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Abstract
Empathy constitutes a crucial factor in predicting and facilitating prosocial be-
havior, and music training is believed to promote the development of empathic
ability. An individual’s musical literacy represents a comprehensive manifesta-
tion of their musical experience; even without formal music training, individuals
possess a certain level of musical literacy and can accumulate musical experi-
ence through such training. However, it remains unclear whether the influence
of musical experience on empathy originates from the effects of music training
or from differences in musical literacy, nor is it clear which specific components
of empathy are affected and the pathways through which musical experience ex-
erts its influence. This study examines both trait empathy and state empathy
as two entry points, employs music training and musical literacy as two indica-
tors to measure individual musical experience, and utilizes questionnaires and
behavioral experiments to explore their influence pathways on empathic ability.
The results demonstrate that in terms of trait empathy, musicians exhibit sig-
nificantly higher cognitive empathy ability than non-musicians. However, after
controlling for relevant variables including personality, subjective socioeconomic
status, and mental health status, music training shows no significant effect on
empathy. Conversely, musical literacy significantly positively predicts the fan-
tasy dimension of cognitive empathy and can even serve as a mediating variable
through which music training influences the fantasy dimension of cognitive em-
pathy. Regarding state empathy, employing the pain empathy paradigm, the
study reveals that compared to non-musicians, musicians demonstrate greater
empathic resonance when witnessing others in painful situations. This state em-
pathic ability is influenced by a chain mediation effect of musical literacy and
the fantasy dimension of trait cognitive empathy. In summary, music training
indirectly enhances cognitive empathy ability (fantasy) within trait empathy by
improving musical literacy, thereby enabling musicians to exhibit stronger ca-
pacity in empathizing with others’ painful states. These findings elucidate the
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facilitating mechanism through which musical experience promotes empathic
ability.
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Abstract
Empathy is a crucial factor in predicting and promoting prosocial behavior,
and music training is believed to facilitate its development. Musical sophistica-
tion represents a comprehensive manifestation of an individual’s musical expe-
rience. Even without formal music training, individuals possess varying levels
of musical sophistication that can be cultivated through musical engagement.
However, it remains unclear whether the influence of musical experience on em-
pathy stems from the effects of music training or from differences in musical
sophistication. The specific components of empathy affected and the pathways
through which musical experience operates are also unknown. This study inves-
tigated these questions by examining both trait empathy and state empathy,
using music training and musical sophistication as indicators of musical experi-
ence. Through questionnaire surveys and behavioral experiments, we explored
their influence pathways on empathic abilities. Results showed that for trait
empathy, musicians exhibited significantly higher cognitive empathy than non-
musicians. However, after controlling for personality, subjective socioeconomic
status, and mental health variables, music training showed no significant direct
effect on empathy. In contrast, musical sophistication significantly and posi-
tively predicted the fantasy dimension of cognitive empathy and even served
as a mediator between music training and this dimension. For state empathy,
using a pain empathy paradigm, we found that musicians experienced stronger
empathic responses when witnessing others in pain compared to non-musicians.
This state empathy was serially mediated by musical sophistication and the
fantasy dimension of trait cognitive empathy. In summary, music training in-
directly enhances cognitive empathy (fantasy) in trait empathy by improving
musical sophistication, which in turn enables musicians to show greater em-
pathic resonance with others’ pain states. These findings reveal the mechanisms
through which musical experience promotes empathic abilities.
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Introduction
Empathy is the capacity or psychological process through which individuals ac-
curately perceive and experience others’ emotional states, generating a resonant
response (Preston & de Waal, 2002). It plays a critical role in social interaction
and cooperation (Han et al., 2009) and serves as a key motivational factor di-
rectly triggering prosocial behavior (Batson et al., 2007), capable of predicting
individuals’ prosocial tendencies (Eisenberg & Miller, 1987; Roberts & Strayer,
1996; Zhang et al., 2021). Empathy functions both as a stable personality trait
or ability and as a psychological process (Huang & Su, 2010), with the empathic
process emerging from the interaction between trait capacities and situational
influences (Cuff et al., 2016). Trait empathy represents relatively stable abili-
ties or personality traits, reflecting how well individuals can understand and feel
others’ mental states and thoughts. State empathy, conversely, is a psycholog-
ical process occurring in real-world contexts, influenced not only by individual
trait empathy but also subject to change with varying situations and emotional
states.

