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Abstract
Trying to ignore an object can bias attention towards it – a phenomenon referred to as the ‘attentional white bear’ (AWB) effect. The
mechanisms behind this effect remain unclear. On one hand, the AWB may reflect reactive, ‘search and destroy’ distractor suppres-
sion, which directs attention toward irrelevant objects in order to suppress further attention to them. However, another possibility is
that the AWB results from failed proactive distractor suppression – attempting to suppress attention to an irrelevant object from the
outset may inadvertently result in an attentional shift towards it. To distinguish these two possibilities, we developed a categorical
visual search task that addresses limitations present in prior studies. In five experiments (Ntotal = 96), participants searched displays of
naturalistic stimuli cued only with distractor categories (targets were unknown and unpredictable). We observed an AWB and later
attenuated it by presenting a pre-search stimulus, likely disrupting guidance from distractor templates in working memory. We
conclude that the AWB resulted from a failure of proactive suppression rather than a search and destroy process.
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Introduction

The brain’s ability to suppress attention to objects flexibly and
voluntarily is fundamental to its function; however, a seemingly
maladaptive feature of this process can cause paradoxical re-
sults. When attempting to ignore or suppress attention to an
irrelevant object during visual search, attention is often initially
biased toward it. This counterintuitive effect is informally re-
ferred to as the ‘attentional white bear’ (AWB), as the phenom-
enon parallels Dostoevsky’s (1863/2016) anecdote on the dif-
ficulty of suppressing thoughts of a white bear (for a review, see
Wenzlaff & Wegner, 2000). In the real world, this can affect
visual searches where what the target looks like is unknown,
but what the target does not look like is known. For example,
imagine having a nut allergy and looking through a dessert
menu for dishes that do not contain nuts, but finding that your

attention quickly falls on walnut cake. It is this top-down vol-
untary attempt to ignore, such as when following instructions,
followed by an outcome opposite to that which was intended
that sets the AWB apart from other attentional effects.

The AWB highlights a situation in which one might be best
served by disregarding additional information about a task. If
knowing additional information about irrelevant distractors will
result in attention shifting to these distractors, then search might
proceedmore efficiently or effectively if this remained unknown.
Furthermore, it is important to note that the AWB is distinct
from: (1) effects related to the suppression of bottom-up atten-
tional capture by salient objects (Gaspelin et al., 2017; Sawaki &
Luck, 2010; Theeuwes & Godijn, 2002), (2) cases of spatial
attention in which stimuli appearing at particular locations are
known to be irrelevant (Noonan et al., 2016), and (3) increases in
alertness associated with expecting or preparing for distractors
(Makovski, 2019).

The literature on the suppression of attention to distractors
has highlighted two different suppression mechanisms that
provide distinct contexts for the AWB. One of these mecha-
nisms is reactive suppression, which involves initially
searching for distractors, locating them, and then suppressing
attention to them. While this requires that distractors are first
attended to before they can be ignored, importantly, it need
not involve a deliberate decision to attend to the distractor. It
may be the case that the AWB reflects nothing more than a
reactive suppression process.
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The possibility that the AWB arises from correctly func-
tioning reactive suppression was first identified by Tsal and
Makovski (2006), who investigated the AWB using a flanker
task with infrequent dot and line probe trials. They found that
participants made early shifts of attention to expected
distractor locations and that these locations were subject to
later inhibition. Subsequent studies by these authors showed
that this effect was robust to varying task demands, including
high perceptual and memory load (Lahav et al., 2012), and
that it could not be explained by a simple location priming
account (Lahav & Tsal, 2013).

In related work, Moher and Egeth (2012) investigated re-
active suppression (which they described as a ‘search and
destroy’ process) using a simple visual search task in which
in participants were cued to the colour of one distractor and
then searched displays of four items for a target that was either
a ‘B’ or an ‘F’. They found that a distractor colour cue was
associated with slower and less accurate search relative to an
uninformative cue, because a distractor cue reliably caused
participants to attend to the matching distractor before the
target. These results extend previous work by Tsal,
Makovski and Lahav (Lahav et al., 2012; Lahav & Tsal,
2013; Tsal & Makovski, 2006), demonstrating an AWB dur-
ing visual search and illustrating how it can hinder the search
process. Together, these studies suggest the possibility that the
AWB is simply a necessary component of reactive
suppression.

An alternative explanation for the AWB involves a differ-
ent mechanism – proactive suppression – in which attention
toward distractor objects is suppressed from the time of, or
even before, their onset (Gaspelin & Luck, 2019; Geng,
2014). Relative to reactive suppression, proactive suppression
is more likely to minimise interruption and provide optimal
behavioural outcomes; however, it is also more cognitively
demanding and may not always be possible due to both indi-
vidual and task factors (Geng, 2014; Geng et al., 2019). As
attending to distractors is not required for proactive suppres-
sion, it may be the case that the AWB reflects a failed attempt
to proactively suppress. The overall goal of the present study
was to differentiate between these two accounts of the AWB
by seeking evidence for the AWB as either a necessary com-
ponent of reactive, search and destroy, distractor suppression
or an unintended consequence of failed proactive distractor
suppression.

The AWB versus bottom-up attentional capture

A large portion of the literature on proactive suppression con-
cerns the suppression of bottom-up attentional capture by sa-
lient stimuli. As mentioned earlier, attentional capture by sa-
lient stimuli is a distinct effect from the AWB, but the discus-
sion of proactive suppression within this literature provides
useful context for the present work. In several behavioural

and eye movement experiments using visual search tasks,
Gaspelin et al. (2015, 2017) demonstrated that salient colour
singleton distractors could be proactively suppressed when
participants were given a specific target shape to search for
rather than simply trying to find a shape singleton target. In a
related study, Gaspelin and Luck (2018b) also found that pro-
active suppression of colour singleton distractors improved
when they were a predictable colour and after participants
had gained some experience of their appearance. These results
build on similar earlier work by Vatterott and Vecera (2012),
and are consistent with participants developing templates
based on learned distractor features (in these examples, col-
our) that facilitate proactive suppression.

Further evidence in support of the role of distractor tem-
plates (or ‘templates for rejection’) in proactive suppression
comes from a study by Won and Geng (2018). They used a
visual search task with two stages – a training stage, where
participants were exposed to a set of coloured distractors, and
a later test stage, which introduced new distractor colours at
specific equally spaced points in colour space. Response times
for test displays with new distractor colours were consistent
with the use of broad distractor templates that could be gen-
eralised to suppress similar untrained colours. A later study by
the same authors examined the extent to which mere exposure
to distractor colours in a task-free context could facilitate the
suppression of matching distractors in a separate search task
(Won & Geng, 2020). Response time results showed that pas-
sive habituation over time improved distractor suppression,
possibly by forming the basis of an early attentional filter or
leaving participants better prepared to quickly develop and
employ distractor templates.

