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Whether music can influence moral judgment is controversial in the aesthetics

and philosophy of music. Aesthetic Autonomy pointed out that music had a

morally educational function because of its lyrics or a particular context. The

key to resolving the divergence is to select absolute music without lyrics or

specific context as the eliciting material. In this study, 84 participants were

recruited and randomly divided into three groups to complete the Ultimatum

Game (UG) after listening to different stimuli: absolute music, white noise,

and no sound. Behavioral results indicated that the participants’ acceptance

of unfair offers was significantly lower in the music group. Also, participants

in the music group have a shorter reaction time for rejecting an unfair offer

than other unfair conditions. However, ERP comparison showed no significant

difference in medial frontal negativity (MFN) amplitude, which reflects fairness

levels, between the music group and the no sound group for either accepting

or rejecting the moderately unfair offer. Brain network analyses revealed that

participants in the music group showed stronger activation of rewarding

circuits, including the ventral striatum, during the decision-making process

of rejecting unfair offers, before the decision especially, compared to the no

sound group. These results suggest that absolute music can influence fair

decision-making. The reward activated by music compensates participants

vicariously for the reward they receive for choosing self-interest in an unfair

offer, participants no longer have to choose between self-interest and fairness

norms, so the participants reject the unfair offer due to the negative emotions

induced by the unfair offer.
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Introduction

Music is a social product (Davidson, 2004). Despite the
vast cultural differences, both China and the West have valued
the social function of music in education and governance as
an important tool for maintaining social order (Plato, 1969;
Cook, 1995; Aristotle, 1998; Brown and Volgsten, 2005; Wilson,
2018; Sarasso et al., 2022). However, since the Enlightenment,
influenced by the aesthetics of Kant and Hegel, some researchers
have suggested that the field of art is essentially independent of
the area of morality, questioning the notion of art as a tool for
moral education. Based on Kant’s division between autonomy
and heteronomy, Gatz distinguished two opposing schools of
musical aesthetics. The Aesthetic Heteronomy believed that
the meaning and value of music existed outside the work
itself, and that art was subordinate to social and political
needs. A typical representative of Aesthetic Heteronomy is
the socialist-realist view of music. According to Tolstoy, the
function of art was that artists convey specific emotions to the
audience most directly and powerfully. In contrast, Aesthetic
Autonomy, which views musical works as autonomous objects,
argued that the laws of music could only be found in
the music itself (Gatz, 1929). Kivy suggests that absolute
music (music with no lyrics and no specific background)
simply does not possess the materials necessary to arouse
emotions in listeners in any artistically relevant way (Kivy,
2009).

With both sides of the debate making value judgments
based on different positions of musical independence, we
need to examine whether music, the absolute music in
particular, can objectively influence moral judgments on a
factual level. Because Kivy pointed out that music had a
moral educational function because of its lyrics or a specific
context. So, if we confirm absolute music can influence moral
judgments based on experiments, we could provide further
insights on the debate over whether music can influence
moral judgments.

With the rise of the emotional revolution in psychology,
researchers have discussed the impact of music on social
decision-making, and the findings all suggested that music can
influence moral decision-making, such as antisocial behavior
(Anderson et al., 2003), pro-social behavior (Greitemeyer, 2009,
2011; Seidel and Prinz, 2013; Ruth, 2018, 2019), gender bias
(Fischer and Greitemeyer, 2006; Greitemeyer et al., 2015),
ethnic stereotyping (LaMarre et al., 2012), lying (Ziv et al.,
2012; Seidel and Prinz, 2013), obedience (Ziv, 2016), and
moral judgments (Skulmowski et al., 2014; Steffens, 2020).
Although these topics are more or less related to morality,
however, given the diversity and cross-cultural differences
of moral topics, we need to select typical moral topics
with cross-culturally consistency. Fairness is one of the six
moral foundations of Haidt’s Moral Foundations Theory and
has been identified to have broad cross-cultural consistency

(Graham et al., 2011). The Ultimatum Game (UG) is
also seen as an ideal task paradigm for testing individual
responses to the fairness of resource allocation (Güth et al.,
1982).

In the UG, one player (the proposer) receives an amount
of money that she or he has to divide between herself or
himself and another player (the responder). If the other player
(responder) accepts the division scheme, the split is made
according to the proposer’s offer. However, if the responder
rejects, both parties receive nothing. Studies using UG have
shown that participants prone to reject unfair offers, especially
those below 20% of the total (Sanfey et al., 2003). This result
challenges the economic rational man assumption. In the UG,
responders need to choose between self-interest and fairness
norms (Sanfey et al., 2003; Tabibnia et al., 2008; Speitel et al.,
2019).

Given Kivy’s explicit suggestion that absolute music is the
key to resolving the divergence, the previous studies have not
selected absolute music as the eliciting material consciously, and
thus are unable to confirm whether it is the music itself, such
as timbre, pitch, rhythm, or the lyrics (Anderson et al., 2003;
Greitemeyer, 2009, 2011; Greitemeyer et al., 2015; Ruth, 2019),
musical context (LaMarre et al., 2012; Lang et al., 2016), etc.,
influenced the outcome of moral judgments.

