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Abstract
The attentional priority of a stimulus is influenced by both its relationship to task goals and reward history. While experiments 
probing goal-directed visual search typically dictate which stimuli should receive attentional priority by virtue of highly 
constrained task demands, individuals in real-world scenarios choose what to search for. In such complex and dynamic envi-
ronments, it is unclear how reward history might influence the strategic control of attention. In the present study, participants 
completed a modified version of the Adaptive Choice Visual Search (ACVS) task integrated with the value-driven attentional 
capture design. In a training phase, participants learned to associate one of two possible target colors with monetary reward. 
In a subsequent test phase, they completed the ACVS task in which a target in both a previously rewarded and unrewarded 
color was present on each trial and participants could choose how to search. Our results reveal that participants were biased 
to voluntarily search through the previously reward-associated color regardless of whether the distribution of stimuli made 
it optimal to do so, which came at a cost in performance when searching through the previously rewarded color was a sub-
optimal strategy. In the absence of prior reward training, in contrast, search strategy was inconsistent with respect to color. 
Our findings provide evidence that reward history biases voluntary search processes.
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Introduction

Attention is a selective process that determines what infor-
mation is represented by the brain in a given environment 
(Desimone & Duncan, 1995). Attention can be biased 

toward physically salient stimuli (Theeuwes, 1991, 1992; 
Theeuwes et al., 1998; Theeuwes et al., 1999; Yantis, 1993) 
or toward features that align with task goals (Bacon & Egeth, 
1994, 1997; Folk et al., 1992). For example, if you are look-
ing for a friend with a red hat, red-colored stimuli will tend 
to be preferentially attended. More recently, attention has 
also been shown to be biased toward stimuli that have been 
previously attended in what is referred to as selection his-
tory (Anderson et al., 2021; Awh et al., 2012). The influ-
ence of selection history on the control of attention – what 
we will call experience-driven attention – can be modulated 
by a variety of factors, including stimulus-reward associa-
tions (Anderson et al., 2011; Esterman et al., 2014; Kim & 
Anderson, 2019), aversive conditioning (Anderson & Brit-
ton, 2020; Nissens et al., 2017; Schmidt et al., 2015), and 
target-location probabilities (Gao & Theeuwes, 2020; Jiang 
et al., 2013). Previously reward-associated stimuli have been 
shown to involuntarily capture attention even when physi-
cally non-salient and currently task-irrelevant, suggesting 
that the control of attention can be value-driven (Anderson 
et al., 2011).

In addition to the influence of stimulus-reward associa-
tions, reward has been shown to modulate other examples 
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of experience-driven attention including contextual cueing 
(Pollmann et al., 2016; Tseng & Lleras, 2013), statistical 
learning by distractor location (Pearson et al., 2020), and 
inter-trial priming (Kristjánsson et al., 2010). In the context 
of goal-directed attention, reward can serve as a motiva-
tional factor in improving task performance (Engelmann 
et al., 2009; Engelmann & Pessoa, 2014; Esterman et al., 
2014; Mohanty et al., 2008). The influence of reward on 
goal-directed attention has generally been studied in situa-
tions in which the target of visual search is clearly and nar-
rowly defined on every trial and the efficiency of selecting 
a single target is probed. How reward history might influ-
ence the choice of attentional control settings – or what to 
voluntarily search for when given a choice – remains to be 
investigated. Likewise, it is unclear whether value-driven 
attention might have downstream consequences for what a 
person chooses to prioritize with respect to the goal-directed 
control of attention.

The Adaptive Choice Visual Search (ACVS) task is a 
relatively new experimental paradigm that allows a partici-
pant to search for one of two possible targets in a dynami-
cally changing environment (Irons & Leber, 2016, 2018). On 
each trial, one color is less abundant than the other. In this 
task, participants could conceivably use a variety of differ-
ent search strategies on a given trial: they could search for a 
target of a specific color, serially search through all stimuli 
until a target is found, alternating between searching through 
red and blue clusters of stimuli, etc. It is objectively more 
efficient or “optimal” to adopt a strategy of preferentially 
searching through this less abundant color, which partici-
pants exhibit a modest but reliable tendency to do (Irons & 
Leber, 2016, 2018). Previously, we have demonstrated that 
a state of negative arousal (threat) improves the optimal-
ity of attentional control strategies in the ACVS task (Kim 
et al., 2021). In the present study, we aimed to investigate 
the modulatory role of reward history on search strategy in 
this task.

