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ABSTRACT

Visual search is speeded when a target is repeatedly presented in an invariant scene context
of nontargets (contextual cueing), demonstrating observers' capability for using statistical
long-term memory (LTM) to make predictions about upcoming sensory events, thus
improving attentional orienting. In the current study, we investigated whether expectations
arising from individual, learned environmental structures can encompass multiple target
locations. We recorded event-related potentials (ERPs) while participants performed a
contextual cueing search task with repeated and non-repeated spatial item configurations.
Notably, a given search display could be associated with either a single target location
(standard contextual cueing) or two possible target locations. Our result showed that LTM-
guided attention was always limited to only one target position in single- but also in the
dual-target displays, as evidenced by expedited reaction times (RTs) and enhanced N1pc and
N2pc deflections contralateral to one (“dominant”) target of up to two repeating target lo-
cations. This contrasts with the processing of non-learned (“minor”) target positions (in dual-
target displays), which revealed slowed RTs alongside an initial N1pc “misguidance” signal
that then vanished in the subsequent N2pc. This RT slowing was accompanied by enhanced
N200 and N400 waveforms over fronto-central electrodes, suggesting that control mecha-
nisms regulate the competition between dominant and minor targets. Our study thus reveals
a dissociation in processing dominant versus minor targets: While LTM templates guide
attention to dominant targets, minor targets necessitate control processes to overcome the
automatic bias towards previously learned, dominant target locations.
© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

* Corresponding author. Department Psychologie, Lehrstuhl fiir Allgemeine und Experimentelle Psychologie, Ludwig-Maximilians-
Universitdt Miinchen, Leopoldstraie 13, 80802 Miinchen, Germany.
E-mail address: artyom.zinchenko@psy.Imu.de (A. Zinchenko).
! These authors have equally contributed to the work.

https://doi.org/10.1016/j.cortex.2024.04.001

0010-9452/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.cortex.2024.04.001&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cortex.2024.04.001&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:artyom.zinchenko@psy.lmu.de
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cortex.2024.04.001&domain=pdf
www.sciencedirect.com/science/journal/00109452
www.elsevier.com/locate/cortex
https://doi.org/10.1016/j.cortex.2024.04.001
https://doi.org/10.1016/j.cortex.2024.04.001
https://doi.org/10.1016/j.cortex.2024.04.001
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

42 CORTEX 175 (2024) 41—53

1. Introduction

Humans possess a remarkable ability for statistical learning,
which incorporates long-term memory (LTM) to generate
predictions that can improve performance. For instance, a
mailbox is recognized faster within a front yard than in a
kitchen environment, indicating that previously experienced,
typical scene context facilitates the recognition of associated
(target) objects (Palmer, 1975; see also Biederman, 1972;
Davenport & Potter, 2004; Conci & Miiller, 2014; Reber, 1967;
Turk-Browne et al., 2005). Such influences of statistical
learning upon performance are often investigated with the so-
called contextual-cueing paradigm, which allows quantifying
the influence of (learnable) spatial regularities without con-
current confounding biases from scene semantics (Chun &
Jiang, 1998; for reviews, see, e.g., Sisk et al., 2019; Goujon et
al., 2015). In contextual cueing (CC), a searched-for T-shaped
target object is consistently encountered within a stable, i.e.,
repeated, spatial arrangement of L-shaped nontarget, or ‘dis-
tractor’, items. Over time, detecting the target in these
repeated search arrays becomes faster than with non-
repeated (randomly generated) search arrangements. How-
ever, participants are usually unaware of the repeated
distractor-target contingencies in the search task. This has
been attributed to the incidental, i.e., effortless (long-term)
learning of recurring distractor-target spatial ‘contexts’. In
this view, observers learn the repeating, spatial target-
distractor layouts, and when these are subsequently trig-
gered by a given repeated search array on a given trial, the
activated (previously learned) contextual associations guide,
or ‘cue’, attention towards the target location.

The CC-effect reveals a behavioral search advantage and
modulates electrophysiological, event-related potential (ERP)
components that reflect the allocation of spatial attention to
the target location. For instance, the N2pc component, which
typically manifests 180—350 msec after display onset, is
modulated by contextual learning (Johnson et al., 2007;
Schankin & Schubd, 2009). Moreover, Zinchenko et al. (2020)
showed that such lateralized ERPs reflect effects of contex-
tual memory upon visual search that may occur even earlier,
during preattentive, visual processing, some 80—180 msec
after display onset in the Nlpc component, thus likely
reflecting an automatic initial spatial bias from contextual
memory, which occurs before the allocation of spatial, i.e.,
“focal” attention towards the target (as indexed by the N2pc
component). Thus, statistical context learning becomes
evident at early perceptual/preattentive (N1lpc) and atten-
tional (N2pc) stages of visual processing.

Overall, these findings thus suggest that a repeated context
can guide search towards a predictable target position. How-
ever, relatively few studies have investigated the flexibility of
statistical LTM, namely whether CC can bias attention in
repeated search arrays towards multiple target locations. For
instance, when a given repeated distractor context is paired
with two (or more) possible target locations on different trials,
successful memory-based guidance of attention would
require matching the currently presented search array with a
target item at one of two (or, several) possible locations. Such a
flexible learning mechanism would help use CC-based

guidance in real-world environments where multiple goal-
relevant targets might be present in the same scene context.
Chun and Jiang (1998, Experiment 6) initially supported this
idea by investigating CC in an experiment where a given,
repeated distractor context was paired with two possible,
frequently repeating target locations. Their results showed a
reliable CC-effect with two possible target positions, though
there was a 50% reduction compared to the contextual facili-
tation observed with a single target location.

Zellin et al. (2011) later re-investigated CC with multiple
target locations. In general agreement with Chun and Jiang's
(1998) initial findings, they also observed that the strength of
CC reduced (and developed later) for repeated displays paired
with two target locations relative to just a single target loca-
tion. Moreover, CC even vanished completely with three
possible repeating target locations. Additional analyses
further showed that the CC-effect observed for dual-target
displays resulted from the combined effect of a single
“dominant” target location, which revealed a strong and sig-
nificant CC-effect. In contrast, the second, “minor” target
location of a given display did not yield any contextual facil-
itation, but instead revealed a reliable reaction time (RT) cost
(i.e., slower RTs to minor targets in repeated displays than in
non-repeated, i.e., baseline, displays). A similar pattern of
results was obtained in their subsequent experiment with
three target locations, where only a single, dominant target
location showed a substantial CC-effect, while no cueing was
found for the two other locations of a given, individual
repeated distractor array. Together, these findings thus sug-
gest that CC is not very flexible but limited to acquiring just a
single distractor-target association for a given repeated dis-
tractor arrangement.

Converging evidence for this proposal also comes from
studies exploring whether a single repeated context may be
paired with multiple target positions by introducing a
training-/test-phase design that presents a consistent target
location change from one phase to the next. For instance,
Manginelli and Pollmann (2009) had participants learn
repeated context displays with a single target location in an
initial training phase. In the subsequent test phase, the target
was relocated to a previously empty display location (that had
not contained a distractor item). The results revealed a reli-
able CC-effect during training. However, after target reloca-
tion, CC vanished — presumably because the implicitly
learned association still guided attention to the original target
location, thus resulting in a slowing of RTs for repeated dis-
tractor contexts with relocated targets. Thus, once learned,
repeated layouts trigger attentional-priority signals from sta-
tistical LTM that, after target relocation, interfere with
contextual re-learning (Zinchenko et al., 2020). This interpre-
tation is in line with Makovski and Jiang (2010), who observed
the CC-effect to decrease with increasing distance between
the original target location and the relocated target. And it is
consistent with Zellin et al. (2013), who found that contextual
facilitation does not readily re-emerge even after extensive
training with relocated targets; in fact, successful adaptation
of statistical LTM was seen only after three days of training
and after more than 80 encounters of each relocated target in
a repeated display context (Zellin et al., 2014).
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Together, the evidence indicates that CC is acquired after
only few encounters with specific distractor-target arrange-
ments. This learning is incidental, in that participants develop
a facilitation from repeated encounters of specific distractor
contexts simply by performing the search task and without
being instructed that some of the search arrays may be
repeated. Once contextual memories are established, they are
automatically activated (i.e., reflecting incidental memory)
and the contextual memories are therefore resistant against
updating after target location changes within otherwise un-
changed distractor arrangements (see, e.g., Conci & Zellin,
2022). This pattern of results thus suggests that LTM repre-
sentations of the distractor-target spatial contexts automati-
cally bias search when encountering a learnt display
arrangement. For instance, display repetitions may lead to the
build-up of specific — search-guiding ‘template’ — represen-
tations for specific distractor-target arrays, which, on later
encounters, are retrieved, and so improve search (e.g., Logan,
1988; Chun & Phelps, 1999). In this view, only a single —
dominant — target location in the template will receive a
processing advantage, whereas targets appearing at other —
minor — locations may be processed only with a cost due to
contextual misguidance of attention towards the dominant
target position, which must be overcome to find and respond
to the ‘minor’ target. ERP evidence for this form of contextual
misguidance, after target relocation (to the opposite hemi-
field) has previously been revealed in the Nilpc, which re-
verses its polarity after the location change, now exhibiting a,
for repeated arrays more pronounced, positive-going deflec-
tion towards initially, learned target positions (thereby effec-
tively still indexing the initially learned target location in the
ipsilateral hemifield, Zinchenko et al., 2020). Thus, once
learned, repeated layouts trigger attentional-priority signals
from contextual LTM, interfering with the search after target
relocation.

