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The aim of this study was to explore whether reward learning would affect the processing
of targets when an emotional stimulus was task irrelevant. In the current study, using a
visual search paradigm to establish an association between emotional faces and reward,
an emotional face appeared as a task-irrelevant distractor during the test after reward
learning, and participants were asked to judge the orientation of a line on the face. In
experiment 1, no significant difference was found between the high reward-fear distractor
condition and the no reward-neutral condition, but the response times of the high reward-
fear condition were significantly longer than those of the low reward-happy condition. In
experiment 2, there was no significant difference in participants’ performance between
high reward-happy and no reward-neutral responses. In addition, response times of the
low reward-fear condition wear significantly longer than those of the high reward-happy
and no reward-neutral conditions. The results show that reward learning affects attention
bias of task-irrelevant emotional faces even when reward is absent. Moreover, the high
reward selection history is more effective in weakening the emotional advantage of the
processing advantage than the low reward.

Keywords: reward learning, emotional face, task irrelevant, attentional capture, distractor

INTRODUCTION

Attention allocation is affected by reward through modulation of visual salience and behavioral
motivation (Boehler et al., 2012; Botvinick and Braver, 2015). In recent years, some researchers have
posited that after reward training, even a stimulus as the non-target can still automatically capture
ones attention and thus receive priority processing (Anderson et al, 2011a,b; Awh et al, 2012).

As is known, emotional stimuli always receive priority attention as compared to non-emotional
stimuli (Batty and Taylor, 2003; Vimal, 2008; Hodsoll et al., 2011; Barratt and Bundesen,
2012; Ikeda et al., 2013; Schmidt et al., 2015; Pool et al, 2016; Glickman and Lamy, 2017),
with the exception of instances with a high percepetion load (Yates et al, 2010; Gupta and
Srinivasan, 2015). In addition, early attention bias for negative emotion (such as fearful faces),
in which people can quickly detect negative and threatening stimuli, has returned relatively
consistent empirical results (Hansen and Hansen, 1988; Luo et al., 2010; Pinkham et al,
2010). This attention preferential processing facilitates us to respond quickly and appropriately
to negative stimuli.
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When emotional pictures are presented as task irrelevant,
the presence of rewards can modulate attention resources and
weaken the interference of emotional distractors on target
processing (Padmala and Pessoa, 2014; Yokoyama et al., 2015;
Walsh et al., 2018). Kulke et al. (2018) asked participants to
complete a simple perceptual task while ignoring emotional
images. One group was consistently rewarded for completing
tasks quickly and accurately, whereas the other group was not
rewarded for their performance. The results showed that the
presence of rewards could alleviate the disruptive effect of
emotions on the processing target (Padmala and Pessoa, 2014;
Yokoyama et al., 2015; Padmala et al., 2017). It could be that
the presence of rewards enables participants to alter their coping
strategies from passive into active control to cope with the
changes of the scene and enhance their cognitive control
(Botvinick and Braver, 2015).

The association of rewards acquired from past experience
can have an important impact on the attention bias. The
researchers associated high values with happy faces and low
values with angry faces through a reward learning phase,
to see whether the reward-stimuli association would affect
the processing advantage of threatening faces. The study
showed that the preferential processing of anger can
be modified by reward learning rather than the impact of
endogenous attention during the test (Yao et al, 2013).
Reward-modulation effects learned through value association
impair early visual perception and hence attention allocation
to angry faces. In the later stages of emotional processing,
participants employed more cognitive resources to process
reward history (Chen and Wei, 2019).

We note that in studies of reward-emotional attention
processing, emotional faces appeared as targets during training
after the reward is learned, whereas previous studies showed
that the combination of reward and goal facilitates target
processing (Fan et al, 2014). However, it is still unknown
whether reward has an effect on the attention capture of
non-target emotional faces when the reward information is
absent. In addition, in some studies, reward information (reward
cues or feedback) and stimuli were presented at the same trial
(Bijleveld et al., 2010; Hickey et al., 2011; Wei et al., 2014,
2015), which inevitably activated reward expectation or reaction
motivation of individuals. Unlike the cue paradigm or feedback
paradigm, reward learning has a strong shaping effect on
individual behavior and mental processing (Libera and Chelazzi,
2014), which can result in the avoidance of the influence of
reward expectation and motivation on attention processing
(Hammerschmidt et al., 2018). Therefore, our study established
an association between emotional faces and rewards through
reward learning, and explored whether the reward learning
would affect the processing of targets when the emotional
stimuli appeared as task-irrelevant distractors and also when
reward information is absent during the testing phase. The
study consists of two experiments. Experiment 1 was designed
to investigate the processing characteristics of low reward-happy
and high reward-fearful faces during the test phase after
establishing a learning association. Considering the different
reward values, their association had different effects on attention

selection (Anderson et al., 2011a). Experiment 2 was aimed
at investigating the attention processing of high reward-happy
and low reward-fear conditions during test phase after reward
associations were established. Based on previous studies regarding
the relationship between reward and emotional processing,
we hypothesized that, after the reward learning, the interference
effect of the emotional face would be alleviated in the testing
phase when it was presented to be task irrelevant, especially
in cases involving a fearful face.