Researches on music-induced emotion suggested that
absolute music can give us pleasure (Azcarate, 2017; Di
Bona, 2018), even atonal music can lead to pleasure (Mencke
et al., 2019). Brattico et al. (2011) discovered that happy
music without lyrics induced stronger positive emotions
than happy music with lyrics. Happy music without lyrics
activated structures of the limbic system and the right pars
opercularis of the inferior frontal gyrus, whereas auditory
regions alone responded to happy music with lyrics. In
addition, Greene et al. (2001) and Koenigs et al. (2007)
identified the critical role of emotions in moral judgment
by fMRI. Researchers have explored the influences of three
types of emotions (i.e., the integral emotion experienced at
the time of decision making, the incidental emotion aroused
by a task-unrelated dispositional or situational source, and
the interaction of emotion and cognition) on fairness-related
decision making (Zheng et al., 2017). So, we hypothesized
that absolute music could influence moral decision-making,
and the happy emotions induced by absolute music (incidental
emotions) reduced the negative emotions (integral emotions)
aroused by the unfair offer, thus leading to a greater
willingness to accept the unfair offer after listening to the
music.

In this study, absolute music was selected from the Chinese
Affective Music System (CAMS) as the eliciting material (Li
et al., 2012), and Participants completed UG after listening to
the music. EEG techniques were used to explore the neural
activity underlying the problem, so as to reveal the mechanism
of absolute music that influences fair decision-making.
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Materials and methods

Participants

Eighty-four healthy right-handed participants were
recruited from the University of Electronic Science and
Technology of China. None of them were musicians nor
previously had the long-lasting experience of music instrument
training. The experiment was conducted in accordance
with the Declaration of Helsinki and was approved by the
Ethics Committee of the University of Electronic Science
and Technology of China. The participants were randomly
assigned to three groups. The music group and the white
noise group participate in the UG after listening to either
music or white noise. 28 participants (15 males, 13 females,
age 22.75 ± 1.58) listened to the music, 28 participants (15
males, 13 females, age 22.82 ± 2.48) as the active control group
listened to the white noise, 28 participants (12 males, 16 females,
age 22.64 ± 2.75) as a passive control group performed the
UG directly in the no sound group. An a priori sample size
estimation was conducted using G∗Power v.3.1.9.7 (Faul et al.,
2009). According to the analysis [d = 0.25, α = 0.05, β = 0.95,
analysis of variance (ANOVA): repeated measures, within-
between interaction], a total sample size of 45 participants was
required to detect a reliable effect. All participants provided
informed consent and were monetarily compensated for their
participation.

Stimuli

According to the study of Juslin et al. (2011), 85% of listeners
listen to music for relaxation. Ten emotions such as happy,
sad, and calm are the most common musical emotions, with
happy emotions being much more frequent than other musical
emotions. Listeners value music primarily for its ability to arouse
pleasurable emotions (Juslin et al., 2011). Thus, we selected
one piece of music (No. HAPPY01) from CAMS as the music
material to induce positive emotions. The white noise in the
control group was the sound of rain.

Experimental protocol

The participants were tested individually, and the whole
process lasted about 1 h. During the experiment, participants
first completed the online information collection on music
preferences and music training experiences. Afterward,
participants received general instructions about the UG.
The EEG session consisted of a 5-min resting EEG data
collection and a 15-min UG task state data collection. Given
that studies have indicated that if participants perform a
cognitive task while listening to music, music listening will

consume resources that could be otherwise dedicated to the
task (Thompson et al., 2012), so the UG was performed after
listening to 1 min of music or white noise. To measure changes
in emotion before and after listening to music or white noise,
participants were asked to complete a separate mood rating
on a 5-point Likert scale before (mood rating 1) and after
(mood rating 2) listening to music or white noise. Participants
were presented with the statements: “Currently, I am in a
good mood,” “As I answer these questions, I feel cheerful,”
“For some reason, I am not very comfortable right now,” and
“At this moment, I feel sad” (Peterson and Sauber, 1983).
The values for the third and fourth questions were reverse
coded, and the sum of the four question scores constituted
an emotional score, with higher scores indicating happier
emotions. Reliability analyses indicated that each mood
metric was internally consistent (mood 1: α = 0.693; mood 2:
α = 0.740).

After the participant completed the online questionnaire,
the next same-gender participant arrived in the lab to
complete the same instructions. The companion sited at a
separate table away from the participant, visually blocking
their communication, but the participant could hear the
interaction between the companion and the experimenter. The
companion was then taken to the next lab for preparing
(washing the scalp, etc.). The purpose of this was to make all
participants think that they were completing the UG with a
real partner. However, all offers were predefined. Participants
were always assigned to the role of the responder, even
though they were ostensibly told that the assignment was
random, to examine participants’ responses to unfair offers.
The sum of splits was U10. The participants received 5
categories pre-determined offers: U5: U5; U6: U4; U7: U3;
U8: U2; U9: U1, with each category appearing 40 times
randomly, for a total of 200 trials throughout the task.
Participants decided to accept or reject the offer by pressing
either the F or J key with their left or right index finger.
E-Prime 3.0 software (Psychology Software Tools, Pittsburgh,
PA, United States) was used for stimulus presentation and
behavioral data collection. The experimental protocol is shown
in Figure 1.

EEG date recording

The EEG recording was performed with 64 Ag/AgCl
electrodes (ANT Neuro, Germany), which were situated
according to the extended 10–20 system, and the data were
recorded at the sample rate of 1,000 Hz. The bandpass filter
was set at 0.3–100 Hz, and CPz served as the reference.
Electrooculograms (EOGs) were recorded from an additional
channel on the left eye to monitor eye movements. During the
entire experimental task, the impedance of the electrodes was
maintained below 10 k�.
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FIGURE 1

The experimental protocol.

