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Abstract

Visual search benefits from advance knowledge of nontarget features. However, it is unknown whether these negatively cued
features are suppressed in advance (proactively) or during search (reactively). To test this, we presented color cues varying
from trial-to-trial that predicted target or nontarget colors. Experiment 1 (N = 96) showed that both target and nontarget cues
speeded search. To test whether attention proactively modified cued feature representations, in Experiment 2 (N = 200), we
interleaved color probe and search trials and had participants detect the color of a briefly presented ring that could either
match the cued color or not. People detected positively cued colors better than other colors, whereas negatively cued colors
were detected no better or worse than other colors. These results demonstrate that nontarget features are not suppressed
proactively, and instead suggest that anticipated nontarget features are ignored via reactive mechanisms.
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Introduction

Perception frequently involves selecting some stimuli while
ignoring others, and major theories of visual attention
propose that this selection process comprises two distinct
mechanisms of enhancement and suppression. Indeed, in
tasks like visual search, people are faster when either told
which feature to select (e.g., by ‘positive cues’ indicating
an upcoming target color) or which feature to ignore (e.g.,
by ‘negative cues’ indicating an upcoming nontarget color;
Arita et al., 2012; Chang & Egeth, 2019); however, it is
unclear how exactly these cues, especially negative cues, aid
target selection. Several studies show that, when participants
attend a particular feature (e.g., the color red), processing
of that feature is enhanced, both globally across the visual
field (Chapman & Stoermer, 2021; Ho et al., 2012; Mar-
tinez-Trujillo & Treue, 2004) and in some cases even before
search stimuli appear (Giesbrecht et al., 2006). In contrast,
relatively little is known about how people use negative cues
to ignore distractors. While some studies suggest that dis-
tractor ignoring is supported by proactive suppression of
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visual features, others suggest that ignoring is reactive and
only occurs during search itself.

Analogous to anticipatory enhancement (Giesbrecht
et al., 2006; Kastner et al., 1999), proactive suppression
accounts propose that negative cues attenuate processing of
specific nontarget features prior to the onset of the task dis-
play (for reviews, see Geng, 2014; Geng et al., 2019). The
most direct evidence for proactive suppression is reports of
trial-by-trial correlations between the magnitude of pres-
timulus alpha power (an electrophysiological measure that
has been linked to attentional suppression) and the degree of
attentional capture (Mazaheri et al., 2011). Similarly, both
EEG and functional MRI have shown preparatory suppres-
sion of neural activity in visual areas in response to nega-
tive feature cues (de Vries et al., 2019; Reeder et al., 2017).
While these findings have been interpreted as evidence
for proactive suppression, these neural effects do not nec-
essarily reflect suppression of a specific feature value, as
they might instead index more general attentional control
processes (Reeder et al., 2018). Thus, it remains unknown
whether specific feature values can be voluntarily suppressed
in advance.

Other studies have proposed an alternative to proactive
suppression in which distractor ignoring is not anticipatory
but follows display onset. For example, one study cued par-
ticipants about to-be-attended or to-be-ignored colors for
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a search task and measured attentional allocation to the
locations of these colors on separate probe trials, in which
participants recalled the identities of letters overlaid on
search items. Negative cues had no effect on letter recall
when presented shortly after the search array (25-ms delay);
with a 100-ms delay, however, participants recalled more
probes on target-colored items following both positive and
negative cues, though these effects were smaller for nega-
tive cues, mirroring the pattern found during search itself
(Zhang et al., 2020). These results suggest that people may
reactively suppress cued distractors shortly after search dis-
play onset, and that this is less effective than enhancement.
Another proposed process of reactive ignoring is ‘search-
and-destroy,” in which negatively cued features are initially
attended and then ignored (Beck et al., 2017; Gaspelin et al.,
2019; Moher & Egeth, 2012). Search-and-destroy assumes
that both to-be-attended and to-be-ignored feature represen-
tations are enhanced but then used differently during the
search process itself: items with to-be-attended features are
marked for selection, while items with to-be-ignored features
are marked to be discarded, perhaps via spatial attention.

