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Abstract

Visual search is faster when it occurs within repeated displays, a phenomenon known as
contextual cuing (CC). CC has been explained as the result of an automatic orientation of
attention towards a target item driven by learned distractor-target associations. In three
experiments we tested the specific hypothesis that CC is an automatic process of attentional
guidance. Participants first searched for a T target in a standard CC procedure. Then, they
experienced the same repeated configurations (with the T still present), but now searched
for a Y target that was positioned either in a location on the same, or on a different side, from
the old T target. Results suggested that there was no interference caused by the old T-
target: target search was not affected by the relative positions of the T and Y. Instead, we
found a general facilitation in search times for repeated configurations (Experiments 1 and
2). This main effect disappeared when the need for visual search was eliminated in
Experiment 3 using a “feature search task”. These results suggest that repeated sets of
distractors did not trigger an uncontrollable response towards the position of the T; instead,

CC was produced by perceptual learning processes.

Public Significance Statement: Humans optimize their visual search when they have
previous experience with a search display. In this study, we investigate how this search
facilitation takes place and if it can be controlled once it is stablished. We found that
participants were able to control their attention, which provides evidence against the theory
that memory of previous search displays automatically activates learnt configurations of

visual search.

Keywords: attention, automaticity, contextual cuing, perceptual learning, visual search
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Looking for the toothpaste is much quicker when you are brushing your teeth in
your own bathroom; looking for Waldo is harder the first time you try a new “Where’s
Waldo?” image. These sketches exemplify the idea that visual search time is reduced when
we have had previous experience with a specific visual scenario, a phenomenon known as
contextual cuing (CC) (Chun & Jiang, 1998). In a standard CC experiment, participants look
for a target stimulus in a visual display (this target is usually a rotated T: — or <) among
several distractor stimuli (commonly L letters with varied orientations). Once they find the
target, participants must respond to its orientation (left or right). On some trials, repeated
configurations are presented, in which the Ls and the T are always presented in a set spatial
configuration. These repeated trials are interspersed with random configuration trials, in
which the Ls and the T are arranged so they form a completely new visual display every trial.
In such experiments, visual search times are faster in repeated than in random trials (the CC

effect: Chun & Jiang, 1998; Sisk et al., 2019).

CC has been thought to reflect the engagement of automatic processes of visual
search (Jiang & Sisk, 2019). Current CC accounts propose that participants learn to
associate the position of the distractors with the position of the target when these are both
kept constant across trials. Then, when participants perceive a familiar subset of distractors,
attention is automatically relocated to the expected position of the target in an efficient,
automatic, way (Sisk et al., 2019). Therefore, from this approach CC is produced by
automatic guidance of attention triggered by the repeated displays. Following traditional
theories on the automaticity of cognitive processes (Shiffrin & Schneider, 1977), recent
experiments have investigated whether CC might operate in parallel with (and with little
interference from) secondary tasks (Manginelli et al., 2013; Pollmann, 2019), and if it can
take place when participants are not aware of the distractors-target associations (Colagiuri &
Livesey, 2016; Goujon et al., 2015). In this article we investigated yet another supposed

feature of automatic processing, that is, whether CC is uncontrollable.
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The idea that automatic processes are hard to control is based on findings
indicating that these processes can interfere with behavior when they are not aligned with
current goals (e.g., Stroop, 1935). From this point of view, uncontrollable processes can be
characterized as those which interfere with an ongoing task (producing slower RT and/or
more errors) even when the participants are trying to inhibit or deactivate them. For example,
the Stroop effect demonstrates that word-reading is uncontrollable, because the meaning of
the word interferes with the process of naming the font color (your goal), even when the
participants are trying to not read the word. There is evidence to suggest that CC might
comply with this conceptualization of uncontrollability. Some experiments have shown that
once participants have experience with a set of repeated configurations (and CC is already
evident), relearning new target positions for the same repeated displays is relatively slow
(Makovski & Jiang, 2010; Zellin et al., 2014). It has been claimed that this effect is produced
by the inability of the participants to deactivate the knowledge acquired during the first
learning stage, which produces interference during a second (re)learning stage. This
hypothesis has been supported by eye-gaze data showing that participants look at the old
position of the target first, and then initiate a search process which is very similar to the
search path followed in random configurations (Manginelli & Pollmann, 2009, also see
Zinchenko et al., 2020 for similar results from ERP data). Other studies have revealed that
CC decreases as the new target location is farther away from its expected location

(Makovski & Jiang, 2010).

