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ABSTRACT

When a distractor frequently appears in a certain region of a search display, it interferes less with
performance, reflecting learned distractor suppression. While this effect is well established, it
remains unknown whether this suppression is ongoing (tonic) or deactivated upon task
completion (phasic). To address this, the present eye-tracking study examined the time course
of distractor suppression. Participants searched for and compared two targets to determine
whether to make a response or withhold responding (“No-go” trials). The No-go trials allowed
observation of post-decision suppression via eye movements. Response-critical target features
either remained present for the whole trial (Experiment 1) or were removed halfway through
(Experiment 2). In Experiment 1, distractors in the frequent region were substantially less likely
to attract eye movements, including after inspection of both targets. However, in Experiment 2,
the post-target distractor-region effect disappeared when the response-critical information was
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removed, indicating that suppression operates phasically and flexibly.

In our daily routines, irrelevant but salient stimuli can
disrupt our focus on the task at hand. For instance,
pop-up notifications on the computer monitor may
interrupt the flow of our writing. However, if we fre-
quently receive such notifications in, say, the upper
right corner of the screen, we may become accus-
tomed to the pop-up stimuli and they generate less
interference. The question of how to handle salient
distractors dynamically through selective attention
remains a topic of debate. One paradigm to study
how we handle salient distractors based on their
spatial occurrence is the distractor-location prob-
ability-cueing paradigm (e.g., Goschy et al, 2014;
Sauter et al,, 2018; Wang & Theeuwes, 2018). Typically
in this paradigm, participants search for a salient
target in displays that may contain a more salient
but task-irrelevant distractor, where the distractor
appears more often at one location, or in a
region encompassing several locations, compared to
others. Studies indicate that when the distractor
appears frequently at a specific location, it causes
less interference compared to distractors at other,
rare locations (Allenmark et al,, 2019, 2022; Ferrante

et al, 2018; Sauter et al.,, 2018; Wang & Theeuwes,
2018; Zhang et al., 2019). Interestingly, even though
observers may not be consciously aware of the bias
in the spatial distractor distribution (e.g., Di Caro
et al, 2019; Liesefeld & Midiller, 2021; Sauter et al.,
2021), they can still implicitly learn it to suppress
the frequent distractor location, minimizing distractor
interference and thus optimizing search performance.

More recent studies from our lab (Allenmark et al.,
2019; Liesefeld & Miiller, 2021; Sauter et al., 2018;
Zhang et al.,, 2021) have provided evidence that learn-
ing to suppress distractors at frequent locations is
modulated by how distractors are defined relative
to the target. For example, consider a search scenario
where a salient colour-defined distractor is present
during a search for a target defined by orientation.
In such cases, suppression may affect only local
feature-contrast signals generated in the colour
dimension. The weight of these colour signals is
reduced prior to their integration with signals from
other dimensions (e.g., orientation) in the supra-
dimensional “attentional-priority” map, a represen-
tation assumed to determine which (stimulus)
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location attention is allocated to next (Koch and
Ullman 1987). Consequently, the down-weighting of
colour signals in the distractor dimension would not
impact the selection priority attained by orientation-
defined stimuli in the target dimension, which
would therefore be the first item(s) to summon focal
attention. Conversely, when the distractor and the
target are defined in the same dimension, such as
when both are defined by orientation, signal down-
modulation would strategically have to be
implemented at the level of the priority map (if
implemented at the level of the orientation dimen-
sion, the down-modulation would filter out not only
task-irrelevant distractor signals, but also the relevant
target signals). Since the locations at which distractors
occur frequently are down-modulated on the priority
map as a result of statistical learning, this would
impact not only the ability of the distractor to
summon attention (producing a distractor-location
effect), but also that of the the target (giving rise to
a target location effect) 2021; (see e.g., Liesefeld &
Muiller, 2021; Sauter et al,, 2018; Zhang et al., 2021).
In this interpretation, distractor-location probability
cueing is attributed to the “proactive suppression”
of locations where distractors have been learned to
occur frequently, reducing the power of salient dis-
tractors at these locations to capture attention in
the first place. (Reactive suppression, by contrast, is
the “rejection” of distractors that did capture atten-
tion, reducing their priority signal to permit attention
to be disengaged and re-allocated to the item with
the next highest priority.)

Recent eye-tracking studies have provided some
evidence of proactive distractor suppression as
defined above, showing that distractors appearing
at a frequent distractor location (or a region of fre-
quent locations) are less likely to capture overt atten-
tion (measured by saccades) and to hold the eye for a
shorter period of time if such a distractor happened to
attract the eye (Allenmark et al., 2021; Sauter et al,,
2021; Wang et al, 2019). However, these studies
have focused on (oculomotor) capture of the first
saccade following the display onset, without investi-
gating how long it remains effective over the course
of a trial. In other words, it remains unknown
whether proactive suppression of likely distractor
locations is a phasic process, perhaps ramping up
already in anticipation of (Wang et al., 2019) or
upon the onset of the search display (e.g., Qiu et al.,

2023; van Moorselaar et al., 2021) but then petering
out after a response decision is made; or, alternatively,
whether it is a tonic process, operating consistently
throughout a trial and potentially even in the inter-
trial interval (the latter, e.g., because the down-modu-
lation of frequent distractor locations involves local
changes “hardwired” into the system of priority com-
putation; cf. Zhang et al., 2021).

The present study was designed to decide
between these alternatives by tracking the time
course of distractor suppression over an extended
period of time - in a novel “dual-target” search para-
digm which, in one condition, left the trial display
available to be looked at “passively” after having
extracted the task-critical target information and
having made a response decision. In more detail, we
adapted the dual-target paradigm of Stankovi¢ et al.
(2024), and the distractor-region probability-cueing
paradigm of Sauter et al. (2021) - in particular, the
condition in which the distractor was defined in the
same dimension as the target — by introducing (i)
dual targets that had to be inspected sequentially to
make a response decision (which typically took
around 1 s); and we introduced (ii) a “Go” vs. “No-
go” task design, where, on No-go trials, the display
was left in view until a display exposure of 3 secs
was reached (i.e., for some 2 secs after the response
decision). In Experiment 1, participants had to
compare two targets (12°-tilted bars amongst homo-
geneous vertical background bars). If the response-
critical feature of the two targets — the “i” dots at
the top or bottom of the target bar - were congruent,
they had to make a speeded 2AFC response indicat-
ing the positions (top vs. bottom) of these features
(Go trials). If they were incongruent, they had to
refrain from making a response (No-go trials). As in
Sauter et al. (2021), an odd-one-out distractor that
was more salient than the two targets could appear
in either a frequent distractor region of the display
or in a rare region, and we tracked participants eye
movements for the whole period of the trial - up to
3,000 ms on No-go trials.

The rationale was that examining for Distractor-
Region effects in the late, post-task-decision period
of the trial would shed light on whether learned
location-based distraction suppression operates pha-
sically or tonically. Assuming that location-based sup-
pression manifests in this late period as well as early
on - that is, prior to inspecting the first target or in-



between inspecting the first and the second target —,
this would argue in favour of tonic distractor suppres-
sion. Of course, reactive suppression may also play a
role in this, as a distractor that captures the eye
early on may be inhibited to prevent the eye from
returning to it and so prioritizing selection of the
task-relevant target items. If a distractor-region
effect was manifest in the late period even after the
distractor had captured the eye and had to be
rejected, this would provide further evidence in
favour of tonic distractor suppression.

In contrast, if the primary function of distractor
suppression is to aid in target search, rather than
simply suppressing the distractor, then actively conti-
nuing to suppress after a decision is made or when
response-relevant features are absent may not be
the most efficient use of attentional resources. In
such cases, phasic suppression that flexibly switches
off at the post-decision stage would be more advan-
tageous; that is, we should see little evidence of
location-based distractor suppression after the
response is made, particularly in the period from
around 1-3 s on No-go trials. To validate this hypoth-
esis, in Experiment 2, we removed the response-criti-
cal feature (the gap on i-shaped items) half-way
through each trial. This was done by filling in the
gaps in the i-shaped items, effectively removing the
“dots” on which response decisions were based,
without making any other changes to the search
display' (see Figure 1). The goal was to remove the
information needed to keep performing the task
and decide on a response during the later half of a
trial, while keeping changes to the search display
minimal.

Experiment 1
Method

Participants

A total of 15 (8 male, 7 female) valid participants
(Mean age=28.3, SD=3.2 years) were included in
the experiment. All participants self-reported being
healthy and had either normal or corrected-to-
normal vision. The sample size was determined
based on previous studies with similar search displays
(Sauter et al., 2019, 2021), which had a large effect size
for the distractor-region effect (d,=2.28 in Sauter
et al, 2021; d,=1.01 in Sauter et al., 2019). A power
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analysis using G*Power (Faul et al.,, 2007), with a d,
of 1.01, an alpha level of .05, and power (1-8) = 0.95,
yielded a recommendation of 15 participants. Partici-
pants signed informed consent prior to the exper-
iment and received 9 Euros per hour or student
credits for their service. The study was approved by
the Ethics Board of the LMU Faculty of Psychology
and Educational Sciences.

Apparatus and stimuli

Search displays were shown on a 21-inch SONY GDM-
F500R CRT screen with a refresh rate of 120 Hz and a
resolution of 1024 x 768 pixels. Eye-movements were
recorded using an SR Research EyelLink 1000 Desktop
Mount eye-tracker, capturing gaze-position data at a
sampling rate of 1k Hz. Saccades were identified
using the default setting of the eye-tracking system:
velocity threshold of 35°/s and acceleration threshold
of 9500°/s2. Stimulus presentation and response col-
lection were controlled by customized scripts using
PsychoPy3 (Peirce, 2008; Peirce et al., 2019).

