2d and 2b.
Stimuli, design, and procedure

The stimuli and procedure were the same as those in Experiment 1 except for
the following. In Experiment 2a, six green dots were presented, and one of the dots
was cued by presenting a white dot (0.6 in diameter, Figure 11C). In the target
display, one dot was brightened or dimmed. In Experiment 2b, we used three white
Vs (0.1 in width) and white dots (0.6 in diameter) on the corners of one triangle as
the cue display (Figure 11D). One of the triangles (and its end dots) was brightened

or dimmed as the target display. Each participant performed the direction and object
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tasks in different blocks, in a counterbalanced order. Experiment 2a contained 216
trials, in which one sixth were valid trials. Experiment 2b contained 144 trials, in
which half were valid trials. Trials were divided into six blocks, with three blocks of

the direction task and three of the object task.

Results

RTs below 200 ms were excluded (less than 1%). Again, there was no speed—

-_!r,,rl'Ir

accuracy trade-off, becaup’e-tﬂere v&gi?re no dlfferedzes_,m error rates across conditions
1I: i -% =3 ; :.) "f.“r.
(Table 2). 1= ﬂi.‘, .-

,.--,

—

with an obJect taflg but meL_.ﬂi_é' | (}%’58) ‘i'('l), 31! MSE =397, p > 5.

In Experiment 2b (trla'ﬁgles dlspl'ﬁy) IOR (preé,l':lmablir oﬁgect based) was obtained,

L3 - -
. _|[1

F(1,58)=11.07, MSE = 324, P J Gﬂi‘ wﬂh a-'dlrectlon task, but not with an object
task, F(1, 58) = 0.008, MSE =324, p > .5.

To compare Experiments 2a and 2b, the data were submitted to a three-way
ANOVA with the factors of trial type (valid, invalid), task type (direction, object),
and display type (dots, triangles). The first two factors were within subject while the
last was between subject. The three-way interaction was significant, F(1, 58) = 9.25,

MSE =419, p <.005, confirming that the two types of task affected the two types of
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IOR differently.

Discussion

Experiment 2 replicated the results of Experiment 1. Since the task type was
a within-subject factor in Experiments 2a and 2b, the result patterns in this study
were not caused by individual differences. Again, error rates between direction task
and object task conditions were equal The two kinds of secondary task probed

- f
different kinds of WM bqt'n(!t -dEg];:?e of dlfﬁcul't{ or memory load.

o : g
HI L | I-T' —-I_f" - .ﬂ'

B W

e
non-spatia,:_l'l)'i QOur an
[ '?‘

type that w?fquhd int d.to mem}'}nze the direction

Ak
7
of an arrow, onlz_qlotatlonrba ' whlle whegpartlclpants needed

— .--' s - A
1% -.&.-

to memorize the 1d€nt1t-y o'f*"an dlyed;t only obﬁi_}t-baSed Ilg)ﬁ."was disrupted.

I.I
o

The disruption of Ioca( onjba,sed_I?R'l?y the dilrectlon task indicates that they
compete for the same resource, possibly spatial WM. Castel et al. (2003) also
showed that IOR was disrupted by a direction task, and they concluded that IOR was
mediated by a spatial WM system. In addition to replicating their results, we also
differentiate the effects of two kinds of WM on object-based IOR. This is important
because it constrains their conclusions. Our finding that object-based IOR was
disrupted by a non-spatial secondary task further indicates that object-based IOR is

mediated by a non-spatial WM system.
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One could argue that the participants might treat the dots as objects (rather
than locations) and that the number of objects is a critical factor in determining what
kind of WM is involved. Thus, spatial WM would be involved when there are many
objects in the display (the dots), and non-spatial WM would be involved when the
display contains a relatively small number of objects (the triangles). Although not
entirely impossible, there is no a priori reason to assume that displays with more
objects involve spatial WM while those with fewer objects involve non-spatial WM.
Furthermore, the participants were told that there were marked locations in the
displays, and we confitmed with them after ¢8mpletion of the experiment that they
indeed viewed the trlangles as ’[W‘O o.bjects arllc-l the dotsas six locations.

One may also argue that it is the degree of stlrr.lulus igmplemty, not object
versus location ;Wlllibh deternﬁﬁg{%hich kip& ;}‘-WM is thvabvel. Tlother words,

~
when the display is more corﬁp t:,x (qﬁhas ﬁle Itrliangles display), non=spatial WM 1is
critical for IOR, but not spatilal M, a \:/Em lﬁh? digpl@yiis relatlvely simple (such
as the dots display), spatial W becoméscrltlca‘l F#Thls argument makes the
assumption that Vie';&;iﬁg mQ %omplex dlsplayg rivolves c;bject representation and
that object WM s operatmg to maintain such mforma‘tlon Again, although not
impossible, complexity is-an ill-c;éﬁned concep.t that does not provide a noncircular
explanation, let alone prediction. For example, the opposite case might also be true:
that more (rather than fewer) complex displays involve spatial WM.

Using different displays such as dots and overlapping objects to probe
location- and object-based effect separately is the first step toward examining the
role of different types of WM in location- and object-based IOR. It is worth trying

other displays for follow-up studies, such as the double-rectangle paradigm of Egly

et al. (1994), which is useful to compare location and object effects in a single
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condition. Jordan and Tipper (1999) have used this paradigm by presenting two
spatially separate rectangles with a peripheral cue appearing at one end of one
rectangle. They found longer detection RT at the uncued end of the cued object than
at that of the uncued object, demonstrating object-based IOR in static displays.
Converging evidence may be sought by applying the two kinds of secondary task to
the two kinds of IOR, as we have done in the current study.

To our knowledge, the present study is the first one to show a double

dissociation pattern of location- deﬂi?— ?—b_ ased IOR by manipulating different

Iln] I.L:I

r"
= l|-

WM types, and it thu.qI Pr!kwdes {Le'#- 1n51ght§i¥;te theme anisms involved in each.

J |_'\— 'F r"_l o

It is possible thq&‘:fbré 19‘11i5_],ted 1

sp{tf%_w ﬁ c_uch that intervening
- | i

the inh bﬁd location. In

I'-||

two kinds of" i@R ('%CZ[UO sugge"st tﬁ-ht the two kinds of
o B, ‘f_- v
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Table 2.
Reaction time, percent error, IOR, and standard error of IOR in
each experiment (Chapter 5)

Valid Invalid IOR
RT (PE) RT(PE) RT(SE)

Experiment 1

Dual-task Experiments

1a Dots/Direction Task 581 (12) 576 (11) 5(5)
1b Dots/Object Task 552 (8) 541 (9) 11 (4)
’ 1 529 (6) 12 (5)

556 (5)
553 (5)
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Chapter 6

Optimizing Attention Deployment in Object-Based Attention:
The Role of Cue Validity

Chou, W. L. & Yeh, S. L. (submitted).

Ot
..\_I."-'

SlEHET;
1":"[“ bstra tg{cﬂ;

Lo I'.l'

'L"' ‘h_.!'
1=
We ado_&@&"fh g aly QE?. Fﬁ_{lg_and manipulated the
G g
cue validity i bﬁ:} The results
S e {D.
h' l' :'1 ! i | .'I-'

samefobje tadvan g@Eav‘I'th Lﬂformatlve

II'J

1ndlcated '5 atial-cu

location bGSed and d ly (Experiment 1A and 2), and both
spatial- cu'el.ng effect | mds of Cues were
1nf0rmat1veﬂxper1m p hfbh"th bWo kinds of cues
T
were co-varlqi!:"'}h' dy diffefentiates the régs‘u-i'ts i;fhtamed are
- ';-b a s, iy H
inconsistent with 'ather Iig';_sprea,_ﬂm 1yt esii or %‘brm&ﬁzaﬁon hypothesis of

""'-""h

object-based attention. A%Fgaf.g}amed by our opt1
ST oy |
here that the validity of the location cue is not the causal reason for the same- -object

rruhzail}h hypothe31s we demonstrate

advantage; object-based cue validity—the probability that the target will appear on

the cued object as a whole—plays a decisive role in object-based attention.
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Introduction

Optimal allocation of the limited human cognitive resources—such as visual
attention—to survival-relevant or informative stimuli may be an essential ability
through evolution. Indeed, past studies have demonstrated that observers can allocate
visual attention optimally depending on the target-present probability of each
location, evidenced by increased accuracy and decreased reaction times at the
location in proportion to the assigned probability (Geng & Behrmann, 2002; Shaw &
Shaw, 1977). Moreover, attention deployment canibe guided by implicit knowledge
of spatial context cues—rfor exampié, the styi};Jure of distractors (Chun & Jiang,
1998; Peterson & Krarﬁéf, 200 n addition 0k Visuz_ll.search task, in the cueing

paradigm (Pesner1980)FETT Validity—usually @cTmedias #1€ probability that a
target will'appear at 2 given location}—has g'.llsa béen manipulét:ed to show that visual

attention can berallocated opti ally@iﬁg t_o {he probability*fassignment: more

liberal for more likely and mlr parsu&plous fPr‘iless likely locations (e.g., Muller

e,

1

first walshdescribed using mefaphors such as an

& Findlay, 1987).