Empathy comprises both cognitive and affective components. The cognitive
component refers to the ability to identify and understand others’ emotions or
perspectives (including real-world perspective-taking and immersing oneself in
a protagonist’s role and circumstances in fictional scenarios), involving higher-
order cognitive processes such as self-other distinction and reasoning. The affec-
tive component reflects the capacity to perceive and experience others’ states,
involving more automatic, primary cognitive processes (Walter, 2012). These
two components are neurologically dissociable (Shamay-Tsoory et al., 2009; Fan
et al., 2011; Yu & Chou, 2018). Notably, the ability to distinguish self from
others is fundamental to empathy. During state empathy, individuals must
process perspective information from both self and other viewpoints to achieve
emotional sharing and cognitive regulation (Huang & Su, 2010; Cuff et al.,
2016). Research by Zhong et al. (2015) found that higher self-other overlap
leads to more pronounced helping behavior, demonstrating that the overlap in
self-other information representation is particularly important for generating
prosocial behavior.

Empathy essentially requires “feeling with” others, necessitating the utilization
of overlapping emotional or sensory information from both self and other per-
spectives in state empathy. Pain empathy represents a crucial form of state
empathy, manifesting as the degree to which individuals resonate with others’
pain when witnessing painful situations (Meng et al., 2010). Pain empathy
paradigms allow simultaneous collection of self-reported feelings and judgments
about others’ feelings on identical measurement scales (Han et al., 2009), thereby
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quantifying the degree of “feeling with” in state empathy.

Music and empathy are closely intertwined. As a unique and ancient social
activity, music can reduce interpersonal distance and enhance group cohesion
(Cross et al., 2012). The “Music and Social Bonding” hypothesis (Savage et al.,
2021) posits that supporting social connection and facilitating social interaction
are core functions in the evolution of human music, with a potential causal re-
lationship between music and social bonding. Music’s rhythmic structure and
repetitive characteristics promote interpersonal synchronization and coordina-
tion (e.g., dance, choir), while its sociocultural meanings help construct and
strengthen group identity. The rich social interactions and connections gener-
ated through musical participation and intervention foster prosocial behavior
(Savage, 2019; Savage et al., 2021). Moreover, empathic ability plays an impor-
tant role in music perception and interaction. Individuals with high empathy
are better at recognizing emotions expressed in music (Steele, 2019), particularly
sadness (Eeroia et al., 2016; Kawakami & Katahira, 2015; Wöllner, 2012), and
more easily synchronize with others musically (Stupacher et al., 2022). During
music appreciation, individuals undergo a process similar to empathy, imagin-
ing music as a virtual “personality” with its own emotions and intentions, and
connecting it with their own thoughts and feelings to understand, experience,
and interpret music (Jackendoff & Lerdahl, 2006; Perlovsky, 2012; Epperson,
1967). This musical empathizing—a more perceptual cognitive process of under-
standing others’ emotions and self-reflection—represents an important cognitive
style in music perception and experience (Greenberg & Rentfrow et al., 2015).

