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Abstract
An increasing bulk of evidence shows that through different mechanisms, experienced-based or voluntary, reactive or pro-
active, human beings can attenuate the distracting impact of salient visual, albeit irrelevant, stimuli. Current mechanisms 
assume that this is achieved by suppressing the salient distractor’s features or location at the priority map level, or at lower 
dimension-based maps levels. However, this functional architecture has so far ignored the role of time in distractors filtering, 
a key question that we have addressed in the present study. We found that during a visual discrimination task, a “standard” 
onset distractor, always appearing at the same interval from the beginning of the trial, was subject to habituation. Crucially, 
however, when the onset distractor was unfrequently presented with an unexpected 1-second delay, it reboosted capture 
at full strength, while the “standard” distractor continued to remain overall habituated. As predicted by Sokolov’s (1963, 
Annual Review of Physiology, 25[1], 545–580) theory, our results show that habituation mechanisms filter the irrelevant 
distracting sensory input also on the basis of its temporal parameters. We conclude that habituation to onsets is controlled 
also by time-based expectation mechanisms and suggest that more recently proposed theories of distractors filtering should 
also incorporate the temporal parameter among the factors that allow an efficient handling of visual distraction.
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Introduction

In natural conditions, the abrupt appearance of a new salient 
event in the visual field is accompanied by a sudden lumi-
nance change called visual transient. Onsets are a specific 
class of visual transients capable of triggering a robust atten-
tional capture (Breitmeyer & Ganz, 1976; Jonides & Yantis, 
1988; Lamy & Egeth, 2003), which serves the purpose of 
identifying the new event and its motivational significance, 
or alternatively its irrelevance. Hence, whatever the activ-
ity one may be engaged in, the initial involuntary orient-
ing toward the onset stimulus is generally a highly adaptive 
response allowing a rapid inspection of a potentially relevant 
event. Yet if the onset is irrelevant, the initially adaptive cap-
ture response becomes a source of distraction when emitted 
in a stereotyped fashion on subsequent onset presentations, 

with potentially dangerous consequences. Luckily enough, 
evolution has equipped the brain with learning mecha-
nisms that allow to filter, and therefore to cease to respond 
to, insignificant repetitive sensory signals, a phenomenon 
known as habituation (Harris, 1943; Thompson, 2009).

In particular, a response that has long been shown to be 
subject to habituation is the orienting reflex (OR), the covert 
and overt orienting toward a novel or significant stimulation 
(Pavlov, 1927). The mechanism controlling the OR and its 
habituation has been described by Sokolov in his stimulus-
model comparator theory (Sokolov, 1960, 1963). According to 
Sokolov, habituation of the OR emerges when the current sen-
sory input matches the brain’s expectation about the upcoming 
stimulation, with expectation arising from the statistics of the 
past events. By contrast, a surprising event generates a pre-
diction error, or put differently conveys information entropy 
(Shannon, 1948), which in turn triggers the OR (Sokolov et al., 
2002). In agreement with the possibility that the visual dis-
traction caused by repetitive onsets is subject to habituation, 
previous studies have documented that onsets interference on 
a discriminative task declines with repeated exposure to the 
irrelevant transient event (Dukewich, 2009; Turatto, Bonetti, 
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& Pascucci, 2018a; Turatto, Bonetti, Pascucci, & Chelazzi, 
2018b; Turatto & Pascucci, 2016). Furthermore, as anticipated 
by Sokolov’s model, habituation to onsets appears to be con-
trolled by their statistical occurrence, with stronger distraction 
attenuation where onsets are more likely compared with where 
they are less likely (Valsecchi & Turatto, 2022), and this even 
when the total number of onsets presented in the two condi-
tions is the same (Turatto & Valsecchi, 2022), which gives 
strong support to the role of expectation in habituation.

In addition to habituation mechanisms, other mechanisms 
have been proposed to handle visual distraction (Chelazzi 
et al., 2019; Geng et al., 2019; van Moorselaar & Slagter, 
2020). A common assumption is that filtering would occur 
because the peak of activation triggered by the salient distrac-
tor is suppressed, either reactively or proactively, at the level 
of the priority map or dimension-based maps (Liesefeld & 
Müller, 2019; Luck et al., 2021). However, none of the more 
recent theories of distractor filtering takes into account that 
distractors appear at a certain point in time, and that this infor-
mation can be used to attenuate visual distraction.