The attention allogation

[y

internal spotlight (Posm;r, :L1980),E§1-zoom lens (Erikseﬁ & Yeh, 1985), or a gradient
structure (Downing & Pinker, 1985); all. imply that attention operates in a location-
based manner. Over the last two decades, however, growing evidence has shown that
attention operates not only in a location-based but also in an object-based manner:
Attention can select grouped parts across different locations together (i.e., an object)
and then highlight the processing of information belonging to the selected object
(Duncan, 1984). Behavioral studies have demonstrated the dissociation of location-
and object-based attention; for example, different types of working memory are

involved (Chou & Yeh, 2008; Matsukura & Vecera, 2009) and they have different
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time courses (List & Robertson, 2007; Shomstein & Yantis, 2004). Physiological
studies have shown that different brain areas are responsible for location- and object-
based attention (Fink et al., 1997; He et al., 2008).

Note that previous manipulations of cue validity are all location-based,
especially those adopting the popular cueing paradigm of Posner (1980). We are
interested in whether our visual system can also calculate the usefulness of the cue
based on the object as a whole by combining all manipulated location probabilities
within that object. Dissociating the eue validity based on location from that based on
object is a worthwhile approach.to €xamine this-question because it promises new
insights into current thegries of a‘tten.tlon EC(')I-oglcally, our visual world is full of

objects in different locations, and both locations and obJ ects may carry useful

information upon Wthh we can properly agt. LoCatlon mformaflon can be more

F[_
f | g w {
relevant than object mformatw n Sﬂﬁemtuatlloqs and vicg versa. Visual systems

seem to meet a problemuin gl.lid ng att 10:1'— aSFd ongeither spatlal location or
visual object. Thus, we propdselan opmfrlezatlonllh pothes1s Attentlonal deployment
depends on the morp ettt 1$her utility) selec!fuin Base. If :location-based cue
validity—denoting the ﬁ;bl?lability 9f target pre_senta‘.[-i:B;I at the cued location—is
high and object-based cue validit;;—denoting tlle probability that the target’s
occurring at the cued object as a whole—is low, attentional deployment will depend
on location-based attention, and vice versa. If location- and object-based cue
validities are both high or low, location- and object-based attention influence the
allocation of attention interactively (e.g., Egly et al., 1994; Jordan & Tipper, 1999).
In contrast to our optimization hypothesis, both the spreading hypothesis

(Davis & Driver, 1997; Kasai & Kondo, 1997; Richard et al., 2008; Roelfsema,

Lamme, & Spekreijse, 2000) and the prioritization hypothesis (Shomstein & Yantis,

79



2002) of object-based attention would make the opposite prediction. The spreading
hypothesis states that when attention is cued to a location within an object, attention
will spread automatically from the cued location to the whole object. Consequently,
an informative cue that can guide attention to a specific location within an object
should cause attention to spread throughout the whole cued object. The prioritization
states that there is an inherent predisposition to assign higher priority to locations
within an attended object than to locations elsewhere (Shomstein & Yantis, 2004).
Regardless of object-based cue validity, object-based attention is expected when
there is an informative location- based cue by both the spreading hypothesis and the
prioritization hypothesis:. -

To pit our optimization hypothesis againgt thes.e:two influential hypotheses of
object-based attention, we mampula;ed mde‘pen‘dently locatzon based cue validity
and object-based cue valzdzrv u 1r1g tﬁovtﬂe Le?tangle method of Egly et al. (1994).
Egly et al. used a cueing paraldl m WltP[q (i;lblﬂe Tectangle dlsplay to demonstrate
the coexistence of location- an objecti‘t;sed attF tion flhey presented two outline
rectangles, with onq-*e'nd of.o elrectangle bri ghte%ne*d as a cile to indicate the possible

[

location of a target. The‘k‘tn[alfzget was a small solid squ.all'i‘e,‘ shewn subsequently within
one end of a rectangle. Location-;;ased attentiof; was indicated by the spatial-cueing
effect: RTs were shorter when the target appeared at the cued location than at uncued
locations. Object-based attention was indicated by the same-object advantage: RTs
were shorter when the target appeared at the uncued end of the cued than at the
uncued rectangle, with an equal cue-to-target distance between the two. As with Egly
et al., a series of studies using various stimuli and tasks have demonstrated both the

spatial-cueing effect and the same-object advantage (e.g., Avrahami, 1999; Lamy &

Tsal, 2000; Moore et al., 1998).
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In the original design of Egly et al. (1994), the probability that the target
would appear at a cued location was 75%, and the probability that the target would
appear at a cued object was 87.5% (combining the cued end with the uncued end of
the cued object: 75% plus 12.5% equals 87.5%). That is, the cue was informative for
both location- and object-based attention. As with Egly et al., almost all previous
studies confounded object-based cue validity with location-based cue validity: They
were either both high (e.g., Abrams & Law, 2000; He et al., 2004; Lamy & Tsal,
2000; Moore et al., 1998; Shomstein & Behrmann, 2008) or both low (e.g., Jordan &

Tipper, 1999; List & Robertson, 2007) We intend to differentiate the two kinds of
*E
cue validity and expectto find d1fferent Tesuilts, Applymg the double-rectangle

method, a single periphesal eue can be informative or non-mfgrmatwe, defined either

by location or object. N -

Note that the\two critical con,ﬁiﬁons;fl&z}tlon-based cue is informative but

i

object-based cue is non-inforin tive arﬁyice versa—aie omitted in the literature, and
|
IR I

our optimization hypothesis makes testable pred‘jcrions for eacht-Three experiments

were designed for th'lS purpo$e

In Expegiment ll'A,; the target Would appear at the
cued location more often than the.uncued locations, Wihule the target would appear at
the cued object with the same freéuency as Wiﬂ’.l the uncued object. According to the
optimization hypothesis, with an informative location-based cue and a non-
informative object-based cue, the spatial-cueing effect—but not the same-object
advantage—is expected. In Experiment 1B, we aim to replicate the conventional
spatial-cueing effect and the same-object advantage with a slight adjustment of the
cue validity to see whether the absence of the same-object advantage in Experiment

1A was caused by the manipulation of object-based cue validity. In Experiment 2, we

further designed a situation with a non-informative location-based cue and an
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informative object-based cue and expect to find the same-object advantage but not

the spatial-cueing effect.

General Method

Participants
Forty-two paid volunteers who were students of National Taiwan University

participated in this study (N =12, 12 and 18 in Experiments 1A, 1B, and 2,
TS e
respectively). All partICIﬂEln'tg had’ %‘ormal or cgnécftetjrto normal vision and were

i A

naive as to the pur]p'gse of the exlpé'r"fnent “I-

- X
Apparatus, Sqmull, anJ P L3
Lyl ‘;r.__-*' 1]

The."sﬁm_l h *l;hte_ir_@SQ'l'utlon of 640 x

480 plxels .1n a256- olor mo afifl a dlmly it chamber with a
& :

viewing dqséance of ing a chin rest

Th'Eéf,}ispl@-ys nt gréy rectangles,
oriented eltheﬂ Vertld'ﬁll r zontally. Each récfang) (.l 3“'->< & 9° with a stroke

L
3"1'5- > ﬁaéa.qon W&’% a grey plus sign

r_f" |
(0.4° x 0.4°). The cue-'(tl}ree 1.3%0¢ b 2°awhite -l'fnes o¥e.r]npp1ng one end of a

width of 0.2°) vwas centel’e’(t.?n
—l"

-\.'-

'.E-rl
s Ty

rectangle) and the target (1. 3{; ﬁ'dohdjgieil sqlblare) were located at one end of
the rectangles.