EXPERIMENT 1

Methods

Participants

Twenty-two students (14 female, 8 male; mean age, 20.36 years;
age range, 18-24 years) from Liaoning Normal University
participated in the experiment. They were all right handed
and had either normal or corrected-to-normal vision. The
research protocol was approved by the Research Center of
Brain and Cognitive Neuroscience, Liaoning Normal University
Institutional Review Board, and informed consent forms were
signed by all participants. Our rationale for sample size was
based on previous studies (e.g., Jahfari and Theeuwes, 2016)
and obtained in G-power by setting the partial #* as 0.25, a
as 0.05, and power (1 — p) as 0.8.

Stimuli

Pictures depicting emotions were chosen from the China Facial
Affective Picture System (Huang et al., 2011). Three types of
emotion faces were used: happy (N = 6; male 3, female 3);
fearful (N = 6; male 3, female 3); and neutral (N = 6; male
3, female 3). To ensure the consistency of material stimuli,
we matched the arousal and the facial attractiveness. Twelve
participants assessed the valence, arousal, and attractiveness
of the emotional faces. There were significant differences in
the valence of the three emotions [F(2,11) = 141.36, p < 0.001,
rlé = 0.357; happy (2.89 + 0.45), neutral (4.52 + 0.32), and
fearful (6.32 + 0.62)]. Happy and fearful faces used here were
matched on their arousal [mean (M) + SD, happy (5.33 £ 0.21),
fear (5.82 £ 0.35), t;, = 2.97, p = 0.94], the arousal of neutral
faces was 3.72 + 0.32. There was no significant difference in
facial attractiveness [F(2,11) = 128.68, p = 0.69, nﬁ = 0.025;
happy (4.23 + 0.35), neutral (4.12 + 0.32), fearful (4.08 + 0.44)].
Luminance was controlled for in the emotional faces using a
unified template in Photoshop CS6, and we added line segments
in different directions (vertical, horizontal, or oblique) between
the eyebrows.

Procedure

In an electromagnetic-shielded room, the participants were seated
comfortably approximately 80 cm away from a 17-inch cathode-ray
tube screen display. They performed a visual search task adapted
from Anderson et al. (2011a,b). The time course for the reward
learning and testing phases is shown in Figures 1A,B. During
both the training and test phases, the fixation display included
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a black fixation cross (0.5° x 0.5° visual angle) presented in
the center of the display against a gray background, and the
search display consisted of the fixation cross surrounded by six
emotional faces (3.58° x 3.58° visual angle of each face). The
diameter of the emotional stimulation was 10.7°.

Training Phase

In the training phase, a baseline block of 120 trials was given
to the participants. During the baseline, emotional faces (happy
or fearful) were presented as background (there were six faces,
one of which was happy or fearful), and one of the neutral
faces had a horizontal or vertical line between the eyebrows.
The participants were asked to ignore the face and judge the
line orientation. The rewarding phase had six learning blocks
(540 trials). Six emotional faces (one was a fearful or happy
face; the other are neutral faces) were presented in the search
display. Furthermore, the target for each trial was a unique
emotional face with either a vertical or horizontal black line
between the eyebrows (Figure 1C). The participants were

required to press the F or J key as quickly as possible when
judging whether the line orientation between the eyebrows
was horizontal or vertical. After a correct reaction by the
participants, the corresponding reward feedback and total score
appeared on the screen.

Fearful faces (high reward) were followed by “+100 points”
feedback at 80% percent, and the remainder was “+20 points”
For happy faces (low reward), the percentages were reversed.
It should be pointed out that 500 points were the equivalent
of 1 Chinese Yuan Renminbi. Participants were clearly informed
that their additional monetary reward was determined by the
total points they earned.

Test Phase

After finishing the training phase and resting for an hour, all
participants completed a second visual search task in which
they identified the orientation of a line between the eyebrows.
During the test phase, the search display consisted of a fearful
face or a happy face among neutral faces, and the target was

— 1500ms

1500ms or
until response

400-600ms

distractor
target

FIGURE 1 | Sequence of trial events. (A) Target of training phase was defined by the line of eyebrows on the emotional faces (happy or fearful, only one was
present on each trial). Participants must report the line segment inside of the emotion target (horizontal or vertical). Only the correct response will be rewarded. (B)
Test phase; the target was defined as a neutral-emotion face with a horizontal or vertical line. The distractor was formerly rewarded emotion face. (C) To the left is
the target of the training phase; to the right is the target and distractor of the testing phase.