By contrast, the time of occurrence of an irrelevant sen-
sory input is a factor that is pivotal in the habituation model 
proposed by Sokolov, probably because it was essentially 
concerned with habituation emerging from a sequential series 
of stimuli (Sokolov, 1960, 1963). Consequently, the time of 
occurrence of the distractor should be one of the features 
incorporated in the stimulus neural model, which is used to 
make predictions about the upcoming event, and ultimately 
to filter the stimuli that match the prediction (Sokolov et al., 
2002). In line with this possibility, Xu et al. (2021) provided 
preliminary (although inconsistent) evidence suggesting a 
role of time in the rejection of feature-singleton distractors.

In light of this scenario, we decided to test the hypothesis 
that habituation to onsets is governed by mechanisms that 
make predictions and filter the distractors also on the basis of 
their temporal characteristics. To this aim, we exposed par-
ticipants for four blocks of trials to a “standard” distractor, 
appearing always at the same interval from the display presen-
tation, and predicted habituation of the corresponding capture. 
Then, in the last two blocks of trials, we introduced a rare 
“delayed” distractor, consisting of the identical onset, which, 
however, appeared with a 1-second delay. If habituation of 
onsets capture is based also on onsets timing expectation, we 
foresee a recovery of capture from the “delayed” onset.

Methods

Sample‑size justification

The main effect of interest in the present study was a dif-
ference in the amount of capture between the standard-
distractor and the delayed-distractor conditions when the 

delayed distractor was introduced. Capture was defined as 
the response time (RT) difference between distractor-present 
and the distractor-absent trials. Since we will introduce the 
delayed distractor only from Block 3 onward, in that block 
capture should be larger than in the standard-distractor 
condition, where it should be already habituated. For this 
reason, we expect the effect to be medium-sized (d = .5). 
Therefore, the critical analysis will be a paired t test between 
the capture effect in the standard-distractor condition and 
the delayed-distractor condition. An a priori power analysis 
was conducted by using G*Power (Faul et al., 2007), which 
suggested a total N = 27, with d = .5 and α = .05 to achieve 
a power of 80% (one-tailed).

Participants

We recruited participants via Prolific (Prolific Academic 
Ltd, Oxford, UK), and 29 individuals successfully partici-
pated in the experiment (Mage = 24.5 years, with an effective 
range of 18–33 years, six females and 23 males). The crite-
ria for participation were set as being fluent in English lan-
guage, so that the instruction would be clear, have no literacy 
difficulties, have normal or corrected to normal vision, and 
to be naïve with regard to the experiment (individuals who 
participated in previous similar studies were not recruited). 
One participant was excluded from the analyses due to low 
overall accuracy (<75%).

Apparatus

The experiment was programmed in PsychoPy Software 
(Peirce, 2007) and run online via Pavlovia Platform (Open 
Science Tools Limited, Nottingham, UK). Only partici-
pants who performed the task via a personal computer were 
allowed to perform the experiment (no tablets or smart-
phones were allowed).

Stimuli and procedure

Since the experiment was conducted online, each participant 
performed the task on their own computer, with potentially 
different monitor’s sizes. Therefore, to make conditions 
more comparable across participants, the dimensions of the 
stimuli were programmed so that they were scaled according 
to the monitor’s sizes (the experiment was run in full-screen 
mode). Stimuli dimensions are reported as degrees of visual 
angle assuming a monitor height of 34 cm and a viewing 
distance of 60 cm.

Each trial started with a white fixation cross positioned at 
the center of the screen (0.3° × 0.3°) and appearing over a 
black background. After 1,000 ms, a display appeared con-
sisting of eight equidistant gray circles (3° diameter, 0.1° 
thick) positioned on an imaginary circumference with radius 
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10° centered on the fixation cross. In the standard-distractor 
condition, after that 1,000 ms were elapsed the target line 
(0.75° length, 0.1° thick) appeared inside one of four circles 
positioned along the oblique meridians. On distractor-pre-
sent trials (50% rate), 150 ms before the target appearance 
one of the four circles positioned along the vertical or hori-
zontal meridians became abruptly white and increased its 
thickness to 0.3° (see Fig. 1).

In the delayed-distractor condition, which was intro-
duced only in Blocks 3 and 4 (10% of the total trials in those 
blocks, 5% distractor-present trials), the timing of the events 
was the same of the standard-distractor condition except that 
the target appeared 2,000 ms after the display onset, so that 
also the distractor onset was delayed by 1,000 ms as com-
pared with the standard-distractor condition (850 ms vs. 
1,850 ms; also see Fig. 1).

