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Abstract
While numerous studies have provided evidence for selection history as a robust influence on attentional allocation, it is unclear
precisely which behavioral factors can result in this form of attentional bias. In the current study, we focus on “learned priori-
tization” as an underlying mechanism of selection history and its effects on selective attention. We conducted two experiments,
each starting with a training phase to ensure that participants learned different stimulus priorities. This was accomplished via a
visual search task in which a specific color was consistently more relevant when presented together with another given color. In
Experiment 1, one color was always prioritized over another color and inferior to a third color, such that each color had an equal
overall priority by the end of the training session. In Experiment 2, the three different colors had unequal priorities at the end of
the training session. A subsequent testing phase in which participants had to search for a shape-defined target showed that only
stimuli with unequal overall priorities (Experiment 2) affected attentional selection, with increased reaction times when a
distractor was presented in a previously high-priority compared with a low-priority color. These results demonstrate that adopting
an attentional set where certain stimuli are prioritized over others can result in a lingering attentional bias and further suggest that
selection history does not equally operate on all previously selected stimuli. Finally, we propose that findings in value-driven
attention studies where high-value and low-value signaling stimuli differentially capture attention may be a result of learned
prioritization rather than reward.
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Evidence is rapidly accumulating that a stimulus’s history can
result in a lingering attentional bias toward that stimulus or its
features (for an overview, see Awh, Belopolsky, & Theeuwes,
2012; Theeuwes, 2018). While attentional biases through
stimulus history can be observed under varying experimental

conditions (e.g., “intertrial priming”: Maljkovic & Nakayama,
1994, 1996; Theeuwes & Van der Burg, 2008, 2013; or “sta-
tistical learning”: Ferrante et al., 2018; Wang & Theeuwes,
2018), one of the more robust observations of selection
history’s influence on attention can be perceived for stimuli
that at some point were “prioritized” over other stimuli.
Recent examples of the intimate link between prioritization
and selection history come from studies on the topic of
value-driven attention, which show that the repeated selection
of a value-signaling stimulus exerts a strong influence on at-
tention long after the association between value and the stim-
ulus has been removed (e.g., Anderson, Laurent, & Yantis,
2011b). Here, prioritization of one stimulus over another,
through assigning a reward to some, but not other, stimuli,
leads to a lingering bias on attention.

In real-world situations, prioritization of information can be
established in multiple ways such that prioritization of a par-
ticular stimulus is often depending on a person’s current situ-
ation. For instance, the same individual may prioritize water
over food, food over coffee, and coffee over water, depending
on whether she is thirsty, hungry, or tired. However, in
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contrast to such a changing situational priority relationship,
stimuli can also have fixed priorities in relation to each other.
For example, selecting a stimulus that signals threat (e.g., a
stimulus associated with pain) will almost always have a
higher priority than selecting a nonthreatening stimulus (e.g.,
a stimulus that is not associated with pain or discomfort; see
Preciado, Munneke, & Theeuwes, 2017). Similarly, a high-
reward stimulus will most likely always have a higher behav-
ioral priority than a low-reward stimulus. While situational
and fixed prioritization are likely the two end points on a
priority continuum, the discrepancy between the two may
suggest that selection history does not influence attention in
a passive and predetermined way, but suggests that its influ-
ence may very well be context dependent. One of the main
aims of the current manuscript is to explore the link between
this sort of context-dependent prioritization and its influence
on attention.

The importance of prioritization as a mechanism underly-
ing attentional control has been well established. Theories on
attentional control have postulated that selection is the result
of overall activity on a spatial priority map, akin to saliency
maps widely used to explain attentional guidance (e.g., Borji,
Sihite, & Itti, 2013; Itti & Koch, 2000). In this framework,
visual input is preattentively filtered and a map is created to
represent different bottom-up features (e.g., spatial frequency,
orientation), with activation strength as a marker of perceptual
saliency. Attention is guided toward the location of stimuli
with the highest relative activations, and these stimuli are se-
lected for further processing. A priority map is similar to a
saliency map, but incorporates top-down factors, such as the
current goals of an observer, as well as a stimulus’s behavioral
relevance (or priority; Bisley & Goldberg, 2010; Fecteau &
Munoz, 2006) in addition to bottom-up factors. In the context
of a priority map, stimuli with the highest activity levels are
most strongly prioritized, and attention is guided to these stim-
uli, which are subsequently selected for further processing. In
this integrated priority map, attentional selection and our sub-
sequent visual experience is driven by the interaction between
bottom-up and top-down attention as well as attentional biases
due to selection history (Awh et al., 2012). Thus, while it can
be argued that prioritization modulates activity on the priority
map, it is unclear whether and to what extent situational and
fixed prioritization do this in a differential manner, and as such
have disparate effects on attentional biases through selection
history.

A secondary aim of this study is to better understand the
precise link between priority-based selection history and
value-driven attentional capture. Arguably, selection history
as a source of attentional modulation has most prominently
been investigated through studies on value-driven attentional
capture. The main result of value-driven attentional capture
studies suggests that stimuli that previously signaled reward
capture attention even when this reward is no longer available

to the observer (Anderson, Laurent, and Yantis, 2011a, b;
Anderson & Yantis, 2013; Failing & Theeuwes, 2014;
Jahfari & Theeuwes, 2017). A typical value-driven capture
task consists of two phases: (1) a training phase, in which
the participant learns the association between the selection of
a feature-defined target stimulus and the reward associated
with this feature, and (2) a testing phase, in which reward is
no longer available, but where previously rewarded stimuli act
as distractors, such that they capture attention due to their
previously rewarding nature. Crucial for the role of prioritiza-
tion, and hence the current study, are the results from a series
of value-driven attention studies that suggest that the strength
of attentional modulation in the testing task is directly related
to the magnitude of the learned reward signal during the train-
ing task, with higher rewards leading to larger capture effects
compared with stimuli that signaled a lower reward (e.g.,
Anderson, Laurent, & Yantis, 2011a; Gong & Li, 2014;
MacLean & Giesbrecht, 2015). This difference in response
between high and low reward is often attributed directly to a
higher reward signal having a stronger effect on the priority
map’s activation levels than a lower reward signal would
have. Hence, the lingering effect on attentional selection is
expected to be stronger. However, a different explanation for
this observation was brought forward by Grubb and Li (2018),
who state that differences in attentional selection by stimuli
that previously signaled high versus low reward may be
caused by participants prioritizing high-reward stimuli over
low-reward stimuli during the training phase to maximize
monetary gain (see also Le Pelley, Mitchell, Beesley,
George, & Wills, 2016). According to this theory, prioritiza-
tion effectively creates a top-down set in which target stimuli
that are equally relevant to the participant in the reward train-
ing task become associated with unequal priorities that carry
over into the testing task. In other words, as the features that
signal high and low reward remain constant throughout the
training task (e.g., Anderson et al., 2011a, b), observers may
learn to prioritize the high-reward stimulus feature over the
low-reward stimulus feature in the training task, leading to
stronger history effects in the testing task for higher prioritized
stimuli. As such, observed attentional differences between
high and low reward do not necessarily reflect a direct expres-
sion of value on selection history, but rather an indirect shift in
behavioral prioritization of repeatedly perceived stimuli. An
explanation in terms of prioritization, rather than reward sig-
nal, is in line with a small set of recent studies that found
persistent attentional modulation from previously selected
but unrewarded stimuli in a series of tasks highly similar to
the default value-driven capture task, but without administer-
ing the actual reward (Grubb & Li, 2018; Miranda & Palmer,
2014; Sha & Jiang, 2016).

