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Abstract

The contingent capture account of involuntary attention claims that it is guided by top-down factors, such as volitional goals or
task instructions. The contrasting rapid disengagement account holds that the contingent capture account relies on the spatial
precueing paradigm, which is vulnerable to the elimination of the cue-validity effect through rapid attentional disengagement. In
the present study, five experiments were conducted to examine whether a spatial cue presented in a target-defining or distractor-
defining color that predicted the location of a subsequently presented target at the chance level involuntarily captures attention by
measuring the cue-validity effect. Additionally, to examine the influence of cue—target compatibility as an alternative indicator of
attentional capture, an object identical to or different from the target object was presented at the cued location in the cue display in
all experiments. The results showed that the cue-validity effect and the cue—target compatibility effect were present only when the
target-color cue was presented. The object of the target display presented at the location cued by the target color was recognized
even on invalid trials. By contrast, the distractor color cue did not show any indication of attentional capture or postattentive
inhibition. These results imply that preattentive selection and postattentive inhibition depend on top-down attentional control
setting. Furthermore, the absence of a cue-validity effect with a distractor feature is not due to the inhibition of the cued location

after attentional disengagement.
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Despite their effort to pay attention to stimuli relevant for
achieving goals at hand, humans often are distracted by
goal-irrelevant stimuli. This involuntary attentional shift to
an external event is known as attentional capture or exogenous
attentional orienting (Posner, 1980; Posner & Cohen, 1984).
Many researchers have investigated how some objects capture
attention involuntarily for priority processing while others are
left unattended (e.g., Folk et al., 1992; Jonides & Yantis,
1988; Theeuwes, 1991). The salience-driven account of atten-
tional capture argues that attentional capture occurs based on
the feature discontinuity (salience) of objects calculated dur-
ing a preattentive processing stage, in which the basic proper-
ties of objects are rapidly processed in a parallel manner (e.g.,
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Theeuwes, 1991, 1992, 1994; Yantis & Jonides, 1990).
Consistent with this view, some researchers have suggested
that the allocation of spatial attention is simply the process of
serially checking locations that were previously labeled as
salient (Sagi & Julesz, 1985; Ullman, 1984). Proponents of
the salience-driven attentional capture account utilize an ex-
perimental procedure called the additional-singleton para-
digm, in which researchers instruct participants to locate a
target that is defined by color or shape and to respond to the
object inside it. For example, Theeuwes (1992) had partici-
pants search for a green circle (color singleton) surrounded by
red circles. Occasionally, one of the red circles was replaced
with a red diamond distractor (shape singleton). The presen-
tation of the diamond distractor interfered with searching for
the target object despite the shape’s irrelevance to the task,
indicating attentional capture.

In contrast with the salience-driven account, the contin-
gent capture account suggests that the allocation of exoge-
nous attention is guided by top-down attentional control set-
tings, which are established with a volitional goal or a task
instruction (Folk et al., 1992). In this account, an attentional
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control setting, which contains mental descriptions of fea-
tures of interest, has more control over exogenous attention
than does any feature discontinuity or salience (e.g., Folk
et al., 1994; Folk et al., 2002; Folk & Remington, 1998,
2006; Pratt & Hommel, 2003; Remington et al., 2001). In
Folk and Remington’s (1998) experiments with the spatial
cueing paradigm, participants responded to the identity of a
target object defined by color, presented in one of four pos-
sible locations. In each of the four locations, a uniquely col-
ored object appeared (e.g., one green object, one red object,
and two white filler objects). A noninformative red or green
cue presented in one of the four locations preceded the target
display. If the color of the cue matched the color of the target
object, a significant reaction time (RT) cost occurred when
the target object appeared at an uncued (invalid) location
relative to when the target appeared at the cued (valid) loca-
tion, resulting in what is known as the cue-validity effect. In
contrast, when the cue color differed from the target color, no
cue-validity effect occurred, which is consistent with the
hypothesis that the allocation of exogenous attention is con-
tingent upon attentional control setting.

Although significant cue-validity effects consistently re-
sult from using target-feature cues and not from nontarget-
feature cues, it is possible that the temporal gap between the
onsets of the cue and the target obscures the evidence of
attentional capture by a nontarget-feature cue because, in
most spatial cueing experiments, the target appears after the
cue (Belopolsky et al., 2010). According to Belopolsky
et al.’s (2010) rapid disengagement account, initially pro-
posed by Theeuwes et al. (2000), a singleton color cue can
involuntarily capture attention, regardless of its task rele-
vance. However, when a nontarget-feature cue is presented,
attention rapidly disengages from the cued location after
attentional capture because it does not match the features
specified in the attentional control setting, resulting in no
cue-validity effect. Moreover, Belopolsky et al. showed
that an initially attended location is inhibited after attention-
al disengagement from the cued location when the atten-
tional control is strong enough. They employed a spatial
cueing task in conjunction with a “go/no-go” task, in which
they informed participants of a specific target domain (on-
set or color singleton) at the beginning of each trial. They
instructed participants to withhold their response when the
presented target domain did not belong to the domain spec-
ified in advance. The researchers found that the mean RT
was greater for valid trials than for invalid ones when they
presented a no-go feature cue (Experiments 3 & 4). They
contend that the location cued by a no-go feature was
inhibited when participants disengaged their attention from
the cued location. Therefore, it took more time to respond to
a target presented at the inhibited location than to one pre-
sented at a different location, which resulted in a reversed
cue-validity effect.
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The rapid disengagement account attributes this reversed
cue-validity effect to the inhibition of the cued location
after attentional disengagement (Belopolsky et al., 2010),
but the capture-independent inhibition account, which is
based on the contingent capture account, suggests that the
effect reflects a successful top-down inhibition rooted in the
response selection stage, which is independent of any atten-
tional capture mechanism (Anderson & Folk, 2012).
Anderson and Folk (2012) disagree with the rapid disen-
gagement account’s claim that attention rapidly disengages
from the location cued by a nontarget salient feature even
when the cue successfully predicts the target location. They
demonstrated that inhibition could occur at a location cued
by nontarget features without attentional disengagement. In
their study, participants performed a go/no-go task incorpo-
rated into a spatial cueing paradigm, responding to a “go”
color singleton target and withholding their response to a
“no-go” color singleton target (Experiments 4, 5, & 6).
Both the contingent capture account and the salience-
driven capture account posit that a singleton cue can capture
attention regardless of the attentional control setting when
the target is defined by a singleton (Anderson & Folk, 2012;
Folk & Anderson, 2010). Therefore, a go/no-go task with a
singleton target made it possible to examine whether a task-
relevant feature associated with a no-go response would
capture attention. The results showed that inhibition oc-
curred at the location occupied by the no-go color cue, even
when attentional disengagement from the cued location was
not necessary because the target was subsequently present-
ed at the same location. This finding is inconsistent with the
main argument of the rapid disengagement account.

Present study

In this study, we performed a finer-grained search for evi-
dence of attentional capture by adopting a spatial cueing par-
adigm to unveil traces of attentional capture, which may be
clouded by rapid disengagement from spatial cues before the
onset of subsequent targets. To this end, we instructed partic-
ipants to identify a target defined by a specific color (e.g., red)
and to ignore a distractor of another color (e.g., green), pre-
sented along with two white filler objects. At the onset of the
target display, a spatial color cue primed one of four possible
target locations (target-defining color or distractor color).
Moreover, to determine whether the absence of the cue-
validity effect necessarily indicates that the cued location
was unattended or inhibited, we manipulated the compatibility
between the cued object in the cue display and the target in the
target display, as performed by Folk and Remington (1998,
2006). Specifically, one of two different objects that either
matched (compatible) or did not match (incompatible) the
target object appeared inside each placeholder of the cue
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display. This manipulation assumes that attentional allocation
to the cued object affects responses to the target object
(Remington et al., 2001; Shih & Sperling, 1996). In Folk
and Remington’s (2006) spatial cueing experiments, letter
characters (“x” or “=") appeared inside all placeholders in
the cue display and the target display. A significant cue—
target compatibility effect occurred only with the presentation
of a target color cue, indicating that the letter cued by the
distractor color was unattended. This study adopted the same
approach but without the visual noise masks presented be-
tween the cue and target displays to obtain more robust cue—
target compatibility effects.