Slow CC relearning can be seen as supportive evidence for an automatic
(uncontrollable) nature to CC. However, other results suggest that CC might be quite
flexible. At odds with previous results, Preuschhof et al. (2019) has shown that CC
relearning can be very fast—even faster than the first CC learning. It is not clear why in
some experiments relearning is seriously hindered by the first CC learning and in others

seems to be facilitated by it.
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Note that the studies reviewed so far were not focused on studying the
controllability of CC. Indeed, the speed of CC relearning is not an indicator per se for the
(un)controllability of this visual search bias and arguably they could be completely
orthogonal. To elaborate, there are factors that affect (re)learning and that have no impact
on the level of controllability of the knowledge being learned and vice versa. For instance,
learning research has established that learning about familiar stimuli is harder than learning
about new stimuli. This effect, known as latent inhibition, might affect how fast participants
learn about the repeated configurations in a new stage (Lubow, 1973). Latent inhibition
could be produced by a reduction of salience for repeated and therefore well-predicted
distractors (McLaren & Mackintosh, 2000). Supporting this possibility, Ogawa et al. (2007)
have shown that a probe at the location of a distractor stimulus is harder to detect within
repeated configurations compared to random configurations. This finding might reflect that
distractor locations are less salient and/or inhibited in learnt configurations. Consequently,
learning new visual-spatial associations from repeated configurations might be hindered
because distractors are not fully processed, and the learning rate might therefore be low.
This effect would produce slower relearning during the second stage without the need to

postulate the operation of any automatic visual search process.

Yet, we can think of another confounding variable pointing to the opposite direction.
If distractor-distractor associations are learned during CC and facilitate the effect, then
subsequent CC relearning might be facilitated just because distractor-distractor associations
are well-learned after the first stage of CC learning (Beesley et al., 2015). Strong distractor-
distractor associations could produce faster relearning during a second learning stage but
would not inform us about the participation of controlled or automatic processing. To be
noted, we are not defending that any of these hypotheses are the true explanation of the
relearning results summarized before. Rather, these examples demonstrate that such

designs cannot be used to infer levels of controllability, simply because controllability and
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learning rate are independent features of a process, and therefore, they can be affected by

independent variables.

In Luque et al. (2017) we set out to investigate CC controllability using a different
approach. We used a protocol in which participants first learned a standard CC design in
stage 1: they searched for a rotated T among L distractors in repeated configurations and
random configurations. Once CC had been established, participants were then instructed to
look for a new letter, a rotated Y, and to ignore the T. Importantly, the same repeated
configurations from stage 1 were used in this second stage. The Y target was always placed
in one of two possible locations of the display, and the participants were informed about
these positions. The question was whether participants could use this information as part of
a “top-down” engagement of attention through controlled processes, and therefore inhibit
any habitual behavior to search for the old T target in repeated configurations during stage 2.
The degree of processing of the T was assessed by the degree of response interference
produced by that stimulus. Congruent trials were those in which the T and the Y were rotated
in the same orientation (and therefore required the same response), while for incongruent
trials the two “targets” were oriented in different directions (requiring different responses).
Therefore, the response congruency effect indexed to what extent participants were

processing the (old target) T, even though this was not the instructed task.

In three experiments, results from the second stage did not show any interaction
between the configuration type (repeated vs. random) and the response congruency effect.
That is, participants did not process the old T target to any greater degree in repeated
configurations compared to in random configurations. These results suggest that participants
can effectively deactivate the knowledge acquired in the first stage of the CC task, and that
performance in the CC task was operating in a controlled manner according to the current
set of goals (i.e., to search for the Y). However, in Experiments 1 and 2 the new Y target was
always located in the center of the screen. Therefore, there was little need for visual search

during the second stage and, arguably, this was not the best scenario for testing automatic
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visual search. For instance, it is possible that automatic guidance to the T was not triggered
in this procedure because processing of the distractor configurations was not permitted by

the task.

In Luque et al.’s (2017) third experiment, on each trial the Y target was located on
either the left or the right side of the screen on the horizontal midline. Thus, participants had
to search for the Y target in the second stage, and this provided a stronger condition in
which to test CC automaticity. The Y target was always displayed relatively close to the T
target, but farther than parafoveal distance (see Figure 1). In this experiment, search times
were faster for repeated than for new configurations; however, this effect did not interact with
the response congruency effect, suggesting that participants were not processing the T more
in repeated than in random configurations. This result was interpreted as evidence against

any automatic orientation towards the T.

This task was designed such that the T and the Y stimuli were always on the same
side of the screen, so as to increase the chance of finding a response congruency effect.
However, this aspect of the design allows for different interpretations of the main effect of
configuration (i.e., faster RTs for repeated configurations than for random configurations).
For instance, it is possible that participants learned a new association between the repeated
configurations and the consistent placement of the new Y target, and so search for the Y
target in repeated configurations was facilitated in this second stage. This possible
explanation was originally disregarded because the configuration effect was evident at the
very beginning of stage 2. However, Preuschof et al. (2019) have shown that CC “relearning”
(learning about a new configuration-target association) can be even faster than the first
instance of learning in CC. Moreover, in our experiment, to look for the T in the second stage
was in part beneficial for finding the Y, because both stimuli were always close to each
other. This aspect of the design could speed up CC relearning during stage 2, allowing CC
relearning even during the first epoch of trials. Therefore, we cannot be sure whether the

main effect of configuration was produced by CC relearning or not. The absence of a
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response congruency effect in Luque et al.’s (2017) Experiment 3 could therefore be
explained by the rapid extinction of prior associations, and simultaneous rapid acquisition of
new associations for the new Y target. Such an interpretation weakens the claim that

contextual cuing is only driven by controlled search processes.