In sum, studies have provided mixed evidence regarding
how advance knowledge of to-be-ignored features benefits
visual search. One shortcoming of past studies, in our view,
is that processing of irrelevant items is often measured after
a multi-item search display appears. These paradigms can-
not directly assess proactive attention to specific features,
because as soon as a multi-item displays appears, both fea-
ture-based and space-based attention contribute to selection.
Because spatial and featural attention may involve different
mechanisms of enhancement and suppression, assessing
these processes during multi-item tasks tells us little about
whether and how precues proactively affect feature repre-
sentations themselves.

To address this, we informed participants about upcom-
ing target or nontarget features for a visual search task and
directly measured visual representations of to-be-attended
and to-be-ignored features using a single-item color probe
task. In Experiment 1, we establish that both positive and
negative cues that vary trial by trial improve search perfor-
mance. In Experiment 2, we directly assess whether these
cues modulate feature representations prior to search onset.
We randomly intermixed visual search trials with trials in
which participants detected the presence or absence of hue
in a briefly presented probe that could either match the cued
color or not (i.e., reported whether the probe was gray or
any other color). Because probes were presented alone,
briefly (~30 ms), before search, and at random locations,
results cannot be explained by strategic shifts of spatial
attention. If participants enhance cued feature representa-
tions in advance, this should result in better probe detection
for matching colors; conversely, if cued features are sup-
pressed, this should decrease detection performance for the

cued color. Overall, we find that positive cues boost color
representations prior to search onset, consistent with proac-
tive enhancement, whereas negative cues aid target selection
reactively, challenging the proactive suppression account of
negative cueing.

Experiment 1

This experiment tested how positive and negative cues affect
search response times (RT). Experiment 1a used positive
cues that were 75% predictive of the upcoming search tar-
get color; Experiment 1b used negative cues that were 75%
predictive of the upcoming nontarget color. Based on past
results (Arita et al., 2012), we expected both positive and
negative cues to speed performance when valid, with larger
RT benefits for positive than negative cues.

Method

Participants A power analysis of an unpublished experiment
similar to Experiment 1b (cue color varied block-by-block
rather than trial-by-trial) indicated that detecting significant
cue validity effects at 80% power and an alpha level of .05
would require 48 participants per experiment (la and 1b).
We collected data until we had 48 participants per experi-
ment that met our inclusion criteria: we excluded 16 par-
ticipants in Experiment 1la (two for taking longer than 90
minutes to complete the experiment; 14 for accuracy below
80% in any block) and 19 in 1b (three for taking longer than
90 minutes; 15 for accuracy below 80% in any block; one
for exceeding 10% of trials with RTs below 200 ms or above
4 seconds in any block). After exclusion, Experiment la
included 37 women and 11 men with a mean age of 20.1
(range: 18-26 years); Experiment 1b included 36 women,
11 men, and 1 nonbinary person with a mean age of 20.6
(range: 18-24 years).

For all experiments, participants were students from Dart-
mouth College or the University of California, San Diego,
participant pools. Participants volunteered and were com-
pensated with extra course credit. Both experiments were
approved by the Dartmouth College and the UCSD Institu-
tional Review Boards and participants provided informed
consent prior to participating. Participants completed this
experiment in a web browser on devices they provided. We
requested that they complete the experiment in full-screen
mode on a computer (not a mobile device).

Stimuli Throughout the experiment (except when the central
color cue was present), a black fixation cross was present at
the center of the 600 x 600-pixel stimulus display window.
Cues were colored rings 90 pixels in diameter (~1° visual
angle on a 13-inch MacBook Pro from 60 cm distance) with
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Cue 75% predictive of target
(1a) or distractor (1b) color
500ms

Blank Display
500ms
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®
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8 Search Items
Until Response

Task:

Find the item with a
leftward or rightward
gap and report which
side its gap is on
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Fig.1 Experiment 1’s trial structure. On each trial, a colored ring
indicated the upcoming target (in Exp. la) or nontarget (Exp. 1b)
color with 75% validity. Following a blank display, a circular display
of eight search stimuli was presented until the end of the trial. Partici-

a line thickness of 15 pixels presented centrally. Search
items were identical to the cue, except they had a 5-pixel
gap at 0°, 90°, 180°, or 270°. All distractors had gaps at
the top or bottom, and the target item had its gap on the left
or right. Eight search items were presented on an invisible
circle 150 pixels (~1.7°) in radius. For each participant, four
colors were used as both cues and search items. Colors were
chosen 90° apart from a color circle in CIE L*a*b space
(radius 49, centered at L = 54, a = 21.5, b = 11.5; Suchow
et al., 2013). Four specific colors were randomly chosen for
each participant. Each search display contained four items
in each of two colors.