EEG pre-processing

Firstly, all data were re-referenced to zero reference by
the reference electrode standardization technique1 (Yao, 2001),
followed by the 1–20 Hz bandpass filter. Secondly, we used
independent component analysis to remove eye movement
interference from EEG data. Thirdly, the data were segmented
from −200 to 800 ms (0ms denotes offer onset). Then we
excluded the bad trials whose extreme values were over±80 µV.
Finally, we corrected the baseline (−200 to 0 ms) of each trial.

Medial frontal negativity

Medial frontal negativity (MFN), also known as feedback-
related negativity (FRN), is an EEG component that reflects
levels of fairness and is widely used in decision-making research.
MFN peaks at about 200–350 ms after the onset of the
outcome (peaks at about 200–350 ms post outcome onset),
reflecting whether the outcome conforms to social norms and
is sensitive to the extent to which the outcome deviates from
expectations. During UG, unfairness conditions induce larger
MFN magnitudes compared to fairness conditions (Gehring and
Willoughby, 2002; Hewig et al., 2011; Wu et al., 2011; Massi and
Luhmann, 2015; Hu and Mai, 2021).

Brain network analyses

To explain the role and mechanisms of music in fair
decision-making, we chose the Brainstorm2 (Tadel et al., 2011)
toolbox in Matlab (Mathworks Inc., Natick, MA, United States)

1 https://www.neuro.uestc.edu.cn/name/shopwap/do/index/
content/96

2 https://neuroimage.usc.edu/brainstorm/

for the computation of the brain source-space functional
connectivity. The standard International Consortium for Brain
Mapping (ICBM) 152 anatomy included in Brainstorm was used
to construct the head model for source imaging analysis across
all the subjects. The selection of region of interest (ROI) is
based on a review of emotions influencing fair decision-making
(Zheng et al., 2017). During distributed source imaging analysis,
current dipoles were located at the vertices of the cortical
surface models and constrained to orientation orthogonal to
the cortical surface. A boundary element method (BEM) model
was generated using OpenMEEG’s symmetric BEM technique
(Gramfort et al., 2010). Then all subject’s electrodes were
registered to the head model and used together with the BEM
model to compute a lead-field matrix for each subject.

The noise covariance matrix was computed based on the
average trial’s time series of all the subjects in each group
under each particular task condition prior to source imaging.
Standardized low-resolution brain electromagnetic tomography
(sLORETA) was used in the source imaging (Pascual-Marqui,
2002). The brain network diagram of source localization was
drawn using the BRAPH toolkit3 (Mijalkov et al., 2017).

Phase loking value

The phase locking value (PLV) can measure the phase
synchronization between two narrow-band signals. The PLV
between signals s1(t) and s2(t) was formulized as follows.

First, we used the Hilbert transform:

Zi (t) = si (t)+ jHT (si (t)) # (7) (1)

3 http://braph.org/
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Where HT (si (t)) is the Hilbert transform of si (t) defined as

HT (Si (t)) = 1
π

P.V.
∫
∞

−∞

si(t)
t−τ

dτ# (8) (2)

And P.V. denotes Cauchy principal value. Once the analytic
signals are defined, the constant phase between Z1 (t) and Z2 (t)
can be computed as

1φ (t) = arg
(

z1(t)z∗2 (t)
|z1(t)||z2(t)|

)
# (9) (3)

The instantaneous PLV is then defined as (Lachaux et al.,
1999; Celka, 2007)

PLV (t) =
∣∣E [ej1φ(t)]∣∣ # (10) (4)

E[.] represents the expected value. We selected nine regions
of interest and calculated the difference map based on PLV in
different groups.

Results

Behavioral results

Manipulation check: mood induction
Paired t-tests of the participants’ two mood ratings before

and after listening to the music indicated that happy music
effectively induced happy emotion (t =−2.542, p = 0.017).

To confirm that music is actively changing participants’
mood, analyses of variance (ANOVA) were conducted on
emotional scores with time (pre- vs. post-induction) as the
within-subject factor and group as the between-subject factor.
Table 1 shows that, before listening to music/white noise, there
was no significant difference between the emotional scores of
the music and white noise groups (p = 0.877); however, after
listening to music/white noise, there was a significant difference
between the emotional scores of the music and white noise
groups (p < 0.001).

Acceptance rates
Table 2 illustrates the ARs of offers in the UG. Mann–

Whitney U test showed that participants in the music group
had significantly lower ARs in the moderately unfair offer of
4 (z = −2.164, n = 56, p[FDR] = 0.032) and 3 (z = −2.149,
n = 56, p[FDR] = 0.032) than participants in the no sound group.
However, there were no significant differences in ARs between

TABLE 1 Difference in emotional scores between the music and
white noise groups.

Music White noise F P

Pre- induction 15.43± 2.5 15.54± 2.66 0.024 0.877

Post-induction 17± 2.16 11.86± 3.5 43.713*** 0.000

***P < 0.001.

the music and white noise groups, or between the white noise
and no sound groups for any offers (all Ps > 0.05). Thus, in the
subsequent analyses, we only focused on the differences between
the music and no sound groups in the moderately unfair offer of
4 and 3 (The comparisons of music group vs. white noise group
and the white noise group vs. no sound group are supplied in
the Supplementary material).

