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Our sensory systems constantly receive a
tremendous amount of information, but
only information that is attended can be
well processed, because perceptual capac-
ity is limited (Lavie, 2005). It has been
suggested that selective attention upregu-
lates task-relevant stimulus processing
(target facilitation) and downregulates
task-irrelevant stimulus processing (dis-
tractor inhibition; Baluch and Itti, 2011;
Noonan et al., 2018). This attentional reg-
ulation has been shown to be influenced
by expectations. For instance, in visual
search, attention is biased toward spatial
locations with higher probabilities of tar-
gets and away from locations with higher
probabilities of distractors (Ferrante et al.,
2018).

Although expectations can promote
both target facilitation and distractor sup-
pression, the underlying neural mecha-
nisms appear to be different. Previous
studies have demonstrated that expecta-
tions can act to enhance processing of tar-

gets even before the targets appear (for
review, see Grothe, 2018). However, how
processing of distractors is downregulated
by expectations continues to be debated
(Noonan et al., 2018). The dominant view
holds that distractor processing is actively
inhibited through a mechanism involving
increased prestimulus oscillatory activity
in the alpha frequency band (8 –12 Hz;
Jensen and Mazaheri, 2010). But two al-
ternative mechanisms of distractor inhi-
bition are also possible. One possible
mechanism is secondary inhibition, in
which deploying less attention to distrac-
tors results from actively allocating more
attention to task-relevant stimuli. The
other possible mechanism is expectation-
dependent suppression resulting from
predictive coding in which both the expected
target and distractor are suppressed, but the
target is selectively released from suppression
by top-down attentional control (Summer-
field and Egner, 2009). Thus, how expecta-
tions downregulate distractor processing at
the neural level remains an open question.

In a recent study, van Moorselaar and
Slagter (2019) address this question in two
behavioral experiments and an EEG ex-
periment. Three different groups of par-
ticipants performed a visual search task in
which two Gabor patches were presented
inside two of several placeholder circles
on a visual display. The target patch was
tilted either 45° or 135° while the distrac-

tor Gabor was oriented either vertically or
horizontally. Participants were instructed
to indicate the orientation (left or right
tilt) of the target Gabor via keyboard re-
sponse as quickly and accurately as possi-
ble. The behavioral results indicated that
repeatedly presenting the distractor at the
same placeholder location (allowing par-
ticipants to predict where it would ap-
pear) shortened the reaction time and
increased the search efficiency. Impor-
tantly, the authors also manipulated the
search display set size (i.e., each sequence
contained either 4 or 8 placeholder cir-
cles) and found that the set size did not
modulate learning efficiency in either the
distractor-repeat condition or the target-
only variable condition (in which no
distractor was present). This finding ex-
cluded the possibility that the suppression
of distractor processing in the distra-
ctor-repeat condition reflects facilitated
processing at locations never containing a
distractor.

Based on the behavioral findings, the
EEG experiment was designed to charac-
terize the neural mechanisms underlying
learning-related distractor suppression.
With always six search placeholder circles
and a four-trial sequence, the EEG exper-
iment replicated the basic behavioral
pattern that distractor learning reliably
increased the search speed. Various meth-
ods were applied for the EEG data analy-
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ses. First, an inverted encoding model
(IEM; Brouwer and Heeger, 2009) analy-
sis allowed the authors to reconstruct ac-
tivities of the neuronal populations tuned
to distractor or target locations, with
greater slope of a “channel tuning func-
tion” (CTF) indicating greater location
selectivity. The CTF slope calculated
based on the distribution of alpha power
increased when the target was repeated,
which revealed that learned expectations
about the target location enhanced the
spatial tuning of neuronal populations re-
sponsive to the target location both before
and after the target was presented. How-
ever, no increase of the CTF slope was ob-
served in the distractor-repeat condition,
suggesting that the observed reduction in
distractor interference at the behavioral
level was not mediated by changes in the
neural representation of the distractor
location. Next, event-related potential
(ERP) analyses were applied to examine
the effect of learning on distractor and tar-
get processing after stimulus presenta-
tion. This analysis revealed that target
repetition resulted in an earlier offset of
the N2pc (an early ERP component re-
flecting attentional selection), whereas
distractor repetition selectively reduced
the amplitude of the Pd component (a
neural marker of active distractor inhibi-
tion). Finally, multivariate decoding anal-
ysis was conducted to examine whether
the neural signal comprised location-
specific information that was not cap-
tured by the IEM. This analysis showed
that discrimination of the target location
occurred only after onset of the search dis-
play. The decoding results converged with
the ERP findings insofar as target repeti-
tion was associated with a shorter dura-
tion of the target location representation
within the time window of the N2pc
component.