Such an “automatic template-matching” mechanism may
explain why CC is typically limited to a single target position
per distractor context since the LTM representation of a given,
repeated distractor-target array will automatically direct
attention toward the memory-matching — dominant — target
location in the search array, yielding contextual facilitation if
the target indeed appears at this position. However, the same
LTM ‘bias’ towards the dominant target location will
“misguide” attention if the target appears at another — minor
—location, and this bias will, in turn, need to be overcome by a
time-consuming control process to reorient attention to the
actual target location.

Based on this account, we predict a specific pattern of
attentional (mis-) allocation to arise during the search in
repeated arrays with several target locations (see Zinchenko
et al., 2020), namely the (i) automatic allocation of attention
towards one (of several possible) recurring target items (as
indexed by the Nipc), followed (ii) by the subsequent shift of
spatial attention to the designated target (N2pc). However,
while this sequence of attentional processing ensures effi-
cient, LTM-based orienting towards the learned, dominant
target, it nevertheless induces a cost for targets appearing at
non-predicted, minor locations. In this case, (iii) time-
consuming reorienting processes may become necessary,
which could potentially engage additional control

mechanisms (Hamm et al., 2002; Kutas & Federmeier, 2011;
Zinchenko et al., 2019) that help to overcome the automatic
bias of attention from contextual LTM.

To test these predictions, we performed a typical CC vi-
sual search experiment that required detecting a T-shaped
target among L-shaped distractor items (see Fig. 1 for
example displays). Unbeknown to the participants, half of
the trials contained repeated arrays, which were paired
either with a single target location (as in the standard CC
task) or with two possible target locations (with the two
repeating target locations alternating across sequential
blocks of trials). These repeated context displays were
compared to randomly generated, non-repeated contexts
paired with a single or two possible targets (alternating
across blocks). Besides behavioral RTs, we recorded partici-
pants' electroencephalogram (EEG) to isolate the lateralized
Nilpc and N2pc components at parietal—occipital electrodes,
in addition to the N200 and N400 at fronto-central electrodes
(and, which could be expected to reflect some top-down
control signal when experiencing conflicting information,
see Folstein & Van Petten, 2008; Hanslmayr et al., 2008;
Bruchmann et al., 2010). Given this setup, we were able to use
the ERP signatures to compare (i) CC in displays with one
versus two targets and (ii) search in the same two-target
displays for the preferred (dominant) and the less preferred
(minor) target locations.

2. Method
2.1. Participants

Twenty-four participants took part in this study (14 females;
mean age: 26.25 [age range: 21—-31] years; all right-handed; all
with normal or corrected-to-normal visual acuity). The data
from three participants were not included in the analyses due
to a failure to record the EEG data. The final sample thus
consisted of 21 participants (12 females; mean age: 26.71 [age
range: 21—-31] years). On the basis of the main effect of Context
on the mean RTs in the learning phase (partial eta2 = .66) as
reported in Zinchenko et al. (2020), a power calculation
revealed that the current sample size would be appropriate to
detect an f(U) effect size of 1.0 with 85% power (partial
eta2 = .4, groups = 2, number of measurements = 4), given an
alpha level of .05 and a nonsphericity correction of 1 (see also
Schankin and Schubo, 2010; Zellin et al., 2011, for comparable
sample sizes). Note that our sample size in the current study
would also be adequate to resolve the previously reported
polarity reversal in the Nl1pc amplitude in Zinchenko et al.
(2020), which is reflected by a Context x Phase interaction
(partial eta2 = .45). The Ethics Committee of the Department
of Psychology at Ludwig-Maximilian's University Munich
approved the study. All volunteers provided written informed
consent and received 25 € for participating in the study. No
part of the study procedures or analysis was pre-registered
before the research was conducted. We report how we
determined our sample size, all data exclusions, all inclusion/
exclusion criteria, whether inclusion/exclusion criteria were
established prior to data analysis, all manipulations, and all
measures in the study.
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Block 1,3,5... 85

Single-target

Dual-target

Block 2,4,6... 86

Fig. 1 — Examples of repeated-context search displays in the single-target (top) and dual-target (bottom) conditions. Each
search display presents a single T-shaped target and 11 distractor Ls. In the single-target condition, the repeated distractor
arrangement would be paired with a single, fixed target location that would repeat across all blocks in the experiment. In
the dual-target condition, two possible target locations would alternate between the left and right hemifields in odd and
even blocks (left and right panels, respectively) while maintaining a constant configuration of distractor items. Note that the
assignment of target locations to the right and left hemifields was randomized but balanced across both conditions.

2.2.  Apparatus and stimuli

The experimental routine was programmed in Matlab with
Psychophysics toolbox extensions (Kleiner et al., 2007) and
was presented on an Intel PC under Windows 7. Participants
were seated in a dimly lit room in front of a 23-inch LCD
monitor (ASUS, Taiwan; refresh rate: 60 Hz; display resolution:
1920 x 1080 pixels) at a viewing distance of 60 cm (controlled
by a chin rest). The search displays consisted of 12 gray items
(luminance: 1.0 cd/m?; 1 target and 11 distractors) presented
against a black background (.11 cd/m?; see Fig. 1). The target
was a “T” shape rotated randomly by 90° to either the left or
the right; the 11 remaining items were “L”-shaped distractors
rotated randomly at orthogonal (0°, 90°, 180°, or 270°) orien-
tations. All stimuli subtended approximately .4° of visual
angle in width and height. The items were arranged on three
(invisible) concentric circles around the display center (radii of
1.7°, 3.5°, and 5.2°, respectively). The task required observers
to find the target shape and discern the target's left/right
orientation. In repeated displays, the locations and orienta-
tions of the distractors were held constant across trials; in
non-repeated displays, all distractors (i.e., their locations and
orientations) were generated anew on each trial. Note that in
all (repeated and non-repeated) displays, the location of the
target was repeated, while its (left/right) orientation was
determined randomly and was thus unpredictable, thereby
ensuring that a repeated context could only be associated with
a specific (repeated) target location, but not with a specific
target identity requiring a specific response. This approach
has been used in most CC studies to ensure that contextual
learning reflects attentional guidance towards a given (target)
location, rather than an association of the context with a given
(invariant) manual response (see Chun & Jiang, 1998). Targets

were randomly positioned, but with an equal probability to
appear on rings 2 and 3. There were 24 possible target loca-
tions overall. Four of these (1 per quadrant) were used for
single-target repeated displays (i.e., displays with only a single
target location and a constant distractor layout throughout all
trials as in “standard” CC experiments). Four different target
locations were additionally used for single-target, non-
repeated displays, in which a fixed target location was always
paired with a distractor arrangement that was randomly
determined on each trial. Another set of 2 x 4 target locations
(2 per quadrant) was selected for the dual-target repeated
displays. These 8 target locations in dual-target displays were
generated such that for a given repeated display, one possible
target location was presented in the left and the other one in
the right display half, with the two locations alternating
across odd and even trial blocks. Finally, an additional set of
2 x 4 target locations was selected for dual-target, non-
repeated displays, which presented randomly generated dis-
tractor arrangements on each trial, together with fixed target
locations that alternated between the two display halves on
odd and even trial blocks (comparable to the procedure for
repeated, dual-target displays). Fig. 1 presents example search
displays with repeated context layouts in the single- and dual-
target conditions. In all displays, the item distribution was
balanced between the left and right display halves (6 items on
the left and 6 on the right of the central fixation). The target
was also equally likely to appear on each display type's left
and right sides. The experiment consisted of 86 blocks of 16
trials each (4 single-target repeated, 4 dual-target repeated, 4
single-target non-repeated, and 4 dual-target non-repeated
trials, presented in randomized order), yielding 1376 trials.
Before commencing the experiment proper, participants per-
formed two practice blocks of 32 trials (data not recorded).
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2.3. Trial sequence

A trial started with the presentation of a central fixation cross
(size: .25°; luminance: 1.0 cd/m?) for 500 msec. Observers were
instructed to fixate on the cross throughout the trial and use
peripheral vision to locate the target and identify its orienta-
tion. Each search display was presented for 700 msec and was
then removed, leaving only the fixation cross, which stayed on
until the observer responded. If the target “T” was tilted to the
right (left), they had to press the right (left) arrow button on the
computer keyboard with their corresponding index finger.
Following an erroneous response, the word “Wrong” appeared
on the screen for 1500 msec. A blank inter-trial interval of
1000 msec followed each trial. Note that (except for the infre-
quent presentation of the additional error message), there was
no temporal jitter implemented in the timing of a given trial.