In a training phase, participants searched through stimuli 
rendered in one of two colors (red or blue) on a given trial 
to locate a single target. Identifying targets rendered in one 
color yielded reward while identifying targets in the other 
did not. In a subsequent test phase, stimuli were rendered 
in each of these two colors on a given trial and participants 
could choose which color to search through to find a target. 
Rewards were no longer available. As is typical in the ACVS 
task, the distribution of red and blue items varied such that 
items in one color could be less abundant than the other. Of 
interest was whether participants would be biased to search 
through items of the previously high-value color when they 
have the option of choosing one of a variety of possible 
search strategies, and whether this bias would be modulated 
by how optimal it would be to search in this manner on a 
given trial as a function of the distribution of color stimuli.

Experiment 1

Methods

Participants Thirty-five participants (25 females), between 
the ages of 18 and 35 years inclusive (M = 20.3, SD = 3.17), 
were recruited from the Texas A&M University community. 
All participants were English-speaking and reported nor-
mal or corrected-to-normal visual acuity and normal color 
vision. All procedures were approved by the Texas A&M 
Institutional Review Board. The sample size was informed 
by a power analysis. We estimated the effect size for detect-
ing a modulatory effect on choice from Kim et al. (2021), in 
which a similar ACVS task was used in measuring the mod-
ulatory role of threat, which was dz = 0.61. Using G*Power 
3.1, the final sample size of n=31 (see Data analysis section) 
would yield power (1-β) > .90 at α = .05. Written informed 
consent was obtained for each participant and all study pro-
cedures were conducted in accordance with the principles 
expressed in the Declaration of Helsinki. Participants were 
compensated with their earnings in the task.

Apparatus A Dell OptiPlex 7040 equipped with Matlab 
software and Psychophysics Toolbox extension (Brainard, 
1997) was used to present the stimuli on a Dell P2717H 
monitor from a distance of approximately 70 cm in a dimly 
lit room. Participants made manual responses on a Millikey 
SR-5 r2 button box.

Stimuli Each visual search array was composed of 54 
colored squares (each approximately 1.1° × 1.1° visual 
angle) arranged in three concentric rings around the center 
of the screen. The inner ring had a radius of 7.3° and con-
sisted of 12 boxes, the middle ring had a radius of 10.1° and 
consisted of 18 boxes, and the outer ring had a radius of 
13.0° and consisted of 24 boxes. Each square in each ring 
was positioned equidistant from each other and contained a 
digit between 2 and 9, subtending 0.4° × 0.4°.

Task procedure Following consent, participants practiced 
the training phase task. The practice session consisted of 
20 trials and would repeat until participants found the target 
in > 85% of the practice trials. After completing the prac-
tice, participants completed three runs of the training phase. 
Then, participants completed a practice run of the test phase 
task, which was 21 trials long and would again repeat until 
> 85% accuracy was achieved. Importantly, no instructions 
were given concerning how to search and participants were 
free to follow the search strategy of their choice. Following 
this practice run, participants completed three runs of the 
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test phase and were then dismissed from the experiment fol-
lowing monetary compensation.

Training phase The training phase consisted of a fixation 
display, search array, feedback display, and an inter-trial 
interval (ITI). The fixation display consisted of a fixation 
cross at the center of the screen for 1,000 ms. There were 
two trial types for the search array: red and green color 
squares or blue and green color squares (Fig. 1a). Partici-
pants were instructed to search for a target square: a red or 
blue color square containing a digit between 2 and 5 inclu-
sive. An equal number of target- and green-color squares 
was presented on each trial. All red or blue squares besides 
the target square contained a digit from 6 to 9. Green-colored 
squares were neutral to the task and contained digits between 

2 and 9 to prevent participants from searching for numeri-
cal digits without respect to color (Irons & Leber, 2018). 
All digits inside non-target squares were assigned randomly 
using the aforementioned constraints. One of the two target 
colors was associated with monetary reward and which color 
was used as the reward-associated color alternated across 
participants. Upon identifying a target in the rewarded color, 
participants were shown “+$0.15” and their accumulated 
total earnings (rewarded color). In contrast, upon identifying 
a target in the unrewarded color, participants were shown 
“+0.00” and their accumulated total earnings (non-rewarded 
color). The feedback display was shown for 1,500 ms. If 
participants responded with a number other than the target 
number, they were presented with the words “Missed” with 
their accumulated total earnings. If participants did not make 