To summarize, while the act of prioritizing one stimulus
over another is essentially the same as employing a top-
down set for the prioritized stimulus, it is unknown whether
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a fixed top-down set has a similar effect on the priority map, as
compared with situations in which a top-down set can change
from moment to moment (i.e., situational priority). The pres-
ent study further investigates whether the observed high-
reward versus low-reward bias on attention can be explained
in terms of prioritization rather than being a direct effect of the
availability of reward. To this end, the current study aims to
investigate whether adopting a top-down set that unequally
prioritizes different stimuli can lead to effects of selection
history that mirror the effects obtained by high-reward and
low-reward signaling stimuli in value-driven capture tasks.
Such an observation would provide evidence that attentional
modulation due to selection history can be achieved in the
absence of reward, but that reward can potentially modulate
the behavioral priority of different stimuli. An explanation in
terms of “prioritization” could be instrumental in understand-
ing the discrepant findings concerning the necessity of value
in selection history.

General methods

We conducted two experiments to address the aforementioned
questions by manipulating the priority of differently colored
stimuli in a training/testing paradigm typically used in studies
of value-driven attention (e.g., Anderson et al., 2011a, b). In
an initial training task, participants were shown displays of
eight shapes (all circles or all diamonds) presented in a circular
array. Two of these eight shapes were presented in different
colors (out of a total set of three possible colors), with the
remaining shapes presented in gray. Prior to the experiment
and during a rigorous practice phase, participants were
instructed to respond to a target inside one of two colored
shapes according to a predefined color-response scheme for
the three possible color pairs. In this way, one color-defined
stimulus was prioritized over another colored stimulus. The
subsequent testing phase was used to investigate lingering
attentional biases as a function of selection history in the ab-
sence of reward. Experiment 1 tested the effects of prioritized
colors with a situational relationship (see Fig. 1, left panel),
and Experiment 2 measured prioritization effects with colors
that had a fixed relationship (see Fig. 1, right panel). In
Experiment 1, a situational priority relationship was
established, such that all three colors had equal overall prior-
ities and were selected equally often over the course of the
experiment, but one color was prioritized over the other at the
trial level. In Experiment 2, the three colors had a fixed prior-
ity relationship throughout the experiment, such that one color
was always prioritized over the other two colors (high priori-
ty), one color had a lesser priority (low priority), and one color
was never prioritized in any case (no priority). To foreshadow
our results, only stimuli that had a fixed color–priority rela-
tionship during the training phase captured attention during

the test phase. These effects occurred even though the color
and its associated priority were task irrelevant during the test
phase. No such effects were found for the color stimuli that
were situationally prioritized during the learning phase.

Experiment 1

Experiment 1 was designed to test how a relationship between
two stimuli based on situational priority influences attentional
biases due to selection history. In an initial training task, two
colored shapes (circles or diamonds) were presented in a circular
array consisting of otherwise gray shapes. At the start of the
training phase, on-screen instructions were shown explaining
which colored circle in each of three possible color pairs
contained the target stimulus. The initial training phase was used
to further consolidate the learned schemes by having participants
repeatedly select the prioritized colored circle and to respond to
the target presented inside that stimulus. As illustrated in the left
panel of Fig. 1, we established a situational priority relationship
by giving Color 1 (e.g., red) a greater priority than Color 2 (e.g.,
green; Scheme A), giving Color 2 a greater priority than Color 3
(e.g., blue; Scheme B), and giving Color 3 a greater priority than
Color 1 (Scheme C). Note that these situational priority schemes
in which the overall prioritization of a given color averages out
over the three different schemes can be considered one end point
of a continuum describing the situational versus fixed relation-
ship between two stimuli. In a subsequent testing phase, we
measured the extent to which the situationally prioritized colors
biased attention by again presenting a circular array of stimuli
with a shape singleton target in one of the colors previously
selected in the training phase and one of the other nontarget
shapes (the “distractor”) in a different, previously selected color.
If situational prioritization occurs at the trial level, thenwe should
observe lingering effects of selection history in the testing task,
such that participants respond faster in trials where the target was
presented in a color that was prioritized over the distractor color
in the training phase, and slower in trials where the distractor
color was prioritized over the target color in the training phase.
Alternatively, if effects of selection history are solely attributable
to prioritization at the task level, then we should not observe any
significant differences between response times in the testing task
as a function of the training task prioritization of the given target
and distractor colors.

Method

Participants

We tested 35 participants with normal or corrected-to-normal
vision and no reported history of mental illness. The data of
three participants were discarded, as their average accuracy
scores on either the training or testing task were more than
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2.5 standard deviation below the group mean. Of the 32 re-
maining participants, 22 were female, and participants had an
average age of 21.84 years (SD = 4.83 years). All participants
gave written, informed consent prior to the experiment. All
protocols and procedures were approved by the Vrije
Universiteit Amsterdam Ethical Committee, in line with the
Declaration of Helsinki.

Stimuli and procedure

All participants first completed a training task, during which
they learned color–priority associations. This training task
was immediately followed by a testing task to measure the
extent to which previously prioritized stimuli captured atten-
tion (i.e., the effect of behavioral prioritization on selection
history). Prior to the start of both tasks, instructions were pre-
sented on-screen, and the experimenter verified that partici-
pants fully understood the task. Both tasks were conducted in
a dimly lit, sound-attenuated room on a standard PCwith a 22-
in. monitor. Viewing distance was fixed at 75 cm.MATLAB®
2016a and Psychtoolbox 3 (Brainard, 1997; Pelli, 1997) were
used for all aspects of stimulus presentation and response
collection.