1000ms

1000ms
distractor

1500ms or
until response

400-600ms
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defined as the horizontal or vertical line between the eyebrows
(Figure 1C). The participants were told that the experimental
trials would not contain a reward. For the test phase, each
trial began with a fixed display (400-600 ms). Next, a search
display lasted 1,500 ms until the participant responded. An
interval appeared after the response. The test contained no
reward feedback, only a blank screen lasting 1,000 ms. The
test contained one practice block (12 trials) and six formal
blocks (each 160 trials). In the test phase, to ensure that the
participants could observe the attention capture effect, 50% of
the trials were no-reward distractor stimuli. In the remaining
50% of the trials, 25% were high-reward disturbance stimuli,
and the remaining 25% were low-reward distractors.

Results

Training Results

During the training, we found that the mean accuracy (ACC)
for high reward-fear [#(19) = —5.03, p < 0.001, Cohen’s d = 0.39]
and low reward-happy [t(19) = —8.19, p < 0.001, Cohen’s
d = 1.72] conditions increased as compared to baseline (baseline:
fear 89.31 £ 7.89, happy 86.89 * 6.39, neutral 90.79 £ 5.93; reward
training: high reward-fear 97.25 £ 2.81, low reward-happy 97.49 +
2.63, neutral 95.98 + 3.93). A repeated-measures ANOVA showed
that ACC differed significantly among these three conditions
[F(2,38) = 4.04, p = 0.025, 1];2, = 0.16]. There was no significant
difference between high reward-fear and low reward-happy
conditions [#(19) = —0.79, p = 0.44, Cohen’s d = 0.03]. In
addition, the difference between low reward-happy and neutral
did not reach significance [#(19) = 1.96, p = 0.06, Cohen’s
d = 0.03]. However, there was a significant difference between
low reward-happy and neutral [£(19) = 2.21, p = 0.04, Cohen’s
d = 0.31]. The results of the response times (RTs) between
reward learning and baseline were not significantly different
(baseline: fear 1257.46+78.71 ms, happy 1251.40 £88.05 ms,
neutral 1266.93+80.73 ms; reward training: high reward-fear,
1262.20+133.1 ms, low reward-happy 1254.57+113.41 ms,
neutral 1304.96 + 105 ms). The training phase data are shown
in Figure 2.

Test Results

Next, we examined how reward experiences affected the face
section of the test. A repeated-measures ANOVA on accuracy
of reward distractor types was used (high reward-fear 94.07 =
3.23, low reward-happy 94.89 + 2.34, neutral 94.17 + 3.52). There
was no main effect on distractor [F(2,38) = 2.27, p = 0.11,
né = 0.09]. A repeated-measures ANOVA showed that RTs
differed significantly among distractor conditions (high reward-
fear 1317.49 +87.53 ms, low reward-happy 1256.01 £ 65.83 ms,
no distractors 1304.58 £77.51 ms) [F(2,38) = 10.44, p < 0.001,
né = 0.54]. A high reward-fear distractor slowed RTs relative
to low-happy [#(19) = 3.77, p = 0.001, Cohen’s d = 0.78]. The
test phase data are shown in Figure 3.

EXPERIMENT 2

Experiment 1 provided evidence that emotional faces interfered
with target processing after reward learning. However, that
part of the experiment trained only the low-happy and the
high-fear emotions, and not the high-happy and low-fear
emotions. In addition, high rewards can give individuals a
positive experience, but we wanted to discover whether the
combination of high reward-positive emotion generates a stronger
attention bias than the negative emotion-low reward. Therefore,
in experiment 2, we used the happy-high and fear-low reward
combinations in the reward learning phase. The sample size
obtained was the same as experiment 1.

Methods

Participants

Twenty students (12 female 8 male; mean age, 21.8 years; age
range, 18-25 years) from Liaoning Normal University participated
in this experiment. They were all right handed and had either
normal or corrected-to-normal vision. The research protocol
was approved by the Brain and Cognitive Neuroscience Research
Center, Liaoning Normal University Institutional Review Board,
and informed consent forms were signed by all participants.
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FIGURE 2 | Mean accuracy (ACC) and response times (RTs) of training phase, baseline, and training. Mean ACC to high reward-fear, low reward-happy, and no
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FIGURE 3 | Mean ACC and RTs in different reward distractor conditions (experiment 1). *##p < 0.001.

Stimulus, Procedure, and Data Analysis

The stimuli, apparatus, procedure, and analysis were identical to
those of experiment 1 with the following exceptions. During training,
participants were asked to press F or ] as quickly as possible
whenever they saw a fearful or happy face with either a vertical
or horizontal line. Then, a visual feedback informed the participant
of the reward earned in that trial, as well as about the total reward
accumulated across the trial. Fearful faces low reward were followed
by “+20 points” in 80%; the remainder was “+100 points” For
happy faces (high reward), the percentage was reversed.