Consequently, music training is considered an effective means to enhance empa-
thy (Wu & Lu, 2021). Studies show that after music training, children exhibit
more cooperative behavior (Rabinowitch & Knafo-Noam, 2015; Rabinowitch &
Meltzoff, 2017; Wan & Zhu, 2021), are more willing to help others (Wan & Zhu,
2021), and develop prosocial skills (Schellenberg et al., 2015). Longitudinal
research indicates that compared to control groups, 6-7-year-old children who
received three months of music training showed significantly improved empathy
(Kalliopuska & Ruókonen, 1986), with effects persisting at nine-month follow-up
(Kalliopuska & Ruókonen, 1993). Music training has also been found to signifi-
cantly enhance affective empathy in 10-year-old schoolchildren (Rabinowitch et
al., 2013), though this study did not measure cognitive empathy. Regarding
mechanisms, some researchers propose that music training enhances perception
of emotion carried in sound, making adult musicians more sensitive to pitch
information in vocal processing than non-musicians, which aids emotional un-
derstanding (Kraus & Chandrasekaran, 2010). Research shows musicians’ sensi-
tivity to pitch information helps perceive infant emotions (Parsons et al., 2014),
indirectly reflecting higher empathy levels. Long-term music training can alter
brain structure, shaping musicians’ ventromedial prefrontal cortex (vmPFC)
and inferior frontal gyrus (IFG) (Olszewska et al., 2021)—brain regions over-
lapping with those involved in processing cognitive and affective components
of empathy (Shamay-Tsoory et al., 2009). However, direct evidence confirming
music training’s promotion of adult empathy remains lacking, and it is unclear
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whether its effects occur in cognitive or affective components.

Therefore, investigating music training’s impact on empathy requires examining
its effects on different components. Davis (1983) proposed four dimensions—
Perspective Taking, Fantasy, Empathic Concern, and Personal Distress—to
comprehensively assess trait empathy. Fantasy, as the ability to immerse oneself
in fictional situations, is closely related to artistic activities (including music)
(Stotland, 1978). Perspective Taking, while not directly associated with music
activities, represents the ability to place oneself in others’ real-world situations.
Fantasy and Perspective Taking represent cognitive empathy abilities, with re-
search finding associations between these dimensions and preference for sad mu-
sic (Kawakami & Katahira, 2015). The latter two dimensions focus on bottom-
up emotional sharing, representing the capacity to generate empathic concern
and process personal distress, respectively—components of affective empathy.
Rabinowitch et al. (2013) suggested music training enhances this component,
though supporting evidence remains limited. Additionally, current research
on music training’s promotion of empathy has been restricted to subjective self-
report measures of trait empathy (Kalliopuska & Ruókonen, 1986, 1993), leaving
unclear whether state empathy measured behaviorally is similarly affected.

Meanwhile, researchers typically use music training to assess musical experience
(e.g., Kraus & Chandrasekaran, 2010). Music training involves acquiring profes-
sional musical skills through long-term, continuous, and specialized instruction.
Besides longitudinal intervention studies, existing research also distinguishes
trained individuals through cross-sectional comparisons of musician and non-
musician groups. Musicians are defined as those who have received years of
music education and maintained regular training frequency over substantial
periods (Schellenberg & Lima, 2024). However, musical experience is not exclu-
sive to professionally trained individuals; it can also be acquired through active
or passive participation in musical activities based on innate predispositions.
Therefore, using only music training to assess musical experience is narrow and
cannot effectively differentiate the broader population of non-musicians who
have never received training. Musical sophistication is a continuous measure
that comprehensively assesses musical experience, considering not only training
but also daily musical engagement, investment, and perceptual abilities (Mül-
lensiefen et al., 2014). Musical sophistication can reflect individuals’ musical
experience across both musicians and non-musicians, making it applicable to
diverse populations and compensating for the limitations of using only music
training as a variable, thereby facilitating deeper investigation into whether
music’s impact on empathy is limited to the training pathway.