Target and distractor templates

In the context of proactive suppression, we have discussed evi-
dence that shows distractor templates can be constructed over
time based on learned features (Gaspelin & Luck, 2018b; Won
& Geng, 2020), that such templates can facilitate the proactive
suppression of attention to distractors that broadly match these
features (Won&Geng, 2018), and that this is an effortful process
(Geng, 2014; Geng et al., 2019). In contrast to proactive suppres-
sion, for reactive suppression, distractor templates function as
target templates, positively guiding attention to distractors so that
they can be rejected (Moher & Egeth, 2012).

Arita et al. (2012) conducted a study that directly compared
the use of distractor and target templates using a visual search
task where participants were cued with the target colour, one
of two distractor colours, or a neutral colour that was never
present in search displays. Target and distractor colour cues
provided participants with a feature that could form the basis
of either a target or distractor template (the neutral cue provid-
ed a baseline) and colours were randomly selected from seven
possible colours to remove the possibility that the target colour
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could be inferred from the distractor colour (and vice versa).
They found that distractor cues were associated with faster
response times than neutral cues and that target cues were
associated with faster response times than distractor cues.
Unfortunately, these results are limited in the extent to which
they can draw out functional differences between distractor
and target templates. One explanation is that target and
distractor templates were used to set weights within some
form of attentional map, but that the difference in the
weighting between targets and distractors was not as large as
might be expected. Another explanation of the observed dis-
parity between target and distractor cues is that distractor cues
supported reactive suppression, with distractors being selected
then suppressed.

A subsequent study highlighted that this result might be an
artefact of the hemifield split in the stimulus displays, a design
that could allow participants to quickly avoid the irrelevant
half of the display by translating a target or distractor cue into
a simple spatial template (Beck & Hollingworth, 2015). This
possibility was addressed by Carlisle and Nitka (2019), who
replicated the original task byArita et al. (2012), but examined
the N2pc event-related potential (ERP) component as a mea-
sure of which hemifield was attended. Their results showed
that attention was directed to the target hemifield following
both target cues and distractor cues, but that this shift
happened around 150 ms later following distractor cues.
Attention was never directed to the distractor hemifield,
ruling out the possibility of reactive suppression. In another
experiment, Carlisle and Nitka (2019) used a modified design
that included interleaved trials with spatially mixed displays
(in addition to the original hemifield displays). They found the
same results for both types of trial, suggesting that participants
adopted a single strategy that was not dependent on ignoring
one hemifield.

One further problem highlighted by Becker et al. (2016),
related to Beck and Hollingworth’s (2015) suggestion that the
colour cues could be translated into spatial templates, is the
possibility that target features can be rapidly inferred or pre-
dicted even if participants are only shown a distractor cue. All
of the visual search experiments discussed in the preceding
paragraphs are typical of the broader literature in that they use
simple shapes and letters as stimuli. The key advantage of
simple stimuli is that they are easily controlled and manipu-
lated experimentally; however, they also limit the extent to
which distractor suppression can be isolated from guidance
towards targets during search. With simple stimuli, even if
participants are only shown a distractor cue, it is likely that
target features will be more easily inferred or predicted, con-
sistent with evidence from ‘odd-one-out’ search for unknown
targets (Found & Müller, 1996; Müller et al., 1995). If partic-
ipants who are given distractor cues are able to effectively
infer or predict their own target templates, either rapidly on a
trial-by-trial basis or more slowly over many trials, then their

performance will reflect guidance towards targets, potentially
to a greater extent than distractor suppression.

The present study

In the present study, we addressed the problem of predicting
or inferring target features using a categorical visual search
task with photographic everyday object stimuli (Daffron &
Davis, 2015, 2016). Categorical search tasks have been wide-
ly used within the visual search literature; for example, they
are particularly well suited to investigating effects related to
target specificity, typicality and similarity (for a recent review,
see Zelinsky et al., 2020). In one such study, Schmidt and
Zelinsky (2009) used a categorical search task with photo-
graphic stimuli to examine the guidance afforded by different
levels of target cue specificity. They found that search guid-
ance was proportional to the informational value of the cues
given. Pictorial cues were associated with the greatest propor-
tion of initial eye movements towards targets, with word cues
with colour information (e.g., ‘brown boots’, ‘brown foot-
wear’), precise word cues (e.g., ‘boots’) and abstract word
cues (e.g., ‘footwear) all providing progressively reduced
guidance in that order. These findings suggest that even ab-
stract word cues can provide effective search guidance, but
that there is more scope for errors in forming target templates
on the basis of broad or abstract category cues.

More recently, Robbins and Hout (2020) investigated how
the categorical typicality of targets influences guidance and
target verification during search, in the context of both precise
and abstract word cues and different levels of target-distractor
similarity. They found that more category typical targets were
consistently associated with improved attentional guidance
when searchers were given a superordinate level abstract cue
(e.g., ‘clothing’) and distractors belonged to other superordi-
nate categories. They also found that greater typicality only
improved target verification when searchers were given a pre-
cise cue (e.g., ‘pants’) and distractors were from the same
superordinate category as the target (e.g., other items of cloth-
ing). These findings clearly disambiguate the effects of target
category typicality and target/non-target similarity on categor-
ical search for precise and abstract cue types, while also dis-
tinguishing between the impact of these factors on guidance
and target verification.

In addition to being well suited to addressing questions
asked by studies like these, a categorical search task offers
another critical advantage for the present study. We chose to
use a categorical search task with photographic stimuli, be-
cause it allowed us to provide participants with broad
distractor cues (e.g., ‘keys’ or ‘clocks’), but to select targets
from a diverse, unspecified and unpredictable set of catego-
ries. This ensured that it was not possible to infer or predict the
categories or features of targets and that participants relied
only on distractor cues for guidance. While atypical of search
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tasks in the AWB literature, the necessary imbalance in the
relative numbers of target and distractor categories was, for
this reason, a crucial feature of the present task. We also note
that the task did not require or encourage attention to
distractors, as participants could determine whether an item
was a target or a distractor by whether or not it matched the
cued distractor category.

Using this task, Experiment 1 tested for the presence of an
AWB under explicit instructions to proactively suppress spe-
cific cued distractor categories. We examined participants’
eye movements and analysed the first saccade made when
searching each display, specifically its latency and landing
position. A greater proportion of first saccades towards
distractors than toward targets would provide evidence of an
AWB effect. While eye tracking cannot monitor covert atten-
tion, our task design and stimulus complexity gave us confi-
dence that eye movements (i.e., overt attention) and covert
attention would remain highly correlated here.