The search display and task used in the experiment
are illustrated in Figure 1. Essentially, the display and
task adapted the paradigm used by Sauter et al., (see
their Figure 1A, 2021) in their eye-tracking study to a
dual-target search scenario. That is, there were always
dual targets (rather than just one) in a search display
that consisted of 37 vertical bars, two of which were
tilted by 12° or - 12° from the vertical: the two
target bars. In half the trials, one of the nontarget (ver-
tical) bars was replaced by a horizontal bar, the dis-
tractor. All stimuli were presented in gray (RGB: 127,
127, 127, CIE[Yxyl: 50, .31, .31) against a black back-
ground (0.14 cd/m? luminance). The search items
were arranged around three (imaginary) concentric
circles, with radii of 3°, 6° and 9°, respectively. The
targets and distractor were always presented on the
intermediate circle, at the 10, 11, 12, 1, 2 o’clock pos-
itions on the top semi-circle, and the 4, 5, 6, 7, 8
o'clock positions on the bottom semi-circle (except-
ing the horizontal 3 and 9 o'clock positions). Thus,
out of the total of 37 locations, only 10 were used
for target and distractor presentation. Note that the
bars (2.025° of visual angle in total length, 0.375° in
width) had a small gap (0.188° in size, 0.375°)
toward one end, making it look like a dotted “i".
While the position of the “i” dot (top or bottom of
the bar) was generally randomly determined, it was
experimentally controlled for the two target bars. In
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Search-displays (~ 3000ms)
Search-displays (~ 1500ms)

Experiment 1

Experiment 2 Search-displays (~ 1500ms)

Fixation-dot (700 ~ 1100ms)

Figure 1. lllustration of display events on a trial. In Experiment 1 each trial began with a central fixation dot presented for 700-1100
ms (panel A), followed by a visual search display (panel B). We adapted the original Sauter et al. (2021) display by implementing a
dual-target task. Participants had to fixate the central dot and then, upon exposure to the search display, move their eyes towards the
two targets — two slightly left — and/or right-tilted bars in any order. They were required to identify the positions of the “i” dots on the
two target bars. If both “i” dots were positioned at the top or both at the bottom, participants had to issue a speeded 2AFC “top” vs.
“bottom” response (a “Go” trial; see the right panel for an illustration). However, if one target “i” dot was at the top and the other at
the bottom, they were to desist from making a response (i.e., a “No-go” trial). Search-display presentation was terminated after 3000
ms the latest or upon the participants’ response. The gray ellipses show the top and bottom semi-circles used as the frequent and,
respectively, the rare distractor region. The white dotted circles indicate the two target bars, and the solid circle the distractor (hori-
zontal bar). The coloured ellipses and dotted lines are shown here for illustration purposes only. In Experiment 2, each trial began with
a central fixation dot presented for 700-1100 ms (panel A), followed by the visual search display of (panel B) terminated after 1500 ms
the latest or upon the participants’ response. Then, a masked display was presented (panel C) for 1500 ms, in which all non-targets,

distractors, and targets became “I”
the latest or upon the participants’ response.

80% of the trials, the positions of the “i” dots were the
same (both top or both bottom) on the two target
bars, while in the remaining 20% of the trials they
were different (one top, the other bottom). Presen-
tation of the search array was preceded by a display
with a fixation dot (gray, 0.2° in radius) in the
centre. Participants were instructed to avoid eye-
blinks while the trial display was in view (i.e., for a
maximum 3 s, i.e.,, a short enough period to comply
with the instruction on most trials).

Participants were randomly assigned a region in
either the top or bottom “half” of the display, in
which the distractor appeared with a high probability
(90%) on distractor-present trials (accordingly, the
probability of a distractor occurring in the other
region was 10%). Seven observers were assigned to
the bottom half of the display, while eight observers
were assigned to the top half. The two targets had
an equal chance of appearing at any of the 10 (used)
locations on the intermediate ring, but never at directly
adjacent locations and (on distractor-present trials)
never at the distractor location. The experiment con-
sisted of 1,008 trials, divided into 24 blocks with 42
trials in each block. Participants could make a break
after completing each block of trials.

shapes (i.e, bars with the gaps closed). Search-display presentation was terminated after 1500 ms

Procedure

The experiment was conducted in a sound-attenu-
ated dark laboratory cabin. The participants were
seated comfortably, 60 cm away from the presen-
tation monitor, with head position and viewing dis-
tance maintained by the use of a chin-rest. As
shown in Figure 1, each presentation started with a
fixation dot in the centre of the screen, which lasted
randomly between 700 and 1100 ms. During the
fixation phase, if participants failed to focus their
gaze on the fixation dot, a warning message
reading “Please fixate the dot in the center” would
appear on the monitor for 1000 ms, and the fixation
display started again. After the fixation display, a
search display was shown for a maximum of 3000
ms, or until participants terminated the trial by
issuing a button-press response. A 500-ms blank inter-
val then led to the next trial.

Participants’ were instructed to find, by moving
their eyes to, the two oblique target bars, while ignor-
ing any (more salient) horizontal distractor bar in the
display. Further, participants were required to discern
the position of the “i” dot on each target bar. If the “i”
dots on the two targets were both positioned at the
top or both at the bottom of the bars (i.e, “Go

usn
|



trials”), they had to report the top vs. bottom pos-
itions by pressing either the “J” or the “F” key on
the keyboard. However, if one target had a dot at
the top and the other a dot at the bottom position,
they were to withhold a response (i.e., “No-go
trials”). Participants were told to perform this task as
fast and accurately as possible. We recorded response
accuracy and reaction time (RT) for trials that required
a response (Go trials), and (only) accuracy for the
other (No-go) trials. The latter made up 20% of all
trials. Moreover, we discouraged participants from
blinking while searching and recorded their eye
movements.

To test whether participants had gained any expli-
cit knowledge of the statistical bias in the spatial dis-
tribution of the distractor (which appeared either
frequently in the lower display half an rarely in the
upper half, or vice versa), participants were asked
after they had completed the search task whether
the distractors had appeared more often in certain
display regions, that is: they had to make a four-
forced-choice decision indicating whether distractors
had appeared more often in the “right,” “bottom,” or
“left”, or "top”. Only 4 out of the 15 participants picked
the correct response, providing little evidence that
participants had become explicitly aware of the bias
in the distractor distribution.

Data analyses
The accuracies were calculated separately per
Response type: Go vs. No-Go, and Distractor con-
dition: distractor absent vs. distractor (at a location)
in the frequent region vs. distractor (at a location) in
the rare region. As for the analysis of mean reaction
times (RTs), we excluded trials on which the RT was
less than 150 ms (“fast-guess” responses). Further,
we conducted a within-participant ANOVA, followed
by post-hoc pairwise t-tests if necessary. For each
analysis based on an ANOVA with a factor with
more than two levels, we checked for sphericity viola-
tions using Mauchly’s sphericity test. If a violation
occurred, we applied Greenhouse-Geisser corrections
to the degrees of freedom. Moreover, we checked for
violations of the homogeneity of variance using
Levene’s test for between-group comparisons,
which yielded no significant violation. In addition,
we report effect sizes (nﬁ or Cohen’s ds).
Furthermore, we classified saccades based on the
default setting of the eye-tracking system: velocity
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threshold of 35°/s and acceleration threshold of
9500°/s°. We classified fixations as having landed on
a target or the distractor if its first landing position
was within 3° of the respective item (if it was within
3° of both a target and the distractor, it was classified
as having landed on the item that was closer to the
endpoint of the saccade).

Results

Behavioural results

Overall, observers’ performance accuracy was rela-
tively high (mean: 95%, range: 77% - 100%),
without a difference between Go (95.8%) and No-Go
(93.9%) trials, t(14)=1.67, p=.117, d=0.43. The
mean RT for correct Go-trials was 1185 ms (range:
639-1849 ms).

A repeated-measures ANOVA of the go-trial mean
RTs with the single factor Distractor condition (dis-
tractor absent, in frequent region, in rare region)
revealed the main effect to be significant, F(1.48,
14)=67.15, p<.001, n;=0.83. We applied the
Greenhouse-Geisser-corrected degrees of freedom.
Participants responded fastest when the distractor
was absent (1076 ms) compared to both when it
appeared in the frequent distractor region (1182
ms) (Figure 2A), Bonferroni-corrected t(14)=-7.04,
p <.001, d=1.82; and when it appeared in the rare
region (1297 ms); t(14)=9.15, p<.001, d=2.36.
Critically, responses were faster when the singleton
distractor appeared in the frequent vs. the rare
region, t(14)=-6.85, p<.001, d=1.77, replicating
the “standard” distractor-location probability-cueing
effect.’ Furthermore, we confirmed that the distrac-
tor-location effect was present regardless of whether
the frequent distractor region was in the upper part
of the display (108 ms, t(7)=4.22, p=.004) or the
lower part (127 ms, t(6) =6.21, p <.001).

There were no differences in the mean accuracies
among the three distractor conditions, F(2, 28) =0.71,
p =.499, nf,=0.05: 95.4%, 95%, and 94.1% for the dis-
tractor-absent, distractor-in-frequent-, and distractor-
in-rare-region conditions, respectively (Figure 2B).
Thus, the RT effects are not compromised by speed-
accuracy trade-offs.

