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Abstract The perceptual load of a given task affects
attentional selection, with the selection occurring earlier
when the load is high and later when the load is low. Recent
evidence suggests that local competitive interaction may
underlie the perceptual load effect and determine to what
extent a task-irrelevant distractor is processed. Here, we
asked participants to search for a target bar among homo-
geneously oriented bars (the low load conditions) or het-
erogeneously oriented bars (the high load conditions) in the
central display, while ignoring a congruent or incongruent
flanker bar presented to the left or right side of the central
display, or a bar presented at one of the six positions outer
to the central display. Importantly, we differentiated con-
ditions in which the target in the central display and the
peripheral flanker was presented within the same hemifield
or across different hemifields. Results showed a significant
flanker effect for the low load condition, but not for the
high load condition, when the target and the flanker were
across hemifields. However, when the target and the flanker
were presented within the same hemifield, there was no
flanker effect for either low or high load conditions. These
findings demonstrate that the ability to ignore the task-
irrelevant distractor is affected by local competition within
hemisphere and that the perceptual load theory needs to be
supplemented with detailed analysis of cognitive processes
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and mechanisms underlying the consumption of attentional
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Introduction

The ability to focus on a given task in face of irrelevant
distracting information is vital for human cognitive func-
tions. Studies have been conducted to investigate how and
when the attentional process selects relevant information for
further processing and prevents interference from irrelevant
information (e.g., Lavie 2005; Mangun 1993; Moran and
Desimone 1985; Pashler 1998; Yantis and Johnston 1990).
The perceptual load theory of attention and cognitive control
(Lavie 1995, 2005, 2010; Lavie et al. 2004; Lavie and Tsal
1994) resolves the classic debate between the early selection
theory (e.g., Broadbent 1958) and the late selection theory
(e.g., Deutsch and Deutsch 1963) by assuming that atten-
tional resources are limited, and the perceptual load imposed
by searching for and identifying the target among distracting
information determines the extent to which the irrelevant
information is processed. According to this theory, early
selection occurs under situations of high perceptual load that
exhausts available capacity in the processing of task-rele-
vant information; late selection occurs under situations of
low perceptual load in which spare attentional resources left
from the processing of the relevant information automati-
cally “spill over” to distractors, resulting in the processing
of these distractors and its interference with the processing
of the task-relevant information.

The perceptual load theory has received much empirical
support (see Lavie 2005, 2010 for reviews). Typically in
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these studies, a target is mixed with a number of to-be-
searched items in the central search display around the
fixation point, and a to-be-ignored flanker item, either
congruent or incongruent with the target, is presented at
left or right periphery. The perceptual load in the central
search display is manipulated in different ways, including
mixing the target with fewer or more distractors (e.g.,
Lavie and de Fockert 2003), presenting visually homoge-
neous or heterogeneous distractors (e.g., Johnson et al.
2002; Lavie and Cox 1997; Wei and Zhou 2006), or
varying the processing requirement such that the target
identification requires either the registration of a simple
feature or the integration of two or more features (e.g.,
Lavie 1995; Chen 2003). The flanker congruency is
manipulated by varying the peripheral flanker which
potentially requires either the same response as the target
(the congruent condition) or the opposite response (the
incongruent condition). The differences between response
times (RTs) to the incongruent stimuli and congruent
stimuli are denoted as the flanker congruency effects
(Eriksen and Eriksen 1974). It is found that the congruency
effect is larger when the processing of the central display
and identifying the target are of low perceptual load, and
smaller or null when the processing of the central display
and identifying the target are of high perceptual load
(Lavie 2005). The absence or presence of the congruency
effect is taken as an indicator of whether or not early
attentional selection has taken place.