The study by van Moorselaar and
Slagter (2019) demonstrates that expec-
tation-based target facilitation and dis-
tractor suppression rely on distinct neural
mechanisms. The expectation about tar-
get location increases anticipatory alpha
activity, whereas the expectation about
distractor location only modulates the
processing of the distractor after its ap-
pearance. Surprisingly, as indicated by the
reduced Pd amplitude, active inhibition
of distractor processing diminishes when
expectations are formed, as if the brain
learns that the distractor can be safely ig-
nored. These results resonate with other
recent studies (Noonan et al., 2016; Poch
et al., 2018; for review, see Foster and
Awh, 2019), but challenge the view that

distractor filtering is implemented through
anticipatory alpha activity (Jensen and Maza-
heri, 2010; Payne et al., 2013).

Van Moorselaar and Slagter (2019) ar-
gue that continuous active inhibition of
distractors would be an inefficient strat-
egy of the brain to deal with irrelevant in-
formation and instead they interpret their
findings in a predictive coding framework
(Friston, 2009; Arnal and Giraud, 2012).
According to this framework, expected
stimuli evoke reduced neural activities;
this has been observed in several studies
(for review, see de Lange et al., 2018).
When a distractor can be reliably pre-
dicted and thus the need for top-down
modulation is reduced, the corresponding
neural activity is almost silent, as indexed
by the absence of the Pd component in the
study by van Moorselaar and Slagter
(2019). However, these findings suggest
that learned expectations regulate distrac-
tor processing rather than refute the idea
that active inhibition occurs. Indeed,
expectation-dependent suppression and
active inhibition are likely complemen-
tary mechanisms of distractor processing,
and which of these two prevails might de-
pend on the specific requirements of the
situation (Noonan et al., 2018).

The findings presented by van Moorse-
laar and Slagter (2019) also provide a
novel perspective for the interpretation of
previous results on conflict processing.
For instance, a face–word Stroop study by
Egner and Hirsch (2005) found that activ-
ity within the fusiform face area increased
when faces were targets while there was no
change in activity when faces were distrac-
tors, in line with the idea that no active
inhibition is required for distractor pro-
cessing once the brain has learned about
the distractor (i.e., the face). What is
more, Soutschek et al. (2015) manipu-
lated the task difficulty in a picture–word
interference task by varying the ratio of
congruent to incongruent trials and
found a modulatory effect of task diffi-
culty expectations mainly on distractor
but not on target processing. More pre-
cisely, the condition with a higher ratio of
incongruent trials was characterized by
lower activity within the visual word form
area, which was responsible for the dis-
tractor processing. It seems that not only
the learning of lower-level features such as
spatial locations, but also learning of
higher-level factors such as task difficulty,
can facilitate distractor inhibition.

The neural mechanisms of learning
about targets and distractors in the work
by van Moorselaar and Slagter (2019)
were explored based on the difference be-

tween the last and the first trial of the
visual search task. Complementarily, it
would be revealing to investigate the
learning process in its full extent and to
ask whether ignoring a distractor over
time is better described as a process of
gradual accumulation or a sudden adjust-
ment at some point in time. For the ERP
data presented by van Moorselaar and
Slagter (2019), it is tempting to speculate
that the Pd amplitude might decrease rap-
idly after the first trial but only gradually
thereafter, following the learning effect
reflected in response speeding. Indeed,
comparable ERP effects of learning have
been reported. For instance, Cunillera et
al. (2012) examined the P3 component in-
duced by repetitive positive feedback in a
Wisconsin card sorting task and found a
marked decrease in P3 amplitude from
the first to the second trial, and relatively
subtle decreases for the following trials.
Future studies may adopt the learning de-
sign and focus on the time course of neu-
ral activity underlying learning to shed
light on the question of how attention al-
location is modulated by learned expecta-
tion in a stepwise manner.

In summary, the work by van Moor-
selaar and Slagter (2019) dissociates
learning effects on target facilitation
(preparatory) and distractor suppression
(reactive) in visual search and provides
evidence for a predictive coding frame-
work in which the processing of expected
stimuli can be suppressed without top-
down inhibition. These findings prompt
interesting questions for future research.
How are prestimulus target enhancement
and poststimulus distractor suppression
integrated to promote perceptual selec-
tion and decision making? How are target
facilitation and distractor suppression or-
ganized in a scenario of crossmodal (e.g.,
audio-visual) stimulation? Can distractor
suppression learned in one context gener-
alize to other contexts?
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