By design, this study enabled the comparison of predic-
tions drawn from the rapid disengagement and contingent
capture accounts. The former predicts that the distractor color
cue will elicit either no cue-validity effect or a reversed one,
depending on the speed of attentional disengagement from the
cued location. Nevertheless, upon the allocation of attention to
the cued location, participants process and recognize the ob-
ject at the cued location, regardless of any attentional disen-
gagement or inhibition of the cued location. Thus, we expect-
ed a significant cue—target compatibility effect if the distractor
color cue captured attention, even though attentional disen-
gagement possibly clouded or reversed the cue-validity effect
elicited by the distractor color cue. In contrast, the latter ac-
count predicts neither a cue—target compatibility effect nor a
cue-validity effect with the distractor color cue because top-
down attentional control settings govern the involuntary allo-
cation of attention.

Experiment 1

Experiment 1 examined whether a distractor color cue cap-
tures attention by using the spatial cueing paradigm. To this
end, vertically or horizontally oriented bars appeared within
all four placeholders in both the cue and target displays.
Accordingly, the orientation of the target object matched
that of the cued object for half of the trials, but not for the
other half. Participants responded to the target color bar in
the target display, which contained a bar of the target-
defining color, a bar of the distractor color, and two other
white bars. Before the target display, the target-defining
color or the distractor color cued one of the four place-
holders. If a color cue were to involuntarily capture atten-
tion based on its status as a singleton, a significant cue-
validity effect would occur regardless of task-relevance,
as the salience-driven attentional capture account suggests.
Moreover, if attention is allocated to a location cued by the
distractor color, the object in the cued location should be
recognized, resulting in cue—target compatibility effect.
However, if the color cue captures attention only when it
has a target-defining feature, as the contingent capture

account suggests, a cue-validity effect would occur with
the target color cue but not with the distractor color cue.
Also, the cue—target compatibility effect would be evident
only with presentation of the target color cue.

Method

Participants To determine the optimal number of participants,
we conducted a power analysis using the G¥*Power software
(Faul et al., 2009), with power (1 — /3) set to .95 and the alpha
level set to 5%. The analysis indicated that a minimum sample
size of 12 was required to detect an effect size of 7712, = .25,
which was the effect size estimated based on the F' value of the
interaction of cue congruency and cue validity in Folk and
Remington’s (2006) Experiment 1. For the experiment, we
recruited 20 undergraduate students from Korea University
(ages 21 to 27) to ensure sufficient power to detect attentional
capture by distractor color cues. All participants reported hav-
ing normal or corrected-to-normal visual acuity and color vi-
sion. We provided a reward of 6,000 KRW (approximately 5
USD) for participation in the study. This study was approved
by the institutional review board at Korea University (KU-
IRB-15-25-P-1).

Apparatus A 17-inch CRT monitor displayed all stimuli at a
viewing distance of approximately 60 cm. We used E-Prime
software (Version 1.2, Psychology Software Tools,
Pittsburgh, PA) to present stimuli and record participants’ re-
sponses with the “f” and “j” keys on a standard computer
keyboard.

Stimuli Each trial consisted of a placeholder display, a cue
display, and a target display. The placeholder display
contained a fixation cross (0.78° of visual angle) at the center
ofthe display and four peripheral square placeholders (2.08° x
2.08°) located at the upper, lower, left, and right sides of the
fixation cross. Each placeholder was located approximately
2.10° from the fixation cross. The fixation cross and the place-
holders were white (RGB: 255, 255, 255; CIE: x = .31, y =
.33). The cue display also contained a fixation cross and four
placeholders in the same locations and of the same color.
However, in the cue display, a set of four small dots (0.39°
in diameter) surrounded each of the four placeholders. One set
of dots was either red (RGB: 255, 0, 0; CIE: x=.64,y=.33) or
green (RGB: 13, 147, 13; CIE: x = .30, y = .55), and the other
sets were white. There was either a horizontally or vertically
oriented white bar (1.3° wide, 0.12° thick) within the place-
holder. A horizontally or vertically oriented bar appeared in-
side all placeholders in the target display and in the cue dis-
play, as well. In the target display, one of the four bars was
red, another was green, and the other two were white. All
placeholders were white.
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Design and procedure The experiment began with a practice
block of 20 trials followed by four experimental blocks, each
of which comprised 128 trials. The cue predicted the upcom-
ing target location with 25% probability (i.e., the level of
chance). The two types of cues appeared equally often.
Moreover, each bar that appeared inside the placeholders of
the cue and target displays was randomly chosen, and all ap-
peared equally often.

Figure 1 displays the trial sequence of the experiment. Each
trial began with the placeholder display for 1,000 ms, follow-
ed by a 50-ms cue display. After the offset of the cue display,
the placeholder display appeared again for 100 ms. The target
display was presented for 50 ms. We instructed participants to
focus on the fixation cross and to respond to the orientation of
the target color bar as rapidly and accurately as possible when
the target was on the screen. They responded by pressing the
“f” key with their left index finger for a target-colored, verti-
cally oriented bar and the “j” key with their right index finger
for a target-colored, horizontally oriented bar. We fully in-
formed participants of the relationship between the cue and
the target and instructed them to ignore the cue and the
distractor. A 150-ms tone followed all incorrect responses or
responses occurring after more than 1,500 ms.

Results

Response times (RTs) shorter than 130 ms and longer than
1,300 ms were excluded as outliers (0.18%). The mean correct
RT and percentage of error (PE) were calculated for each
participant as a function of cue congruency (target color or
distractor color), cue validity (valid or invalid), and cue—target
compatibility (compatible or incompatible). Repeated-
measures analyses of variance (ANOVAs) were conducted
on the mean correct RT and PE data with the above variables
as within-subject variables (see Fig. 2).

O Compatible

® Incompatible

Valid Invalid Valid Invalid

Target Color Distractor Color

O Compatible
3 ® Incompatible

Valid Invalid Valid Invalid

Target Color Distractor Color

Fig. 2 Mean RT and PE as a function of congruency, validity, and
compatibility in Experiment 1. The error bar indicates within-subject
standard error

RT The main effect of cue congruency was significant, F(1,
19)=15.7, p <.001, MSe = 174,1,,> = .45. The mean RT was
greater when the target color cue was presented (M = 541 ms)
than when the distractor color cue was presented (M = 533
ms). The main effect of cue validity was also significant, F(1,
19)=26.4,p <.0001, MSe =390, np2 =.58. The mean RT was
shorter for valid trials (M = 529 ms) than for invalid ones (M =
545 ms), indicating a 16-ms cue-validity effect. The main

[1]

Placeholder
(1000ms)

Fig. 1 Example of a trial sequence in Experiment 1
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effect of cue—target compatibility was significant, F(1, 19) =
4.606, p < .05, MSe = 359, np2 =.20. The mean RT was 6 ms
shorter for cue—target compatible trials (M = 534 ms) than for
incompatible ones (M = 540 ms).