Suppression of the frequent distractor region can
also impact processing of the target when it occurs
in that region, resulting in a target-location effect:
slower RTs when the target appears in the frequent
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Figure 2. Mean “go”-trial RTs in milliseconds (A) and mean response accuracies in percent (B) for the three Distractor conditions (dis-
tractor absent, distractor in frequent region, distractor in rare region). (C) Mean go-trial RTs on distractor-absent trials as a function of
the region(s) in which the two targets were located: both in the frequent distractor region (Freq. dist.), one in the frequent and one in
the rare distractor region (Freq./Rare dist.), both in the rare distractor region (Rare dist.). Error bars indicate within-subject 95% confi-

dence intervals (Cousineau, 2005).

compared to the rare distractor region (see e.g.,
Sauter et al,, 2018; Zhang et al., 2019), most promi-
nently seen if the distractor is defined in the same
dimension as the target (see e.g., Sauter et al., 2018;
Zhang et al,, 2019). To test for such a target-location
effect in the present study, we analyzed RTs on dis-
tractor-absent trials as a function of the distractor
region(s) in which the two targets appeared: both in
the frequent region, both in the rare distractor
region, or one in the frequent and one in the rare
region.®> The results are depicted in Figure 2C. A
repeated-measures ANOVA with the single factor
Target Region revealed the main effect to be signifi-
cant, F(2,28) =7.58, p < 0.01, n = 0.35: RTs were signifi-
cantly slower when both targets appeared in the
frequent region compared to when both occurred in
the rare region (1104 ms vs. 1025 ms; Bonferroni-cor-
rected t(14)=3.76, p<.01); they were also slower
when one target appeared in the frequent and one
in the rare region compared to when both occurred
in the rare region (1083 ms vs. 1025 ms; t(14) =2.76,
p <.05). There was also a small difference between
“both targets in the frequent region” (1104 ms) and
“one in the frequent, the other in the rare region”
(1083 ms), which was however not significant, t(14) =
1.11, p=.83. Thus, there was a robust target-location
effect, in addition to the distractor-location effect.

Eye-tracking results

First fixations. Most of the initial fixations were on
one of the salient items, one of the targets or the dis-
tractor (with initial fixations on some “other” item

being relatively rare). On distractor-absent trials,
81% of the first saccades were directed to a target.
Target-directed first saccades were reduced to 60%
on distractor-present trials, with the distractor attract-
ing 24% of the first saccades.

To examine for Distractor-Region effects, we
divided the initial fixations on distractor-present
trials into three categories (to the distractor, a
target, and other), separately for the two conditions
with the distractor occurring in the frequent and,
respectively, the rare region and separately for Go -
and No-go trials. See Figure 3 for the results. As can
be seen, the proportion of initial fixations on the dis-
tractor (depicted in black) was substantially increased,
largely at the expense of first fixations on a target
(rather than on one of the “other” items), when the
distractor appeared in the rare region compared to
when it appeared in the frequent region.

A two-way repeated-measures ANOVA on the first
fixation to the distractor, with the factors Distractor
Region (Frequent vs. Rare) and Response Type (Go
vs. No-go), revealed the main effect of Distractor
Region to be significant, F(1,14)=11.2, p<.01, nj=
0.44. There was no effect involving Response Type
(main effect: F(1,14) = 0.004, p = .95, r)f, =0.0003; inter-
action: F(1,14) =3.3, p=.09, 03 =0.19). Thus, when the
distractor appeared in the frequent, as opposed to the
rare, region, participants’ initial saccade was less often
directed toward the distractor and, instead, more fre-
quently toward a target. The latter was further
confirmed by an analogous ANOVA on the first
fixations on the target, which revealed only a
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Figure 3. Proportions of first fixations on the distractor, the target, or “another” item on trials with a distractor in the frequent region
(upper panels) or the rare region (lower panels), separately for Go trials (left panels) and No-Go trials (right panels).

significant main effect of distractor region, F(1,14) =
7.1, p<.05, nj=.34 (Response Type, F(1,14)=0.12, p
=.74, n, < 0.01; interaction, F(1,14)=3.5, p=.08, nj =
0.20). Thus, compared to frequent-region distractors,
distractors in the rare region gave rise to a significant
increase in oculomotor capture and attendant delays
in processing the first target. As the initial fixation did
not provide sufficient information to decide whether
or not to respond (this decision required inspection
of both targets to extract the decision-critical fea-
tures), the lack of a (significant) effect of Response-
Type was expected.”®

Fixations on targets. To determine the patterns of
saccades to the targets over the course of the trial,
we categorized trials into four target-fixation patterns:
(1) “no-fixation” pattern if neither target was fixated
before the response (Go trials) or time-out (No-go
trials); (2) “single-target-fixation” pattern if only one
target was fixated prior to response or timeout; (3)
“both-target-fixation” pattern if both targets were
fixated without returning to the first target; and (4)
“target re-fixation” pattern if the first target was
fixated again after the second target.

Figure 4 shows how the distribution of target-
fixation patterns varied between Go and No-go
trials. In Go trials, the most prevalent pattern was to
fixate on both targets without revisiting the first
target (observed in 42% of trials). The second - and
third-most frequent patterns were “re-fixation”
(27%) and “single fixation” (24%). Since accuracy
was overall high, including on No-go trials, we

believe most of the “single-fixation” pattern trials
reflect trials in which participants did process both
targets, but processed one of them in peripheral
vision while fixating a nearby item. On No-go trials,
by contrast, there was a greatly increased (in fact,
more than doubled) proportion of “re-fixation” pat-
terns (64%), at the expense of single-fixation and
both-fixation patterns - likely because participants
used the extra presentation time (up to 3 s) on such
trials to check that it was indeed a response-inhibition
trial (i.e., that the “i” dots in the two targets were
incongruently positioned).

We further examined whether statistically learned
suppression of the frequent region would extend to
targets appearing there in terms of first fixations.
We analyzed first saccades toward the target on dis-
tractor-absent trials, considering the Response Type
(Go vs. No-go) and the Region(s) where the targets
appeared (both in the frequent region, one in the fre-
quent/the other in the rare region, both in the rare
region). Numerically, a smaller proportion of the first
saccades landed on a target when both targets
were in the frequent region (76%), compared to
when one (81%) or both of them appeared in the
rare region (83%). However, the Target-Region effect
was only marginally significant, F(2, 28)=3.18, p
=.057, r/f,=0.19. While not statistically significant,
this pattern aligns with the notion that suppressing
the frequent distractor region also impacts the pro-
cessing of targets appearing in that region — a con-
clusion that was also supported by the significant
target-location effect on the manual RTs.
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Figure 4. Proportion of trials with different target-fixation patterns: no fixation on either target (“No fix.”), only one of the two targets
fixated (“Single tar. fix.”), both targets fixated without returning to the first target after fixating the second (“Both fix."), and both

targets fixated followed by a return to the first target (“Refixation”).

Fixations on the distractor. Participants’ predomi-
nant scanning strategy was to inspect one target
after the other. Given this, the distractor could
have captured attention before inspecting any
target (early stage), after inspecting the first target
(intermediate stage), or after inspecting both
targets (late stage of search). Accordingly, we exam-
ined whether distractors in the frequent region were
- and stayed - suppressed during these stages of
the trial. For this analysis, we focused on trials on
which both targets were inspected (i.e., excluding
the 27% of trials that had been classified as “no
fixation” or “single target fixation”; see Figure 4).
These trials were divided into four factorial con-
ditions: Distractor Location (frequent vs. rare
region) X Response Type (Go vs. No-go trials). For
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each condition, we then evaluated the proportion
of trials in which the distractor attracted a saccade
during each of the three stages: (1) prior to saccad-
ing to the first target, (2) in-between scanning the
first and the second target, and (3) after inspecting
both targets. The results are presented in Figure 5.
Note that fixations on a distractor could happen
multiple times during a single trial, and at
different stages. This means that the cumulative
proportion of fixations may exceed 100%.

Similar to the initial-fixation results reported above,
the proportion of trials with a fixation on the distrac-
tor before the first target was substantially higher
when the distractor appeared in the rare, rather
than the frequent, region, F(1, 14)=8.2, p<.05, nf,
=.37, - independently of the Response Condition

After
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Figure 5. Proportions of trials in which there was at least one fixation on the distractor prior to inspecting the first target (Before), after
inspection of the first target (Between), or, respectively, following inspection of both targets (After). Error bars indicate within-subject

95% confidence intervals (Cousineau, 2005).



(Main effect: F(1,14)=0.027, p=.87, n;=.002, inter-
action: F(1, 14)=3.3, p=.09, nf,:0.19). Fixations on
the distractor in-between inspection of the two
targets were overall rare (some 9% of distractor-
present trials), and there was no difference between
trials dependent on the (rare vs. frequent) region of
distractor occurrence (F(1,14)=0.17, p=.69, nf,z
0.012.). After scanning both targets, the distractor
rarely captured the eyes on Go trials, most likely
because participants would quickly respond after
inspecting both targets, which terminated the trial
display. However, the distractor did attract an eye
movement quite frequently on No-go trials, F(1, 14)
=82.1, p<.001, r)f, = .85, as the trial display remained
in view even after participants had inspected both
targets and decided that this was a trial on which a
response was to be withheld. Interestingly, under
these conditions, the proportion of trials with one or
more distractor fixations after fixating both targets
was significantly increased with a distractor in the
rare, compared to the frequent, region. This indicates
that the frequent region remained suppressed even
when the task was effectively completed (after
inspecting both targets). The pattern was similar on
Go trials, though the Region effect appeared to be
less marked. Statistically, however, there was only a
reliable main effect of Distractor Region, F(1, 14)=
571, p<.05, n§=.29, which was not significantly
modulated by the Response Condition (interaction,
F(1,14)=3.7, p=.07, n; =0.21).