Participants were submitted to 400 trials divided into four 
blocks of 100 trials each, and their task was to report as 
quickly and as accurately as possible the orientation of the 
target line by pressing the down arrow of the keyboard if the 
line was vertical, or the right arrow if it was horizontal. The 
target remained on the screen for a maximum of 500 ms, 

but disappeared earlier for faster responses, and participants 
were given 1,500 ms for responding. If the response was 
incorrect or exceeded the time limit, a red message appeared 
on the screen (“Error” or “Try to be faster!”) for 800 ms. The 
intertrial interval was set to 500 ms.

All participants received detailed instructions concern-
ing the task and were informed about the general aim of the 
experiment through the Prolific interface. They gave their 
consent by agreeing to be redirected to the experiment URL. 
Participants were paid 10 £/h for their participation, and the 
experiment lasted approximately 30 minutes. The experi-
ment was carried out in accordance with the Declaration 
of Helsinki.

Results

The analyses were performed with custom-written scripts in 
MATLAB and JASP (Version 0.16.1). RTs outliers (2.2%) 
for correct trials (overall accuracy 94%) were identified and 
excluded using the procedure suggested by Cousineau and 
Chartier (2010). For null-hypothesis significance testing, 

Fig. 1   Schematic representation of the trial events in the experiment 
(see Methods for details). In the standard-distractor condition (100% 
of the trials in Blocks 1 and 2, and 90% of the trials in Blocks 3 and 
4), the target appeared 1,000 ms after the initial display onset. In the 
delayed-distractor condition (10% of the trials in Blocks 3 and 4), 
the interval between the initial display and the target was increased 

to 2,000 ms. In both conditions, when present the distractor appeared 
150 ms before the target. Hence, in Blocks 3 and 4, 90% of the dis-
tractors occurred at the expected time (850 ms), whereas 10% of the 
distractor occurred with an unexpected delay (1,850 ms). The partici-
pants’ task was to discriminate the orientation (vertical vs horizontal) 
of the target line
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when sphericity assumption was violated, Greenhouse–Geis-
ser correction was applied to the degrees of freedom. Post 
hoc t tests were Bonferroni corrected for multiple com-
parisons. Bayes factors were also estimated quantifying 
how much more likely the data were under the alternative 
hypothesis than under the null hypothesis (BF10). For more 
than one predictor, we estimated the inclusion Bayes factor 
across matched models (BFincl; van den Bergh et al., 2020). 
Posterior odds were corrected for multiple comparisons.

As a first step, we assessed the impact of the distractor 
presence in the standard-distractor condition by entering RTs 
for correct responses into a repeated measures ANOVA with 
Block (1 to 4) and Distractor (present vs. absent) as within-
subjects factors. The ANOVA revealed a main effect of 
Block, F(2.26, 61.1) = 11.6, p < .001, η2

p
 = .300, BFincl = 

9.00*103, a main effect of Distractor, F(1, 27) = 40.9, p < 
.001, η2

p
 = .602, BFincl = 2.99*104, and a significant interac-

tion, F(3, 81) = 13.4, p < .001, η2
p
 = .332, BFincl = 2.54*104 

(see Fig. 2a). The same analysis conducted on error rates 
yielded a significant effect of Block, F(1.37, 37.0) = 5.37, p 
= .017, η2

p
 = .166, BFincl = 17.7, with errors decreasing 

across blocks, a significant effect of Distractor, F(1, 27) = 
7.70, p = .010, η2

p
 = .222, BFincl = 1.71, with distractors 

overall increasing the error rates (present: M = 7.0, SD = 
4.2, absent: M = 5.4, SD = 3.4), but no interaction, p = .849, 
BFincl = 0.07.

An ANOVA conducted directly on the capture effect in 
the standard-distractor condition revealed a main effect of 
the factor Block (1 to 4), which resulted significant, F(3, 81) 
= 13.4, p < .001, η2

p
 = .332, BF10 = 4.12*104. The results 

thus showed that in the standard-distractor condition onset 
capture was subject to habituation (see Fig. 2b, continuous 
or blue line), thus confirming previous findings with analo-
gous paradigms (e.g., Turatto & Pascucci, 2016; Valsecchi 

& Turatto, 2022). The same analysis was conducted also on 
error rates and showed no significant effects (p = .849, BF10 
= 0.07; see Fig. 2c, continuous or blue line).