However, the perceptual load theory of selective atten-
tion has been accused of “using general terms without
implicating proximity or salience... the functional role of
perceptual load becomes void and the theory becomes
unfalsifiable” (Tsal and Benoni 2010, pp. 1665-1666). This
theory has to be supplemented with detailed analysis of
cognitive processes and mechanisms underlying the con-
sumption of resources by central perceptual load and the
spillover of spare resources to the periphery (i.e., the pro-
cessing of the flanker). It is possible, for example, that the
appearance or absence of the flanker congruency effect in
the manipulation of perceptual load is a result of local
competitive interactions in visual cortex, not the conse-
quence of whether the overall capacity per se is exhausted
(Torralbo and Beck 2008). According to Luck et al. (1997),
the simultaneous processing of multiple objects, in partic-
ular, objects falling within the relatively large receptive
fields of the same populations of neurons in extrastriate
cortex, may lead to ambiguity in neural coding for indi-
vidual objects. The ambiguity becomes severe when the
distance between simultaneously presented items is smaller
(Hopf et al. 2006; Torralbo and Beck 2008), when more
items are presented (Wei et al. 2008), or when distracting
stimuli share features with the target (Wei et al. 2008). As a
result, the neural representation (and the bottom-up
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perceptual salience) of a target stimulus is diminished by
the presence of nearby items (Kastner et al. 1998; Mounts
and Gavett 2004; Mounts and Tomaselli 2005; Petrov et al.
2005; Reynolds et al. 1999).

Moreover, the perceptual load theory of attentional
selection needs to take into other factors that may modulate
the distribution and consumption of attentional resources.
Laterality studies suggest that the competition between the
target representation and distractor representations becomes
severe when critical items are presented within a hemisphere
rather than across hemispheres (Banich 1998; Nishimura
and Yoshizaki 2010; Nishimura et al. 2009; Torralbo and
Beck 2008). For example, Torralbo and Beck (2008) asked
participants to search for a target letter among an array of
letters arranged in an arc around a ‘flanker’ centered at
fixation. The target was either within the same hemifield as
two distractor letters or it appeared alone in one hemifield
and the distractors appeared in another hemifield. The cen-
tral flanker could be congruent or incongruent with the
target. Results showed a greater flanker effect when the
target and the distractors were presented in different hemi-
fields than when they were in the same hemifield. Similarly,
Nishimura and Yoshizaki (2010) found that a flanker was
excluded from processing if it was presented to a high-loa-
ded visual hemisphere; however, if it was presented to a
low-loaded hemisphere, the flanker was processed and
caused flanker interference. These findings suggest that
competition for representation in each visual hemisphere
may underlie the perceptual load effect and determine the
degree to which the task-irrelevant information is processed.

Given these findings and given that the previous
research on the role of perceptual load in attentional
selection has generally mixed trials in which the flanker
and the target are presented in the same or different visual
fields, it is important to manipulate the perceptual load and
flanker congruency as a function of hemifield. In the
conditions where the target is intermixed with several
non-targets in the central display, with the flanker being
presented to the left or right side of the central display, the
target and the flanker are essentially presented within the
same hemifield for half of trials and are presented across
different hemifields for the other half of trials. When the
flanker and the target are presented within the same
hemifield, the peripheral flanker is close to the target and
thus may have more ambiguity in representation as com-
pared to the condition in which the flanker and the target
are presented across different hemifields. The interference
from the peripheral flanker on the selection of the central
target and the flanker congruency effect may thus be
affected by both the perceptual load of the central display
and the relative location of the flanker and the target.

To test this hypothesis, we conducted two experiments
in which participants were asked to search for a target bar
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in the central display (six positions around the fixation point,
with three at the left hemifield and another three at the right
hemifield) while ignoring the congruent or incongruent
flanker bar presented to the left or right side of the central
display (Experiment 1) or at one of the six positions outer to
the central display (Experiment 2). In the two experiments,
the position of the peripheral flanker was different: in
Experiment 1, the peripheral flanker was relatively fixed at
the left or right hemifield, while in Experiment 2, the
peripheral flanker location was randomly selected. For
the low perceptual load conditions, the distractor bars in the
central display were oriented homogeneously (i.e., in the
same direction); for the high perceptual load conditions,
these distractor bars were oriented heterogeneously (i.e., in
different directions). Importantly, the target and the flanker
could be presented either within the same hemifield or
across left and right hemifields. To rule out an alternative
account for the findings in Experiments 1 and 2, we con-
ducted Experiment 3 which employed essentially the same
design as Experiment 1 but presented the central target and
the peripheral flanker at the upper and/or lower visual field.

