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Abstract
Many studies have indicated that abrupt onsets can capture our attention involuntarily. The present study examined whether task-
irrelevant onsets trigger strong suppression of their features, to reduce the ability of the onsets to capture attention. We used a
capture-probe paradigm with salient abrupt onsets as precues. Participants performed a search task (70% of the trials) with
occasional probe tasks mixed in (30% of the trials). In Experiment 1, two irrelevant-color distractors appeared simultaneously
with the target, one of which was always precued by the abrupt onset. The question was whether an abrupt onset cue would
promote suppression of the correlated color, thereby impeding recall of probe letters at a location with that color. This did not
happen. The same result was obtained in Experiment 2, despite removing the target shape from the probe display to minimize
floor effects and despite presenting only one distractor color per trial to further strengthen the onset-color association. In
Experiment 3, one of the two irrelevant-color distractors abruptly onsetted 50 ms before the other search elements. Despite
efforts to promote suppression of the cued distractor color, probe recall accuracy was again similar for the cued and non-cued
distractor colors. We conclude that distractor features are suppressed but that making them especially salient does not noticeably
enhance this suppression. The suppression mechanism is therefore geared towards helping observers discriminate between target
features and distractor features, not towards beating down the most threatening object.
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Some objects in the environment capture our attention more
than others. For example, a flashing streetlight may attract
attention and temporarily distract a driver. Laboratory studies
have shown perplexing variation in the degree to which salient
stimuli, such as color singletons and abrupt onsets, capture
attention (e.g., Bacon & Egeth, 1994; Eimer & Kiss, 2008;
Folk et al., 1992; Lien et al., 2008; Lien, Ruthruff, & Cornett,

2010a; Lien, Ruthruff, & Johnston, 2010b; Ruthruff et al.,
2020; Theeuwes, 1992, 2004; Yantis & Jonides, 1984).
Recent studies have focused on explaining how and when
salient distractors influence our attentional systems. An
emerging mainstream view is that salient stimuli trigger sup-
pression because they represent a serious threat that needs to
be thwarted (e.g., Chang & Egeth, 2019, 2021; Chelazzi et al.,
2019; Feldmann-Wüstefeld et al., 2020; Gaspar &McDonald,
2014; Gaspelin et al., 2015, 2017; Kerzel & Barras, 2016;
Luck et al., 2021; Sawaki & Luck, 2010; see also Lien et al.,
2022; Ruthruff et al., 2021). The result is that salient stimuli
will initially capture attention, but (depending on experimen-
tal conditions) could eventually be suppressed even below the
baseline of other, less-threatening, distractors (e.g., Gaspelin
et al., 2015).

Recently, Lien et al. (2022) questioned the role of salience
in suppression in the literature on color singletons. They found
that suppression effects did not depend on whether a stimulus
was a salient color singleton or not. A limitation of that study,
however, is that color singletons are, according to many au-
thors, not particularly salient (e.g., Bacon & Egeth, 1994;
Ruthruff et al., 2019; Wöstmann et al., 2022). The present
study therefore instead examined abrupt onsets, widely as-
sumed to be more salient than color singletons (e.g., Adams
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et al., 2022; Franconeri & Simons, 2003; Gaspelin et al., 2016;
Jonides & Yantis, 1988; Ruthruff et al., 2020). The question is
whether, to reduce the threat imposed by abrupt onsets, people
will strongly suppress their features.

Salience-based versus distractor-based
suppression of irrelevant objects

To resolve the long-lasting debate on the nature of attention
capture, Sawaki and Luck (2010) proposed that salient objects
automatically generate an “attend-to-me” signal, but this sig-
nal can sometimes be subsequently suppressed, preventing
capture (see also Gaspar & McDonald, 2014; Gaspelin et al.,
2015; Gaspelin & Luck, 2018; Luck et al., 2021; Stilwell &
Gaspelin, 2021). Gaspelin et al. (2015) later found converging
evidence of suppression of salient color singletons using a
capture-probe paradigm. During the search task (70% of tri-
als), participants searched for a target shape within an array of
heterogeneous shapes, then indicated whether a dot appeared
on the left or the right side of the target shape. A color single-
ton distractor was presented simultaneously with the target for
half of the search trials and was absent for the other half.
During the probe-recall task (30% of trials), the search display
appeared for 200 ms, then probe letters were superimposed on
the search array. Participants were asked to recall as many
letters as possible. The logic behind the probe recall procedure
is that if the color singleton was suppressed, then probe letters
appearing at the color singleton location should be especially
difficult to perceive and recall. Confirming this prediction,
Gaspelin et al. found that probe recall accuracy was 6–12%
lower at the color singleton location than at the non-singleton
distractor locations (i.e., the baseline) in Experiments 2–4 (see
also Chang & Egeth, 2019, 2021; Feldmann-Wüstefeld et al.,
2020; Gaspelin et al., 2017).

Here we question the mechanism underlying the observed
suppression. Most authors appear to assume that the suppres-
sion is a direct response to stimulus salience, thwarting a pow-
erful stimulus from capturing attention and disrupting perfor-
mance. We refer to this as salience-based suppression.
Recently, Lien et al. (2022) challenged the salience-based
suppression view and contended instead that suppression
might emerge simply because a specific color is consistently
a distractor rather than a target (see also Ruthruff et al., 2021).
This distractor-based suppression view assumes that the vi-
sual system is learning to discriminate between targets and
non-targets, rather than attempting to beat down the most
powerful threat (i.e., salient distractors). To test between these
competing views, Lien et al. (2022) adopted Gaspelin et al.’s
(2015) capture-probe paradigm but included not only salient
color singleton distractors but also nonsalient “triplet”
distractors. Triplet consisted of three objects in the distractor
color and three in the target color; thus, neither set of three

could be considered more salient than the other. If salience is
critical for triggering suppression of the correlated color fea-
ture, then suppression should be stronger for color singletons
than for triplets.