The next crucial step was to test whether the introduction 
of the unexpected delayed distractor in Blocks 3 and 4, 
which was otherwise identical to the standard distractor, 
caused a new capture response. A repeated measures 
ANOVA on RTs with Distractor (present vs absent), Condi-
tion (standard vs. delayed) and Block (3 vs. 4) showed a 
main effect of Distractor, F(1, 27) = 35.71, p < .001, η2

p
 = 

.569, BFincl = 8.34*103, a main effect of Condition, F(1, 27) 
= 4.87, p = .036, η2

p
 = .153, BFincl = 1.83, a significant Dis-

tractor × Condition interaction, F(1, 27) = 7.39, p = .011, 
η
2
p
 = .215, BFincl = 4.93, but no other significant effect 

(Block, p = .598, BFincl = 0.271; Distractor × Block, p = 
.633, BFincl = 0.257; Condition × Block, p = .233, BFincl = 
0.797, Distractor × Condition × Block, p = .133, BFincl = 
0.952; see Fig. 2a). The same analysis on error rates revealed 
no significant effect (Distractor, p = .229, BFincl = 0.504; 
Condition, p = .059, BFincl = 0.758; Block, p = .386, BFincl 
= 0.258; Distractor × Condition, p = .694, BFincl = 0.306; 
Distractor × Block, p = .694, BFincl = 0.261; Block × Condi-
tion, p = .151, BFincl = 0.594; Distractor × Condition × 
Block, p = .598, BFincl = 0.248).

Again, an ANOVA on RTs conducted directly on the cap-
ture effect, that for the delayed distractor was calculated by 
using the corresponding distractor-absent trials, showed a 
main effect of Condition, F(1, 27) = 7.39, p = .011, η2

p
 = 

.215, BFincl = 4.13, but neither an effect of Block, p = .633, 
BFincl = 0.289, nor a significant interaction, p = .133, BFincl 
= 0.845. Post hoc comparisons (t tests) confirmed that cap-
ture was significantly larger for the delayed distractor com-
pared with the standard distractor in Block 3, t(27) = 3.10, 
p = .019, d = 0.707, BF10 = 9.04, but not in block 4 (p = 1, 

Fig. 2   Graphical representation of the results. a Absolute RTs as a 
function of distractor presence and condition (standard vs .delayed). 
b RT capture effect as a function of block and distractor timing. 
The continuous line (blue color) shows habituation of capture for 
the standard distractor across blocks; the dashed line (orange color) 

shows a recovery of capture triggered by the delayed distractor (c). 
Error rate capture effect as a function of block and distractor timing. 
d Dishabituation: capture triggered by a standard distractor in the 
three trials following a delayed distractor on trial n. Error bars repre-
sent SEM. (Color figure online)
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BF10 = 0.394). In addition, the amount of capture elicited by 
the delayed distractor in Block 3 was equivalent to that 
observed for the standard distractor in Block 1 (p = .843, 
BF10 = 0.204; see Fig. 2b, dashed or orange line). No sig-
nificant results emerged from the analysis of error rates 
(Condition, p = .694, BFincl = 0.272; Block, p = .694, BFincl 
= 0.255; Condition × Block, p = .943, BFincl = 0.257; see 
Fig. 2c, dashed orange line).

Furthermore, we also addressed whether target processing 
per se was affected by our timing manipulation irrespective 
of any effect on distractors. Hence, RTs from distractor-
absent trials only were entered into an ANOVA, with block 
(3 vs. 4) and target (standard vs delayed) showed no signifi-
cant effects (block, p = .902, BFincl = 0.261; target, p = .704, 
BFincl = 0.302; Block × Target, p = .224, BFincl = 0.536; 
see Fig. 2a). No significant results emerged when the same 
analysis was performed on error rates (block, p = .742, BFincl 
= 0.257; target, p = .109, BFincl = 0.730; Block × Target, p 
= .258, BFincl = 0.563).

The results have clearly confirmed that the capture 
response triggered by a peripheral onset stimulus was subject 
to habituation. Crucially, however, we have also found that if 
the onset distractor was infrequently presented at an unex-
pected point in time, it triggered a new capture response, 
while the response to the standard distractor continued to 
remain habituated.