Procedure Participants began each trial by pressing the
‘down’ arrow key. This was followed by a search cue for
500 ms, then fixation for 500 ms, after which the search
array appeared until response. On each trial, the target and
three distractors appeared in one color (the ‘target color’)
and four other distractors appeared in another color (the
‘nontarget color’). Locations of colored items were ran-
domly intermixed throughout the search array. Participants
searched for the circle with a gap on the left or right side and
indicated the gap’s direction using the left and right arrow
keys. Instructions emphasized both speed (‘try to respond
in under 1.5 s’) and accuracy and told participants to direct
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pants judged the gap location of the single target Landolt C with its
gap on the left or right, with distractors containing gaps on the top or
bottom. The depicted trial could be either an invalid positive cue trial
(Exp. 1a) or a valid negative cue trial (Exp. 1b.)

attention towards (Exp. 1a) or away from (Exp. 1b) the cue
color. Accuracy and RT feedback followed each trial. See
Fig. 1 for a trial schematic.

Participants completed five practice trials followed by
648 trials separated into six experimental blocks. Cues
appeared equally often in each color in each block and were
75% predictive of either the target color (Exp. 1a) or the
nontarget color (Exp. 1b). There were three cue conditions:
valid, when the cue is accurate (i.e., congruent with either
the target color in Exp. 1a or the nontarget color in Exp. 1b);
invalid, when the cue is inaccurate (i.e., congruent with the
nontarget color in Exp. 1a or the target color in Exp. 1b);
and neutral, when the cue color is absent from the search
array. We counterbalanced the frequency of these conditions
within each block according to frequencies expected by ran-
domly selecting colors with the restriction that cues were
75% predictive. This resulted in 81 valid trials, 18 neutral
trials, and 9 invalid trials per block.

Analysis All exclusion criteria were determined a priori
and were the same across all experiments. Data from
participants were excluded if mean accuracy was below
80% in any experimental block; if a participant took more
than 90 minutes to complete the experiment; or if more
than 10% of trials were had outlier RTs (see Participants
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Fig.2 Results from all experiments. a Mean search RT as a func-
tion of cue condition in Experiment la, which used 75% predictive
positive cues. Valid cues matched the target color; neutral cues were
in a color not present in the trial; invalid cues matched the nontar-
get color. b Mean search response time as a function of cue condi-
tion in Experiment 1b, which used 75% predictive negative cues.
Valid cues matched the nontarget color; neutral cues were in a color
that was absent from the trial; invalid cues matched the target color. ¢
Mean color detection accuracy as a function of congruency between

section for exclusion rates). We excluded individual trials
with inaccurate responses or outlier RTs (below 200 ms
or above 4 s). We then calculated mean RT for correct
trials for each participant in each cue condition (valid,
invalid, and neutral), and conducted a one-way analy-
sis of variance (ANOVA) on these data, separately for
Experiment la and 1b. We conducted planned pairwise
comparisons on ANOVA results significant at a .05 alpha
level. As expected, accuracy was near ceiling in all cue
conditions (minimum condition accuracy was 95.7%), so
we did not conduct analyses on accuracy data. Analyses
were conducted in R using the rstatix package (Kassam-
bara, 2020).
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cue and probe color in Experiment 2a, which used positive cues that
indicated the target color in search trials. Congruent probes matched
the cue color; incongruent cues matched another possible search
color. d Mean color detection accuracy as a function of congruency
between cue and probe color in Experiment 2b, which used negative
cues that indicated the nontarget color in search trials. Congruent
probes matched the cue color; incongruent cues were another possi-
ble search color. Error bars reflect 95% confidence intervals corrected
for within-subjects designs as recommended in Morey (2008)