Method
Participants

Twenty undergraduate or graduate students (14 females,
18-27 years of age), another twenty-one students (17
females, 17-25 years of age), and a third group of sixteen
students (9 females, 19-27 years of age) participated in
Experiments 1, 2 and 3, respectively. They were all right-
handed, had normal or corrected-to-normal vision and had
no known cognitive or neurological disorders. They gave
informed consent to take part in the study and were paid for
their participation.

Design and materials

A 2 x 2 x 2 within-participant factorial design was used
for each experiment, with the first factor referring to the
perceptual load of the central display, the second factor
referring to the flanker congruency, and the third factor
referring to the relative location of the target and the flanker.
A central search display consisted of six bars presented on
an imagery circle around the central fixation, with one
horizontally or vertically oriented target bar and five
homogeneously or heterogeneously oriented distractor bars
(Fig. 1). Three items in the central display were in the left
hemifield and another three in the right hemifield in
Experiments 1 and 2; three items in the central display were
in the upper visual field and another three in the lower visual
field in Experiment 3. The flanker bar, which was presented

at periphery outer to the display, was either horizontally or
vertically oriented. It was congruent or incongruent with the
target in the central display (i.e., potentially linking to the
same or opposite response code). The flanker was presented
at the same location in the left or right hemifield in
Experiment 1, at one of the three locations in the left or right
hemifield in Experiment 2, and at the same location in the
upper or lower visual field in Experiment 3. The flanker and
the target were either in the same visual field or across
different visual fields. Participants were required to search
for a vertically or a horizontally oriented bar in the central
search display before making a discriminative response.

Each experiment had 768 trials in total, with each
experimental condition having 96 trials. The target and the
flanker were presented at their possible locations with
equal probability. Each distractor bar in the central display
could have an orientation of either left or right 22.5°, 45°,
or 67.5°. For the high load conditions, the five distractor
bars always had different orientations. For the low load
conditions, although the distractor bars in each trial had the
same orientation, bars with different orientations were
equally likely used over different trials.

Procedures

The presenting of stimuli and recording of response times
and error rates were controlled by Presentation software
(http://nbs.neuro-bs.com/). Each trial lasted for 2,500 ms.
At the start of each trial, a white fixation point measuring
0.10° in visual angle appeared at the center of the black
screen for 500 ms, followed by the fixation point together
with six dots surrounding the fixation for 200 ms. These
dots formed an imaginary circle and indicated the locations
of bars to be searched. After an interval of 100 ms during
which the fixation point remained on the screen but the six
dots disappeared, six bars appeared at the locations previ-
ously indicated by the six dots, together with a flanker bar
outer to the central display. The center-to-center distance
between central fixation and each bar around the fixation
was 1.3° in visual angle, and the center-to-center distance
between central fixation and the peripheral flanker was 3.2°.
Each bar in the central display subtended 0.9° x 0.15° in
visual angle, with equal distance between adjacent bars. The
flanker bar also subtended 0.9° x 0.15° in visual angle. The
viewing distance was held at 65 cm with a chinrest.

The search display and the flanker were presented for
500 ms, followed by the presentation of fixation point again
for 1,200 ms. Participants were instructed to respond as
quickly and as accurately as possible upon the presentation
of the search display by pressing the left button of the
computer mouse for horizontal bar and the right button for
vertical bar. The assignment of response buttons to the
target bars was counter-balanced over participants.
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Fig. 1 Example of trial
sequence. Example display

a simulates high perceptual load
condition; the target and the
flanker are incongruent and are

presented to the same visual
field. Stars (not shown in the
real search display) are referring
to the other possible positions of
the peripheral flanker in
Experiment 2. Example display
b simulates low perceptual load
condition; the target and the
flanker are congruent and are
presented across left and right
hemifields. Example display

¢ simulates low perceptual load;
the target and the flanker are
incongruent and are presented

across upper and lower visual
fields in Experiment 3. The

second frame in which dots I N
indicating the positions of to-be-
searched items in the central

display were changed /-
accordingly in Experiment 3

The total 768 experiment trials were divided into four
sessions, with each experimental condition having 24 trials
in each session. Trials in each session were pseudo-ran-
domized. Participants practiced 96 trials before the formal
experiment. There was a 2-min break between sessions.