In Lien et al.’s (2022) Experiment 1, the color singleton
trials replicated Gaspelin et al.’s (2015) finding: a suppression
effect of −5% ± 2% (95% confidence interval). Critically,
however, the triplet trials yielded an equally strong suppres-
sion effect (−9% ± 2%). This strong suppression replicated
even in a context where color singletons were never presented
(Experiment 2). Furthermore, the probe suppression effect for
the triplet trials emerged even in the very first block and did
not vary significantly across blocks. Their results support
distractor-based suppression: Features that are correlated with
being a target are upweighted while features correlated with
being a distractor are down-weighted. Across trials, any fea-
ture that is always tied to a distractor stimulus and never tied to
a target stimulus could accumulate strong suppression (see
also Hamblin-Frohman et al., 2022; Stilwell & Vecera,
2020, 2022). This is a simple and plausible mechanism that,
although largely neglected in the capture literature, can
explain existing findings and should at least be considered
before assuming that suppression is triggered by salience.

Although Lien et al. (2022) found no evidence of salience-
based suppression for color singletons, they also noted that
color singletons are widely considered to be weak attractors
of attention (e.g., Bacon & Egeth, 1994; Ruthruff et al., 2020)
and so are, arguably, unlikely to trigger much suppression. If
one wishes to investigate whether a strong “attend-to-me”
signal triggers suppression, it makes sense to study a more
powerful form of salience. One obvious candidate is an abrupt
onset, which many studies have shown to be much more po-
tent than color singletons (e.g., Adams et al., 2022; Franconeri
& Simons, 2003; Gaspelin et al., 2012; Gaspelin et al., 2016;
Jonides & Yantis, 1988; Ruthruff et al., 2020).

The most obvious way to reduce the threat from an abrupt
onset would be to directly suppress the abrupt onset transient
itself. Ruthruff et al. (2019) examined this possibility using a
spatial cueing paradigm. To incentivize strong suppression of
onsets, they presented an extended series of task-irrelevant
flashing abrupt onsets before every search display. Several
variants of this procedure were used, but none caused any
noticeable reduction in capture effects. Ruthruff et al. conclud-
ed that abrupt onsets cannot be actively suppressed to prevent
attention capture.

Given that Ruthruff et al. (2019) found no evidence of
onset suppression, we looked for a different mechanism of
suppression. We were inspired by the finding in the color
singleton literature that it is not the color singleton disconti-
nuity itself (the salience signal) that is being suppressed di-
rectly, but rather its correlated color feature (e.g., red). For
instance, Gaspelin and Luck (2018) found evidence of sup-
pression only when the singleton color was fixed but not when
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it was unpredictable (randomly swapped with the target col-
or). Furthermore, suppression of that specific color general-
izes to color distractors that are not even singletons (e.g.,
Hamblin-Frohman et al., 2022; Lien et al., 2022; Stilwell &
Vecera, 2020, 2022). Thus, it is not the color singleton (the
salience signal), per se, that is being suppressed, but rather
simply a specific color associated with it. The same logic
might also apply to abrupt onsets. That is, even though one
apparently cannot directly suppress the abrupt onset transient
itself, one might be able to suppress a feature (e.g., color) of
the abrupt onset. The present study was designed to examine
this possibility.

The present study

To look for evidence of color feature suppression triggered by
salient abrupt onsets, we used Gaspelin et al.’s (2015,
Experiment 3) capture-probe paradigm but with salient abrupt
onsets as precues. Participants performed a search task (70%
of the trials) and a probe task (30% of the trials). On search
trials, participants searched for a target diamond amongst
three heterogenous shape distractors to promote the use of
feature-search mode (e.g., Bacon & Egeth, 1994; Lamy &
Egeth, 2003). On probe trials, participants recalled the letters
presented inside each shape (see Fig. 1).

Critically, the abrupt onsets always attracted attention to-
wards one specific distractor color and away from another
color. The question is whether this cued color will become
more strongly suppressed (as measured by reduced probe re-
call) than the other distractor color, which was never cued by
the abrupt onset and therefore less threatening. Note that the
other color was doubly disadvantaged; it was not only never
cued by the onset but also always had to compete (presumably
unsuccessfully) against a distractor that was cued by the onset.

Experiment 1

Experiment 1 was an initial attempt to examine whether the
salience of an abrupt onset can trigger suppression of a color
feature. We employed the same abrupt onset—four white dots
(see Fig. 1)—previously shown to capture spatial attention
(e.g., Gaspelin et al., 2016). To verify that these abrupt onsets
capture attention in our specific paradigm, we ran a control
experiment with search trials only (N = 27).We used the same
search task as the present Experiment 1 but manipulated the
validity of the abrupt onsets (25% validly cued the target lo-
cation and 75% invalidly cued the target location) and pre-
sented all stimuli in the same color (so that color suppression
would not confound the results). We found a significant cue
validity effect from abrupt onsets of 24 ± 10 ms (95% confi-
dence interval), t(26) = 5.10, p < .0001, dz = 0.98. This value

is almost identical to the 26-ms cue validity effect reported in
Experiment 1 of Gaspelin et al. (2016), which used similar
abrupt onsets, the same stimulus onset asynchrony between
cue and target (150 ms), and similar search difficulty. This
finding confirms that the abrupt onsets could capture
attention.

In Experiment 1, the participants’ task was to find the dia-
mond in a search display with four heterogenous distractor
shapes. The target color was fixed (green, red, or yellow) for
a participant. In each search display, this target color was also
shared by one of the distractors (the relevant-color distractor;
green in the example shown in Fig. 1). The remaining two
distractors were drawn in two different non-target colors (ir-
relevant-color distractors; e.g., red and yellow in Fig. 1). The
keymanipulation was that the abrupt onset always cued one of
these irrelevant colors (the cued color), and never cued the
other color (the non-cued color). Thus, the abrupt onset drew
attention to the cued color and away from the non-cued color.
Note that the abrupt onsets always appeared at a distractor
location (i.e., the one containing the cued color) and thus
could never appear at the target location.

The question is whether the constant cuing, via an abrupt
onset, of one of the distractor colors (analogous to the way
color singletons are ignored by suppressing their color feature)
will trigger especially strong suppression of that color feature.
If so, recall on probe trials (30% of trials) should be lower for
the cued color than the non-cued color. Note that abrupt onsets
were never presented on probe trials; this allows for a relative-
ly pure test of color suppression, without requiring that sup-
pression to overcome capture by a powerful abrupt onset.