Test of dishabituation

One of the characteristics of habituation is the phenomenon 
of dishabituation—namely, the fact that the introduction of a 
new stimulus during an habituation phase results in a temporary 
recovery of the habituated response to the original stimulus 
when this is reintroduced (Rankin et al., 2009). In the current 
paradigm, the delayed distractor could have acted as a disha-
bituating stimulus, possibly causing a brief dishabituation of the 
capture response from the standard distractor, which may have 
been obscured by the mean block RT. To test for this possibil-
ity, we analyzed the capture response elicited by the standard 
distractor in the three trials following the occurrence a delayed 
distractor on a given trial n (because of the small number of 
observations available in our analysis we considered Blocks 3 
and 4 pooled together). A paired-sample t test revealed that on 
trial n + 1 (i.e., the first standard distractor after a delayed dis-
tractor) the amount of capture elicited by the standard distractor 
was significantly larger than the corresponding mean capture 
in the pooled block, t(27) = 3.16, p = .004, d = 0.597, BF10 = 
10.3, and did not differ from the mean capture of the delayed 
distractor in the pooled block (p = .808, BF10 = 0.206). How-
ever, this dishabituation effect was extremely short-lasting, as 
it vanished completely at trial n + 2 (p = .701, BF10 = 0.215), 
and n + 3 (p = .430, BF10 = 0.269; also see Fig. 2d).

General discussion

The results of the present experiment were clear cut and 
showed that although the capture triggered by a peripheral 
visual onset habituated, as shown previously (e.g., Pas-
cucci & Turatto, 2015; Turatto, Bonetti, & Pascucci, 2018a; 
Turatto, Bonetti, Pascucci, & Chelazzi, 2018b), the capture 
response reemerged at full strength when, on a small propor-
tion of trials, the onset was presented with an unexpected 
delay. We believe these findings have important implications 
both for models explaining how capture from salient distrac-
tors can be attenuated, and for the original Sokolov’s model 
and habituation mechanisms in general.

To begin with, on the assumption that onsets saliency 
is computed in the same fashion of feature-singleton dis-
tractors, the present findings show that the possibility to 
attenuate the onset capacity to attract attention is not only 
obtained by suppressing, on the basis of location or fea-
ture information, the saliency signal emerging from visual 
maps coding for local feature contrasts in the corresponding 
feature dimension (Ferrante et al., 2018; Gaspelin & Luck, 
2018; Leber et al., 2016; Liesefeld & Müller, 2019; Luck 
et al., 2021; Stilwell et al., 2019; Wang & Theeuwes, 2018; 
Zelinsky & Bisley, 2015). At present, mechanisms based 
on this type of “static” saliency attenuation are incomplete 
because they do not take into account the time of occur-
rence of the salient element. Indeed, as we have shown, the 
possibility to learn the distractor temporal parameters, and 
therefore to generate a correct temporal expectation about its 
occurrence in time, is an important factor that allows to filter 
out the salient element and to mitigate the corresponding 
visual distraction. By contrast, Sokolov’s model of habitu-
ation specifically postulated that the temporal parameter of 
the irrelevant sensory input is a key component of the neural 
model of the irrelevant stimulation, which is used to attenu-
ate the OR (Sokolov et al., 2002).

As far as the Sokolov model is concerned, it is often 
described as assuming that a novel stimulus evokes an OR 
because it does not match the prediction deriving from the 
model of the previous stimulations. When a new stimulus 
occurs, it will start to change the old model, which eventually 
would be more or less gradually substituted by one represent-
ing the new irrelevant iterative distractor, or the old model will 
be changed to also incorporate the new stimulus’ characteris-
tics. However, as a matter of fact, our results attested that par-
ticipants were captured by the delayed distractor while habitua-
tion to the standard distractor remained substantially unaltered, 
suggesting that to some extent the model of the standard dis-
tractor remained in place. How can this be explained?

Two scenarios are possible. The first is that more than 
one model of the irrelevant stimulation can be formed and 
held concurrently in memory, each one possibly generating 
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more or less robust expectations depending on the corre-
sponding distractor statistics (Turatto & Valsecchi, 2022). 
This possibility is also supported by the fact that different 
degrees of habituation have been observed for onset distrac-
tors appearing with different location probabilities (Valsec-
chi & Turatto, 2022). In addition, according to Sokolov the 
habituation model would be stored in short-term memory 
(Sokolov, 1960, 1963; Sokolov et al., 2002), whose capac-
ity, at least for the relevant stimuli in the visual modality, is 
approximately of 4–5 elements (Luck & Vogel, 1997). This 
is not to say, however, that a new model is formed whenever 
there is a small variation in the habituating stimulus, because 
like any other learning process, habituation can be subject, 
to some extent, to generalization (Thompson, 2009). Also, 
the fact that multiple habituation models might be concur-
rently held in short-term memory does not necessarily imply 
a complete independence of such models, especially if some 
of them share some characteristics of the stimuli.