Each trial began with a 1000-ms fixation display containing the fixation cross
and two rectangles. The rectangles appeared either to the left and right or above and
below the fixation. Following the fixation display, the cue display was presented for
100 ms. After 100 ms, the cue display was replaced by the fixation display, and the

fixation display was presented for another 200 ms. The target (or nothing on catch
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trails) was then presented and remained visible until the participants responded or for
1000 ms if there was no response. The next trial began after a 500-ms inter-trial
interval, during which the screen was blank.

The participants were asked to fixate at the fixation throughout each trial, and
their task was to press the space bar of a computer keyboard in front of them as
rapidly as possible whenever they detected the target. A 500-ms feedback beep was
provided if the participant made a response to a catch trial.

Design " n

A spatial pre-Cue was preSeﬁted at éﬁé énd of a[Eectangle, and the target

followed in one of fourrg:onditions at the cued locat[i-aﬁ';(valid) at the uncued

location within the cued objectﬁn%zﬁ’lhd sam@ﬁb;ﬁect IS)s at' the near end of the

uncued object (invalid- d1fferént-'6‘5‘jeaﬁplﬂ)l,ipr lat’the far end of the uncued object
S E,E'

(invalid-far; IF). The distance betwe the€le :}nd the tagget were equal in the IS

and ID conditions; making any RT difigi'@ce bét\{leen IS and ID'conditions not

attributable to locautgon_. . { H !l

The order 0% ;tria_lﬁ was randomized for gach sq_JL‘)jLect.[There were four blocks
of 96 trials in each of Expegrimeni;rl-A and 1B 'z;n'd 76 frials in Experiment 2. A rest
period was offered between blocks. Before the experiment, each subject was given
20 practice trials randomly selected from the experimental trials. In Experiment 1A,
there were 32 valid trials, 8 IS trials, 24 ID trials, 16 IF trials, and 16 catch trials in a
block, making the proportion of valid, IS, ID, and IF trials 40%, 10%, 30%, and 20%
of target-present trials, respectively. In Experiment 1B, there were 40 valid trials, 8

IS trials, 24 ID trials, 8 IF trials, and 16 catch trials in a block, making the

proportions of valid, IS, ID, and IF trials 50%, 10%, 30%, and 10%, respectively. In
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Experiment 2, the target never appeared at the rectangle end diametrically opposite
the cued location (i.e., there was no IF condition). There were 20 trials in each block
of the valid, IS, and ID trials, making equal proportions of each (i.e., 33%). Sixteen

catch trials were embedded in a block.

Results

Data from trials in which RTs were faster than 150 ms (less than 3.1%), and
fraf =N
errors including false alaqms '(l'ess than 2. 5%)_ ane{mlgses (less than 0.4%) were

o, X L
excluded in all exibrlments Thd: 'n’iean coﬁe‘é"RTs (Flgure 1-3) were collapsed across

e

rectangle orlg.t'}tatlon s1n'c i i affec \"'Fs nor d1d J,Llnteract with

“ﬂ
,.IF) 1Thq~ima1n effect of cue

and a within- Sllb] ect&‘_ﬁa

validity was s1g'l:f‘ ﬁcant -EFI?\"

-_-\-
T

 0v=595, M= 130,

l.fr.

i 005 "'ias was the
el -
interaction of experlniEnt and cué*vahdriy [F:(B"!"66) l?>,47 MSE =130, p <.05],
indicating that the manlpula‘uon dff pfdbab!hty-ibet\bveen these two experiments
affected the RT results.

We focus on the spatial-cueing effect—RT difference between the valid and
IS condition—and the same-object advantage—RT difference between the IS and ID
condition. In Experiment 1A, the planned comparison showed faster RTs for valid

than for IS trials (p < .05), replicating the finding that the cue captured participants’

attention to the cued location (e.g., Posner, 1980). Moreover, the cue led to slower
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responses when the target appeared at the cued object (IS) than at the uncued object
(ID) (p < .05). This result is a reversed pattern of the conventional same-object
advantage but consistent with the location-based probability manipulation (the
proportions of IS and ID are 10% and 30%, respectively). In summary, when the
target appeared at the cued and uncued objects with equal probability, the response
was modulated only by the location-based probability. This finding supports our
optimization hypothesis but not the spreading hypothesis and the prioritization
hypothesis.

In Experiment 1B, planned (fomparisoﬁs showed faster RTs for valid than for
IS, ID, and IF trials (ps<.05). Aﬁd t}1e cue leld to fas:f[e'rrresponses when the target

appeared at the'cued objeet(IS) than at the uncued obje:ct (ID.and IF) (ps < .05). The

difference between the RTs of tk;:IE; and IH trlaI§ were marginally significant (p
=.08). When both the location- .Aaseﬁef Emg olbjfct—based cue were informative,

il

Experiment 1B replicated theit ical r?Eult pattLrﬂs instudies using the double-
rectangle method—both the ip ial—cujei% y effeo} zE}nd same-ol;jé;:t advantage are
found. : ot i t !I E :

Comparing Experifr;eﬁts 1A a_nd IBTCveals tha.t-:[tilble object-based cue validity is
crucial in obtaining the same-obj éct advantage,‘.and this result supports our
hypothesis. Note that the arrangement of proportions of IS and ID trials in
Experiment 1B (10% for IS and 30% for ID) was identical to that in Experiment 1A.
This implies that the absence of the same-object advantage in Experiment 1A is
determined by the non-informative object-based cue validity but not the unequal
probability between the IS and ID trials.

In Experiment 2, when the object-based cue was informative and the

location-based cue was non-informative—each possible target location has equal
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chance to contain the target—only the same-object advantage (faster RTs for valid
and IS trials than for ID trials, ps < .05) was obtained. Again, this result supports our

optimization hypothesis.

General Discussion

Unlike previous studies, in which the effect of location- and object-based cue

validity on attention deployment were always co-varied, we manipulated the two
kinds of cue validity 1ndepen’;fently:i_and pfobeig the sga-tlal -cueing effect and the
same-object advant ‘_glle—whlch lare Tndlcatﬂ:é-:;f locatmnd:-aﬂd Ob] ect-based attention,
respectlvelyh—.,'.l-'n a sm;,jlll-t

y i T ¥ Y

based cue was lﬁ_ili)'ﬁn
object-based cue w
'I:._:l

g;;r_tr'argyax'lfage when the

and bot spatial-cueing effect and
‘ [
, .
same-object advant

(Experimeﬂ-lt'_ 1B)»Th
informative a_s_pect—"_‘:ej._t

deployment of a‘ttentlon.- y
Previous studrffs have estibhshed bounifary co.ildlfnons for the same-object
advantage. For example, Ob] ect biqedi'attehﬁoﬁ occurs only when the target location
is uncertain (Shomstein & Yantis, 2002; but see Chen & Cave, 2008) for search
prioritization to occur, or when the object is covered by the extent of spatial attention
(Goldsmith & Yeari, 2003) and with sufficient object exposure duration (Chen &
Cave, 2008; Shomstein & Behrmann, 2008) for object representation to be formed.
The present study further establishes the important role of probability distribution

with respect to the whole object, in contrast to that of a particular location. The result
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pattern across Experiments 1 and 2 clearly demonstrates that the participants
allocated their attention in proportion to the locations within the boundary of an
object, and only informative object-based cues led to object-based attention.
Current influential theories of object-based attention—for example, the
spreading hypothesis (Richard et al., 2008) and the prioritization hypothesis
(Shomstein & Yantis, 2002)—do not take object-based cue validity into account.
Both theories predict that object-based attention influences attention deployment
spontaneously —either by spreading.or byssearch prioritization—even when the

object-based cue is non-informative; however, the results.of the current study
oL 2"

demonstrate that an infofmative object—basedﬁ cue is necessary for object-based

attention to occug_.rShomstein and Yantis (2004) claimea thagb,oth object

configuration and the/probability (;f'-;arget qppearpance in sacki-location contributed to