Results

Experiment 1a: Positive cues Positive cues sped responses to
congruent targets and slowed responses when the cue color
was present as the nontarget color. A one-way ANOVA
showed strong evidence for an effect of cue condition (valid,
invalid, neutral) on RT, F(2, 94) = 25.588, p < .001, np2
= .35 (see Fig. 2a). Follow-up dependent-samples ¢ tests
compared each pair of cue conditions, finding evidence for
reliable differences between all condition pairs. Valid cue tri-
als were on average 60 ms faster than neutral trials (95% CI
[32, 87]), 1(47) = 4.36, p < .001, d = 0.63, and 159 ms faster
than invalid trials (95% CI [99, 219]), #(47) = 5.36, p < .001,
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d = 0.77, and neutral trials were 100 ms faster than invalid
trials (95% CI [57, 142]), 1(47) =4.70, p < .001, d = 0.68.

Experiment 1b: Negative cues Like positive cues, negative
cues sped responses on valid trials.

A one-way ANOVA showed evidence for an effect of cue
condition (valid, invalid, neutral) on RT, F(2, 94) =4.772, p
= .011, np2 =.092 (see Fig. 2b). Dependent-samples ¢ tests
compared each pair of cue conditions, finding significant
differences between valid cues and both invalid cues, #(47)
= 2.46, p = .018, d = 0.35, and neutral cues, #(47) = 3.27,
p =.002, d =0.47. In contrast, there was no reliable differ-
ence between invalid and neutral cue trials, #(47) = 1.21,
p = 0.231, d = 0.18. Numerically, response times in each
condition were consistent with expected effects of negative
cueing: 40-ms faster on valid trials than invalid trials (95%
CI[7, 73]), 23 ms faster on valid than neutral trials (95% CI
[8, 371), and 17 ms faster on neutral than invalid trials (95%
CI[-11, 45]).

Comparing positive and negative cues We also compared
the strength of positive and negative cueing by calculating
the average RT difference between each pair of cue validity
conditions (valid-neutral, valid-invalid, and neutral-inva-
lid). We then used independent-means ¢ tests for each of
these cue validity pairs across cue types. For all three tests,
positive cues yielded significantly larger RT effects than did
negative cues. Positive cues yielded a 36-ms larger benefit
than negative cues on valid relative to neutral trials (95% CI
[5, 67]), t(94) = 2.37, p = .020, d = 0.36, a 119-ms larger
advantage on valid relative to invalid trials (95% CI [52,
186]), 1(94) = 3.52, p < .001, d = 0.54, and an 82-ms larger
advantage on neutral trials relative to invalid trials (95%
CI [32, 133]), #(94) = 3.27, p = .001, d = 0.51. Thus, posi-
tive cues elicited larger search benefits than negative cues:
boosting performance more than negative cues when valid
and impairing performance more than negative cues when
invalid.

Experiment 2

Experiment 1 showed clear benefits of positive and negative
cues during visual search, even when cued features varied
from trial to trial (in contrast to some studies; e.g., Cun-
ningham & Egeth, 2016). We also showed that cues pro-
viding target information yield stronger effects than equally
informative cues providing distractor information, consistent
with other studies that have reported smaller search benefits
for negative relative to positive cues (e.g., Arita et al., 2012).
However, search performance alone cannot identify what
mechanisms underlie these effects or why negative cueing
speeds search less than positive cueing. Thus, Experiment 2
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directly assesses whether attention proactively enhances or
suppresses color representations in anticipation of search.
We intermixed visual search trials with infrequent probe tri-
als that allowed us to measure perceptual sensitivity to—and
thus the activation level of—the cued color. Specifically, on
a small number of trials, we briefly presented a probe stimu-
lus that could either match the cued color or not and asked
participants to discriminate whether the probe was colorful
or gray; in other words, participants had to detect any hue in
the probe. If attending towards positive cues enhances pro-
cessing of the cued color, as expected based on results from
feature-based attentional enhancement (Martinez-Trujillo
& Treue, 2004; Stormer & Alvarez, 2014), the detection
of color probes matching the cue should be higher relative
to nonmatching colors. If cues suppress feature representa-
tions, as may be the case for negative cues, and assuming
this suppression is reflected in the attenuation of specific
color representations (Stormer & Alvarez, 2014), detection
of the cued color should be worse relative to other colors.
Thus, by measuring the perceptual sensitivity to cued colors,
this experiment directly tested whether the representations
of to-be-selected and to-be-ignored features are boosted or
attenuated.