In the present study, we set out to investigate whether the information associated
with repeated contexts triggers an automatic guidance of attention towards the T, producing
interference when trying to search for a new target in another position. The current studies
improved the design of Luque et al. (2017) such that relearning was no longer a potential
explanation of the results (Experiments 1 and 2). Also, in Experiment 3, we more directly
addressed the mechanisms underlying the configuration effect found in Luque et al. (2017)
(and in the current Experiments 1 and 2). In Experiment 3, visual search was eliminated
using a “feature search task”, which allowed us to assess whether the configuration effect

was produced by a facilitation of post-search processing or by a facilitation of visual search.

Experiment 1

Experiment 1 was similar to the design and procedure of Experiment 3 from Luque
et al. (2017), except for the important difference that during the second stage, for each
repeated configuration, the Y target was presented on the same side of the screen asthe T
for half of all trials, and on the opposite side of the screen for the other half of trials. The two
Y locations were also used for trials with random configurations. Therefore, repeated
configurations of distractors were not predictive of the position of the Y target, hindering the

learning of new distractor-target associations in this second stage.

Three within-subject factors could modulate search times during the second stage:
spatial congruency (indexing if the two targets were displayed at the same or opposite sides
of the screen), response congruency (indexing if the two targets required the same response
[congruent] or not [incongruent]), and configuration (repeated vs. random) (see Figure 1).

Importantly, if repeated configurations produce an automatic activation of search behavior
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towards the T, we would expect to see greater interference effects of spatial congruency and
response congruency in the case of repeated configurations compared to random
configurations: when the T and the Y are on opposite sides of the screen, search will be
slower than when the T and the Y are on the same side of the screen, because attention
would be guided to the position of the T in repeated configurations. For the same reason,
responses would be slower if the two targets required different responses than if they
required the same response. It is also possible that the effect of these two factors would be
additive, such that (for example) the response congruency effect will be larger when the

targets are displayed on the same side of the screen.
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Figure 1. Experimental task. a) Example of a sequence of trials from stage 1,
featuring two repeated and two random configurations. b) Examples of the response
congruency (different rows) and the spatial congruency (different columns) factors from
stage 2 of the experiments. Note that in Experiment 3 all the distractors (Ls) and the T
were colored black, and the Y was colored red.

Method

Participants. A power analysis showed that a sample size of fifty-two participants

would grant statistical power of .80 to detect a small-to-medium size effect of d, = 0.4. Thus,
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fifty-two participants took part in Experiment 1 (35 women; mean age = 22.53). All
participants had normal or corrected to normal vision and completed the experimental task
individually in isolated rooms. All participants were students from UNSW Sydney who

provided informed consent and received course credit for their participation.

Stimuli. Distractor stimuli were sixteen letter Ls and the target stimulus was a letter
T during stage 1 and a letter Y during stage 2. Distractors and targets subtended
approximately 0.8° at a viewing distance of 60 cm. The fixation cross (displayed centrally
before each trial) was a 12 mm square black cross and the background color of the screen
was grey. Stimuli were colored blue, red, green or yellow. Distractor stimuli were oriented by
rotating the letter L by 0°, 90°, 180°, or 270°. The position, color, and orientation of
distractors were randomly assigned for each configuration, only constrained to have four Ls
in each quadrant. Target stimuli (T and Y) were oriented by rotating the letters by 90° or
270°. The program independently assigned the color for the T- and Y-shaped targets for
each participant at random at the start of the task. These colors were retained for the whole
experiment. Repeated configurations maintained the same position, color, and orientation of
distractor stimuli and the T-shaped target across repetitions. All stimuli (targets and
distractors) were positioned in an invisible squared 11 x 11 grid, where the central row was

reserved only for Y target locations. Each cell of the grid was 50 x 50 pixels (=2.2 cm).

In all trials, T-shaped targets could appear in one of four locations, each in a
different quadrant and each target was presented in a different color (randomly assigned for
each participant at the start of the task). Hence, the T-shaped target appeared in the same
four locations for random and repeated configurations. In the second stage, the Y-target
stimulus was added to the configurations used in stage 1. Y targets could appear on either
the left or right side of the screen on the horizontal midline (Figure 1). The Y and T targets
appeared on the same side of the screen on half of the trials during the second stage, and

on opposite sides for the remaining trials. The distance between the two targets (the T and
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the Y) was one cell when they appeared on the same side of the screen. No distractors were

presented on the horizontal midline between the possible positions for the Y targets.

Procedure. At the start of the experiment, participants read detailed instructions
about the visual search task on the computer screen explaining that their goal was to
respond to the orientation (pointing left or right) of the T stimulus. Two example displays
were presented within the initial instructions. Responses to the target stimulus were made

with keys z and m on a standard PC keyboard.

Each trial began with a fixation cross presented in the center of the screen for
1000 ms, and then a configuration of stimuli replaced the fixation cross. Immediately after a
correct response, the next trial started. After an incorrect response the word ‘ERRORY
appeared in a red font at the center of the screen for 2000 ms. After that, the next trial
started after 1 s of blank ITI. A rest break occurred every 160 trials. The rest time had a
maximum duration of 20 s; participants could resume the task at any time during the rest

time by pressing the space bar of the keyboard.

Once stage 1 was completed, a new set of instructions was presented on the
computer screen before starting stage 2. The new instructions explicitly stated that now the
target stimulus was the letter Y and ignore the T. The instructions showed the two possible
orientations and the two possible locations of the Y including visual examples. After reading

the instructions, participants pressed the space bar to resume the task and stage 2 began.