Results

Incorrect responses were excluded from the analyses of
RTs. Moreover, RTs more than three standard deviations
above or below the mean in each experimental condition
for each participant were discarded as “outliers” (0.50,
0.47 and 1.08 % of the total data point in Experiments 1, 2
and 3, respectively). Mean RTs and response error per-
centages are reported in Table 1 for each experimental
condition. Flanker congruency effects, collapsed over
Experiment 1 and 2, are reported in Fig. 2.

Experiment 1

An analysis of variance (ANOVA) was conducted on RTs,
with the perceptual load of the central search display (high
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vs. low load), the congruency between the target and the
flanker (congruent vs. incongruent), and the relative loca-
tion of the target and the flanker (same vs. different
hemifields) as three within-participant factors. Results
showed a significant main effect of central search load,
F(1, 19) = 24.67, p < .001, suggesting that the overall
RTs were slower to displays of high load (834 ms) than to
displays of low load (778 ms). Although the main effect of
flanker congruency was not significant, F(1, 19) = 1.10,
p > .1, it nevertheless interacted with the central percep-
tual load, F(1, 19) = 8.81, p < .0l. Planned pairwise
comparisons showed that RTs did not differ between the
congruent and incongruent trials in the high load conditions
(838 vs. 830 ms), #(19) = 1.48, p > .1, but did differ in the
low load conditions (771 vs. 789 ms), #(19) = 3.89,
p < .005. The flanker congruency was also interacted
with the relative location of the target and the flanker,
F(1, 19) = 14.71, p < .005. Planned pairwise comparisons
showed that RTs did not differ between the congruent and
incongruent trials when the target and the flanker were
presented within the same hemifield (806 vs. 799 ms),
1(19) = 1.74, p = .1, but differed when the target and the
flanker were presented across different hemifields (802 vs.
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Table 1 Mean reaction times (ms), standard errors (in parentheses) and error percentages in Experiments 1, 2 and 3
Relative location between the target and the flanker
Same visual field Different visual fields
Congruent Incongruent Congruent Incongruent
RT (SE) Error RT (SE) Error RT (SE) Error RT (SE) Error
Exp. 1 High load 840 (49) 15.1 823 (46) 15.1 837 (48) 16.1 837 (46) 17.8
Low load 773 (42) 9.5 776 (40) 11.6 768 (41) 9.4 796 (41) 11.9
Exp. 2 High load 900 (33) 16.0 900 (34) 16.2 913 (35) 16.2 911 (34) 17.2
Low load 867 (35) 10.6 858 (34) 9.9 856 (33) 9.3 878 (33) 11.3
Exp. 3 High load 839 (34) 10.0 843 (37) 10.3 858 (36) 12.8 869 (34) 12.2
Low load 809 (39) 6.1 812 (41) 74 833 (41) 8.6 836 (41) 8.0
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Fig. 2 Flanker congruency effects, collapsed over Experiment 1 and
2, are reported as functions of perceptual load and the relative
location between the target and the flanker

816 ms), #(19) = 3.42, p < .005. These interactions sug-
gested that the magnitude of the flanker congruency effect
was affected by both the central perceptual load and by the
relative location between the target and the flanker. No
other main effects or interactions reached significance.

Separate ANOV As, with the central perceptual load and
the flanker congruency as two within-participant factors,
were conducted for trials in which the target and the flanker
were in the same hemifield and for trials in which the target
and the flanker were across different hemifields. When the
target and the flanker were in the same hemifield, only
the main effect of perceptual load was significant,
F(1, 19) = 23.88, p < .001, with longer RTs for the high
load conditions (831 ms) than for the low load conditions
(775 ms). The main effect of flanker congruency was not
significant, F(1, 19) = 3.06, p = .096, nor was the inter-
action between flanker congruency and perceptual load,
F(1, 19) = 2.54, p > .1.

When the target and the flanker were presented across
left and right hemifields, however, both the main effect of
the perceptual load and the main effect of the flanker

congruency were significant, F(1, 19) = 19.15, p < .001,
and F(1, 19) = 11.86, p < .005, respectively. RTs were
longer for the high load conditions (837 ms) than for the
low perceptual conditions (782 ms) and were longer for the
incongruent conditions (816 ms) than for the congruent
conditions (803 ms). Importantly, the interaction between
the two factors was significant, F(1, 19) = 6.69, p < .05.
Planned pairwise comparisons showed that RTs did not
differ between the incongruent and congruent trials in the
high load conditions (837 vs. 837 ms), #(19) < 1, but they
did differ in the low load conditions (796 vs. 768 ms),
1(19) = 4.92, p < .001.