In summary, this study aimed to examine the effects of music training and mu-
sical sophistication on cognitive and affective components of trait empathy and
on state empathy in painful situations, using questionnaire measures and behav-
ioral research. The study comprised two parts: Study 1 used questionnaires to
investigate relationships among music training, musical sophistication, and trait
empathy in professional musicians and the general population, focusing on how
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music training and sophistication affect different empathy dimensions. Given
that empathy is influenced by gender (Chen et al., 2014; Burton & Nkwo, 2022),
mental states (e.g., anxiety, depression, alexithymia) (Davis, 1983; Yan et al.,
2021), openness personality (Hekmat et al., 1975; Koivisto et al., 2023), and
socioeconomic status (Wei et al., 2022), we controlled for these variables. While
music training has been shown to promote prosocial behavior and trait empa-
thy, this facilitation may stem from accumulated overall musical experience.
Therefore, Study 1 analyzed the effects of music training and musical sophisti-
cation on trait empathy. We hypothesized that musicians would show higher
trait empathy than non-musicians and that musical sophistication would pos-
itively correlate with trait empathy, though the specific relationships between
training, sophistication, and empathy components required exploration. Since
Study 1 relied on self-report measures lacking objective evidence and could not
reflect state empathy in real-world contexts, Study 2 employed a pain empa-
thy paradigm to examine whether music training and sophistication facilitate
empathic resonance with others’ pain. Empathy is an important motivator for
prosocial behavior, and based on existing research, we reasonably hypothesized
that both music training and sophistication would enhance state empathy—
specifically, increase empathic resonance with others’ pain. If supported, and
considering that state empathy is necessarily influenced by trait empathy, we
further hypothesized that music training and sophistication’s effects on trait
empathy would predict pain empathy levels.

Study 1: Questionnaire Study on Musical Experience and
Trait Empathy
2.1.1 Participants

Using G*Power (Faul et al., 2009), the minimum required sample size for group
comparisons was calculated as 200 (Cohen’s d = 0.20, 𝛼 = 0.05, power = 80%);
for correlation analysis, the minimum was 191 (r = 0.20 for medium effect, 𝛼
= 0.05, power = 80%). This study recruited 251 healthy students, including
130 musicians (80 females; age 21.00 ± 2.10 years), primarily from the China
Conservatory of Music and Nanjing Normal University’s School of Music, and
121 non-musicians (60 females; age 22.40 ± 2.78 years). Musician participants
were professionals or majors in instrumental performance, with at least ten years
of professional music training and a minimum of four training sessions per week
over the past three years. Non-musician participants had less than two years of
professional music training. All participants provided informed consent before
completing questionnaires. This study was approved by the Ethics Committee
of the Institute of Psychology, Chinese Academy of Sciences.

2.1.2 Measures

This study employed multiple questionnaire measures: the Interpersonal Reac-
tivity Index (IRI), Goldsmiths Musical Sophistication Index (Gold-MSI), Ten-
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Item Personality Inventory (TIPI), State-Trait Anxiety Inventory (STAI), 13-
item Beck Depression Inventory (BDI-13), 20-item Toronto Alexithymia Scale
(TAS-20), and Subjective Social Status Scale for college students (SSS).

The Interpersonal Reactivity Index (IRI) (Davis, 1983) measured trait empathy
using a 5-point scale (“0” = “does not describe me well” to “4” = “describes
me very well”), comprising four subscales: Perspective Taking (PT), Fantasy
(FS), Empathic Concern (EC), and Personal Distress (PD). The PT and FS
subscales assess individuals’ ability to understand and immerse themselves in
others’ situations, with higher scores indicating stronger cognitive empathy; the
EC and PD subscales focus on individuals’ own emotional responses and tenden-
cies, with higher scores indicating stronger affective empathy (Davis, 1983; Ren
et al., 2019). The original IRI contains 28 items; the Chinese version (IRI-C)
includes 22 items with good reliability and validity (Zhang et al., 2010). In this
study, Cronbach’s 𝛼 coefficients for PT, FS, EC, and PD were 0.73, 0.73, 0.73,
and 0.86, respectively.

The Goldsmiths Musical Sophistication Index (Gold-MSI) (Müllensiefen et al.,
2014) assessed musical sophistication in the general population. The Chinese
version (Lin, 2021) contains 38 items: the first 31 use a 7-point scale (“1”
= “completely disagree” to “7” = “completely agree”), while items 32-38 are
multiple-choice questions scored 0-6 for each of seven ordinal options. The ques-
tionnaire includes five subscales—Active Engagement (AE), Perceptual Abilities
(PA), Musical Training (MT), Singing Abilities (SA), and Emotions (E)—and
a composite dimension of General Musical Sophistication (GMS). This study
used the GMS dimension to comprehensively quantify musical sophistication,
with higher scores indicating greater sophistication. Cronbach’s 𝛼 for GMS in
this study was 0.91.