Our first aim was simple: to detect an AWB in initial sac-
cades. We predicted that an AWB would be observed when
participants were instructed to proactively suppress attention
to specific distractor categories. To provide a baseline, we also
sought to compare the patterns of initial saccades under these
conditions – where participants were instructed to ignore
specified distractor categories, to conventional search –where
participants were instructed to search for the same categories
of objects. Our task design ensured that we could do so using
exactly the same displays. In subsequent experiments, we
sought evidence that would support an account of the AWB
as either a necessary step in search and destroy suppression or
as an unintended failure of proactive suppression. We rea-
soned that if we could flexibly disrupt or eliminate the
AWB, while not impairing the ability to find targets, then this
would support an account of the AWB as a failure of proactive
suppression and not a necessary component of a search and
destroy process.

Experiment 1

In Experiment 1, we sought to establish the presence of an
AWB. One group of participants were given conventional
instructions to search for specific target categories (‘find’ in-
structions) and a second group were explicitly instructed to
proactively ignore specific distractor categories (‘ignore’ in-
structions). We reasoned that if proactive suppression func-
tioned effectively, the instruction to ignore would result in
more first saccades being toward targets than toward
distractors. On the other hand, a failure of proactive suppres-
sion would be evident in an AWB, with more first saccades
towards distractors, particularly at low latencies for rapid re-
active suppression. We predicted that we would observe an

AWB and that the patterns of eye movements between find
and ignore instructions would therefore mirror one another.

Method

Participants Thirty-two participants took part in Experiment 1
(23 females; nine males; Mage = 24.16 years; SD = 4.37; age
range: 18–31 years). Data from one additional participant were
excluded due to a failed eye-movement recording. Here, wewere
primarily interested in large effects (d ≈ 0.8, η2G ≈ 0.2) for which
our primary comparisons (two-tailed one-sample t-tests,
ANOVA) require 16 participants to achieve 80% power
(G*Power 3.0; Faul et al., 2007); for our least powerful compar-
isons (between-participants ANOVA main effects) this analysis
suggested 79% power. Our effects of interest proved to be of this
size or larger and were robust across experiments, increasing our
confidence that these sample sizes were appropriate. Participants
were recruited via the Department of Psychology Research Sign-
up System at the University of Cambridge and were each com-
pensated with £5 for their time. All participants self-reported
normal (or corrected-to-normal) visual acuity and gave informed
consent. The experiment was approved by the Cambridge
Psychology Research Ethics Committee and conducted in accor-
dance with the Declaration of Helsinki (2013).

Apparatus and stimuli Stimuli were displayed on a 22-in. Dell
LCD monitor (1,920 px × 1,080 px resolution, 60-Hz refresh
rate) using E-Prime 2.0 in conjunction with an SR Research
Eyelink 1000 eye tracker. Calibrationwas accepted only when
none of the five points had an error of more than 0.5° of visual
angle. Participants viewed the display binocularly from a dis-
tance of 70 cm in a chin rest and only the right eye was
tracked.

Stimuli were square photographic images of real-world ob-
jects, each 6.09° of visual angle. There were four possible
locations in which stimuli could appear and these were cen-
tered 7.79° of visual angle above, below, right and left of the
display centre (see Fig. 1). For ignore instructions, 72 images
of clocks and 72 images of keys were used as distractors and
144 images of other categories of object were used as targets,
such that target category was not predictable or inferable from
distractors. For find instructions, exactly the same displays
were used, but distractors from the ignore condition were
now designated as targets and targets as distractors. Trial order
was randomized within blocks and the positions of target and
distractors were counterbalanced.

Procedure Participants were assigned to one of two groups
which received instructions to either proactively ignore a
specified distractor category and respond directly to the target
(ignore group) or to find a specified target category and
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respond to it (find group). No additional information was giv-
en to participants in the ignore group about targets. The ex-
periment consisted of 144 trials in four equal-length and order
counterbalanced blocks, with a self-paced break at the mid-
point. For the ignore group, two blocks included a single
distractor category (either clocks or keys) and two blocks in-
cluded two distractor categories (clocks and keys, one of ei-
ther category on each trial). For the find group, two blocks
included a single target category (either clocks or keys) and
two blocks included two target categories (clocks and keys,
one of either category on each trial)

Each block began with on-screen instructions and exact in-
structions are reported in the Online Supplementary Material
(OSM). These instructions stated that each trial would show
one target and one distractor, each in one of four positions – to
the right of, left of, above or below the central fixation cross.
Participants were informed of the specified category andwhether

they should ignore or find stimuli in that category. They were
also reminded that, while the stimuli would be different between
trials, one image would always belong to that category.

In each trial, participants were required to use the mouse to
click on a central fixation cross to proceed, the cross then
remained present for 500 ms, and then a trial display of one
target and one distractor was shown until the target was
clicked. Following a target click, a black border appeared
around the target for 100 ms to indicate a registered response,
then a blank screen was displayed for 300 ms before the next
trial. The trial sequence is shown in Fig. 1 and a procedural
summary for all experiments is shown in Table 1.

Results

Analytic approach We examined the first saccades made to
targets and distractors after search display onsets. In all exper-
iments presented here, our analysis only included saccades
initiated at least 70 ms after the onset of the search array (to
exclude anticipatory saccades). We used four equally sized
trapezoid regions to code saccade landing positions (all shared
one side of a 104-px square around the central fixation cross
and had a longest side of 1,080 px). We also examined differ-
ences in the timing of first saccades using a simple cut-off at
an onset latency of 250 ms, an estimated upper-bound to the
range of normal saccade latencies expected in simple and real-
world visual search tasks (Cronin et al., 2020; Darrien et al.,
2001; Findlay, 1997) and consistent with the distribution of
saccade latencies observed in Experiment 1. Our principal
analyses were a set of planned one-sample t-tests to compare
the proportion of first saccades made to distractors (out of the
total first saccades to targets and distractors) for late compared
to early saccade latencies at the level of each instruction (μ =
0.5, which indicates no target/distractor bias; also see Fig. 2
and Table 2 for descriptive statistics). These analyses were
collapsed across categories, but see OSM for additional
analysis.

Ignore instructions Under ignore instructions, there was a
greater proportion of early (< 250 ms) first saccades made to-
wards distractors than targets, t(15) = 4.43, p < .001, d = 1.11,
and a greater proportion of late (> 250 ms) first sac-
cades made towards targets than distractors, t(15) =
2.35, p = .033, d = 0.59, (see Fig. 2, top row, left).
This indicates a strong AWB effect in early first sac-
cades for par t ic ipants who were given ignore
instructions.

To confirm that the AWB observed here reflected the in-
struction to ignore a specific distractor category and not the
intrinsic properties of the stimuli themselves (e.g., differences
in luminance contrast or colour), we contrasted these results
with a baseline experiment. This used the same stimuli but

Fig. 1 Trial sequences for all experiments (images not to scale),
Experiments 2–5 had identical timings and responses (see Table 1 for a
summary of experimental methods)
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with no instruction to ignore and yielded no evidence for a
distractor or target bias in the time window (< 250 ms) corre-
sponding to the AWB we detected (see OSM).