Cue validity interacted with cue congruency, F(1, 19) =
85.2, p <.0001, MSe = 148, np2 = .82. Further analyses dem-
onstrated that a cue-validity effect occurred when the target
color cue was presented (34 ms), F(1, 19) = 63, p < .0001,
MSe = 182, np2 = .77, but not when the distractor color cue
was presented (—2 ms), F(1, 19) < 1, p = .56. Cue—target
compatibility interacted with cue validity, F(1, 19) = 9.63, p
< .01, MSe = 214, an = .34. Further analyses at each cue
validity level showed that a significant cue—target compatibil-
ity effect occurred when the target was presented at the cued
location, F(1, 19) = 9.83, p < .01, MSe = 189, np2 = .34, but
not when it was presented at an uncued location, F(1, 19) < 1,
p = .82. Cue-target compatibility interacted with cue congru-
ency, F(1,19)=11.5, p < .01, MSe = 234, np2 = .38. Further
analyses at each cue congruency level revealed a significant,
15-ms cue—target compatibility effect for congruent trials,
F(1, 19) = 10.7, p < .01, MSe = 202, n,> = .36, but not for
incongruent ones, F(1, 19) < 1, p = .58.

The three-way interaction of cue congruency, cue validity,
and cue—target compatibility was also significant, F(1, 19) =
15.4, p <.001, MSe = 142, np2 =.45. A significant cue—target
compeatibility effect occurred only when the target appeared at
the location cued by the target color, F(1, 19) =23, p <.0001,
MSe =372, np2 = .55. Cue-target compatibility was not sig-
nificant when the target appeared at a location other than that
cued by the target color, F(1, 19) < 1, p = .98; at the location
cued by the distractor color, F(1, 19) < 1, p = .74; or at a
location other than that cued by the distractor color, F(1, 19)
<l,p=.6.

PE No main effects or interactions reached significance.
Discussion

When the target color cue was presented, a significant 34-ms
cue-validity effect occurred. Moreover, a significant cue—
target compatibility effect occurred for valid trials, indicating
attentional capture by the target color cue. Importantly, no
cue—target compatibility effect occurred for invalid trials when
the target cue was presented. This lack of a compatibility
effect on invalid trials was possibly due to forward visual
masking, or the contribution of the compatibility between a
target display object at the cued location and the target, as the
cue and the target appeared in different locations on invalid
trials.

In contrast, when the distractor color cue was presented, no
sign of attentional capture emerged, which is inconsistent with
Belopolsky et al.’s (2010) rapid disengagement account.
Specifically, the cue-validity effect was not significant, and

no cue—target compatibility effect occurred, regardless of
whether the target was presented at the cued location or an
uncued location. If attention rapidly disengaged from the lo-
cation cued by the distractor color, as Belopolsky et al. have
suggested, a reversed cue-validity effect should have resulted.

Experiment 2

Experiment 2 investigated attentional capture by a distractor
color cue in a task requiring enhanced attentional control.
Belopolsky et al. (2010) argue that the occurrence of
postattentive suppression depends on the robustness of top-
down attentional control. That is, when the attentional control
setting is not sufficiently strong, attention captured by a non-
target feature is unable to disengage rapidly from the initially
attended location, resulting in a cue-validity effect. In contrast,
when enhanced attentional control is required to perform a
task, attention can disengage rapidly from a location occupied
by a nontarget feature, and top-down modulated inhibition is
induced after attentional disengagement from the cued
location.

In Experiment 1, participants searched for a target bar de-
fined by color and discerned its orientation, which required
less attentional resources because it was easy to distinguish
vertically oriented bars from horizontally oriented ones.
Hence, the attentional control setting might have been too
weak to induce postattentive suppression where the distractor
color cue was attended. Therefore, in Experiment 2, we uti-
lized the upright capital English letters “T”” and “L” instead of
bars to make it more difficult to distinguish the target shapes.
This design was intended to encourage participants to adopt a
stronger attentional-control setting. If more robust attentional
control elicits postattentive suppression, as Belopolsky et al.
(2010) have suggested, a reversed cue-validity effect should
occur for the distractor color cue. In contrast, if the location of
the distractor color cue is unattended, as the contingent cap-
ture account suggests, neither a cue-validity effect nor a cue—
target compatibility effect would result when the distractor
color cue was presented.

Method

Participants We recruited a new group of 20 undergraduate
students (ages 18 to 29) from the same participant pool used in
Experiment 1. As before, participants received 6,000 KRW in
compensation, and all reported normal or corrected-to-normal
visual acuity and color vision.

Apparatus and stimuli The apparatus and stimuli were the
same as those used in Experiment 1, with one exception. We
replaced the bars in the cue and target displays with the white
upright letters “T” (0.48° x 0.66°) and “L” (0.42° x 0.66°). In

@ Springer



2446

Atten Percept Psychophys (2021) 83:2441-2457

the target display, one target-colored, one distractor-colored,
and two white 75 and Ls were randomly assigned to each of
the four placeholders.

Design and procedure The design and procedure of
Experiment 2 were identical to those of Experiment 1. The
participants responded only to the target-colored letter, ignor-
ing the distractor-colored letters. They pressed the “f” key
with their left index finger in response to the target letter “T”
and the “j” key with their right index finger in response to the
target letter “L.” We emphasized the importance of accuracy
and speed, as well.

Results

Adopting the same criteria used in Experiment 1, we excluded
0.56% of all trials from the analyses as outliers. The mean
correct RT and PE were calculated for each participant as a
function of cue congruency (target color or distractor color),
cue validity (valid or invalid), and cue—target compatibility
(compatible or incompatible). ANOVAs were conducted on
the mean correct RTs and PEs, with the above factors as
within-subject variables (see Fig. 3).

RT As in Experiment 1, the main effect of cue congruency was
significant, F(1, 19) = 23, p <.0001, MSe = 367, np2 =.55.

580
570
560 —I_
550
~ 540

)

E 530
=

" 520
510
500
490
480

OCompatible
m Incompatible

Valid Invalid Valid Invalid

Target Color Distractor Color

C

OCompatible
3 m Incompatible

Valid Invalid Valid Invalid

Target Color Distractor Color

Fig. 3 Mean RT and PE as a function of congruency, validity, and
compatibility in Experiment 2
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The mean RT was greater for congruent trials (M = 546 ms)
than for incongruent trials (M = 532 ms). The main effect of
cue validity was also significant, F(1, 19) =5.64, p < .05, MSe
=614, T]p2 = .23. The mean RT was greater for invalid trials
(M = 544 ms) than for valid trials (M = 534 ms), indicating a
10-ms cue-validity effect. However, the main effect of cue—
target compatibility was not significant, (1, 19) =3.59, p =
.074.

Cue validity interacted with cue congruency, F(1, 19) =
15.7, p < .001, MSe = 269, np2 = .45. Further analyses of the
cue-validity effect at each level of cue congruency revealed a
significant 20-ms cue-validity effect when the target color cue
was presented, F(1, 19) = 12.6, p < .01, MSe = 305, np2 =40,
but not when the distractor color cue was presented, F(1, 19) <
1, p=.79. As in Experiment 1, cue validity interacted with cue—
target compatibility, F(1, 19) = 7.43, p < .05, MSe =339, T]p2 =
.28. Further analyses revealed a significant cue—target compat-
ibility effect of 14 ms for valid trials, F(1, 19) = 6.92, p < .05,
MSe = 268,m,,> = 27, but none for invalid trials, F(1, 19) < 1, p
= .44. The interaction between cue congruency and cue—target
compatibility was not significant, (1, 19) < 1, p = .36.

The three-way interaction of cue congruency, cue validity,
and cue—target compatibility was not significant, F(1, 19) =
1.24, p = .28; however, a cue—target compatibility effect oc-
curred when the target appeared at the location cued by the
target color (20 ms), F(1, 19)=7.08, p <.05, MSe = 543, np2 =
.27, but not when the target appeared at a location other than
that cued by the target color (-2 ms), F(1, 19) < 1, p = .64; at
the location cued by the distractor color (8 ms), F(1, 19) =
1.01, p = .33; or at a location other than that cued by the
distractor color (=3 ms), F(1, 19) < 1, p = .47.