Training task The left panel of Fig. 2 illustrates the time course
of a trial in the priority training task. After an initial blank
screen for 500 ms, a fixation dot (0.2°) appeared for 500 ms,
indicating that the trial had started. Participants were
instructed to remain centrally fixated throughout the trial.
Next, the search display was presented for a maximum dura-
tion of 1,000 ms, or until the participant responded. Only
responses up to 1,500 ms after the onset of the search display
were included in any subsequent analyses. The search display
consisted of eight shapes presented around a fixation point on
an imaginary circle with a diameter of 5.0°. On a random half
the trials, the display consisted of eight circles (diameter:

2.3°). On the other half of trials, the display consisted of eight
diamond shapes (diameter ~2.3°). The search display always
consisted of six gray outline shapes (11.4 cd/m2) and two
shapes that were presented in different colors (two colors se-
lected from red, green, or blue; all colors: 27 cd/m2). Every
shape in the search display contained a gray “T” (11.4 cd/m2)
that could be rotated 0°, 90°, 180°, or 270°. The target was
defined as the “T” shape presented inside one of the two
colored shapes, depending on the particular priority schemes
the participant was shown at the start of the experiment (de-
scribed in a subsequent paragraph). All stimuli were presented
on a black background. Participants were instructed to re-
spond as quickly and accurately as possible to the orientation
of the target “T” using the four arrow keys on the computer
keyboard (i.e., a four-alternative forced-choice [4AFC] task).
Note that the orientation of all “T”s in the display were ran-
domly chosen with the exception that the “T”s in the two
colored shapes were always differently oriented, such that
selecting the wrong color for the particular priority scheme
always resulted in an incorrect response. After participants
responded, accuracy feedback was presented in the center of
the screen (“correct”/“incorrect”) for 500 ms. Erroneous re-
sponses as well as timed-out trials were considered incorrect
in this and all further experiments.

At the start of the experiment, participants were presented
with three color-response schemes (see Fig. 1) and were
instructed to learn which color to select for each of the three
schemes. Importantly, the response schemes were designed so
that trial-by-trial priority would average out, and each stimulus
would have the same overall priority at the end of the training
phase. For example, in Fig. 1 (left panel), red can be considered
the high priority color (HPC) when presented together with
green, but the low priority color (LPC)when presentedwith blue.
As each color stimulus acted as both an HPC and LPC (depend-
ing on the particular scheme), over the course of the training task,
each color had the same overall priority. Color schemes were

Fig. 1 Color-response schemes for Experiments 1 (left) and 2 (right). In
Experiment 1, a situational priority relationship was established, such that
all three colors had equal overall priorities and were selected equally often
over the course of the experiment, but one color was prioritized over the
other at the trial level. In Experiment 2, the three colors had a fixed

priority relationship throughout the experiment, such that one color was
always prioritized over the other two colors (high priority), one color had
a lesser priority (low priority), and one color was never prioritized in any
case (no priority). (Color figure online)
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counterbalanced over subjects (either using the schemes
illustrated in the left panel of Fig. 2 or the mirror reverse of
these schemes) and were presented equally often (each scheme
was presented on 33.3% of the trials).

The training phase consisted of eight blocks of 72 trials
each (576 trials in total), preceded by two practice blocks of
48 trials each. After each trial in the first practice block, par-
ticipants received feedback about their accuracy and were pre-
sented with an illustration of the color-response scheme defin-
ing the target for that trial. Pressing the space bar would start
the next trial. In the second practice block, participants again
received accuracy feedback after each trial, but the color-
response scheme was only presented when the participants
responded incorrectly.

Testing task The testing task (see Fig. 2, right panel) was
similar to the training task in terms of stimulus presentation
and timing, with several notable exceptions. First, the target
stimulus containing the “T” shape to respond to was defined
as the shape singleton present in each display (i.e., a diamond
among circles, or a circle among diamonds), such that the
color of any given shape was now task irrelevant.
Nonetheless, two colors were always present in the display.
One of the colored items in each display was always the shape
singleton containing the target, making the other colored
shape a salient distractor. The same color schemes participants
learned in the training task were used in the testing task.
Crucially, on a random half of the trials in the testing task,
the target shape singleton was presented in the color that was

Fig. 2 Example trial sequences. In the training task (left), participants
responded to the orientation of a “T” (a 4AFC task) presented inside
one of two colored shapes (all shapes were either circles or diamonds;
circles are presented in this example). The target color was defined by a
prelearned color-response scheme (in this example, participants should

respond to red when red and green are present). In the testing task (right),
participants discriminated the orientation of the “T” inside a colored
shape singleton (a green diamond in this example) in the presence of a
colored distractor (a red circle in this example). (Color figure online)
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prioritized (at the trial level) in the training task. On the other
half of the testing trials, the distractor shape was presented in
the prioritized color. The testing task consisted of two blocks
of 96 trials each, preceded by a practice block of 48 trials.

Results

Priority training task

We began our analysis by confirming that priority averaged
out over the course of the training task, such that there were no
overall differences in response times between the three differ-
ent priority schemes.We only analyzed nonpractice trials with
correct responses (19.31% of total trials discarded).
Furthermore, we normalized the response-time data by trim-
ming trials with correct response times that were 2.5 standard
deviations above the conditional mean response time (calcu-
lated separately for each participant and color scheme), or
trials in which the response was faster than 200 ms (1.20%
of total trials discarded). All further reaction time analyses are
based on the mean response times obtained for each partici-
pant and condition. A repeated-measures ANOVA on the
mean response times, with color scheme (Scheme A, B, or
C) as the only within-subjects factor, did not yield any signif-
icant effects (F < 1; see Table 1 for all average RTs). Similarly,
no effect of color scheme was observed in the results of a
similar ANOVA on the accuracy data, F(2, 62) = 1.687, p =
.194, ηp

2 = .052 (see Table 1 for all average accuracy scores).
Importantly, overall mean accuracy was 82.93%, which was
significantly better than chance level accuracy, (25%, one-
sample t test), t(31) = 38.91, p < .001, confirming that partic-
ipants had adequately learned the priority schemes.

Priority testing task

As every trial in the testing task included two colors from the
training task, we compared performance in trials with the tar-
get shape presented in a prioritized color to performance in
trials with the distractor shape presented in the prioritized
color. Practice and erroneous trials (16.49% of total trials)

were excluded from the response-time analyses and the resul-
tant data were also trimmed to normality by removing trials
with response times that were 2.5 standard deviations above
the conditional mean or faster than 200 ms (calculated sepa-
rately for each subject and color scheme; 0.95% of total trials
discarded). A repeated-measures ANOVA on the mean re-
sponse times, with color scheme (Scheme A, B, or C) and
shape priority (target, distractor; was the target or the
distractor presented in the higher of the two prioritized colors)
as within-subject factors revealed neither evidence of effects
of color scheme (F < 1) or shape priority (F < 1), nor an
interaction between these factors (F < 1; see Table 1 for all
average RTs). Despite not observing an interaction between
color scheme and shape priority, a series of paired-samples t
tests were conducted to gauge whether difference between
target and distractor priority were present for any of the color
schemes. However, no such effects were observed (all p values
> .428).

