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Abstract The congruency effect of a task-irrelevant distractor
has been found to be modulated by task-relevant set size and
display set size. The present study used a psychological re-
fractory period (PRP) paradigm to examine the cognitive loci
of the display set size effect (dilution effect) and the task-
relevant set size effect (perceptual load effect) on distractor
interference. A tone discrimination task (Task 1), in which a
response was made to the pitch of the target tone, was follow-
ed by a letter discrimination task (Task 2) in which different
types of visual target display were used. In Experiment 1, in
which display set size was manipulated to examine the nature
of the display set size effect on distractor interference in Task
2, the modulation of the congruency effect by display set size
was observed at both short and long stimulus-onset asyn-
chronies (SOAs), indicating that the display set size effect
occurred after the target was selected for processing in the
focused attention stage. In Experiment 2, in which task-
relevant set size was manipulated to examine the nature of
the task-relevant set size effect on distractor interference in
Task 2, the effects of task-relevant set size increased with
SOA, suggesting that the target selection efficiency in the
preattentive stage was impaired with increasing task-relevant
set size. These results suggest that display set size and task-
relevant set size modulate distractor processing in different
ways.
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Dual-task performance

Attentional selection has been a fundamental issue in the study
of attention and information processing, which has been
regarded as having limited capacity. A great deal of scholarly
concern has focused on when and how task-relevant informa-
tion is selected. Various theories, such as early and late selec-
tion theories, have provided different views regarding the de-
gree to which unselected items are processed. According to
the early selection theory, physical characteristics of all in-
coming stimuli are processed in a preattentive stage in a par-
allel way, and only the selected item is identified one at a time
at a focused attention stage and unselected items are filtered
out before identification (Broadbent, 1958). However, the late
selection theory claims that task-irrelevant stimuli are not ex-
cluded at the identification stage, and that attention is required
to select a response after all incoming stimuli are identified in
parallel (Deutsch & Deutsch, 1963; Norman, 1968). Many
lines of evidence have been provided for and against both
views, with the locus of selection the subject of much debate.

Lavie and Tsal (1994) proposed the perceptual load theory
to explain the discrepancies in the evidence for the two differ-
ent views to the question of selective attention. The perceptual
load theory assumes that perceptual information is automati-
cally processed until a limited amount of attentional resources
is exhausted because the perceptual process is subject to at-
tentional limited capacity but is not controlled voluntarily.
Thus, when perceptual load is low, the processing of task-
relevant stimuli leaves spare capacity, and leftover attentional
resource is automatically allocated to task-irrelevant stimuli.
However, when perceptual load is high, attentional resource is
unavailable for task-irrelevant stimuli after this resource has
been allocated to the task-relevant stimuli (Lavie, 1995). In
her Experiment 1, in which perceptual load was manipulated
by changing task-relevant set sizes in the search display, Lavie
examined the amounts of distractor interference with high and
low task-relevant set sizes. When task-relevant set size was
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low, the target was presented in one of six possible positions
with a distractor that either matched or did not match the
target, appearing at a task-irrelevant peripheral position.
When it was high, the target was presented in one of six
possible positions with five neutral stimuli presented in the
other five possible positions and a distractor appearing in a
peripheral position. Lavie found that distractor interference
was obtained when task-relevant set size was low but not
when it was high—the so-called the perceptual load effect.
According to the perceptual load theory, the processing of a
task-irrelevant distractor is modulated by the amount of the
perceptual load for task-relevant stimuli, such as task-relevant
set size. Since the perceptual load theory was first introduced,
many subsequent studies have provided evidence for the role
of perceptual load in attentional selection (e.g., Beck & Lavie,
2005; Forster & Lavie, 2008a, b, 2009; Lavie, 1995; Lavie &
Cox, 1997; Wei, Kang, & Zhou, 2013; for review, see
Murphy, Groeger, & Greene, 2016).

However, numerous other studies have also reported evi-
dence against the perceptual load theory. For example,
Johnson, McGrath, and McNeil (2002) found that early selec-
tion occurred in a low perceptual load context when partici-
pants knew the target location in advance. Eltiti, Wallace, and
Fox (2005) also demonstrated that distractor interference dis-
appeared even in a low task-relevant set size display when the
properties of the distractor were in discord with attentional
control settings for the target. Importantly, Tsal and Benoni
(2010a) argued that the modulation of the distractor interfer-
ence effect by task-relevant set size was actually due to dilu-
tion, which is a reduced distractor interference effect with
increased display set size (Brown, Roos-Gilbert, & Carr,
1995; Cho, Lien, & Proctor, 2006; Kahneman & Chajczyk,
1983), rather than being a result of the perceptual load of the
task-relevant stimuli. That is, according to the latter authors,
the perceptual load effect obtained in experiments manipulat-
ing task-relevant set size was confounded with the effect of
display set size. To dissociate the effect of display set size
from the effect of task-relevant set size on distractor interfer-
ence, Tsal and Benoni added another display called as the
dilution display, in which a target and several neutral stimuli
were presented in task-relevant positions with a distractor pre-
sented in a task-irrelevant peripheral position, as in the high
task-relevant set size display. However, as the color of the
target was different from all other stimuli, the task-relevant
set size was low but the display set size was high.

Tsal and Benoni (2010a) found that the magnitude of the
congruency effect was significantly greater when the display
set size was low than when it was high, but its magnitude was
significantly greater when the task-relevant set size was high
than when it was low. In other words, the processing of the
task-irrelevant distractor was modulated by display set size
when task-relevant set size was controlled—the so-called the
dilution effect. Moreover, when display set size was

controlled, the amount of the congruency effect increased as
a function of task-relevant set size, a finding that is inconsis-
tent with Lavie’s (1995) original perceptual load theory. They
suggested that as display set size increases the amount of
dilution increases, resulting in decreased distractor interfer-
ence. These display set size effect (e.g., Benoni & Tsal,
2010; Benoni, Zivony, & Tsal, 2014; Biggs & Gibson, 2014;
Wilson, Muroi, & MacLeod, 2011) and reversed task-relevant
set size effect on distractor interference (Benoni & Tsal, 2012;
Wilson et al., 2011) were replicated in numerous other studies.
Although Lavie and Torralbo (2010) proposed a spillover hy-
pothesis to explain the results obtained by Tsal and Benoni
(2010a), according to which spare capacity was allocated to
neutral stimuli instead of the distractor when the display set
size was high due to salience or proximity, Tsal and Benoni
(2010b) criticized the spillover hypothesis with evidence that
those factors did not impact on the processing of the
distractor—an outcome that was inconsistent with the
hypothesis.