Analyses of error rates revealed a significant main effect of
perceptual load, F(1, 19) = 29.59, p < .001, with more
errors committed to high load trials (16.0 %) than to low load
trials (10.6 %). The main effect of congruency was also
significant, F(1, 19) = 6.28, p < .05, with more errors on
incongruent trials (14.1 %) than on congruent trials (12.5 %).
No other effects or interactions reached significance.

Experiment 2

ANOVA conducted on RTs revealed a significant main
effect of perceptual load, F(1, 20) = 35.43, p < .001, with
overall RTs being slower to trials of high load (906 ms)
than to trials of low load display (865 ms). The main
effect of flanker congruency did not reach significance,
F(1, 20) < 1. However, the interaction between flanker
congruency and the relative location of the flanker and the
target was marginally significant, F(1, 20) = 3.85,p = .06;
the three-way interaction between flanker congruency,
perceptual load, and relative location was significant,
F(1,20) = 5.35, p < .05. These interactions indicated that
the flanker congruency effect appeared only in specific
conditions (i.e., the low load condition in which the
flanker and the target appeared in different hemifields).
Separate ANOVAs for trials with the target and the
flanker in the same hemifield and for trials with the
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target and the flanker across left and right hemifields
confirmed this observation.

When the target and the flanker were in the same
hemifield, only the main effect of perceptual load was
significant, F(1, 20) = 18.35, p < .001, with longer RTs
for high perceptual load conditions (900 ms) than for low
perceptual load conditions (862 ms). However, when the
target and the flanker were across left and right hemifields,
not only the main effect of perceptual load was significant
(912 vs. 867 ms), F(1, 20) = 36.14, p < .001, the inter-
action between flanker congruency and perceptual load was
also significant, F(1, 20) = 6.03, p < .05. Planned pair-
wise comparisons then showed that RTs did not differ
between incongruent and congruent trials in the high load
conditions (911 vs. 913 ms), #(20) < 1, but they did differ
in the low load conditions (878 vs. 856 ms), #(20) = 4.15,
p < .005.

Analyses of error rates revealed a significant main effect
of central search load, F(1, 20) = 37.72, p < .001, with
more errors committed to high load stimuli (16.4 %) than
to low load stimuli (10.3 %). The interaction between the
location factor and the flanker congruency was significant,
F(1, 20) = 5.04, p < .05. When the target and the flanker
were presented within the same hemifield, the error rates
did not differ between the congruent (13.3 %) and incon-
gruent (13.1 %) conditions, #(20) < 1. However, when the
target and the flanker were presented across left and right
hemifields, participants made more errors in the incon-
gruent condition (14.2 %) than in the congruent condition
(12.7 %), 1(20) = 3.12, p < .01. No other main effects or
interactions reached significance.

Overall analysis of RTs across Experiments 1 and 2

ANOVA was conducted on RTs, with the perceptual load of
the central search display (high vs. low load), the congru-
ency between the target and the flanker (congruent vs.
incongruent), and the relative location of the target and the
flanker (same vs. different hemifields) as the three within-
participant factors, and the experiment as the between-
participant factors. There was a significant main effect of
perceptual load, F(1, 39) = 55.26, p < .001, and a signifi-
cant main effect of the relative location of the flanker and
the target, F(1, 39) = 5.45, p < .05, with RTs slower to
trials of high load than to trials of low load (870 vs.
821 ms), and slower to trials with the flanker and the target
in different hemifields than to trials with the flanker and the
target in the same hemifield (850 vs. 842 ms). Importantly,
although the main effect of flanker congruency was not
significant, F(1, 39) < 1, it interacted with perceptual
load, F(1, 39) = 9.27, p < .005, with relative location,
F(1, 39) = 14.91, p < .001, and with both perceptual load
and relative location, F(1, 39) = 3.48, p = .07. The
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experiment as the between-participant factor did not inter-
act with any factors, indicating that the two experiments
obtained essentially the same pattern of effects.