Fig. 1  Sequence of trial events. a In the training phase, participants 
were shown a fixation display, visual search array, feedback display, 
and an inter-trial-interval. On correct response trials, participants 
would receive either 15 or 0 cents depending on the color-reward 
association for each participant (counterbalanced). b In the test phase, 

participants were shown a fixation display, visual search array, and an 
inter-trial-interval. Of interest was whether participants would search 
through the reward-associated color target when it was optimal, non-
optimal, or neutral to do so
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a manual response within the 5,500-ms time limit, they were 
presented with the words “Too Slow” and their accumulated 
total earnings. Lastly, the ITI lasted for 1,000 ms. Each run 
of the training phase was 60 trials long (30 trials of each 
trial type, randomly distributed) and participants completed 
a total of three runs with a short break between each run.

Test phase The test phase consisted of a fixation display, 
search array, and ITI (Fig. 1b). The fixation display consisted 
of a fixation cross at the center of the screen that lasted for 
1,000 ms. There were three trial types in the visual search 
array for the test phase: previously reward-associated color 
optimal (13 reward-associated color boxes, 27 non-reward-
associated color boxes, and 14 green color boxes), previously 
reward-associated color non-optimal (27 reward-associated 
color boxes, 13 non-reward-associated color boxes, and 14 
green color boxes), and neutral trial (18 reward-associated 
color boxes, 18 non-reward-associated color boxes, and 18 
green color boxes). Here, optimality is defined as “optimal 
for maximizing task performance” in that it would be faster 
to search through the color with a smaller set-size (note that 
participants were at no point informed about the existence of 
an optimal strategy). Participants were informed that one red 
and one blue target would be present on each trial (digit from 
2 to 5 in either a red or blue color square) and that they only 
needed to report one of these targets. Non-target squares 
were assigned numbers in the same manner as in the training 
phase. Feedback was inserted after the search array if par-
ticipants responded incorrectly or failed to respond before 
the time limit of 6,500 ms. Lastly, the ITI lasted for 1,000 
ms. Each run of the test phase was 90 trials long (30 trials 
for each trial type, randomly distributed), and participants 
completed a total of three runs with a short break between 
each run.

Data analysis We excluded data from three participants due 
to low accuracy in the task (< 3 SD of the group mean) and 
one participant withdrew before completing the task. Thus, 
31 data sets were fully analyzed.

Results and discussion

Training phase Neither response time (RT) nor accuracy 
differed as a function of the value of the target color, t(30) 
= 0.47, p = .641 (reward: M = 2,809 ms, SD = 291 ms, no-
reward: M = 2,829 ms, SD = 305 ms), and t(30) = 0.00, p 
> .999 (reward: M = 93.9%, SD = 4.9%, no-reward: M = 
93.9%, SD = 4.2%), respectively.

Test phase We conducted a one-way repeated-measures 
analysis of variance (ANOVA) over RT with trial type as a 
factor (reward optimal, reward non-optimal, neutral), which 
revealed a significant difference across trial types, F(2,60) 

= 6.41, p = .003, η2
p = .176 (see Fig. 2a). Post hoc pairwise 

comparisons identified that participants were faster on tri-
als when the reward-associated color was optimal compared 
to non-optimal, t(30) = 2.73, p = .010, dz = 0.49, slower 
on trials when the reward-associated color was non-opti-
mal compared to neutral trials, t(30) = 3.14, p = .004, dz 
= 0.56, and there were no differences between trials when 
the reward-associated color was optimal and neutral, t(30) 
= 0.95, p = .352.