Stage 1A comprised 36 blocks of 4 trials each (all repeated configurations). In stage
1B we introduced random configurations, which comprised half of the trials. Thus, stage 1B
comprised 12 blocks of 8 trials (4 random and 4 repeated configurations). Stage 2 comprised
8 blocks of 64 trials (4 positions of the T x 2 configurations [repeated and random] x 2
positions for the Y target [left/right] x 2 orientations for the Y target [left/right] x 2 orientations

for the T stimulus [left/right]).
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In both stages, within each block, trials were presented in a random order with the
constraint that consecutive trials across adjoining blocks could not present the same

repeated configuration.

Results and discussion

Data preprocessing. The trial-level raw data for all the experiments, along with the

scripts used for data preprocessing, are publicly archived at https://osf.io/t2nr4/.

RTs of incorrect responses and RTs greater than 10 seconds were not analyzed.
For each participant we calculated the mean RT during Stages 1 and 2 separately. All RTs
more than 3 standard deviations above or below the mean RT for that stage were removed

from the analysis.

Because repeated configurations were not predictive of the position of the Y target,
relevant learning effects were not expected during the second stage. Considering that, to
reduce noise and improve statistical power, blocks were collapsed so the ‘block’
independent variable was not analyzed. This way, we had the advantage of making
ANOVAs simpler. Note that the ANOVA for analyzing data from stage 2 already includes
three independent variables. Adding a fourth independent variable would increase the
number of tests from 7 to 15, increasing the probability of making type-I errors (see Cramer
et al., 2016 for the risks of using ANOVAs with many factors). We have reported the
analyses and figures including block as an independent factor in supplemental materials #1
(all the experiments). In general, the pattern of results was similar when the factor of block
was retained, and, as expected, block did not interact with the other factors in a meaningful

way?.

1In Experiment 2, the configuration x response congruency x spatial congruency x block interaction
was significant (p = .047). However, this effect did not survive any FWE correction and was not
significant in the other experiments (see supplemental materials #1).
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Stage 1b. Accuracy of responses was very high (99.1%, SEM = 0.1). We analyzed
the CC effect on RTs during stage 1b in which repeated and random configurations were
presented. The configuration (repeated vs. random) effect was significant, t(51) = 11.07, p <
.001, d; = 1.54, mean RT for repeated configurations = 990.6 (SE = 30.62), mean RT for

random configurations = 1183.1 (SE = 29.48).

Stage 2. Accuracy of responses was very high (98.9%, SEM = 0.1). We analyzed
the impact of stage 1 learning over stage 2 RTs by a 2 (configuration: repeated vs. random)
x 2 (response congruency: congruent vs. incongruent) x 2 (spatial congruency: same side of
the screen vs. opposite sides of the screen). This ANOVA yielded a main effect of
configuration, F(1, 51) = 38.33, p < .001, ng = .43. This effect of configuration is the
consequence of faster responses to repeated configurations (Figure 2). No other main

effects or interactions were significant. Among them, the main effect of spatial congruency

[F(1, 51) = 3.37, p =.072, n% .06] and the configuration x response congruency interaction

.06] were the effects closest to achieving statistical

[F(1, 51) = 3.45, p = .069, n3

significance.

It is worth noting here that the presence of a strong configuration effect in stage 2 is
somewhat surprising. Remember that in stage 2, the Y targets were presented equally often
in the two possible positions on the screen (the left and the right side of the horizontal
midline) for each repeated configuration. As such, we have argued that it is unlikely that this
effect can be attributed to new learning (a new CC effect) in stage 2. It is also very unlikely to
be driven by a facilitation of target search driven by the distractor-target associations that
formed in stage 1. This is because each repeated configuration was paired with only a single
T-target in stage 1, and so even a general search preference for one side of the screen (the
side of the predicted T position) that might be established in stage 1, would hinder search for
the new Y target on half of all trials. As such, the strong configuration effect in stage 2 is
difficult to explain in terms of enhanced attentional guidance towards an associated spatial

location (as it is argued occurs in a typical CC procedure, such as stage 1). One aim of
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Experiment 2 was to replicate this configuration effect (which was successful) and the

discussion of the possible causes of this effect is presented after that replication.

Given the theoretical relevance of the configuration x response congruency
interaction (this effect is expected if response times were affected by the orientation of the T
more in repeated configurations, compared to random configurations), and that the effect
was close to significance levels, we quantified the support for the null using Bayesian
statistics. In order to calculate a Bayes Factor (BF) against the specific 2 (configuration) x 2
(response congruency) interaction, we calculated a new dependent response congruency
variable (incongruent minus congruent RTs). A Bayesian paired t-test was performed on this
new variable with configuration as factor (see Luque et al., 2017). In this analysis (as in the
equivalent analysis in the following experiments) we tested the null hypothesis (i.e., an
equivalent response congruency effect for repeated and random configurations) against the
H1 of a different response congruency effect for repeated and random configurations. A BFo:
larger than 3 is usually considered to reflect substantial support for the null hypothesis and a
value larger than 10 strong support. Conversely, values lower than 1/3 are considered
substantial evidence for the alternative hypothesis, and values lower than 1/10 strong
support for the alternative hypothesis (Wetzels et al., 2011). We used a Cauchy prior with
the default values in JASP (scale 0.707). The BFo: in favor of the null hypothesis was 1.34.
Therefore, our data provided only weak support for the null hypothesis of an absence of a

configuration x response congruency interaction.