Reaction time
Wilcoxon signed-rank test was conducted between reaction

time of different groups, it shows that, if participants face a
fair offer of 5, they quickly accept the offer, and there were
no significant differences across different groups (z = −0.524,
p[FDR] = 0.660). Participants in the music group had shorter
reaction time when rejecting the unfair offer of 3 (z = −2.677,
p[FDR] = 0.015) and 4 (z = −0.322, p[FDR] = 0.748) than those in
the no sound group (Figure 2A).

The reaction time of the music group showed that,
compared with the reaction time of acceptance of fair offers,
participants in the music group did not have significant different
reaction time when rejecting the unfair offer of 3 (z = −1.754,
p[FDR] = 0.096) and 4 (z = −1.918, p[FDR] = 0.076), while had
significantly longer reaction time when accepting the unfair
offer of 3 (z = −2.903, p[FDR] = 0.011) and 4 (z = −2.971,
p[FDR] = 0.011) (Figure 2B).

It showed that participants in the no sound group need
longer reaction time to reject (reject the unfair offer of 3:
z =−3.416, p[FDR] = 0.005; reject the unfair offer of 4: z =−2.138,
p[FDR] = 0.050) or accept all unfair offers (accept the unfair offer
of 3: z = −3.771, p[FDR] < 0.001; accept the unfair offer of 4:
z =−2.417, p[FDR] = 0.029) than to accept fair offers (Figure 2C).

Medial frontal negativity

Independent samples t-tests showed no significant
difference in MFN amplitude between the music and no
sound groups for accepting or rejecting the moderately unfair
offer. Participants in the music group did not have significantly
different MFN amplitudes when accepting (p[FDR] = 0.326) or
rejecting (p[FDR] = 0.326) the unfair offer of 3 than those in
the no sound group. Participants in the music group did not

TABLE 2 Difference in acceptance rate among different
experimental groups.

Music White noise No sound

U5: U5 Acceptance rate 0.9446 0.9643 0.9759

U6: U4 Acceptance rate 0.4438 0.6196 0.6688

U7: U3 Acceptance rate 0.2036 0.2705 0.3848

U8: U2 Acceptance rate 0.0696 0.0491 0.1473

U9: U1 Acceptance rate 0.0205 0.0268 0.0330
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FIGURE 2

Reaction time in different conditions. Panel (A) shows there were no significant differences between the music group and no sound group when
accepting the fair offer of 5, and the music group have a shorter reaction time for rejecting an unfair offer than the no sound group when
rejecting the moderately unfair offer 3 and 4. Panel (B) shows there were no significant differences when rejecting the unfair offer of 3 and 4
than accepting the fair offer of 5 in the music group, but there were significant differences when accepting the unfair offer of 3 and 4. Panel (C)
shows the no sound group need significantly longer reaction time when rejecting or accepting the unfair offer of 3 and 4 than accepting the fair
offer of 5. (∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001).

have significantly different MFN amplitudes when accepting
(p[FDR] = 0.752) or rejecting (p[FDR] = 0.752) the unfair offer of
4 than those in the no sound group.

Brain network analyses

Brain network analyses revealed that network connectivities
between the right dorsolateral prefrontal cortex (DLPFC)
and right anterior insula, bilateral ventral striatum, network
connectivities between left DLPFC and VMPFC, left anterior
insula, left ventral striatum, left temporoparietal junction (TPJ),
network connectivities between left TPJ and left anterior
insula, bilateral ventral striatum, VMPFC, as well as network
connectivities between the left ventral striatum and bilateral
anterior insula, VMPFC were significantly stronger in the music
group than in the no sound group before accepting the unfair
offers (Figures 3A,B). Network connectivities between bilateral
ventral striatum, network connectivities between right TPJ and
bilateral ventral striatum, network connectivities between the
left ventral striatum and right anterior insula, right DLPFC, as
well as network connectivities between the right ventral striatum
and right anterior insula were significantly stronger in the music

group than in the no sound group before rejecting the unfair
offers (Figures 3C,D).

Network connectivities between right DLPFC and VMPFC,
network connectivities between left DLPFC and left ventral
striatum, as well as network connectivities between the left
ventral striatum and left anterior insula were significantly
stronger in the music group than in the no sound group
when unfairly offers were accepted (Figures 3E,F). Network
connectivities between bilateral anterior insula, network
connectivities between left anterior insula and VMPFC, left
DLPFC, network connectivities between right anterior insula
and right DLPFC were significantly stronger in the music group
than those in the no sound group when unfairly offers were
rejected (Figures 3G,H).

In order to assess neural-behavioral correlation, based on
the brain network analyses, a Pearson correlation analysis was
conducted between participants’ acceptance of unfair offers and
network connectivities. The results showed that the acceptance
rate of unfair offers in the music group was positively correlated
with the network connectivities between left TPJ and right
ventral striatum before the decision-making (p = 0.0025,
r = 0.7008); the acceptance rate of unfair offers in the no sound
group was positively correlated with the network connectivities
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FIGURE 3

Panels (A,B) show the increased functional connectivities in the music group compared to the no sound group before accepting the unfair
offers of 3 and 4. Panels (C,D) show the increased functional connectivities in the music group compared to the no sound group before
rejecting the unfair offers of 3 and 4. Panels (E,F) show the increased functional connectivity in the music group compared to the no sound
group when accepting the unfair offers of 3 and 4. Panels (G,H) show the increased functional connectivity in the music group compared to the
no sound group when rejecting the unfair offers of 3 and 4. (Independent samples t-tests, all Ps < 0.05). Abbreviations of ROIs: VMPFC, ventral
medial prefrontal cortex; DLPFC_L, left dorsolateral prefrontal cortex; DLPFC_R, right dorsolateral prefrontal cortex; VS_L, left ventral striatum;
VS_R, right ventral striatum; AI_L, left anterior insula; AI_R, right anterior insula; TPJ_L, left temporoparietal junction; TPJ_R, right
temporoparietal junction.

between right anterior insula and right DLPFC (p = 0.0401,
r = 0.4406), with the network connectivities between left anterior
insula and left DLPFC was negatively correlated (p = 0.0444,
r = 0.4325).