Most critically, to assess whether reward history influ-
enced choice behavior, we compared the percentage of 
targets found in the previously reward-associated color to 
chance (50%, which would reflect unbiased search). Partici-
pants were significantly biased to report targets rendered in 
the previously reward-associated color, t(30) = 2.53, p = 
.017, dz = 0.45. In contrast, excluding neutral trials in which 
there was no optimal strategy, participants were not more 
likely to select the optimal-color target than chance, t(30) = 
1.10, p = .278. We then ran an ANOVA over the percentage 
of targets found in the previously reward-associated color 
over the three trial types and found no significant difference, 
F(2,60) = 1.18, p = .316 (Fig. 2b). That is, participants were 
overall biased to report a target in the previously reward-
associated color regardless of how optimal this was with 
respect to the distribution of color stimuli.

Fig. 2  Behavioral results in the test phase. a Response time and b rate 
of choosing a previously reward-associated color target when it was 
the optimal color to search through, the non-optimal color, or when 
there was no optimal color in a neutral condition. Error bars depict 
within-subjects confidence intervals calculated using the Cousineau 
method with a Morey correction. **p < 0.01
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Participants were not significantly faster to report a target 
in the previously reward-associated color compared to the 
previously unrewarded color, t(30) = 0.64, p = .528 (reward: 
M = 2,488 ms, SD = 391 ms, no-reward: M = 2,570 ms, 
SD = 522 ms). This suggests that reward history influenced 
which color participants chose to prioritize in their search. 
We do not see evidence that reporting a target in the previ-
ously unrewarded color was overall slowed due to greater 
sustained competition from the previously reward-associated 
color when searching through the previously unrewarded 
color.

In addition, we found significant differences in accuracy 
across trial type, F(2,60) = 4.63, p = .013, η2

p = .134. Post 
hoc pairwise comparisons identified that participants were 
more accurate on neutral trials compared to reward-optimal 
trials, t(30) = 2.49, p = .018, dz = 0.45 (neutral: M = 96.9%, 
SD = 3.0%, optimal: M = 95.2%, SD = 4.7%), and also com-
pared to reward non-optimal trials, t(30) = 3.65, p < .001, dz 
= 0.66 (non-optimal: M = 95.1%, SD = 3.7%), which did not 
differ from each other, t(30) = 0.23, p = .822. These differ-
ences may be related to the fact that the varying distribution 
of color stimuli made it such that neutral trials had a slightly 
higher number of green stimuli (which could not be targets).

Overall, participants were biased to adopt a search strat-
egy that prioritized stimuli in the previously reward-asso-
ciated color, reporting targets in that color more frequently 
than would be expected from any search strategy that did 
not involve a color preference. When the previously reward-
associated color was the more abundant color, this strategy 
came at the cost of slower RTs to find and report a target. 
There was no evidence that participants tended to prefer a 
strategy that prioritizes the less abundant color; only reward 
history had a reliable influence on strategy as reflected in the 
reported target.

Experiment 2

In Experiment 1, reward history influenced the strategy that 
participants adopted to find a target in a situation in which 
they were free to choose how to conduct their search. It 
remains unclear how “optimal” search would have been in 
the absence of reward history, and whether the reward-biased 
strategy that participants adopted caused them to abandon 
an otherwise optimal strategy when the previously reward-
associated color was more abundant. Although preferentially 
searching for the previously reward-associated color came 
at a cost in RTs on trials in which it was the more abundant 
color, participants may have otherwise tended toward strat-
egies that do not prioritize the less abundant color, such 
as searching serially through all red and blue stimuli until 
a target is found. In prior implementations of the ACVS 

task, there are typically no neutral trials and there is always 
a less abundant task-relevant color on every trial (Irons & 
Leber, 2016, 2018; Kim et al., 2021). The neutral trials in 
Experiment 1 provided an opportunity to assess any reward 
history-related bias in the absence of a more optimal strat-
egy, and it is possible that the presence of such trials reduced 
the overall likelihood that participants would realize or oth-
erwise come to favor a strategy of preferentially searching 
through the less abundant color. In order to characterize per-
formance in the absence of differential reward history as a 
baseline, we had a separate group of participants complete 
the test phase from Experiment 1 without any prior training 
phase. Of interest was the extent to which participants would 
favor reporting a target in the less abundant color on trials in 
which the distribution of red to blue stimuli was imbalanced.