Because the distractor appeared in the frequent
region in 90% of the trials, it is possible that saccades
towards the distractor before the target were, in
absolute terms, more common in the frequent
region than in the rare region. Consequently, it is
plausible that the reduced distractor fixations after
both targets have been scanned were also influenced
by “inhibition of return” (IOR; Miiller & von Miihlenen,
2000; Wang & Klein, 2010). To differentiate IOR
from probability-based suppression, we further com-
pared the proportion of post-target (i.e., late-stage)
fixations of the distractor (after scanning both
targets) for trials with and without initial (i.e., early-
stage) fixations separately. This analysis did not
include trials classified as no-fixation or single-
target-fixation, as well as the few trials with distractor
fixations between the two targets, which yielded an
exclusion of one participant. See Figure 6 for the
results.
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Figure 6. Proportions of post-target distractor fixations (i.e.,
fixations of the distractor after scanning both targets) for trials
with (dots) and, respectively, without pre-target fixations of
the distractor (triangles) as a function of the Region in which
the distractor was located (Frequent vs. Rare), separately for
Go (black) and No-go (gray) trials. Error bars indicate within-
subject 95% confidence intervals (Cousineau, 2005).

As expected by IOR, there were overall fewer post-
target fixations if the distractor was fixated prior to
the target, F(1, 13)=13.5, p<.01, n;=0.51. Also, the
effects of Distractor Region, F(1,13)=5.3, p <.05, r;f,
=0.29, and Response Type, F(1,13)=76.1, p<.001,
n,2,=0.85, were significant. The Region effect was
due to a decrease in oculomotor capture by the dis-
tractor when the distractor appeared in the frequent
region. The Response-Type effect was largely due to
the extra time spent scanning on No-go trials. Criti-
cally, the interaction between the Pre-target-Fixation
factor (i.e., whether or not the distractor was fixated
prior to scanning the targets) and the Distractor
Region was not significant, F(1, 13) =0.83, p=.38, nf,
= 0.06. This pattern is indicative of probability-based
distractor suppression in the frequent distractor
region remaining active, even after the distractor
was initially fixated at the beginning of a trial.

Finally, we examined whether (rapid) reactive sup-
pression of distractors upon the initial (pre-target)
capture would influence the time spent on distractors
that attracted the eye after the scanning of the two
targets (post-target fixation), by comparing the
fixation duration of the initial pre-target distractor
fixation and the late post-target first fixation (or re-
fixation) of the distractor’ (see Figure 7A). A
repeated-measures ANOVA of the fixation duration
on the distractor with the factors Distractor Region
(frequent vs. rare), Response Type (Go vs. No-go)
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Figure 7. (A) Durations of first fixations on the distractor, before fixating the first target and, respectively, after fixating both targets.
(B) Durations of first fixations on the first and, respectively, the second target. The durations are shown as a function of the distractor
appearing in the frequent and rare region, separately for Go and No-go trials. Error bars indicate within-subject 95% confidence inter-

vals (Cousineau, 2005).

and Fixation Type (pre-target vs. post-target) as
factors revealed a significant main effect of Fixation
Type, F(1,10)=13.0 p < .01, n; = 0.57. The fixation dur-
ation was, on average, 59 ms longer for the post-
target compared to the initial distractor fixation.
That is, the fact that the distractor had already been
rejected initially as task-irrelevant did not shorten
the time spent on it on the late re-fixation; rather,
the late fixation was prolonged. This longer re-
fixation time was likely a result of a task-related confir-
mation process, ascertaining that the initial distractor
rejection was accurate (see details in the Discussion
section). Neither the main effect of Distractor Region
(F(1,10) =1.46 p = .26, nf, =0.13) nor that of Response
Type (F(1,10) = 0.025, p = .88, nf, =0.002) were signifi-
cant®, and there were no significant interactions (Fs
<25, ps>.15,n5<0.19).

We also analyzed the durations of target fixations,
comparing the durations of the (first) fixation on the
first and the second target (see Figure 7B). A
repeated-measures ANOVA with the factors Distractor
Region (frequent vs. rare), Response Type (Go vs. No-
go), and Target (target fixated first vs. target fixated
second) revealed a significant main effect Target (F
(1,14)=79.8, p<.001, np=.85): fixations on the
second target (291 ms) were significantly longer
than fixations on the first target (225 ms). There was
also a non-significant trend towards longer fixation
durations in the Go vs. the No-go condition (267 ms
vs. 249 ms; F(1,14)=4.36, p=.056, n3=.24). No
other effect approached significance (all Fs<2, ps
>.2). This pattern is interesting: The prolonged
fixations on the second target likely reflect the fact
that the decision whether or not to respond can



only be made upon extraction of the response-rel-
evant information from the second target (as this
decision involves a comparison, establishing infor-
mation congruence/incongruence, with the first
target). And the prolonged fixation duration on the
second target on Go trials is likely to reflect the fact
that Go trials involved an additional two-alternative
forced-choice decision (whereas No-go trials simply
required withholding of a response).

Lastly, we compared the (initial and re-) fixation
durations on the distractor to those on the (first and
second) targets, averaging over distractor region
and response condition.” This comparison revealed
the distractor fixations to be generally shorter. Specifi-
cally, the duration of the initial distractor fixation was
36 ms shorter compared to the fixation on the first
target (185 ms vs. 221 ms, {(10) = —3.4, p =.007), and
the duration of the re-fixation of the distractor was
46 ms shorter than duration of the fixation on the
second target (244 ms vs. 290 ms, t(10) =—4.49, p
=.001). This pattern is indicative of relatively rapid dis-
tractor rejection, likely reflecting the fact that estab-
lishing a selected distractor as an irrelevant item
only required determining its orientation (without
the need to extract any response-relevant i-dot
information).

Experiment 2

In Experiment 1, persistent regional distractor sup-
pression of the frequent distractor region was
observed even after viewing both targets (on No-go
trials), that is, at a time when - one might assume
- no further inspection of the targets would be
required to make a manual forced-choice response
(as the No-go decision has already been made).
However, the possibility of a further decision confir-
mation process cannot be ruled out completely. For
instance, participants might have been uncertain
about their initial No-go decision and needed to
recheck the first target before making a final decision.
To eliminate such a rechecking possibility, in Exper-
iment 2 we removed the response-critical feature
(dots on target items) a fixed amount of time into a
trial (1500 ms after search-display onset) by filling in
the gaps of all search display items, transforming
them from i-shaped items into solid bars. The 1500
ms cutoff was chosen based on how long it took par-
ticipants to fixate both targets in Experiment

VISUAL COGNITION 1

1. Specifically, participants fixated both targets
within 1500 ms on 95% of trials. This cutoff ensured
that most participants on most trials would have
sufficient time to locate both targets and obtain the
information needed for a response, while also apply-
ing some time pressure and discouraging re-checking
the first target after locating the second target.

Methods

Participants

A new group of 16 (9 female) healthy university stu-
dents (Mean age=26.6, SD=4.2) was recruited,
meeting all ethical requirements, and receiving mon-
etary compensation as in Experiment 1. The required
effect size and subsequent sample size were consist-
ent with those of Experiment 1.

Apparatus and stimuli

Experiment 2 was conducted in the same sound-atte-
nuated and dimly lit laboratory cabin and utilized the
same monitor as in Experiment 1. The items (2.025° of
visual angle in total length, 0.375° in width) looked
the same as in Experiment 1 (“i"-shaped with a small
gap at one end) upon initial presentation of the
search display. However, in the second half of the
(maximum) visual display period (i.e,, 1500 ms after
display onset), the small gap in the stimuli was
removed in all items, turning them into “I”-shaped
stimuli. Further, the proportion of distractor-present
trials was increased, resulting in more (theoretically
most interesting) distractor-present trials compared
to distractor-absent trials, 70% versus 30%, out of
the total 1008 trials6 and the proportion of theoreti-
cally interesting no-go trials was increased to 40%.

Procedure

Experiment 2 closely followed the design of Exper-
iment 1, with two major changes: the search display
and display exposure time. Following the presen-
tation of the fixation dot for 700-1100 ms, the
search display appeared. The display was initially
the same as in Experiment 1 (Figure 1, panel B), but
changed into a “masked” display - in which all
items had an “I” shape - after 1500 ms (Figure 1,
panel C); that is; after the initial 1500 ms, the display
no longer contained any response-critical features,
effectively making rechecking of task decisions
reached by that time impossible. The masked
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display also lasted for up to another 1500 ms, yielding
the same total maximum display time as in Exper-
iment 1. The search display disappeared upon the
participant’s response if a response was issued prior
to the maximum display time.

Results

Behavioural results

Mean accuracy in Experiment 2 was slightly lower
than in Experiment 1 but still relatively high (mean:
92.5%, range: 68-99%) and did not differ significantly
between Go (92.4%) and No-go (92.6%) trials. RTs on
Go-trials (see Figure 8A) were slower for trials with a
distractor in the rare compared to the frequent dis-
tractor region (1245 vs. 1203 ms; t(15)=2.13, p
=.050)%, while accuracy (Figure 8B) was comparable
between the two conditions (91.1% vs. 91.5%; t(15)
=—-0.44, p = .67). As for Experiment 1, we analyzed
RTs on distractor-absent trials as a function of the dis-
tractor region(s) in which the two targets appeared:
both in the frequent region, both in the rare distractor
region, or one in the frequent and one in the rare
region (see Figure 8C). A repeated measures ANOVA
revealed a significant effect of the Target Location,
F(2,30)=9.29, p <.001, nﬁz .38. RTs were significantly
slower when both targets appeared in the frequent
region compared to when both appeared in the rare
region (t(15)=4.1, p<.001), and also slower when
one target appeared in each region compared to
when both appeared in the rare region (t(15) =3.2,

between “both targets in the frequent region” and
“one target in each region” (t(15) =.83, p >.99).

Overall, the behavioural results were similar to
those in Experiment 1, with both a distractor-location
effect and a target-location effect, although the dis-
tractor-location effect was somewhat smaller (42
ms) compared to in Experiment 1 (117 ms), attribu-
table to the masking of the search display after
1500 ms.