We conducted a similar Bayesian analysis for the configuration x spatial
congruency interaction because this effect is expected if visual search was guided by the
position of the T more in repeated configurations, compared to random configurations. The
BFo: in favor of the null hypothesis was 2.57; the evidence provides weak support for the null

hypothesis.
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A striking finding from Experiment 1 was the large configuration effect in stage 2.
This effect did not interact with the other factors; we found no evidence supporting automatic
visual search triggered by the distractors in repeated configurations: search performance
was equivalent whether the targets were on the same side or different sides of the screen,
and was also equivalent whether the targets required the same response or different
responses. This pattern of results dovetails with our previous experiments (Luque et al.,
2017) and does not support the automatic guidance of attention account for CC (Jiang &
Sisk, 2019). If the visual search response towards the T was an automatic response (a
“search habit”, following the terminology used by Jiang & Sisk, 2019), this automatic
response would have produced a configuration x spatial congruency effect, and likely a
configuration x response congruency effect, because attention would be guided towards the
position of the T more often for repeated than random configurations. But we should be
cautious with these conclusions. The configuration x spatial congruency effect was far from
significant, but the configuration x response congruency interaction was close to standard
levels of significance and Bayesian analysis did not support the null hypothesis either (i.e.,
our results did not provide clear evidence for or against the automatic guidance of attention
account). Furthermore, the pattern of data in this interaction effect matches the predictions of
the automatic guidance of attention account: the response congruency effect (faster
responses when the two targets required the same response) was numerically larger for
repeated configurations compared to random configurations (see Figure 2) (though this
interaction was not significant). Experiment 2 was designed to increase the power to detect

these possible effects in order to verify the results from Experiment 1.
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different). Response congruency is represented in the X axis (congruent/incongruent)
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(Cousineau, 2005).
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Experiment 2
Method

Participants. Using the configuration x response congruency effect size from
Experiment 1 as a reference (nj = .06), a power analysis revealed that achieving a power of

.80 would need 121 participants. Due to a limitation on the number of available participants,
we recruited a sample of 91 participants (57 women; mean age = 21.78), achieving
statistical power of .69. However, additional frequentist and Bayesian analyses were
conducted which combined the samples of Experiments 1 and 2 in order to increase our
chances of revealing evidence for the possible configuration by response congruency and/or

configuration by spatial congruency interaction effects (see below).

All participants in Experiment 2 had normal or corrected to normal vision and
completed the experimental task individually in isolated rooms. All participants were students
from UNSW Sydney who provided informed consent and received course credit for their

participation.

Stimuli, procedure, and data preprocessing. The stimuli, procedure and data
preprocessing were the same as in Experiment 1. The only exception is that we reduced the
second stage from 8 to 4 blocks, as the block factor did not interact with any relevant

independent variable in Experiment 1 (see supplementary material #1).
Results and discussion

Stage 1b. Accuracy of responses was very high (98.2%, SEM = 0.3). The
configuration effect on RTs was significant, t(90) = 16.22, p <.001, d, = 1.70, mean RT for
repeated configurations = 990.1 (SE = 25.04), mean RT for random configurations = 1195.3

(SE = 26.69).

Stage 2. Accuracy of responses was very high (98.2%, SEM = 0.2). RTs data for

stage 2 are shown in Figure 2. As in Experiment 1, we analyzed the effect of stage 1
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learning over stage 2 RTs by a 2 (configuration) x 2 (response congruency) x 2 (spatial
congruency). This ANOVA yielded a main effect of configuration, F(1, 90) = 13.51, p < .001,

nf, = .13, replicating the pattern seen in Experiment 1 (we return to this finding below). All

other effects were not significant (the response congruency effect was the closest [F(1, 90) =

3.30, p =.073, n; = .04], a consequence of slightly faster RTs for congruent [mean = 602.5

(SE = 10.94)] than incongruent trials [mean = 607.0 (SE = 10.94)]. All other effects produced

ps > .15).

As in Experiment 1, we conducted a Bayesian t-test assessing whether the
response congruency effect was different in repeated and random configurations; the BFo; in
favor of the null hypothesis was 5.67, which can be interpreted as substantial support for the
null hypothesis. A similar Bayesian analysis for the configuration x spatial congruency
interaction produced a BFo; in favor of the null hypothesis of 4.50 (i.e., substantial support

for the null hypothesis).