Discussion

Our study investigated the effect of absolute music on
individual fairness decisions in the UG. It explored the neural
activity underlying the problem by EEG to reveal the mechanism
of absolute music influences fair decision-making. As we
expected, absolute music can influence fair decision-making.
This study chose happy music as the eliciting material, the result
is inconsistent with previous studies and the hypothesis of this
study. Happy music did not increase individuals’ acceptance rate
of unfair offers as expected. Instead, the participants’ acceptance
rate of unfair offers was significantly lower after listening to
1 min of happy music. ERP results show no significant difference
in MFN amplitude between the music and no sound groups
for accepting or rejecting the moderately unfair offer. Brain

network analyses revealed that the networks connectivities
among DLPFC, anterior insula, VMPFC and ventral striatum
showed stronger activations in the music group than those in
the no sound group. Next, we will discuss the implications of
these findings separately.

Absolute music can influence the
outcome of fair decision-making

The behavioral results showed that the music group rejected
more unfair offers compared to the control group. The
behavioral and EEG results demonstrated that absolute music
could influence fair decision-making at the behavioral and
neuroimaging levels, respectively.

In terms of whether music can influence moral judgments,
this study is consistent with previous research, although these
studies have not used absolute music as an eliciting material
for incidental emotions (Greitemeyer, 2009, 2011; Ziv et al.,
2012; Ziv, 2016). However, the literature review suggested
that absolute music as an eliciting material is the key to
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confirming whether music has the ethical power to influence
moral judgments. This is the first study to use absolute music
as eliciting material, and investigate the influences of music-
induced emotions in UG and simultaneously recorded EEG
data. The results facilitated our understanding of whether music
can influence moral judgments.

Surprisingly, in terms of happy music reducing participants’
acceptance of unfair offers in the UG, this study is inconsistent
with previous research and the hypothesis of this study. It has
been noted that positive emotion induced by pictures (Liu et al.,
2016), film clips (Harlé and Sanfey, 2007; Riepl et al., 2016)
exert no influence on the acceptance rate of unfair offers (Harlé
and Sanfey, 2007) or increased acceptance rate of unfair offers
(Harlé et al., 2012; Riepl et al., 2016). The negative emotion
induced by pictures (Liu et al., 2016), film clips (Harlé and
Sanfey, 2007; Harlé et al., 2012; Forgas and Tan, 2013), etc.,
significantly reduced the acceptance rate of unfair offers in the
UG.

We believe that there are two main reasons for the
disagreement. First, the specificity of music allows it to
influence the process of fair decision-making differently from
other eliciting materials, this leads to different outcomes.
Eliciting materials that have been used in studies of incidental
emotions influencing fair decision-making are mainly pictures,
videos, smells, etc. Studies comparing media used for the
laboratory induction of emotion (film clips, still images,
and music) point out that music-induced emotions are
more relevant to the complex psychological processes of
individuals than emotions induced by films or images, and
may affect their psychological and cognitive processes in
different ways (Baumgartner et al., 2006; Ellard et al., 2012;
Putkinen et al., 2020). Table 1 suggests that participants
in the white noise group were significantly more unhappy
after listening to white noise. However, participants in
both the music and the white noise groups showed a
decreasing trend in ARs of unfair offers, suggesting that happy
emotions induced by music and unhappy emotions induced
by white noise influence fair decision-making through different
mechanisms.

Second, the valence of emotions is not a critical factor
in influencing decision-making. Frijda suggests that the
motivational dimension of emotions, rather than the validity
of emotions, is the key factor in influencing decision-making
(Frijda, 1986). The valence of emotions is divided into positive
emotions and negative emotions. The motivation of emotions
is distinguishing emotional experience as a two-dimensional
structure: approach vs. avoidance, they promote approach and
withdrawal behavior, respectively (Lang et al., 1997; Harlé
and Sanfey, 2010). Two emotions with similar valences may
have different motivations and vice versa. Forgas also pointed
out that emotional valence, motivation, arousal (Clark et al.,
1984; Paulhus and Lim, 1994), and cognitive appraisal patterns
(Roseman, 1984; Smith and Ellsworth, 1985) all influence

decision-making. Thus, the influence of different characteristics
of music on moral judgment needs to be further investigated.