2.4. EEG recording

The EEG was continuously sampled at 1 kHz using 64 Ag/AgCl
active electrodes (acti-CAP system; Brain Products Munich)
positioned according to the international 10—10 System. To
monitor for blinks and eye movements, the electrooculogram
was additionally recorded using electrodes placed at the outer
canthi of the eyes and, respectively, the superior and inferior
orbits. All electrophysiological signals were amplified using
BrainAmp amplifiers (BrainProducts, Munich) with a.1-250 Hz
bandpass filter. During data acquisition, all electrodes were
referenced to FCz, and re-referenced off-line to averaged
mastoids. All electrode impedances were kept below 5 kQ.

Before segmenting, the raw data were visually inspected to
remove non-stereotypical noise manually; subsequently, the
data were bandpass-filtered using a .1-70 Hz Butterworth IIR
filter (24 dB/Oct). Next, an infomax independent-component
analysis was run to identify components representing blinks
and horizontal eye movements and to remove these artifacts
before the back-projection of the residual components. For the
ERP analyses, the continuous EEG was epoched into 1000-
msec segments relative to a 200-msec pre-stimulus interval,
used for baseline correction. Only trials with correct responses
and without artifacts —any signal exceeding +60 uV, bursts of
electromyographic activity (as defined by voltage steps/sam-
pling points larger than 50 uV), and activity lower than .5 uV
within intervals of 500 msec (indicating dead channels) — were
accepted for further analysis on an individual-channel basis
before averaging the ERP waves.

To extract the posterior components of interest (Nlpc,
N2pc) from overlapping target selection-unspecific compo-
nents, ERPs from parieto-occipital electrodes (PO7/8) ipsilat-
eral to the target's location were subtracted from contralateral
ERPs. The latencies of the components were defined individ-
ually as the maximum negatively directed deflection in the
time range of 80—180 msec (N1pc) and 180—400 msec (N2pc)
post-stimulus. We computed ERP amplitudes by averaging 10
(N1pc) and 20 (N2pc) consecutive sample points before and
after the maximum deflection.

Visual inspection of the data revealed that the N200
component was most pronounced between 290 and 330 msec
after stimulus onset, while the N400 component was most
pronounced between 350 and 500 msec, with both

components revealing their maximum activation at elec-
trodes AF3, F3, FC3, AF4, F4, and FC4. The mean amplitude of
these six fronto-central electrodes was averaged across these
time ranges for the ERP analyses. Note that both N200 and
N400 ERP components were not lateralized.

2.5. Recognition test

At the end of the experiment, observers performed a yes/no
recognition test, intended to examine whether any explicit
memory about the repeated configurations was established.
To this end, the eight repeated displays from the search task
and eight newly composed displays were shown, and ob-
servers were asked to indicate whether they had seen a given
display previously. The eight repeated and eight non-repeated
displays were presented in random order. The dual-target
displays were presented with the target randomly selected
from the two possible target locations for a given display. The
recognition responses were non-speeded, and no error feed-
back was provided.

3. Results
3.1. Behavioral data

Individual RTs and error rates were calculated for each
factorial combination. For the RT analysis, error trials and RTs
above and below 2.5 standard deviations from the mean were
excluded, leading to the removal of ~14.9% of all trials. Mean
values for each experimental condition were then submitted
to arepeated-measures analysis of variance (ANOVA) with the
factors Context (repeated, non-repeated), Target type (Dual-
target, Single-target), and Epoch (1-11; where one experi-
mental ‘epoch’ combines data across 8 consecutive trial
blocks, except for epoch 11, which only averaged across 6
blocks). It should be noted that this analysis averaged across
both target locations (that alternated across odd and even
blocks) in dual-target displays, thus using identical trial
numbers for the comparison of the single- and dual-target
displays. This ensured that there were comparable “opportu-
nities” to learn the repeating contexts for the two target types.
Greenhouse-Geisser corrected values are reported in case
Mauchly's test of sphericity was significant (p < .05).

Fig. 2A depicts the mean RTs for repeated and non-repeated
displays across epochs in the single- and dual-target condi-
tions. The ANOVA revealed a significant main effect of
Context, with faster RTs on trials with repeated versus non-
repeated displays (833 msec vs 860 msec), F(1, 20) = 12.55,
p =.002, Th% = .39, indicative of an overall CC-effect of 27 msec.
The main effect of Target type was also significant, F(1,
20) = 13.37, p = .002, n3 = .40: RTs were overall faster in the
single-target relative to dual-target condition (832 msec
us 861 msec). The main effect of the Epoch was significant, too,
F(10, 200) = 5.38, p < .001, n3 = .21, showing that the RTs
decreased (by 91 msec) from the first to the last epoch of the
experiment. Moreover, there was also an interaction of
Context by Epoch, F(10, 200) = 2.62, p = .005, nj = .12, which
indicated that CC was not reliable, particularly during earlier
epochs of the experiment (i.e., in epochs 1, 2, 4 and 7, all
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Fig. 2 — A. Mean reaction times (RTs, in milliseconds), with associated standard errors, for repeated and non-repeated
contexts (solid and dashed lines, respectively) as a function of epoch in the single-target (left) and dual-target (right)
conditions. B. Grand-average, lateralized event-related potentials (ERPs) at electrodes PO7/PO8 contra- [minus] ipsilateral to
the target for non-repeated (dashed line) and repeated (solid line) contexts in the single-target (left) and the dual-target
(right) conditions. Negative is plotted upward. For illustration purposes, the presented waveforms were low pass filtered at
20 Hz (with zero phase shift Butterworth filters, order 4). Each component (N1pc, N2pc) is depicted with its corresponding
scalp distribution. C. Horizontal electrooculogram (HEOG) waveforms show repeated- and non-repeated context trials,
averaged across all participants. The graphs show that participants were overall very accurate at maintaining central
fixation, irrespective of the experimental conditions.
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p's > .05) while showing a substantial CC benefit towards the
end of the experiment (i.e., in epochs 3, 5, 6 and 8-11, all
p's < .01). Most importantly, the Context by Target type inter-
action was significant, F(1, 20) = 6.03, p = .023, n% =.23. Follow-
up t-tests revealed a significant cueing effect in single-target
displays (46 msec), t(20) = 3.99, p < .001, Cohen's d = .89,
which was not evident in dual-target displays (9 msec),
t(20) = .87, p = .39, Cohen's d = .19 (see also Fig. 2A, left vs right
panel). Moreover, planned pairwise comparisons in the dual-
target condition additionally revealed some evidence for a re-
sidual CC-effect that gradually developed towards the end of
the experiment and was evident in Epochs 8 (17 msec),
t(20) = 1.88, p < .05, Cohen's d = .42 and Epoch 11 (26 msec),
t(20) = —1.78, p < .05, Cohen's d = .40. There were no other
significant effects (all p's > .05).