The Ten-Item Personality Inventory (TIPI) (Gosling et al., 2003) measured Big
Five personality traits. The adapted Chinese version (TIPI-C) (Li, 2013) con-
sists of 10 pairs of adjectives covering Openness, Conscientiousness, Extraver-
sion, Agreeableness, and Neuroticism, using a 7-point scale (“1” = “disagree
strongly” to “7” = “agree strongly”). This study used the Openness dimension,
with higher scores indicating greater personality openness. Cronbach’s 𝛼 for
Openness was 0.75.

The State-Trait Anxiety Inventory (STAI) (Spielberger et al., 1983; Wang et
al., 1999) measured anxiety levels, containing 40 items using a 4-point scale
(“1” = “not at all” to “4” = “very much so”), with State Anxiety (STAI-S) and
Trait Anxiety (STAI-T) subscales. Higher total scores indicate higher anxiety
levels. Cronbach’s 𝛼 coefficients for STAI-S and STAI-T were 0.94 and 0.91,
respectively.

The 13-item Beck Depression Inventory (BDI-13) (Collet & Cottraux, 1986)
measured depression levels, comprising 13 multiple-choice items scored 0-3 for
each of four ordinal options, with higher total scores indicating higher depression
levels. Cronbach’s 𝛼 was 0.91.
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The Toronto Alexithymia Scale (TAS-20) (Bagby et al., 1994; Wang et al.,
1999) measured alexithymia levels, containing 20 items using a 5-point scale
(“1” = “strongly disagree” to “5” = “strongly agree”), with higher total scores
indicating higher alexithymia levels. Cronbach’s 𝛼 was 0.87.

The Subjective Social Status Scale for college students (SSS) (Cheng et al.,
2015) measured subjective socioeconomic status, containing 7 items using a 10-
point scale (“1” = lowest level to “7” = highest level), with higher total scores
indicating higher subjective socioeconomic status. Cronbach’s 𝛼 was 0.81.

2.1.3 Common Method Bias Test

Harman’s single-factor test was used for exploratory factor analysis of all ques-
tionnaire scores. Results showed 13 factors with eigenvalues greater than 1.00,
with the first factor explaining 19.18% of variance, below the 40% critical thresh-
old (Zhou & Long, 2004), indicating no significant common method bias.

2.1.4 Data Analysis

To compare differences between musicians and non-musicians on GMS and IRI
subscales, normality tests were first conducted on all questionnaire scores. In-
dependent samples t-tests were used for normally distributed measures, and
Mann-Whitney U tests for non-normally distributed measures. Given gender’s
influence on empathy (Chen et al., 2014) and musical sophistication (Müllen-
siefen et al., 2014) and its potential effects on other control variables, partial
correlation analysis was first used to calculate partial correlation coefficients be-
tween GMS, IRI, and control variables while controlling for gender. All analyses
were conducted in jamovi 2.4 (The jamovi project, 2023), with significance set
at p < 0.05.

To examine the mechanisms through which music training and musical sophisti-
cation affect trait empathy, structural equation modeling was used for path anal-
ysis after controlling for gender, anxiety (STAI-S, STAI-T), depression (BDI),
alexithymia (TAS-20), openness personality (Openness), and subjective socioe-
conomic status (SSS). Music training was a dichotomous variable with “musi-
cian” and “non-musician” factors. Bootstrap mediation analysis was performed
with 5,000 iterations using the generalized Newton method (GN) optimizer,
implemented with the lavaan package in R (Rosseel, 2012).

2.2.1 Differences Between Musicians and Non-Musicians in Trait Em-
pathy and Musical Sophistication

After normality testing, all questionnaire scores except GMS were non-normally
distributed. Therefore, independent samples t-tests were used for GMS, and
Mann-Whitney U tests for other scores.