The rewarding compensatory
mechanism of music reduces
participants’ acceptance rates of unfair
offers

Brain network analyses showed that, compared to the no
sound group, brain areas closely related to decision-making,
such as the DLPFC, TPJ, anterior insula, VMPFC, and ventral
striatum, were significantly activated in the music group during
the acceptance or rejection of unfair offers, suggesting that
both cognition and emotion involved in the process of music
influencing fair decision-making process, and that there was an
interaction between cognition and emotion. Participants in the
music group showed stronger activation of rewarding circuits,
including the ventral striatum, during the decision-making
process of rejecting unfair offers, before the decision especially,
compared to the no sound group. Prior studies suggested
that the brain mechanisms by which music-evoked pleasure is
associated with the reward pathway (Koelsch, 2014). Salimpoor
et al. (2013) explored the link between musical anticipation
and rewarding by measuring participants’ responses to how
much they would be willing to pay to hear the previous
music again after first listening to unfamiliar music, and
suggest that aesthetic rewards arise from the interaction between
mesolimbic reward circuitry and cortical networks involved in
perceptual analysis and valuation. Gold et al. (2019)’s fMRI
experiments examined whether the voxel nucleus responds
to reward prediction errors in music further validated the
association between positive reward prediction errors and the
experience of musical pleasure. Furthermore, it has been shown
that the DLPFC is associated with restraining self-interest and
enforcing control in fair decision-making (Knoch et al., 2006,
2008; Baumgartner et al., 2011), combined with the position of
the DLPFC at the highest level of the frontal lobe hierarchical
cognitive control network, responsible for top-down contextual
signals to regulate stimulus-response processes (Badre and Nee,
2018). In unfair offers, participants would originally need to
choose between self-interest and fairness norms (Sanfey et al.,
2003; Tabibnia et al., 2008; Speitel et al., 2019), due to music-
induced pleasure activates participants’ reward system, this
reward activation compensates participants vicariously for the
reward they receive for choosing self-interest in an unfair offer,
participants no longer have to choose between self-interest
and fairness norms, so participants choose to reject the unfair
offer due to the negative emotions induced by the unfair
offer.

This hypothesis is further supported by the difference
in reaction time between groups (Figure 2). If participants
were confronted with a fair offer of 5, they quickly accepted
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it, and no differences in reaction time were observed across
experimental groups. In contrast, participants in the no sound
group need significantly more reaction time to accept or reject
the unfair offer than to accept the fair offer. The reason is
that with unfair offers, participants need to choose between
self-interest and fairness norms, resulting in increased reaction
time. However, participants in the music group did not have
a significantly different reaction time for rejecting an unfair
offer than accepting a fair offer. Still, there was a significant
difference between the reaction time for accepting an unfair
offer and the reaction time for accepting a fair offer. Participants
in the music group had a significantly lower reaction time for
rejecting an unfair offer than those in the no sound in the unfair
offer of 3.

Interestingly, although music significantly decreased
participants’ ARs of unfair offers, music did not alter
participants’ fairness judgments. In the UG, MFN is an
ERP component that responds to levels of fairness, and
unfairness offers induce greater MFN magnitudes compared
to fairness offers (Hewig et al., 2011; Wu et al., 2011; Massi
and Luhmann, 2015). Independent sample t-tests showed no
significant difference in MFN amplitude between the music
and no sound groups for either accepting or rejecting the
moderately unfair offer. Thus, music significantly changed
participants’ fair behavioral responses to unfair offers, but did
not affect participants’ fairness judgments.

Limitations and further studies

There are several limitations in our study. First, considering
the millisecond-level information processing ability of the
brain, EEG has more advantages in time-varying brain network
analysis. However, compared to fMRI, the spatial resolution
of EEG is somewhat limited. Thus, the EEG-fMRI multimodal
fusion technique should be adopted in future studies to give
full advantages of the complementary spatiotemporal resolution
of EEG and fMRI.

Second, although we found that absolute music had an effect
on fair decision-making, the music selected for our experiments
was happy music which can evocate happy emotion. As happy
music reduced participants’ ARs of unfair offers, it’s inconsistent
with previous research on happy emotions induced by pictures
or film clips. Still, it is consistent with prior research on sad
emotions induced by pictures or film clips, suggesting that
music-induced emotions may affect participants’ psychological
and cognitive processes in different ways. It is necessary to
carefully explore the influence of music (music emotion or
the characteristics of music itself, such as timbre, pitch, and
rhythm) on moral judgment. For example, following studies
could select happy and sad music concurrently to compare
the effects of positive and negative musical emotions on fair
decision-making in one study.

Conclusion

Whether music can influence moral judgment is an
important topic in the aesthetics and philosophy of music. The
key to resolving the debate is to investigate the brain mechanism
of music influencing moral judgment with absolute music as
the inducing material. In this study, we used absolute music
as the eliciting material and asked participants to complete the
UG after listening to the music, and explored the neural activity
underlying the problem through EEG to reveal the mechanisms
by which absolute music influences fair decision-making. This
study concludes that absolute music can influence fair decision-
making. The effect of absolute music on fair decision-making
is not only the result of the co-working between incidental
and integral emotions, but also the interaction of emotion and
cognition. Our study provides further insights on the debate on
the moral education function of music and explains the role and
mechanisms of music in moral judgment. The mechanisms of
music influencing fair decision-making proposed in this study
also suggest that the process of emotions influencing decision-
making goes beyond the single perspective of dealing with
integral emotions evoked by the task, incidental emotions, or
cognitive-emotional interactions in prior explanatory pathways.
Future research should integrate the previous three illustrative
pathways and examine how emotions influence decision-
making more comprehensively.
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(2016). Music as a sacred cue? Effects of religious music on moral behavior. Front.
Psychol. 7:814. doi: 10.3389/fpsyg.2016.00814

Lang, P. J., Bradley, M. M., and Cuthbert, B. N. (1997). “Motivated attention:
affect, activation and action,” in Attention and Orienting: Sensory and Motivational
Processes, eds P. J. Lang, R. F. Simons, M. Balaban, and R. Simons (Hillsdale, NJ:
Lawrence Erlbaum Associates, Inc), 97–135.