To explain the display set-size effect on distractor process-
ing, Tsal and Benoni (2010a) used Brown et al.’s (1995) early
visual interference account, which was proposed to explain
the Stroop dilution effect. The Stroop dilution effect is a re-
duced Stroop effect that occurs when a neutral word is pre-
sented with a target color carrier and a color word compared to
the effect when no neutral word is presented. According to the
visual interference account, even though letter (word) recog-
nition occurs automatically, feature representations of stimuli
other than the target interfere with each other at an early visual
processing stage when multiple stimuli are presented simulta-
neously in a display. Thus, because of these degraded feature
representations, the identification processing of the distractor
is degraded, resulting in a reduced Stroop effect when a neu-
tral word is presented with a color carrier and a color word.
Wilson et al. (2011) also suggested that the modulation of
distractor interference was due to dilution. However, they pro-
posed a two-stage dilution hypothesis, suggesting that dilution
operates not only in an early visual processing stage but also in
the focused attention stage. According to Wilson et al., be-
cause the target is selected in the focused attention stage, all
other items in the display are subject to dilution, so that dilu-
tion at this stage also increases with display set size. Similarly,
Cho et al. (2006) suggested that the Stroop dilution occurs
because of the attentional competition between the distractor
and neutral stimuli at the focused attention stage. However,
because Tsal and Benoni (2010a, b), and Wilson et al. (2011)
did not directly examine the nature of dilution, it is unclear
whether dilution was due to perceptual crosstalk in the
preattentive stage or limited attentional capacity in the focused
attention stage.

Meanwhile, Tsal and Benoni (2010a) assumed that the re-
versed task-relevant set-size effect on distractor interference
was a result of task difficulty. They proposed that, because the
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uncertainty of the target location increases with the number of
task-relevant stimuli during information processing in the
preattentive stage (Wilson et al., 2011), the time window for
distractor intrusions also increases, resulting in an increase in
the amount of distractor interference. Unlike the prediction
based on the perceptual load theory, Tsal and Benoni
(2010a) and Wilson et al. (2011) suggested that task-relevant
set-size increases the probability of the misallocation of atten-
tion to the distractor location before the target is selected.

In the present study, the nature of the display set-size effect
on distractor interference was examined while controlling the
effect of task-relevant set-size and the nature of the task-
relevant set-size effect on distractor interference while control-
ling the effect of display set-size. Specifically, to see whether
the display set-size and the task-relevant set-size effects on
distractor interference were due to factors affecting informa-
tion processing at the preattentive stage or other factors affect-
ing information processing at the focused attention stage, the
dual-task paradigm was used. The dual-task paradigm has
been used widely to examine the capacity-free automaticity
or whether a factor affects information processing in the
preattentive stage or the focused attention stage (Davis,
1957; Welford, 1952; for review, see Lien & Proctor, 2002).
In this paradigm, in which participants are instructed to make
responses rapidly for two different simple tasks, Task 1 (T1)
and Task 2 (T2), the stimulus-onset asynchrony (SOA) be-
tween the onset of the target stimulus (S1) for T1 and the onset
of the target stimulus (S2) for T2 is manipulated. The typical
finding in the dual-task paradigm is that the response (R2) for
T2 is substantially slowed at short SOAs compared to R2 at
long SOAs. This phenomenon is called the psychological re-
fractory period (PRP) effect.

It has been suggested that this PRP effect is due to a central
bottleneck in human information processing systems. In the
processing stages before the bottleneck, information process-
ing occurs for T1 and T2 simultaneously. However, in the
processing stage, at which the bottleneck is located, informa-
tion processing occurs for only one task at a time. Thus, at
short SOAs, information processing for T2 at this stage must
wait until processing for T1 is completed, resulting in delayed
R2. The amount of time during which no information process-
ing occurs is called Bslack^ (Schweickert, 1983; see Fig. 1a).
Because the amount of slack decreases as SOA increases, R2
becomes faster as SOA increases. Using this logic of the cen-
tral bottleneck, it has been investigated whether information
processing of T2 at a specific stage occurs before or after the
bottleneck (e.g., Lien, Ruthruff, & Johnston, 2006; McCann,
Remington, & Van Selst, 2000). Specifically, when manipu-
lating a variable that is supposed to affect information process-
ing at a processing stage before the bottleneck, the effect of
this variable on R2 decreases at short SOAs (underadditive
effect) because the effect is absorbed into the slack (Pashler,
1994; Schweickert, 1978). However, if the variable affects

information processing at a post-bottleneck processing stage,
the effect of this variable on R2 should be additive with SOA
(see Fig. 1b).

In the present study, participants were asked to perform a
tone discrimination task as T1 and a letter discrimination task
as T2. The critical manipulation was the display type of T2. In
Experiment 1, as in Tsal and Benoni’s (2010a) Experiment 1b,
display set-size was manipulated to ascertain whether the ef-
fect of display set size on distractor interference is attributable
to perceptual crosstalk at the preattentive stage or to limited
attentional capacity at the focused attention stage. If the dis-
play set-size effect on distractor interference is a result of
degraded feature representations, the display set size of T2
would affect distractor interference underadditively with
SOA. However, if the display set size effect is a result of
limited attentional capacity, it would affect distractor interfer-
ence additively with SOA. In Experiment 2, as in the high load
and dilution displays used in Tsal and Benoni’s Experiment
1b, task-relevant set size was manipulated to examine the
nature of the task-relevant set size effect on distractor interfer-
ence. If task-relevant set size increases the probability of
distractor intrusions at the preattentive stage because of an
impaired target selection efficiency, task-relevant set size
would affect distractor interference underadditively with
SOA.

Experiment 1: the effect of display set size

To examine whether the display set size effect on distractor
interference occurs at an early visual processing stage before
the central bottleneck stage, as Tsal and Benoni (2010a)
claimed, or whether it occurs at a post-bottleneck stage, as
Wilson et al. (2011) suggested, the present experiment
adopted the dual-task paradigmwith a manipulation of display
set size, as in the low load and dilution displays used in Tsal
and Benoni’s Experiment 1b. In the present experiment, par-
ticipants were asked to perform a tone-discrimination task as
T1 and a letter discrimination task as T2 serially. SOA be-
tween the onsets of S1 and S2 was manipulated. The partici-
pants were instructed to make a response (R1) to the pitch of
S1 first with one hand, and a response (R2) to the identity of
the target letter with the other hand. In the letter discrimination
task, there were two levels of display set size: low and high.
When the display set size was low, the target display contained
a target letter, which was positioned at one of four possible
central locations, and a distractor, which was positioned at a
left or right peripheral location. When the display set size was
high, a colored target letter and three white neutral letters were
presented at central positions and a distractor was presented at
a peripheral location. Because the target was distinguished
from the neutral letters by color in the high set size display,
the task-relevant set size was same as the low display set size
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display. The display set size effect on distractor interference
could therefore be examined through a comparison between
the congruency effects with the low and high display set sizes.