Regarding musical sophistication, as shown in [Figure 1: see original paper]B,
musicians’ GMS scores were significantly higher than non-musicians’ (t(184.72)
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= 12.66, p < 0.001, Cohen’s d = 1.61). For trait empathy, as shown in [Figure 1:
see original paper]A, musicians scored significantly higher than non-musicians
on both cognitive empathy dimensions (Perspective Taking: W = 6362.50, p
= 0.008, rpb = 0.19; Fantasy: W = 5988.50, p = 0.001, rpb = 0.24), while
differences in affective empathy (Empathic Concern: W = 6858.00, p = 0.079;
Personal Distress: W = 7051.50, p = 0.156) were not significant.

Note: p < 0.01; *p < 0.001.

[Figure 1: see original paper] Differences in trait empathy and musical so-
phistication between musician and non-musician groups. A. Comparison of em-
pathy dimensions between musician and non-musician groups. B. Comparison
of general musical sophistication between musician and non-musician groups.

2.2.2 Descriptive Statistics and Partial Correlation Analysis Results

As shown in , after controlling for gender, musical sophistication (GMS) was
significantly positively correlated with Perspective Taking (PT), Fantasy (FS),
and Empathic Concern (EC), but significantly negatively correlated with Per-
sonal Distress (PD). Musical sophistication also showed strong correlations with
other control variables.

**** Descriptive statistics and Spearman partial correlations controlling for gen-
der among study variables and control variables (n = 251)

2.2.3 Path Analysis of Music Training and Musical Sophistication
Effects on Trait Empathy

Structural equation modeling analysis (see [Figure 2: see original paper]) showed
that music training’s direct paths to trait empathy subdimensions were all non-
significant (ps > 0.05). However, the indirect path from music training to the
fantasy dimension of cognitive empathy through musical sophistication was sig-
nificant (𝛽 = 0.13, 95% CI: [0.12, 0.35]). Specifically, music training significantly
positively predicted musical sophistication (𝛽 = 0.46, p < 0.001), which in turn
significantly positively predicted fantasy in cognitive empathy (𝛽 = 0.28, p <
0.001).

Note: ***p < 0.001. Bold solid lines indicate significant mediation paths;
dashed lines indicate non-significant direct or mediation paths.

[Figure 2: see original paper] Path analysis diagram of music training and
musical sophistication effects on trait empathy

2.3 Discussion

Study 1 examined relationships between music training, musical sophistication,
and cognitive and affective components of trait empathy through questionnaire
surveys. Results showed: (1) Compared to non-musicians, musicians scored
significantly higher on Perspective Taking and Fantasy dimensions of cognitive
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empathy; (2) Musical sophistication was significantly positively correlated with
Perspective Taking and Fantasy in cognitive empathy and Empathic Concern in
affective empathy, but significantly negatively correlated with Personal Distress;
(3) Musical sophistication showed significant correlations with other empathy-
related variables. After controlling for gender, personality openness, and mental
states, path analysis revealed that musical sophistication only significantly pre-
dicted the fantasy dimension of cognitive empathy. While music training could
not directly predict trait empathy components, it could predict fantasy in cog-
nitive empathy through the mediating effect of musical sophistication.

To investigate music training’s impact on trait empathy, we compared musi-
cian and non-musician groups, finding that music training was associated with
better trait empathy, consistent with previous research (Kalliopuska & Ruóko-
nen, 1986, 1993). This group difference was primarily manifested in cognitive
components. Cognitive empathy emphasizes understanding and immersing one-
self in others’ situations, including Perspective Taking and Fantasy dimensions,
with Perspective Taking situated in real-world contexts and Fantasy in fictional
contexts (e.g., books, films) (Davis, 1983). This contradicts Rabinowitch et
al.’s (2013) findings, with differences in music training duration potentially ex-
plaining inconsistent results. Musicians in this study had over ten years of
high-frequency music training, whereas Rabinowitch et al. (2013) used a shorter
intervention period in their longitudinal design. Long-term professional music
training may help musicians excel in complex cognitive tasks such as imitating
others’ actions and emotions (Cross et al., 2012) and inferring others’ emotions
(Kalliopuska & Tiitinen, 1991), thus demonstrating advantages in cognitive em-
pathy.