PE The main effect of cue validity was significant, F(1, 19) =
6.22, p < .05, MSe = .001, npz = .25, indicating that PE was
higher on invalid trials (4.53%) than on valid ones (3.20%).
No other main effects or interactions reached significance.

Discussion

As in Experiment 1, no evidence for attentional capture or
postattentive inhibition emerged when the distractor color
cue was presented, which is inconsistent with the rapid disen-
gagement account. Specifically, neither a cue-validity effect
nor a cue—target compatibility effect occurred with the
distractor color cue. However, a cue-validity effect emerged
when the target color cue was presented, even in the context of
more complex stimuli. When the target color cue was present-
ed, there was a significant effect of the compatibility between
the cued and target objects on valid trials, but not on invalid
trials. As suggested earlier, on invalid trials, it is possible that
the target display’s nontarget object was recognized at the
cued location, resulting in the dilution of the cued object’s
influence. Alternatively, on valid trials, forward masking



Atten Percept Psychophys (2021) 83:2441-2457

2447

could have occurred when the cued object in the cue display
and the target were perceptually different, resulting in a de-
layed perception of the target relative to when the cued object
and the target were perceptually identical. On the other hand,
forward masking might have been absent on invalid trials,
which could explain the observation that the cue—target com-
patibility effect was present only on valid trials cued by the
target color.

Experiment 3

Experiment 3 examined whether the effect of the compatibil-
ity between cued and target objects occurs due to perceptual
forward masking elicited when the objects in the cue and
target displays are perceptually different. In Experiment 2,
capital 75 and Ls appeared in both the cue and target displays.
The letters were identical in their physical shapes and names
on cue—target compatible trials and different on incompatible
trials. Accordingly, forward masking, if it existed, would have
been greater for cue—target incompatible trials than for com-
patible ones. This experiment utilized lowercase letters in the
cue display and capital letters in the target display so that the
shapes of the cued and target objects were different on all
trials, thereby minimizing the asymmetrical perceptual for-
ward masking between cue—target compatible and incompat-
ible trials (see Fig. 4). If the cue—target compatibility effect
obtained on valid trials cued by the target color reflected the
forward masking effect, it could have been reduced or elimi-
nated when the cued and target objects were presented in
different physical shapes on each trial. However, if the recog-
nition of the cued object elicited a significant cue—target com-
patibility effect, the cue—target compatibility effect would
emerge for valid trials cued by the target color, as in the pre-
vious experiments.

Method

Participants A new group of 20 undergraduate students (ages
19 to 33), drawn from the same pool as in the previous exper-
iments, participated in this experiment. As before, the

HiEal

Placeholder
(1000ms)

Fig. 4 Example of a trial sequence in Experiment 3

Cue Display
(50ms)

participants received 6,000 KRW in compensation, and all
reported normal or corrected-to-normal visual acuity and color
vision.

Apparatus and stimuli The apparatus and stimuli were the
same as those used in Experiment 2, with one modification.
We replaced the letters “T”” and “L” within the placeholders in
the cue display with white lowercase letters “a” (0.54° x
0.57°) and “h” (0.51° x 0.69°). In the target display, one tar-
get-colored, one distractor-colored, and two white capital As
(0.66° x 0.66°) and Hs (0.66° x 0.60°) were randomly
assigned to each of the four placeholders.

Design and procedure The participants responded to the
target-colored letter while ignoring nontarget-colored letters.
They pressed the “f” key with their left index finger in re-
sponse to the target letter “A” and the “j” key with their right
index finger in response to the target letter “H.” Again, we
emphasized the importance of accuracy and speed in perfor-
mance. Finally, the target and distractor colors were
counterbalanced across participants.

Results

Using the same criteria as in the previous experiments, we
excluded 0.12% of all trials from the analyses as outliers.
We calculated the mean correct RT and PE for each partici-
pant as a function of cue congruency (target color or distractor
color), cue validity (valid or invalid), and cue—target compat-
ibility (compatible or incompatible). We conducted ANOVAs
on the mean correct RT and PE data with the abovementioned
variables as within-subject variables (see Fig. 5).

RT The main effects of all three independent variables were
significant. The mean RT was greater for congruent trials (M =
519 ms) than for incongruent ones (M = 511 ms), F(1, 19) =
15.7, p <.001, MSe = 149, np2 = .45. Moreover, the mean RT
was greater on invalid trials (M = 521 ms) than on valid ones
(M =509 ms), F(1,19)=21.9, p<.001, MSe = 282,T]p2 =.54,
indicating a 12-ms cue-validity effect. The mean RT was
greater for cue—target incompatible trials (M = 520 ms) than

Placeholder
(100ms)

Target Display
(50ms)
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Fig. 5 Mean RT and PE as a function of congruency, validity, and
compatibility in Experiment 3

for compatible ones (M = 510 ms), F(1, 19) = 14.3, p < .01,
MSe =255,1," = 43.

Cue validity interacted with cue congruency, F(1, 19) =
16.8, p < .001, MSe = 355, np2 = .47. Further analyses re-
vealed a significant cue-validity effect on congruent trials
(25 ms), F(1, 19) = 38.9, p < .0001, MSe = 156, npz = .67,
but not on incongruent ones (0 ms), F(1, 19) < 1, p=.95. Cue—
target compatibility interacted with cue validity, F(1, 19) =
10.7, p < .01, MSe = 150, npz = .36. A significant 16-ms
cue—target compatibility effect occurred when the target was
presented at the cued location, F(1, 19) =16.42, p <.001, MSe
=153, an = .46, but not when it was presented at an uncued
location, F(1, 19) = 2.08, p =.17. Cue congruency also
interacted with cue—target compatibility, F(1, 19) = 10, p <
.01, MSe =169, np2 = .35. Further analyses at each cue con-
gruency level showed a significant 16-ms cue—target compat-
ibility effect for congruent trials, F(1, 19) = 16, p <.001, MSe
=161, np2 = .46, but no effect for incongruent ones, F(1, 19) =
1.79, p = .20.

The three-way interaction of cue congruency, cue validity,
and cue—target compatibility was marginally significant, F(1,
19) = 3.01, p = .098, MSe =117, np2 = .14. When the cue—
target compatibility effect was examined at each cue congru-
ency and cue-validity level, significant cue—target compatibil-
ity effects emerged both when the target appeared at the loca-
tion cued by the target color, F(1, 19) = 17.4, p < .001, MSe =
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369, npz = .48, and when the target appeared at an uncued
location with the target color cue, F(1, 19) = 542, p < .05,
MSe = 83.3, npz = .22. When the distractor color cues were
presented, no cue—target compatibility effect occurred for val-
id, F(1, 19) =2.37, p = .14, or invalid trials, F(1, 19)< 1,p =
.90. Furthermore, separate two-way ANOVAs conducted for
the congruent trials indicated that the cue—target compatibility
effect was larger for valid trials than for invalid ones, F(1, 19)
=13.3,p<.01, MSe = 131,11,,2 = .41, and this interaction was
not significant for incongruent trials, (1, 19) = 1.66, p =.21.

PE The main effect of cue validity was significant, F(1, 19) =
5.62, p < .05, MSe = .0009, np2 = .23. PE was higher for
invalid trials (3.3%) than for valid ones (2.5%). No other main
effects or interactions reached significance.