I‘r,r[—,‘_ i i

the assignment of attention. Quf ophmiZzation hlyqothems, in contrast, emphasizes

‘ -
that the object configuration 1ts Ifisn $ufficilnq for objeet-based attention. Instead,
the object-based/cue validity & definedibyithe su}rrkrned probability of locations
within the boundany{to"f an'eb e%t—does play a ckit]cal role;

[

Notice that in thé uz(:t{llrfent st}ldy, the experime:.&iier did not provide knowledge
about the cue validity to the partiic':ripants, and Vth:e participants’ subjective reports after
they performed the experiment indicated that they were not aware of the relation
between the cue and the target. Our results, thus, suggest that the participants can
learn the usefulness of the cue according to the location- and object-based aspects,
respectively, during the experiment. This result is consistent with studies
demonstrating spatial configuration cueing effects—attention is guided by implicit

knowledge of the spatial arrangement or layout (e.g., Chun & Jiang, 1998; Peterson

& Kramer, 2001)—and further extends the perceptual learning to a more complex,
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object-based, cue-to-target spatio-temporal relationship.

The findings of the current study suggest that attentional resources can
distribute proportionally to not only a location but also an object—bearing some
similarity to Shaw and Shaw’s (1977) attention-sharing model-—and the flexible
sharing of attentional resources among locations or objects depends on the
optimization principle we proposed. The optimal attentional deployment determines

observers’ performance—the more attentional resource, the better the performance—

objects.
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Experiment 1A: Informative location-based cue and non-informative object-based cue

Valid ID 380 7

360
340
320
300
280

IS IF Valid

Experiment 1B: Informative locatlon—based cue and ‘1nf0rmat1ve object-based cue
=

Valid ID

IS .

Valid — ID o adary SRR

ET r o -;"f" ;
Experiment 2: Non-informative lo atlon based cu ; nd‘informative object-based cue

400 | " . B
m 33 380 '
360 -
RR 340
320
IS Valid IS D

Figure 13. Mean RTs under each condition (Chapter 6). Error bars represent one standard
error. Arrows indicate significant difference (p<.05). IS: invalid-same object; ID: invalid-
different object; IF: invalid-far. The numbers in the display example indicate the
probability that the target will appear at that location.
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Chapter 7

General Discussion

This thesis examines mechanisms of location-based and object-based
attention with a series of five studies. These findings support the notion that location-
based and object-based attention are two qualitatively different forms of attention.
Location-based attention andqobj I:ct-l[aself a‘tté'nuﬂgn are influenced by consciousness

—— SAF
p= . e
in different ways, I':a‘vle d1fferem"un-:ilderlymgﬁe‘chamsms, lnvolve different kinds of

: i ention while pro wrfﬁs1ght§__1nto them. The
; ot -.;.;.5! a 1 Lo :_-.: ¥ :
consciousness- dep-er}ﬂent hy% t ifnization hy'f)_othesis‘;are proposed to
i A 2=
= i L Eyr N
explain the current . a 7
plamn t - )
Stuil_i.es in se hapters meake ap_Pl;oaqhﬁThe stimulus
L-' -T- - A I.
visibility was systemat nk nipula%eg and t ; su];)]gort qﬁhhtatlvely
Ak, L
q 'i,.!
different mechamsri:s for .lq' -“ba$ed atten]illon In chapter 2, by

T _-'[.- '|I T
[ i o |

manipulating awareness of'the “{ngger of afﬁe%:‘ﬁon Cthe. il,‘.ue3 we demonstrate that
consciousness modulates Obmbt't.u)fsf_-e;dj attejntlc:p but nolt location-based attention. We
found the same location-based effects by using suprathreshold cues and subliminal
cues; however, the two kinds of cues led to a reversed pattern of object-based effects:
A suprathreshold cue led to a same-object advantage and a subliminal cue led to a
different-object advantage. We thus propose that a suprathreshold cue strengthens
the within-object link while a subliminal cue strengthens the between-object link. A
consciousness-dependent hypothesis is proposed and implies that location-based

attention operates in the same way regardless of status of awareness; however,
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object-based attention operates for object recognition in an obvious way and for
action in an implicit way. Future brain image study is suggested to test the new
hypothesis and elaborate the possible brain areas that may involve in location- and
object-based attention in different states of consciousness.

In chapter 3, by manipulating awareness of the “host” of attention (the
object), this study investigated whether object-based attention is modulated by
participants’ awareness of objects. This study provides the first evidence that the
selection unit of attention can be at an object level even when these objects are
invisible—a level higher than previ(;)us evidenee given for.a subliminally cued
location. We suggest that attentio}l plays a futlldameqtal 7role in binding features of

both the conscious and yaeonscious mind. Putting the ﬁndings of chapters 2 and 3

together, it is shown that const‘:;irou:sistatus of 'trhe:"f“trigger of atterition” (cue)

¥

N s L

influences attention deployment; howewer; qﬁénioipus status of the “host of attention”
—
(object) does not influence atre tion deployment. Thisamplies that the kind of
|
il | & 4

4

information——location or objiac to bE §uibpres§e(i is aleritical factor determining the
effect of consciousne[s'ns. I t !I E
In chapter 4, by fﬁaﬁipulati{lg the Visibility o.t-~ :[tllhle target, we adopted the noise
masking paradigm to examine thérunderlying n;echanisms of location-based
attention and object-based attention. We found qualitatively different underlying
mechanisms for the two kinds of attention in terms of their threshold versus external
noise contrast (TvC) functions. Location-based attention operates by enhancing
signal strength, whereas object-based attention operates by excluding external noise.
In section II (chapters 5 and 6), we focus on the role of higher-level cognitive

factors in location-based and object-based attention: working memory and cue

validity. In chapter 5, we used a dual-task paradigm to examine whether the location-
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based attention and object-based attention are affected by two kinds of secondary
tasks that involve spatial and non-spatial working memory, respectively. The results
show that location-based effect was disrupted by a spatial secondary task whereas
the object-based effect was disrupted by a non-spatial secondary task. This finding
clearly implies that location-based attention and object-based attention involve
different kinds of working memory or share the cognitive resource with different
kinds of working memory.

In chapter 6, we wonder how eue yalidity influences location-based and

object-based attention. We manipulated cue validity with respect to a particular
1 r 7:I| ~

location or the whole object by éombining vdlfdity within its boundary. Results

indicated that location-based attention and object-based attention operate with

\:[ .( ‘-']_f,' ~ 1 e A=t Y .
informative location-based and objéft—basegi cue&r respectively;and both kinds of
Fat L" L{B"
attention eoexist when both kinds ofcues ar;é it{fo‘rmative. We demonstrate that the
‘ -
validity of the location'eue isindt the cabse of oLj:tct—based attention; object-based

cue validity——the probabilitythat thewtarget will lagpearon the'cned object as a

whole—plays a dec;i{s.i:ve role'ir}l object-based att%n‘ iof. An optimization hypothesis is

proposed: Attention dep‘lgxin'ent de_pends on the mofé‘hSeful (higher utility) selection
base. If location-based cue validlf'liz—déiloting ‘;he probability of target presentation
at the cued location—is high and object-based cue validity—denoting the probability
that the target occurs at the cued object as a whole—is low, attention deployment
will depend on location-based attention, and vice versa. If location- and object-based
cue validities are both high or low, location- and object-based attention influence the

allocation of attention interactively. The results can be adequately explained by the

optimization hypothesis.
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Conclusion

In this thesis, we overturn the widely held belief in a unified account of
location-based and object-based attention (see Mozer & Vecera, 2005, for a review)
by providing evidence showing qualitative differences in location-based and object-
based attention in several aspects. Rather than viewing object-based attention as a
consequence of spread from /ocation-based attention (Richard et al., 2008) or as a

grouped array of attended locations (Vecera, 1994), our findings support the notion

that location-based attention and objeet-base

different forms of atﬁv}wtﬁdlﬁerent > izl 47_3.,1 anisms. Moreover, in this
J.ET:} i
the consciousness-

thes1sweprese$ﬁ§gble he@rits 10T olje tion:

is needed to test
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Appendix A