Method

Participants A power analysis on a pilot version of Experi-
ment 2a with positive cues indicated that detecting a signifi-
cant effect with 80% power at an alpha level of .05 would
require collecting data from 55 participants. To evaluate the
strength of evidence for a small or potentially null effect of
negative cues on color detection, we preregistered recruit-
ment of 100 participants who passed our exclusion crite-
ria in each of Experiments 2a and 2b. We excluded data
from 72 participants in Experiment 2a (16 for taking longer
than 90 minutes to complete the experiment; 53 for search
accuracy below 80% in any block; three for overall detec-
tion sensitivity below 0.5 d'). We excluded data from 99
participants in Experiment 2b (15 for taking longer than 90
minutes to complete the experiment; 84 for search accuracy
below 80% in any block). After exclusion, Experiment 2a
included 66 women, 28 men, five nonbinary people and one
participant who declined to report their gender, with a mean
age of 20.4 (range: 18-34 age); Experiment 2b included 71
women, 26 men, and one nonbinary person and two people
who declined to report their genders, with a mean age of
20.2 years (range: 18-36 years).

Stimuli Stimuli were like those in Experiment 1, with the
following exceptions. The fixation point was a black dot
rather than a cross. To ensure the consistent use of color cues,
each search trial contained two potential search targets with
rightward or leftward gaps (one matching the cue color; gap
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locations of the two potential targets were random and deter-
mined independently of each other), and six distractors with
gaps on their top or bottom, with four items in each of two
colors.

Color probes were rings 90 pixels in diameter and an
eight-pixel line thickness. Probes could be any of the
four search item colors or a gray approximately equi-
luminant to the other colors. The response screen on
color detection trials asked participants, “Was the probe
a non-gray color?” with the options “Press ‘left’ for yes
(it flashed a color besides gray)” and “Press ‘right’ for
no (it flashed gray).” Note that we never asked partici-
pants which color they saw, but simply whether they
detected a color at all, avoiding non-perceptual biases
to report the cued color.

Procedure Participants completed intermixed visual search
and color detection trials. First, participants completed thirty
practice trials. They then completed six 88-trial experimen-
tal blocks, each of which randomly intermixed 72 search
trials and 16 detection trials. Participants did not know the
upcoming trial type.

Search Trial

Delay period

(633ms)
Search cue . ->
600ms 82% of trials

Delay period

(300-400ms)

~N

18% of trials

Probe Trial

Fig.3 Experiment 2’s trial structure. On visual search trials, a brief
cue indicated the upcoming target (in Exp. 2a) or nontarget (Exp. 2b)
color. Each search array displayed 8 items in two colors, with two
potential targets, one in each color. Participants judged the gap loca-
tion of either the potential target that matched the cue color (Exp. 2a)
or the one that did not match the cue color (Exp. 2b). On color detec-
tion trials, the same cue was presented, followed by a blank display

Congruent Probe

Probe Display
30ms

On visual search trials, the cue was presented for 600 ms,
followed by a 663 ms blank screen, then the search array
until response. The cue color indicated the target color with
100% accuracy (in Exp. 2a; nontarget color in Exp. 2b), and
two potential targets (with rightward or leftward gaps) were
present on each trial. One of these potential targets was in
the cued color and one was in a random one of the other
three colors. Rather than simply responding with the orien-
tation of a target as in Experiment 1, participants were now
asked to respond with the target orientation of either the
potential target in the cue color (Exp. 2a) or not in the cue
color (Exp. 2b). Thus, accurate search performance required
use of the cue. In other aspects the visual search task was
identical to that of Experiment 1.