Methods

Participants Thirty-five new participants (21 females), 
between the ages of 18 and 35 years inclusive (M = 18.3, 
SD = 0.53), were recruited from the Texas A&M Univer-
sity community. All participants were English-speaking and 
reported normal or corrected-to-normal visual acuity and 
normal color vision. All procedures were approved by the 
Texas A&M Institutional Review Board. Written informed 
consent was obtained for each participant and all study pro-
cedures were conducted in accordance with the principles 
expressed in the Declaration of Helsinki. Participants were 
compensated with course credit.

Apparatus Identical to Experiment 1.

Stimuli and procedure Participants performed only the test 
phase of Experiment 1.

Data analysis We excluded data from two participants due 
to low accuracy in the task (< 3 SD of the group mean) and 
one participant withdrew before completing the task. Thus, 
32 data sets were fully analyzed. Trials were broken down by 
whether there were more red than blue stimuli or vice versa 
(imbalanced) or an equal number of red and blue stimuli 
(neutral). For imbalanced trials, the percentage of optimal 
targets reported (percentage of targets reported in the less 
abundant color) was computed and compared against unbi-
ased choice (i.e., 50%).

Results and discussion

Neither RT nor accuracy differed between imbalanced and 
neutral trials, t(31) = 1.51, p = .142 (Imbalanced: M = 
2,762 ms, SD = 322 ms, Neutral: M = 2,714 ms, SD = 
354), and t(31) = -1.67, p = .105 (Imbalanced: 93.2%, SD 
= 4.0%, Neutral: 94.0%, SD = 3.5%), respectively. For the 
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imbalanced trials, the percentage of optimal targets reported 
was not significantly different from chance, t(31) = -0.30, p 
= .770 (M = 49.4%, SD = 11.7%), indicating that partici-
pants did not preferentially search for the optimal target. For 
the neutral trials, there was no significant difference between 
the rates of reporting a red or blue target, t(31) = -0.63, p = 
.531 (red: M = 48.2%, SD = 16.2%, blue: M = 51.8%, SD 
= 16.2%).

Overall, we do not see evidence that participants favor a 
strategy that prioritizes the less abundant color in our task. 
This contrasts with prior findings using this paradigm (Irons 
& Leber, 2016, 2018), which might be explained by the 
addition of neutral trials in the present study. Prioritizing the 
less abundant color requires an initial appraisal of the dis-
tribution of color stimuli (Hansen et al., 2019), which itself 
requires time and cognitive effort. On neutral trials, such 
time and effort would confer no benefit, potentially dissuad-
ing participants from adopting such a strategy altogether. In 
the context of our Experiment 1, our findings here suggest 
that reward history biases the choice of search strategy when 
such strategy would otherwise be inconsistent with respect 
to color, a bias that participants were willing to adopt even 
on trials in which it led to slower RTs (trials on which the 
previously reward-associated color was more abundant). It 
is not the case that reward history led to an abandonment an 
of otherwise optimal strategy.

General discussion

In the present study, we investigated the modulatory effect of 
learned stimulus-reward associations on the strategic control 
of attention. Participants were found to be biased to search 
through the previously reward-associated color regardless 
of the distribution of color stimuli on the trial; on trials in 
which the reward-associated color was more abundant (ren-
dering this strategy objectively non-optimal), this bias came 
with a performance cost in RT. Reporting a target in the 
previously unrewarded color was not itself associated with 
a generalized RT cost, suggesting that reward history biased 
the color participants chose to search through and was not 
associated with greater sustained competition (Desimone, 
1998; Desimone & Duncan, 1995) when participants tried 
to search through the previously unrewarded color.

Unlike in prior studies using the ACVS task (Clarke et al., 
2020; Irons & Leber, 2020; Kim et al., 2021), participants 
did not find a target in the optimal color more frequently than 
would be expected by chance, both with and without prior 
reward history. It does not seem to be the case that reward 
history caused participants to abandon a tendency to search 
through the less abundant color. Rather, we find evidence that 
reward history influences the choice of attentional strategy 
when strategy would have otherwise been inconsistent with 

respect to color. In the absence of reward history, participants 
might have adopted one or more of any number of possible 
strategies, for example searching through stimuli serially until 
a target is found, alternating between searching through red 
and blue clusters of stimuli, or initially selecting a stimulus 
at a particular location and continuing to prioritize its color 
throughout the trial. When a color is previously associated 
with reward, the choice of search strategy is slanted towards 
prioritizing the previously reward-associated color.