Results

Training Results

During the training, we compared baseline with training.
Participants showed high ACC to high reward-happy
[#(19) = —4.18, p = 0.001, Cohen’s d = 0.96] and low reward-
fear [t(19) = —4.61, p < 0.001, Cohens d = 1.06] compared
with the baseline (baseline: fear 88.63+3.35, happy 92.79 %
2.73, neutral 92.58 + 3.59; reward training: low reward-fear 96.79 £
2.15, high reward-happy 96.94 +4.38, neutral 98.1 £ 3.24). There
was no significant difference in RTs between reward training
and baseline except in high reward-happy compared with happy
[baseline: fear 1207.67 +65.25 ms, happy 1184.82+121.8 ms,
neutral 1175.96+73.53 ms; reward training: low reward-fear
1251.11£89.92 ms, high reward-happy 1246.49£94.57 ms,
neutral 1149.89£114.83 ms; #(19) = —2.26, p = 0.016, Cohen’s
d = 0.61]. A repeated-measures ANOVA showed that ACCs
among rewards are significantly different [F(2,38) = 4.32,
p = 0021, mp = 0.19]. Low reward fear ACC is lower than
neutral [£(19) = —2.5, p = 0.022, Cohens d = 0.58], and high-
reward happy is lower than neutral [t(19) = —2.09, p = 0.05,
Cohen’s d = 0.48]. There is also a significant difference in RTs
for reward types after reward learning [F(2,38) = 16.18, p <
0.001, nf, = 0.47]. The training phase data are shown in Figure 4.

Test Results
We wanted to know the impact of previous learning on
performance when performance was not predictive of reward.

An ANOVA was conducted on the ACC with reward condition.
The results showed that there was no difference of reward
[F(2,38) =1.07, p = 0.19, rl[z, = 0.04; high reward-happy 97.11 £
7.54, low reward-fear 96.61 £5.47, neutral 97.33 +3.41]. The
analysis of ANOVA on the RT indicated that there are significant
differences between reward types [F(2,38) = 18.76, p < 0.001,
nIZ, = 0.14; high reward-happy 1189.84 + 118.12 ms, low reward-
fear 1253.07 £120.40 ms, no distractors 1174.35+97.67 ms].
Paired comparisons showed significant differences between high
reward-happy and low reward-fear (p = 0.001). There was a
significant difference between low reward-fear and no reward-
neutral (p = 0.001), but there was no difference between high
reward-happy and no reward-neutral. The test phase data are
shown in Figure 5.

Between-Experiments Comparison

The ACC data were evaluated with a 2(Reward: high and
low) x 2(Emotion: fearful and happy) repeated-measures ANOVA.
The main effects of reward (F < 1) and emotion (F < 1) were
not significant, and the interaction of reward x emotion was
also not significant [F = 2.87, p = 0.109, né = 0.14].

We also evaluated the RT data according to a 2(Reward: high
and low) x 2(Emotion: fear and happy) repeated-measures ANOVA.
The main effect of reward was not significant (F < 1), and the
mean RTs of high reward and low reward were the same. The
main effect of the emotion was significant [F(1,36) = 28.9, p <
0.001], and the mean RT of the fearful face distractor was slower
than that for the happy face. Critically, a significant Reward x
Emotion interaction was detected [F(1,36) = 5.31, p = 0.034, ng
= 0.24]. The results of simple effect analysis showed that there
was a significant difference in the fearful face distractor between
high and low reward conditions [F(1,36) = 5.73, p = 0.029].
High reward is slower than low reward. Moreover, there were
significant differences in emotion faces [F(1,36) = 14.61, p = 0.001].
The fearful distractors (1317.49 ms) were longer than the happy
distractors (1189.84 ms) in the high-reward condition; there was
no such significant difference in the low-reward condition (F < 1).
The group comparison data are shown in Figure 6.
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DISCUSSION

In the current study, we used the reward learning paradigm
to investigate the effects of reward learning on attention capture
of non-target emotional faces. During the training phase, the
fearful and happy faces were connected with different rewards
(high vs. low rewards). The participants then completed visual
search tasks in the testing phase without any reward feedback,
in which emotional faces trained in reward learning were
presented as non-target distractors. The results showed that
after the reward training, the ACC of the emotional faces was
significantly improved compared with the baseline. During the
test phase, no significant difference was found between high
reward-fear and no reward-neutral conditions, or between high
reward-happy and no reward-neutral conditions. The RTs were
shorter in the low reward-happy condition than in the high
reward-fear and no reward-neutral conditions. In addition, the
RT was longer for low reward-fear versus high reward-happy
and no reward-neutral conditions. The results suggest that the
reward selection history perhaps changed the attentional selection
of non-target emotional faces after high-reward learning.