Method

Participants

We fixed the sample size at 36 for all experiments. We should
note that there is no relevant previous study comparing probe
recall accuracy between the cued and non-cued color
distractor locations. Nevertheless, we previously found an ef-
fect size (dz) of 0.95 when comparing the probe recall accu-
racy between relevant-color and irrelevant-color distractors
(the singleton trials in Lien et al., 2022, Experiment 1).
Power analysis using G*Power indicated that we would have
power of .99 to detect an effect this large with a sample of 36.
Even if the effect size is 0.50 (approximately half of the value
observed previously), we would still have a power of .92 to
detect an effect.

Thirty-nine undergraduate students from Oregon State
University participated in exchange for course credit. Three
participants were excluded from the final analysis due to
search accuracy lower than 80%, a criterion we adopted from
Lien et al. (2022). The remaining 36 participants had a mean
age of 21 years (range: 18–39; 19 females and 17 males). Six
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participants were randomly assigned to one of six groups,
completely counterbalancing the assignment of red, green,
and yellow to the target color, cued distractor color, and
non-cued distractor color. These color assignments were fixed
throughout the experiment for each participant.

All participants reported having normal or corrected-to-
normal visual acuity and demonstrated normal color vision
using the online Ishihara Test for color deficiency. All partic-
ipants gave informed consent online prior to participating in
the study. They were instructed to complete the study online
in a distraction-free environment. The study was approved by

the Oregon State University Institutional Review Board com-
mittee, and all procedures were in accordance with the 1964
Helsinki declaration and its later amendments or comparable
ethical standards.

Apparatus and stimuli

As in Lien et al. (2022), experiments were conducted online
via PsyToolkit (Stoet, 2010, 2017). Participants were
instructed to set the screen resolution to 1,920 × 1,080 during
the experiment. The visual angle of stimuli provided below

Search Task (70% of Trials)

Fixa�on
1,200 ms

Onset Cue
100 ms

Search Display
Un�l Response
(the keys “Z” or

“X”)

Feedback
(500 ms for

incorrect or 3,000
ms for too slow)

Incorrect 

Fixa�on
50 ms

Non-cued color distractor
Cued color distractor

Target

Relevant color distractor

Fixa�on
1,200 ms

Fixa�on
100 ms

Search Display
200 ms

(no response was
required)

Probe Display
100 ms

Response Display
Un�l Response

OK 

Fixa�on
50 ms

Probe Task (30% of Trials)

Non-cued color distractor
Cued color distractor

Target

Relevant color distractor

Fig. 1 An example event sequence for the search task (70% of trials) and the probe task (30% of trials) in Experiment 1. In this example, the target is the
green diamond. The cued color (red in this example) and non-cued color (yellow) were fixed for each participant. (Color figure online)

637Attention, Perception, & Psychophysics  (2023) 85:634–648



were based on an estimated average viewing distance of 70 cm
and a 20-inch computer monitor. Note that the actual visual
angles depended on each participants’ particular viewing con-
ditions (monitor size and viewing distance).

Search trials The background color was black (RGB: 0, 0, 0).
Search trials began with a fixation display consisting of a gray
central plus sign (RGB: 179, 179, 179; 0.41° width × 0.41°
height). An abrupt onset consisting of four white circles
(RGB: 255, 255, 255; 0.25° width × 0.25° height) in a dia-
mond configuration appeared around one of four locations.
The search display included four peripheral shapes arranged
in an imaginary square: one circle (1.47° in diameter), one
diamond (1.72° in width and height), one square (1.31° in
width and height), and one hexagon (1.47° in width and
height). Each peripheral object was equidistant from the cen-
tral plus sign (2.70°, center to center) and from adjacent pe-
ripheral objects (3.92°, center to center). These shapes were
filled green (RGB: 0, 255, 0), red (RGB: 255, 0, 0) or yellow
(RGB: 255, 255, 0). Each object contained a black dot (0.25°)
located 0.33° from the left or right edge of the object (random-
ly determined). The feedback display could contain the mes-
sage “Incorrect.” “Too Slow,” “Incorrect & Too Slow” in
white Arial font (max 0.49° width × 0.98° height × 0.16°
thick).

Probe trials The probe display was identical to the search
display, with dots inside each object, except for the addition
of a black, uppercase letter inside each shape. The identities of
the letters (Arial font, max 0.82° width × 0.98° height × 0.16°
thick) were randomly determined without replacement.
Finally, the response display contained all 26 white letters of
the English alphabet (Arial font, max 0.82° width × 0.98°
height × 0.16° thick) and a black “OK” in gray box (5.14°
width × 3.43° height) at the bottom of the screen.

Design and procedure

As shown in Fig. 1, each trial began with the presentation of
the fixation display for 1,200 ms. On search trials, an abrupt
onset cue appeared in one of the four locations for 100 ms
then disappeared, leaving only the fixation display for 50ms.
Next, the search display appeared. Thus, the interval be-
tween cue onset and target onset was 150 ms (a common
interval used in spatial cuing and attention capture studies;
Folk et al., 1992; Lien et al., 2008). The search display re-
mained on the screen until participants responded. The par-
ticipants’ task was to find the target diamond shape and in-
dicate the location of the black dot inside the target shape
(the key “Z” or “X” for the left or right, respectively). Visual
feedback was presented for 500 ms following incorrect re-
sponses (“Incorrect”) or for responses longer than 3,000 ms

(“Too Slow”). Immediately after the feedback, the next trial
began with the 1,200 ms fixation display.

On probe trials, the abrupt onset was not presented but the
foreperiod (between fixation and search display) was yoked to
that of the search trials (see Fig. 1). The search display ap-
peared for 200 ms, followed by the probe display, in which
black probe letters were superimposed inside each shape for
100 ms. Participants were instructed that, upon seeing the
probe letters, they were to memorize the probe letters rather
than responding to the target shape in the search display. This
probe display was then replaced by the response display; par-
ticipants used the computer mouse to select as many recalled
letters as possible. When a letter was selected, a yellow box
frame (2.05° width × 2.05° height × 0.16° thick) appeared
around it. Participants could choose zero to four letters.
After they clicked the “OK” box, the next trial began with
the 1,200 ms fixation display.