A combined analysis of the data from Experiment 1 and 2. Experiments 1 and 2
differed in that they were conducted at different times and that stage 2 was shorter in
Experiment 2. They were similar in all the remaining aspects, including the pool from which
we recruited participants, the laboratory used for conducting the experiment and the
researcher in charge of conducting the testing. Given all these similarities, we decided to
conduct an additional exploratory analysis which combined the samples from Experiments 1
and 2. We added a factor indexing if the data came from Experiment 1 or 2. This ANOVA

only yielded a main effect of configuration, F(1, 141) = 38.94, p < .001, nf, = .22, produced

by faster RTs for repeated [mean = 615.8 (SE = 27.20)] than random configurations [mean =
626.9 (SE = 27.20)]. All other effects produced ps >.05. Since the data in Experiment 1
provided only weak support for the null hypothesis of an absence of a configuration x
response congruency interaction (BFo: in favor of the null hypothesis was 1.34), we further
assessed how strong that effect was when pooling the samples from Experiments 1 and 2. A

Bayesian t-test assessing whether the response congruency effects were different for
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repeated and random configurations yielded a BFo: = 3.30, that is, substantial support for the
null hypothesis. A similar Bayesian analysis for the configuration x spatial congruency

interaction produced a BFo; in favor of the null hypothesis of 2.71.

An automatic guidance of attention account of CC predicts some allocation of
attention to the T in repeated configurations, even during stage 2. However, in Experiments
1 and 2, the old target T did not produce more interference (neither spatial nor response
interference) in repeated than in random configurations, failing to support the automaticity
claim. Nevertheless, there was a strong main effect of configuration (faster responses for
repeated configurations) in stage 2 of both experiments. As we discussed in Experiment 1,
we would argue that this effect cannot be attributed to visual search guidance towards the Y
in repeated configurations, simply because those configurations did not carry any
information about the specific position of the Y (it occurred on the two sides of the screen

equally often).

What mechanism might be responsible for this configuration effect in Stage 2?
Firstly, it might be produced by a facilitation of response-related processes that happen after
the search for the Y has concluded (e.g., response selection would be easier in familiar
contexts, Kunar et al., 2007). Sewell et al. (2018) used a version of the Ratcliff (1978)
diffusion model to support the notion that visual search is driven primarily by non-search
processes. According to this account, visual search reflects the interaction of evidence
accumulation and decision thresholds, with the speeded responses on repeated
configurations reflecting both that evidence is accumulated at a faster rate and that
responses are triggered earlier by lower decision thresholds. Alternatively, the configuration
effect might be produced by the perceptual learning of distractor configurations during stage
1 (Beesley et al., 2016; Ogawa et al., 2007; Vadillo et al., 2021). For example, Ogawa et al.
have suggested that repeated configurations may lead to inhibition of spatial locations
occupied by distractors, which would facilitate search times even without directly driving

attention towards a target; search would be facilitated by knowing where not to search,
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rather than by knowing specifically where to search. Experiment 3 sought to test which of
these potential processes was most likely to be behind the configuration effect seen in the

second stage of Experiments 1 and 2.

Experiment 3

Experiment 3 used the same fundamental design as Experiments 1 and 2, except
that in stage 2, the Y-shaped target was a feature singleton present in red, amongst the
distractors and the T target, which were kept in black during the whole experiment. Under
this circumstance, the target is known to “pop out” of the display. Such fast feature searches
are extremely quick and are not affected by the number of distractor elements in the display.
This type of search is driven by a pre-attentive abstraction of the entire visual scene and
does not rely on a slow serial item-by-item search (Treisman & Gelade, 1980). Kunar et al.
(2007) demonstrated that even under these fast search conditions, a CC effect can still be
obtained, suggesting that the CC effect can be produced by post-search processes, most
likely related to response selection and decision making (see also Schankin & Schubg,
2009; Sewell et al., 2018). Following the logic of Kunar et al., if the main effect of
configuration found in the second stage of the current Experiments 1 and 2 was produced by
some sort of facilitation of post-search processing, then the same effect should be observed
when a salient feature singleton target is used in Experiment 3. On the other hand, if the
effect of configuration was produced by a facilitation of visual search, then this effect should

be drastically reduced or eliminated in Experiment 3.

Participants. The effect size for the configuration effect, considering the combined
sample of Experiments 1 and 2, was Cohen’s d, = 0.51. Thus, to achieve .80 statistical
power we needed at least 33 participants. Thirty-four participants took part in Experiment 3
(32 women; mean age = 19.85). All participants had normal or corrected to normal vision

and completed the experimental task individually in isolated rooms. All participants were
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students from Autonomous University of Madrid, who provided informed consent and

received course credit for their participation.

Stimuli, procedure, and design. All aspects were the same as in Experiment 2,
except that all the stimuli were black during the whole experiment apart from the Y, which

was red.
Results and discussion

Stage 1b. Accuracy of responses was high, as in previous experiments (98.2%,
SEM = 0.3). RT analysis revealed that the effect of configuration was significant, t(33) =
9.63, p <.001, Cohen’s d; = 1.65, mean RT for repeated configurations = 825.1 (SE =
28.31), mean RT for random configurations = 936.6 (SE = 32.39). It is noteworthy that the
visual search times were faster in this experiment than in Experiments 1 and 2, which

suggests that visual search was more efficient when all the stimuli were of the same color.