Object-based Inhibition of Return: Evidence from Overlapping

Objects

Chou, W. L., & Yeh, S. L. (2005). Object-based inhibition of return: Evidence from

overlapping objects. Chinese Journal of Psychology, 47, 1-13.

have used spatu;'ly separate

oY)
unclear whether thb-Qh]'%c
overlappiné'.ﬁi'angks c

conditions object-based

two triangles was-bri

overlapping object_l-l&’lder two rieoess

ine Wherh?r and under what

was used in which one of the

R':-c‘.aﬁ-i')ccim‘.ifor spatially
h cue to-taqiget SOA and the

existence of an attracte‘f‘ that 15‘ g-‘bsenteii"qfter the cuefna_before the tarépt
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When you search you.r d!ersktﬁ_fc_)f a:'j

pen, the best strategy is to remember where you
have already searched and not to search there
again; looking in new places rather than the old
ones makes your search more efficient. Human
performance  observed in  psychological
experiments indeed reveals a phenomenon
similar to this search strategy: The reaction time
(RT) increases when a target appears at a

location that has recently been cued, an effect

called “inhibition of return” (IOR; Posner, Rafal,
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Clﬁoatg;& Vaughan, 1985). Posner and Cohen

(1984) are the first to demonstrate the IOR
effect. They used three outline boxes presented
on a horizontal axis, with the central box as
fixation and the right or the left box being
brightened briefly as a peripheral cue. The
target was a small filled square within the box,
and the participants were instructed to respond
to the target as quickly as possible. The target
was usually in the central box (p = .6), but it

could occur in either peripheral box (p = .1 on



each side). They found, on the one hand, a
facilitatory effect in which RT to detect the
target was shorter at the cued box than at the
uncued box when the cue-to-target stimulus
onset asynchrony (SOA) was shorter than 150
msec (i.e., 0, 50, and 100 msec). On the other
hand, RT was longer at the cued box than at the
uncued box when the SOA was longer than 300
msec (i.e., 300 and 500 msec).

Posner and Cohen (1984) argued that
the initial RT benefit to the cued box is due to
the summoning of attention by ‘the cue.
However, this early facilitatory effect is
replaced by a subsequent inhibitign tor the
previously cued location n'iﬁ:ter attemfion had
presumably shifted back to ‘the central fixation
(as targets occurred marmly m the central box).

Although Pesner and Cghen (1984) conﬁﬁlded

I.&“‘r.'

that the cued location in visual|

facilitated early and inhibited later s

account of  space-based attention| may ,‘

that  theifees

confounded with dhe possibilitiy

participants viewed these "boxes as objects,

rather than, or m addinfoﬁ' to, vieWilg them a8
locations. Indeed, the three b0xés used 1n their
displays can be considered as either 1ocat10ns or
objects, or both (Tipper, Weaver, Jerreat, &
1994; 1998).
(1984)

Burak, Jordan & Tipper,

Nevertheless, Posner and Cohen’s
original paradigm is used by many follow-up
studies, and the existence of location-based IOR
has been well established (see review of Klein,
2000).

To distinguish location-based IOR
from object-based IOR is important, as

illustrated by the following example.
Ecologically, it may be helpful to inhibit places

that have just been searched before; say, for a
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objects,

f'gt‘té’nded location may in fact turn out to be

sheep to search for fresh grass that has not been
eaten already, assuming that the target (fresh
grass) of a sheep in this example is more or less
in a 2-dimensional space. However, it is
unlikely that inhibiting previously searched
places can also be helpful, as in the case of a
lion looking for a running rabbit in the forest.
Just as for lions, for humans, there are always
multiple objects that may change locations, and
one object may overlap the other in the
environment. In such an environment that is
dynamic, 3-dimensional, and full of multiple

inhibiting an already searched or

mefficient f(fr' searching.
In(iéed, several studies have shown
‘sp.mc IOR phé’riz):mena to be object-based.

plefl Driver “an'(liﬁ Weaver (1991) first

'dc strate object-based [ IOR in a dynamic
,HdlsflI

in whi¢h the cued object rotates 90°

from its original location after being cued, and
the lin ibition associ;ifc.cl with it also moves with
thefobject. However, the objects used in their
expgri efit retain, ‘t.heir relative locations when
rotating’ .%frj(;und the fixation point. Thus, the
objects may lielp set up a frame of reference in
which attentional orienting operates on relative

(Schendel,
Robertson, & Treisman, 2001). Such a dynamic

locations, but not on objects
display, as that used by Tipper et al. (1991), has
also been criticized as being confounded with
left-to-right attentive tracking, and dynamic
object-based IOR has been demonstrated only
under certain experimental conditions (Muller
& von Muhlenen, 1996).

There are also studies that have shown
object-based IOR in static displays. Jordan and
Tipper (1998), for example, found that the



magnitude of IOR in the apparent-object-
present condition (i.e., an illusory object
induced by four “pacmen” had been cued) is
significantly larger than that from the apparent-
object-absent condition (i.e., only a location had
been cued). They interpreted their results in the
view that when objects are cued there are both
location- and object-based IOR effects, while
when only locations are cued, there is only
location-based IOR. In this case, assuming the
two kinds of IOR are additive, the object-based
effect is inferred indirectly by the comparison of
the magnitude of presumably locations. plus
object-based IOR and ‘that of locaFipn-based
IOR alone. Again, the ‘;'%élllts segefi* to be
obtained only" under cerfain Circumstances
(McAuliffe, Pratt, & O Dennell, ZOOQ In a

[T

subsequent ‘study, Jordan and T}pper 3!999)

representation, but also space representation. In
other words, if the object-based IOR can only
be found when objects are spatially separate, it
means that the space representation is crucial to
the object-based effect.

In this study, overlapping objects were
used to avoid confounding from location-based
1984; Haimson &

effects Duncan,

(e.g.,
Behrmann, 2001) and to see whether object-
based IOR occurs for spatially overlapping
stimuli  is

objects. This arrangement of

justifiable on ecological grounds: The retinal

images of ‘many real-world objects are usually

| f'gw_rérlapped.

The:i -stimuli used in the present study
(Figures1y ate similar to those in Brawn and

Snowdcn (2000)'::One of the objects was

{ brlghfgncd as a\cue; but this exogenous object

used two spatially separate rectd;ng bs WREJ 'cu% \Tas uninformative as to which object the

rectangle (see also Egly, Driver, & Rafal, 199 r

peripheral cue appearing at OT nd3

They found longer (detection RT at

end of the cued object relative to the Incucd end

of the uncued objé‘o'f; “demon afing moie
directly object-based TOR in.éjta;i‘g 'displays.

Note that for the satﬁdies [-_s[h'owing
object-based IOR in either dynamic or static
displays, spatially separate stimuli are used (e.g.,
McAuliffe et al., 2001; Tipper et al., 1991,
Tipper, Jordan, & Weaver, 1999; Jordan &
Tipper, 1998; 1999). This raises the question
whether object-based IOR is a special case
limited to the condition where objects are
separated in 2-dimensional space. This is an
important question because if only the objects
which occupy different 2-dimentional spaces
can reveal the object-based IOR, the effect is

unavoidably associated with not only object
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e uncugde®

oy
__l-lgi'tal%ct will appear, Using this display, they find

an [object+based fac1htatory effect: Shorter RT
when fthe tapget appears at the cued object than

at

Q

uncued object. More importantly, they
demonsirate that atEention can select one of the
two oVéfl:e;pping objects (see also Stuart,
M’oAnauy‘, & Meehan, 2003). The cue-to-target
SOA was less than 300 msec in their study, and
curiously, they did not manipulate longer SOAs
to see whether an IOR effect can also be found
with overlapping objects. Adopting the object
cuing paradigm used by Brawn and Snowden
(2000), we examine whether object-based IOR
occurs for a long enough SOA.