There were three types of distractors in both the search and
probe displays (see Fig. 1). The one that was always cued by
the abrupt onset was the cued color distractor, drawn in one
particular non-target color (red in the example provided in Fig.
1) that was fixed for a given participant. The non-cued color
distractor, drawn a different non-target color (yellow in Fig.
1), was never precued by the abrupt onset. The relevant-color
distractor, drawn in the target color, was also never precued
by the abrupt onset. The assignment of colors to each
distractor type was fixed throughout the experiment for each
participant but counterbalanced across participants. In this ex-
periment, the abrupt onset appeared on 100% of search trials.

Participants first performed two 48-trial practice blocks of
the search task only, followed by two 48-trial practice blocks
of the combined search task and probe task (roughly 70% vs.
30%, respectively). They then performed 10 experimental
blocks of 48 trials of the combined search task and probe task.
For search trials, participants were instructed to ignore the
abrupt onset in the cue display and indicate the location of
the black dot location (left vs. right) inside the target shape
as quickly and accurately as possible. For probe trials, partic-
ipants were encouraged to report as many letters as they could
remember, with no time pressure. After each block, feedback
on mean search task response time (RT) and accuracy was
displayed. The next block began when participants pressed
the space bar to continue.

Results

An alpha level of .05 was used to ascertain statistical signifi-
cance. Whenever appropriate, p values were adjusted using
the Greenhouse–Geisser epsilon correction for nonsphericity.
We also used a Bonferroni correction (p value is less thanα/n,
with n being the number of the tests) to control the family-
wise Type I error rate for repeated testing of the same set of
conditions. All data were collapsed across groups as the group
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variable showed little effect. Reported confidence intervals
were based on a 95% confidence interval, shown as the mean
± the confidence interval half-width (i.e., the mean to the
upper limit or the lower limit).

For search tasks, we followed Lien et al. (2022) and
Gaspelin et al. (2015) and excluded trials from analysis if
RT was shorter than 200 ms or longer than 1,500 ms (0.54%
of trials). Search trials with errors were excluded from RT
analyses. Table 1 shows the resulting mean RT and proportion
of error (PE) on search trials.

For probe tasks, participants reported an average of 1.59
letters per trial and 81% of these reported letters were present
in the probe display. Table 2 and Fig. 2 show mean probe
recall accuracy as a function of probe location. Note that there
were two types of irrelevant-color distractors: cued and non-
cued. Our primary interest was whether probe recall accuracy
for the cued color would be reduced (due to suppression)
compared to the noncued color.1 A t test analysis revealed
no significant difference in probe recall accuracy between
these two distractor colors, t(35) = 1.17, p = .24, dz = 0.20.

For the sake of completeness, we conducted a one-way
repeated-measures analysis of variance (ANOVA) on probe
recall accuracy as a function of probe location (target,
relevant-color distractor, non-cued color distractor, and cued
color distractor). Results showed a significant main effect of
probe location, F(3, 90) = 291.92, p < .0001, ηp

2 = .91. As
expected, probe recall accuracy was much higher for the target
than the relevant-color distractor, or the non-cued color
distractor, or the cued color distractor (see Table 2). Further
t test analyses with Bonferroni correction showed that recall
accuracy was significantly higher for target than the three
distractors, ts(35) ≥ 14.23, ps < .001, dzs ≥ 2.37. Recall accu-
racy was also significantly higher for the relevant-color
distractor than the two irrelevant-color distractors, ts(35) ≥
8.40, ps < .001, dzs ≥ 1.40. These results indicate suppression

for both the cued and non-cued colors relative to the baseline
(−14% ± 3% vs. −15% ± 3%, respectively), with no difference
between the cued and non-cued colors, t(35) = 1.17, p = .24 ,
dz = 0.20.

Discussion

Experiment 1 examined whether abrupt onsets would trigger
strong suppression of a correlated color. Search displays had
distractors in two different task-irrelevant colors (see Fig. 1).
Salient abrupt onsets were used to draw attention toward the
same distractor color on every trial, while drawing attention
away from the other distractor color on every trial. However,
this manipulation had no detectable effect. We found similar
probe recall accuracy for the cued color and non-cued color.
Thus, there was no evidence that abrupt onsets trigger en-
hanced suppression of correlated color features. Instead, it
appears that all task-irrelevant colors were suppressed to a
similar degree regardless of whether they were consistently
cued by salient abrupt onsets.2

In Experiment 1, onsets appeared on 100% of all search
trials but 0% of the probe trials. Thus, if the absence of the
abrupt onset could be detected fast enough, the visual system
could potentially infer that the upcoming trial was a probe trial
and disable distractor suppression, leading to no difference in
probe recall accuracy between the cued color and non-cued
color. To evaluate this alternative explanation, we ran an ex-
periment (N = 34) similar to Experiment 1 except that the
onsets appeared in 100% of both search trials and probe trials.
As in Experiment 1, the suppression effect on probe recall
accuracy was indistinguishable between the cued and non-
cued color distractors (−11% vs. −12%, respectively), t(33)
= 1.61, p = .12, dz = 0.25.

Experiment 2

Although we did not find stronger suppression for the
distractor color that was consistently cued by the salient onsets
in Experiment 1, this could be due to a floor effect. That is,
probe recall accuracy was already low for the non-cued color,
arguably making it difficult to observe a further reduction
below this value for the cued color. To address this concern,
we removed the target shape (diamond) from every probe
display and randomly replaced it with a non-target shape
(e.g., a hexagon instead of the target diamond, in the

Table 1 Mean response times (RTs) in milliseconds and proportion of
error (PE) for the search task in Experiments 1–3

RT PE

Experiment 1 605 (15) .05 (.01)

Experiment 2

Onset 664 (15) .05 (.01)

No Onset 668 (15) .04 (.01)

Experiment 3 636 (15) .05 (.01)

Note. The standard error of the mean (in ms for RT and in proportion for
PE) is shown in parentheses

1 We could have compared the suppression effect for the cued color distractor
with the suppression effect for the non-cued color distractor. However, these
two suppression effects are calculated against the exact same baseline condi-
tion (i.e., the relevant-color distractor). Therefore, we instead directly com-
pared probe recall accuracy for the cued color and non-cued colors.