Eye-tracking results

First fixations. Like in Experiment 1, the initial sac-
cades mostly landed either on one of the targets or
on the distractor. During trials without a distractor,
79% of the initial saccades landed on the target. In
contrast, when a distractor was present, 58% of the
initial saccades landed on a target, while 25%
landed on the distractor. To investigate the effects
of distractor region, trials with a distractor were sub-
divided based on the region in which the distractor
appeared (the frequent or the rare distractor region)
and the response condition (see Figure 9). Initial sac-
cades landed on the distractor less frequently when
the distractor appeared in the frequent compared to
the rare region (23% vs. 46%, F(1,15) =6.84, p=.019,
n,2,=.31), with a corresponding increase in target
fixations (60% vs. 39%, F(1,15)=6.52, p=.022, nf,
=.30). No other effects were statistically significant.
These results closely mirror those of Experiment 1,
suggesting that the removal of the response-critical
information halfway through a trial did not interfere
with regional distractor-suppression learning.
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Figure 8. Mean “Go"-trial RTs in milliseconds (A) and mean response accuracies in percent (B) for the three Distractor conditions (dis-
tractor absent, distractor in frequent region, distractor in rare region), as well as RTs on distractor absent trials for trials with targets in
the frequent distractor region (“Freq. dist”), the rare distractor region (“Rare dist.”), or both regions (C) in Experiment 2. Error bars
indicate within-subject 95% confidence intervals (Cousineau, 2005).
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Figure 9. Proportions of first fixations on the distractor, the target, or “another” item in Experiment 2, on trials with a distractor in the
frequent region (upper panels) or the rare region (lower panels), separately for Go trials (left panels) and No-Go trials (right panels).

Fixations on targets. Similar to Experiment 1, we
categorized trials into four target-fixation patterns
(“no-fixation”, “single-target-fixation”, “both-target-
fixation” and “target re-fixation”, Figure 10). During
go-trials, the “both-target-fixation” pattern, where
participants fixated on each target once, was the
most common (48%). Conversely, in no-go trials, the
“target re-fixation” pattern, characterized by fixating
both targets and then returning to the first one, was
more prevalent (51%). This pattern suggests that
even after removing response-critical information at
1.5 s, participants utilized the additional time on no-
go trials to re-examine the targets, albeit to a lesser
extent compared to Experiment 1, where the pro-
portion of no-go trials with the re-fixation pattern
was higher at 64%.

We further examined the proportions of first
fixations on the target on distractor absent trials as

a function of the region in which the target appeared.
A repeated measures ANOVA revealed a marginally
significant target region effect, F(1.3, 19.4) =3.65, p
=.062, np,=.20 (Greenhouse-Geisser corrected
degrees of freedom), aligning with the findings of
Experiment 1.

Fixations on the distractor. To gain deeper insights
into the dynamics of distractor suppression over the
course of each trial, we conducted an analysis
similar that performed on the data from Experiment
1. Specifically, we analyzed the proportion of trials
with a distractor fixation during three distinct
stages: (1) before making a saccade to the first
target, (2) between scanning the first and second
targets, and (3) after examining both targets (see
Figure 11). In this analysis, we only included trials in
which both targets were fixated (i.e., trials with the
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Figure 10. Proportion of trials with different target-fixation patterns: no fixation on either target (“No fix.”), only one of the two targets
fixated (“Single tar. fix.”), both targets fixated without returning to the first target after fixating the second (“Both fix.”), and both
targets fixated followed by a return to the first target (“Refixation”) in Experiment 2.
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Figure 11. Proportions of trials in Experiment 2 in which there was at least one fixation on the distractor prior to inspecting the first
target (Before), after inspection of the first target (Between), or, respectively, following inspection of both targets (After). Error bars

indicate within-subject 95% confidence intervals (Cousineau, 2005).

“No fix.” or “Single tar. fix.” patterns were excluded,
which comprised 25% of trials in total; see Figure 10).
The proportion of trials on which the distractor was
fixated before any fixation on the target was signifi-
cantly higher for trials with a distractor in the rare com-
pared to the frequent distractor region, F(1,15) =7.39,
p=.016, nf,=.33. This is consistent with the initial-
fixation results and the results of Experiment 1. Interest-
ingly, there was also a significant interaction with the
response condition, F(1, 15)=8.14, p=.012, nﬁ=.35,
resulting from a somewhat larger distractor location
effect on No-go (31%) compared to Go trials (23%).

Fixations on the distractor in-between inspecting
the two targets, while overall relatively rare (10% of
trials), followed the opposite pattern: the proportion
of fixations was significantly higher for trials with a
distractor in the frequent compared to the rare
region, F(1,15)=8.26, p=.012, n;=.36. The pro-
portion of between-target distractor fixations was
also significantly higher on No-go compared to Go
trials (F(1,15) =5.30, p=.036, N3 =.26); and there was
a significant interaction (F(1,15)=5.38, p=.035, nf,
=.26), resulting from a larger location effect on No-
go trials (7.6%) compared to Go trials (4.3%). These
results are different compared to Experiment 1,
where there was no significant location effect for
between-target distractor fixations.

Lastly, we analyzed the proportion of distractor
fixations following fixations of both targets. The pro-
portion of post-target fixations was significantly
higher on No-go than on Go trials, F(1,15)=57.2, p

<.001, n§=.79, which is expected given the longer
display exposure durations on No-go trials, like in
Experiment 1. However, the most notable and interest-
ing difference compared to Experiment 1 was the
absence of post-target probability-cueing effect, indi-
cated by the absence of a difference in the proportion
of fixations between trials with a distractor in the fre-
quent compared to the rare region, F(1,15)=.23, p
=.64, n;=.015. This is theoretically important: it
suggests that when response-critical information is
removed, eliminating the need, or opportunity, to re-
check previously inspected targets or continue search-
ing, regional distractor suppression may be
deactivated.

The absence of a probability-cueing effect at the
post-target-fixation stage might be attributed to
differential IOR in the two regions. Even though
Experiment 1 suggests this is unlikely, we investigated
this by subdividing trials on which both targets were
fixated into two categories: those with a distractor
fixation before any target fixation and those
without. We then analyzed the proportions of trials
with a distractor fixation after fixating both targets®
(see Figure 12A). While the proportions of fixations
were comparable in the two regions, F(1,14)=
0.0003, p=.99, n;=.00002, they were significantly
higher on trials without relative to trials with any
pre-target distractor fixation (F(1,14) =8.45, p=.011,
np=.38) - an outcome indicative of IOR. However,
there was no significant interaction with Distractor
Region (F(1,14) = 0.037, p = .85, ny =.003).
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Figure 12. (A) Proportions of post-target distractor fixations (i.e., fixations of the distractor after scanning both targets) for trials with
(dots) and, respectively, without pre-target fixations of the distractor (triangles) as a function of the Region in which the distractor was
located (Frequent vs. Rare), separately for Go (black) and No-go (gray) trials. (B) proportions of post-target distractor fixations on no-go
trials as a function of the Region in which the distractor was located (Frequent vs. Rare distractor region), separately for fixations the
early part of each trial (before removal of the response-critical information) and the late part of each trial (after removal of the
response-critical information). Error bars indicate within-subject 95% confidence intervals (Cousineau, 2005).

One might argue that the absence of a post-target
probability-cueing effect is due to a participants chan-
ging their decision strategy following the removal of
the response-critical feature, such as making fewer
re-fixations on a target. This could also influence
how often participants’ attention was captured by
the distractor. To rule this out, we compared “early”
and “late” fixations, which were demarcated by the
onset of the masking display (see Figure 12B).
Across both conditions, on trials with a distractor in
the frequent region, there was a numerically higher
proportion of trials with an (early or late) distractor
fixation compared to trials with a distractor in the
rare region. However, this difference was not signifi-
cant (Early: 26% vs. 23%, t(15)=0.85, p=.41; Late:
19% vs. 18%, t(15)=0.23, p=.82). The similar pro-
portions of (early and late) distractor fixations for
trials with a distractor in the frequent compared to
the rare region and the continued high number of
fixations on distractors, irrespective of the distractor
region, even after eliminating the response-critical
information, implies that distractor suppression may
no longer have been engaged when the response-
critical information was removed.

Finally, to ascertain whether the distinct patterns
observed in Experiments 1 and 2 reflect a genuine
difference between experiments, we performed a
mixed-effects ANOVA on the proportions of post-
target fixations falling on the distractor (i.e., distractor

fixations on trials on which both targets had already
been fixated) from both experiments. Distractor
Region and Response Condition (Go or No-go) were
included as within-participant factors, with Exper-
iment (1, 2) as a between-participant factor (see
Figures 5 and 11). There was no significant main
effect of Distractor Region (F(1,29) =2.61, p=.12, n;
=.08) or Experiment (F(1,29) =1.74, p=.20, nf,=.06),
but the interaction was significant (F(1,29) =4.85, p
=.036, n,z, =.14), resulting from the significant distrac-
tor-location effect in Experiment 1 but not in Exper-
iment 2 (as shown in the previous analyses). These
results are consistent with the hypothesis that the
regional distractor suppression remained active
throughout the entire trial in Experiment 1, but was
deactivated after the removal of the response-critical
information in Experiment 2.