Reward has a strong effect on cognition and can allocate a
mass of cognitive resources to reward-related stimuli (Wei et al.,
2014). During reward training, fearful and happy faces were
presented as the target background, and the attention resources
of the participants could be biased toward the facial background
(Langton et al., 2008; Wentura et al., 2011). During such training,
participants may have implicitly learned an association between
the emotional faces and the rewards. Reward feedback enhances
the response motivation and improves the performance of target
processing (Anderson et al., 2011b; Anderson, 2016).

In the test of experiment 1, no difference was confirmed
between the high reward-fear distractor condition and the no
reward-neutral condition, but the RTs of the high reward-fear
condition were longer than those of the low reward-happy
condition. It is well known that threatening stimuli (e.g., fear,
anger) could capture the individuals™ attention, despite the fact
that they were irrelevant to the current goal (Batty and Taylor,
2003; Barratt and Bundesen, 2012; Ikeda et al., 2013; Bucker
et al., 2014). However, the current results suggest that processing
a fearful face does not generate attention disengagement
difficulties. Recent studies regarding reward and emotional
processing found that the processing advantage of irrelevant
negative stimuli was impaired under reward conditions (Schettino
et al., 2013; Padmala and Pessoa, 2014; Yokoyama et al., 2015).
In Padmala and Pessoa’s (2014) study, however, rewards and
tasks were presented in the same stimulus sequence. In our
study, reward feedback did not appear during the test. Results
still show that the value association between high reward and
fearful faces still weakens the processing advantage of fearful
faces when the reward feedback is absent. Because of the high
reward-fear association acquired, the participants may have
adopted an active strategy, which weakens the distraction of
irrelevant stimuli on the target searching. It further showed
that reward training can effectively regulate the processing of
non-target fearful faces, and that the reward-learning effect
persisted even when the reward does not appear.

In the test of experiment 2, there was no difference in
participants’ performance between high reward-happy and no
reward-neutral conditions. In addition, the RTs of the low
reward-fear condition were longer than those of the high
reward-happy and no reward-neutral. It is rather easy to
produce perceptual priming with positive emotions in social
life situations, which is very common and familiar (Ohman
et al, 2001). After the learning between happy face and high
reward, it may enhance positive emotional experience, causing
the participant to react faster to the happy face distractor.
Unlike previous studies, the fearful face was not affected by
low-reward learning and still showed a negative processing
bias (Itthipuripat et al., 2015; Yokoyama et al., 2015; Bourgeois
et al., 2017). We supposed that this may be due to the different
task paradigms used and task-irrelevant stimulate previously
associated with a small reward shows weaker impact than
that previously associated with a larger reward (Anderson
et al., 2011a). Moreover, in the study by Yokoyama et al
(2015), tasks were relatively easy with less interference. In the
current study, the target search is more difficult because of
a lot of task-irrelevant stimulate.

Previous studies concerning reward learning showed that
different rewards have disparate effects on attention processing
after reward learning. More specifically, task-irrelevant distractor
previously associated with a large reward slows visual search
more than an equally salient distractor previously associated
with a small reward (Anderson et al., 2011a,b; Anderson, 2013).
Compared with low reward, a high-reward selection experience
could alleviate the disturbance effect introduced by a non-target
emotional face and promote the target recognition; this finding
seems to be inconsistent with the results of previous studies
(Padmala and Pessoa, 2014; Yokoyama et al, 2015). On the
whole, on the one hand, individuals may reallocate more
cognitive resources to evaluate high-reward selection history
during the decision-making stage of the emotional processing
(Chen and Wei, 2019). On the other hand, the difference
between the participants in experiment 1 and experiment 2
may also lead to this result. The reward learning weakens the
processing advantage of the fearful face. However, the high
reward-happy faces were less likely to interfere with the goal,
probably because positive emotion is more common in real life.

Previous research regarding this issue usually presented
rewards and goal tasks sequentially. Such a paradigm setting
would increase the motivation of participants. The present
study associated rewards with emotional faces in an independent
training phase. During the testing, reward-associated stimuli
appeared to be task irrelevant, and the reward effect can
be observed indirectly. In addition, the current study used the
China Facial Affective Picture System to study the emotion
processing in a Chinese cultural context. The limitation is that
this study chose only two types of emotional faces (happy
and fearful). Thus, the discussion of how rewards influence
emotional processing is simplified. Owing to the complex nature
of emotional stimuli and the difficulty of the task, the reward-
learning effect may be weakened. Future research will explore
the impact of reward learning on other emotions, thereby
appropriately reducing the difficulty of the task.
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CONCLUSION

The current study investigated the impact of reward learning
on emotional attentional capture and provided evidence for
relationships between reward learning and emotional faces.
The results showed that RTs for high reward-emotional faces
distracters are faster than those for low reward-emotional
faces. Furthermore, no significant difference was confirmed
between the high reward-fear distractor condition and the
no reward-neutral condition. We speculate that reward learning
affects the attention bias of task-irrelevant emotional faces
even when the reward is absent. Furthermore, reward selection
history influences the attention bias of emotional faces, in
which emotional faces are connected to high reward. Specifically,
the attention advantages of fearful faces were regulated by
high reward.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request
to the corresponding author.