If display set size affects the degree to which the distractor
is processed before the target letter is selected for processing at
the focused attention stage, as Tsal and Benoni (2010a)
claimed, the display set size effect on distractor interference
would increase with SOA because longer perceptual and letter
recognition processes for the distractor are possible at short
SOAs than at long SOAs (e.g., Levy & Pashler, 1995),
resulting in slack absorbing the effect of perceptual crosstalk.
However, if the display set size effect on distractor interfer-
ence is due to limited central attentional capacity as Wilson
et al. (2011) claimed, the amounts of the modulation of
distractor interference by display set size would be constant
across SOAs because the display set size effect on distractor
interference is due to attentional competition among all visual
items for central attentional resources except the target letter
after the target is selected for further processing at the focused
attention stage.

Method

Participants

Forty students (21 females) from Korea University with an
age range between 18 and 29 years old participated and pro-
vided informed consent, as approved by the Institutional
Review Board of Korea University (IRB Number: KU-IRB-
15-47-A-1). All had normal or corrected-to-normal visual acu-
ity and color vision by self-report.

Apparatus

The experiment was conducted in a dimly lit room. Visual
stimuli were presented on a 15.9-in. CRT monitor (LG IBM
FLATRON 1771FT) with a refresh rate of 60Hz, and auditory
stimuli were presented on speakers (PILLAR CS-3000
PLUS). Responses were collected via a standard computer
keyboard. Stimuli presentation, timing, and data collection
were controlled by E-Prime software (E-Prime 2.0,

Fig. 1 a The central bottleneck model in the psychological refractory
period (PRP) paradigm. The central bottleneck stage of Task 2 cannot
begin until the central processing of Task 1 is completed, resulting in
cognitive slack at short SOA. S1 Stimulus for Task 1, S2 stimulus for
Task 2, R1 response for Task 1, R2 response for Task 2, SOA stimulus

onset asynchrony. b The expected results from the central bottleneck
model. Left panel Additive effect with SOA when any factors affecting
the stage after the bottleneck stage. Right panelUnderadditive effect with
SOAwhen any factors affecting the stage before the bottleneck stage
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Psychology Software Tools, Inc., Pittsburgh, PA). The view-
ing distance was approximately 60 cm.

Stimuli

All stimuli were presented on a black background. The fixa-
tion mark was a white cross (0.46° × 0.46°). The interval
between the onset of the target stimuli for T1 and T2 (stimulus
onset asynchrony, SOA) was manipulated as 50 ms, 100 ms,
300 ms, 700 ms, and 1100 ms. T1 was a tone discrimination
task. When a tone was presented through speakers, partici-
pants were to respond to the pitch of the tone by pressing a
left or right key. There was no reference tone, and only one
low tone (498 Hz) and one high tone (661 Hz) were presented
for 50 ms in T1. T2 was a visual letter discrimination task,
similar to Tsal and Benoni’s (2010a) Experiment 1b. In T2,
participants were to respond to the identity of the target letter
in the square array. C, S, H, or K was presented as a target
letter (0.58° × 0.7°). Two letters (C and S) were assigned to
one response and the other two letters (H and K) to the other
response. Two types of display were distinguished based on
the number of letters in the array. The first display type was a
low set size display with a target letter (C, S, H, or K) in the
central square array (0.58° × 0.7°) and a distractor letter (C, S,
H, or K) to the left or right of the central array (0.8° × 1°). The
target and distractor letters differed from one another in every
case. A distractor was located at 3.08° from fixation. The
target and distractor were presented in white. The second dis-
play type was a high set size display, which had a target letter

(0.58° × .7°) and three neutral letters (0.58° × 0.7°) from a set
of D, N, U, and Z in the central array and a distractor letter
(0.8° × 1°) to the left or right of the central array. The distance
between the letters in the central array was 0.9°. The target
was colored red and the other letters were white. In addition,
the congruency of T2 was manipulated. When a letter which
was assigned to the same response as the target letter was
presented as a distractor, it was a congruent trial. However,
when a letter which was assigned to a different response from
the target was presented, it was an incongruent trial.

Procedure

There were six blocks of trials. The first and fourth blocks were
practice blocks, composed of 36 trials each. The low set size
display was presented in the second and third blocks of 160
trials and the high set size display in the fifth and sixth blocks of
160 trials, or vice versa. The total number of trials was 712. The
order of display type was counter-balanced across participants.

Figure 2 depicts an example trial sequence. In each trial, the
fixation display was presented for 500 ms, followed by 100-ms
interval with a blank display. Participants were asked to stare at
the fixation mark. A low or high tone was presented as S1.
Participants were instructed to press the ‘z’ key of a standard
computer keyboard to the low tone with their left middle finger
and the ‘x’ key to the high tonewith their left index finger. After
50 ms, 100 ms, 300 ms, 700 ms, or 1100 ms, the target display
for T2 was presented. Participants were instructed to press the
‘n’ key with their right index finger when the target letter was

Fig. 2 An e xample of a trial sequence in Experiments 1 and 2. The two left displays were used in Experiment 1 and the two right displays in
Experiment 2
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‘C’ or ‘S’ and the ‘m’ key with their right middle finger when it
was ‘H’ or ‘K’ while ignoring the peripheral distractor.
Participants were instructed to respond to the target of T1 earlier
than that of T2 and as fast and accurately as possible to both
targets. In the case of a wrong response, a 50-ms auditory tone
and a 1200-ms visual feedback display (BIncorrect^ in Korean)
was shown for the R1 and R2 (600 ms each).

Results

Trials were excluded if the RT1 was shorter than 125 ms or
longer than 2000 ms (1% of all trials), or if the RT2 was
shorter than 125 ms or longer than 2500 ms (1% of all trials).
Also, trials with incorrect responses on either task were ex-
cluded in RT analyses (3% for PE1 and 5% for PE2 of all
trials). The mean RTs and proportion of errors (PEs) were
calculated for each participant as a function of display set size
(high and low), congruency (congruent and incongruent), and
SOA (50 ms, 100 ms, 300 ms, 700 ms, and 1100 ms).
Analyses of variance (ANOVAs) were conducted on the mean
RTs and PEs data of T1 and T2, with these variables as within-
subject factors. RT and PE data for Task 1 and Task 2 are
shown in Tables 1 and 2, respectively.

RT and PE of Task 1

The main effect of display set size was significant F(1, 39) =
5.03, P = .0307, MSe = 24,511, η2p = .1142. Mean RT1 was

shorter when display set size was high (M = 573 ms) than
when it was low (M = 598 ms). The main effect of SOAwas
also significant, F(4, 156) = 7.34, P = <.0001,MSe = 5329, η2p
= .1583.Mean RT1 was 608 ms, 595 ms, 573 ms, 574 ms, and
576 ms for 50-ms, 100-ms 300-ms, 700-ms, and 1100-ms
SOAs, respectively. No other effect was significant.

The PE1 analysis revealed no significant main effect or
interaction.