Separate analysis for trials with the flanker and the
target in the same hemifield did not find any significant
effects or interactions apart from the main effect of per-
ceptual load, F(1, 39) = 42.54, p < .001. However, anal-
ysis for trials with the flanker and the target in different
hemifields found not only a significant main effect of
flanker congruency, F(1, 39) = 12.05, p < .005, but also
an interaction between flanker congruency and relative
location, F(1,39) = 12.76, p < .005. It is clear from Fig. 2
that the flanker congruency effect appeared only when the
flanker and the target appeared across left and right
hemifields (837 vs. 812 ms), as confirmed by the planned
test, F(1, 39) = 41.28, p < .001.

Experiment 3

ANOVA conducted on RTs showed a significant main
effect of perceptual load, F(1, 15) = 9.28, p < .01, sug-
gesting that RTs were slower to displays of high load
(852 ms) than to displays of low load (822 ms). The main
effect of the relative location of the flanker and the target
was significant, F(1, 15) = 25.68, p < .001, such that the
overall RTs were slower when the target and the flanker
were presented across visual fields (849 ms) than when
they were presented within the same visual field (826 ms).
However, the main effect of flanker congruency was not
significant, F(1, 15) = 1.21, p > .1, nor the interaction
between flanker congruency, perceptual load or the relative
location, Fs(1, 15) < 1.

Analyses of error rates revealed a significant main effect
of perceptual load, F(1, 15) = 22.75, p < .001, with more
errors committed to high load stimuli (11.3 %) than to low
load stimuli (7.5 %). The main effect of relative location
was significant, with more errors committed when the
target and the flanker were presented across visual fields
(10.4 %) than when they were presented within the same
visual field (8.4 %). No other main effects or interactions
reached significance.

Discussion

Experiments 1 and 2 obtained essentially the same pattern
of effects. While the perceptual load of the central display
affected RTs to the target, the appearance of the flanker
congruency effects depended not only on the perceptual
load, but also on the relative location of the flanker and the
target. There was no flanker congruency effect for trials
with high perceptual load, regardless of the flanker posi-
tions in the visual fields. The congruency effect did appear
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in the low perceptual load trials, but only when the flanker
and the target were presented across left and right hemi-
fields. Moreover, when the target and the flanker were
presented in the same or different upper-lower visual fields
as in Experiment 3, there was no main effect of flanker
congruency effect, nor its modulation by perceptual load or
the relative location between the target and the flanker.

Clearly, the pattern of effects obtained in Experiments 1
and 2 is not wholly compatible with the perceptual load
theory of attentional selection in its current form (Lavie
1995, 2005; Lavie et al. 2004; Lavie and Tsal 1994).
Although this theory does predict the absence of the flanker
congruency effect when the perceptual load of the central
display was high, it does not predict the interaction
between the congruency effect and the relative location of
the flanker and the central target.

Recent evidence suggests that competitive interaction in
the visual cortex within each hemisphere underlies the
modulation of perceptual load on attentional selection
(Torralbo and Beck 2008; Nishimura and Yoshizaki 2010).
When multiple objects fall within the relatively large
receptive fields of the same groupings of neurons in the
extrastriate cortex, the simultaneous processing may lead to
ambiguity in neural coding for individual objects (the
ambiguity resolution account, Luck et al. 1997) and lead to
competition between representations for different items
(Bahcall and Kowler 1999; Caputo and Guerra 1998;
Mounts 2000a, b; Mounts and Gavett 2004; Mounts and
Tomaselli 2005; Wei et al. 2008). This competition can be
modulated by both the top-down task set (Benoni and Tsal
2010) and the relative bottom-up perceptual saliency
between items (Lavie and Torralbo 2010; Marcianoa and
Yeshuruna 2011; Wei and Zhou 2006; Wei et al. 2008).

According to the salience-based models of attention,
such as Guided Search (Wolfe 1994), feature contrast
values, signaling the extent to which an item differs from
other items in its vicinity, are computed not only for the
target, but also, in parallel, for the distractors and the
flanker. In the present low perceptual load conditions,
when the target and the flanker were projected to different
hemifields, the flanker would have high perceptual salience
since the nearby items (the three central distractors in the
same hemifield) were homogenous; in contrast, when the
target and the flanker were projected to the same hemifield,
the flanker would have lower perceptual salience since now
the flanker, the target, and the two distractors in this
hemifield could have different orientations. Thus, the
flanker could be more likely to win competition within its
vicinity and interfere with the selection of the target in the
different-hemifield condition than in the same hemifield
condition. The absence of a significant flanker congruency
effect for the low load, same hemifield condition could be
due to the fact that the flanker with the lower perceptual

salience was completely inhibited by the representation of
the nearby target, which was supported by the top-down
task set.