The same patterns of null effects were observed when the
ANOVAwas carried out on the accuracy data, shape priority:
F < 1; color scheme: F < 1; Shape Priority × Color Scheme:
F(2, 62) = 1.169, p = .318, ηp

2 = .036. Again, no differences
between target and distractor priority were present for any of
the color schemes (all p values > .207). Table 1 details the
average response times, accuracy, and corresponding mea-
sures of variance for each of the three schemes in both the
training and testing tasks.

Discussion

The results of Experiment 1 provided no evidence that differ-
entially prioritized stimuli have differing effects on attentional
capture when presented simultaneously. No differences in re-
sponse times were observed between trials with the target
versus distractor shape presented in a prioritized color.
Importantly, priority was only established at the trial level in
Experiment 1 and averaged out over the three possible colors
throughout the course of the training task. Although these
patterns of null effects are not conclusive, they suggest that
this sort of situational prioritization at the trial level may not

Table 1 Mean correct response times (RT) and accuracy scores (ACC) for each color scheme (training and testing) in Experiment 1

Training Task Scheme A Scheme B Scheme C

RT 897 (15) 911 (14) 910 (12)

ACC 83.71 (2.06) 83.70 (1.58) 81.39 (1.62)

Testing Task Scheme A Scheme B Scheme C

Shape Priority T D T D T D

RT 953 (16) 946 (14) 942 (13) 949 (18) 943 (14) 953 (14)

ACC 86.02 (2.18) 84.69 (2.19) 84.61 (2.41) 86.92 (2.18) 86.33 (2.33) 85.91 (2.08)

Note. In the testing task, the numbers under the “T” columns represent average performance on trials in which the target was presented in a prioritized
color, compared with numbers under the “D” columns, which reflect performance on trials in which the distractor was presented in a prioritized color
(i.e., shape priority). The numbers in brackets represent 95% within-subjects confidence intervals (Cousineau, 2005; Morey, 2008)
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elicit differential effects of selection history. We tested priori-
tization at the trial level, but not the task level, as a proxy for
situational priority relationships in the real world where a giv-
en stimulus or feature may be prioritized in one situation but
deprioritized in another situation. Although Experiment 1 did
not uncover any evidence that this sort of situational prioriti-
zation takes places at the task level, we tested the possibility
that stimuli with fixed priority relationships throughout the
course of both training and testing tasks may elicit effects of
selection history in Experiment 2.

Experiment 2

In Experiment 2, we tested whether consistently priori-
tizing one color over another would lead to attentional
capture by stimuli that were prioritized at the trial and
the task level (as in any reward study; see Anderson
et al., 2011b; Anderson & Yantis, 2013). The general
methods of Experiment 2 were similar to those used in
Experiment 1, with one important modification. Whereas
prioritization of a given color averaged out over all
trials in Experiment 1, in Experiment 2, one color was
always given the highest priority (HPC) over the other
two colors, the second color was always given low pri-
ority (LPC), and the third color was never given priority
(NPC) throughout all trials in the training task, such
that observers learned fixed priority relationships be-
tween the three colors at both the trial and task levels.
Therefore, any selection history effects observed in the
testing task of Experiment 2 in terms of faster response
times for targets versus distractors presented in the color
consistently prioritized in the training task can be attrib-
uted to the fixed priority relationships established be-
tween the three colors at the trial and task levels during
the training task.

Method

Participants

We tested 30 participants with normal or corrected-to-
normal vision and no history of mental illness. Two
participants (not included in these demographics) were
replaced due to technical difficulties during experimen-
tation. Of the remaining 28 participants, 21 were fe-
male, with an overall participant age of 21.54 years
(SD = 4.76 years).

Training task The training stimuli and procedure used in
Experiment 2 were the same as in Experiment 1, except
for the fixed versus situational priority relationships
established between the three colors in the training task.

An example of one possible fixed priority scheme is
illustrated in the right panel of Fig. 1. Here, red is the
high priority color (HPC), such that when a red stimu-
lus is presented in the training task displays, it always
contains the target T regardless of which of the other
two colors is also present in the display (Schemes A &
B). In this example, green is the low priority color
(LPC), and only signals the target location when pre-
sented in the same display as a blue shape (Scheme C).
Blue is the no priority color (NPC) and never contains
the target T regardless of whether it is presented inside
a red or green shape. The specific pairings of the three
colors and priority levels for HPC, LPC, and NPC
colors were counterbalanced over participants. To ensure
that the frequency of selecting targets in a given color
would not confound any fixed priority effects, the target
was presented in the HPC and LPC equally often by
using Schemes A and B on a random 25% of trials
and Scheme C in the remaining 50% of trials. The
whole experiment consisted of six blocks of 96 trials
each, preceded by two practice blocks of 64 trials each.

Testing task The priority testing task was also similar to
the training task in terms of stimulus presentation and
timing, with a few crucial differences. As in Experiment
1, the stimulus containing the target T was defined as
the singleton shape present in the testing display (i.e., a
diamond among circles, or a circle among diamonds),
meaning color was no longer prioritized by target selec-
tion. However, in Experiment 2, only one colored stim-
ulus was present in the testing display on a random
50% of trials (192 trials), and two colored stimuli were
present on the other 50% of testing trials. When only
one colored stimulus was presented, it was never the
singleton shape target and instead functioned as a pop-
out distractor. When two colored stimuli were presented,
one was always the target singleton shape, and the other
was the salient distractor shape. We included trials with
only one color to measure the extent to which attention
was captured by colored stimuli with different priorities,
independent of the learned color-response contingencies
between pairs of colors. We used the trials with two
colors to compare how stimuli with fixed priority rela-
tionships compete for attentional resources. Every color
pair was presented equally often, such that the target
was presented in a higher priority color (HPC or LPC)
than the distractor (LPC or NPC) on a random 50% of
these two-color trials in the testing task and the
distractor was presented in the higher priority color
compared to the target in the remaining half of testing
trials. The testing phase consisted of four blocks of 96
trials (384 trials in total), preceded by a single practice
block of 30 trials.
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Results

Training task

To determine whether the three different priority schemes af-
fected response times in the training task, we first conducted a
repeated-measures ANOVA on participants’ nonpractice, cor-
rect (5.62% of total trials discarded), 2.5-standard-deviation-
normalized response times (calculated separately for each sub-
ject and condition; 2.32% of the remaining trials discarded).
There was a main effect of scheme, F(2, 54) = 23.004, p <
.001, ηp