On color detection trials, the cue was presented for 600 ms,
followed by a blank screen for a random duration between 300
and 400 ms, followed by a color detection probe that appeared
randomly at one of the search item locations. This probe was
presented for only about 30 ms in the main experiment, but
for between 50 and 80 ms during practice to familiarize par-
ticipants with the task. This was followed by a blank screen for
between 233 and 333 ms, with its duration selected based on the

Search Display
Until Response

Experiment 2a:
Report the orientation
of the horizontal C in
the cued color

Experiment 2b:
Report the orientation
of the horizontal C in
the uncued color

Incongruent Probe Neutral Probe

O O 0

Experiment 2a + 2b:
Was the probe neutral
(gray) or any other color?

and then a color detection probe at a random one of the search item
locations. Half of the probes were gray, while the other half were
equally likely to occur in any of the four search item colors. This
yielded three probe conditions: congruent, in which probes matched
the search cue color; incongruent, in which probes matched an
uncued potential search color; and neutral gray probes. Participants
judged whether probes were gray or any other color
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cue-to-probe interval duration for a total time between cue offset
and response screen of 663 ms. Probes were gray on half of trials
and a random one of the four search colors on the other half of
trials. Counterbalancing ensured that the cue color did not pre-
dict probe color, resulting in eight gray probes, two probes in the
cue color (congruent probes), and six probes in uncued colors
in each block (incongruent probes). Participants were instructed
to respond whether the probe was gray (right arrow press) or
any color (left arrow press). Participants were told to emphasize
accuracy during color detection trials and were given accuracy
feedback after each trial. See Fig. 3 for a trial schematic.

Analysis Analysis focused on the color detection task. We
used dependent-samples #-tests to compare the accuracy for
hue detection on congruent and incongruent trials, sepa-
rately for Experiments 2a and 2b. We also compared the dif-
ference between congruent and incongruent accuracy across
experiments using an independent-samples #-test and a two-
sample Bayesian test. Exclusion criteria were the same as
in Experiment 1; we also excluded participants with overall
sensitivity (d') lower than 0.5 in the probe task, indicating
near or below chance performance.

Results

Experiment 2a: Positive cues Positive cues induced greater
sensitivity for probes in the cued color than uncued colors,
consistent with evidence for proactive enhancement. In par-
ticular, color detection accuracy was 4.5% higher for probes
congruent with the to-be-attended cue color than for incon-
gruent probes (95% CI [2.3%, 6.7%]), t(99) = 3.97, p <
.001, d = 0.39. Overall search accuracy (M = 96.0%, 95%
CI [95.5, 96.5]) and RT (M = 815 ms, 95% CI [797, 834])
suggested that participants who passed the exclusion criteria
performed well in the search task.

Experiment 2b: Negative cues Unlike like positive cues,
negative cues did not significantly change sensitivity for
the cued color. Color detection accuracy was 2.1% higher
for congruent probes (those matching the to-be-ignored cue
color) than for incongruent probes (95% CI [0.0, 4.6]), but
this difference was not statistically reliable, #(99) = 1.64, p
=.104, d = 0.16. Overall search accuracy (M = 94.7%, 95%
CI [94.0, 95.3]) and RT (M = 985 ms, 95% CI [959, 1011])
were again indicative of good performance in the main task.

Comparing positive and negative cues Cross-experiment
analyses did not provide conclusive evidence on whether the
increased detection rate for the cued color in Experiments
2a and 2b were statistically comparable. An independent-
samples ¢ test showed that the mean accuracy advantage
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for congruent probes was not significantly higher for posi-
tive cues than negative cues (mean accuracy advantage was
2.4% greater for positive cues, 95% CI [—1.0, 5.8]), #(198)
=1.42,p =0.160, d = 0.17. To assess evidence for the null
effect, we ran an unplanned post hoc Bayesian two-sample
test using a default prior of .707 (Morey et al., 2015; Rouder
et al., 2009). This test yielded a small Bayes factor of 2.53 in
favor of the null hypothesis that congruency effects on color
detection were equivalent for positive and negative cues.

Discussion

Overall, Experiment 2 suggests that cues providing informa-
tion about upcoming target colors yield proactive enhance-
ment of the cued colors. In contrast, cues about upcoming
nontarget colors yield no proactive suppression of cued
colors, instead yielding small to negligible effects of pro-
active enhancement. Given the inconclusive data regarding
whether negative cues elicit no proactive effects or proactive
enhancement of the cued color, we conducted a near replica-
tion of Experiment 2 (see Supplemental Materials), using
colors more similar to each other in CIElab space. Data from
this replication again showed no proactive suppression of
negatively cued colors, in fact showing significant proactive
enhancement. Taken together, data from Experiment 2 and
our supplemental replication provide strong evidence for a
lack of proactive suppression, and some evidence for proac-
tive enhancement, of negatively cued colors.