RT and PE of Task 2

Even though the mean RT2 tended to be shorter when display
set size was high (M = 697 ms) than when it was low (M = 721
ms), the main effect of display set size was not significant,
F(1, 39) = 2.48, P = .1233,MSe = 48,017. The main effect of
congruency was significant, F(1, 39) = 13.04, P = .0009,MSe
= 2246, η2p = .2506. The mean RT2 was shorter in congruent

trials (M = 703 ms) than incongruent trials (M = 715 ms). The
main effect of SOAwas significant, F(4, 156) = 297.38, P <
.0001, MSe = 9080, η2p = .8841, indicating a PRP effect. The

mean RT decreased as SOA increased (Ms = 876 ms, 811 ms,
676 ms, 599 ms, and 583 ms for SOAs of 50 ms, 100 ms, 300
ms, 700 ms, and 1100 ms, respectively). The interaction be-
tween display set size and congruency was significant, F(1,
39) = 10.49, P = .0025,MSe = 48,017, η2p = .2120. As in Fig.

3, a significant congruency effect was found when display set
size was low (20 ms), F(1, 39) = 22.88, P < .0001, MSe =
1744, η2p = .3697, but not when it was high (4 ms), F(1, 39) =
1.06, P = .3095, MSe = 1683. Importantly, the interaction of
SOA and display set size was not significant, F(4, 156) < 1.
The mean RTs were 894 ms, 821 ms, 687 ms, 609 ms, and
596 ms for SOA 50 ms, 100 ms, 300 ms, 700 ms, and 1100
ms, respectively, when display set size was low, and 858 ms,
802 ms, 666 ms, 589 ms, and 570 ms, respectively, when it
was high (see Fig. 4). Therefore, the display set size effect did
not significantly change across SOAs (35 ms, 20 ms, 21 ms,
20 ms, and 26 ms for SOAs of 50 ms, 100 ms, 300 ms, 700
ms, and 1100 ms, respectively). When another ANOVA was
conducted with display set size, congruency, and pooled SOA
(the two shortest SOAs and the two longest SOAs) for more
precise examination of this additivity, the interaction of pooled
SOA and display set size was not significant, F(1, 39) < 1. The
amount of the display set size effect was similar at the short
SOAs (28 ms) and at the long SOAs (23 ms).

Also, the interaction of congruency and SOAwas not sig-
nificant, F(4, 156) = 1.28, P = .2785, MSe = 1816. The mag-
nitude of the congruency effect was 2 ms, 18 ms, 7 ms, 21 ms,

Table 1 Mean response times (RT) (in miliseconds), percentages of errors (PE), and standard deviation (SD) (in parentheses) on T1 as a function of
display set size, congruency, and stimulus onset asynchrony (SOA) in Experiment 1

SOA 50 100 300 700 1100

M PE M PE M PE M PE M PE

Low display set size

Congruent 630 (148) 2.92 (4.19) 604 (130) 2.30 (3.56) 586 (145) 2.79 (4.86) 582 (139) 2.90 (3.88) 594 (149) 2.36 (3.40)

Incongruent 620 (137) 2.71 (3.25) 617 (136) 3.65 (4.76) 578 (125) 2.08 (2.98) 586 (136) 2.00 (2.95) 580 (150) 2.31 (3.58)

High display set size

Congruent 592 (127) 2.72 (4.07) 580 (118) 2.48 (4.51) 567 (119) 2.21 (5.68) 568 (127) 2.53 (3.58) 563 (114) 2.78 (4.38)

Incongruent 591 (123) 3.61 (4.98) 578 (116) 3.83 (6.00) 564 (120) 2.37 (4.01) 559 (118) 3.07 (7.48) 567 (127) 2.40 (4.67)
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and 12 ms for 50 ms, 100 ms, 300 ms, 700 ms, and 1100 ms
SOAs, respectively. The 3-way interaction of display set size,
congruency, and SOAwas not significant, either, F(4, 156) <
1. That is, the amount of the effect of display set size on the
congruency effect was relatively constant across SOAs (–1
ms, 21 ms, 9 ms, 36 ms, and 14 ms for 50 ms, 100 ms, 300
ms, 700 ms, and 1100 ms SOAs, respectively, see Fig. 5).
When another ANOVA was conducted with pooled SOA to
examine this additivity more precisely, the display set size
effect on distractor interference did not significantly differ
between the two shortest SOAs (10 ms) and the two longest
SOAs (25 ms), F(1, 39) = 1.12, P = .2959,MSe = 1978. There
were no other significant main or interaction effects.

For PE2 data, the main effect of congruency was margin-
ally significant, F(1, 39) = 3.85, P = .0568, MSe = 9, η2p =

.0899. PE2 was slightly higher in incongruent trials (4.78%)
than congruent trials (4.36%). The main effect of SOA was
significant, F(4, 156) = 6.72, P = <.0001, MSe = 18, η2p =

.1470. PEs decreased as SOA increased (5.7%, 4.78%,
4.97%, 3.88%, and 3.52% for SOA 50 ms, 100 ms, 300 ms,
700 ms, and 1100 ms, respectively). The interaction of display
set size and SOAwas marginally significant, F(4, 156) = 2.32,
p = .0594, MSe = 12, η2p = .0561. The differences of PE2

between the two display set sizes were 0.35%, 1.45%,
0.62%, 0.63%, and 0.47% for 50 ms, 100 ms, 300 ms, 700

ms, and 1100 ms SOAs, respectively. No other effect was
significant.

Discussion

As in previous PRP studies, a significant PRP effect was ob-
tained in the present experiment, showing that RT2 decreased
as SOA increased. Although participants were instructed to
respond as fast as possible to S1, a display set size effect
was obtained in RT1. These results indicate that participants
might have used a strategy to respond to S1 after the response
for T2 was selected. That is, they possibly selected R1 and
hold it until R2 was ready to be executed (Pashler, 1984;
Ulrich & Miller, 2008). However, this was not the case in
Experiment 1 because RT1 did not decrease linearly as the
SOA increased and other S2 factors were not obtained in RT1.

As in Tsal and Benoni’s (2010a) Experiment 1b, a signifi-
cant display set size effect on distractor interference was ob-
tained in the present experiment even though task-relevant set
size was low in both displays. That is, the congruency effect
was significantly smaller when display set size was high [4
ms, 95% CI (–4.1 12.5)] than when it was low [20 ms, 95% CI
(11.5, 28.4)]. This result is inconsistent with the perceptual
load theory, which assumes that the amount of interference
is primarily determined by the number of task-relevant visual

Table 2 Mean RTs (in milliseconds), PE, and SD (in parentheses) on T2 as a function of display set size, congruency, and SOA in Experiment 1

SOA 50 100 300 700 1100

M PE M PE M PE M PE M PE

Low display set size

Congruent 893 (180) 6.23 (6.07) 807 (167) 4.53 (4.32) 681 (135) 5.41 (6.10) 590 (90) 3.29 (4.14) 586 (104) 3.40 (4.05)

Incongruent 895 (181) 5.52 (5.33) 835 (167) 6.48 (5.97) 693 (124) 5.14 (4.40) 629 (113) 3.84 (5.02) 605 (110) 3.17 (3.88)