A second scenario is that in our experiment a robust 
model was formed only for the standard distractor, which 
was the only distractor appearing in the first two blocks 
of trials, and in 90% of cases in the last two blocks. Now, 
because with the exception of timing the standard distractor 
was identical to the delayed distractor, the rare occurrence 
of the latter may have been insufficient for the complete sub-
stitution of the old model with a new one. Instead, when the 
cognitive system detected a delayed distractor, this rare event 
was treated as initial evidence for a possible change in the 
characteristics of the standard distractor model, likely trig-
gering a first tentative update of the model. However, given 
the extreme low frequency of the delayed distractor, the 
standard model was never really changed, and the delayed 
distractor continued to be an event that violated the expec-
tation arising from the standard model, therefore capturing 
attention. The results of the dishabituation analysis appear 
in agreement with this scenario. Recall that the phenomenon 
of dishabituation consists in the fact that the presentation of 
a different stimulus generates a recovery of the habituated 
response to the original stimulus (Thompson, 2009). The 
reason would be that the presentation of a deviant stimulus 
alters or perturbates the previous habituating model (Steiner 
& Barry, 2011, 2014), so that the reoccurrence of the habitu-
ating stimulus is a bit less expected than before, which trig-
gers again, at least partially, the OR. Our analysis showed a 
recovery of capture for the first standard distractor appearing 
after a delayed distractor, which can be seen as an instance 
of a very short-lasting dishabituation effect. At present it is 
difficult to understand which one of the two possibilities is 
more likely, but whatever it might be, what we have shown 
is that an onset occurring when expected is less distracting 
than an “equivalent” onset occurring when unexpected.

In our view, the recovery of capture for the delayed onset 
resulted from a violation of the habituation model, which 

generated a distractor expectation based on the standard 
time. However, an alternative possibility is that the capture 
recovery elicited by the delayed distractor was caused by the 
unexpected delayed target, as participants prepared an opti-
mal attentional set for the target appearing at the standard 
time, and this attentional set also included the mechanisms 
to deal with the interference caused by the corresponding 
standard distractor. Hence, when the target did not appear 
when expected (as in Blocks 3 and 4), the attentional set 
was not properly configured, and consequently also the cor-
responding distractor filtering mechanisms. This idea differs 
from the one we have advocated, because we assume that the 
recovery of capture emerged from a violation of the stand-
ard distractor expectation per se, and not from a possible 
violation of the standard target set or template. However, 
the target attentional set hypothesis predicts a less efficient 
processing of the delayed target compared with the stand-
ard target, but as indicated by the analyses and the results 
depicted in Fig. 2a, we did not find evidence supporting this 
prediction. Indeed, RTs in the distractor-absent condition 
did not differ between the standard and delayed target. On 
the contrary, if anything we found a significant decrement 
in the error rates for the delayed target compared with the 
standard target when Blocks 3 and 4 were pooled together: 
t(27) = 2.19, p = .037, d = 0.414 (standard: M = 5.4, SD = 
3.4, delayed: M = 2.9, SD = 6.6), and this while the distrac-
tor interference recovered almost completely, a pattern of 
findings that does not support the target-template hypothesis.

Results in agreement with those reported here have been 
reported by Remington et al. (1992), who showed that the 
amount of capture triggered by irrelevant onsets preced-
ing the target was larger when the onsets appeared after a 
random interval from the blink of the fixation point com-
pared with when, in a different experiment, the interval was 
fixed. More recently, Xu and colleagues have also reported 
evidence that in some cases the suppression of a feature-
singleton distractor is more efficient when it appears at the 
expected point in time (Xu et al., 2021). These studies were 
aimed at addressing aspects of attentional capture control 
different from habituation to onsets, and although none of 
them showed a recovery of capture for a distractor appearing 
at an unexpected point in time, they converge on the idea that 
the possibility to predict the distractors time of occurrence 
allows to reduce the amount of capture, which is in line with 
our proposal.

In sum, our study documented that, likewise the correct 
allocation of attention in time leads to an enhanced target 
processing (Nobre, 2001; Nobre & van Ede, 2018), the 
mechanisms for distractors rejection are more efficient when 
they are tuned on the correct distractors timing (also, see Xu 
et al., 2021). If current theories of distractors filtering need 
to incorporate the time parameter to provide a more exhaus-
tive picture of how distractors handling may take place, the 



1026	 Psychonomic Bulletin & Review (2023) 30:1020–1027

1 3

temporal characteristics of the irrelevant sensory input are 
central in the model of habituation of the OR proposed by 
Sokolov more than 60 years ago.
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