It is worth noting that considerably more participants were
excluded for low search accuracy in the negative cueing (84)
compared with the positive cueing experiment (53). It is likely
that this reflects overall greater difficulty in using negative
than positive cues. While the general difficulty of using nega-
tive cues is itself interesting, this is not a novel observation
(e.g., Cunningham & Egeth, 2016). As our research question
was not about whether negative cueing could benefit search,
but how this occurs when it does, our strict exclusion criteria
is crucial for ensuring that our included participants are using
cues as intended.

General discussion

Across two experiments, we demonstrate that search benefits
from cueing upcoming nontarget features does not occur due
to proactive suppression of the cued feature. In Experiment
1, both 75% valid positive and negative cues benefited search
RT, replicating past reports that positive cues speed search
more than negative cues (e.g., Arita et al., 2012). Experi-
ment 2 (and a near replication; see Supplemental Materials)
demonstrated that positive cues increased sensitivity to the
cued color relative to uncued colors, whereas negative cues
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elicited no proactive suppression and perhaps small effects
of proactive enhancement. These results indicate that par-
ticipants did not proactively suppress a color to subsequently
ignore it, at least under accounts in which suppression oper-
ates analogously to attentional enhancement (for instance,
by decreasing gain of suppressed feature channels; Stormer
& Alvarez, 2014). Rather, these results are consistent with
reactive accounts of distractor ignoring, including purely
reactive accounts claiming that suppression begins after dis-
play onset (see Geng, 2014; Geng et al., 2019, for reviews),
the search-and-destroy hypothesis (Moher & Egeth, 2012),
and translation accounts in which knowledge about nontar-
get features is used to inform which target feature should be
enhanced during search (Becker et al., 2015).

This study provides clear evidence against proactive sup-
pression of negatively cued features. In our view, the reac-
tive processes involved in ignoring features during search
may underlie the smaller RT benefits from negative com-
pared with positive cues, as the time taken to implement
feature-based attention occurs during search itself, reducing
the potential RT benefit relative to if these processes occur
proactively. Furthermore, because our results diverge from
other research in which data from similar search tasks have
been taken as evidence for active suppression (Arita et al.,
2012; Chang & Egeth, 2019; Zhang et al., 2020), they sug-
gest that data from search tasks themselves—including ones
probing perceptual sensitivity shortly after search array
onset—should not be taken as evidence for proactive sup-
pression. Rather, proactive suppression should be measured
only prior to the onset of search stimuli using single-item
displays that do not confound spatial and feature-based
attention.

Our results do not imply that proactive suppression can-
not occur. People may strategically suppress features in other
contexts. However, we did use several strategies to maximize
the likelihood of participants using proactive suppression.
First, the task necessitated using the cue to identify which of
two potential targets to identify, meaning participants could
not simply ignore the cue if they found it difficult to use.
Second, we used a relatively long delay between cue and
probe onset (900-1,000 ms) to allow proactive suppression to
emerge. Thus, if voluntary proactive suppression is possible,
its absence here likely means it is used in only a narrow range
of circumstances.

Broadly, the present results suggest that ignoring cued
visual features depends on reactive mechanisms, which con-
trasts with the proactive effects of attending to upcoming tar-
get features. Our results (especially the Supplemental Exper-
iment) also provide some preliminary evidence that these
reactive effects may sometimes rely on proactive enhance-
ment of the negatively cued feature, suggesting that reactive

ignoring may rely on some of the same feature-based atten-
tion mechanisms used in attending to target features—only
deployed in strategic ways to ignore the negatively cued item
during search. While the extent of this proactive enhance-
ment of negatively cued features is not yet clear, our results
provide a clear lack of evidence for proactive suppression.
This may explain why ignoring distractors may generally be
less efficient than selecting targets.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.3758/s13423-022-02071-7.
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