Find instructions We conducted matching one-sample t-tests
for find instructions and found greater proportions of both
early (< 250 ms), t(15) = 5.92, p < .001, d = 1.48, and late
(> 250 ms), t(15) = 4.51, p < .001, d = 1.13, first saccades
made towards targets than distractors (see Fig. 2, top row,
middle). For participants who received find instructions, both
early and late first saccades were more likely to be made
towards targets. The observed effect for early first saccades
towards targets here mirrored that observed for early first sac-
cades made towards distractors for ignore instructions.

Effects across instructions Figure 3 (top and second from top)
shows the number of initial saccades made towards distractors
versus targets as moving averages over time and, consistent
with our primary analyses, visual inspection suggests the pres-
ence of an AWB (a bias for attending to distractors) for ignore
instructions. To examine differences between instruction

conditions and to supplement our earlier analyses, we also ex-
amined the proportion of first saccades to distractors (out of the
total first saccades to targets and distractors) using a two-way
mixed ANOVA with first saccade latency (within-participants:
early (< 250 ms), late (> 250 ms)) and instruction (between-
participants: ignore, find) as factors.

Our primary analyses were focussed on determining
whether more first saccades were made towards targets or
distractors by testing each condition for differences from an
equal proportion of target and distractor first saccades. We
now address a different aspect of these data by examining
differences between each level of the two factors here rather
than deviation from an equal proportion of target and
distractor first saccades. While our initial analyses indicated
that the only combination of conditions where more first sac-
cades were made towards distractors than targets was at early
latencies under ignore instructions, we did not necessarily
expect an interaction between the effects of instruction and
first saccade latency in this ANOVA. Our earlier analyses
would be consistent with any result where only one level of
one factor showed a greater proportion of distractor first sac-
cades. In this case, the ANOVA revealed a main effect of

Table 1 Summary of experimental methods

Experiment Instruction Pre-search stimulus Trial display NT categories per block

1 Ignore/find* No 1 T & 1 D 1 or 2 (T categories for find)†

2 Ignore Yes (D congruent) 1 T & 1 D 1 or 2†

3 Ignore Yes (D congruent) 1 T & 1/3 Ds† 1

4 Ignore Yes (D congruent/incongruent, interleaved)† 1 T & 1 D 2

5 Ignore Yes (colour) 1 T & 1 D 1

Target (T), distractor (D); * = manipulated between-participants; † = manipulated within-participants

Table 2 Descriptive statistics

Experiment Condition Mean RT (ms) Mean first saccade l
atency (ms)

Mean fixation durations (ms) Mean proportions of first
saccades to distractors

Overall Distractor Target Early Late

1 Ignore 792 (140) 167 (44) 266.23 (45.53) 189.55 (55.42) 306.19 (56.26) 0.55 (0.04) 0.34 (0.26)

Find 715 (128) 172 (35) 263.71 (20.29) 177.11 (27.47) 310.63 (32.86) 0.42 (0.05) 0.32 (0.16)

2 Ignore (PSS) 805 (79) 265 (104) 282.55 (39.81) 186.62 (28.66) 328.64 (54.19) 0.44 (0.06) 0.29 (0.23)

3 Set size 2 (PSS) 835 (102) 307 (118) 301.12 (54.10) 191.39 (44.85) 349.12 (68.12) 0.50 (0.17) 0.27 (0.23)

Set size 4 (PSS) 1,067 (110) 339 (153) 257.38 (42.42) 174.20 (19.24) 329.01 (59.09) 0.46 (0.11)* 0.26 (0.22)*

4 Congruent PSS 846 (126) 252 (106) 296.05 (50.44) 189.15 (26.15) 350.14 (61.03) 0.51 (0.05) 0.27 (0.24)

Incongruent PSS 853 (116) 252 (99) 290.93 (41.24) 203.24 (29.62) 338.47 (50.02) 0.52 (0.17) 0.27 (0.18)

5 Colour PSS 851 (126) 240 (85) 287.91 (56.91) 185.29 (29.45) 346.46 (67.86) 0.55 (0.07) 0.36 (0.14)

Note: Mean proportion of first saccades to targets equals one minus the values shown in the rightmost column, early first saccades were those with
latency < 250 ms, late first saccades were those with latency > 250 ms, parentheses show standard deviations; * = adjusted to maintain target-distractor
equivalence (target frequencies multiplied by three); PSS = pre-search stimulus
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saccade latency, F(1,30) = 14.43 p < .001, η2G = .20, indicat-
ing a greater bias toward targets in late saccades. There was no
effect of instruction, F(1,30) = 3.68, p = .065, and no interac-
tion, F(1,30) = 1.46, p = .236.

Further exploratory analysisWe conducted further exploratory
analyses to better contextualise the effects described above (see
Table 2 for descriptive statistics, p-values Bonferroni-corrected
for the three exploratory comparisons on these data). We exam-
ined the effects of instruction on overall response times and first
saccade latencies. There was no effect of instruction on

response time, t(30) = 1.63, p = .339, or on first saccade latency,
t(30) = 0.44, p > .999. We also examined the effect of instruc-
tion on fixation durations, including overall, distractor and tar-
get fixation durations. There was no effect of instruction on
overall, t(30) = 0.20, p > .999, distractor, t(30) = 0.80, p >
.999, or target, t(30) = 0.27, p > .999, fixation durations.

Discussion

Participants who received ignore instructions were unable to
voluntarily engage in effective proactive distractor suppression
despite being explicitly instructed to do so, demonstrating a

Fig. 2 Bar charts (95% confidence interval error bars; asterisks indicate
one-sample t-tests, μ = 0.5, * p < .05, ** p < .01) of proportions of early (<
250 ms) and late (> 250 ms) first saccades to distractors (D) and targets
(T), averaged across participants. In the ‘ignore’ instructions condition of
Experiment 1 (top row, left) first saccades were fast and there was an early
bias toward distractors (AWB effect), under typical search instructions
(‘find’, top row, middle), a target bias was observed in both early and late
saccades. In Experiment 2 under ignore instructions (top row, right), the

introduction of the pre-search stimulus (PSS) extinguished this early bias.
Experiment 3 produced similar results to Experiment 2 in displays with
one (middle row, left) and three (middle row, right) distractors. No effect
of PSS category congruency was observed in Experiment 4 (bottom row,
left and middle). In Experiment 5, with a simple colour PSS (bottom row,
right), an early target bias was observed as in Experiment 1 under ignore
instructions
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strong AWB effect in early first saccades. In late first saccades,
a marginal bias towards targets was observed, which suggests
that overcoming the early distractor bias was sometimes

possible. Participants who received find instructions showed
a consistent bias towards targets in both early and late first
saccades, demonstrating that they were able to voluntarily

Fig. 3 Moving-average frequency of first saccades made to targets and
distractors in Experiments 1–3, calculated over onset latencies for all first
saccades. The top two plots show data from the ‘ignore’ and ‘find’
instruction conditions from Experiment 1 where no pre-search stimulus
(PSS) was present. The middle plot shows data from Experiment 2 where

ignore instructions and a PSS were used. The bottom two plots show data
from Experiment 3, which replicated the conditions of Experiment 2 but
with one and three distractor displays. The vertical dashed line indicates
the 250-ms onset latency cutoff used to categorise early and late first
saccades
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attend to the specified target categories independently of first
saccade latency. The low overall average latency of first sac-
cades strongly suggests that, as predicted, overt and covert at-
tention remain highly correlated in the present case.