Stage 2. Accuracy of responses was also high during stage 2 (97.4%, SEM = 0.3).
We conducted an identical ANOVA to Experiments 1 and 2, which yielded only a main effect
of response congruency, F(1, 33) = 4.60, p =.039, ng = .12, explained by faster responses
in congruent than incongruent trials (Figure 2). None of the other effects were significant (ps
>.08). Importantly, the configuration effect was not significant, F(1, 33) = 0.34, p = .564, n;, =
.01. We established the support for the null hypothesis of no difference using a Bayesian t-
test on the magnitude of configuration effect. This test yielded a BFo1 = 4.65 (substantial
support for the null hypothesis). Thus, the use of a feature singleton target eliminated the
strong configuration effect obtained in Experiments 1 and 2, suggesting that the
configuration effect in those experiments was likely to have been driven by search

processes.
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General Discussion

It is apparent to us that we can allocate our visual attention in a controlled way, for
example, when you are looking for a 1-Euro coin among many other coins in your untidy
wallet. What may be more surprising is to claim that sometimes visual search can be out of
our direct control (Anderson, 2016; Jiang & Sisk, 2019). The current experiments
investigated the controllability of visual search within repeated configurations in a CC
procedure. In these experiments, the participants first experienced a standard CC task in
which they were required to search for, and respond to, a T-shaped target. In a second
stage they were instructed to search for a Y-shaped target, which appeared equally often in
two positions on the screen (left and right along the horizontal midline). Importantly, the
same repeated configurations were used throughout and the T-shaped target from the first
stage was retained. The repeated configurations did not offer any information about the
position of the Y-shaped target. The rationale of the experiments was that, if repeated
configurations trigger an automatic orientation of attention towards the position of the T-
target, then we would expect that the position and orientation of this old target to have an
interfering effect on responding to the new Y-target. That would lead to more interference
from the old target (i.e., larger response and spatial congruency effects) for repeated
configurations compared to random configurations. However, we found no evidence for this

pattern within our experiments.

It is noteworthy that the absence of a configuration x response congruency
interaction is not simply due to a complete absence of processing of the T-target, since there
is some evidence of interference between the two targets in the present study (see also
Luque et al., 2017). When the data from all three experiments are combined, the response
congruency effect (collapsing all other factors), shows a small but significant effect, t(176) =
2.66, p =.009, Cohen’s d; = 0.2, BF1o = 2.52; mean RT for congruent trials = 591.0 (SE =
7.11), mean RT for incongruent trials = 595.0 (SE = 7.17). Thus, it seems that participants

did process the T target, at least in some trials, which led to slower responses when the T
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and Y targets required different responses, compared to when they required the same
response. This could be a result of the T-target being processed as a distractor (at least on
some trials) in the course of searching for the Y, or that participants make errors in
implementing their top-down goals in the second stage, erroneously falling back on the
attentional set they established in stage 1, searching for the T instead of for the Y. It should
be noted that this was a very weak effect (4 ms), and hence that participants were very
effective in limiting the processing of the T. Most importantly, this effect was not modulated
by the type of display configuration, and so is not a result of an automatic allocation of

attention as a result of processing the repeated configurations.

Perhaps the most surprising result was the strong configuration effect in stage 2 of
Experiments 1 and 2, where we observed faster responses for repeated configurations
compared to random configurations. As we have mentioned, this effect did not interact with
the response congruency or spatial congruency factors. This effect suggests that the CC
produced during stage 1 did have an impact on the processing of repeated configurations in
stage 2, even though the evidence points towards a controlled search process for the new Y-

target.

We suggest that this main effect of configuration in stage 2 is driven by perceptual
learning of the configuration of distractors in repeated configurations during stage 1. Within-
compound associations, configural learning, and perceptual grouping effects are well-known
mechanisms supporting associative learning, and have been extensively studied in other
paradigms (e.g., Luque et al., 2013; Melchers et al., 2006; Treisman, 1982). Indeed, such
processes have been proposed as relevant for producing (or enhancing) CC (Beesley et al.,
2016; Preuschhof et al., 2019; Vadillo et al., 2021). How exactly this leads to faster search
times is currently unclear. The finding that this effect was not found in Experiment 3, in which
there was efficient search for a feature singleton target, suggests that it affects the process
of slow-serial search. Evidence from experiments using the additional singleton task

demonstrate that distractors in expected locations are less effective in slowing target
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processing (Wang & Theeuwes, 2018). Within the CC literature, Ogawa et al. (2007) found
that a probe stimulus was harder to detect when it was placed in the location of a distractor
in a repeated configuration, which indicates inhibition of the spatial location occupied by
expected distractors. It is possible therefore that perceptual learning, supported by
distractor-distractor associations or configural learning, leads to a process of spreading

inhibition to these spatial locations where repeated distractors are encountered.

Experiment 3 demonstrated that, when the target was presented in a salient unique
color, and therefore a fast, parallel search process was engaged, the configuration effect in
stage 2 was abolished. We suggest that this speaks against a relevant role of “decision
processes” in the stage 2 configuration effect observed in Experiments 1 and 2, and points
towards the effect being due to (what we would term perceptual) processes that occur earlier
in search. In their diffusion analysis of CC, Sewell et al. (2018) suggested that the evidence
accumulation effect for repeated configurations may be a result of the learning of higher-
order spatial information about the distractors and their relationship with the target. For
example, when the target and adjacent distractors form a singular recognizable feature, the
decision becomes easier to make. It is difficult to see how such an account would readily
explain the data in Experiments 1 and 2: any configuration that is learnt between the target
and the localized distractors in Stage 1 would benefit the processing of the T target, but not

the new Y target.