General discussion

The present study was designed to examine how
learned, location-based distractor suppression plays
out over time after the onset of a search display. To
this end, we introduced a task in which participants
had to search for, and discriminate, two targets in
order to decide upon the response - either a 2AFC
“Go” response, if the i-dots in the two targets were
congruently positioned (both on top or both on the
bottom), or a “No-go” response, if the positions of
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the dots were incongruent. Under the latter con-
dition, the display exposure was extended to 3,000
ms, allowing us to observe ongoing scanning behav-
iour even after the response decision had been made
(some 1000-1200 ms, judging from the RTs on Go
trials). The salient distractor was defined by
maximum feature contrast in the same - orientation
- dimension as the target, to ensure that distractor
suppression (likely) operated at the level of the pri-
ority map (see also Ferrante et al.,, 2018; Liesefeld &
Miller, 2021; Wang & Theeuwes, 2018); and, if
present, the distractor was 9 times more likely to
appear at one particular, “frequent” display region
compared to the other, “rare” region. In addition to
RTs (on Go trials), we also recorded and examined par-
ticipants oculomotor search behaviour on both Go
and No-go trials.

As regards the RT effects (in the Go condition), we
replicated the well-established distractor-location
effect, as well as finding the predicted target-location
effect: RTs were substantially faster when the distrac-
tor appeared at a location in the frequent (vs. the rare)
region (on distractor-present trials); conversely, they
were slower when the two targets appeared at
locations in the frequent (vs. the rare) region (with
RTs being in-between when one target appeared in
the frequent and the other in the rare region). This
pattern is consistent with a plethora of previous
studies, which have taken the distractor-location
probability-cueing effect (along with the target-
location effect) to be indicative of proactive suppres-
sion of the likely distractor location(s) based on stat-
istically acquired “predictions” (Allenmark et al.,
2021, 2022; Di Caro et al.,, 2019; Ferrante et al,, 2018;
Sauter et al,, 2018, 2021; Wang et al,, 2019; Wang &
Theeuwes, 2018; Zhang et al., 2019). Further evidence
for this interpretation comes from our eye-movement
results: While the distractor often captured partici-
pants’ eyes before they fixated on one of the two
targets, oculomotor capture of the first saccade was
less likely when the distractor occurred in the fre-
quent vs. the rare region (an effect seen of both Go
an No-go trials). This provides oculomotor evidence
of proactive suppression, consistent with previous
eye-movement studies (Di Caro et al., 2019; Kim &
Anderson, 2022; Sauter et al., 2021).

Going beyond recent studies of oculomotor
capture, which all used single-target tasks, we further
analyzed oculomotor capture by the distractor both

between the inspection of two targets and after
inspecting both. We found that on No-go trials (with
the extended viewing time), a robust distractor-
region effect re-emerged after inspection of the
second target when the response-critical information
was still available (Experiment 1), but this effect was
no longer evident when the response-critical infor-
mation was removed halfway through each trial
(Experiment 2). This suggests that the statistically
learned proactive suppression is rather phasic in
nature: it remains active as long as necessary to solve
the task, but can be flexibly disengaged when the
response-critical decision has been made and/or
there is no longer an opportunity to re-check the
decision. This pattern is in line with previous findings
that proactive suppression is activated only upon
display onset, and is distinct from anticipatory suppres-
sion (Noonan et al., 2016; Qiu et al., 2023; van Moorse-
laar et al,, 2020). Thus, converging evidence suggests
that statistically learned distractor suppression is
proactive in nature, but its use is flexible, depending
whether the system requires it or not.

Importantly, in the presence of response-critical
information, the distractor-region effect was evident
even when we focused on trials in which the distrac-
tor attracted the eye only late (after inspection of the
two targets) - ruling out IOR-type reactive suppres-
sion being responsible for this pattern. IOR-type sup-
pression was evident in an overall reduced proportion
of late capture incidents on trials on which the distrac-
tor had already been fixated earlier on. But the IOR-
type suppression proved to be an additive factor,
independent of the acquired Distractor-Region effect.

While we have here interpreted the distractor-
region effect in terms of “suppression”, another poss-
ible interpretation would be that distractors in the
rare region tend to strongly capture attention
because they are “surprising”, while distractors in
the frequent region capture less attention due to
“habituation” (Poon & Young, 2006; Sokolov, 1963;
Thompson, 2009; Turatto, 2023). It is beyond the
scope of the present study to distinguish between
suppression and habituation accounts of the distrac-
tor-region effect. However, our results show that
whatever process underlies the distractor-region
effect, it can be flexibly activated during a task and
deactivated during task-free exploration. While there
is some evidence that habituation can be context-
dependent (e.g., Turatto et al, 2018, 2019), the



flexible activation and deactivation of distractor-
location effects based on current task requirements
is, to our knowledge, not a prediction of current the-
ories of habituation.

Another interesting finding is that fixations on the
distractor were longer after inspecting both targets
(late stage) compared to before attending to the first
target (early stage). Longer fixations at the late stage
would be more in line with the notion of phasic sup-
pression, according to which the distractor holds the
eye and attention longer once the “wave” of suppres-
sion has subsided. Additionally, this extended fixation
duration at late stage might result from a more
thorough re-checking, post the response decision, to
ensure the correct item had been selected and the
incorrect item rejected for completing the task. Also,
participants might have intended to gaze back at the
first target after locating both targets to verify
whether their i-dot positions were the same or
different, but their eyes were inadvertently attracted
by the distractor. In this case, the re-fixated distractor
might have been mistaken for a target, taking longer
to be identified and rejected as a distractor.

However, the fixation duration was similar
between distractor regions (frequent wvs. rare
regions) at both the early and late stages. The
absence of a probability-cueing effect in fixation dur-
ations contrasts with previous oculomotor capture
studies (Sauter et al., 2021; Wang et al., 2019). Some
studies found shorter initial fixations on the distractor
in frequent relative to rare regions, attributing this to
expedited disengagement of eyes from distractors at
“suppressed” locations. Of note, the task in these
studies required participants to find only one
response-critical target, while our study required
attention to two, equally salient targets. This task
difference could explain the lack of a fixation-duration
effect. In our task, when a participant’s attention had
been captured by the distractor, they needed to do
more than just disengage from the distractor, that
is: make a decision confirming that the fixated item
was in fact a distractor rather than a target, and
then decide which of two equally salient targets to
move to next. If resolving the competition between
the two equally strong priority signals of the two
targets takes longer than the disengagement from
the distractor, and if the decision about where to
move next and the disengagement from the distrac-
tor occur in parallel, with the next saccade initiated
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only once both processes are complete, then any
effect on disengagement might be “masked” by the
longer decision time needed for choosing between
the two targets.

Another noteworthy finding is that, on trials in
which the distractor was not fixated before the first
target, it barely ever attracted the eye in-between
inspection of the first and the second target (and
these rare capture incidents showed no Distractor-
Region effect in Experiment 1 and a reversed Distrac-
tor-Region effect, i.e.,, more frequent capture by dis-
tractors in the frequent region, in Experiment 2).
The few capture incidents after fixating the first
target might be attributable to reactive suppression.
Even though the distractor had not summoned an
overt eye movement initially (prior to the first
target), it is possible that (on many of those trials) it
might have captured attention covertly, and that
this could have triggered reactive suppression. On
trials in which the distractor did capture overt atten-
tion before the first target, a re-fixation of the distrac-
tor was more rare, compared to when there had been
no prior overt capture, consistent with inhibition of
return (IOR). Importantly, at least in the No-go con-
dition (Experiment 1), a marked Distractor-Region
(probability-cueing) effect remained even after the
initial oculomotor capture, suggesting that IOR com-
bines close to additively with the suppression under-
lying the probability-cueing effect (in the Go
condition, there is some evidence of a floor effect,
with almost no distractor fixations in either distractor
region after inspection of both targets).

In conclusion, we confirmed the classical distractor-
location probability-cueing effect and the target-
location effect. Using eye-tracking and a dual-target
task with extended presentation time, we observed
that the proportion of distractor fixations was
greatly reduced for distractors in the frequent com-
pared to the rare region. This reduction occurred
both before and after target fixations, as long as the
response-critical feature was available, manifesting
the distractor-region effect. Importantly, this proactive
suppression was independent of the reactive IOR.
However, the statistically learned suppression was
turned off when the response-critical feature was
absent. This pattern supports the idea that learned dis-
tractor-region suppression operates flexibly, depend-
ing on the prevailing task requirements: the
suppression mechanism remains in operation while
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performing the task, but is deactivated during task-free
exploratory search. This is consistent with the notion
that whether or not distractor suppression is invoked
is under cognitive control (see also Miiller & von Miihle-
nen, 2000), that is, in the present study: tied to an active
task set, rather than being a completely automatized
process. This might also explain recent reports that the
operation of suppression, or habituation, shows
context-dependency (e.g, Moher & Leber, 2023;
Turatto et al,, 2018, 2019; but see Britton & Anderson,
2020), with the incidentally learned extraneous display
context (such as the search display being superimposed
on a natural or an urban scene) becoming part of the
task-related triggering conditions.

Notes

1. We would like to thank an anonymous reviewer for a
suggestion that formed the basis for the design of this
experiment.

2. In Appendix B, we confirm that the distractor-location
effect is still significant even if exact distractor location
repetition trials are removed, demonstrating that this
effect represents a longer-term effect resulting from dis-
tractor location learning, rather than being due merely
to more frequent distractor-location repetitions.

3. Following the standard in analyses of the target-location
effect (e.g.,Wang & Theeuwes, 2018), we tested for this
effect on distractor-absent trials, i.e., under pure con-
ditions in which there is no distractor competing with
the targets for the allocation of attention.

4. We also examined the latencies of the first saccades to
the distractor and, respectively, a target (see Appendix
A for details). The latencies turned out some 30-40 ms
shorter for distractor- vs. target-directed saccades (the
latter on distractor-present trials), reflecting the differ-
ence in saliency between the two types of “singleton”.
Target-directed saccades were somewhat faster when
there was no distractor in the display (i.e.,, on distrac-
tor-absent trials), compared to distractor-present trials.
In other words, saccades to the target were delayed by
the presence of a distractor even if the distractor did
not capture the eye - indicative of covert attentional
processes to resolve the competition.