Discussion

As in the previous experiments, a significant cue-validity ef-
fect emerged only when the target color cue was presented,
indicating the occurrence of attentional capture. Importantly,
even after minimizing asymmetric forward masking effects, a
26-ms, significant cue—target compatibility still emerged for
valid trials cued by the target color, indicating that the cued
letter was recognized. Although a significant 7-ms cue—target
compatibility effect also occurred for the invalid trials, the
cue—target compatibility effect was significantly smaller for
invalid trials than for valid ones, possibly reflecting the mod-
ulation of the cue—target compatibility effect due to the object
of'the target display that appeared at the cued location. That is,
the object presented at the cued location in the target display
may have been recognized even on invalid trials because at-
tention was allocated to the cued location when the target
color cue appeared and remained there for a short time after
the onset of the target display (Becker et al., 2010).

To examine this possibility, we conducted additional
ANOVAs for the mean correct RTs on invalid trials only
using cue congruency, cue—target compatibility, and compat-
ibility between the target object and the nontarget object in the
target display that appeared at the cued location—that is, tar-
get display compatibility (TDC), determined as compatible or
incompatible—as within-subject variables (see Fig. 6). The
results indicated that the interaction of congruency and TDC
was significant, F(1, 19) =12, p <.01, MSe =71.8, an =.39.
When the target color cue was presented, a significant TDC
effect emerged, F(1, 19) = 73.8, p <.0001, MSe =20.9, npz =
.80, indicating that the object was recognized at the cued lo-
cation in the target display. However, no such compatibility
effect occurred when the distractor color cue was presented,
F(1,19)=1.76,p = .20, MSe =55.3, np2 = .08, which provides
additional evidence that attention was not captured by the
distractor color cue. These results indicate that, as posited by
the contingent capture account (Folk et al., 1992), the color
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cue captures attention only when it is presented in a target-
defining color.

Experiment 4

In Experiments 1-3, neither a cue-validity nor a reversed cue-
validity effect occurred with the presentation of the distractor
color cue. This lack of effect was possibly because the
distractor cue was not sufficiently strong or salient to capture
attention. Thus, to increase the magnitude of attentional cap-
ture so that it could be detected more easily using the cue-
validity and the cue—target compatibility effects, we made two
additional changes in Experiment 4. First, we increased the
duration of the cue display from 50 to 150 ms to enhance the
conscious perception of the cue. Second, we reduced cue-off-
set/target-onset asynchrony (CTOA) to 0 ms (150-ms stimulus
onset asynchrony [SOA]) to prevent attentional disengage-
ment from the distractor color cue, assuming that the cue cap-
tured attention. In Theeuwes and Godijn’s (2002) experi-
ments, which used a similar approach, the researchers short-
ened the SOA between the cue display and the target display
from 1,300 ms (Experiment 1) to 133 ms (Experiment 2).
They found a reversed cue-validity effect for a no-go feature
cue when the SOA was 1,300 ms, and this became a positive
cue-validity effect when the SOA was shortened to 133 ms.
Theeuwes and Godijn argue that the 130-ms SOA window
allowed no extra time for attention to reorient to another loca-
tion, thus revealing a facilitation effect that might have been
obscured by the postattentive suppression.

If these changes successfully prevent attentional disen-
gagement from the cued location, which possibly clouded
any indication of attentional capture by distractor color cues
in the previous experiments, significant cue validity and cue—
target compatibility effects would be evident with the
distractor color cue. Nevertheless, if the location cued by the
distractor color is unattended, as the contingent capture

account suggests, neither the cue-validity effect nor the cue—
target compatibility effect would be evident on trials with the
distractor color cue.

Method

Participants Drawn from the same participant pool as in
Experiment 1, 16 new undergraduate students participated in
the experiment (ages 20 to 29). Participants received 7,000
KRW (approximately 6 USD) as compensation. All reported
having normal or corrected-to-normal visual acuity and color
vision.

Apparatus and stimuli The apparatus and stimuli were the
same as those used in Experiment 2. White 7s and Ls were
randomly placed in the cue display, whereas one target-col-
ored, one distractor-colored, and two white 75 and Ls were
randomly assigned in the target display.

Design and procedure The design and procedure of
Experiment 4 were similar to those of Experiment 2. We made
two modifications in this experiment, one of which was to
increase the duration of the cue display from 50 to 150 ms.
More importantly, we changed the total time between the off-
set of the cue display and the onset of the target display from
150 to 0 ms. Therefore, the target display appeared immedi-
ately after the cue display disappeared. The participants
waited for the target display, then responded to the target-
colored letter.

Results

With the same criteria as those in the previous experiments, we
excluded 35 trials from the analyses, accounting for 0.36% of
the total data. The mean correct RT and PE were calculated for
each participant as a function of cue congruency (target color or
distractor color), cue validity (valid or invalid), and cue—target
compatibility (compatible or incompatible). ANOVAs were
conducted on the mean correct RT and PE data with the above
factors as within-subject variables (see Fig. 7).

RT The main effect of cue congruency was significant, F(1,
15)=14.9, p < .01, MSe =912, np2 =.50. The mean RT was
greater when the target color cue appeared (M = 564 ms) than
when the distractor color cue appeared (M = 543 ms). The
main effect of cue-validity was significant, F(1, 15) = 11.2,
p < .01, MSe = 476, npz = .43. The mean RT was longer for
invalid trials (M = 560 ms) than for valid ones (M = 547 ms),
indicating a 13-ms cue-validity effect. The main effect of cue—
target compatibility was significant, F(1, 15)=17.9, p <.001,
MSe = 570, npz = .55. Participants responded to the target
approximately 17 ms more slowly on incompatible trials (M
= 562 ms) than on compatible ones (M = 545 ms).
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Fig. 7 Mean RT and PE as a function of congruency, validity, and
compatibility in Experiment 4

Cue-validity interacted with cue congruency, F(1, 15) =
19.9, p < .001, MSe = 543, np2 =.57. Additional analyses of
the cue-validity effect at each congruency level confirmed a
significant 31-ms cue-validity effect when the target color cue
was presented, F(1, 15)=17.6, p <.001, MSe =444, npz =.54.
In contrast, a marginally significant reversed 5-ms cue-valid-
ity effect occurred when the distractor color cue was present-
ed, F(1, 15) = 3.64, p = .076, MSe = 66.0, np2 =.20. Cue-
target compatibility interacted with cue-validity, F(1, 15) =
18.6, p < .001, MSe = 545, npz = .55. A significant 35-ms
compatibility effect occurred for valid trials, F(1, 15)=19.7,p
<.001, MSe=517,m,” =57, but not for invalid ones, F(1, 15)
< 1, p = .97. The interaction of cue—target compatibility with
cue congruency was significant, F(1, 15) = 32.2, p < .0001,
MSe =266, np2 =.68. Further analyses at each cue congruency
level indicated that the cue—target compatibility effect was
significant for congruent trials (34 ms), F(1, 15) =36.3, p <
.0001, MSe =258, np2 = .71, but not for incongruent ones (2
ms), F(1,15) < 1,p=.73.

The three-way interaction of cue congruency, cue validity,
and cue—target compatibility was significant, (1, 15) =21, p
< .001, MSe = 214, np2 = .58. Further analyses revealed a
significant cue—target compatibility effect when the target
was presented at the location cued by the target color (64
ms), F(1, 15) = 54.4, p < .0001, MSe = 601, n,” = .78.
However, a nonsignificant compatibility effect occurred when
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the target was presented at a location other than that cued by
the target color (5 ms), F(1, 15) = 1.33, p = .27. When the
distractor color cue was presented, no compatibility effect
occurred on valid trials (8 ms), F(1, 15) < 1, p = .45, or on
invalid trials (-4 ms), F(1, 15) = 1.53, p = .24.