Previously reward-associated stimuli can capture attention 
(Anderson, 2013; Pollmann et al., 2016; Tseng & Lleras, 2013), 
but whether value-driven attentional processes have implications 
for the strategic control of attention has not been examined. Our 
results provide a link between value-driven attentional processes 
and goal-directed attentional control. When given the choice, 
people are biased to choose to search for a previously high-value 
stimulus, even when there is no longer any reward incentive to 
prioritize such stimuli and even on trials on which this strategy 
comes at a cost to task performance. Without explicit instruc-
tions concerning optimal behavior, it appears that strategic atten-
tional priorities are biased in favor of the priorities that were 
historically favored by the reward structure of the environment.

Our findings have implications for the scope of value-
driven attention as a mechanism and how habitual atten-
tional biases that result from reward history are characterized 
(Anderson, 2016). The influence of learned stimulus-reward 
associations on the control of attention is not limited to pro-
cesses of involuntary orienting that may serve in the interest 
of detecting an unexpected opportunity (Kim & Anderson, 
2019), but extends to how an individual chooses to search. 
Such a mechanism may provide an attentional component 
underlying habitual reward-seeking behavior, such as that 
characteristic of drug addiction (Berridge & Robinson, 
2003; Robinson & Berridge, 1993). The influence of selec-
tion history on the goal-directed/strategic control of atten-
tion is generally understudied (see Anderson et al., 2021) 
and reflects an important area of future research, and the 
present study offers one potential experimental framework 
with which this influence could be further explored.

References

Anderson, B. A. (2013). A value-driven mechanism of attentional 
selection. Journal of vision, 13(3), 7-7.

Anderson, B. A. (2016). The attention habit: How reward learning 
shapes attentional selection. Annals of the new York Academy of 
Sciences, 1369(1), 24-39.

Anderson, B. A., & Britton, M. K. (2020). On the automaticity of 
attentional orienting to threatening stimuli. Emotion, 20(6), 1109–
1112. https:// doi. org/ 10. 1037/ emo00 00596

Anderson, B. A., Laurent, P. A., & Yantis, S. (2011). Value-driven 
attentional capture. Proceedings of the National Academy of Sci-
ences, 108, 10367-10371.

330 Attention, Perception, & Psychophysics (2022) 84:325–331

https://doi.org/10.1037/emo0000596


1 3

Anderson, B. A., Kim, H., Kim, A. J., Liao, M.-R., Mrkonja, L., Clem-
ent, A., & Grégoire, L. (2021). The Past, Present, and Future of 
Selection History. Neuroscience & Biobehavioral Reviews, 130, 
326–350. https:// doi. org/ 10. 1016/j. neubi orev. 2021. 09. 004

Awh, E., Belopolsky, A. V., & Theeuwes, J. (2012). Top-down ver-
sus 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

Bacon, W. F., & Egeth, H. E. (1994). Overriding stimulus-driven 
attentional capture. Perception & Psychophysics, 55(5), 485-496. 
https:// doi. org/ 10. 3758/ BF032 05306

Bacon, W. F., & Egeth, H. E. (1997). Goal-directed guidance of atten-
tion: evidence from conjunctive visual search. Journal of Experi-
mental Psychology: Human Perception and Performance, 23(4), 
948.

Berridge, K. C., & Robinson, T. E. (2003). Parsing reward. Trends in 
neurosciences, 26(9), 507-513.

Brainard, D. H. (1997). The psychophysics toolbox. Spatial Vision, 
10, 433–436. 

Clarke, A. D. F., Irons, J. L., James, W., Leber, A. B., & Hunt, A. R. 
(2020). Stable individual differences in strategies within, but not 
between, visual search tasks. Quarterly Journal of Experimental 
Psychology, 75(2), 289-296. https:// doi. org/ 10. 1177/ 17470 21820 
929190

Desimone, R. (1998). Visual attention mediated by biased competi-
tion in extrastriate visual cortex. Philosophical Transactions 
of the Royal Society of London. Series B: Biological Sciences, 
353(1373), 1245-1255.

Desimone, R., & Duncan, J. (1995). Neural mechanisms of selective 
visual attention. Annual review of neuroscience, 18(1), 193-222.