In fact, in a similar display using
overlapping objects, Schendel et al. (2001) do
not find object-based IOR even when the SOA
is extended to 725 msec. Likewise, Theeuwes

and Pratt (2003) also fail to find depth-specific



Fixation

(A) without-attractor (B)
condition

Figure 1. Illustration of the display sequence used in this study (not to scale). In the
actual experiment, the background was gray and one of the triangles and its connecting
disks were green, while the other triangle and its connecting disks were red. (A) The
without-attractor condition. (B) The with-attractor condition. The attractor was a black
dotted line shown on the 4™ frame and was presented at 45°, 180°, or 315°. The cue and
the target were equally likely to occur for the two triangles.
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IOR when the SOA is 883 msec, and they term
it “depth-blind” IOR. In Theeuwes and Pratt
(2003), after a specific object in the x-y-z
coordinate was cued, the effect of IOR spread
across the z-dimension: Namely, IOR occurs for
the depth planes in front and behind the cued
object. Although two objects at different depth
planes are different from two overlapping
objects at the same depth plane, it is reasonable
to infer from this result that no object specific
IOR for overlapping objects can be observed at
this SOA (883 msec).

It has been shown that_ Ehe ,more
complex the object is, the longer the; SOA it
requires for obtaining then'ﬁb[bject-based effect
(Ho & Atchleyj'in press). Tﬁe stimulus displays
used in Schendel eht.gialr(ZOOI) and irr_LT_h‘Seuwes

and Pratt (2003) are morg complex ;‘:han t}%@e of

| 5.1
Jordan and Tipper (1998; 1999). Whﬁefﬂli
T

a cuing paradigm with 1800 msec cue-to-target
SOA, they show that participants are slower to
detect a color patch (i.e., the target) if the color
matches that of a patch presented earlier at the
same location (i.e., the cue). This is interpreted
as an IOR effect based on the non-spatial
attribute of color (but see Fox & de Fockert,
2001). Although it is unclear whether such
feature-based IOR is applicable to the object-
based IOR, it is nonetheless a case that shows
an object-related IOR in a long (1800 msec)
cue-to-target SOA condition.
toy To examine the effect of SOA on
| ,"plf_ajéct-based IOR, we first use a long enough
SOA toc.]_[s‘ecg' whether. IOR with overlapping
objects car.;"be obtained, and then compare it
i\zl\a.t_h a shorter SO;&:'[-O testour first hypothesis in
Ir';}hmis .;'fudyi A 1ong“e-n'63gh SOA is necessary for
f_’nblcc -based IOR. As noted, our object display

former two studies fail to find object- base@}ﬂis rrlorc complex than that in Jordan and Tipper

the latter successfully demonstratelits) existen ',‘

We suspect that it fmay be due to tre shqr‘l,e;.,_}

SOAs (725 and 883 msec) Wsed in ghe former

two studies than those- i Jordaf and Tippeh
(1998; 1999; 1186 and 1lé‘6__'gnsec). Hence,
there is reason to believe that t}Eléir expgrimentg
(Schendel et al., 2001; Theeuwes & Pratt, 2003)
did not provide a strong test of the possible
existence of object-based IOR and their designs
are not fair to answer whether object-based IOR
can be observed from overlapping objects. We
are thus curious whether the object-based IOR
for spatially overlapping objects can be
observed if the cue-to-target SOA is extended to
an even longer duration.

Another hint of using long enough
SOA to obtain the object-based IOR can be
found in Law, Pratt, and Abrams (1995). Using
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(19981, who successfully  demonstrated the
obj!:c .based IOR! 'ﬁr.om spatially separate
objects. Thus we-chose a slightly longer cue-to-
tar;t OA (1360, ‘r}lsec) than the SOA used by
them (l’l"éﬁi msec). As a comparison, we also
u;'ed a short ¢uie-to-target SOA, which was 884
msec, similar to that in Theeuwes and Pratt
(2003; 883 msec). We predict that only the long
SOA can lead to the object-based IOR, but not
the short one, if a long enough SOA is
necessary for obtaining the object-base IOR for
spatially overlapping objects.

Another concern regards the nature of
IOR as implied in the name “inhibition of
return,” Posner and Cohen (1984) remarked,
“..if attention is not drawn away from the cued

location, no net inhibition is found,” (p. 541).

Without manipulating the probability that the



target appeared in the central box, Posner and
Cohen (1984) replicated the IOR effect with a
simpler method. In the aforementioned three-
box displays, after the brightening of one of the
boxes on the two sides (which serves as a
peripheral cue), the central box was brightened
briefly (as a neutral cue) before the onset of the
target. It is assumed that on each trial, the
participant’s attention is first summoned by the
peripheral cue and then by the central cue
before the onset of the target display. This is
why the IOR effect is attributedy to | the
participant’s attention being inhibitedy from
returning to the previously cued locg‘gion'-(but
see Danziger & Kingston;,ff[1999). Wercall a
stimulus such as the central‘ cugsmsPosner and
Cohen (1984) theh“;ftfgctor” becaq_sg_it{occurs
after the offset o-f the periphefal cu.;&!i and

. j 1 5%
captures the participant’s attentign,| taki

L™
away from the previously cued location. :{.-_:;lhm

the | rolewsof atb‘actor
bedn

examined by Pratt and. Fischer (2(

Recently,

location-based . IOR  has

2). They

found that the atuactdf':s .ﬁeeded Only at a shoi®
SOA (200 msec). At longer SiO_AESL(400 and 800
msec), the location-based IOR E:ém be [(_)[b'served,
regardless of whether an attractor is present (see

also McAuliffe et al., 2001), indicating that

attractor is not necessary for location-based IOR.

However, in their design, although the presence
or absence of an attractor does not seem to
affect location-based IOR at longer SOAs, such
a result cannot exclude the possibility that
participants’ attention had still returned to the
central fixation from the cued location. Note
that their participants knew that the cue was
uninformative and thus to stay on fixation was

the best strategy for the task at hand. Thus the
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care (Ul basLd

participants may endogenously shift their

attention from the cued location to the fixation

location even without an attractor, especially in

the long cue-to-target SOA conditions. It is

hitherto unclear whether “the removal of
attention” from the cued location is crucial for
location-based IOR.

Adopting the original notion of Posner
and Cohen (1984), the paradigm that reveals
object-based IOR used by Tipper and his
colleagues (1991; 1994) always contains an
attractor following the peripheral cue (see also

_Abrams & Dobkin, 1994; McAuliffe et al., 2001;
| f'[qudan & Tipper, 1998; 1999). However, it has
not been.jgi;g'ctly tested whether an attractor in

object-base&' IOR is neeessary, and so comes

our second hypoﬂi%sis; Anattractor presented in

r

i \ L .
| lg_ctw?cn the sequential presentation of the cue

_@ngﬂr’am{] tic target is necessary for object-based IOR

verlap ping objects.

1 Because we,aim to examine the object-

IOR! withofify confounding from the

location-based JOR, the: attractor we use is
mclnt te" be a}lotiler object that can attract
pargicipaﬁisi Aattention from the originally cued
‘ol;ject. This'is quite different from the
brightening of the central fixation used in
previous studies that demonstrate location-
based IOR (Abrams & Pratt, 1996; Pratt &
Abrams, 1995; Pratt & Fischer, 2002; Pratt,
Spalek, & Bradshaw, 1999; Snyder, Schmidt, &
Kingstone, 2001; Tipper, Weaver, & Watson,
1996). The use of different kinds of attractor
involves the relationship between object-based
representation and location-based representation,
which is beyond the scope of this study. What is
emphasized here is that assuming object-based

IOR occurs in object-based representation, the



attractor used should be more like an object
rather than a symbol that signifies a particular
location (such as the fixation dot or cross used
in previous studies). For this purpose, we use a
long line that is also overlapped with the two
overlapping objects as an attractor.

To reiterate, the two goals of the
present study are: First, whether there exists
object-based IOR for overlapping objects. The
object-based facilitatory effect has been found,
but the inhibition, the object-based IOR, does
not seem to have been demonstrated
consistently, especially for overlapping gbjects
(e.g., Brawn & Snowden, 2000; Thp@uv&;es &
Pratt, 2003; Schendel et alff ‘éOOl). Seéond, we
test, with overlapping objec“ts, Wwhether a long
enough SOA and/S;:an( atfaCtor are_necessary

for object-based IOR. ' 1!"!,
Far=

N

Experiment 1

Method

Participants.. r:S'i-)gteen ufidérgraduates
of National Taiwan Urliiversjutylpanlcipated in
the experiment to fulfill C(.)urée[ 7require_ments.
All reported normal or L -
vision and were naive as to the purpose of this
experiment.