As in Experiment 3, we conducted an additional ANOVA
on the data from invalid trials using cue congruency, cue—
target compatibility, and target display compatibility (TDC)
as within-subject variables (see Fig. 8). The interaction of
cue—target compatibility and TDC was significant, F(1, 15)
=122, p < .01, MSe = 111, npz = .45. The mean RT was
shorter for cue—target compatible trials (M = 553 ms) than
for incompatible ones (M = 561 ms) when the object at the
cued location in the target display matched the target, F(1, 15)
=4.86, p < .05, MSe = 125, npz = .24. The mean RT was
marginally longer in the cue—target compatible trials (M =
563 ms) than in the incompatible ones (M = 559 ms) when
the cued nontarget object in the target display differed from
the target, F(1, 15) = 4.11, p = .061, MSe = 35, npz = .22.
Importantly, the interaction of cue congruency and TDC was
marginally significant, F(1, 15) = 3.87, p = .068, MSe = 136,
np2 = .2. TDC was significant when the target color cue was
presented, F(1, 15) = 5.38, p < .05, MSe = 86.7, np2 = .26,
indicating that the object presented at the cued location in the
target display was recognized. However, the effect of TDC
was not significant when the distractor color cue was present-
ed, F(1, 15) < 1, p = .86, indicating that the object presented at
the cued location in the target display was not recognized.

PE The main effects of cue congruency and cue validity were
significant. PE was higher for congruent trials (6.6%) than for
incongruent ones (4.1%), F(1, 15) = 15.9, p < .01, MSe =
.0013, np2 =.52. PE was also higher for invalid trials (6.0%)
than for valid ones (4.7%), F(1, 15) = 6.45, p < .05, MSe =
.0009, np2 =.30. No other interactions reached significance.
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Fig. 8 Mean RT and as a function of congruency, compatibility, and
target display objects compatibility (TDC) on invalid trials of
Experiment 4
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Discussion

In Experiment 4, the magnitude of the cue-validity effect was
39 ms, the largest among the cue-validity effects observed on
congruent trials in the previous experiments. Therefore, the
changes implemented in Experiment 4 successfully induced
stronger attentional capture using salient cues without directly
manipulating attentional control. Nevertheless, evidence of
attentional capture was apparent only when the target color
cue was presented, as suggested by the contingent capture
account (Folk et al., 1992). A significant cue-validity effect
occurred when the target color cue appeared, and the cue—
target compatibility effect was significant only when the target
appeared at the location cued by the target color. Moreover,
the target-display object at the cued location was recognized
for invalid trials but only when it was cued by the target color.
In contrast, although a marginally significant reversed cue-
validity effect occurred when the distractor color cue ap-
peared, which may be taken to indicate attentional inhibition,
a reversed cue-validity effect likely did not occur after atten-
tional disengagement because there was no evidence indicat-
ing that the cued object or the object at the cued location of the
target display was recognized.

Experiment 5

In Experiments 1-3, no significant reversed cue-validity effect
occurred when the distractor color cue appeared, possibly
suggesting that the attentional control setting recruited by
the task was not strong enough to induce rapid attentional
disengagement and postattentive inhibition. The contingent
capture account posits the nonsignificant cue-validity effect
as an indication of no attentional capture by nontarget fea-
tures, whereas the salience-driven capture account posits it
as an indication of rapid attentional disengagement after atten-
tional capture. We conducted Experiment 5 to resolve this
discrepancy between the two accounts by examining the
cue—target compatibility effect in a situation showing a re-
versed cue-validity effect.

Therefore, we adopted Belopolsky et al.’s (2010) approach
to enhance the attentional control setting and increase the
speed of attentional disengagement. For example,
Belopolsky et al. found a reversed cue-validity effect in ex-
periments using a go/no-go task, but there was no reversed
cue-validity effect in experiments using a target identification
task. They claim that participants exhibited strong, sustained
attentional control throughout the whole block during the go/
no-go task because they were constantly relying on the atten-
tional control setting to identify whether a target was a go
target or a no-go target.

However, in Anderson and Folk’s (2012) Experiments 4
and 5, where the go target color was unpredictably either red

or green, and the no-go target color was always blue, signifi-
cant cue-validity effects occurred for the go color cue but not
for the no-go color cue. Interestingly, the mean RT for invalid
trials in that experiment did not differ significantly with the
color of the cue. They suggest that both color cues captured
attention. However, due to capture-independent inhibition,
which is unrelated to attentional disengagement, the location
cued by the no-go color was suppressed, resulting in delayed
responses for valid trials. Nevertheless, there was no signifi-
cant difference between the invalid trials with the go color cue
and those with the no-go color cue because there was no
capture-independent inhibition on invalid trials.

The paradigm and stimuli used in Experiment 5 were the
same as those in Experiment 2, except that we introduced a go/
no-go task. To this end, we presented a color singleton target
in the target display, and its color (three possibilities) was
randomly selected. Participants responded to the identity of
the singleton target when the target was red or green and
withheld their response when the target was blue. We exam-
ined the cue-validity effect and the cue—target compatibility
effect to determine whether a no-go color cue could capture
attention when engaging a strong attentional control setting.

Method

Participants Drawn from the same pool as in the previous
experiments, 16 new undergraduate students (ages 20 to 30)
participated in this experiment. All received KRW 8,000 (ap-
proximately 7 USD) for their participation. All reported hav-
ing normal or corrected-to-normal visual acuity and color
vision.

Apparatus and stimuli The apparatus and stimuli were the
same as those used in Experiment 2, with the exception that
we changed the task to a go/no-go task. We removed a colored
distractor from the target display so that the target object was
the only color singleton item in the target display. We present-
ed the spatial cues and the target letter randomly in red (RGB:
255,0,0; CIE: x = .64, y=.33), green (RGB: 13, 147, 13; CIE:
x =.30, y =.55), or blue (RGB: 0, 0, 255; CIE: x = .22, y =
.32). The other filler cues and letters were white. We desig-
nated red and green as the go colors and blue as the no-go
color.

Design and procedure We made two modifications in
Experiment 5. First, we changed the nature of the task from
target identification to go/no-go (see Fig. 9). Participants
responded to red or green letters appearing in the target dis-
play and withheld their response when blue letters appeared in
the display. One of the three colors for the spatial cue was
randomly selected on each trial (256 trials for each color).
The ratio of go color-cue trials to no-go color-cue trials was
2 to 1 because there were two different go-colors and one no-
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Fig. 9 Example of a trial sequence in Experiment 5

go color. As in previous experiments, a trial was labeled with
respect to the color of the spatial cue, rather than the color of
the target object, such that a trial cued by red or green dots was
labeled as a go cue trial (congruent), while a trial cued by blue
dots was labeled as a no-go cue trial (incongruent). A trial with
a red “target” preceded by a green “cue,” for example, was
labeled as congruent because the cue color matched one of the
target-defining features in the attentional control setting, al-
though the cue and target colors did not match. Second, we
increased the number of trials to compensate for the loss of
reaction time data from the no-go trials. All participants first
completed a practice block of 20 trials and then performed
four main blocks of 192 trials.

Results

Using the same criteria as those in the previous experiments,
we excluded 1.7% of the total trials from the analyses as out-
liers. The mean correct RT and PE were calculated for each
participant as a function of cue congruency (go color cue or
no-go color cue), cue validity (valid or invalid), and cue—
target compatibility (compatible or incompatible). ANOVAs
were conducted on the mean RT and PE data with the above
factors as within-subject variables (see Fig. 10).