Engelmann, J. B., & Pessoa, L. (2014). Motivation sharpens exogenous 
spatial attention. Motivation Science, 1(S), 64-72. https:// doi. org/ 
10. 1037/ 2333- 8113.1. S. 64

Engelmann, J., Damaraju, E., Padmala, S., & Pessoa, L. (2009). Com-
bined effects of attention and motivation on visual task perfor-
mance: transient and sustained motivational effects [Original 
Research]. Frontiers in Human Neuroscience, 3(4). https:// doi. 
org/ 10. 3389/ neuro. 09. 004. 2009

Esterman, M., Reagan, A., Liu, G., Turner, C., & DeGutis, J. (2014). 
Reward reveals dissociable aspects of sustained attention. Journal 
of Experimental Psychology: General, 143(6), 2287.

Folk, C. L., Remington, R. W., & Johnston, J. C. (1992). Involun-
tary covert orienting is contingent on attentional control settings. 
Journal of Experimental Psychology: Human Perception and Per-
formance, 18(4), 1030-1044. https:// doi. org/ 10. 1037/ 0096- 1523. 
18.4. 1030

Gao, Y., & Theeuwes, J. (2020). Independent effects of statistical learn-
ing and top-down attention. Attention, Perception, & Psychophysics, 
82(8), 3895-3906. https:// doi. org/ 10. 3758/ s13414- 020- 02115-x

Hansen, H. A., Irons, J. L., & Leber, A. B. (2019). Taking stock: The 
role of environmental appraisal in the strategic use of atten-
tional control. Attention, Perception, & Psychophysics, 81(8), 
2673-2684.

Irons, J. L., & Leber, A. B. (2016). Choosing attentional control set-
tings in a dynamically changing environment. Attention, Percep-
tion, & Psychophysics, 78(7), 2031-2048. https:// doi. org/ 10. 3758/ 
s13414- 016- 1125-4

Irons, J. L., & Leber, A. B. (2018). Characterizing individual variation 
in the strategic use of attentional control. Journal of Experimental 
Psychology: Human Perception and Performance, 44(10), 1637-
1654. https:// doi. org/ 10. 1037/ xhp00 00560

Irons, J. L., & Leber, A. B. (2020). Developing an individual profile of 
attentional control strategy. Current Directions in Psychological 
Science, 29(4), 364-371.

Jiang, Y. V., Swallow, K. M., & Rosenbaum, G. M. (2013). Guidance 
of spatial attention by incidental learning and endogenous cuing. 

Journal of Experimental Psychology: Human Perception and 
Performance, 39(1), 285-297. https:// doi. org/ 10. 1037/ a0028 022

Kim, H., & Anderson, B. A. (2019). Dissociable components of expe-
rience-driven attention. Current Biology, 29(5), 841-845.e842.

Kim, A. J., Lee, D. S., & Anderson, B. A. (2021). The influence of 
threat on the efficiency of goal-directed attentional control. Psy-
chological Research, 85(3), 980-986. https:// doi. org/ 10. 1007/ 
s00426- 020- 01321-4

Kristjánsson, Á., Sigurjónsdóttir, Ó., & Driver, J. (2010). Fortune 
and reversals of fortune in visual search: Reward contingencies 
for pop-out targets affect search efficiency and target repetition 
effects. Attention, Perception, & Psychophysics, 72(5), 1229-1236. 
https:// doi. org/ 10. 3758/ APP. 72.5. 1229

Mohanty, A., Gitelman, D. R., Small, D. M., & Mesulam, M. M. 
(2008). The Spatial Attention Network Interacts with Limbic and 
Monoaminergic Systems to Modulate Motivation-Induced Atten-
tion Shifts. Cerebral Cortex, 18(11), 2604-2613. https:// doi. org/ 
10. 1093/ cercor/ bhn021

Nissens, T., Failing, M., & Theeuwes, J. (2017). People look at the 
object they fear: oculomotor capture by stimuli that signal threat. 
Cognition and Emotion, 31(8), 1707-1714. https:// doi. org/ 10. 
1080/ 02699 931. 2016. 12489 05

Pearson, D., Watson, P., Cheng, P., & Le Pelley, M. E. (2020). Overt 
attentional capture by reward-related stimuli overcomes inhibi-
tory suppression. Journal of Experimental Psychology: Human 
Perception and Performance, 46(5), 489-501. https:// doi. org/ 10. 
1037/ xhp00 00728

Pollmann, S., Eštočinová, J., Sommer, S., Chelazzi, L., & Zinke, W. 
(2016). Neural structures involved in visual search guidance by 
reward-enhanced contextual cueing of the target location. Neuro-
Image, 124, 887-897. https:// doi. org/ 10. 1016/j. neuro image. 2015. 
09. 040

Robinson, T. E., & Berridge, K. C. (1993). The neural basis of drug 
craving: an incentive-sensitization theory of addiction. Brain 
Research Reviews, 18(3), 247-291.