Having observed a broadly consistent pattern of initial sac-
cades (as well as response times and fixation durations) across
instruction conditions in Experiment 1, we wished to explore
whether the observed AWB was a necessary component of
suppression in the current task by testing conditions under
which this effect might be eliminated. Previous work has dem-
onstrated that repeated exposure to distractors over many
blocks of trials can reduce the AWB (Cunningham & Egeth,
2016). We wished to compare search processes without the
influence of habituation or extended practice and sought to
eliminate the observed AWB effect rapidly and without
changing the task. We aimed to test whether an additional
presentation of a stimulus from the distractor category prior
to the onset of the search array (a pre-search stimulus) might
impact the AWB. If it is the case that holding a distractor
template in working memory (WM) biases early attention to-
wards matching objects (Han & Kim, 2009; Sawaki & Luck,
2011; Woodman & Luck, 2007) and contributes to the AWB,
then a brief presentation of an additional stimulus immediately
prior to the search display might disrupt this. In Experiment 2,
we therefore sought to establish whether a pre-search stimulus
could disrupt the early tendency to attend to distractors and
eliminate the AWB effect observed in Experiment 1.

Experiment 2

Experiment 2 replicated the conditions under ignore instruc-
tions in Experiment 1 with the addition of a pre-search stimulus
for each trial that briefly appeared prior to the search display.
The pre-search stimulus was always an item from the same
category as the distractor in the subsequent search display.
We predicted that the early tendency to attend to distractors that
we observed in Experiment 1 would be disrupted by the pre-
search stimulus and that we would not observe the AWB in
terms of early first saccades to distractors.

Method

Participants Sixteen participants took part in Experiment 2 (11
females; five males;Mage = 23.19 years; SD = 5.19; age range:
19–41 years). Recruitment, compensation, visual acuity, con-
sent and ethical approval were subject to the same criteria as in
Experiment 1.

Apparatus and stimuli The apparatus and stimuli used in
Experiment 2 were identical to those used in Experiment 1
with the following exceptions. The trial displays in

Experiment 2 were preceded by a single pre-search stimulus,
selected from a set of 72 images of clocks and 72 images of
keys, appearing in one of the same four locations (and the
same size) as the search stimuli. Pre-search stimuli were al-
ways drawn from the same category as the distractor in each
trial, but were never identical to the distractor, and each was
only presented once. In Experiment 2, the location of the pre-
search stimulus was controlled and never appeared in the same
location as the target in the subsequent search display.

Procedure The procedure was the same as for Experiment 1,
with the exception that in each trial, a pre-search stimulus was
displayed for 250 ms, followed by a blank screen for 750 ms,
prior to the search display onset (see Fig. 1). There was no
manipulation of instructions; all participants were explicitly
instructed that the pre-search stimulus was not task-relevant
and to ignore it.

Results

First saccade latency Patterns of first saccades from
Experiment 2, plotted in Figs. 2 and 3, suggested that the
previously observed AWBwas not present. The same analytic
approach as in Experiment 1 (one-sample t-tests, μ = 0.5 in-
dicating no target/distractor bias) revealed a greater proportion
of first saccades made towards targets for both early (< 250
ms), t(15) = 4.16, p < .001, d = 1.04, and late first saccades (>
250 ms), t(15) = 3.60, p = .003, d = 0.90. The previously
observed bias toward the distractor in early first saccades
was not present and instead there was a target bias, consistent
with proactive rather than reactive suppression.

Pre-search stimulus To compare the effect of the presence of
the pre-search stimulus on early (< 250 ms) first saccades, we
conducted an additional comparison between the ignore in-
struction conditions in Experiment 1 and Experiment 2. The
proportion of early first saccades towards the distractor was
significantly lower in Experiment 2 (with pre-search stimulus)
than in Experiment 1 (no pre-search stimulus), t(30) = 5.97, p
< .001, d = 2.11.

Further exploratory analysis To better understand the effect of
the pre-search stimulus, we compared overall response times
and first saccade latencies between the ignore instruction con-
ditions in Experiment 1 and Experiment 2 (see Table 2, p-
values Bonferroni-corrected for the three exploratory compar-
isons on these data). There was no effect of the pre-search
stimulus on response time, t(30) = 0.33, p > .999, but the
presence of the pre-search stimulus in Experiment 2 was as-
sociated with longer first saccade latencies, t(30) = 3.52, p =
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.003, d = 1.23. We also compared fixation durations between
the ignore instruction conditions in Experiment 1 and
Experiment 2, including overall, distractor and target fixation
durations (see Table 2). There were no differences in overall,
t(30) = 1.08, p = .867, distractor, t(30) = 0.19, p > .999, or
target, t(30) = 1.15, p = .777, fixation durations.

Discussion

These results showed that not only was the AWB effect from
Experiment 1 eliminated with the inclusion of a pre-search
stimulus, but also that participants instructed to ignore
distractors were better able to engage in proactive suppression.
Further, a greater proportion of early (and late) first saccades
were made towards targets than distractors, suggesting that
eye movements and covert attention remained highly correlat-
ed in the present task. The results of Experiment 1 were con-
sistent with attentional guidance toward distractors being elic-
ited by the instruction to ignore them; in marked contrast,
the findings of Experiment 2 were consistent with the pre-
search stimulus disrupting this guidance, as evidenced by lon-
ger first saccade latencies. Response times and fixation dura-
tions were consistent between the ignore condition of
Experiment 1 and Experiment 2, suggesting that the pre-
search stimulus did not impact later perceptual recognition
of distractors or targets. It is not clear from the results of
Experiment 2 whether these effects required the pre-search
stimulus to be drawn from the same category as the distractor
or to offer some information regarding its likely position. Our
subsequent experiments extend our investigation to displays
comprising four stimuli and pre-search stimuli from other cat-
egories to reveal that neither of these conditions was required.

Experiment 3

Experiment 3 included search displays of a larger set size (four
stimuli per display) and allowed the pre-search stimulus to ap-
pear in any of the four stimulus locations. We sought to exam-
ine whether the effects observed in Experiment 2 would be
present in thesemore complex search displays. A larger number
of distractors leaves open the possibility that an AWB in these
displays could involve attention to a single distractor or a group
of distractors. While the results of Experiment 2 speak against
an account of the AWB as a necessary component of a search
and destroy process, Experiment 3 also provides an opportunity
to further test this in larger set sizes, where the search and
destroy approach involves an inherent penalty.