In the above arguments, we have implicitly assumed that
there is a common pool of attentional resources for atten-
tional selection across different hemifields. However,
behavioral and neuroimaging studies of visual selective
attention (Alvarez and Cavanagh 2005; Banich 1998;
Pollmann et al. 2003; Torralbo and Beck 2008) and visual
short-term memory (Delvenne 2005) have also found that
parallel processing taking place in each hemisphere can
lead to the most efficient processing of visual information,
suggesting that each hemisphere may have a separate
attentional resource pool (Nishimura and Yoshizaki 2010;
Nishimura et al. 2009). If this suggestion is applied to the
traditional perceptual load theory, the absence of a flanker
congruency effect in the low load, same hemifield condi-
tion may be attributed to the exhausting of attentional
resources in the particular hemifield. It is possible that
processing the target and the two distractors in the central
display had already used up available resources for the
particular hemifield, leaving no spare resources for the
processing of the flanker within this hemifield. Indeed,
when the target and the flanker were presented to the same
hemifield but without the company of distractors, as in
Nishimura and Yoshizaki (2010), the flanker congruency
effect was evident. When the target and the flanker were
presented to separate hemispheres, however, given that the
homogeneously oriented distractors could be rejected “in
group” (Miiller and Humphreys 1993; Miiller et al. 1998),
there would be sufficient resources for the processing of the
flanker within its hemifield. Thus, the target in one hemi-
field and the flanker in the other hemifield may activate two
competing response codes, and this competition, resolved
finally by a cognitive control system (Lavie 2005), would
delay the response to the target, leading to the flanker
congruency effect in the low load, different hemifields
condition.

The present study does not allow us to choose between
the accounts based on one common resource pool versus
separate pools for different hemifields for the interaction
between flanker congruency and the relative location
between the flanker and the target. However, Experiment 3
does allow us to reject a third, plausible account for this
interaction. This account assumes that it is the distance
between the flanker and the target rather than hemifield that
determines whether the flanker congruency effect would
appear in the low load conditions. Previous studies (Bahcall
and Kowler 1999; Caputo and Guerra 1998; Mounts 2000a,
b; Mounts and Gavett 2004; Mounts and Tomaselli 2005;
Wei et al. 2008) have shown that representation ambiguity
and hence local competition occurs only for items close to
each other in space, not between items distant from each
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other. It is plausible that the presence of a flanker con-
gruency effect for the low load, different hemifields con-
dition and the absence of this effect for the low load, same
hemifield condition were simply due to the fact that the
distance between the flanker and the target was longer in
the former than in the latter condition. Experiment 3
demonstrated that the distance per se is not the main factor
determining the pattern of flanker congruency effects.
Indeed, in Experiment 3, there was no flanker congruency
effect for either the high or the low perceptual load con-
dition, nor was there an interaction between flanker con-
gruency and perceptual load. The absence of flanker
congruency effect in the low load condition was inconsis-
tent with the prediction of perceptual load theory, but
replicated Nishimura and Yoshizaki (2010). In our Exper-
iment 3 and in Nishimura and Yoshizaki (2010), the flanker
was presented at the midline between the left and the right
hemifields and thus could be represented by both hemi-
spheres. Thus, the upper or lower flanker and the central
display (including the target) were still represented within
the same hemisphere, and this would lead to the same
hemifield competition and the absence of the flanker con-
gruency effect. Further studies are needed to investigate in
detail the distribution of attentional resources over the
upper and lower visual fields.

To conclude, by manipulating perceptual load of atten-
tional selection and by presenting the target and the flanker
in the same or different hemifields, we demonstrate that the
flanker congruency effect can be modulated by the relative
location between the flanker and the target. This finding,
while challenging the perceptual load theory in the current
form, is better understood in terms of competition between
representations in the same or across hemifields.
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