High display set size

Congruent 857 (171) 5.51 (4.65) 798 (158) 3.48 (3.94) 665 (143) 4.19 (4.49) 629 (113) 3.71 (4.02) 567 (91) 3.88 (4.20)

Incongruent 860 (176) 5.54 (4.92) 805 (165) 4.63 (4.15) 667 (146) 5.12 (5.42) 590 (108) 4.68 (5.65) 572 (112) 3.64 (4.83)

Fig. 4 Mean RT for Task 1 and Task 2 in Experiment 1 as a function of
display set size and stimulus onset asynchrony (SOA: 50 ms, 100 ms, 300
ms, 700 ms, and 1100 ms)

Fig. 3 Mean response time (RT) for Task 2 in Experiment 1 as a function
of display set size and congruency
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items (Lavie & Tsal, 1994). Regardless of their task relevance,
the number of visual items in a display determined the degree
to which the distractor was processed. More importantly, no
interaction was found between display set size and SOA and
the magnitude of the display set size effect on distractor inter-
ference was relatively constant across SOAs (1 ms, 21 ms, 9
ms, 36 ms, and 14 ms for 50 ms, 100 ms, 300 ms, 700 ms, and
1100 ms SOAs, respectively). These results indicate that dis-
play set size affected task performance at the focused attention
stage so that the display set size effect on distractor interfer-
ence occurred because of the limited capacity of attentional
resources. If this effect was due to perceptual crosstalk at the
preattentive stage, as Tsal and Benoni (2010a) suggested, the
effects of display set size and the modulation of distractor
interference by display set size should have increased with
SOA because the perceptual processing of the distractor could
continue during cognitive slack at short SOAs (Levy &
Pashler, 1995) even though the quality of the input to the letter
recognition stage decreased with display set size. It has been
suggested that perceptual processing for a stimulus is strength-
ened by recurrent processes until the offset of the stimulus
(e.g., Francis, 1997). Thus, the results imply that the magni-
tude of distractor interference was modulated because of at-
tentional competitions among visual items except the target in
the search display at the focused attention stage, as Wilson
et al. (2011) suggested.

Experiment 2: the effect of task-relevant set size

A larger congruency effect has been found when the
task-relevant set size was high than when it was low
(Tsal & Benoni, 2010a), even though the original per-
ceptual load theory suggest that the amount of distractor
interference varies as an inverse function of task-
relevant set size (e.g., Lavie, 1995). According to Tsal
and Benoni, the distractor was more likely processed
when the task-relevant set size was high than when it
was low because of a longer time window for target

processing at the preattentive stage in the former than
the latter, resulting in a higher probability of distractor
intrusion. Wilson et al. (2011) also suggested that this
reversed task-relevant set size effect on distractor inter-
ference was due to a higher decision noise when the
task-relevant set size was high than when it was low.
However, although many studies have obtained this re-
versed task-relevant set size effect on distractor interfer-
ence (Tsal & Benoni, 2010a; Wilson et al., 2011), it has
not been reliably obtained in other studies (see Benoni
& Tsal, 2010).

In Experiment 2, the congruency effects were examined
with a manipulation of task-relevant set size, as in the high
load and dilution displays used in Tsal and Benoni’s (2010a)
Experiment 1b, in the dual-task context to see the nature of the
task-relevant set size effect on distractor interference when the
effect of display set size was controlled. As in Experiment 1,
participants were asked to perform a tone discrimination task
as T1 and a letter discrimination task as T2. When the relevant
set size was high, a white target and three white neutral letters
were presented at four central positions and a distractor at a
peripheral position and, when it was low, the display was
identical to the high display set size display used in
Experiment 1.

If the amount of distractor interference is determined solely
by perceptual load (Lavie, 1995; Lavie & Tsal, 1994), a larger
congruency effect would be obtained when the task-relevant
set size was low than when it was high. However, if task-
relevant set size modulates the target selection efficiency, as
Tsal and Benoni (2010a) and Wilson et al. (2011) suggested,
task-relevant set size would have an underadditive effect with
SOA. Moreover, if the probability of distractor intrusion is
determined by the target search efficiency, the congruency
effect would be larger when the task-relevant set size was high
than when it was low. Also, this modulation would increase
with SOA, because the target selection efficiency affects task
performance at a processing stage before the target is proc-
essed at the focused attention stage. However, if the effects of
task-relevant set size occur after the target letter is selected at
the focused attention stage, they would have an additive effect
with SOA.

Method

Participants

Forty new students from Korea University (19 females)
with an age range between 19 and 35 years old participat-
ed and provided informed consent, as approved by the
Institutional Review Board of Korea University. All had
normal and corrected-to-normal visual acuity and color
vision by self-report. None of the students had participat-
ed in Experiment 1.

Fig. 5 Mean RT for Task 2 for congruent and incongruent trials in
Experiment 1 as a function of display set size and SOA

344 Atten Percept Psychophys (2018) 80:337–351



Apparatus, stimuli, design, and procedure

The apparatus, stimuli, design, and procedure of this experi-
ment were almost identical to those used in Experiment 1,
with the exception of T2’s display type (Fig. 2). While high
and low display set size displays were used for T2 in
Experiment 1, high and low task-relevant set size displays,
which were identical to the high load and dilution displays
of Tsal and Benoni’s (2010a) Experiment 1b, were used in
Experiment 2. The low task-relevant set size display was iden-
tical to the high display set size display used in Experiment 1.
On the high task-relevant set size display, a white-colored
target was presented with three white neutral letters in the
central square array and one distractor letter in the target
display.

Results

With the same exclusion criteria as those in Experiment 1, 3%
of all trials were excluded based on the RT1 criteria and 2%
based on the RT2 criteria were excluded in both PE and RT
analyses. Incorrect trials were also excluded (3% for PE1 and
4% for PE2) in RT analyses. The mean RTs and PEs were
calculated for each participant as a function of task-relevant
set size (high and low), congruency (congruent and incongru-
ent), and SOA (50ms, 100 ms, 300ms, 700ms, and 1100ms).
ANOVAs were conducted on the mean RTs and PEs data of
T1 (see Table 3) and T2 (see Table 4), with these variables as
within-subject factors.

RT and PE of Task 1

The main effect of SOAwas not significant, F(4, 156) = 1.35,
P = .2539, MSe = 23,836. The interaction of SOA and task-
relevant set size was significant, F(4, 156) = 7.09, P < .0001,
MSe = 3793, η2p = .1539. The RT differences of the two task-

relevant set sizes were 18, 23, –10, –37, and –22 ms for each
SOA 50 ms, 100 ms, 300 ms, 700 ms, and 1100 ms,
respectively.