Schmidt, L. J., Belopolsky, A. V., & Theeuwes, J. (2015). Attentional 
capture by signals of threat. Cognition and Emotion, 29(4), 687-
694. https:// doi. org/ 10. 1080/ 02699 931. 2014. 924484

Theeuwes, J. (1991). Exogenous and endogenous control of attention: 
The effect of visual onsets and offsets. Perception & Psychophys-
ics, 49(1), 83-90.

Theeuwes, J. (1992). Perceptual selectivity for color and form. Percep-
tion & Psychophysics, 51(6), 599-606. https:// doi. org/ 10. 3758/ 
BF032 11656

Theeuwes, J., Kramer, A. F., Hahn, S., & Irwin, D. E. (1998). Our eyes 
do not always go where we want them to go: Capture of the eyes 
by new objects. Psychological Science, 9(5), 379-385.

Theeuwes, J., Kramer, A. F., Hahn, S., Irwin, D. E., & Zelinsky, G. J. 
(1999). Influence of attentional capture on oculomotor control. 
Journal of Experimental Psychology: Human Perception and 
Performance, 25(6), 1595.

Tseng, Y.-C., & Lleras, A. (2013). Rewarding context acceler-
ates implicit guidance in visual search. Attention, Perception, 
& Psychophysics, 75(2), 287-298. https:// doi. org/ 10. 3758/ 
s13414- 012- 0400-2

Yantis, S. (1993). Stimulus-driven attentional capture. Current Direc-
tions in Psychological Science, 2(5), 156-161.

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

331Attention, Perception, & Psychophysics (2022) 84:325–331

https://doi.org/10.1016/j.neubiorev.2021.09.004
https://doi.org/10.1016/j.tics.2012.06.010
https://doi.org/10.1016/j.tics.2012.06.010
https://doi.org/10.3758/BF03205306
https://doi.org/10.1177/1747021820929190
https://doi.org/10.1177/1747021820929190
https://doi.org/10.1037/2333-8113.1.S.64
https://doi.org/10.1037/2333-8113.1.S.64
https://doi.org/10.3389/neuro.09.004.2009
https://doi.org/10.3389/neuro.09.004.2009
https://doi.org/10.1037/0096-1523.18.4.1030
https://doi.org/10.1037/0096-1523.18.4.1030
https://doi.org/10.3758/s13414-020-02115-x
https://doi.org/10.3758/s13414-016-1125-4
https://doi.org/10.3758/s13414-016-1125-4
https://doi.org/10.1037/xhp0000560
https://doi.org/10.1037/a0028022
https://doi.org/10.1007/s00426-020-01321-4
https://doi.org/10.1007/s00426-020-01321-4
https://doi.org/10.3758/APP.72.5.1229
https://doi.org/10.1093/cercor/bhn021
https://doi.org/10.1093/cercor/bhn021
https://doi.org/10.1080/02699931.2016.1248905
https://doi.org/10.1080/02699931.2016.1248905
https://doi.org/10.1037/xhp0000728
https://doi.org/10.1037/xhp0000728
https://doi.org/10.1016/j.neuroimage.2015.09.040
https://doi.org/10.1016/j.neuroimage.2015.09.040
https://doi.org/10.1080/02699931.2014.924484
https://doi.org/10.3758/BF03211656
https://doi.org/10.3758/BF03211656
https://doi.org/10.3758/s13414-012-0400-2
https://doi.org/10.3758/s13414-012-0400-2

	The influence of reward history on goal-directed visual search
	Abstract
	Introduction
	Experiment 1
	Methods
	Results and discussion

	Experiment 2
	Methods
	Results and discussion

	General discussion
	References