Stimulus materials. Stimulus displays
were controlled by an IBM 486 personal
computer and presented on a 14’ ViewSonic
monitor. A computer program, DMDX (Forster
& Forster, 2003), was executed to present the
stimuli and collect the RT data. Participants sat
at a viewing distance of 60 cm in a dimly lit
chamber, with their heads supported by a
chinrest.

Each trial consisted of four kinds of
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display, including the fixation, the cue, the
attractor, and the target display. In the fixation
display, the fixation was a central white cross
(0.67° x 0.67°) against a gray background, and
two outline ( 0.29° in width) triangles (one
inverted and one upright triangle, with each side
extended 9.46° )

overlapping the other. One of the triangles

were presented, one
(randomly chosen) was green and the other red.
Three disks of .95° in diameter, centered 5.71°
from the fixation cross, were connected to the
three ends of each triangle and painted with the
same color as the connecting triangle. In the cue

| f'giizsnplay, one of the triangles was brightened and
defined as ifhe cued object. In the attractor
display, a Bfack dotted fine (9.46° x .29°) that
was slight!¥ 1@’5&_ than' the sides of the

| ! L .
[ g_ianglcs was'| presented - on fixation at

_%nriFniations ~45; 0, or 45 degrees (randomly

N

*}_’l-i!iichcls

(1]

W T

en) from vertical. The line was centered on
the] sa!nc central location as the two overlapping
triaLg es. In the taré'elz display, one of the six
disks €onngeted*to.the two triangles was either
briz\t ed or dimfl‘led, and the other five disks
remained':rl:;lchanged.

7 Design. The relation between the cue
and-the target was manipulated in an object
cuing paradigm. In the valid condition, the
target was located on one of the three disks
connected to the cued triangle. In the invalid
condition, the target was located on one of the
three disks connected to the uncued triangle. If
there is object-based IOR, RT to the target in the
valid condition should be longer than that in the
invalid condition. In addition, the role of
attractor is examined by comparing the with-

attractor condition with the without-attractor

condition. If an attractor is necessary, the



object-based IOR should be found only in the
with-attractor condition, but not in the without-
attractor condition.

The four conditions (valid/invalid x
with-attractor/without-attractor) were repeated
12 times within a block of 48 trials, with their
orders randomized. There were four blocks of
these trials in total, with an effort to balance the
possible combinations of target locations.
Sixteen practice trials preceded the formal 192
trials, and the participants could take short self-
paced breaks between blocks.

Procedure. The stimulus sequence is
illustrated in Figure 1. The participqngs began
each block of trials by presn;g the spage’bar. At

the beginning of each trial, an auditory tone was

sounded for 100 msea andiat the same time, a

L 5]

judged whether the target was brightened or
dimmed by pressing the “F” key on the
computer keyboard with the left index finger if
it was brightened and pressing the “J” key with
the right index finger if it was dimmed. The
participants were informed that the brightened
triangle (the cued object) was not predictive of
the subsequent target and targets were equally
likely to appear on cued vs. uncued objects.
They were instructed to respond as quickly and
accurately as possible. Before the practice trials

and before each block of the experiment, the

participants were informed of the necessity of

| :‘@intaining fixation throughout the trial.

Results a;gdzmbiscussion
In_all experiments of this study, trials

w.1.th an incosecti response or a RT less than 200

fixation display was' shown fori 1020 \?nsec | or lo?gm than I 000 msec are excluded as error

After the fixation display, the LueH dgpldy'm_ ‘!trlzils Land less than 1% of trials are removed in

fixation display again. In theswit

presented for 255 msee and 1epi"ac d Wa

out-attrac|

condition, following the cue [display,
fixation display was shownfor 1105msec. The
target display appearédfat.'l360 m ecISOA after
the onset of the cue and stayed fdr 1000 msec or
until the participants responded whlchever
happened first. The whole display turned blank
for an ISI of 500 msec, and then the next trial
began. In the with-attractor condition, the cue-
to-target SOA was still 1360 msec, but an
attractor display was added in between the cue
display and the target display. The attractor
display was shown 595 msec after the onset of
the cue display and stayed for 425 msec. Two
fixation displays, one before and one after the
attractor display, were each presented for 340
msec.

In the experiment, the participant
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xperiment. Figure 2A illustrates the mean
RTS i this experlment A repeated measure of
thefla 1ysls of vatiance (ANOVA, a software
provided by €Ehen & @ Cheng, 1999) was
conLu tod with _t'fle attractor (with-attractor,
witpout:éiifq;ctor) and the cuing (valid, invalid)
as.'.the Wifhin-subjects factors. Neither the main
effect of attractor nor the main effect of cuing is
significant, ps > .05. However, the two-way
interaction is significant [F(1, 15) =7.07, MSe =
94.13, p < .05]. Planned comparisons showed
that the effect of cuing is significant only in the
with-attractor condition [F(1, 30) = 8.30, MSe =
144.20, p < .01], and the effect of attractor is
significant only when the cue is valid [F(1, 30)
= 9.17, MSe =231.86, p < .01]. In the with-
attractor condition, RT is significantly longer

when the cue is valid (M = 493 msec) than
when it is invalid (M = 480 msec). In the



(A) Experiment 1
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(B) Experiment 2
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Figure 2. (A) The results of Experiment 1. (B) The results of Experiment 2.
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without-attractor ~ condition, however, no Experiment 2
difference in RT is found between valid cue (M

With displays of overlapping-objects
=476 msec) and invalid cue (M = 477 msec).

similar to that in our Experiment 1, Theeuwes

The percentage of errors for each
and Pratt (2003) and Schendel et al. (2001) do

condition is shown in Table 1. Analysis of error
not find any object-based IOR effects when the

rates indicates that the speed-accuracy trade-off
cue-to-target SOA are 883 and 725 msec

for differences in the effect can be ruled out.
respectively. We are thus curious whether the

Neither the main effect of attractor nor the main
object-based IOR observed in our Experiment 1

effect of cuing is significant, F's < 1. The two-
is due to the long SOA used in that experiment.

way interaction does not reach the significance
In Experiment 2, we used the same displays and

level, either [F(1, 15) = 1.45, p > .05].
procedure as those in Experiment 1 but changed

Therefore, this experiment yields two important
the cue-to-target SOA to 884 msec to see
results. First, we found ithat partigipants "
“whether a long' SOA is necessary for object-
responded slower to targets at cued objectssthan 5% °
4 ' based IOR™ip-the overlapping-object display. If
at uncued objects; demonstrating objéct-based w l
] itis, ¢ehanging the SOA close to that used by

Theeuwes and Pratt-(2003) and Schendel et al.
f ('200.1) should then make the object-based IOR

IOR by cuing attention to gonemef the two
overlapping objects Prevmuq studles 5howmg

object-based IOR used spatldlly sel?arate :t&imuh

= ' EW ohg%rvcd in Bxperiment 1 disappear.
that unavoidably involved spatial rep esentm_ 1
— th|9d
By using spatially“overlapping objects tow
I Parti¢ipants. Another group of twenty
such confounding in | this wexperiment, ]
unqer raduates with'the same characteristics as
demonstrate that object-based IOR| can alsg. * L
WL deseribed in Experiment I participated in this
occur for spatially overlapping objects. Thus, | P
o experifnent” 4
the object-based [OR7 s+ not "alspecial case '
F Stimuli, Design, and Procedure. The
limited to the condition iniwhich objcets are
gl : stunuh des1gn and procedure were the same as
separated in a 2-dimensional space. Seeond, the
. - those in Experiment 1 except for the following:
object-based IOR is found in"the with-attractor
The cue-to-target SOA was shortened to be 884
condition, but not in the without-attractor
ms in this experiment. In the without-attractor
condition, thus indicating the necessity of an
condition, following the cue display, the
attractor in demonstrating object-based IOR.
fixation display remained unchanged for 629

Table 1. Percentage of errors in Experiment 1 msec. The target display appeared at 884 msec

SOA after the onset of the cue, and stayed for

and 2.
1000 msec or until the participants responded,
With-attractor Without-attractor whichever happened first. In the with-attractor
Valid  Invalid Valid Invalid condition, the cue-to-target SOA was still 884
Experiment 1 5 5 44 43 53 msec, but an attractor display was added in
Experiment 2 5 ¢ 50 34 50 between the cue display and the target display.