The overall rate of response errors was 14%, which is high
(by the usual standards of search RT experiments), but modest
when taking the limited display exposure time and the
requirement to fixate the screen center into account (see also
Schankin & Schub6, 2009, 2010; Zinchenko et al., 2020 for
comparable results). A repeated-measures ANOVA with the
factors Context, Target type, and Epoch on the mean errorrates
revealed a significant main effect of Epoch, F(10, 200) = 4.35,
p <.001, 11123 = .18, which showed that there were fewer errors
towards the end of the experiment in Epoch 11 (12.4%) relative
to the beginning, that is, in Epoch 1 (17.9%). Furthermore, the
main effect of Target type was significant, F(1, 20) = 8.91,
p = .007, n3 = .31: participants made more errors in the dual-
target condition (15.1%) relative to the single-target condition
(12.8%). Finally, there was an interaction of Target type by
Epoch, F(10, 200) = 2.37, p = .011, nj = .11. Follow-up t-tests
showed that the error rates decreased substantially across
epochsin the single-target condition (Epoch 1: 18.6%; Epoch 11:
10.9%), t = 2.39, p < .001, as opposed to the dual-target condi-
tion, which only revealed a trend for a reduction of the errors
across epochs (Epoch 1 = 17.1%, Epoch 11 = 13.7%), t = 1.33,
p = .071, n) = .08. No other main effects and/or interactions
reached significance (all p's > .1). Overall, the error analysis
thus coincides with the RT data in showing that performance
was enhanced with fewer possible target locations and with
prolonged practice.

In a subsequent analysis, we compared the strength of
cueing between individual pairs of target locations for
repeated contexts in dual-target displays. For this analysis, we
computed, for each observer, the mean RTs for each of the two
individual target locations in each repeated, dual-target
display, sorting the RTs by size into two bins, one that repre-
sents the “dominant” targets (with comparably faster RTs) and
a second bin of “minor” targets (with comparably slower RTs,
see Zellin et al., 2011, for a comparable analysis procedure). Of
note, this sorting procedure, which was based on the mean RTs
was done in a post-hoc manner, i.e., the classification into
dominant and minor targets on the basis of the RTs could only
be achieved after the experiment was completed. Moreover,
the statistical comparison of the dominant and minor targets,
was once again based on a comparable number of trials, thus
equating the opportunities to learn the repeating contexts
across both targets.

As can be seen from Fig. 3A, RTs to the dominant targets
were indeed faster than RTs in the non-repeated (baseline)

condition, while the minor targets elicited comparably slower
RTs. Two repeated-measures ANOVAs with Context
(Repeated, Non-repeated) and Epoch (1-11) were then per-
formed on the dominant and minor target conditions. These
analyses revealed a significant CC-effect with dominant tar-
gets, F(1, 20) = 33.46, p < .001, n3 = .63, revealing faster RTs (by
59 msec) for repeated contexts with dominant targets relative
to non-repeated contexts. There was also a significant main
effect of Epoch, F(10, 200) = 4.14, p < .001, n% =.17, which again
revealed that RTs were faster (by 92 msec) in the last Epoch 11
relative to Epoch 1, t(20) = 2.55, p = .019, Cohen's d = .57.

The main effect of Context was also significant for the
analysis of the minor targets, F(1, 20) = 10.62, p = .004, n3 = .35,
but here, the direction of the effect was reversed, with slower
RTs for minor targets with repeated contexts relative to the
non-repeated contexts, thus resulting in a negative CC-effect
of —45 msec. There was also again a significant main effect
of Epoch, F(10, 200) = 5.51, p < .001, n3 = .22, which showed
that RTs decreased by 98 msec in Epoch 11 relative to Epoch 1,
t(20) = 3.02, p = .006, Cohen's d = .68. Both analyses revealed
no other significant effects (all p's > .1).

3.2. Electrophysiological data

We calculated individual participants' mean amplitudes for
each factorial (Target type x Context) combination, separately
for the N1pc and N2pc components. These values were then
submitted to repeated-measures ANOVAs with the factors
Context (repeated, non-repeated) and Target type (Dual-
target, Single-target). Fig. 2B presents the lateralized ERP
waves, where activity at electrodes contralateral to the target
was subtracted from activity ipsilateral to the target, sepa-
rately for the single- (left) and dual-target (right) conditions.

The analysis of the Nilpc, revealed a significant
Context x Target type interaction, F(1, 20) = 9.84, p = .005,
np2 = .33. Pairwise comparisons revealed a significant differ-
ence between repeated (—.95 mV) and non-repeated (-.51 mV)
contexts in the single-target condition, t(20) = —2.42, p = .024,
Cohen's d = .54, which was not evident in the dual target-
condition, t(20) = .54, p = .59, Cohens d = .12
(repeated = —.57 mV, non-repeated = —.64 mV). Next, the
analysis of the N2pc revealed a significant main effect of
Context, F(1, 20) = 7.03, p = .015, np2 = .26, which was due to
more negative amplitude deflections for repeated (—1.41 mV),
as compared to non-repeated (—1.06 mV) contexts. Both ana-
lyses revealed no other significant effects (all p's > .05).

An additional analysis once again employed the RT-based
classification procedure described above to categorize the
lateralized ERPs for the two target locations in dual-target
displays in terms of dominant and minor targets. To this
end, the ERP data were sorted into dominant and minor bins
depending on the mean RTs for the two (left and right hemi-
field) targets in each repeated dual-target display. It should be
noted that this sorting procedure led, in four participants, to a
distribution where all dominant targets were located in one
hemifield, while all minor targets were found in the other
hemifield. For these participants, it was thus impossible to
calculate lateralized ERPs, with the electrophysiological re-
sponses being combined across both display halves. The data
from these participants were therefore excluded from the
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Fig. 3 — A. Mean reaction times (RTs, in milliseconds), with
associated standard errors, for repeated (dominant), non-
repeated, and repeated (minor) contexts (black solid,
dashed, and blue lines, respectively) as a function of epoch
in the dual-target conditions. B. Grand-average lateralized
difference waves at electrodes PO7/PO8 for repeated
(dominant), non-repeated, and repeated (minor) contexts
(solid black, dashed, and blue lines, respectively). C. Grand-
average ERPs at electrodes AF3, F3, FC3, AF4, F4, and FC4
plotted for repeated (dominant), non-repeated and repeated
(minor) contexts (solid black, dashed, and blue lines,
respectively). Negative is plotted upward. The N200 and
N400 are depicted with their corresponding scalp
distributions.

current analysis, thus leaving N = 17 participants in the data
proper. Moreover, for 6 additional participants, three (of
overall four) dominant/minor targets were also assigned to
the same hemifield, thus again leading to a certain bias when
calculating lateralized ERPs because the two hemifields would
potentially differ in terms of their signal-to-noise ratio. To
consider this imbalance, we employed a weighting function-
ality of the Brain Vision Analyzer v2.0 (Brain Products, Ger-
many) software, which allows calculating lateralized ERPs
proportional to the number of single-trial waveforms avail-
able for each hemisphere. In these six participants, we thus
specified a weight of 75% for the condition where three
dominant/minor targets were assigned to one hemisphere
and a weight of 25% for the condition where one target was
assigned to the other hemisphere. The resulting ‘weighted’
difference waves are shown in Fig. 3B.

For the Nilpc, planned pairwise comparisons revealed a
stronger negative-going deflection that was observed for
dominant targets (—.25 mV), as compared to a positive-going
deflection for minor targets (.26 mV), t(15) = —1.82, p < .043,
Cohen's d = .47. Relative to the non-repeated context baseline
(=.05 mV), the dominant targets were also (marginally) more
negative, t(15) = —1.49, p = .077, Cohen's d = .38, while the
minor-repeated targets were (marginally) more positive in
amplitude, t(15) = —1.35, p = .09, Cohen's d = .35. In the sub-
sequent N2pc, a difference between dominant (—1.25 mV) and
minor (—.75 mV) targets was also apparent, t(15) = —2.05,
p = .029, Cohen's d = .53. In relation to the non-repeated
baseline (—.52 mV), dominant targets were again more nega-
tive in amplitude, t(15) = —3.86, p < .001, Cohen's d = 1.00. In
contrast, the difference between targets in baseline displays
and minor targets was not significant, t(15) = 1.64, p = .12,
Cohen's d = .42.

The analysis of the fronto-central N200 revealed significant
differences between dominant (-2.35 mV) and minor
(—2.79 mV) targets, t(15) = 2.79, p = .014, Cohen's d = .72, and
between dominant targets and targets in non-repeated dis-
plays (—2.84 mV), t(15) = —2.36, p = .032, Cohen's d = .73.
Finally, minor targets did not differ from targets in non-
repeated displays, t(15) = —.35, p > .7, Cohen's d = .09. Iden-
tical analyses carried out on the N400 again yielded a signifi-
cant difference between minor (-1.88 mV) and dominant
(—1.02 mV) targets, t(15) = 2.84, p = .012, Cohen's d = .73. The
mean amplitude for targets in non-repeated displays
(—1.60 pV) was, in turn, (marginally) more negative than the
mean amplitude for dominant targets, t(15) = —1.93, p = .072,
Cohen's d = .50, while being comparable to the minor targets,
t(15) = 1.46, p < .16, Cohen's d = .38.