RT The main effect of cue congruency was significant, F(1,
15) = 14.7, p < .01, MSe = 251, m,> = .49. The mean RT was
greater when the no-go color cue was presented (M = 611 ms)
than when the go color cue was presented (M = 600 ms).
Moreover, the main effect of cue validity was significant,
F(1, 15) =49.6, p < .0001, MSe = 208, np2 =.77. The mean
RT was greater for invalid trials (M = 615 ms) than for valid
ones (M = 597 ms). The main effect of cue—target compatibil-
ity was also significant, F(1, 15) = 7.56, p < .05, MSe = 409,
np2 =.34. The mean RT was greater for incompatible trials (M
= 610 ms) than for compatible ones (M = 601 ms).
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Cue validity interacted with cue congruency, F(1, 15) =
6.55, p < .05, MSe = 445, 1,> = .30. A significant cue-
validity effect occurred for go cue trials (27 ms), F(1, 15) =
96.1, p <.0001, MSe = 62.8, npz = .87, but not for no-go cue
trials (8 ms), F(1, 15) =2.14, p = .16. The two-way interaction
of cue—target compatibility and cue validity was significant,
F(1,15)=13.6, p < .01, MSe = 278, np2 = .48. A significant
21-ms cue—target compatibility effect occurred when the tar-
get was presented at the cued location, F(1,15)=12.1,p<.01,
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Fig. 10 Mean RT and PE as a function of congruency, validity, and
compatibility in Experiment 5
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MSe = 285, npz = .45, but not when it was presented at an
uncued location, F(1, 15) =.15, p = .70. The three-way inter-
action of cue congruency, cue validity, and cue—target com-
patibility was not significant, (1, 15) = .01, p = .92.

As in Experiments 3 and 4, additional ANOV As were con-
ducted on the mean correct RT from invalid trials with cue
congruency, cue—target compatibility, and TDC as within-
subject variables (see Fig. 11). The main effect of TDC, F(1,
15)=5.89, p < .05, MSe = 288, np2 = .28, and the interaction
of cue—target compatibility and TDC, F(1, 15) = 28.5, p <
001, MSe = 1,724, np2 = .66, were significant. The three-
way interaction of cue—target compatibility, cue congruency,
and TDC was also significant, F(1, 15) =5.22, p < .05, MSe =
412, np2 = .26. When the go color cue was presented, the
interaction of cue—target compatibility and TDC was signifi-
cant, F(1, 15) = 37.7, p < .0001, MSe = 954, np2 =.72. The
cue—target compatibility effect occurred when the object of
the target display presented at the cued location matched the
target (TDC compatible), F(1, 15)=37, p <.0001, MSe = 829,
npz = .71, while a significant reversed cue—target compatibil-
ity effect occurred when the object of the target display at the
cued location differed from the target (TDC incompatible),
F(1,15) =24, p < .001, MSe = 360, np2 =.62. When the no-
go color cue was presented, unlike in the previous experi-
ments, TDC modulated the cue—target compatibility effect,
F(1, 15) = 13, p < .01, MSe = 1,182, n,> = .46. The cue—
target compatibility effect was significant when the object of
the target display presented at the cued location matched the
target, F(1,15)=10.3,p<.01, MSe= 1,242,11192 = .41, whilea
reversed cue—target compatibility effect occurred when the
object differed from the target, F(1, 15) = 7.49, p < .05, MS
=515,1m," =.33.

PE The main effect of cue validity was significant, F(1, 15) =
5.24, p < .05, MSe = .0008, np2 = .26. PE was higher for
invalid trials (3.0%) than for valid ones (1.9%). No other main
effect or interaction was significant.
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Fig. 11 Mean RT and as a function of congruency, compatibility, and
target display objects compatibility (TDC) on invalid trials of Experiment
5. Dashed lines on the lower-left corner indicate the hypothesized path of
attention

Discussion

In Experiment 5, the go color cues captured attention, as indi-
cated by the significant cue-validity effect and cue—target
compatibility effect. As in the previous experiments, no cue—
target compatibility effect occurred for invalid trials when the
go color cues appeared. Importantly, when the no-go color cue
was presented, a significant cue—target compatibility effect
occurred for valid trials but not for invalid ones, although no
cue-validity effect emerged. Similar to the results of
Belopolsky et al.’s (2010) experiments, there was a 20-ms
increase in RT for valid trials when the no-go color cue was
presented compared to when the go color cues were presented.
This RT cost for valid trials eventually clouded the cue-
validity effect for the no-go color cue, which aligns with the
rapid disengagement account.

However, it seems unlikely that the RT cost occurring on
valid trials with the no-go color cue would have been the result
of postattentive inhibition induced by attentional disengage-
ment. As in Anderson and Folk’s (2012) experiments, we
found no evidence for rapid attentional disengagement on in-
valid trials. The mean RT of invalid trials was 615 ms when
the no-go color cue was presented and 614 ms when the go
color cues were presented, and this difference was not signif-
icant. Moreover, unlike in the previous experiments, the cue—
target compatibility effect was significant on valid trials but
not on invalid ones, regardless of whether the go color or no-
go color cue was presented. Lastly, the main effect of TDC
was significant, but it did not interact with cue congruency,
which suggests that the object at the cued location in the target
display was recognized regardless of whether it was cued by a
go color cue or a no-go color cue. These results indicate that
both the no-go color cue and the go color cues captured
attention.

Unlike in the previous experiments, the reversed cue—target
compatibility effect occurred on TDC incompatible trials re-
gardless of cue congruency, even though this pattern was sig-
nificantly more evident when the go color cue was presented
than when the no-go color cue was presented (see Fig. 11).
This finding indicates that the compatibility between the cued
object in the cue display and the nontarget object in the target
display that appeared at the cued location exerted a greater
influence on task performance than did cue—target compatibil-
ity. This influence might have been amplified, possibly be-
cause of the increased task difficulty in Experiment 5.

General discussion
In this study, we manipulated the compatibility of cued and
target objects to more precisely investigate attentional capture

by a task-irrelevant feature. Additionally, we investigated the
presence of attentional capture and postattentive inhibition in
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cases of enhanced attentional control setting (Experiment 2) or
with induction of more robust attentional capture (Experiment
4) to ensure detection of attentional capture by the distractor
color cue. Nevertheless, we found no such direct indication of
attentional capture by the distractor color cue. In all experi-
ments, significant cue-validity effects occurred when the tar-
get color cue was presented, but not when the distractor color
cue was presented. Importantly, when the target color cue was
presented, a compatibility effect between the cued and target
objects occurred for valid trials but not for invalid trials in
Experiments 1-4. Moreover, this finding was still evident af-
ter minimizing the asymmetric influences of perceptual for-
ward masking for cue—target compatible and incompatible
trials. These findings suggest that the object in the location
cued by the target color was recognized, resulting in a signif-
icant cue—target compatibility effect for valid trials.
Furthermore, the object at the cued location in the target dis-
play diluted the cue—target compatibility effect for invalid tri-
als cued by the target color.

However, when the distractor color cue was presented, as
suggested by the contingent capture account (e.g., Folk et al.,
1992), we found no significant (reversed) cue-validity effect
in Experiments 1-3. Moreover, no cue—target compatibility
effect occurred, regardless of cue validity. This pattern of re-
sults resurfaced after we shortened the cue—target interval and
presented the spatial cue for a longer time in Experiment 4. A
marginal reversed cue-validity effect occurred without a cue—
target compatibility effect in Experiment 4. Nevertheless, it is
highly likely that the reversed cue-validity effect is indepen-
dent of inhibition after disengagement because there was less
time for attention to reorient to another location, relative to the
other experiments where no reversed cue-validity occurred.
Altogether, these findings imply that salient cues containing
to-be-ignored features do not capture attention when the atten-
tional control setting is tuned to a specific feature during visual
search.

