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A B S T R A C T

Although mounting evidence has shown that reward can improve conflict control in the visual domain, little is
known about whether and how reward affects conflict processing in the auditory domain. In the present study,
we adopted an auditory Stroop task in which the meaning of a sound word (‘male’ or ‘female’) could be either
congruent or incongruent with the gender of the voice (male or female speaker), and the participants were asked
to discriminate the gender of the voice (the phonetic task) or the meaning of the word (the semantic task).
Importantly, an auditory cue signalling a potential reward or no-reward for the current trial was presented prior
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To recruit proactive control, a cue is often presented prior to the
upcoming events, such that attentional preparation can be implemented
in advance (e.g., Beck et al., 2010; Fröber and Dreisbach, 2016; Jimura
et al., 2010; Schevernels et al., 2015). This proactive control is echoed



LPC is affected by reward remains inconclusive in the visual domain
(Krebs et al., 2013; van den Berg et al., 2014), the effect of reward
expectation on LPC in the auditory domain is still to be revealed.

2. Experimental procedures

2.1. Participants

Twenty-three graduate or undergraduate students from universities
in Beijing took part in the study. Data from two participants were in-
complete because they did not finish the experiment, and data from
another two participants were excluded from analysis due to the lack of
enough correct trials (< 55%) for the ERP analysis. The remaining
nineteen participants (11 male, 20–25 years old) were all right-handed,
with normal or corrected-to-normal vision and self-reported normal
hearing. All the participants gave written informed consent, and were
paid for their time. This study was approved by the Ethics Committee of
the School of Psychological and Cognitive Sciences, Peking University.

2.2. Stimuli

Each trial consisted of an auditory cue and an auditory target, which
were presented via Etymotic ER-2 air earphones (Etymotic Research,
Elk Grove Lillage, IL). The cue was either a sine-wave tone with a high
frequency (600 Hz) or a sine-wave tone with a low frequency (200 Hz).
The target was either a sound word “male” or “female” at a sampling
rate of 44,100 Hz (16 bit). This target sound word was produced either
by a male speaker or by a female speaker, rendering four types of tar-
gets: the sound word “male” with a male voice, the sound word “male”
with a female voice, the sound word “female” with a male voice, and
the sound word “female” with a female voice. With this manipulation,
the gender of the voice was either congruent or incongruent with the
meaning of the sound word. All of the auditory stimuli were delivered
binaurally at an intensity level of about 60 dB. The durations of the cue
and the target were both 450 ms.

2.3. Design and procedure

A modified version of the auditory Stroop task was adopted (Fig. 1).
At the beginning of each trial, a white cross was presented at the center



incongruent condition, 94.0% (SD = 7.31) in the no-reward-congruent
condition, 88.3% (SD = 9.55) in the no-reward-incongruent condition.
For the semantic task, the proportion of remaining trials that included
for statistical analyses were 92.3% (SD = 6.25) of all the trials in the
reward-congruent condition, 88.9% (SD = 8.42) in the reward-incon-
gruent condition, 92.1% (SD = 8.35) in the no-reward-congruent con-
dition, 88.7% (SD = 9.78) in the no-reward-incongruent condition.

2.5. ERPs analysis

Cue-locked ERP and target-locked ERP analyses were conducted
separately.

For cue-locked ERPs, we focused on the CNV, which has been sug-
gested as an important signature of task preparation. Based on visual
inspection of the potential reward effect and previous findings con-
cerning CNV (Vuillier et al., 2015; van den Berg et al., 2014; Fan et al.,
2007; Schevernels et al., 2015), we obtained the cue-related CNV from
the time range of 1000–1500 ms post-cue onset, for each of the 15
electrode sites from anterior to posterior areas (Fz, F3, F4, FCz, FC3,
FC4, Cz, C3, C4, CPz, CP3, CP4, Pz, P3, P4), respectively. To examine
the topographical distribution of the cue-related CNV, the 15 electrodes
were grouped into 5 clusters: frontal cluster (Fz, F3, F4), frontocentral
cluster (FCz, FC3, FC4), central cluster (Cz, C3, C4), parietocentral
cluster (CPz, CP3, CP4) and parietal cluster (Pz, P3, P4). Given that the
cue was uninformative with regard to the type of the upcoming target,
trials were collapsed over task type and target congruency. A two-way
repeated-measures ANOVA was thus conducted on the mean ampli-



3.2.2. Target phase: conflict-related Ninc (300–400)
ANOVA on Ninc amplitudes (Table 3 and Fig. 3, left panel of Fig. 4)

showed a main effect of task type, F (1, 18) = 11.275, p = .004,
ηp

2 = 0.384, with a more negative-going Ninc amplitude in the semantic
task than in the phonetic task (0.63 vs. 1.51 μV). The main effect of
reward expectation was significant, F (1, 18) = 9.759, p = .006,
ηp

2 = 0.352, with a more negative-going Ninc in the no-reward condi-
tion than in the reward condition (0.66 vs. 1.49 μV). The main effect of
congruency was significant, F (1, 18) = 18.544, p < .001, ηp

2 = 0.507,
with a more negative-going Ninc in the incongruent condition than in
the congruent condition (0.51 vs. 1.63 μV). The main eff



how reward expectation modulates the temporal profile of auditory
conflict processing: the attentional preparation, the conflict detection
and resolution. By adopting an auditory Stroop task, we demonstrated
that, behaviourally, in both the phonetic task (relating to the classical
Stroop effect in the auditory domain) and the semantic task (relating to
the reverse Stroop effect), responses were delayed when the meaning of
the sound word was incongruent with the gender of the voice.
Moreover, the current auditory Stroop tasks replicated the finding in

the visual domain that the classical Stroop effect is often larger in
magnitude than the reverse Stroop effect (MacLeod, 1991).

Importantly, by presenting a cue that signalled potential reward or
no reward prior to the target word, we found that the auditory Stroop
effect was reduced following the reward cue as compared with fol-
lowing the no-reward cue, suggesting that reward expectation improves
the resolution of auditory information conflict. Adding to the literature
that showed reward-facilitated conflict resolution in the visual domain

Fig. 2. ERP responses locked to the cue onset in the reward condition (red) and no-reward condition (black) at Fz, FCz, Cz, CPz and Pz electrode sites. Bottom right:
topography of the average of the CNV reward effect. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this
article.)

Table 3
Mean amplitude (μV) of Ninc and LPC with SD for each experimental condition and each electrode cluster during the target phase.





West et al., 2004). The auditory conflict-related Ninc is associated with
conflict detection, which is in the same vein as detecting a “mismatch”
(Buzzell et al., 2013; Donohue et al., 2012). In the present study, the
Ninc conflict or congruency effect was larger in the phonetic task than in
the semantic task, closely in
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