REFERENCES

Anderson, B., Laurent, P, and Yantis, S. (2011b). Value-driven attentional capture.
Proc. Natl. Acad. Sci. USA 108, 10367-10371. doi: 10.1073/pnas.1104047108

Anderson, B. A. (2013). A value-driven mechanism of attentional selection. J. Vis.
13:7. doi: 10.1167/13.3.7

Anderson, B. A. (2016). The attention habit: how reward learning shapes
attentional selection. Ann. N. Y. Acad. Sci. 1369, 24-39. doi: 10.1111/nyas.12957

Anderson, B. A., Laurent, P. A, and Yantis, S. (2011a). Learned value magnifies
salience-based attentional capture. PLoS One 6:€27926. doi: 10.1371/journal.
pone.0027926

Awh, E., Belopolsky, A. V., and Theeuwes, J. (2012). Top-down versus bottom-
up attentional control: a failed theoretical dichotomy. Trends Cogn. Sci. 16,
437-443. doi: 10.1016/j.tics.2012.06.010

Barratt, D., and Bundesen, C. (2012). Attentional capture by emotional faces
is contingent on attentional control settings. Cognit. Emot. 26, 1223-1237.
doi: 10.1080/02699931.2011.645279

Batty, M., and Taylor, M. J. (2003). Early processing of the six basic facial emotional
expressions. Cogn. Brain Res. 17, 613-620. doi: 10.1016/50926-6410(03)00174-5

Bijleveld, E., Custers, R., and Aarts, H. (2010). Unconscious reward cues increase
invested effort, but do not change speed-accuracy tradeoffs. Cognition 115,
330-335. doi: 10.1016/j.cognition.2009.12.012

Boehler, C. N., Hopf, J. M., Stoppel, C. M., and Krebs, R. M. (2012). Motivating
inhibition - reward prospect speeds up response cancellation. Cognition
125, 498-503. doi: 10.1016/j.cognition.2012.07.018

Botvinick, M., and Braver, T. (2015). Motivation and cognitive control: from
behavior to neural mechanism. Annu. Rev. Psychol. 66, 83-113. doi: 10.1146/
annurev-psych-010814-015044

Bourgeois, A., Neveu, R., Bayle, D. J., and Vuilleumier, P. (2017). How does
reward compete with goal-directed and stimulus-driven shifts of attention?
Cognit. Emot. 31, 109-118. doi: 10.1080/02699931.2015.1085366

Bucker, B., Belopolsky, A. V., and Theeuwes, J. (2014). Distractors that signal
reward attract the eyes. Vis. Cogn. 23, 1-24. doi: 10.1080/13506285.2014.980483

Chen, N., and Wei, P. (2019). Reward association alters brain responses to
emotional stimuli: ERP evidence. Int. J. Psychophysiol. 135, 21-32. doi:
10.1016/j.ijpsycho.2018.11.001

Fan, L., Qi, S., Guo, R., Huang, B., and Yang, D. (2014). Toward understanding
the role of reward in attentional selection. Adv. Psychol. Sci. 22:1573. doi:
10.3724/SP.J.1042.2014.01573

ETHICS STATEMENT

This study was carried out in accordance with the recommendations
of “Brain and Cognitive Neuroscience Research Centre, Liaoning
Normal University Institutional Review Board” with written
informed consent from all subjects. All subjects gave written
informed consent in accordance with the Declaration of Helsinki.
The protocol was approved by the “Liaoning Normal University
Institutional Review Board”

AUTHOR CONTRIBUTIONS

XZ and ZW designed the experiment. BD collected the data.
XZ analyzed relevant data and wrote the manuscript. WH
revised the paper and contributed to the interpretation of the
data for the work.

FUNDING

The work was supported by the National Natural Science
Foundation of China (Grant No. 81601166).

Glickman, M., and Lamy, D. (2017). Attentional capture by irrelevant emotional
distractor faces is contingent on implicit attentional settings. Cognit. Emot.
9931, 1-12. doi: 10.1080/02699931.2017.1301883

Gupta, R., and Srinivasan, N. (2015). Only irrelevant sad but not happy faces
are inhibited under high perceptual load. Cognit. Emot. 29, 747-754. doi:
10.1080/02699931.2014.933735

Hammerschmidt, W.,, Kagan, I, Kulke, L., and Schacht, A. (2018). Implicit
reward associations impact face processing: time-resolved evidence from
event-related brain potentials and pupil dilations. NeuroImage 179, 557-569.
doi: 10.1016/j.neuroimage.2018.06.055

Hansen, C. H., and Hansen, R. D. (1988). Finding the face in the crowd: an
anger superiority effect. J. Pers. Soc. Psychol. 54, 917-924. doi: 10.1037/
0022-3514.54.6.917