We have claimed throughout this article that we have failed to find supporting
evidence for automaticity of search in CC in Experiments 1 and 2. A caveat is probably in
order: Although the evidence supports the null hypothesis for the response congruency x
configuration and spatial congruency x configuration interactions, Bayesian analyses
indicate that the evidence for the null is not strong in either case. Although our sample sizes
were larger than those typically used in visual search research (Vadillo et al., 2020), future

research should include sufficiently large samples for achieving unambiguous evidence—a
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principle that should be the norm in visual search experiments (Colagiuri & Livesey, 2016;

Giménez-Fernandez et al., 2020).

It should be noted that we cannot claim that visual guidance towards the T is always
easy to control during CC. This is the second study that has directly addressed this aspect of
CC, and both studies used similar procedures (see Luque et al., 2017); we cannot know how
well these results would generalize to other procedures. One factor that might be relevant for
triggering an automatic guidance response is the degree of processing for the distractors. In
the second stage of the current experiments the Y-target was easy to find, as it was placed
in one out of two locations along the horizontal midline (indeed, response times were faster
at the beginning of the second stage than the end of stage 1). Alternatively, we could have
positioned the Y-target randomly across the display, and have participants search in an
unconstrained manner across the display on each trial, as they had performed in the first
stage of each experiment. We would argue this method was not ideally suited here for two
reasons. Firstly, our aim was to test the impact of cognitive control on the operation of
automatic search processes in CC. To this end, we aimed to provide a reasonably simple
new search task that could be followed on each trial in stage 2, and which would act as the
goal under these controlled search processes. It was the operation and implementation of
this controlled process that we wished to set in competition against the search process
established in stage 1. Secondly, placing the new Y-target in a distributed manner would
make it more likely that the T-target would be encountered by chance alone. This would
mean that, even if search were conducted in a purely controlled manner in the second stage,
we would see response competition on many trials. This would be equivalent across
repeated and random configurations, but it would add considerable noise to our estimation of
the critical response congruency x configuration interaction. As we have conceded, we do
not know the extent to which our procedure is critical for the controlled processes to

dominate visual guidance towards the T. Future studies may wish to directly manipulate the
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constraints placed on controlled search in order to understand further how controlled

processes come to subdue any automatic guidance in CC.

One study that potentially speaks to the question of what conditions are necessary
for observing CC in the presence of top-down goals, is that presented by Beesley et al.
(2018, Experiment 1). In the “instructed” condition of their experiment, half of the participants
searched for a target in one color, with half of the distractors presented in this same color
and half presented in a different color. A CC effect was observed in this condition, both in
reaction times and the number of fixations, which suggests that the repeating configurations
continue to guide attention efficiently even when a top-down control of attention is engaged
(i.e., the goal of attending to one out of the two colors). How does this condition compare
with the stage 2 conditions of the current experiments? Here, participants were given a
specific instruction that the target could appear in one of two locations. This will have
considerably reduced the spatial regions that needed to be checked, assuming that
participants were able to control their attention perfectly. In comparison, the task instructions
in the Beesley et al. condition led to a much weaker restriction on the search process:
participants were required to search through possible candidate targets, and in doing so
processed many distractors in the display. These data suggest that the role of the context in
guiding attention will be determined by the goals of the task. As we have shown here, when
the context becomes irrelevant to the search goals, it has no influence in the guidance of
attention to the associated target. Under these conditions we continue to see a small but
reliable CC effect, but this is not driven by attentional guidance towards a target location.
Future research will be needed to fully understand the task conditions that permit the learnt

associations to guide attention automatically.

Conclusion

The current experiments highlight that CC is most likely the product of several

different learning processes and forms of representation. There is evidence that stimulus-
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target associations guide visual search to the position of the target (Makovski & Jiang, 2010;
Manginelli & Polimann, 2009). We have shown here that perceptual learning (i.e., distractor-
distractor or configural learning) can contribute to the CC effect as well (possibly by
spreading inhibition to expected distractor locations), in line with previous results (Beesley et
al., 2015, 2016; Preuschhof et al., 2019; Vadillo et al., 2021). And yet, response-related
factors might add to the net CC effect (Beesley et al., 2018; Kunar et al., 2007; Sewell et al.,
2018). We have also shown that one of these processes, the orientation of attention towards
the target position because of distractor-target links, can be effectively suppressed by the
participants when it interferes with their ongoing goals—this visual search behavior is
controllable (at least in our experimental protocols). We do not know to what extent other
processes contributing to the CC effect are (or are not) controllable because these
processes are seldom studied in isolation. Future research examining the automatic or
controllable nature of CC would be most effective if it sought to isolate the contribution of
these processes (for instance, eliminating the need of visual search for studying the
automaticity of response-related processes). We also acknowledge that the use of the term
“automatic” fails to portray the important nuances within the study of cognitive processes; it
would be more constructive if future work in the field sought to study each feature of
“automaticity” in isolation (e.g., dependence on working memory resources, controllability,
need of awareness) (Moors & De Houwer, 2006; see Giménez-Fernandez et al., 2020;

Luque et al., 2020 for a similar approach).
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