For PE1 data, the main effect of SOAwas significant, F(4,
156) = 4.98, P = .0008, MSe = 9, η2p = .1132. The mean PE

decreased as SOA increased (3.12%, 2.49%, 2.2%, 2.23%,
and 1.71% for 50 ms, 100 ms, 300, ms 700 ms, and
1100 ms SOAs). The interaction of congruency and SOA
was significant, F(4, 156) = 2.96, P = .0217, MSe = 6, η2p =

.0705. However, the congruency effect did not linearly de-
crease as SOA increased (–1.14%, 0.17%, 0.4%, 0.59%, and
0.05% for 50 ms, 100 ms, 300 ms, 700 ms, and 1100 ms
SOAs). There was no significant main effect or interaction
in the PE1 analysis.

RT and PE of Task 2

The main effect of task-relevant set size was significant, F(1,
39) = 63.87, P < .0001,MSe = 69,643, η2p = .6209. The mean

RT2 was greater when task-relevant set size was high (M =
907 ms) than when it was low (M = 758 ms). The main effect
of congruency was significant, F(1, 39) = 26.92, P = < .0001,
MSe = 2506, η2p = .4084. The mean RT2 was greater for in-

congruent trials (M = 842 ms) than congruent trials (M = 823
ms). The main effect of SOA was significant, F(4, 156) =
230.87, P < .0001, MSe = 14,222, η2p = .8555, reflecting a

PRP effect. The mean RT2s of SOA, 50 ms, 100 ms, 300
ms, 700 ms, and 1100 ms were 995 ms, 960 ms, 821 ms,
711 ms, and 675 ms, respectively. The interaction of task-
relevant set size and congruency was not significant, F(1,
39) = 2.63, P = .1130, MSe = 3227, indicating no significant
reversed task-relevant set size effect on distractor interference
(see Fig. 6). A significant congruency effect was observed
when task-relevant set size was high (24 ms), F(1, 39) =
22.55, P < .0001, MSe = 2746, η2p = .3663, and when it was

low (12 ms), F(1, 39) = 4.71, P = .0362, MSe = 2988, η2p =

.1077. The interaction of task-relevant set size and SOAwas
significant, F(4, 156) = 2.66, p = .0349, MSe = 4133, η2p =

.0638. The difference of the mean RT2 between the high and
low task-relevant set size displays tended to increase as SOA
increased (127 ms, 144 ms, 144 ms, 161 ms, and 169 ms for

Table 3 Mean RT (in milliseconds), PE, and SD (in parentheses) on T1 as a function of task-relevant set size, congruency, and SOA in Experiment 2

SOA 50 100 300 700 1100

M PE M PE M PE M PE M PE

High task-relevant set size

Congruent 682 (186) 3.42 (3.47) 679 (190) 2.45 (2.68) 659 (199) 1.93 (2.91) 654 (240) 2.03 (3.10) 688 (291) 1.84 (2.70)

Incongruent 687 (187) 2.18 (3.83) 678 (183) 2.75 (3.45) 648 (197) 2.69 (3.24) 651 (239) 2.87 (3.91) 682 (296) 2.00 (2.78)

Low task-relevant set size

Congruent 661 (187) 3.97 (5.49) 643 (176) 2.36 (3.84) 659 (187) 2.07 (3.02) 694 (224) 1.83 (2.89) 713 (280) 1.53 (2.89)

Incongruent 671 (190) 2.92 (3.79) 669 (179) 2.41 (3.26) 668 (206) 2.11 (2.94) 686 (233) 2.17 (3.76) 703 (275) 1.47 (2.67)
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SOA 50 ms, 100 ms, 300 ms, 700 ms, and 1100 ms,
respectively; see Fig. 7). However, the interaction of congru-
ency and SOA was not significant, F(4, 156) = 1.38, P =
.2424, MSe = 2487. The magnitude of the congruency effect
was 16 ms, 32 ms, 22 ms, 13 ms, and 8 ms for 50 ms, 100 ms,
300 ms, 700 ms, and 1100 ms SOAs, respectively. The three-
way interaction of task-relevant set size, congruency, and
SOAwas not significant, F(4, 156) < 1. Although the amount
of the effect of task-relevant set size on distractor interference
was 9 ms, 6 ms, –10 ms, 22 ms, and 37 ms for 50 ms, 100 ms,
300 ms, 700 ms, and 1100 ms SOAs, respectively (see Fig. 8),
the effect of task-relevant set size on distractor interference
was not significant even when the two shortest SOAs (8 ms)
and the two longest SOAs (30 ms) were pooled, F(1, 39) =
1.68, P = .2026, MSe = 2867.

For PE2 data, only the main effect of congruency was sig-
nificant, F(1, 39) = 13.2, P = .0008, MSe = 10, η2p = .2529.

PE2 was lower in congruent trials (3.7%) than incongruent
trials (4.52%). No other effect was significant.

Discussion

As in Experiment 1, a significant PRP effect was obtained in
Experiment 2. The mean RT2 increased as SOA decreased.
Although RT1 showed the interaction of SOA and task-
relevant set size, the main effect of SOA was not significant

and other S2 factors had no influence on RT1. Therefore, it is
highly unlikely that this interaction might have been due to the
result of capacity allocation as mentioned in theDiscussion of
Experiment 1.

To ascertain the effect of task-relevant set size without the
influence of display set size, the congruency effects with the
low and high task-relevant set sizes were compared in the
dual-task context. The mean RT2 was greater when task-
relevant set size was high (M = 907 ms) than when it was
low (M = 758 ms); it took longer to search for the target at
the high task-relevant set size than the low task-relevant set
size. In addition, importantly, task-relevant set size had an
underadditive effect with SOA. That is, as shown in Fig. 7,
the amount of the task-relevant set size effect on task perfor-
mance increased with SOA (127ms, 144 ms, 144 ms, 161 ms,
and 169 ms for 50 ms, 100 ms, 300 ms, 700 ms, and 1100 ms
SOAs, respectively). This result implies that, as Tsal and
Benoni (2010a) suggested, the target selection efficiency at
the preattentive stage was modulated by task-relevant set size.
The target letter was efficient to find because it was easily
distinguished from the other items by its unique color when
task-relevant set size was low, while it took longer to find the
target letter when it was high because the target letter did not
pop out among non-target letters and the distractor when it
was high. Therefore, distractor intrusion could have increased
as a function of task-relevant set size at the preattentive stage.