Method

Participants Sixteen participants took part in Experiment 3 (13
females; three males; Mage = 23.13 years; SD = 4.50; age

range: 18–35 years). Recruitment, compensation, visual acu-
ity, consent and ethical approval were subject to the same
criteria as previous experiments.

Apparatus and stimuli The apparatus and stimuli used in
Experiment 3 were identical to those used in Experiment 2
with the following exceptions. One hundred and forty-four
images of clocks and 144 images of keys were used as
distractors (two blocks of 36 trials each contained displays
with three distractors, one for each distractor category). In
Experiments 3–5, the location of the pre-search stimulus was
counterbalanced between all four possible display locations.

Procedure The procedure was the same as for Experiment 2,
with the following exceptions. There were two blocks where
distractors were drawn from the category keys and two blocks
where distractors were drawn from the category clocks. There
was a blocked, within-participants manipulation of search dis-
play set size, such that in two blocks, displays contained three
distractors and a target, and in two blocks, displays contained
a single target and a single distractor. Distractor category and
display set size were order counterbalanced.

Results

Set size To allow a similar analytic approach to that used
before, we first adjusted the proportions of saccades to targets
and distractors to allow comparisons between set sizes by
multiplying proportion of first saccades to targets in set size
four by three. One-sample t-tests (μ = 0.5 indicating no target/
distractor bias, also see Fig. 2) revealed that there was a greater
proportion of late (> 250 ms) first saccades made towards
targets in both the two, t(15) = 3.89, p = .001, d = 0.97, and
four set-size conditions, t(15) = 4.34, p < .001, d = 1.09. There
was no target or distractor bias in early (< 250 ms) first sac-
cades for either the two, t(15) = 0.06, p = .953, or four set-size
conditions, t(15) = 1.37, p = .190.

Effects across set sizes Repeating a similar ANOVA to that
used in the previous experiments and including set size as a
factor (within-participants: two, four) showed a main effect of
first saccade latency, F(1,15) = 17.64, p < .001, η2G = .25,
with a smaller proportion of saccades made towards
distractors in late compared to early saccades, but no main
effect of set size, F(1,15) = 0.39, p = .542, and no interaction,
F(1,15) = 0.09, p = .775.

Further exploratory analysis We compared overall response
times and first saccade latencies between set sizes in
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Experiment 3 (see Table 2). Response times, t(15) = 9.57, p <
.001, d = 2.39, and first saccade latencies, t(15) = 2.19, p
= .045, d = 0.55, were both significantly longer for dis-
plays with set size four compared to set size two.
Continuing our previous approach, we also compared fix-
ation durations between set sizes in Experiment 3 (see
Table 2). Fixation durations were significantly longer for
displays with set size two relative to four, and this effect
was observed overall, t(31) = 8.05, p < .001, d = 1.42, for
distractor fixations, t(31) = 3.04, p = .005, d = 0.54, and
target fixations, t(31) = 3.33, p = .002, d = 0.59. To
follow up on this, as might be expected, there was also
a corresponding increase in the overall number of fixa-
tions made for displays of set size four (M = 4.10, SD =
1.48) relative to set size two (M = 2.70, SD = 0.82; t(31)
= 10.29, p < .001, d = 1.82).

Discussion

These findings paralleled those of Experiment 2 and
showed that effective proactive suppression of attention
to distractors was similar in displays with one and three
distractors. For displays with three distractors relative to
one, response times and first saccade latencies were lon-
ger, but fixations more frequent and shorter in duration,
suggesting that the slowing of response times was driven
by slower initial guidance and the need to process more
stimuli for the larger set size. Compared to Experiment 2,
the timing of the proactive suppression observed here un-
der ignore instructions suggests that the location of the
pre-search stimulus relative to the target was not a neces-
sary condition of the elimination of the AWB effect ob-
served in Experiment 1, but that it likely influenced the
speed of distractor suppression via inhibition of return to
the distractor location on a proportion of trials.

With only a single distractor category present in each
block of Experiment 3, we cannot rule out that learning
about distractors influenced participants’ performance
within blocks. However, such effects have previously been
observed over much longer blocks in tasks with simpler
colour stimuli and fixed distractor colours (Cunningham
& Egeth, 2016). We expect that in the present case, any
such effect would be minimised by the short block length,
complex stimuli, and variation in distractor category be-
tween blocks. The pattern of first saccades in larger set size
with three distractors shows that first saccades to targets
become more frequent than first saccades to distractors at
approximately 200 ms, providing evidence of limited par-
allel distractor suppression, rather than serial search and
rejection. To further explore the influence of category
specificity on the effect of the pre-search stimulus, we ex-
amined the effect of category congruency between the pre-
search stimulus and distractors in Experiment 4.

Experiment 4

Experiment 4 included a manipulation of congruency between
the pre-search stimulus and distractor, such that the pre-search
stimulus could be drawn from the same category as the
distractor or a task-irrelevant category. We previously sug-
gested that the distractor-congruent pre-search stimuli in
Experiments 2 and 3 eliminated the AWB effect because they
disrupted early attentional guidance from distractor templates
held in WM. We predicted that this would rely on category
congruency between the pre-search stimulus and distractor
and expected to once again observe an AWB, as in the ignore
condition of Experiment 1, when the pre-search stimuli and
distractor categories were incongruent.

Method

Participants Sixteen participants took part in Experiment 4 (13
females; three males; Mage = 24.69 years; SD = 4.05; age
range: 20–33 years). Recruitment, compensation, visual acu-
ity, consent and ethical approval were subject to the same
criteria as previous experiments.

Apparatus and stimuli The apparatus and stimuli used in
Experiment 4 were identical to those used in Experiment 2.
Pre-search stimuli were either congruent or incongruent with
the distractor category (randomly interleaved trials, 50%with-
in each block). Incongruent pre-search stimuli were selected
from a range of other object categories and never matched
either the target or distractor category.

Procedure The procedure was the same as for the ignore in-
structions condition in previous experiments with the excep-
tion of the within-participants pre-search stimulus congruency
manipulation (see Apparatus and stimuli above).

Results

Pre-search stimulus congruency We used the same analytic
approach as in previous experiments (see Figs. 3 and 4). One-
sample t-tests (μ = 0.5 indicating no target/distractor bias)
revealed that a greater proportion of late (> 250 ms) first sac-
cades were made towards targets in both congruent, t(15) =
3.84, p = .002, d = 0.96, and incongruent trials, t(15) = 5.21, p
< .001, d = 1.30. In contrast, early (< 250 ms) first saccades
showed no target or distractor bias in congruent, t(15) = 0.39,
p = .703, or incongruent trials, t(15) = 0.37, p = .714.