Hickey, C., Chelazzi, L., and Theeuwes, J. (2011). Reward has a residual impact
on target selection in visual search, but not on the suppression of distractors.
Vis. Cogn. 19, 117-128. doi: 10.1080/13506285.2010.503946

Hodsoll, S., Viding, E., and Lavie, N. (2011). Attentional capture by irrelevant
emotional distractor faces. Emotion 11, 346-353. doi: 10.1037/a0022771

Huang, Y., Gong, X., Wang, Y., and Luo, Y. (2011). Revision of the Chinese
facial affective picture system. Chin. Ment. Health ]. 25, 40-46. doi: 10.3969/j.
issn.1000-6729.2011.01.011

Ikeda, K., Sugiura, A., and Hasegawa, T. (2013). Fearful faces grab attention
in the absence of late affective cortical responses. Psychophysiology 50,
60-69. doi: 10.1111/j.1469-8986.2012.01478.x

Itthipuripat, S., Cha, K., Rangsipat, N., and Serences, J. T. (2015). Value-based
attentional capture influences context-dependent decision-making. J. Neurophysiol.
114, 560-569. doi: 10.1152/jn.00343.2015

Jahfari, S., and Theeuwes, J. (2016). Sensitivity to value-driven attention is
predicted by how we learn from value. Psychon. Bull. Rev. 24, 408-415.
doi: 10.3758/513423-016-1106-6

Kulke, L., Bayer, M., Grimm, A., Schacht, A., Anderson, B. A., Rossi, V., et al.
(2018). Motivation enhances control of positive and negative emotional
distractions. Adv. Psychol. Sci. 26, 1556-1562. doi: 10.3758/s13423-017-1414-5

Langton, S. R. H.,, Law, A. S., Burton, A. M., and Schweinberger, S. R. (2008).
Attention capture by faces. Cognition 107, 330-342. doi: 10.1016/j.
cognition.2007.07.012

Libera, C. D., and Chelazzi, L. (2014). Visual selective attention and the effects
of monetary rewards. Psychol. Sci. 17, 222-227. doi: 10.1111/§.1467-9280.
2006.01689.x

Frontiers in Psychology | www.frontiersin.org

January 2020 | Volume 10 | Article 3004


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1073/pnas.1104047108
https://doi.org/10.1167/13.3.7
https://doi.org/10.1111/nyas.12957
https://doi.org/10.1371/journal.pone.0027926
https://doi.org/10.1371/journal.pone.0027926
https://doi.org/10.1016/j.tics.2012.06.010
https://doi.org/10.1080/02699931.2011.645279
https://doi.org/10.1016/S0926-6410(03)00174-5
https://doi.org/10.1016/j.cognition.2009.12.012
https://doi.org/10.1016/j.cognition.2012.07.018
https://doi.org/10.1146/annurev-psych-010814-015044
https://doi.org/10.1146/annurev-psych-010814-015044
https://doi.org/10.1080/02699931.2015.1085366
https://doi.org/10.1080/13506285.2014.980483
https://doi.org/10.1016/j.ijpsycho.2018.11.001
https://doi.org/10.3724/SP.J.1042.2014.01573
https://doi.org/10.1080/02699931.2017.1301883
https://doi.org/10.1080/02699931.2014.933735
https://doi.org/10.1016/j.neuroimage.2018.06.055
https://doi.org/10.1037/0022-3514.54.6.917
https://doi.org/10.1037/0022-3514.54.6.917
https://doi.org/10.1080/13506285.2010.503946
https://doi.org/10.1037/a0022771
https://doi.org/10.3969/j.issn.1000-6729.2011.01.011
https://doi.org/10.3969/j.issn.1000-6729.2011.01.011
https://doi.org/10.1111/j.1469-8986.2012.01478.x
https://doi.org/10.1152/jn.00343.2015
https://doi.org/10.3758/s13423-016-1106-6
https://doi.org/10.3758/s13423-017-1414-5
https://doi.org/10.1016/j.cognition.2007.07.012
https://doi.org/10.1016/j.cognition.2007.07.012
https://doi.org/10.1111/j.1467-9280.2006.01689.x
https://doi.org/10.1111/j.1467-9280.2006.01689.x

Zhou et al.