3.3. Recognition test

In the final recognition test, there was no difference between
the hit rates (correct recognition of repeated displays as
‘repeated’: 70%) and the false alarms (erroneous recognition of
non-repeated displays as ‘repeated’: 57%), t(20) = —.52, p > .6,
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Cohen's d = .12. Thus, there was little evidence of explicit
contextual memory in the current experiment, which mirrors
previous findings (e.g., Chun & Jiang, 1998). It should however
be noted that this “standard” recognition test in contextual
cueing experiments is typically associated with a comparably
low sensitivity and these results should therefore be inter-
preted with caution (Geyer et al., 2020; Vadillo et al., 2016).

4, Discussion

The current study investigated whether a given, repeated
context can be associated with multiple target locations.
While it is, in general, well accepted that repeated contexts
facilitate search by guiding visual attention to the target
location (Chun & Jiang, 1998; Spaak & de Lange, 2020), it is less
clear whether one repeated context may be associated with
two (or more) target locations and facilitate search for both (or
several) recurring targets. In addition to the inspection of the
behavioral data, complementary EEG analyses were per-
formed on lateralized posterior ERPs (reflecting memory-
based attentional guidance) and non-lateralized frontocen-
tral ERPs (reflecting processes of top-down attentional con-
trol), while focusing not only on the comparison of single-
versus dual-target displays, but also on the differentiation of
“dominant” and “minor” target locations within the repeated
dual-target displays. These behavioral and neurophysiological
measures should thus allow us to test whether contextual
LTM templates can guide search towards only a single target
or to multiple predictable targets.

Our results showed that the CC-effect with dual-target
displays was significantly reduced relative to single-target
displays, which revealed the typical pattern of contextual
facilitation in RT measures. CC for single-target displays was
also reflected in amplitude variations in the lateralized Ni1pc
and N2pc components. However, the N1pc modulation was
lacking with dual-target displays. This indicates that statisti-
cal learning of regularities was compromised at the early
stages of information processing when two possible target
locations alternated across blocks and required a rather flex-
ible association with the repeated contexts. A subsequent,
target-specific analysis of the dual-target displays, which
differentiated between the more “dominant” and the compa-
rably “minor” target location, revealed that one (dominant)
target showed a strong CC- effect, while the other minor target
conversely revealed a cost. In the ERPs, these CC benefits and
-costs were directly reflected by the N1pc amplitude modu-
lation, which revealed a reliable negative-going deflection
towards the dominant target and, conversely, a reliable
positive-going deflection towards the minor target. Of note,
the two possible target locations in each dual-target repeated
display would always be presented in opposite hemifields,
such that the positive deflection with the minor target effec-
tively reflects a negative-going bias in the Nlpc amplitude
towards the other, dominant target in the other display half.
This shows that even with dual-target displays, participants
were able to learn one specific distractor-target spatial rela-
tion, which, however, comes at the cost of (mistakenly)
prioritizing this — ‘dominant’ — target location when the
target appeared at the ‘minor’ location (thus showing some

evidence of misguidance in this case). Subsequently, in the
N2pc, a reliable negativity was again found, which was
particularly pronounced for dominant targets, while the
amplitude deflection for minor targets was now comparable
to the (non-repeated) baseline. That is, the initial misguidance
signal (in the N1pc) was effectively attenuated in the subse-
quent N2pc. Moreover, the frontal N200 and N400 components
were found to be more negative for the minor (as compared to
the dominant) targets, suggesting that top-down control pro-
cesses attempt to overcome the spatial-attentional, though
erroneous, bias towards the dominant target location — as
indexed by the Nipc.

4.1. Contextual learning is limited to single target
positions

Taken together, our behavioral findings replicate and extend
the work by Zellin et al. (2011), who also investigated the
flexibility of CC given multiple targets. They reported a sub-
stantially reduced CC-effect when a repeated context was
paired with two possible target locations, while no cueing ef-
fect was observed at all with three possible target locations.
Our behavioral results also mirror their target-specific ana-
lyses in multiple-target displays, which showed that repeated
contexts paired with two (or three) possible targets may be
differentiated regarding one dominant location engendering a
reliable contextual benefit. In contrast, the other minor loca-
tions would eventually reveal no CC and/or a contextual cost.
Consistent with this, our findings also indicated that the
mechanisms underlying CC can bias attention effectively to-
wards only one spatially confined region in each repeated
display. However, it might be argued that sorting the target
locations into dominant and minor categories inevitably re-
sults in larger versus smaller cueing effects for these target
categories, that is, the RT sorting procedure would, at least in
part, also determine the result of this comparison.

To overcome this problem, and to further test the single-
location learning account, the current study also assessed
the underlying neuronal representations associated with
dominant/minor target processing. The initial categorization
was still based on the mean RTs for individual targets in dual-
target displays (which replicated previous findings as
described above). However, we additionally analyzed the ERPs
that were elicited by the minor and dominant targets, thus
effectively assessing a measure that is independent from the
sorting procedure. Interestingly, the overall conclusion of
Zellin et al. (2011) and from the current RT analysis that
contextual guidance is limited to only a single target location
was also reflected in the Nilpc: in the single-target condition,
the acquisition of effective search-guiding contextual cues (as
evidenced by a CC RT facilitation) was associated with an
increased negativity in the Nilpc (see also Chaumon et al.,
2008; Zinchenko et al., 2020), but there was no comparable
N1lpc modulation in the amplitude of the dual-target condi-
tion when averaging across both targets. However, a reliable
negative deflection was evident with the dominant target,
while it reversed its polarity and revealed a positive-going
deflection when the display contained a minor target (thus
effectively providing an “erroneous” bias towards the
currently irrelevant, dominant target in the opposite
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hemifield). This may be interpreted in terms of an early and
automatic bias that occurred towards one of two overall
possible targets, thus showing that the difference in RTs be-
tween dominant and minor targets may also be revealed
during early-stage neuronal processing. It thus appears that
the Nipc reflects both attentional guidance towards the
dominant targets and the concurrent misguidance towards
the minor targets, thus mirroring, yet crucially extending the
previous behavioral work by Zellin et al. (2011).

In general agreement with these findings, previous studies
also showed that the Nilpc reflects early automatic
‘priority signaling’, that is, a reflexive attention bias triggered
by the repeated context (Zinchenko et al., 2020; 2023; note that
an Nlpcis also visible between 100 and 200 msec poststimulus
onsetin Fig. 3in Schankin & Schubg, 2009, but the authors did
not formally analyze this component). However, in these
studies, guidance and misguidance in the N1pc was related to
separate experimental phases. During an initial learning
phase, observers learned to associate a given repeated context
with a given target, and this resulted in an enhanced Nipc. In
a subsequent test phase, the target was relocated unexpect-
edly to a new position in the opposite hemifield (while then
remaining at this position), and as a result cueing vanished
and the Ni1pc was reversed in polarity. This is comparable to
our current findings, but related to sequential phases in the
experiment, whereas in the current study, the polarity switch
is associated specifically (and in a post-hoc sorting procedure)
with a learned target-context association versus a non-
learned association that is evident on a trial-by-trial basis,
thus proving further evidence that the polarity reversal in
previous studies indeed reflected a bias that arises from
contextual learning as observed in individual display
configurations.

4.2. Control of interference from within contextual LTM

Following the N1pc, we also found a significant N2pc that was
more pronounced for repeated relative to non-repeated dis-
plays, irrespective of the number of targets associated with a
given, repeated context. However, additional target-specific
analyses in the dual-target condition revealed an enhanced
N2pc only for displays with a target at the dominant location.
In contrast, targets at a minor location did not give rise to a
significant difference relative to non-repeated displays. In
contrast to the N1pc, the N2pc to minor targets did not reveal a
“misguidance” signal (to the dominant targets) but did not
reveal any bias. This may indicate that the Nilpc-related
misguidance signal was subsequently downregulated or
attenuated in the N2pc. Together this pattern of results thus
again supports the idea that the automatic (early) bias from
statistical context learning can guide attention only to one
restricted spatial region.