2 = .460, such that follow-up planned comparisons
confirmed that correct response times for Scheme B trials
were significantly faster (641 ms) than response times for
Scheme A trials (690 ms, p < .001) and Scheme C trials
(685 ms, p < .001), but that response times for Scheme A
and Scheme C trials were not significantly different (p =
.589). Overall accuracy scores were relatively high (94.70%
correct) and well above 25% chance performance, t(27) =
131.833, p < .001. A second repeated-measures ANOVA on
the accuracy data also revealed a main effect of scheme on
accuracy (SchemeA: 92.10%; Scheme B: 96.68%; Scheme C:
95.31%), F(2, 54) = 20.077, p < .001, ηp

2 = .426. Follow-up
planned t tests explicated that mean accuracy for trials in each
of the three schemes differed significantly, with the most ac-
curate performance occurring for Scheme B (Scheme B:
96.68%, Scheme C: 95.31%, Scheme A: 92.10%: largest p =
.026). See Table 2 for all reaction times and accuracy means
for the training and testing tasks.

Testing task

After confirming that fixed priorities were successfully asso-
ciated with the three colors in the training task, we next ana-
lyzed the testing task data to determine whether the color
priorities instilled at the trial and task levels in the training
task would carry over to capture attention in the testing task.
As in all previous analyses, we only analyzed nonpractice trial
correct responses (15.95% of total trials discarded) within 2.5
standard deviations above the participant’s conditional mean
(1.86% of remaining trials discarded). We then conducted
separate analyses on response time and accuracy data for trials
with only one color (distractor; see Fig. 3) and trials with two
colors (target and distractor; see Fig. 4).

A repeated-measures ANOVA on participants’ averaged
response times for one priority color (distractor) trials revealed
a significant main effect of this color (HPC: 806 ms; LPC: 792
ms; NPC: 797 ms), F(2, 54) = 3.233, p = .047, ηp

2 = .107 (see
Fig. 3a and Table 2). Planned comparisons confirmed that
participants were slowest to respond to the target stimulus
(i.e., the noncolored shape singleton) when a high-priority
color distractor was present in the display compared with
when a low-priority color distractor was present (p = .019). Ta
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Surprisingly, the difference between high priority and no pri-
ority color failed to reach significance (p = .17). There was no
significant difference in response times between trials with
low and no priority color distractors (p = .26). Accuracy re-
sults were in line with the reaction time observations, as indi-
cated by a main effect of priority (HPC: 86.74%; LPC:
90.04% ms; NPC: 89.98%), F(2, 54) = 5.254, p = .008, ηp

2

= .163 (see Fig. 3b and Table 2). Planned t tests showed that
participants were significantly less accurate on trials with a
high-priority distractor compared with trials with a low-
priority (p < .001) or no-priority distractor (p = .018). No
difference was observed between trials with a low versus no-
priority distractor (p = .96).

To investigate whether color prioritization in the training
task carried over in the form of lingering attentional bias in the
testing task, we next conducted a repeated-measures ANOVA,
with shape priority (target, distractor) and scheme (A, B, C) on
participants’ averaged response times in the two-color trials.

Importantly, each display in the two-color trials always
consisted of one shape presented in a color that previously
had a higher priority than the color of the other shape. On half
the trials, the target shape singleton was presented in the
higher priority color and the distractor in the lower priority
color, and vice versa on the remaining trials. The ANOVA
resulted in a main effect of shape priority, F(2, 54) = 29.102,
p < .001, ηp

2 = .519, such that participants responded faster to
trials in which target was prioritized over the distractor (827
ms) compared with response times for trials in which the
distractor was prioritized over the target (866 ms; see Fig. 4a
and Table 2). Although there was neither a significant main
effect of scheme, F(2, 54) = 1.520, p = .228, ηp

2 = .053, nor a
significant interaction, F(2, 54) = 1.314, p = .277, ηp

2 = .046,
we nevertheless conducted planned comparisons between the
three schemes to quantify any lingering effects of differential
prioritization. These comparisons revealed significantly faster
correct response times for trials with targets versus distractors

Fig. 3 Mean correct reaction times (a) and mean accuracy scores (b) for
the testing task for one color (distractor) trials: Correct response times to
an uncolored shape singleton target in the testing task as a function of the
three possible colored distractor priorities learned in the training task.
Participants made slower correct responses to targets when a high-
priority color (HPC) distractor was present in the search display compared

with trials with a low-priority color (LPC) or nonpriority color (NPC)
distractor. Similarly, participants responded the least accurately on trials
in which the distractor was presented in the high-priority color. Error bars
reflect 95% confidence intervals, corrected for within-subject designs
(Cousineau, 2005; Morey, 2008)

Fig. 4 Mean correct reaction times (a) and mean accuracy scores (b) for
the testing task for two-color (target, distractor) trials: Correct response
times for trials with distractors or targets presented in the higher priority
color as a function of the three priority schemes in the testing task of
Experiment 2. Overall, participants responded faster in trials with the
target presented in the higher priority color compared with their average

correct response times in trials with the distractor presented in the higher
priority color. Similarly, participants respondedmore accurately when the
target was presenter in the higher priority color. Error bars reflect 95%
confidence intervals, corrected for within-subject designs (Cousineau,
2005; Morey, 2008)
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presented in the prioritized color for each of the three scheme
(Δ Scheme A: 30 ms; p = .018;Δ Scheme B: 35 ms; p = .009;
Δ Scheme C: 54 ms; p < .001), suggesting that imbalances in
prioritization carry over as lingering effects of selection
history.

Finally, a repeated-measures ANOVA on the accuracy data,
with shape priority (target, distractor) and scheme (A, B, C),
revealed a main effect of shape priority, indicating that partic-
ipants responded more accurately when the target was priori-
tized over the distractor (85.0% correct) as compared with
trials in which the distractor was prioritized over the target
(81.9% correct), F(1, 27) = 7.438, p = .011, ηp

2 = .216. No
significant effect of scheme was observed, F(1, 27) = 1.739, p
= .185, ηp

2 = .061, nor did the interaction between scheme and
shape priority reach significance, F(2, 54) = 2.520, p = .090,
ηp

2 = .085 (see Fig. 4b and Table 2).