Effects across pre-search stimuli Including first saccade laten-
cy and pre-search stimulus congruency (congruent or
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incongruent) as within-participants factors in an ANOVA re-
vealed a main effect of first saccade latency, F(1,15) = 38.17,
p < .001, η2G = .341, no effect of congruency, F(1,15) = 0.01,
p = .908, and no interaction, F(1,15) = 0.01, p = .906.

Further exploratory analysis We also compared overall re-
sponse times and first saccade latencies between congruent
and incongruent pre-search stimuli in Experiment 4 (see
Table 2). There was no effect of pre-search stimulus congru-
ency on response time, t(15) = 1.15, p = .269, or first saccade
latency, t(15) = 0.14, p = .888. We again compared fixation
durations between congruent and incongruent pre-search
stimuli in Experiment 4 (see Table 2). Target fixations were
significantly longer when the PSS was congruent, t(15) =
2.23, p = .041, d = 0.56, but distractor fixations were signifi-
cantly longer when the PSS was incongruent, t(15) = 2.48, p =
.026, d = 0.62. There was no effect on overall fixation dura-
tions, t(15) = 1.13, p = .275. Follow-up analysis revealed no
differences between the congruent and incongruent PSS con-
ditions in the number of fixations made on targets (Mcong =
1.62, SDcong = 0.36; Mincong = 1.65, SDincong = 0.33; t(15) =
1.01, p = .327) or distractors (Mcong = 1.23, SDcong = 0.18;
Mincong = 1.26, SDincong = 0.16; t(15) = 1.57, p = .137).

Discussion

Contrary to our predictions, our analysis suggested no effect
of pre-search stimulus category congruence on the AWB – the
observed effect was the same irrespective of the category of
the pre-search stimulus. These results indicated that the elim-
ination of the AWB effect we previously observed did not
depend upon category congruence or a specific predictive re-
lationship between the pre-search stimulus and distractor.

While both congruent and incongruent pre-search stimuli
were sufficient to reduce guidance towards distractors and
eliminate the AWB effect we observed in Experiment 1, our
exploratory analysis of fixation durations suggested a small
congruency effect on later distractor and target recognition.
Congruent pre-search stimuli modestly increased target fixa-
tion durations, suggesting slower target recognition, whereas
incongruent pre-search stimuli modestly increased distractor
fixation durations, suggesting slower distractor recognition. In
short, the category-specific informational content of a photo-
graphic pre-search stimulus had no impact on initial attention
(as measured by first saccades here), but it did appear to in-
fluence the recognition of both targets and distractors.

One explanation of these results is that pre-search stimuli
broadly disrupt guidance from distractor templates, which
would otherwise drive initial attention toward the distractor,
and that any photographic pre-search stimulus, as a collection
of complex visual features, is sufficient to achieve this effect.
While the full bottom-up feature-based analysis of our pre-

search stimuli necessary to fully disambiguate these results
is beyond the scope of the present study, we tested this ac-
count in Experiment 5 by examining whether simple uniform-
ly coloured pre-search stimuli would also disrupt the AWB.

Experiment 5

Experiment 4 demonstrated that the specific category relation-
ship between the pre-search stimuli and distractors did not
influence the disruption of the AWB effect. Experiment 5
explored the extent to which this generalised further, specifi-
cally, whether a simple colour pre-search stimulus could have
the same effect. We considered two possible outcomes here:
Firstly, if pre-search stimulus simply causes a feature-agnostic
delay in allocating attention to the search display, then the
same results should be observed as in Experiment 4.
Alternatively, if the complex visual features of a photographic
pre-search stimulus, regardless of the specific category, are
necessary to eliminate the AWB effect we had previously
observed, we would expect a simple colour pre-search stimu-
lus not to do so.

Method

Participants Sixteen participants took part in Experiment 5 (12
females; four males;Mage = 23.13 years; SD = 4.83; age range:
19–36 years). Recruitment, compensation, visual acuity, con-
sent and ethical approval were subject to the same criteria as
previous experiments.

Apparatus and stimuli The apparatus and stimuli used in
Experiment 5 were identical to those used in Experiment 2,
with the exception that pre-search stimuli were uniformly red-
or blue-coloured squares (CIE xyY [.343, .335, 99.37] and
[.289, .313, 106] respectively).

Procedure The procedure was the same as for the ignore in-
structions condition in Experiment 2 with the following ex-
ceptions. There was only a single distractor category per block
and for each participant the colour of the pre-search stimulus
(red or blue) reliably predicted a distractor category (keys or
clocks; counterbalanced).

Results

Simple colour pre-search stimulusWe used the same analytic
approach as in previous experiments. One-sample t-tests (μ =
0.5 indicating no target/distractor bias, also see Fig. 2) showed
that a greater proportion of early (< 250 ms) first saccades
were made towards the distractor, t(15) = 2.76, p = .015, d =
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.690), and a greater proportion of late (> 250ms) first saccades
were made towards the target, t(12) = 3.55, p = .004, d = 0.98
(three participants did not make any late first saccades and
were not included in this analysis).

Complex and simple pre-search stimuli To examine the effect
of a simple colour pre-search stimulus relative to a complex
photographic, we conducted an additional comparison be-
tween early (< 250 ms) first saccades in Experiments 2 and
5 (see Table 2). The proportion of early first saccades towards
the distractor was significantly lower in Experiment 2 (with a
complex photographic pre-search stimulus), than in
Experiment 5 (simple colour pre-search stimulus), t(30) =
4.82, p < .001, d = 1.70.

Further exploratory analysis We compared overall response
times and first saccade latencies between Experiments 2 and 5
(see Table 2, p-values Bonferroni-corrected for the three ex-
ploratory comparisons on these data) and found no significant

differences in response time, t(30) = 1.25, p = .663, or first
saccade latency, t(30) = 0.75, p > .999. We again compared
fixation durations between Experiments 2 and 5 (see Table 2),
and found no differences in overall, t(30) = 0.31, p > .999,
distractor, t(30) = 0.13, p > .999, or target, t(30) = 0.82, p >
.999, fixation durations.

There was no difference in the overall response time be-
tween the ignore condition of Experiment 1 and Experiment 5,
t(30) = 1.27, p = .642, but the first saccade latency was sig-
nificantly slower in Experiment 5, t(30) = 3.10, p = .012, d =
1.10. There were no differences in fixation duration between
the ignore condition of Experiments 1 and 5 for overall, t(30)
= 1.19, p = .243, distractor, t(30) = 0.27, p > .999, or target,
t(30) = 1.83, p = .234, fixation durations.