Previous studies investigating the N1pc predominantly re-
ported that this component reflects an attentional bias that
arises in response to salient items such as singleton targets or
distractors (Wascher & Beste, 2010). While salient items often
appear to elicit an Nlpc independently of the top-down task
set, Donohue et al. (2018) reported that an initial N1pc can be

followed by the voluntary allocation of attention towards that
element (indexed by N2pc) or away from it, thus revealing
attentional suppression (indexed by the Pp; Hickey et al., 2009)
if the salient item was categorized as a distractor item. Thus,
the Nlpc appears to reflect an early (pre-) attentive bias that
marks important scene elements for further processing,
including their selection as potential targets or their suppres-
sion in case of a distractor. Applied to the present investiga-
tion, we propose that the Nilpc can also be elicited in a
relatively difficult letter search task with little or minimal
bottom-up guidance (Moran et al., 2013), but following expe-
rience with repeated search arrays. Thus, in contrast to the
above-mentioned studies (i.e., Wascher & Beste, 2010;
Donohue et al., 2018) that used pop-out targets versus (task-
irrelevant) pop-out distractors for eliciting an Nilpc from
feature-contrast signals, the N1pc in the current experiment
appears to reflect activity from a visual priority map, which is
sensitive to one's previous experience, i.e., information
derived from LTM-based statistical learning. — In support of
this, several other previous ERP studies that also employed the
CC paradigm reported an Nlpc component (e.g., Zinchenko
et al., 2020; 2023; see also Fig. 3 in Schankin & Schubo, 2009).
Moreover, a comparable (occipital) activation with similar
timing has also been reported in a CC MEG study (Chaumon
et al., 2008).

As in the study by Donohue et al. (2018), the initial atten-
tional bias from LTM (as reflected in the N1pc) was followed by
a subsequent shift of spatial attention towards the target
hemifield (as indexed by the N2pc). In most previous studies,
the N2pcis measured in a time window between 180 msec and
350 msec (Eimer, 1996; Hickey et al., 2009; Hilimire et al., 2009;
2010; 2012; Luck & Hillyard, 1990; 1994; Luck et al., 1993;
Papaioannou & Luck, 2020, which is comparable to the current
study. Moreover, the N2pc would usually peak earlier in
search tasks that are rather efficient, e.g., because the target is
a salient stimulus that is rather easy to detect and/or where
only few nontargets are presented (e.g., Eimer, 1996; Luck &
Hillyard, 1994). As search difficulty increases, the N2pc then
tends to peak substantially later (e.g., Conci et al., 2011; Luck
et al,, 1993; Tollner et al., 2011, 2015), and it has also been re-
ported to last longer (Conci et al., 2011; Luck & Hillyard, 1990).
The N2pc thus appears to vary in timing as a function of
search difficulty. Several previous EEG studies also investi-
gated CC, presenting a very similar, rather difficult search
task, and also reported a comparable N2pc latency and to-
pology to the one reported in our current study, which was
also modulated by the repeated contexts (see Johnson et al.,
2007; Schankin & Schubog, 2009; 2010; Zinchenko et al., 2020;
2023). Together, these latter findings thus provide coherent
evidence that the allocation of spatial attention towards the
target is facilitated by repeated search contexts in the N2pc.

Finally, the N200 and N400 components have been linked
to attentional control processes (e.g., Bruchmann et al., 2010;
Coderre et al.,, 2011; Heidlmayr et al., 2014; Naylor et al., 2012).
For instance, they typically manifest with incongruent stimuli
in a Stroop task, with the N200 possibly reflecting enhanced
cognitive control relating to the inhibition of a given response
and error monitoring (Boenke et al., 2009), while the N400 is
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usually associated with higher cognitive engagement when
experiencing incongruent, conflicting stimuli. In this view, the
enhanced frontal N200 and N400 with targets at minor loca-
tions reflects the effort necessary to downregulate the bias
provided by the distractor configuration towards the domi-
nant location. Consistent with this idea, Pollmann and
Manginelli (2009; see also Pollmann, 2016) showed that after
a consistent target location change in a CC search task,
updating previously acquired target-context associations eli-
cited enhanced activity over the frontopolar cortex. Moreover,
using repetitive transcranial magnetic stimulation, Zinchenko
et al. (2019) found that stimulation of the anterior prefrontal
cortex “blocked” contextual updating after an unexpected
target location change. These previous studies thus already
reported some evidence for a contribution of frontal, execu-
tive control functions in suppressing task-irrelevant yet
learned context—target associations. The current study pro-
vides novel evidence showing that such control mechanisms
may also be measured at frontal electrodes sites with ERP
measures. In this view, the frontal N200 and N400 might
reflect enhanced attentional processing when presented with
the minor targets to overcome the automatic bias towards
dominant targets (even though this effortful attempt to
compensate for an erroneous bias is — in terms of the
behavioral measures — only partially effective).

Moreover, the enhanced N400 for minor (i.e., non-
matching) target locations in repeated spatial contexts might
not solely reflect top-down compensatory processes. Instead,
they could additionally index the registration of a prediction
error signal, as postulated by predictive coding models (e.g.,
Clark, 2013). For instance, previous studies observed a com-
parable enhanced N400 negativity when sentences were pre-
sented with words that violate predictions (e.g., when reading
the sentence “I had a cup of coffee with sugar and dog”; Hunt
et al., 2013, Kutas & Hillyard, 1980) or when images of natural
scenes contained mismatching objects (e.g., a hammer in a
kitchen scene; Vo & Wolfe, 2013). Violated predictions thus
seem to be captured in the N400. In this view, the observed
N400 modulation in the current study may likewise signal a
prediction error, namely when the learned context is paired
with a minor, thatis, with an unpredicted target location.

5. Conclusion

Our results emphasize the view of context-guided visual
search as an automatic attentional orienting process, where
repeated configurations of items can bias attentional priorities
and reflexively guide attention. In some cases, this may also
lead to attentional misguidance when a learned configuration
of distractors is paired with an unexpected (not learned) target
location, thus leading to both behavioral costs and neuro-
physiological signatures of misguidance. CC thus appears to
be limited to learning a single distractor-target association,
thereby only biasing attention towards a single region of space
during visual search. Moreover, overcoming the misguidance
from the learned target-context associations may, in turn,
engage frontal regions that detect the prediction error and
exert top-down attentional control.

Funding

The current work was funded by Deutsche For-
schungsgemeinschaft (Award number: GE 1889/4-1 and GE
1889/4-2 granted to Thomas Geyer and Markus Conci).

This research was also supported by the National Natural
Science Foundation of China (NSFC 32071042) to Xuelian Zang.

Data availability

The data that are reported in this study are available at:
https://osf.io/gfkt6/

Open practices

The study in this article has earned Open Data and Open
Material Badges for transparent practices. The data and ma-
terials used in this study are available at: https://osf.io/gfkt6/.

CRediT authorship contribution statement

Artyom Zinchenko: Writing — review & editing, Writing —
original draft, Visualization, Project administration, Method-
ology, Investigation, Formal analysis, Data curation, Concep-
tualization. Thomas Geyer: Writing — review & editing,
Validation, Project administration, Funding acquisition,
Conceptualization. Xuelian Zang: Software, Methodology,
Conceptualization. Zhuanghua Shi: Software, Methodology,
Conceptualization. Hermann J. Miiller: Writing — review &
editing, Supervision, Investigation, Conceptualization. Mar-
kus Conci: Writing — review & editing, Validation, Supervi-
sion, Resources, Funding acquisition, Conceptualization.

REFERENCES

Biederman, I. (1972). Perceiving real-world scenes. Science,
177(4043), 77—80.

Boenke, L. T., Ohl, F. W., Nikolaev, A. R., Lachmann, T., &
Leeuwen, C. V. (2009). Different time courses of Stroop and
Garner effects in perception — An event-related potentials
study. Neurolmage, 45, 1272—1288.

Bruchmann, M., Herper, K., Konrad, C., Pantev, C., & Huster, R. J.
(2010). Individualized EEG source reconstruction of Stroop
interference with masked color words. NeuroImage, 49,
1800—18009.

Chaumon, M., Drouet, V., & Tallon-Baudry, C. (2008). Unconscious
associative memory affects visual processing before 100 ms.
Journal of Vision, 8(3), 10—11.

Chun, M. M., & Jiang, Y. (1998). Contextual cueing: Implicit
learning and memory of visual context guides spatial
attention. Cognitive Psychology, 36(1), 28—71.

Chun, M. M., & Phelps, E. A. (1999). Memory deficits for implicit
contextual information in amnesic subjects with hippocampal
damage. Nature Neuroscience, 2(9), 844—847.