Discussion

Experiment 2 confirmed that effects of selection history can be
observedwhen stimuli are prioritized in a fixedmanner at both
the task and trial levels. Effects of prioritization were already
apparent in the training task, where participants responded
faster and more accurately for Scheme B trials compared with
Scheme A or C trials. Although these results could potentially
be caused by selection history effects, they are at least equally
likely caused by differences in ambiguity concerning which
stimulus a participant has to respond to. In Scheme B, there is
the least ambiguity about which stimulus contains the target
because the target was always presented in the high-priority
color (the color that always required a response) and the
distractor was always presented in the no-priority color (the
color that never required a response). Given that high overall
accuracy in the training task suggested the color schemes were
all well learned (like in Experiment 1), we instead turned to
the testing data to further quantify the effects of fixed prioriti-
zation. The testing phase data showed clear lingering effects
due to selection history, such that a stimulus with a higher
versus lower priority had more influence on attentional allo-
cation. This pattern was observed for all paired levels of pri-
oritization (HPC, LPC, and NPC). Therefore, the results of
Experiment 2 suggest that fixed prioritization influences at-
tention even when the prioritized feature is no longer task
relevant.

Cross-experiment analysis

We also conducted a cross-experiment mixed-design
ANOVA, with shape priority as a within-subjects factor and
experiment as a between-subjects factor on the averaged
response-time data for trials in both experiments with two
colored stimuli, to assess potential differences between selec-
tion effects due to situational (Experiment 1) versus fixed

(Experiment 2) prioritization. We observed a main effect of
shape priority, such that participants made faster correct re-
sponses when the shape singleton target was presented in the
higher priority color (887 ms) compared with correct response
times for trials with the distractor presented in the higher pri-
ority color (908 ms), F(1, 58) = 20.227, p < .001, ηp

2 = .259.
As expected, there was a significant interaction between shape
priority and experiment, F(1, 58) = 15.158, p = .001, ηp

2 =
.207. Follow-up planned comparisons showed no significant
difference between target and distractor prioritization in
Experiment 1 (Δ 3 ms, p = .641), but a significant difference
between target and distractor priority in Experiment 2 (Δ 40
ms, p < .001), confirming that the main effect of shape priority
was driven by the fixed priority relationships established in
Experiment 2. A similar interaction between shape priority
and experiment was observed for the accuracy scores, indicat-
ing that the difference between target and distractor priority in
Experiment 2 (3.11%, p = .011), was larger than the same
effect in Experiment 1 (Δ 0.1%, p = .824). These results once
more confirm that situational priority does not lead to observ-
able differences in terms of selection history, whereas fixed
priority does.

General discussion

We investigated whether stimuli prioritized during an initial
training task would lead to attentional biases due to selection
history in a subsequent testing task where priority was no
longer enforced or task relevant. Indeed, results suggest that
previously prioritized stimuli can lead to attentional capture.
However, whether capture occurs depends on the nature of the
priority relationships. Significant effects of attentional capture
by previously prioritized stimuli were observed only in
Experiment 2, when the prioritized stimuli shared a fixed pri-
ority relationship such that throughout the experiment, differ-
ent colors had a ranked priority that never changed.
Experiment 2 showed that under such fixed circumstances,
when a single colored stimulus was presented as one of the
distractors in the testing task, attentional capture was observed
such that correct response times were slower and accuracy
decreased when the distractor was presented in the HPC com-
pared with when it was presented in the LPC. When both the
target and distractor were presented in prioritized colors, re-
sponse times were biased by the higher priority stimulus such
that participants were faster when the target versus distractor
was presented in the higher priority color. On the contrary,
when stimuli were only situationally prioritized at the trial
level in Experiment 1, there were no corresponding effects
of capture during the testing phase. Furthermore, the signifi-
cant interaction between shape priority and experiment in the
cross-experiment analysis offered further support for the
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proposal that fixed, but not situational, priority induced lin-
gering effects of selection history.

The present findings add to our understanding of the atten-
tional phenomenon of selection history. A number of atten-
tional effects have been retroactively linked to selection his-
tory, such as intertrial priming (Maljkovic&Nakayama, 1994,
1996; Theeuwes & Van der Burg, 2008, 2013) and statistical
learning (Ferrante et al., 2018; Wang & Theeuwes, 2018).
Furthermore, results of other studies can retrospectively be
attributed to priority learning. For example, in a recent study
by Feldmann-Wüstefeld, Uengoer, and Schubö (2015), partic-
ipants performed an associative learning task in which two
singleton stimuli were presented, one based on color and
one based on shape. Half the participants were instructed to
respond to the shape singleton, thereby potentially prioritizing
shape over color, whereas the other half responded to the color
singleton, thereby likely prioritizing color over shape. In a
subsequent search task, participants had to search for a shape
singleton, while intermittently a color distractor singleton was
presented. This color distractor impaired search times to a
much greater extent for participants who had prioritized color
in the associative learning task. While the study by Feldmann-
Wüstefeld and colleagues does not provide an explanation in
terms of learned priority, this may very well be the underlying
mechanism responsible for the observed results. Additionally,
a study by Sali, Anderson, and Yantis (2014) describes a series
of training/testing-based value-driven capture experiments.
The main result of this study suggests that value-based capture
only occurs for stimulus features that carry uniquely predic-
tive information about reward. When no such information is
available, no value-driven capture takes place. The study by
Sali and colleagues can be interpreted in terms of prioritiza-
tion: If stimulus features are randomly and inconsistently as-
sociated with reward, then the participant cannot prioritize one
stimulus over another, and hence no capture takes place.

The current study is among the first nonreward studies to
directly manipulate selection history through behavioral ma-
nipulation. By using independent training and testing tasks,
we ensured complete independence between the development
of a task-relevant top-down set and its subsequent effects on
attentional selection when it was no longer task-relevant.
Along these lines, our results also provide convincing evi-
dence that selection history is not merely the result of prior
attentional selection of certain stimuli or features, but that
particular rules govern when prior selection will carry over
in the form of subsequent attentional biases. The nature of
the relationship between differently prioritized stimuli is key.
Additional factors that operate throughout the training task,
such as the fixed priority relationships established in
Experiment 2, are necessary to elicit lingering effects indexed
by attentional capture.

The current results suggest that effects of selection history
evoked by learned prioritization can strongly modulate the

priority map (Awh et al., 2012). The results of Experiment 2
show that stimuli that are overall more prioritized than other
stimuli will most strongly modulate activation on the priority
map, which leads to attentional biases toward these high-
priority stimuli. The lack of attentional capture by the higher
of the two prioritized colors in Experiment 1 appears to indi-
cate that the map is based on overall relatively stable (i.e.,
fixed) priority relationships learned over time, rather than on
individual situational relationships between stimuli. In other
words, selection history-based activation on the priority map
is not defined as the relative difference in priority between two
stimuli presented simultaneously (i.e., priority defined at the
trial level). This is evidenced by the absence of any differential
lingering differences in the testing phase following situational
priority learning (Experiment 1). That is not to say that situa-
tionally prioritized stimuli do not elicit increased activation on
the priority map. Rather, any effects of selection history due to
situational priority are fully negated by the tasks fixed priority
levels. As these levels are equal for each stimulus in
Experiment 1, their influences on the priority map must also
be equal, and hence no biases in attentional modulation are
observed. Overall, the present results provide a further step
toward increasing our understanding of which factors guide
attentional biases due to selection history, as well as defining
the limits of selection history’s influence on attention.