Li, D., Cheng, Z. B., Dai, R. N., Wang, F., and Huang, Y. X. (2012). Preliminary
establishment and assessment of affective music system. Chin. Ment. Health J. 26,
552–556.

Liu, C., Chai, J. W., and Yu, R. (2016). Negative incidental emotions augment
fairness sensitivity. Sci. Rep. 6:24892. doi: 10.1038/srep24892

Massi, B., and Luhmann, C. C. (2015). Fairness influences early signatures
of reward-related neural processing. Cogn. Affect. Behav. Neurosci. 15, 768–775.
doi: 10.3758/s13415-015-0362-7

Mencke, I., Omigie, D., Wald-Fuhrmann, M., and Brattico, E. (2019). Atonal
music: Can uncertainty lead to pleasure? Front. Neurosci. 12:979. doi: 10.3389/
fnins.2018.00979

Mijalkov, M., Kakaei, E., Pereira, J., Westman, E., and Volpe, G. (2017).
BRAPH: a graph theory software for the analysis of brain connectivity. PLoS One
12:e0178798. doi: 10.1371/journal.pone.0178798

Pascual-Marqui, R. D. (2002). Standardized low-resolution brain
electromagnetic tomography (sLORETA): technical details. Methods Find.
Exp. Clin. Pharmacol. 24, 5–12.

Paulhus, D. L., and Lim, D. T. K. (1994). Arousal and evaluative extremity in
social judgments: a dynamic complexity model. Eur. J. Soc. Psychol. 24, 89–99.
doi: 10.1002/ejsp.2420240107

Peterson, R., and Sauber, M. (1983). “A mood scale for survey research,” in
Proceedings of the AMA Educators’, Chicago, IL.

Plato (1969). Republic, 3, Translated by Paul Shorey, in Plato in Twelve Volumes.
Cambridge: Harvard University Press.

Putkinen, V., Nazari-Farsani, S., Seppälä, K., Karjalainen, T., Sun, L., Karlsson,
H. K., et al. (2020). Decoding music-evoked emotions in the auditory and motor
cortex. Cereb. Cortex. 31, 2549–2560. doi: 10.1093/cercor/bhaa373

Riepl, K., Mussel, P., Osinsky, R., and Hewig, J. (2016). Influences of state and
trait affect on behavior, feedback-related negativity, and P3b in the ultimatum
game. PLoS One 11:e0146358. doi: 10.1371/journal.pone.0146358

Roseman, I. J. (1984). Cognitive determinants of emotion: a structural theory.
Rev. Pers. Soc. Psychol. 5, 11–36.

Ruth, N. (2018). “They don’t really care. . .”: effects of music with prosocial
content and corresponding media coverage on prosocial behavior. Music Sci. 22,
415–433. doi: 10.1177/1029864917716735

Ruth, N. (2019). “If you wanna make the world a better place”: factors
influencing the effect of songs with prosocial lyrics. Psychol. Music 47, 568–584.
doi: 10.1177/0305735618766687

Salimpoor, V. N., van den Bosch, I., Kovacevic, N., McIntosh, A. R., Dagher,
A., and Zatorre, R. J. (2013). Interactions between the nucleus accumbens and
auditory cortices predict music reward value. Science 340, 216–219. doi: 10.1126/
science.1231059

Sanfey, A. G., Rilling, J. K., Aronson, J. A., Nystrom, L. E., and Cohen, J. D.
(2003). The neural basis of economic decision-making in the ultimatum game.
Science 300, 1755–1758. doi: 10.1126/science.1082976

Sarasso, P., Barbieri, P., Del Fante, E., Bechis, L., Neppi-Modona, M., Sacco,
K., et al. (2022). Preferred music listening is associated with perceptual learning
enhancement at the expense of self-focused attention. Psychon. Bull. Rev [Epub
ahead of print]. doi: 10.3758/s13423-022-02127-8

Seidel, A., and Prinz, J. (2013). Mad and glad: musically induced emotions have
divergent impact on morals. Motiv. Emot. 37, 629–637. doi: 10.1007/s11031-012-
9320-7

Skulmowski, A., Bunge, A., Kaspar, K., and Pipa, G. (2014). Forced-choice
decision-making in modified trolley dilemma situations: a virtual reality and eye
tracking study. Front. Behav. Neurosci. 8:426. doi: 10.3389/fnbeh.2014.00426

Smith, C. A., and Ellsworth, P. C. (1985). Patterns of cognitive appraisal in
emotion. J. Pers. Soc. Psychol. 48, 813–838. doi: 10.1037/0022-3514.48.4.813

Speitel, C., Traut-Mattausch, E., and Jonas, E. (2019). Functions of the right
DLPFC and right TPJ in proposers and responders in the ultimatum game. Soc.
Cogn. Affect. Neurosci. 14, 263–270. doi: 10.1093/scan/nsz005

Steffens, J. (2020). The influence of film music on moral judgements of movie
scenes and felt emotions. Psychol. Music 48, 3–17. doi: 10.1177/0305735618779443