2 Lower probe recall for the distractor color than the target color has tradition-
ally been interpreted as reflecting (at least in part) suppression of the distractor
color rather than merely boosting of the target color (see Chang & Egeth,
2019). One reason is that suppression effects tend to disappear when the
distractor color changes (e.g., Gaspelin & Luck, 2018; Kerzel & Barras,
2016). However, as discussed in detail by Luck et al. (2021), it is difficult to
definitely rule out the target boosting hypothesis.
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example shown in Fig. 3). We reasoned that the target shape
strongly captures attention, so the absence of this target shape
would leave more attention to be divided up among the re-
maining objects. By taking performance further away from the
floor, it should be easier to observe enhanced suppression, if
there is any.

We made one additional change to the search trials. In the
search display of Experiment 1, the cued color and non-cued
color were present in every display. Although the salient
abrupt onset was always tied spatially to just one of these
colors, participants might nevertheless have associated the
onset with both of the presented colors. To promote a stronger
association between onsets and the cued color, each search
display in Experiment 2 contained only a single distractor in
a task-irrelevant color (making it a color singleton). This ap-
proach is also more similar to the design originally used to
study suppression effects (e.g., Gaspelin et al., 2015). Thus,
half of the search trials contained abrupt onsets whereas the
other half contained no onsets (see Fig. 3). Whenever an onset
appeared in a location, a distractor in the cued color subse-
quently appeared in that same location (100% validly cued
that specific distractor color).

Method

Participants

There were 38 new participants drawn from the same partic-
ipant pool as in Experiment 1. Two participants were excluded
from the final analysis due to search accuracy lower than 80%.
The remaining 36 participants had a mean age of 20 years
(range: 18–36; 29 females and seven males). Six participants
were randomly assigned to one of six groups, completely
counterbalancing the assignment of red, green, and yellow to
the target color and the distractor colors (cued and non-cued).
As in Experiment 1, these color assignments were fixed
throughout the experiment for each participant. All partici-
pants reported having normal or corrected-to-normal visual
acuity and demonstrated normal color vision using the online
Ishihara Test for color deficiency.

Apparatus, stimuli, and procedure

The tasks, stimuli, and equipment were the same as in
Experiment 1, with two exceptions. First, the abrupt onset
appeared as a precue on only half of the search trials. When
present, the search display contained the target diamond, two
relevant-color distractors, and one cued color distractor. When
absent, the search display contained the target diamond, two
relevant-color distractors, and one non-cued color distractor
(see Fig. 3). Thus, all search displays contained only one
irrelevant-color distractor (a color singleton). Second, for the
probe trials, the target diamond was replaced with one of the
other three non-target shape objects, randomly determined on
each trial. The probe display was otherwise identical to that of
Experiment 1, consisting of two irrelevant-color distractors
and two relevant-color distractors (see Fig. 3). So, although
each search display had only one of the irrelevant colors, the
probe displays always pitted the two against each other.

Results

The data analysis was similar to that of Experiment 1. For the
search task, trials were excluded from analysis if RT was

Table 2 Percentage of probe letters recalled correctly for the probe task as a function of probe letter location (target, relevant-color distractor, non-cued
color distractor, and cued color distractor) in Experiments 1–3

Probe Letter Location

Target Relevant-Color Distractor Non-cued Color Distractor Cued Color Distractor

Experiment 1 70% (2%) 25% (2%) 10% (2%) 11% (2%)

Experiment 2 - 39% (2%) 19% (2%) 21% (2%)

Experiment 3 - 42% (2%) 16% (1%) 16% (2%)

Note. In Experiments 2 and 3, there was no target shape in the probe display. The standard error of the mean (in percentage) is shown in parentheses
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Fig. 2 Mean percentage of probe letters recalled in the probe task as a
function of probe letter location (target, relevant-color distractor, non-
cued color distractor, and cued color distractor) in Experiment 1. The
probe suppression effect was measured as recall accuracy at non-cued
or cued color distractor locations minus recall accuracy at relevant-color
distractor locations. Error bars represent the standard error of themean. *p
< .0001. (Color figure online)
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Fig. 3 An example event sequence for the search task (35% of onset trials
and 35% of no-onset trials) and the probe task (30% of trials) in
Experiment 2. In this example, the target is the green diamond. The cued
color (red in this example) and non-cued color (yellow) were fixed for

each participant. For the probe trials, the target diamond was replaced
randomly with one of the other three non-target shapes. (Color figure
online)
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shorter than 200 ms or longer than 1,500 ms (1.43% of trials).
Search trials with errors were also excluded fromRT analyses.
Table 1 shows the resulting mean RTs and PEs. The t-test
analyses showed that mean search RT and PE were similar
for trials with an onset precue and without, |ts(35)| ≤ 1.51, ps ≥
.14, dzs ≤ 0.25.

For probe tasks, participants reported an average of 1.72
letters per trial and 75% of the reported letters were present in
the probe display. Those values are similar to those reported in
Experiment 1 (1.59 letters and 81%). Table 2 and Fig. 4 show
mean probe recall accuracy as a function of probe location.
Again, our primary interest was whether the probe recall ac-
curacy would be lower for the cued color (due to suppression)
than for the non-cued color. A t test analysis revealed that this
difference was not significant, t(35) = 1.32, p = .20, dz = 0.22,
replicating the finding of Experiment 1.

A one-way repeated-measures ANOVA on probe recall ac-
curacy as a function of probe location (relevant-color distractor,
non-cued color distractor, and cued color distractor) showed a
significant main effect, F(2, 70) = 78.98, p < .0001, ηp

2 = .69.
Further t-test analyses with Bonferroni correction showed that
recall accuracy was significantly higher for the relevant-color
distractor than the two irrelevant-color distractors, ts(35) ≥ 9.67,
ps < .0001, dzs ≥ 1.61. As in Experiment 1, these results sug-
gested suppression for both the cued and non-cued colors rela-
tive to the baseline (−18% ± 4% vs. −20% ± 4%, respectively),
with no difference between the cued and non-cued colors, t(35)
= 1.31, p = .20 , dz = 0.22.

Discussion

In Experiment 1, a floor effect might have impaired our ability
to detect enhanced suppression triggered by abrupt onsets.