The attractor display was shown 357 msec after
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the onset of the cue display and stayed for 425
msec. Two fixation displays, one before and one
after the attractor display, were each presented
for 102 msec.

Results and Discussion.

Figure 2B shows the mean RTs for
valid and invalid trials of the with-attractor and
without-attractor conditions. Only the main
effect of attractor is significant [F(1, 19) =
18.32, MSe 283.26, p < .01]. RT

the

is

significantly longer in with-attractor

condition (M = 525 msec) than the swithout-
attractor condition (M = 509 msec). However,
the effect of cuing is not significant [F1 (f, 19) =
0.29, MSe = 364.65,p > 13}

The mean error raté foreach condition

is shown in Table -ﬂAnalysis of error rates
L ]

I
indicates that the speedjaccuracy jtrade-off for

differences. in the effect can bé:

Neither the main effect of attractor nor th

r.J-

The t
r[F(l

effect of cuing is significant, ps >{.
way interaction is net significant, eith

=220,p>.1]. ik

As predieted; ‘ﬁaofobject—)ased IOR i§

observed when the cue-.té-;dgget SOATS
shortened to be 884 msec in fhls exﬁ_@fimen‘;i
Examining the results of Experiments 1 and 2
together indicates that both an attractor and a
long cue-to-target SOA are necessary for object-
based IOR. In Experiment 1, with an SOA of
1360 msec, object-based IOR is observed only
when an attractor is presented in the time
sequence between the cue and the target. In
Experiment 2, with an SOA of 884 msec, even
when an attractor is presented, still no object-
based IOR is found. Although both the attractor
and the long SOA are necessary for the object-
based IOR,

they are not inevitably two
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independent and additive factors. It is possible
that the presence or absence of the attractor may
modify the SOA for observing the object-based
IOR. The patterns of results in Figure 2A and
2B seem to suggest that this might be the case.
Because the display in the with-
attractor condition is more complex than that in
the without- attractor condition, it is not
surprising that participants need longer time to
respond in the former condition (M = 525 msec)
than in the latter (M = 509 msec). We also
observe the same trend in Experiment 1,
_a,lthough the effect is not statistically significant

f'ln-ihat experiment.

General Diseussion ]
i F =
P We obtained several important results
t is study. /First,, participants responded

lvv to targets at cued objects than at uncued

m obJ ; demonstrat-ing object-based IOR by

cu1r|gD attent1on to oneof two overlapping
obJ ct (Expenmqnt 1). Second, the object-
based IOR: was found in the with-attractor
g:o_lfdition;‘-.h but not in the without-attractor
éofidition, thus' indicating the necessity of an
attractor in demonstrating object-based IOR
(Experiment 1). Third, when the cue-to-target
SOA was not sufficiently long, the object-based
IOR observed in Experiment 1 disappeared
even when an attractor was present (Experiment
2).

As mentioned in the Introduction, the
findings of object-based IOR in past studies
used spatially separate stimuli that involved
spatial representation (e.g., Jordan & Tipper,

1998; 1999; Tipper et al., 1994), which raises
the question whether object-based IOR is



limited to objects that do not overlap. We used
and

The

overlapping objects in this study

demonstrated object-based IOR.
overlapping objects we used are similar to those
in Brawn and Snowden (2000). Nevertheless,
by prolonging the cue-to-target SOA to 1360
msec (as compared to the 200-300 msec used in
their study), we have extended their finding of a
facilitatory effect to an inhibitory effect and
showed that object-based IOR can occur for
overlapping objects. This major result provides
an answer to the unsolved question.in previous
studies: Object-based IOR.i$ not a special case
limited to the condition” where objects are
spatially separate. b4

Furthetmore, when ‘a Iong SO A is used
versus a

short SOA (Experlment 71 vs.

i

inhibition will be found (Posner & Cohen,
1984).

Our results are also consistent with Ro
and Rafal (1999). They used two moving
objects, similar to Tipper et al. (1991), while
manipulating the salience of the attractor (a
neutral cue) and found that the likelihood of
producing object-based IOR increases with the
salience of the attractor. They emphasize,
nonetheless, that the object-based facilitatory
effect is found at long SOAs (600 and 900 msec)

when. no attractor is used. We do not find the

sustained object-based facilitatory effect in the

f'[vifhout—attractor condition at 884 msec SOA in

BExperiment Z, however. This discrepancy may
be Tduesto c-fi'fferences between Ro and Rafal’s

(1.999) studyrandi our smdy, such as detection vs.

Experiment2), object based IORI is ob.%aimed { dlqcr?nmatlon ta@ks dynamlc vs. static displays,

N

|
only in the with-attractor condition, [but nmJ 'anci]

W aﬂob]rc

the without-attractor comdition.

used in our experiments is a IOYL

nset 1ig€H
which is considered/an objeet and has been used,

to examine the object-based attention in scveral
studies (e.g., Duncaﬁ;':h1§84; La 101& Drivef;
1996). Since abrupt onset obj'egt[ o6r ncw object
can capture attention (Theeuwéé, 1991_;'Yanti§
& Jonides, 1984), the onset line. pulls
participants’ attention away from the attended
object (i.e., the cued triangle). The necessity of
attractor in IOR found in this study thus
indicates that withdrawing attention from the
attended object is crucial for object-based IOR
to be observed. The conclusion is consistent
with the long-held notion of IOR which
assumes that RT is delayed because attention is
inhibited from returning to a cued location (or
where attention resides

object) and that

determines whether the facilitation or the
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[p"mally separate objects vs. overlapping
| As'mentioned, the role of the attractor
in ]o tion-based IOR has been examined by
Pra d Fisches, (2002).  Their results indicate
tha‘Ith dltractor 1s not necessary for location-
based IO.1§.:5m long-SOA conditions. We do not
thigk their reSults are irreconcilable with the
notion that” “withdrawing attention from the
attended location is critical to IOR”. Spatial
representation may be a special case regarding
the role of attractor. In the space domain, the
central fixation, usually also the medial position
between possible target sites, naturally indicates
a neutral location of the display. And that is also
usually the most likely location at which the
participants maintain their attention. Thus,
during the interval between the peripheral cue
and the in long-SOA

target, especially

conditions, participants may shift their attention



from the cued location to the fixation location
endogenously, even without an attractor.

In other words, if the cue-to-target
SOA is long enough, participants can actively
withdraw attention from the attended location
without being triggered by an attractor. This
may explain why in Pratt and Fischer (2002) the
attractor seems irrelevant only in long-SOA
conditions. However, for the overlapping
objects used here and the color target used in
Law et al. (1995), alternative non-target objects

o |

or colors (i.e., neutral objects or f
typically available to reloiﬁfﬁLQBC bartacgant s
attention, and thu '"I I"presentcd .Er'ﬂ'-fiactor
becomes necessa --':(-)ur ‘

with Law et ah'é'jlib%) noti

-~ _“'i' a
demonstrate | i.;;# is

. oy J
attention toi;-"ér value

order to

direct
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lompEpeilis _:
% Iﬁg@lp objects at 883 msec SOA.
: " To s%{p. we have shown that object-

In addition to an attractor, an
adequately long cue-to-target SOA is also
necessary for object-based IOR in overlapping-
object display. In Experiment 2, we used the
same display and procedure as those in
Experiment 1 but changed the cue-to-target
SOA from 1360 msec to 884 msec, an SOA
similar to that in Theeuwes and Pratt (2003).
The absence of IOR in this short SOA condition
is consistent with Theeuwes and Pratt’s (2003)

study: Their results of “depth-blind” IOR

e.st that IOR cannot be restricted to one of

. @,Efﬁ‘ ocmf.lwuh overlapping objects,

en an émctor is sandwiched

u{ﬂ! ﬂ;o:-.target display, and
e &

is not aﬂemal case limited

is long enough.

where (%cts are spatially