Clark, A. (2013). Whatever next? Predictive brains, situated agents,
and the future of cognitive science. Behavioral and Brain Sciences,
36(3), 181—204. https://doi.org/10.1017/S0140525X 12000477


https://osf.io/gfkt6/
https://osf.io/gfkt6/
http://refhub.elsevier.com/S0010-9452(24)00100-X/optDyT4Mq9c3J
http://refhub.elsevier.com/S0010-9452(24)00100-X/optDyT4Mq9c3J
http://refhub.elsevier.com/S0010-9452(24)00100-X/optDyT4Mq9c3J
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref2
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref2
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref2
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref2
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref2
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref2
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref4
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref4
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref4
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref4
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref4
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref5
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref5
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref5
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref5
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref7
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref7
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref7
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref7
http://refhub.elsevier.com/S0010-9452(24)00100-X/optU2UuELtKlS
http://refhub.elsevier.com/S0010-9452(24)00100-X/optU2UuELtKlS
http://refhub.elsevier.com/S0010-9452(24)00100-X/optU2UuELtKlS
http://refhub.elsevier.com/S0010-9452(24)00100-X/optU2UuELtKlS
https://doi.org/10.1017/S0140525X12000477
https://doi.org/10.1016/j.cortex.2024.04.001
https://doi.org/10.1016/j.cortex.2024.04.001

52 CORTEX 175 (2024) 41—53

Coderre, E. L., Conklin, K., & van Heuven, W. J. B. (2011).
Electrophysiological measures of conflict detection and
resolution in the Stroop task. Brain Research, 1413, 51-59.

Conci, M., & Miiller, H. J. (2014). Global scene layout modulates
contextual learning in change detection. Frontiers in Psychology,
5, 69462.

Conci, M., Tollner, T., Leszczynski, M., & Miiller, H. J. (2011). The
time-course of global and local attentional guidance in
Kanizsa-figure detection. Neuropsychologia, 49(9), Article
2456e2464.

Conci, M., & Zellin, M. (2022). Stimulus-driven updating of long-
term context memories in visual search. Psychological Research,
86(1), 252—267.

Davenport, J. L., & Potter, M. C. (2004). Scene consistency in object
and background perception. Psychological Science, 15(8),
559-564.

Donohue, S. E., Bartsch, M. V., Heinze, H. J., Schoenfeld, M. A., &
Hopf, J. M. (2018). Cortical mechanisms of prioritizing selection
for rejection in visual search. Journal of Neuroscience, 38(20),
4738—4748.

Eimer, M. (1996). The N2pc component as an indicator of
attentional selectivity. Electroencephalography and Clinical
Neurophysiology, 99(3), 225—234.

Folstein, J. R., & Van Petten, C. (2008). Influence of cognitive
control and mismatch on the N2 component of the ERP: A
review. Psychophysiology, 45, 152—170.

Geyer, T., Rostami, P., Sogerer, L., Schlagbauer, B., & Miiller, H. J.
(2020). Task-based memory systems in contextual-cueing of
visual search and explicit recognition. Scientific Reports, 10(1),
Article 16527.

Goujon, A., Didierjean, A., & Thorpe, S. (2015). Investigating
implicit statistical learning mechanisms through contextual
cueing. Trends in Cognitive Sciences, 19(9), 524—533.

Hamm, J. P., Johnson, B. W., & Kirk, I. J. (2002). Comparison of the
N300 and N400 ERPs to picture stimuli in congruent and
incongruent contexts. Clinical Neurophysiology, 113(8),
1339-1350.

Hanslmayr, S., Pastotter, B., Bauml, K.-H., Gruber, S., Wimber, M.,
& Klimesch, W. (2008). The electrophysiological dynamics of
interference during the Stroop task. Journal of Cognitive
Neuroscience, 20, 215—225.

Heidlmayr, K., Moutier, S., Hemforth, B., Courtin, C.,
Tanzmeister, R., & Isel, F. (2014). Successive bilingualism and
executive functions: The effect of second language use on
inhibitory control in a behavioural Stroop Colour word task.
Bilingualism: Language & Cognition, 17, 630—645.

Hickey, C., Di Lollo, V., & McDonald, J. J. (2009).
Electrophysiological indices of target and distractor
processing in visual search. Journal of Cognitive Neuroscience,
21(4), 760—775.

Hilimire, M. R., Hickey, C., & Corballis, P. M. (2012). Target
resolution in visual search involves the direct suppression of
distractors: Evidence from electrophysiology. Psychophysiology,
49(4), 504—509.

Hilimire, M. R., Mounts, J. R., Parks, N. A., & Corballis, P. M. (2009).
Competitive interaction degrades target selection: An ERP
study. Psychophysiology, 46(5), 1080—1089.

Hilimire, M. R., Mounts, J. R., Parks, N. A., & Corballis, P. M. (2010).
Event-related potentials dissociate effects of salience and
space in biased competition for visual representation. PLoS
One, 5(9), Article e12677.

Johnson, J. S.,, Woodman, G. F., Braun, E. L., & Luck, S. J. (2007).
Implicit memory influences the allocation of attention in
visual cortex. Psychonomic Bulletin & Review, 14(5), 834—839.

Kleiner, M., Brainard, D., Pelli, D., Ingling, A., Murray, R, &
Broussard, C. (2007). What's new in psychtoolbox-3. Perception,
36, 1-16.

Kutas, M., & Federmeier, K. D. (2011). Thirty years and
counting: Finding meaning in the N400 component of the
event-related brain potential (ERP). Annual Review of
Psychology, 62, 621—647.

Kutas, M., & Hillyard, S. A. (1980). Reading senseless sentences:
Brain potentials reflect semantic incongruity. Science, 207,
203-205.

Logan, G. D. (1988). Towards an instance theory of
automatization. Psychological Review, 95, 492—527.

Luck, S. ., Fan, S., & Hillyard, S. A. (1993). Attention-related
modulation of sensory-evoked brain activity in a visual search
task. Journal of Cognitive Neuroscience, 5, 188—195.

Luck, S. J., & Hillyard, S. A. (1990). Electrophysiological evidence
for parallel and serial processing during visual search.
Perception & Psychophysics, 48, 603—617.

Luck, S. J., & Hillyard, S. A. (1994). Electrophysiological correlates
of feature analysis during visual search. Psychophysiology, 31,
291-308.

Makovski, T., & Jiang, Y. V. (2010). Contextual cost: When a visual-
search target is not where it should be. Quarterly Journal of
Experimental Psychology, 63(2), 216—225.

Manginelli, A. A., & Pollmann, S. (2009). Misleading contextual
cues: How do they affect visual search? Psychological Research,
73(2), 212—221.

Moran, R., Zehetleitner, M., Miiller, H. J., & Usher, M. (2013).
Competitive guided search: Meeting the challenge of
benchmark RT distributions. Journal of Vision, 13(8), 1-31, 24.

Naylor, L. J., Stanley, E. M., & Wicha, N. Y. Y. (2012). Cognitive and
electrophysiological correlates of the bilingual Stroop effect.
Frontiers in Psychology, 3, 81.

Palmer, E. (1975). The effects of contextual scenes on the
identification of objects. Memory & Cognition, 3, 519—-526.

Papaioannou, O., & Luck, S. J. (2020). Effects of eccentricity on the
attention-related N2pc component of the event-related
potential waveform. Psychophysiology, 57(5), Article e13532.

Pollmann, S. (2016). Frontopolar resource allocation in human and
nonhuman primates. Trends in Cognitive Sciences, 20(2), 84—86.

Pollmann, S., & Manginelli, A. A. (2009). Anterior prefrontal
involvement in implicit contextual change detection. Frontiers
in Human Neuroscience, 28.

Reber, A. S. (1967). Implicit learning of artificial grammars. Journal
of Verbal Learning and Verbal Behavior, 6(6), 855—863.

Schankin, A., & Schubo, A. (2009). Cognitive processes facilitated
by contextual cueing: Evidence from event-related brain
potentials. Psychophysiology, 46(3), 668—679.

Schankin, A., & Schubo, A. (2010). Contextual cueing effects
despite spatially cued target locations. Psychophysiology, 47(4),
717-727.

Sisk, C. A., Remington, R. W., & Jiang, Y. V. (2019). Mechanisms of
contextual cueing: A tutorial review. Attention, Perception, &
Psychophysics, 81, 2571—2589.

Spaak, E., & de Lange, F. P. (2020). Hippocampal and prefrontal
theta-band mechanisms underpin implicit spatial context
learning. Journal of Neuroscience, 40(1), 191—-202.

Tollner, T., Conci, M., & Miiller, H. J. (2015). Predictive distractor
context facilitates attentional selection of high, but not
intermediate and low, salience targets. Human Brain Mapping,
36(3), 935—944.

Tollner, T., Zehetleitner, M., Gramann, K., & Miiller, H. J. (2011).
Stimulus saliency modulates pre-attentive processing speed
in hu- man visual cortex. PLoS One, 6(1), Article e16276.