This study further examined musical sophistication levels in musicians and non-
musicians, finding that musical sophistication also significantly correlated with
trait empathy, particularly in cognitive components. This further indicates that
musical experience positively predicts empathy ability, mainly reflected in en-
hanced cognitive components. However, besides strong correlations with trait
empathy, musical sophistication also correlated strongly with factors such as
personality and subjective socioeconomic status that are strongly associated
with trait empathy. Therefore, musical sophistication may have strong covari-
ation with other psychological structures influencing trait empathy. Previous
research has confirmed that openness personality predicts both empathy (Hek-
mat et al., 1975; Koivisto et al., 2023) and musical sophistication (Greenberg
& Muellensiefen et al., 2015; Klarlund et al., 2023). This study also found
strong correlations between openness personality and both trait empathy and
musical sophistication. Furthermore, path analysis results showed that after
excluding confounding variables and including music training, musical sophisti-
cation still significantly predicted fantasy in cognitive empathy and mediated
music training’s effect on trait empathy. Thus, a strong and stable intrinsic
association exists between musical experience and cognitive empathy, not solely
derived from music training benefits; rather, enhanced musical sophistication is
the primary pathway through which music training promotes trait empathy.
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Music appreciation relies on imagination (Stotland, 1978). Individuals with
high musical sophistication have stronger perceptual abilities across musical
dimensions and greater daily engagement in musical activities (Müllensiefen et
al., 2014), making it easier for them to immerse themselves in fictional scenarios
and resonate with characters (Epperson, 1967; Jackendoff & Lerdahl, 2006;
Perlovsky, 2012).

In summary, musical experience acquired through either professional training
or daily activities/innate predispositions positively influences cognitive compo-
nents of trait empathy. Music training significantly enhances individuals’ cog-
nitive empathy, while musical sophistication significantly predicts cognitive em-
pathy and plays an important mediating role in improving cognitive empathy
through music training. Study 1 used questionnaires to measure trait empathy,
which lacks situational context and fails to measure and discuss the crucial empa-
thy characteristic of “self-other distinction.” Therefore, Study 2 employed a pain
empathy paradigm with relatively simple scenarios and low reporting burden to
explore how musical experience affects state empathy in realistic contexts.

Study 2: Behavioral Experiment on Musical Experience
and State Empathy
3.1.1 Participants

Using G*Power, the minimum required sample size for a mixed-effects model
with seven predictors was approximately 104 (�1 = 0, �2 = 0.04, 𝛼 = 0.04, power
= 80%). This study recruited 120 healthy students, including 59 musicians (40
females; age 20.6 ± 2.74 years), primarily from the China Conservatory of Music,
and 61 non-musicians (31 females; age 23.3 ± 2.87 years). Recruitment criteria
for musicians and non-musicians were identical to Study 1. All participants
had normal hearing (pure-tone thresholds ≤ 25 dB at 250-8000 Hz), normal
or corrected-to-normal vision, normal intelligence ($�$85% correct on Raven’s
Progressive Matrices), were right-handed, and had no acute or chronic pain
conditions or medication use.

3.1.2 Measures

This study continued using measures from Study 1, including the IRI, Gold-
MSI, STAI, BDI, and TAS-20. Additionally, the Musical Ear Test (MET) (Wal-
lentin et al., 2010) objectively measured musical abilities, including melody and
rhythm discrimination. Participants listened to instructions and musical stim-
uli, then responded whether melodies/rhythms were identical. With 52 items
each for melody and rhythm, this test authentically reflects musical ability levels
and validates the musician/non-musician grouping. Results showed musicians
performed significantly better than non-musicians on both melody (W = 310.50,
p < 0.001, rpb = 0.83) and rhythm (t(110.16) = 3.57, p < 0.001, Cohen’s d =
0.65) discrimination.
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3.1.3 Experimental Task

To maximize the “feeling with” characteristic of state empathy while
avoiding complex feelings (e.g., emotions) that increase reporting bur-
den, this study measured performance on a pain empathy task, adapt-
ing and improving upon Han et al.’s (2009) paradigm. The experiment
used 36 three-second pain stimulus videos divided into three types: nee-
dle_{{{with}}{{expression}}}, needle{{{without}}{{expression}}}, and
cotton{{{swab}}{{without}}}{expression} (see [Figure 3: see original paper]).
All videos featured six protagonists (3 male, 3 female), each undergoing three
stimulus types, with left and right needle/cotton swab insertion directions,
presented in random order.