Some criticism of the current work is warranted. First, al-
though our results support the proposal that fixed priority re-
lationships yield lingering effects of selection history, several
methodological aspects limit the extent to which the results
can be interpreted as absolute effects of selection history. For
example, in both experiments, the colored stimuli always
“popped out” compared with the other gray stimuli in the
displays. Therefore, this bottom-up attentional capture likely
restricted the competition for attentional resources to the two
colored stimuli. Nonetheless, neither bottom-up nor top-down
effects can fully explain the obtained results in Experiment 2,
suggesting that, despite these potential limiting factors, selec-
tion history must be the driving mechanism behind the ob-
served effects. Second, the current study uses an arbitrarily
chosen cutoff for participant inclusion/exclusion (here, set as
an accuracy score of 2.5 standard deviations below the group
mean), which led to the exclusion of three participants in
Experiment 1. Alternatively, we could have chosen to use a
less strict criterion and exclude only those participants that
scored below chance level. Using a chance-level criterion
would not have led to the exclusion of the three participants
in Experiment 1. Nonetheless, a recalculation of all statistical
tests that included the data of the three discarded participants
did not change any result and conclusion drawn here.

Finally, throughout the current study, theoretical compari-
sons between learned prioritization and value-driven atten-
tional capture have been put forward. The current study pro-
vides support for recent studies that have shown that the
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administration of reward is not a necessity for observing lin-
gering effects of stimulus history on attentional selection
(Grubb & Li, 2018; Miranda & Palmer, 2014; Sha & Jiang,
2016; cf. Anderson & Halpern, 2017). For example, using a
similar design as Anderson et al. (2011a, b), Sha and Jiang
(2016) showed that after an initial training test without reward,
reaction times to a shape singleton were significantly slower
when a previously selected but unrewarded color stimulus was
present as a distractor in the search display as compared with
reaction times on trials in which this colored stimulus was
absent, mirroring the effects of value-driven attentional cap-
ture tasks without administering any rewards. These studies
(Grubb & Li, 2018; Miranda & Palmer, 2014; Sha & Jiang,
2016) provide tentative evidence that observed value-driven
attentional capture effects may not necessarily be fully attrib-
uted to a lingering reward signal upon which selective atten-
tion acts (but see Anderson 2011b; Anderson & Halpern,
2018). Instead, the mere repeated selection of feature-
defined targets appears to be sufficient for attention to be
captured by these stimuli, even when the target-defining fea-
tures are no longer task relevant.

Grubb and Li (2018) further propose that differences in
attentional modulation by stimuli that previously signaled
high versus low reward may also be caused by factors other
than reward. According to Grubb and Li, observers could
prioritize high rewards over low rewards during the training
phase to maximize monetary gain (see also Le Pelley et al.,
2016). As such, stimuli that are otherwise equally often select-
ed and that are equally task relevant in the training task get
unevenly prioritized by the observer, resulting in unequal lin-
gering attentional biases in the testing task. The current study
supports this nonreward interpretation by showing that differ-
ences in the speed of attentional selection between high and
low are not necessarily caused by an increased reward signal,
but rather may reflect an indirect shift in the way stimuli are
differentially prioritized. While more work needs to be con-
ducted to distinguish between prioritization and reward as the
driving factors behind selection history based attentional mod-
ulation, the current study shows that prioritization may play a
crucial role in selection history, and that certain results obtain-
ed in value-driven capture studies may need to be reevaluated
in the context of prioritization.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain

permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Anderson, B. A., & Halpern, M. (2017). On the value-dependence of
value-driven attentional capture. Attention, Perception, &
Psychophysics, 79(4), 1001–1011. https://doi.org/10.3758/s13414-
017-1289-6

Anderson, B. A., Laurent, P. A., & Yantis, S. (2011a). Value-driven at-
tentional capture. Proceedings of the National Academy of Sciences
of the United States of America, 108(25), 10367–10371. https://doi.
org/10.1073/pnas.1104047108

Anderson, B. A., Laurent, P. A., & Yantis, S. (2011b). Learned value
magnifies salience-based attentional capture. PLOS ONE, 6(11),
e27926. https://doi.org/10.1371/journal.pone.0027926

Anderson, B. A., & Yantis, S. (2013). Persistence of value-driven atten-
tional capture. Journal of Experimental Psychology: Human
Perception and Performance, 39(1), 6–9. https://doi.org/10.1037/
a0030860

Awh, E., Belopolsky, A. V., & Theeuwes, J. (2012). Top-down versus
bottom-up attentional control: A failed theoretical dichotomy.
Trends in Cognitive Sciences, 16(8), 437–443. https://doi.org/10.
1016/j.tics.2012.06.010

Bisley, J. W., & Goldberg, M. E. (2010). Attention, intention, and priority
in the parietal lobe. Annual Review of Neuroscience, 33(1), 1–21.
https://doi.org/10.1146/annurev-neuro-060909-152823

Borji, A., Sihite, D. N., & Itti, L. (2013). What stands out in a scene? A
study of human explicit saliency judgment. Vision Research, 91, 62–
77. https://doi.org/10.1016/j.visres.2013.07.016

Brainard, D. H. (1997). The Psychophysics Toolbox. Spatial Vision,
10(4), 433–436. https://doi.org/10.1163/156856897X00357

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

Failing, M. F., & Theeuwes, J. (2014). Exogenous visual orienting by
reward. Journal of Vision, 14(5), 6. https://doi.org/10.1167/14.5.6

Fecteau, J. H., & Munoz, D. P. (2006). Salience, relevance, and firing: A
priority map for target selection. Trends in Cognitive Sciences,
10(8), 382–390. https://doi.org/10.1016/j.tics.2006.06.011

Feldmann-Wüstefeld, T., Uengoer, M., & Schubö, A. (2015). You see
what you have learned: Evidence for an interrelation of associative
learning and visual selective attention. Psychophysiology, 52(11),
1483–1497. https://doi.org/10.1111/psyp.12514

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

Gong, M., & Li, S. (2014). Learned reward association improves visual
working memory. Journal of Experimental Psychology: Human
Perception and Performance, 40(2), 841–856. https://doi.org/10.
1037/a0035131