In Experiment 5, in which participants performed a go/no-
go task, the cue-validity effect occurred only when the go
target color cue was presented but not for the no-go cue, as
in the other experiments. Furthermore, as the rapid disengage-
ment account predicts, the mean RT for the target presented at
the cued location was longer when the no-go color cue was
presented than when the go target color cue was presented.
Importantly, unlike in the other experiments, a 21-ms compat-
ibility effect occurred at the cued location primed by a go
target color, and a 20-ms compatibility effect occurred at the
cued location primed by the no-go target color, indicating
attentional capture by both types of cues. However, this sig-
nificant cue—target compatibility effect does not necessarily
indicate that the lack of the cue-validity effect with the no-
go color cue was due to location-specific postattentive inhibi-
tion, as Belopolsky et al. (2010) suggest. If attention was
rapidly disengaged from the cued location, the mean RT for
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invalid trials should have been shorter with the no-go target
color cues than with the go target color cues.

Rather, it seems more plausible that the no-go target cue
simply captured attention, but attention was not disengaged
for valid trials. Indeed, the contingent capture account sug-
gests that a no-go target feature can capture attention when
the target is defined as a singleton object (Bacon & Egeth,
1994). Furthermore, the target was always a singleton object,
and the no-go target color was equally important as the go
target color in performing the go/no-go task. Accordingly,
simply inhibiting the no-go target color could have impaired
task performance in Experiment 5, unlike in the previous ex-
periments where inhibiting the distractor color would have
resulted in improved task performance. An alternative possi-
bility for the RT cost observed for valid trials is that the go/no-
go task requirements induced it, which would be independent
of attentional disengagement or postattentive inhibition, as
Anderson and Folk (2012) note. In a similar vein, some stud-
ies have reported reversed cue-validity effects, and attributed
the reversed effects to sources other than postattentive inhibi-
tion (Carmel & Lamy, 2014, 2015; Lamy et al., 2004).

The cue-target compatibility effect

Although attentional capture by the target color cue occurred
consistently in Experiments 1-4, the cue—target compatibility
effect occurred for valid but not invalid trials. Folk and
Remington (2006) found that the cue—target compatibility ef-
fect decreased considerably for invalid trials relative to valid
trials when the target color cue was presented, although this
difference was not statistically significant. The decreased cue—
target compatibility effects or the absence of compatibility
effects were possibly due to postattentive inhibition. It is wide-
ly accepted that attentional disengagement leads to the sup-
pression of a previously attended location (e.g., Belopolsky
et al., 2010; Klein, 2000). Thus, responses to the target pre-
sented at the cued location are typically delayed when CTOA
is longer (>300 ms; e.g., Tipper et al., 1994), a phenomenon
called the inhibition of return (Posner & Cohen, 1984).
Fuentes et al. (1999) argue that as attention is disengaged
from a location, temporary inhibition applies not only to pre-
viously attended locations, but also to the stimuli that had been
presented at that location. They found a significant flanker-
compatibility effect when a distractor was presented at an
uncued location but a reversed flanker compatibility effect
when it was presented at a previously cued location.
Similarly, Wyatt and Machado (2013) demonstrated that the
flanker-compatibility effect decreases as a function of the tem-
poral delay between the onsets of a peripheral flanker and a
central target. In their study, positive flanker-compatibility
effects occurred at shorter delays, while reversed flanker-
compatibility effects occurred at longer delays. These results
imply that attentional disengagement from a location causes
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suppression of the location along with the stimuli presented at
that location, which might be why we did not observe the cue—
target compatibility effect in this study, except in valid trials
cued by the target color.

However, as mentioned in the Discussion section for
Experiment 3, the reason for the absence of the cue—target
compatibility effect for invalid trials cued by the target color
was that the object at the cued location in the target display
was recognized instead of postattentive inhibition being ap-
plied to the cued object. Additional analyses of the data from
invalid trials showed that, when the target color cue was pre-
sented, the compatibility between the TDC was significant in
Experiments 1-4, indicating that the cued nontarget object
presented in the target display was recognized. More specifi-
cally, because the focus of attention shifted to the location
cued by the target color, the object subsequently presented
in the target display at this attended location was recognized,
although this cued object was not a target. In contrast, when
the distractor color cue was presented, no TDC effect occurred
in Experiments 1-4. These results imply that the null effects
for cue-validity and cue—target compatibility obtained using
the distractor color cue were not due to postattentive
inhibition.

Preattentive suppression of distractor features

Previous event-related potentials (ERPs) research has demon-
strated that a color singleton distractor elicits greater positivity
at contralateral scalp sites than ipsilateral scalp sites (e.g.,
Gaspar et al., 2016; Hickey et al., 2009; Sawaki & Luck,
2010, 2013). Sawaki and Luck (2010) suggest that this
distractor positivity (Pd) reflects the suppression of the
distractor. According to their signal suppression hypothesis,
although a color singleton generates a salience signal, a top-
down inhibitory mechanism preattentively suppresses the sig-
nal. Additionally, Gaspelin et al. (2015) found that letter
probes presented inside singleton distractor objects were less
likely to be recalled than probes presented inside either
nonsingleton nontarget objects or target objects. They sug-
gested that because the salience signal generated by a
distractor color singleton is suppressed without the involve-
ment of attentional capture or attentional disengagement, the
probe letter inside the color singleton distractor is less likely to
be attended, resulting in poor recall performance. Moreover,
Chang and Egeth (2019) suggest that the selection of a target-
defining feature and the suppression of a distractor-defining
one operate independently to guide attention. In their subse-
quent study, Chang and Egeth (2021) demonstrated that this
preattentive suppression mechanism alone has the potential to
override attentional capture by a distractor feature.

In this study, it is unclear whether the location cued by the
distractor color was preattentively suppressed. Nevertheless,
the findings also provided no evidence indicating that the

distractor color cue, unlike the target color cue, captures atten-
tion or that the object cued by the distractor color or the target
display object presented at the cued location is recognized.
However, it is possible that the distractor color cue was sup-
pressed preattentively based on its feature value (Gaspelin &
Luck, 2018) because participants adopted a feature search
mode and the target and distractor colors remained fixed
throughout each experiment. Moreover, the reversed cue-
validity effect obtained with the distractor color cue in
Experiment 4, although it was marginally significant, implies
that the location occupied by a distractor feature might have
been preattentively suppressed in the earlier stages of visual
information processing (i.e., preattentive selection) because it
also failed to provide evidence that the cued object or the
target display object at the cued location was recognized.

On the other hand, we obtained no significant reversed cue-
validity effect or cue—target compatibility effect with
distractor color cues. Such reversed effects would have
strengthened the conclusion that the cues were preattentively
suppressed, which accords with previous research revealing
poorer recall performance for objects cued by to-be-ignored
features compared to those cued by neutral features (e.g.,
Chang & Egeth, 2019; Gaspelin et al., 2015). This raises an-
other possibility that the distractor cues were not
preattentively suppressed but were simply not selected be-
cause they were not congruent with the attentional control
setting. Similarly, Livingstone et al. (2017) showed that the
Pd is not time-locked to the onset of cue displays but to the
onset of following target displays. They suggest that the Pd
component reflects the facilitation of early perceptual process-
ing of a nontarget object in the target display that appears at
the cued location rather than the preattentive suppression of
the distractor feature.

Conclusion

The results of this study support the view that top-down atten-
tional control setting plays a critical role in guiding involun-
tary attentional capture, demonstrating that objects primed by
the target-defining feature are recognized and those primed by
the distractor-defining feature are not, leaving aside attentional
capture by the target-defining feature. These findings confirm
that preattentive selection and postattentive inhibition depend
on top-down attentional control setting. Even though future
study is needed to validate the compatibility manipulations
adopted in the present study, the findings of this study eluci-
date how our attentional focus involuntarily shifts toward ex-
ternal events.

Author note This research was supported by the Korean Research
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