5. To conduct this analysis, we only included trials on
which both targets and the distractor were fixated. We
computed the duration of fixation on the distractor
during these trials (including the duration of multiple
fixations if there were any). This was done both before
and after fixation of both targets. However, we had to
exclude four participants as they did not have any
trials in one of the conditions.

6. Analyses of the total fixation duration and the average
duration on the distractor yielded similar results.

7. For this analysis, we again excluded the same four par-
ticipants who had to be excluded from the analysis of
the distractor fixation durations.

8. In Appendix B, we confirm that a marginally significant
distractor location effect remains when exact distractor
location repetition trials are removed.

9. For this analysis we excluded trials with a distractor
fixation in between the two target fixations, and we
excluded one participant who did not have any valid
trials in one of the conditions.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by German Research Foundation
(DFG) grants SH166/7-1 awarded to ZS, and BAYHOST Scholar-
ship to MS.Deutsche Forschungsgemeinschaft

Open practices statement

All data are available at: https://github.com/msenselab/
suppression_duration.

ORCID

Fredrik Allenmark
Milos Stankovi¢
Zhuanghua Shi

http://orcid.org/0000-0002-3127-4851
http://orcid.org/0000-0001-9767-5634
http://orcid.org/0000-0003-2388-6695

References

Allenmark, F., Shi, Z, Pistorius, R. L, Theisinger, L. A,
Koutsouleris, N., Falkai, P., Mdiller, H. J., & Falter-Wagner, C.
M. (2021). Acquisition and use of “priors” in autism: Typical
in deciding where to look, atypical in deciding what is
there. Journal of Autism and Developmental Disorders, 51
(10), 3744-3758. https://doi.org/10.1007/5s10803-020-04828-2

Allenmark, F., Zhang, B., Liesefeld, H. R., Shi, Z., & Miiller, H. J.
(2019). Probability cueing of singleton-distractor regions in
visual search: The locus of spatial distractor suppression is
determined by colour swapping. Visual Cognition, 576-
594. https://doi.org/10.1080/13506285.2019.1666953

Allenmark, F., Zhang, B., Shi, Z., & Miiller, H. J. (2022). Learning
to suppress likely distractor locations in visual search is
driven by the local distractor frequency. Journal of
Experimental ~ Psychology: = Human  Perception  and
Performance, 48(11), 1250-1278. https://doi.org/10.1037/
xhp0001054

Britton, M. K., & Anderson, B. A. (2020). Specificity and persist-
ence of statistical learning in distractor suppression. Journal
of Experimental Psychology: Human Perception and


https://github.com/msenselab/suppression_duration
https://github.com/msenselab/suppression_duration
http://orcid.org/0000-0002-3127-4851
http://orcid.org/0000-0001-9767-5634
http://orcid.org/0000-0003-2388-6695
https://doi.org/10.1007/s10803-020-04828-2
https://doi.org/10.1080/13506285.2019.1666953
https://doi.org/10.1037/xhp0001054
https://doi.org/10.1037/xhp0001054

Performance, 46(3), 324-334.
xhp0000718

Cousineau, D. (2005). Confidence intervals in within-subject
designs: A simpler solution to Loftus and Masson's
method. Tutorials in Quantitative Methods for Psychology,
1(1), 42-45. https://doi.org/10.20982/tqmp.01.1.p042

Di Caro, V., Theeuwes, J., & Della Libera, C. (2019). Suppression
history of distractor location biases attentional and oculo-
motor control. Visual Cognition, 27(2), 142-157. https://doi.
org/10.1080/13506285.2019.1617376

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power
3: A flexible statistical power analysis program for the
social, behavioral, and biomedical sciences. Behavior
Research Methods, 39(2), 175-191. https://doi.org/10.3758/
BF03193146

Ferrante, O., Patacca, A., Di Caro, V., Della Libera, C., Santandrea,
E., & Chelazzi, L. (2018). Altering spatial priority maps via
statistical learning of target selection and distractor
filtering. Cortex; A Journal Devoted to the Study of the
Nervous System and Behavior, 102, 67-95. https://doi.org/
10.1016/j.cortex.2017.09.027

Goschy, H., Bakos, S., Miiller, H. J., & Zehetleitner, M. (2014).
Probability cueing of distractor locations: Both intertrial
facilitation and statistical learning mediate interference
reduction. Frontiers in Psychology, 5, 1195. https://doi.org/
10.3389/fpsyg.2014.01195

Kim, A., & Anderson, B. (2022). Systemic effects of selection
history on learned ignoring. Psychonomic Bulletin & Review,
29(4), 1347-1354.  https://doi.org/10.3758/s13423-021-
02050-4

Koch, C., & Ullman, S. (1987). Shifts in selective visual attention:
Towards the underlying neural circuitry. In L. M. Vaina (Ed.),
Matters of intelligence. Dordrecht: Springer. https://doi.org/
10.1007/978-94-009-3833-5_5

Liesefeld, H. R., & Miller, H. J. (2021). Modulations of saliency
signals at two hierarchical levels of priority computation
revealed by spatial statistical distractor learning. Journal of
Experimental Psychology: General, 150(4), 710-728. https://
doi.org/10.1037/xge0000970

Moher, J., & Leber, A. (2023). Contextual cues reduce atten-
tional capture. Journal of Vision, 23(9), 5861-5861. https://
doi.org/10.1167/jov.23.9.5861

Maller, H. J., & von Mihlenen, A. (2000). Probing distractor inhi-
bition in visual search: Inhibition of return. Journal of
Experimental ~ Psychology: =~ Human  Perception  and
Performance, 26(5), 1591-1605. https://doi.org/10.1037/
0096-1523.26.5.1591

Noonan, M. P., Adamian, N., Pike, A,, Printzlau, F., Crittenden, B.
M., & Stokes, M. G. (2016). Distinct mechanisms for distractor
suppression and target facilitation. The Journal of
Neuroscience: The Official Journal of the Society for
Neuroscience, 36(6), 1797-1807. https://doi.org/10.1523/
JNEUROSCI.2133-15.2016

Peirce, J. W. (2008). Generating stimuli for neuroscience using
PsychoPy. Frontiers in Neuroinformatics, 2, 10. https://doi.
org/10.3389/neuro.11.010.2008

https://doi.org/10.1037/

VISUAL COGNITION 19

Peirce, G., Simpson, J. R., MacAskill, S., Hochenberger, M., Sogo,
R., Kastman, H., Lindelgv, E, & K, J. (2019). PsychoPy2:
Experiments in behavior made easy. Behavior Research
Methods, 51(1), 195-203. https://doi.org/10.3758/s13428-
018-01193-y

Poon, C.-S., & Young, D. L. (2006). Nonassociative learning as
gated neural integrator and differentiator in stimulus-
response pathways. Behavioral and Brain Functions, 2(1),
29. https://doi.org/10.1186/1744-9081-2-29

Qiu, N, Zhang, B., Allenmark, F., Nasemann, J,, Tsai, S.-Y., Miiller,
H. J., & Shi, Z. (2023). Long-term (statistically learnt) and
short-term (inter-trial) distractor-location effects arise at
different pre- and post-selective processing stages.
Psychophysiology, 1-23. https://doi.org/10.1111/psyp.14351

Sauter, M., Hanning, N. M., Liesefeld, H. R, & Mdller, H. J.
(2021). Post-capture processes contribute to statistical
learning of distractor locations in visual search. Cortex; A
Journal Devoted to the Study of the Nervous System and
Behavior, 135, 108-126. https://doi.org/10.1016/j.cortex.
2020.11.016

Sauter, M., Liesefeld, H. R., & Mdiller, H. J. (2019). Learning to
suppress salient distractors in the target dimension:
Region-based inhibition is persistent and transfers to dis-
tractors in a non-target dimension. Journal of Experimental
Psychology: Learning, Memory, and Cognition, https://doi.
org/10.1037/xIm0000691

Sauter, M., Liesefeld, H. R., Zehetleitner, M., & Miiller, H. J.
(2018). Region-based shielding of visual search from
salient distractors: Target detection is impaired with same-
but not different-dimension distractors.  Attention,
Perception, & Psychophysics, 80(3), 622-642. https://doi.org/
10.3758/513414-017-s1477-4

Sokolov, E. N. (1963). Higher nervous functions: The orienting
reflex. Annual Review of Physiology, 25(1), 545-580. https://
doi.org/10.1146/annurev.ph.25.030163.002553

Stankovi¢, M., Allenmark, F., & Shi, Z. (2024). High task demand
in dual-target paradigm redirects experimentally increased
anxiety to uphold goal-directed attention. Perception, 53,
https://doi.org/10.1177/03010066241232593

Thompson, R. F. (2009). Habituation: A history. Neurobiology of
Learning and Memory, 92(2), 127-134. https://doi.org/10.
1016/j.nIm.2008.07.011

Turatto, M. (2023). Habituation (of attentional capture) is not
what you think it is. Journal of Experimental Psychology:
Human Perception and Performance, 49(8), 1132-1144.
https://doi.org/10.1037/xhp0001139

Turatto, M., Bonetti, F., Chiandetti, C., & Pascucci, D. (2019).
Context-specific distractors rejection: Contextual cues
control long-term habituation of attentional capture by
abrupt onsets. Visual Cognition, 27(3-4), 291-304. https://
doi.org/10.1080/13506285.2019.1580233