Grubb, M. A., & Li, Y. (2018). Assessing the role of accuracy-based
feedback in value-driven attentional capture. Attention, Perception
& Psychophysics, 80(4), 822–828. https://doi.org/10.3758/s13414-
018-1494-y

Itti, L., & Koch, C. (2000). A saliency-based search mechanism for overt
and covert shifts of visual attention. Vision Research, 40(10), 1489–
1506. https://doi.org/10.1016/S0042-6989(99)00163-7

Jahfari, S., & Theeuwes, J. (2017). Sensitivity to value-driven attention is
predicted by how we learn from value. Psychonomic Bulletin &
Review, 24(2), 408–415. https://doi.org/10.3758/s13423-016-1106-
6

2255Atten Percept Psychophys  (2020) 82:2244–2256

https://doi.org/10.3758/s13414-017-1289-6
https://doi.org/10.3758/s13414-017-1289-6
https://doi.org/10.1073/pnas.1104047108
https://doi.org/10.1073/pnas.1104047108
https://doi.org/10.1371/journal.pone.0027926
https://doi.org/10.1037/a0030860
https://doi.org/10.1037/a0030860
https://doi.org/10.1016/j.tics.2012.06.010
https://doi.org/10.1016/j.tics.2012.06.010
https://doi.org/10.1146/annurev-neuro-060909-152823
https://doi.org/10.1016/j.visres.2013.07.016
https://doi.org/10.1163/156856897X00357
https://doi.org/10.20982/tqmp.01.1.p042
https://doi.org/10.20982/tqmp.01.1.p042
https://doi.org/10.1167/14.5.6
https://doi.org/10.1016/j.tics.2006.06.011
https://doi.org/10.1111/psyp.12514
https://doi.org/10.1016/j.cortex.2017.09.027
https://doi.org/10.1037/a0035131
https://doi.org/10.1037/a0035131
https://doi.org/10.3758/s13414-018-1494-y
https://doi.org/10.3758/s13414-018-1494-y
https://doi.org/10.1016/S0042-6989(99)00163-7
https://doi.org/10.3758/s13423-016-1106-6
https://doi.org/10.3758/s13423-016-1106-6


Le Pelley, M. E., Mitchell, C. J., Beesley, T., George, D. N., &Wills, A. J.
(2016). Attention and associative learning in humans: An integrative
review. Psychological Bulletin, 142(10), 1111–1140. https://doi.org/
10.1037/bul0000064

MacLean, M. H., & Giesbrecht, B. (2015). Neural evidence reveals the
rapid effects of reward history on selective attention. Brain
Research, 1606, 86–94. https://doi.org/10.1016/j.brainres.2015.02.
016

Maljkovic, V., & Nakayama, K. (1994). Priming of pop-out: I. Role of
features. Memory & Cognition, 22(6), 657–672. https://doi.org/10.
3758/BF03209251

Maljkovic, V., & Nakayama, K. (1996). Priming of pop-out: II. The role
of position. Perception & Psychophysics, 58(7), 977–991. https://
doi.org/10.3758/BF03206826

Miranda, A. T., & Palmer, E. M. (2014). Intrinsic motivation and atten-
tional capture from gamelike features in a visual search task.
Behavior Research Methods, 46(1), 159–172. https://doi.org/10.
3758/s13428-013-0357-7

Morey, R. D. (2008). Confidence intervals from normalized data: A cor-
rection to Cousineau (2005). Tutorial in Quantitative Methods for
Psychology, 4(2), 61–64. https://doi.org/10.20982/tqmp.04.2.p061

Pelli, D. G. (1997). TheVideoToolbox software for visual psychophysics:
Transforming numbers into movies. Spatial Vision, 10(4), 437–442.
https://doi.org/10.1163/156856897X00366

Preciado, D., Munneke, J., & Theeuwes, J. (2017). Was that a threat?
Attentional biases by signals of threat. Emotion, 17(3), 478–486.
https://doi.org/10.1037/emo0000246

Sali, A. W., Anderson, B. A., & Yantis, S. (2014). The role of reward
prediction in the control of attention. Journal of Experimental
Psychology: Human Perception and Performance, 40(4), 1654–
1664.

Sha, L. Z., & Jiang, Y. V. (2016). Components of reward-driven atten-
tional capture. Attention, Perception, & Psychophysics, 78(2), 403–
414. https://doi.org/10.3758/s13414-015-1038-7

Theeuwes, J. (2018). Visual selection: Usually fast and automatic; seldom
slow and volitional. Journal of Cognition, 1(1). https://doi.org/10.
5334/joc.13

Theeuwes, J., & Van der Burg, E. (2008). The role of cueing in attentional
capture. Visual Cognition, 16(2/3), 232–247. https://doi.org/10.
1080/13506280701462525

Theeuwes, J., & Van der Burg, E. (2013). Priming makes a stimulus more
salient. Journal of Vision, 13(3), 21–21. https://doi.org/10.1167/13.
3.21

Wang, B., & Theeuwes, J. (2018). How to inhibit a distractor location?
Statistical learning versus active, top-down suppression. Attention,
Perception, & Psychophysics, 80(4), 860–870. https://doi.org/10.
3758/s13414-018-1493-z

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

2256 Atten Percept Psychophys  (2020) 82:2244–2256

https://doi.org/10.1037/bul0000064
https://doi.org/10.1037/bul0000064
https://doi.org/10.1016/j.brainres.2015.02.016
https://doi.org/10.1016/j.brainres.2015.02.016
https://doi.org/10.3758/BF03209251
https://doi.org/10.3758/BF03209251
https://doi.org/10.3758/BF03206826
https://doi.org/10.3758/BF03206826
https://doi.org/10.3758/s13428-013-0357-7
https://doi.org/10.3758/s13428-013-0357-7
https://doi.org/10.20982/tqmp.04.2.p061
https://doi.org/10.1163/156856897X00366
https://doi.org/10.1037/emo0000246
https://doi.org/10.3758/s13414-015-1038-7
https://doi.org/10.5334/joc.13
https://doi.org/10.5334/joc.13
https://doi.org/10.1080/13506280701462525
https://doi.org/10.1080/13506280701462525
https://doi.org/10.1167/13.3.21
https://doi.org/10.1167/13.3.21
https://doi.org/10.3758/s13414-018-1493-z
https://doi.org/10.3758/s13414-018-1493-z

	Learned prioritization yields attentional biases through selection history
	Abstract
	General methods
	Experiment 1
	Method
	Participants
	Stimuli and procedure

	Results
	Priority training task
	Priority testing task

	Discussion

	Experiment 2
	Method
	Participants

	Results
	Training task
	Testing task

	Discussion
	Cross-experiment analysis

	General discussion
	References