Table 4 Mean RTs (in milliseconds), PEs, and SD (in parentheses) on T2 as a function of task-relevant set size, congruency, and SOA in Experiment 2

SOA 50 100 300 700 1100

M PE M PE M PE M PE M PE

High task-relevant set size

Congruent 1047 (214) 5.52 (5.57) 1015 (224) 4.16 (4.05) 885 (220) 3.64 (4.09) 780 (163) 2.64 (3.75) 747 (138) 3.25 (5.06)

Incongruent 1069 (212) 5.35 (5.42) 1050 (220) 5.18 (5.35) 902 (220) 4.75 (5.19) 804 (156) 4.88 (5.23) 773 (150) 3.86 (4.37)

Low task-relevant set size

Congruent 925 (200) 4.08 (3.83) 874 (199) 3.51 (4.49) 736 (180) 3.53 (3.61) 630 (119) 4.00 (3.82) 596 (93) 3.66 (4.72)

Incongruent 937 (196) 4.84 (3.91) 903 (200) 3.59 (3.58) 763 (210) 4.29 (4.41) 632 (127) 4.11 (4.36) 585 (96) 4.33 (4.30)

Fig. 7 Mean RT for Task 1 and Task 2 in Experiment 2 as a function of
task-relevant set size and SOA

Fig. 6 Mean RT for Task 2 in Experiment 2 as a function of task-relevant
set size and congruency
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Importantly, although the amount of distractor interference
tended to be larger when task-relevant set size was high [24
ms, 95% CI (14.3, 35.5)] than when it was low [12 ms, 95%
CI (0.8, 22.9)], unlike the results of Tsal and Benoni’s (2010a)
Experiment 1b, this reversed task-relevant set size effect on
distractor interference, which has not been reliably obtained in
previous studies (e.g., Benoni & Tsal, 2010), was not signifi-
cant. This lack of the modulation of distractor interference by
task-relevant set size was possibly due to infrequent misallo-
cations of attention to the distractor regardless of task-relevant
set size because of top-down attentional control sets or other
bottom-up factors at the preattentive stage. It is important,
however, to note that the lack of the interaction of task-
relevant set size, congruency, and SOA was possibly due to
no task-relevant set size effect on distractor interference.

As in Experiment 1, the magnitude of the congruency ef-
fect was constant across SOAs. This result is consistent with
the well accepted idea that the congruency effect is caused by
a conflict between the responses activated by the target and the
distractor stimulus features at the response selection process-
ing stage, which is a limited capacity processing stage (Lien &
Proctor, 2002; McCann & Johnston, 1992; Piai, Roelofs, &
Schriefers, 2014).

General discussion

To test whether display set size and task-relevant set size ef-
fects on distractor interference occur at a preattentive stage or
at a focused attention stage, the present study examined
distractor interferences of the second task in a dual-task con-
text by manipulating display set size or task-relevant set size,
as well as SOA. The basic rationale was that if an independent
variable affected information processing at a stage for T2,
which could occur in parallel with information processing at
the focused attention stage for T1, the effect of the indepen-
dent variable should increase with SOA. However, if this in-
dependent variable affected information processing, which

cannot occur in parallel with the focused attention stage for
T1 the variable should have an additive effect with SOA.

In Experiment 1, display set size was manipulated to ex-
amine the natures of the display set size effect on distractor
interference while controlling task-relevant set size. As in Tsal
and Benoni’s (2010a) experiments, the amount of distractor
interference was smaller when display set size was high than
when it was low. However, importantly, this modulation of
distractor interference by display set size, as well as display
set size, had an additive effect with SOA. These results, which
are inconsistent with Tsal and Benoni’s idea that the display
set size effect on distractor interference is due to perceptual
crosstalk among visual items in a display at the preattentive
stage, suggest that display set size affected information pro-
cessing at the focused attention stage, as Wilson et al. (2011)
claimed.

In Experiment 2, in which task-relevant set size was ma-
nipulated to examine the nature of the task-relevant set size
effect on distractor interference while controlling display set
size, the amount of distractor interference was not significant-
ly modulated by task-relevant set size, indicating no reversed
perceptual load effect. However, task-relevant set size itself
had an underadditive effect with SOA, indicating that task-
relevant set size affected the efficiency of target selection at
a processing stage before the target letter was processed at the
focused attention stage, as Tsal and Benoni (2010a) and
Wilson et al. (2011) suggested. That is, as task-relevant set
size increases, the uncertainty regarding the target location
increases and, consequently, the probability of distractor in-
trusion could increase. However, it is important to note that
although the congruency effect was larger when task-relevant
set size was high (24 ms) than when it was low (12 ms) and
this effect tended to increase with SOA (9 ms, 6 ms, –10 ms,
22 ms, and 37 ms for 50 ms, 100 ms, 300 ms, 700 ms, and
1100 ms SOAs, respectively) in Experiment 2, these effects
were not statistically significant. The lack of the
underadditivity between the modulation of distractor interfer-
ence by task-relevant set size and SOA indicates that the mis-
allocation of attention to the distractor before the target letter is
processed at the focused attention stage is determined not only
by task-relevant set size but also by other top-down and
bottom-up factors, such as attentional control settings (e.g.,
Benoni et al., 2014), and perceptual similarity between the
target and distractor (e.g., Yeh & Lin, 2013). For example,
distractor intrusion has been found to occur infrequently when
the target and the distractor were perceptually distinguishable
(Eltiti et al., 2005; Yeh & Lin, 2013).

Dilution in the focused attention stage

To explain the effect of the display set size on distractor inter-
ference, Tsal and Benoni (2010a) proposed the dilution ac-
count, which is based on Brown et al.’s (Brown et al., 1995;

Fig. 8 Mean RT for Task 2 for congruent and incongruent trials in
Experiment 2 as a function of task-relevant set size and SOA
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Brown, Gore, & Carr, 2002) early visual interference account.
According to this account, all visual items in a display can be
automatically recognized, so that responses are delayed when
an incongruent distractor is presented. However, when multi-
ple items are presented simultaneously in a display, feature
representations of these visual items interfere with each other
before lexical encoding, resulting in degraded inputs for word
(or letter) recognition. Thus, the degree to which a distractor is
processed varies as an inverse function of the number of visual
items or the visual complexity in a display. However, the
findings of the present study’s Experiment 1 provide evidence
counteracting the idea that dilution occurs because of this
perceptual crosstalk at the preattentive stage. In fact, it has
been reported that Stroop dilution is not modulated by percep-
tual factors, such as visual complexity (Mitterer, La Heij, &
Van der Heijden, 2003; Roberts & Besner, 2005). For exam-
ple, Roberts and Besner (2005) found no Stroop dilution when
a string of complex symbols was presented as a color carrier.
Moreover, Mitterer et al. (2003) showed that strings of per-
ceptually complex symbol induced smaller Stroop dilution
than strings of letters, pseudowords, and words when these
were presented as a dilutor.

In contrast, Wilson et al.’s (2011) dilution account suggests
that the focused attention stage is, in part, responsible for the
display set size effect on distractor interference. In their ex-
periments, distractor interference decreased as the number of
items in a display increased regardless of their relevancy.
According to the latter authors, after all items are processed
in parallel during the preattentive stage, one item most likely
to be the target is selected for processing at the focused atten-
tion stage. In this latter stage, only the selected item is
relevant, and all the other items are responsible for dilution.
As Wilson et al. (2011) noted, Bcrosstalk increases, which in
turn degrades the distractor representation and reduces
distractor interference^ (p. 330) at the focused attention stage.
The amount of dilution therefore increases with display set
size.