Vo, M. L.-H., & Wolfe, J. M. (2013). Differential ERP signatures
elicited by semantic and syntactic processing in scenes.
Psychological Science, 24, 1816—1823.

Turk-Browne, N. B., Jungé, J. A., & Scholl, B. J. (2005). The
automaticity of visual statistical learning. Journal of
Experimental Psychology: General, 134(4), 552.


http://refhub.elsevier.com/S0010-9452(24)00100-X/sref9
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref9
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref9
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref9
http://refhub.elsevier.com/S0010-9452(24)00100-X/opt1HMc0S4K0I
http://refhub.elsevier.com/S0010-9452(24)00100-X/opt1HMc0S4K0I
http://refhub.elsevier.com/S0010-9452(24)00100-X/opt1HMc0S4K0I
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref10
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref10
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref10
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref10
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref10
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref11
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref11
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref11
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref11
http://refhub.elsevier.com/S0010-9452(24)00100-X/opt32PUm9kjn2
http://refhub.elsevier.com/S0010-9452(24)00100-X/opt32PUm9kjn2
http://refhub.elsevier.com/S0010-9452(24)00100-X/opt32PUm9kjn2
http://refhub.elsevier.com/S0010-9452(24)00100-X/opt32PUm9kjn2
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref12
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref12
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref12
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref12
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref12
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref13
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref13
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref13
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref13
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref14
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref14
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref14
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref14
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref16
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref16
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref16
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref16
http://refhub.elsevier.com/S0010-9452(24)00100-X/optaGg95upM4Q
http://refhub.elsevier.com/S0010-9452(24)00100-X/optaGg95upM4Q
http://refhub.elsevier.com/S0010-9452(24)00100-X/optaGg95upM4Q
http://refhub.elsevier.com/S0010-9452(24)00100-X/optaGg95upM4Q
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref18
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref18
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref18
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref18
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref18
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref19
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref19
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref19
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref19
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref19
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref19
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref19
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref20
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref20
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref20
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref20
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref20
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref20
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref20
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref21
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref21
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref21
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref21
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref21
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref22
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref22
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref22
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref22
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref22
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref23
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref23
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref23
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref23
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref24
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref24
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref24
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref24
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref26
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref26
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref26
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref26
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref26
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref27
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref27
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref27
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref27
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref29
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref29
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref29
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref29
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref29
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref30
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref30
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref30
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref30
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref31
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref31
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref31
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref32
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref32
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref32
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref32
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref33
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref33
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref33
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref33
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref33
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref34
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref34
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref34
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref34
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref35
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref35
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref35
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref35
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref36
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref36
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref36
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref36
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref37
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref37
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref37
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref37
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref38
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref38
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref38
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref39
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref39
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref39
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref39
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref40
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref40
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref40
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref43
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref43
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref43
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref44
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref44
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref44
http://refhub.elsevier.com/S0010-9452(24)00100-X/optATpxJWr7fa
http://refhub.elsevier.com/S0010-9452(24)00100-X/optATpxJWr7fa
http://refhub.elsevier.com/S0010-9452(24)00100-X/optATpxJWr7fa
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref46
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref46
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref46
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref46
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref46
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref47
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref47
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref47
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref47
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref47
http://refhub.elsevier.com/S0010-9452(24)00100-X/optVEso4dpCFx
http://refhub.elsevier.com/S0010-9452(24)00100-X/optVEso4dpCFx
http://refhub.elsevier.com/S0010-9452(24)00100-X/optVEso4dpCFx
http://refhub.elsevier.com/S0010-9452(24)00100-X/optVEso4dpCFx
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref48
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref48
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref48
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref48
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref49
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref49
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref49
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref49
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref49
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref49
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref50
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref50
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref50
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref50
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref52
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref52
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref52
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref52
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref52
http://refhub.elsevier.com/S0010-9452(24)00100-X/optUAPKF5sJPF
http://refhub.elsevier.com/S0010-9452(24)00100-X/optUAPKF5sJPF
http://refhub.elsevier.com/S0010-9452(24)00100-X/optUAPKF5sJPF
http://refhub.elsevier.com/S0010-9452(24)00100-X/optUAPKF5sJPF
https://doi.org/10.1016/j.cortex.2024.04.001
https://doi.org/10.1016/j.cortex.2024.04.001

CORTEX 175 (2024) 41-53 53

Vadillo, M. A., Konstantinidis, E., & Shanks, D. R. (2016).
Underpowered samples, false negatives, and unconscious
learning. Psychonomic Bulletin & Review, 23, 87—102.

Wascher, E., & Beste, C. (2010). Spatial representations as an emergent
feature of perceptual processing. Journal of Psychophysiology.

Zellin, M., Conci, M., von Miihlenen, A., & Miiller, H. J. (2011). Two
(or three) is one too many: Testing the flexibility of contextual
cueing with multiple target locations. Attention, Perception, and
Psychophysics, 73(7), 2065—2076.

Zellin, M., Conci, M., von Miihlenen, A., & Miiller, H. J. (2013). Here
today, gone tomorrow — Adaptation to change in memory-
guided visual search. PLoS One, 8(3), Article e59466.

Zellin, M., von Miihlenen, A., Miller, H. J., & Conci, M. (2014).
Long-term adaptation to change in implicit contextual
learning. Psychonomic Bulletin & Review, 21(4), 1073—1079.

Zinchenko, A., Conci, M., Tollner, T., Miller, H. J., & Geyer, T.
(2020). Automatic guidance (and misguidance) of
visuospatial attention by acquired scene memory: Evidence
from an Nipc polarity reversal. Psychological Science, 31(12),
1531-1543.

Zinchenko, A., Conci, M., Miiller, H. J., & Geyer, T. (2023).
Environmental regularities mitigate attentional misguidance in
contextual cueing of visual search. Journal
of Experimental Psychology: Learning, Memory, and
Cognition.

Zinchenko, A., Conci, M., Taylor, P. C. J., Miller, H. J., & Geyer, T.
(2019). Taking attention out of context: Frontopolar
transcranial magnetic stimulation abolishes the formation of
new context memories in visual search. Journal of Cognitive
Neuroscience, 31(3), 442—452.


http://refhub.elsevier.com/S0010-9452(24)00100-X/sref53
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref53
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref53
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref53
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref53
http://refhub.elsevier.com/S0010-9452(24)00100-X/optkx1R8JskMb
http://refhub.elsevier.com/S0010-9452(24)00100-X/optkx1R8JskMb
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref55
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref55
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref55
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref55
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref55
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref56
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref56
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref56
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref56
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref57
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref57
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref57
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref57
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref57
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref59
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref59
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref59
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref59
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref59
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref59
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref59
http://refhub.elsevier.com/S0010-9452(24)00100-X/optiNl7hiwJ8y
http://refhub.elsevier.com/S0010-9452(24)00100-X/optiNl7hiwJ8y
http://refhub.elsevier.com/S0010-9452(24)00100-X/optiNl7hiwJ8y
http://refhub.elsevier.com/S0010-9452(24)00100-X/optiNl7hiwJ8y
http://refhub.elsevier.com/S0010-9452(24)00100-X/optiNl7hiwJ8y
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref60
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref60
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref60
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref60
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref60
http://refhub.elsevier.com/S0010-9452(24)00100-X/sref60
https://doi.org/10.1016/j.cortex.2024.04.001
https://doi.org/10.1016/j.cortex.2024.04.001

	When experience with scenes foils attentional orienting: ERP evidence against flexible target-context mapping in visual search
	1. Introduction
	2. Method
	2.1. Participants
	2.2. Apparatus and stimuli
	2.3. Trial sequence
	2.4. EEG recording
	2.5. Recognition test

	3. Results
	3.1. Behavioral data
	3.2. Electrophysiological data
	3.3. Recognition test

	4. Discussion
	4.1. Contextual learning is limited to single target positions
	4.2. Control of interference from within contextual LTM

	5. Conclusion
	Funding
	Data availability
	Open practices
	CRediT authorship contribution statement
	References