Probe recall accuracy for the non-cued color was already near
the floor, perhaps leaving too little room for enhancement of
suppression. Experiment 2 raised probe recall accuracy off the
floor by removing the target shape from the probe display and
replacing it with a non-target shape. This change was success-
ful. Probe recall accuracy for irrelevant colors was, overall,
twice as high in Experiment 2 (about 20%) as in Experiment 1
(about 10%). A between-experiment comparison revealed that
this increase in probe recall was significant for both cued and
non-cued colors, ts(70) ≥ 3.10, ps < .01, ds ≥ 0.73.

In addition, instead of presenting two irrelevant-color
distractors per search display (with only one being cued), we
presented only one irrelevant-color distractor per display (a
color singleton display). This change should have created a
stronger association between the salient onset and its correlat-
ed distractor color. Nevertheless, we still observed similar
probe recall accuracy for the cued color and non-cued color
(see Table 2). Consistent with the distractor-based suppression
view, abrupt onsets did not trigger additional suppression of
their correlated color feature.

Experiment 3

In both Experiments 1 and 2, abrupt onsets 100% validly
predicted one specific distractor color, separated by a stimulus
onset asynchrony of only 150 ms. That distractor color should
have been the most threatening, and participants could have
reduced that threat by suppressing that color more than the
other (less threatening) distractor color. Nevertheless, it is
worth noting that the abrupt onset and its correlated distractor
color were different objects. Thus, it is logically possible that
participants failed to learn the association between the onset
and the distractor color, resulting in a lack of enhanced
suppression.

In Experiment 3, therefore, we took a further step to in-
crease the chances of enhanced suppression by manipulating
the color of the abrupt onset itself. To do so, we abruptly
onsetted one of the irrelevant-color distractors 50 ms before
the other search display elements (see Fig. 5). This early-
onsetting item—the cued color—did not compete with any
other objects for attention for the first 50 ms and therefore
should capture attention. This early-onsetting item had a fixed
color (e.g., red in Fig. 5) and could never be the target. The
question is whether the color of this early onsetting distractor
would be suppressed more, and therefore yield greater sup-
pression on probe trials, than a distractor color that never had
an early onset (i.e., the non-cued color).3
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Fig. 4 Mean percentage of probe letters recalled in the probe task as a
function of probe location (relevant-color distractor, non-cued color
distractor, and cued color distractor) in Experiment 2. The probe suppres-
sion effect was measured as recall accuracy at non-cued or cued color
distractor locations minus recall accuracy at relevant-color distractor lo-
cations. Error bars represent the standard error of the mean. *p < .0001.
(Color figure online)

3 The early-onsetting object was the only object present for 50 ms. We do not
assume that the suppression of its color must occur within this brief 50-ms time
window. Rather, suppression of the color could happen at any time, including
during the intertrial-interval.
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Method

Participants

There were 37 new participants drawn from the same
participant pool as in the previous experiments. One par-
ticipant was excluded from the final analysis due to search
accuracy lower than 80%. The remaining 36 participants
had mean age of 20 years (range: 18–39; 26 females and

10 males). Six participants were randomly assigned to one
of six groups, completely counterbalancing the assignment
of red, green, and yellow to the target color and the
distractor colors (cued and non-cued). Again, these color
assignments were fixed throughout the experiment for
each participant. All participants reported having normal
or corrected-to-normal visual acuity and demonstrated
normal color vision using the online Ishihara Test for
color deficiency.
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Fig. 5 An example event sequence for the search task (70% of trials) and
the probe task (30% of trials) in Experiment 3. In this example, the target
is the green diamond. In the search trials, one of the irrelevant-color
distractors (red in this example) abruptly onsetted 50 ms before the other

search objects. The early-onsetting distractor color (the cued color) and
non-cued color (yellow in this example) were fixed for each participant.
For the probe trials, the target diamond was replaced randomly with one
of the other three non-target shape objects. (Color figure online)
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Apparatus, stimuli, and procedure

The tasks, stimuli, and equipment were the same as in
Experiment 1, with two exceptions. First, we no longer pre-
sented four white dots as abrupt onsets in a precue display.
Instead, one of the irrelevant-color distractors appeared 50 ms
before the other search objects (see Fig. 5). This early-
onsetting item (the cued color) had a fixed color for each
participant. Second, as in Experiment 2, we replaced the target
diamond randomly with one of the other three non-target
shape objects to avoid floor effects.

Results

The data analysis was similar to that of Experiment 1. For the
search tasks, trials were excluded from analysis if RT was
shorter than 200 ms or longer than 1,500 ms (1.8% of trials).
Search trials with errors were also excluded fromRT analyses.
Table 1 shows the resulting mean RT and PE on search trials.

For probe tasks, participants reported an average of 1.73
letters per trial and 74% of the reported letters were present in
the probe display. Those values were similar to those reported
in both Experiment 1 (1.59 letters and 81%) and Experiment 2
(1.72 letters and 75%). Table 2 and Fig. 6 show mean probe
recall accuracy as a function of probe location. Again, our
primary interest was whether probe recall accuracy for the
cued color would be reduced compared to the non-cued color.
A t-test analysis revealed no significant difference in the probe
recall accuracy between these two distractor colors, t < 1.0.

For the sake of completeness, as in Experiments 1 and 2,
we also conducted a one-way repeated-measures ANOVA on
probe recall accuracy as a function of probe location (relevant-
color distractor, non-cued color distractor, and cued color

distractor). Results showed a significant main effect, F(2,
70) = 115.38, p < .0001, ηp

2 = .77. Further t-test analyses with
Bonferroni correction showed that recall accuracy was signif-
icantly higher for the relevant-color distractor than the two
irrelevant-color distractors, ts(35) ≥ 11.45, ps < .001, dzs ≥
1.91. As in Experiments 1 and 2, these results suggested that
there was suppression for both cued and non-cued colors rel-
ative to the baseline (−26% ± 4% vs. −26% ± 5%, respective-
ly), with no difference between the cued and non-cued colors,
t < 1.0.