Reward Learning Affect Attention Capture of Emotion

Luo, W.,, Feng, W., He, W., Wang, N. Y., and Luo, Y. J. (2010). Three stages
of facial expression processing: ERP study with rapid serial visual
presentation. Neurolmage 49, 1857-1867. doi: 10.1016/j.neuroimage.
2009.09.018

Ohman, A., Lundgqvist, D., Esteves, E, and Ohman, A. (2001). The face in the
crowd revisited: a threat advantage with schematic stimuli. J. Pers. Soc.
Psychol. 80, 381-396. doi: 10.1037/0022-3514.80.3.381

Padmala, S., and Pessoa, L. (2014). Motivation versus aversive processing during
perception. Emotion 14, 450-454. doi: 10.1037/a0036112

Padmala, S., Sirbu, M., and Pessoa, L. (2017). Potential reward reduces the
adverse impact of negative distractor stimuli. Soc. Cogn. Affect. Neurosci.
12, 1402-1413. doi: 10.1093/scan/nsx067

Pinkham, A. E., Griffin, M., Baron, R., Sasson, N. J., and Gur, R. C.
(2010). The face in the crowd effect: anger superiority when using real
faces and multiple identities. Emotion 10, 141-146. doi: 10.1037/
a0017387

Pool, E., Brosch, T., Delplanque, S., and Sander, D. (2016). Attentional bias
for positive emotional stimuli: a meta-analytic investigation. Psychol. Bull.
142, 79-106. doi: 10.1037/bul0000026

Schettino, A., Loeys, T., and Pourtois, G. (2013). No prior entry for threat-
related faces: evidence from temporal order judgments. PLoS One 8:€62296.
doi: 10.1371/journal.pone.0062296

Schmidt, L. J., Belopolsky, A. V., and Theeuwes, J. (2015). Attentional capture
by signals of threat. Cognit. Emot. 29, 687-694. doi: 10.1080/
02699931.2014.924484

Vimal, R. L. P. (2008). Attention and emotion. Annu. Rev. Biomed. Sci. 10,
84-104. doi: 10.5016/1806-8774.2008.v10p84

Walsh, A. T., Carmel, D., Harper, D., and Grimshaw, G. M. (2018). Motivation
enhances control of positive and negative emotional distractions. Psychon.
Bull. Rev. 25, 1556-1562. doi: 10.3758/s13423-017-1414-5

Wei, P, Wang, D., and Ji, L. (2015). Reward expectation regulates brain responses
to task-relevant and task-irrelevant emotional words: ERP evidence. Soc.
Cogn. Affect. Neurosci. 11, 191-203. doi: 10.1093/scan/nsv097

Wei, P, Kang, G., Jinhong, D., and Chunyan, G. (2014). Monetary incentives
modulate the processing of emotional facial expressions: an ERP study. Acta
Psychol. Sin. 46, 437-449. doi: 10.3724/SP.J.1041.2014.00437

Wentura, D., Miiller, P,, Rothermund, K., Horstmann, G., Hodsoll, S., Viding, E.,
et al. (2011). Attentional capture by evaluative stimuli: gain- and loss-
connoting colors boost the additional-singleton effect. Emotion 11, 701-707.
doi: 10.1037/a0022771

Yao, S., Ding, C., Qi, S., and Yang, D. (2013). Value associations of emotional
faces can modify the anger superiority effect: behavioral and electrophysiological
evidence. Soc. Cogn. Affect. Neurosci. 9, 849-856. doi: 10.1093/scan/nst056

Yates, A., Ashwin, C., and Fox, E. (2010). Does emotion processing require
attention? The effects of fear conditioning and perceptual load. Emotion 10,
822-830. doi: 10.1037/a0020325

Yokoyama, T., Padmala, S., and Pessoa, L. (2015). Reward learning and negative
emotion during rapid attentional competition. Front. Psychol. 6:269. doi:
10.3389/fpsyg.2015.00269

Conflict of Interest: The authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Copyright © 2020 Zhou, Du, Wei and He. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

January 2020 | Volume 10 | Article 3004


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1016/j.neuroimage.2009.09.018
https://doi.org/10.1016/j.neuroimage.2009.09.018
https://doi.org/10.1037/0022-3514.80.3.381
https://doi.org/10.1037/a0036112
https://doi.org/10.1093/scan/nsx067
https://doi.org/10.1037/a0017387
https://doi.org/10.1037/a0017387
https://doi.org/10.1037/bul0000026
https://doi.org/10.1371/journal.pone.0062296
https://doi.org/10.1080/02699931.2014.924484
https://doi.org/10.1080/02699931.2014.924484
https://doi.org/10.5016/1806-8774.2008.v10p84
https://doi.org/10.3758/s13423-017-1414-5
https://doi.org/10.1093/scan/nsv097
https://doi.org/10.3724/SP.J.1041.2014.00437
https://doi.org/10.1037/a0022771
https://doi.org/10.1093/scan/nst056
https://doi.org/10.1037/a0020325
https://doi.org/10.3389/fpsyg.2015.00269
http://creativecommons.org/licenses/by/4.0/

	Attention Capture of Non-target Emotional Faces: An Evidence From Reward Learning
	Introduction
	Experiment 1
	Methods
	Participants
	Stimuli
	Procedure
	Training Phase
	Test Phase
	Results
	Training Results
	Test Results

	Experiment 2
	Methods
	Participants
	Stimulus, Procedure, and Data Analysis
	Results
	Training Results
	Test Results
	Between-Experiments Comparison

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions

	References