Turatto, M., Bonetti, F., & Pascucci, D. (2018). Filtering visual
onsets via habituation: A context-specific long-term
memory of irrelevant stimuli. Psychonomic Bulletin &
Review, 25(3), 1028-1034. https://doi.org/10.3758/s13423-
017-1320-x


https://doi.org/10.1037/xhp0000718
https://doi.org/10.1037/xhp0000718
https://doi.org/10.20982/tqmp.01.1.p042
https://doi.org/10.1080/13506285.2019.1617376
https://doi.org/10.1080/13506285.2019.1617376
https://doi.org/10.3758/BF03193146
https://doi.org/10.3758/BF03193146
https://doi.org/10.1016/j.cortex.2017.09.027
https://doi.org/10.1016/j.cortex.2017.09.027
https://doi.org/10.3389/fpsyg.2014.01195
https://doi.org/10.3389/fpsyg.2014.01195
https://doi.org/10.3758/s13423-021-02050-4
https://doi.org/10.3758/s13423-021-02050-4
https://doi.org/10.1007/978-94-009-3833-5_5
https://doi.org/10.1007/978-94-009-3833-5_5
https://doi.org/10.1037/xge0000970
https://doi.org/10.1037/xge0000970
https://doi.org/10.1167/jov.23.9.5861
https://doi.org/10.1167/jov.23.9.5861
https://doi.org/10.1037/0096-1523.26.5.1591
https://doi.org/10.1037/0096-1523.26.5.1591
https://doi.org/10.1523/JNEUROSCI.2133-15.2016
https://doi.org/10.1523/JNEUROSCI.2133-15.2016
https://doi.org/10.3389/neuro.11.010.2008
https://doi.org/10.3389/neuro.11.010.2008
https://doi.org/10.3758/s13428-018-01193-y
https://doi.org/10.3758/s13428-018-01193-y
https://doi.org/10.1186/1744-9081-2-29
https://doi.org/10.1111/psyp.14351
https://doi.org/10.1016/j.cortex.2020.11.016
https://doi.org/10.1016/j.cortex.2020.11.016
https://doi.org/10.1037/xlm0000691
https://doi.org/10.1037/xlm0000691
https://doi.org/10.3758/s13414-017-s1477-4
https://doi.org/10.3758/s13414-017-s1477-4
https://doi.org/10.1146/annurev.ph.25.030163.002553
https://doi.org/10.1146/annurev.ph.25.030163.002553
https://doi.org/10.1177/03010066241232593
https://doi.org/10.1016/j.nlm.2008.07.011
https://doi.org/10.1016/j.nlm.2008.07.011
https://doi.org/10.1037/xhp0001139
https://doi.org/10.1080/13506285.2019.1580233
https://doi.org/10.1080/13506285.2019.1580233
https://doi.org/10.3758/s13423-017-1320-x
https://doi.org/10.3758/s13423-017-1320-x

20 (&) F.ALLENMARKETAL.

van Moorselaar, D., Daneshtalab, N., & Slagter, H. A. (2021).
Neural mechanisms underlying distractor inhibition on the
basis of feature and/or spatial expectations. Cortex; A
Journal Devoted to the Study of the Nervous System and
Behavior, 137, 232-250. https://doi.org/10.1016/j.cortex.
2021.01.010

van Moorselaar, D., Lampers, E., Cordesius, E., & Slagter, H. A.
(2020). Neural mechanisms underlying expectation-depen-
dent inhibition of distracting information. elife, 9, https://
doi.org/10.7554/eLife.61048

Wang, Z., &Klein, R. M. (2010). Searching for inhibition of return
in visual search: A review. Vision Research, 50(2), 220-228.
https://doi.org/10.1016/j.visres.2009.11.013

Wang, B., Samara, I, & Theeuwes, J. (2019). Statistical regu-
larities bias overt attention. Attention, Perception, &
Psychophysics, 81(6), 1813-1821. https://doi.org/10.3758/
s13414-019-01708-5

Wang, B., & Theeuwes, J. (2018). Statistical regularities modu-
late attentional capture. Journal of Experimental
Psychology: Human Perception and Performance, 44(1), 13—
17. https://doi.org/10.1037/xhp0000472

Wang, B., van Driel, J., Ort, E, & Theeuwes, J. (2019).
Anticipatory distractor suppression elicited by statistical
regularities in visual search. Journal of Cognitive
Neuroscience, 31(10), 1535-1548. https://doi.org/10.1162/
jocn_a_01433

Zhang, B., Allenmark, F., Liesefeld, H. R., Shi, Z., & Miller, H. J.
(2019). Probability cueing of singleton-distractor locations
in visual search: Priority-map-or dimension-based inhi-

bition? Journal of Experimental Psychology: Human
Perception and  Performance, https://doi.org/10.1037/
xhp0000652

Zhang, B., Weidner, R., Allenmark, F., Bertleff, S., Fink, G. R., Shi,
Z., & Miller, H. J. (2021). Statistical learning of frequent dis-
tractor locations in visual search involves regional signal
suppression in early visual cortex. Cerebral Cortex, https://
doi.org/10.1093/cercor/bhab377

Appendices

Appendix A: Latencies of first saccades to the
distractor and, respectively, target

We also examined the latencies of the first saccades to the distractor
and, respectively, a target (Figure AT1). Trials on which the saccadic
latency was shorter than 50 ms or longer than 500 ms were excluded
from this analysis, as was one participant who did not have any valid
trials in one of the conditions. Since we did not expect the first
saccade to be influenced by the (Go/No-go) response condition (as
participants could only know the condition after inspecting both
targets) and the analysis of the proportions of first fixations had
revealed no difference, we collapsed the data across both response
types to have enough trials in each condition of interest.

A repeated-measures ANOVA on the target saccadic latency yielded
a significant main effect of Distractor Region (F(1.21,15.8)=5.18,
p=.032, n§:.29, Greenhouse-Geisser correct degrees of freedom).
Bonferroni corrected post-hoc tests revealed the saccadic latency to
be significantly shorter on distractor-absent trials, compared to trials
with a distractor in the rare region (t(13)=3.22, p=0.01). No other
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Figure A1. Saccadic latencies to the target and distractor on
trials with a distractor in the frequent or rare region, or
without a distractor in the display (for the target latencies).
Error bars indicate within-subject 95% confidence intervals.

comparison was significant (t < 2, p > 0.3). There was no significant Dis-
tractor-Region effect for the distractor latencies (F(1,13) =0.68, p = .43,
n; =.05). Averaged across the distractor-region conditions, saccadic
latencies to the distractor were significantly shorter than latencies to
the target (278 ms vs. 312 ms, t(13) =4.1, p =.0012).

Appendix B: Inter-trial effect analyses

One potential concern is that the distractor location effect may be a
result of inter-trial effects. Since distractors appear more frequently
in the frequent distractor region, repetitions of the exact same distrac-
tor location will also be more frequent in this region. Assuming that
participants tend to suppress the location on which the distractor
occurred on the previous trial, a distractor location effect would be pre-
dicted based on suppression of the previous distractor location alone.
It should be noted that analyses from previous probability-cueing
studies have already shown that the effects observed cannot be
solely attributed to inter-trial effects (Goschy et al, 2014; Sauter
et al, 2018). Nevertheless, to confirm that our distractor location
effect was not merely due to such an inter-trial effect, but reflected
longer-term learning, we repeated some of our analyses, related to
the distractor location effect, with trials with an exact repeat of the dis-
tractor location removed (same analysis as Sauter et al., 2018).

Distractor location effect on RT

Figure B1 Shows the mean RTs in the three distractor conditions (dis-
tractor absent, distractor in frequent region, and distractor in rare
region), with exact distractor location repetition trials removed, from
both experiments. RTs were slower for trials with a distractor in the
rare region compared to trials with a distractor in the frequent
region in both experiments, although in Experiment 2 the difference
was only marginally significant: (Exp 1: t(14) =6.64, p <.001; Exp 2:
t(15) =1.94, p=.072). This is the same pattern of results which was
observed when including the distractor location repetition trials.

Fixations on the distractor
Figure B2 Shows the proportions of trials, in both experiments, on
which there was at least one fixation on the distractor prior to inspect-
ing the first target (Before), after inspection of the first target
(Between), or, respectively, following inspection of both targets
(After), with exact distractor location repetition trials removed.

There was a significantly larger proportion of trials, but no sig-
nificant interaction with the response condition, with a distractor
fixation before fixating either target among trials with a distractor
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Figure B1. Mean “go”-trial RTs in milliseconds from Exp. 1 (A) and Exp. 2 (B) for the three Distractor conditions (distractor absent,
distractor in frequent region, distractor in rare region), with exact distractor location repetition trials removed. Error bars indicate
within-subject normalized 95% confidence intervals.
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Figure B2. Proportions of trials in Experiment 1 (A) and Experiment 2 (B) on which there was at least one fixation on the distractor
prior to inspecting the first target (Before), after inspection of the first target (Between), or, respectively, following inspection of both
targets (After), with exact distractor location repetition trials removed. Error bars indicate within-subject normalized 95% confidence
intervals.



22 (&) F.ALLENMARKETAL.

in the rare compared to the frequent region in both Experiments
(Exp 1: F(1, 14)=7.14, p=.018; Exp 2: F(1, 15)=5.37, p=.035). In
Experiment 1, but not Experiment 2, there was also a significantly
larger proportion of trials with a distractor fixation after fixating
both targets among trials with a distractor in the rare compared
to the frequent region (Exp 1: F(1, 14)=5.28, p=.037; Exp 2: F(1,
15)=0.28, p=.60). Finally, in Experiment 2, but not Experiment
1, there was a significantly smaller proportion of trials on which

the distractor was fixated in-between fixations of the two targets
among trials with a distractor in the rare compared to the frequent
region (Exp 1: F(1, 14)=0.23, p=.64; Exp 2: F(1, 15)=14.59, p
=.0017). With the exception of the absence of an interaction
between distractor location and response condition for the
before-target fixations in Experiment 2, this is the same pattern
of results as that observed when including the distractor-location
repetition trials.
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