Discussion

In Experiment 3, one of the irrelevant-color distractors (the
cued color) appeared 50 ms before the other search objects,
making it unique and highly salient. Participants could have
reduced the threat from this salient object by suppressing its
fixed color. If so, recall for probe letters in that color on probe
trials should be reduced. However, this was not the case.
Probe recall accuracy was similar regardless of whether the
color distractor had an early onset or not (16% ± 3% for both),
implying equal amounts of suppression.

General discussion

The salience-based suppression view assumes that because
salient stimuli represent a serious threat to attention, they are
suppressed (e.g., Gaspar & McDonald, 2014; Gaspelin et al.,
2015; Gaspelin & Luck, 2018; Luck et al., 2021; Sawaki &
Luck, 2010; Stilwell & Gaspelin, 2021). Although Lien et al.
(2022) found no evidence of salience-based suppression for
color singletons, this might be merely because color single-
tons are not especially salient in the first place. The present
study focused instead on salient abrupt onsets, which are gen-
erally agreed to be a much more potent attractor of spatial
attention (e.g., Franconeri & Simons, 2003; Gaspelin et al.,
2016; Jonides & Yantis, 1988; Ruthruff et al., 2020;
Theeuwes, 1992; Yantis & Jonides, 1984). Ruthruff et al.
(2019) found that abrupt onsets still captured attention even
when there was strong incentive to suppress them, suggesting
that direct suppression of abrupt onset transients is not an
option. However, an observer could avoid distraction from
an abrupt onset indirectly, by suppressing its features (e.g.,
its color). Indeed, this is similar to how suppression of salient
color singletons is believed to occur. Gaspelin and Luck
(2018) have found that it is not the salient property (i.e., the
color discontinuity), per se, that is being suppressed, but rather
its color. Relatedly, there is evidence that color features can be
suppressed even when they are not salient color singletons
(Lien et al., 2022; Stilwell & Vecera, 2020, 2022). Thus, the
present study examined whether observers will strongly
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Fig. 6 Mean percentage of probe letters recalled in the probe task as a
function of probe location (relevant-color distractor, non-cued color
distractor, and cued color distractor) in Experiment 3. The probe suppres-
sion effect was measured as recall accuracy at non-cued or cued color
distractor locations minus recall accuracy at relevant-color distractor lo-
cations. Error bars represent the standard error of the mean. *p < .0001.
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suppress a color feature that is strongly correlated with the
salient abrupt onset.

In Experiment 1, we presented a precue consisting of four
abruptly onsetting white dots (see Fig. 1), which have previ-
ously been shown to capture attention (e.g., Gaspelin et al.,
2016). For each participant, this abrupt onset directed atten-
tion to the same distractor color on every trial. In addition,
there was another distractor color that was never cued by the
abrupt onset. We asked whether abrupt onsets, widely be-
lieved to capture attention, trigger suppression of their corre-
lated features (e.g., a color), analogous to the way color sin-
gletons are believed to be ignored by suppressing their color
feature (e.g., Gaspelin & Luck, 2018). If so, then one would
expect the cued color to be suppressedmore than the non-cued
color. Contrary to this prediction, recall accuracy on probe
trials was equivalent for the cued and non-cued colors (see
Fig. 2). Experiment 2 replicated this finding when we (a)
removed the target shape from probe displays to elevate per-
formance further above the floor, and (b) presented only a
single distractor color on each trial (i.e., a color singleton
display), to strengthen the association of that distractor color
with the salient abrupt onset.

In Experiment 3, we tried a different approach in which one
distractor (with a fixed color for each participant) always had
an early onset on search trials, making it very salient, and
another distractor (with a different fixed color) did not. Note
that this early-onsetting color distractor did not need to com-
pete with any other display element prior to the search display
onset. Once again, probe recall was not reduced for the cued
color relative to the non-cued color. Combining across all
three experiments (a total of 108 participants), the net differ-
ence in recall accuracy between the cued and non-cued colors
was 1% ± 1% (95% confidence interval), t(107) = 1.57, p =
.12, dz = 0.15. There was not even a trend in the predicted
direction, and the data are sufficiently precise to rule out even
a very small effect in the predicted direction.

Rate of acquisition of suppression

The present experiments found no evidence of greater overall
suppression for the color cued by an onset. However, it is
logically possible that although the average (or asymptotic)
level of suppression was not influenced by salience, partici-
pants might have learned to suppress color features more
quickly when cued by a salient object. To investigate this
possibility of differential rates of learning, we compared the
average probe recall for each block pooled across all three
experiments (N = 108). We did not observe any differences
in probe recall between the cued and non-cued colors in any of
the first four blocks (Fig. 7), ts(107) < 1.45, ps ≥ .15. Note that
the suppression effect was present even at the first block
(−17%), t(107) = −10.77, p < .0001, and did not vary

significantly across blocks. These findings suggest that
distractor-based suppression is powerful and emerges very
quickly.

Distractor-based suppression

In the present study, we looked for evidence that participants
would do something special (i.e., suppression) with distractor
colors that were the most threatening because they were cor-
related with high salience (i.e., 100% of onsets led to that
color). We found no such evidence in any of the three exper-
iments. Nor did Lien et al. (2022) find any evidence that color
features are treated differently just because they are associated
with color singleton salience. Note that we are not arguing
against the existence of suppression. Indeed, suppression ef-
fects were observed in all three experiments reported here
(−20% ± 2% and −19% ± 2% for the non-cued color and cued
color, respectively, averaged across three experiments). In
particular, probe recall for the non-cued color was low (e.g.,
only 10% in Experient 1), much lower than for distractors that
shared the target color (e.g., 25% for the relevant-color
distractor in Experiment 1). Similar suppression effects have
also been observed in numerous previous probe studies (e.g.,
Gaspelin et al., 2015; Lien et al., 2022). There is also evidence
of suppression below baseline in oculomotor paradigms (e.g.,
Gaspelin & Luck, 2018).