It has been suggested that one critical reason for distractor
intrusion at the focused attention stage is attentional competi-
tion between visual items in a display (Cho et al., 2006; Choi,
Cho, & Proctor, 2009; Gaspelin, Ruthruff, & Jung, 2014;
Kahneman & Chajczyk, 1983; Mitterer et al., 2003). For ex-
ample, Kahneman and Chajczyk (1983) suggested that dilu-
tion occurs because of attentional competition between the
distractor and neutral stimuli. According to them, distractor
interference is induced only when the distractor captures
attention but not when the neutral stimulus does. In addition,
Cho et al. (2006) claimed that the color carrier has attentional
priority in the Stroop display in a top-down way because only
the carrier has target-defining features specified in the atten-
tional control settings and in a bottom-up way because only it
has chromatic color. Once the color carrier has been proc-
essed, attentional competition is likely to occur among visual

items other than the target in the display for some reasons
(Kim, Cho, Yamaguchi, & Proctor, 2008; Lachter, Forster, &
Ruthruff, 2004). Similarly, Gaspelin et al. (2014) argued that
the distractor interference effect is caused by involuntary mis-
allocations of attention to the distractor, which is called slip-
page. According to the latter authors, the probability of the
misallocation of attention to the distractor decreases as display
set size increases because non-target letters which have target-
defining features compete with the distractor for slippage of
spatial attention. These slippage-based accounts are applicable
to the results of the present study’s Experiment 1. That is, the
target was easy to select on the basis of its location when
display set size was low and its color when display set size
was high. Once the target had been selected to be processed at
the focused attention stage, attentional competition among
visual items other than the target occurred, resulting in a con-
gruency effect varying as an inverse function of the number of
the visual items, because the probability of the misallocation
of attention to the distractor decreased with the number of the
visual items. Specifically, the findings imply that the congru-
ency effect can be modulated by the probability that the
distractor captured attention after the target has been selected
to process at the focused attention stage. In contrast, the re-
sponse selection stage is most related to the central bottleneck
stage because attentional resources are limited at the both
stages.

The task-relevant set size effect in the preattentive stage

Since Lavie and Tsal (1994) proposed the perceptual load
theory, this concept has played an important role as a Bhybrid
resolution of the early-late selection debate^ (Benoni & Tsal,
2013, p. 1). The original perceptual load theory assumes that
perception has limited capacity but is not controlled voluntar-
ily so that the perceptual load of the task-relevant items deter-
mines the locus of selection (Lavie, 1995; Lavie & Cox, 1997;
Lavie & de Fockert, 2003; Lavie & Fox, 2000; Lavie & Tsal,
1994). In other words, the locus of selection is determined by
Bthe perceptual load involved in relevant processing^ (Lavie
& Cox, 1997, p. 395). Specifically, processing of the task-
irrelevant distractor is weakened early because attention is
highly selective when perceptual load is high, whereas atten-
tion resources spill over to the processing of the task-irrelevant
distractor when perceptual load is low, resulting in distractor
interference. However, it has been found that task-relevant set
size increased the degree to which distractors were processed
when display set size was controlled (Benoni & Tsal, 2012;
Benoni et al., 2014; Chen & Cave, 2013; Tsal & Benoni,
2010a; Wilson et al., 2011).

According to Tsal and Benoni (2010a), because of in-
creased processing time when task-relevant set size is high
the probability that distractor intrusion occurs increases.
More specifically, Wilson et al. (2011) suggested that because
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the uncertainty regarding the target location increases at the
preattentive stage as task-relevant set size increases, distractor
intrusion is more likely to occur when task-relevant set size is
high than when it is low. In other words, the degree to which
the distractor is processed is not directly determined by the
perceptual load of the target display, but by the efficiency in
the target selection based on the outcomes of the information
processing at the preattentive stage. Studies have consistently
found that distractor interference increases as the target selec-
tion efficiency decreases, regardless of perceptual load (Chen,
2003; Cosman & Vecera, 2012; Eltiti et al., 2005; Paquet &
Craig, 1997). The efficiency of the target selection is modu-
lated by both bottom-up and top-down factors at the
preattentive stage (e.g., Wolfe, 1994).

It is important to note that the task-relevant set size effect
on distractor interference was modulated by top-down atten-
tional set (Benoni et al., 2014; Theeuwes, Kramer, &
Belopolsky, 2004), but the display set size effect on distractor
interference was not (Benoni et al., 2014). In Benoni et al.’s
experiment, a marginally significant reversed task-relevant set
size effect on distractor interference was found when the high
and low set size displays were randomly presented, but no
effect when the two types of display were presented in differ-
ent experiment blocks. These results indicate that as the effi-
ciency in selecting a target from a task-irrelevant distractor,
which is determined by top-down attentional control settings,
decreases in the preattentive stage, the processing of the
distractor is more likely to occur before the target is selected
to process. Thus, the reversed task-relevant set size effect on
the congruency will be found only when the distractor is se-
lected before the target in the high task-relevant set size con-
dition because of a low selection efficiency. Specifically, as
the uncertainty of the target location increases with task-
relevant set size, the probability that distractor intrusion occurs
before the target is selected for processing at the focused at-
tention stage can increase, resulting in the congruency effect
varying as a function of task-relevant set size.

Yeh and Lin (2013) found that efficiency of target selection
also undergoes bottom-up modulation from the perceptual
similarity between the target and distractor. In their experi-
ments, in which the target was determined by its location
when display set size was high but task-relevant set size was
low, a significant congruency effect was obtained only when
the target and distractor were presented in the same color and
other non-targets were in a different color, but not when the
target and distractor were presented in different colors or all
stimuli were the same color. Gaspelin et al. (2014) also found
increased distractor interference when the target color cue was
presented at the distractor location even with a high display set
size and decreased interference when the target color cue was
presented at the target location with a low display set size.
These results indicate that the congruency effect can be mod-
ulated by top-down and bottom-up factors affecting the

probability that the distractor captures attention (distractor in-
trusion) before the target is processed at the focused attention
stage.

Conclusion

When a target and a distractor are simultaneously presented
with other visual items, the processing of the distractor could
occur before or after the target is selected to process. The
present study demonstrates that two important factors modu-
lating the degree to which the distractor is processed—display
set size and task-relevant set size—influenced information
processing at different stages. Display set size modulates the
congruency effect after the target has started to be processed at
the focused attention stage because of attentional competition
among the visual items other than the target. However, task-
relevant set size seems to modulate the congruency effect
before the target is selected for processing because of atten-
tional competition between the target and other visual items,
including the distractor. More generally, the size of the con-
gruency effect is determined by the probability of the misal-
location of attention to the distractor after the target is selected
for processing, such as the number of visual items in a display
and factors affecting the target selection efficiency, such as
task-relevant set size and perceptual similarity, respectively.
Even though the question of whether the congruency effect
occurs only when it captures attention remains unanswered,
converging evidence implies that the effect of the distractor is
modulated by the misallocation of attention to the distractor.
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