Discussion

The results of Experiment 5 demonstrate that the presentation
of a simple colour pre-search stimulus was not sufficient to
eliminate the AWB effect we had previously observed. Here
we found a pattern of first saccades that matched the ignore

Fig. 4 Moving-average frequency of first saccades made to targets and
distractors in Experiments 4 and 5, calculated over onset latencies for all
first saccades. The top and middle rows show data from Experiment 4,

which included pre-search stimuli (PSS), which were either congruent or
incongruent with the distractor category. The bottom row shows data
from Experiment 5, where a simple colour PSS was used
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condition of Experiment 1 (no pre-search stimulus), but sim-
ilar response times to Experiments 2 and 4 (with a pre-search
stimulus). To link these results to the possible explanations we
offered above, the presence of an AWB effect and a slower
average first saccade latency than observed in Experiment 1
strongly suggest that just slowing initial attention is not suffi-
cient to eliminate the AWB. Instead, it appears that the simple
colour pre-search stimulus lacked the complex features of the
photographic stimuli used in the preceding experiments, and it
could be processed and/or ignored rapidly without disrupting
initial guidance to the search display.

General discussion

Experiment 1 provided evidence for the AWB effect, unin-
tended shifts of attention towards distractors, during visual
search of photographic real-world objects. Importantly, the
search task used here allowed us to provide participants with
broad distractor cues, while selecting targets from an unspec-
ified and unpredictable set of categories. This ensured that
when participants were cued with a distractor category, this
was the only source of guidance and that inferring or
predicting target categories was not possible. We observed
near-identical patterns of initial saccades between participants
who were explicitly instructed to ignore distractors and those
who were explicitly instructed to find those same stimuli.
Accordingly, under these standard conditions in Experiment
1, a reactive search and destroy mechanism provides a precise
and parsimonious account of participants’ early attentional
biases as reflected in the first saccades made when trying to
ignore distractors.

In Experiment 2, a pre-search stimulus strikingly eliminat-
ed the AWB effect we had previously observed (a result that
was replicated in Experiments 3 and 4). Where an AWB was
present in Experiment 1 (early first saccades), it was absent,
and instead first saccades weremore likely to bemade towards
the target. If an AWB were a necessary initial stage of
distractor suppression, as in a search and destroy process, then
not reactively finding and eliminating distractors should have
disrupted both distractor suppression and attention to targets.
Instead, we observed improved distractor suppression, consis-
tent with an account of the AWB as a failure of proactive
suppression linked to distractor representations held in WM.

Effects of the pre-search stimulus

The AWB we observed in Experiment 1 was consistent with
evidence that the contents of WM can bias attention towards
matching objects irrespective of task (Han & Kim, 2009;
Sawaki & Luck, 2011; Woodman & Luck, 2007). This
AWB effect was then eliminated following the presentation
of a pre-search stimulus in Experiments 2–4, which reduced

early first saccades towards the distractor, consistent with the
disruption of guidance toward the distractor category that par-
ticipants were holding inWM. However, an AWB returned in
Experiment 5 when the pre-search stimulus was a simple col-
our, coupled with a slower first saccade latency than in
Experiment 1, suggesting that the pre-search stimulus did
not simply eliminate the AWB via a general disruption or
slowing of early saccades.

These findings suggest that the pre-search stimulus func-
tioned to selectively disrupt the categorical distractor repre-
sentations that guided attention towards distractors. This has
some similarity to within-trial distractor preview effects,
where improved suppression was observed when basic
distractor features matched previewed features (for a review,
see Olivers et al., 2006). While the specific category of the
pre-search stimulus appeared to influence later recognition, it
did not influence initial guidance, and the pre-search stimulus
did not eliminate the AWB effect when it was a simple colour
(response times remained broadly consistent where there was
no set size manipulation or find instruction). The complex
visual features of a briefly presented photographic pre-search
stimulus, relative to a simple colour, will inevitably have
higher similarity to the visual features associated with a cate-
gorical distractor cue, irrespective of distractor category con-
gruency. It is therefore likely that following a broad categor-
ical distractor word cue that does not precisely specify partic-
ular visual features, any complex photographic pre-search
stimulus is processed in a way that disrupts early attention to
distractors and promotes proactive suppression. It is therefore
possible that the pre-search stimulus might not have the same
effect if participants were cued to ignore specific distractors
rather than broad distractor categories.

A consistent pattern associated with the presence of a pre-
search stimulus in Experiments 2, 4 and 5, including the sim-
ple colour stimulus, was that approximately 30% of first sac-
cades were late (> 250 ms onset latency), up from under 10%
in Experiment 1 where there was no pre-search stimulus (see
Table S1 in OSM). Experiment 3 had a more even split be-
tween early and late first saccades, likely due to the order
counterbalanced and blocked set size manipulation resulting
in slower first saccades overall. If the explanation that we offer
is correct, then the disruption caused by the pre-search stimu-
lus must take some additional time to resolve and cause slower
first saccades. However, the results of Experiment 5, where an
AWB was observed alongside first saccade latencies and re-
sponse times similar to Experiment 2, show that presence of a
pre-search stimulus slows down first saccades, but that this is
not sufficient to eliminate the AWB effect.

Proactive suppression: Habitual versus flexible

It has previously been reported that with prolonged practice
the AWB can be eliminated and reversed in behavioural
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measures (Cunningham & Egeth, 2016). This finding is relat-
ed to research on habitual processes that shows over many
trials distractors can be effectively suppressed without effort-
ful attention to them (e.g., Moorselaar & Slagter, 2019) – in
everyday searches such processes may bemore important than
flexible, voluntary suppression. Physiological evidence also
points to effective suppression of the AWB over time both
when distractors vary trial-by-trial and when they are held
constant over blocks of trials (Gaspelin & Luck, 2018a;
Sawaki et al., 2012). While habitual resistance to the AWB
is more robust with consistent distractors, tasks with variable
distractors may still tap into highly-practised cue-distractor
processing (Theeuwes, 2013), rather than flexible, unpractised
responses evident in the first few trials of an experiment.

Our analysis of target and distractor biases in first sac-
cades across experiments provides evidence that, in addi-
tion to powerful habitual and stimulus-driven mechanisms
that overcome the AWB, attention can be flexibly guided
away from distractors and towards targets without exten-
sive practice. While previous studies report elimination of
the AWB of many hundreds of trials, we demonstrate a
similar effect over comparatively few trials by disrupting
initial distractor biases with the presentation of a pre-
search stimulus.

In conclusion, the current findings provide evidence that
initial attention toward distractors is not a necessary stage in
effective voluntary distractor suppression, and that it can be
attenuated without adverse effects on attentional guidance.
This is inconsistent with search and destroy accounts of the
AWB, which otherwise provides a parsimonious and intuitive
account of a puzzling phenomenon. The AWB is likely a by-
product of distractor templates held in WM that guide atten-
tion to matching items even when these are irrelevant. Our
findings show that this process can be disrupted, weighing
decisively in favour of the AWB as a failure of proactive
suppression. While AWB effects are not observed in all visual
search tasks, these findings parallel similar effects in percep-
tion, memory and motor processes, which likely also reflect
failed attempts at suppression. Understanding failures in sup-
pression more fully in visual attention may aid future devel-
opments around similar effects in other domains.
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