However, we are arguing that the mechanism underlying
suppression is not salience-based, as often assumed in the
literature on color singleton capture (e.g., Gaspelin et al.,
2015; Luck et al., 2021; Sawaki & Luck, 2010). Although it
seemed natural to conclude that the most notable property of
the color singleton—its salience—was the cause of the sup-
pression, this hypothesis was not supported by our data, nor
that of Lien et al. (2022). Instead, we argue that suppression is
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distractor-based (see also Stilwell & Vecera, 2020, 2022, who
showed that nonsalient distractors can be ignored in the
presence of strong target guidance). That is, suppression is
primarily a function of learning which features are correlated
with being a target versus a non-target, not a mechanism for
beating down the most salient or potent stimuli. Note that color
singleton suppression seems to emerge only when the singleton
has a fixed color that is never used as the target (e.g., Gaspelin
& Luck, 2018; Graves & Egeth, 2015; Kerzel & Barras, 2016),
allowing for distractor-based suppression. Furthermore, Lien
et al. (2022) found similar amounts of suppression for color
singleton distractors as for triplet distractors (displays consisting
of three items in the irrelevant color and three in the relevant
color), even though the latter lacked salience (see also the ocu-
lomotor suppression of nonsalient distractor colors in Hamblin-
Frohman et al., 2022). We propose that task-irrelevant color
singletons are so easily suppressed not because they are potent,
but because they are impotent (see also Bacon & Egeth, 1994;
Ruthruff et al., 2020). If starting from near zero capture, any
amount of feature suppression would result in color singleton
suppression below baseline.

In contrast, we propose that abrupt onsets have some in-
herent power to capture attention (e.g., Gaspelin et al., 2016;
Schreij et al., 2008; but see also Bonetti & Turatto, 2019;
Pascucci & Turatto, 2015; Turatto et al., 2018). In this case,
even strong suppression of a color feature might be insuffi-
cient to overcome the strong pull of an abrupt onset (see
Adams et al., 2022).

Limitations and consideration of alternative
mechanisms of suppression

There is considerable evidence that irrelevant color features
can be suppressed to facilitate visual search (Chang & Egeth,
2019, 2021; Chelazzi et al., 2019; Feldmann-Wüstefeld et al.,
2020; Gaspar &McDonald, 2014; Gaspelin et al., 2015, 2017;
Kerzel & Barras, 2016; Lien et al., 2022; Luck et al., 2021;
Ruthruff et al., 2021; Sawaki & Luck, 2010). Yet, contrary to
the salience-based suppression hypothesis, we found no en-
hanced suppression of the color feature correlated with a sa-
lient abrupt onset. An alternative explanation is that salience
does generally trigger suppression to reduce the threat, but
abrupt onsets were not salient. However, onsets are widely
considered to be among the most salient bottom-up stimuli
(e.g., Adams et al., 2022; Franconeri & Simons, 2003;
Gaspelin et al., 2016; Jonides & Yantis, 1988; Ruthruff
et al., 2020).

Another alternative explanation is that abrupt onsets are
threatening, but somehow the color feature is not associated
with the abrupt onset and therefore not suppressed. This
would be surprising, as the onset cued the same color on every
trial and color feature suppression should be very effective at
neutralizing the threat of an abrupt onset (e.g., Adams et al.,

2022). Also, this indirection mechanism of suppression is
analogous to the one proposed to reduce distraction by color
singletons (e.g., Gaspelin & Luck, 2018). A similar mecha-
nism has been proposed to explain selection history effects
(e.g., Becker & Horstmann, 2009), where features of targets
(location, color, etc.) are upweighted and features of
distractors are down-weighted.

Also note that there are other possible mechanisms of sup-
pression that were not studied here. Most notably, we did not
study direct suppress the abrupt onset transient itself. As dis-
cussed in the Introduction, Ruthruff et al. (2019) looked for
evidence of onset suppression by dramatically increasing the
number of abrupt onsets per trial, but found no decrease in
capture effects (i.e., no evidence of direct onset suppression).
Future research is needed to examine the generality of this
conclusion.

Capture versus habituation

Our main argument is that there is no evidence that color
singletons and abrupt onsets trigger suppression of their fea-
tures (above and beyond that triggered by being nonsalient
distractors). We investigated abrupt onsets because onsets
are widely regarded as being more salient than color single-
tons (e.g., Adams et al., 2022; Franconeri & Simons, 2003;
Gaspelin et al., 2016; Jonides & Yantis, 1988; Ruthruff et al.,
2020). It is worth noting, however, that some authors have
argued that even abrupt onsets do not reliably capture
attention.

For instance, Folk and Remington (2015) showed that ir-
relevant onset cues captured attention in the presence of a top-
down task set for color only when onsets appeared infrequent-
ly (20% of the trials). When presented on every trial (as was
the case in Experiments 1 and 3), abrupt onsets did not capture
(see also Neo & Chua, 2006, who compared 75% vs. 18.75%
frequency, and Harris et al., 2015, who studied motion cues).
Relatedly, Bonetti and Turatto (2019) have provided evidence
for habituation, showing that oculomotor capture by irrelevant
onsets and saccades latency to targets were decreased across
blocks with repeated exposures, even in a passive viewing
condition (see also Pascucci & Turatto, 2015; Turatto et al.,
2018). However, these studies used a very easy visual search
(e.g., a red target amongst white distractors in Folk &
Remington, 2015; a white target with one colored distractor
in Bonetti & Turatto, 2019). Studies with more difficult search
routinely show large capture effects, even when presenting
abrupt onsets on 100% of trials (see e.g., Gaspelin et al.,
2016; Ruthruff et al., 2020). Also note that, in the control
experiment reported in our Experiment 1, in which abrupt
onsets were presented on 100% of the trials, the cue validity
effect did not decline significantly across blocks, F < 1.0.
Further work is needed to disentangle the relative contribu-
tions of suppression, habituation, and search difficulty.
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Conclusion

The current study investigated the possibility that even if one
cannot directly suppress an abrupt onset transient, people
might suppress its correlated color features in an attempt to
reduce the threat. This logic is analogous to the argument that
it is not the salient property of color singleton that is being
suppressed directly, but rather its correlated color feature (e.g.,
Gaspelin & Luck, 2018). However, we did not find this to be
the case for salient abrupt onsets in any of the present three
experiments. Along with the findings of Lien et al. (2022) for
color singletons, we found that making distractors especially
salient does not noticeably enhance the suppression of their
features. The suppression mechanism is therefore geared to-
wards facilitating target/non-target discrimination, by sup-
pressing (perhaps implicitly) features that are consistently
bound to non-targets—whether salient or not—rather than to
targets.
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