Tabibnia, G., Satpute, A. B., and Lieberman, M. D. (2008). The sunny side
of fairness: preference for fairness activates reward circuitry (and disregarding
unfairness activates self-control circuitry). Psychol. Sci. 19, 339–347. doi: 10.1111/
j.1467-9280.2008.02091.x

Tadel, F., Baillet, S., Mosher, J. C., Pantazis, D., and Leahy, R. M. (2011).
Brainstorm: a user-friendly application for meg/eeg analysis. Comput. Intell.
Neurosci. 2011:879716. doi: 10.1155/2011/879716

Thompson, W. F., Schellenberg, E. G., and Letnic, A. K. (2012). Fast and loud
background music disrupts reading comprehension. Psychol. Music. 40, 700–708.
doi: 10.1177/0305735611400173

Wilson, L. (2018). Virtue and virtuosity: Xunzi and Aristotle on the role of art in
ethical cultivation. J. Confuc. Philos. Cult. 30, 75–103. doi: 10.22916/jcpc.2018.30.
75

Wu, Y., Zhou, Y., van Dijk, E., Leliveld, M. C., and Zhou, X. (2011). Social
comparison affects brain responses to fairness in asset division: an ERP study with
the ultimatum game. Front. Hum. Neurosci. 5:131. doi: 10.3389/fnhum.2011.00131

Yao, D. (2001). A method to standardize a reference of scalp EEG recordings to
a point at infinity. Physiol. Meas. 22, 693–711. doi: 10.1088/0967-3334/22/4/305

Zheng, Y., Yang, Z., Jin, C., Qi, Y., and Liu, X. (2017). The influence of emotion
on fairness-related decision making: a critical review of theories and evidence.
Front. Psychol. 8:1592. doi: 10.3389/fpsyg.2017.01592

Ziv, N. (2016). Music and compliance: Can good music make us do bad things?
Psychol. Music 44, 953–966. doi: 10.1177/0305735615598855

Ziv, N., Hoftman, M., and Geyer, M. (2012). Music and moral judgement: the
effect of background music on the evaluation of ads promoting unethical behavior.
Psychol. Music 40, 738–760. doi: 10.1177/0305735611406579

Frontiers in Behavioral Neuroscience 11 frontiersin.org

https://doi.org/10.3389/fnbeh.2022.890739
https://doi.org/10.1037/1528-3542.7.4.876
https://doi.org/10.1037/1528-3542.7.4.876
https://doi.org/10.1080/02699930903510220
https://doi.org/10.1080/02699930903510220
https://doi.org/10.1111/j.1469-8986.2010.01081.x
https://doi.org/10.1093/scan/nsab032
https://doi.org/10.1093/scan/nsab032
https://doi.org/10.1177/1029864911401169
https://doi.org/10.1177/1029864911401169
https://doi.org/10.1093/cercor/bhm237
https://doi.org/10.1126/science.1129156
https://doi.org/10.1038/nrn3666
https://doi.org/10.1038/nature05631
https://doi.org/10.1080/08838151.2011.648683
https://doi.org/10.1080/08838151.2011.648683
https://doi.org/10.3389/fpsyg.2016.00814
https://doi.org/10.1038/srep24892
https://doi.org/10.3758/s13415-015-0362-7
https://doi.org/10.3389/fnins.2018.00979
https://doi.org/10.3389/fnins.2018.00979
https://doi.org/10.1371/journal.pone.0178798
https://doi.org/10.1002/ejsp.2420240107
https://doi.org/10.1093/cercor/bhaa373
https://doi.org/10.1371/journal.pone.0146358
https://doi.org/10.1177/1029864917716735
https://doi.org/10.1177/0305735618766687
https://doi.org/10.1126/science.1231059
https://doi.org/10.1126/science.1231059
https://doi.org/10.1126/science.1082976
https://doi.org/10.3758/s13423-022-02127-8
https://doi.org/10.1007/s11031-012-9320-7
https://doi.org/10.1007/s11031-012-9320-7
https://doi.org/10.3389/fnbeh.2014.00426
https://doi.org/10.1037/0022-3514.48.4.813
https://doi.org/10.1093/scan/nsz005
https://doi.org/10.1177/0305735618779443
https://doi.org/10.1111/j.1467-9280.2008.02091.x
https://doi.org/10.1111/j.1467-9280.2008.02091.x
https://doi.org/10.1155/2011/879716
https://doi.org/10.1177/0305735611400173
https://doi.org/10.22916/jcpc.2018.30.75
https://doi.org/10.22916/jcpc.2018.30.75
https://doi.org/10.3389/fnhum.2011.00131
https://doi.org/10.1088/0967-3334/22/4/305
https://doi.org/10.3389/fpsyg.2017.01592
https://doi.org/10.1177/0305735615598855
https://doi.org/10.1177/0305735611406579
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org/

	The rewarding compensatory mechanism of music enhances the sense of fairness
	Introduction
	Materials and methods
	Participants
	Stimuli
	Experimental protocol
	EEG date recording
	EEG pre-processing
	Medial frontal negativity
	Brain network analyses
	Phase loking value

	Results
	Behavioral results
	Manipulation check: mood induction
	Acceptance rates
	Reaction time

	Medial frontal negativity
	Brain network analyses

	Discussion
	Absolute music can influence the outcome of fair decision-making
	The rewarding compensatory mechanism of music reduces participants' acceptance rates of unfair offers
	Limitations and further studies

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