Participants were informed they would watch pain-related videos and respond
to on-screen questions via keypress. The experiment included two blocks of
18 trials each; participants answered two questions per trial. The procedure
(see [Figure 3: see original paper]) was: participants first saw the first ques-
tion (“How painful do you think the protagonist in the video feels?”) for 4
seconds, then viewed the pain stimulus video. After watching, they rated pain
intensity from the other’s perspective (1-6, “1” = “not painful at all,” “6” =
“extremely painful”) within 6 seconds, instructed to respond as quickly as possi-
ble while maintaining accuracy. After answering, a 1-2 second interval preceded
the second question (“To what extent did you yourself feel pain?”), with iden-
tical stimulus presentation and rating procedures. In this phase, participants
watched the same pain video and rated pain from the self-perspective. After
responding, a 1-2 second interval preceded the next trial. Participants could
rest 1-2 minutes between blocks.

3.1.4 Data Analysis

[Figure 3: see original paper] Pain empathy experimental flowchart

First, participants’ ratings across two evaluation perspectives and three stim-
ulus types were averaged, yielding six scores per participant. Based on the
experimental design, this study used the ratio of self-pain ratings to other-pain
ratings to quantify empathic resonance. This ratio reflects consistency between
self-feelings and other-feelings at the individual level, as both were evaluated
on identical psychological scales. Ratios closer to 1 indicate greater alignment
between self- and other-pain ratings, demonstrating empathic resonance with
others’ pain. At the group level, this ratio eliminates individual differences
in psychological scaling, considering only consistency between the two perspec-
tives, which aligns with empathy’s basic definition and effectively describes state
empathy. Larger ratios indicate higher self-pain ratings relative to other-pain
ratings, suggesting stronger subjective empathic pain responses. The formula
was:

Degree of Pain Empathic Resonance = Self-Pain Rating / Other-Pain
Rating
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This formula was calculated for each participant under two painful conditions
(needle_{{{with}}{{expression}}} and needle{{{without}}{{expression}}});
the cotton{{{swab}}{{without}}}{expression} control condition was excluded
from analysis. The resulting pain empathic resonance index served as the
dependent variable in subsequent linear mixed-effects models and path analyses.

In the linear mixed-effects model, fixed-effect independent variables included
music training, musical sophistication, stimulus type, and interactions between
music training/sophistication and stimulus type. Since musical sophistication
partially derives from professional music training experience, this analysis first
regressed out music training’s influence from musical sophistication, then in-
cluded the residuals in the model. Additionally, gender, trait anxiety (STAI-T),
depression (BDI), and alexithymia (TAS-20) were included as control variables.
State anxiety (STAI-S) was measured 3-14 days before the formal experiment,
making it less relevant to the experimental state and thus excluded from Study
2 analyses. Given individual differences in rating sensitivity, a random inter-
cept model was used with participants as random variables. This analysis was
implemented using the lme4 package in R (Bates et al., 2015).

To further explore pathways through which music training and sophistication
affect pain empathy from the perspective of trait empathy’s influence on state
empathy, this study built upon Study 1’s conclusions to construct a serial medi-
ation model examining the path from music training through musical sophisti-
cation and trait empathy to pain empathy. Structural equation model construc-
tion followed Study 1’s approach. Mediation effects were tested using bootstrap
analysis with 5,000 iterations and the Gaussian-Newton algorithm optimizer,
implemented with the lavaan package in R (Rosseel, 2012).

3.2.1 Effects of Music Training and Musical Sophistication on Pain
Empathy

In the cotton_{{{swab}}{{without}}}{expression} condition, both groups’
pain ratings were very low (self-perspective: M ± SD_{musicians} = 1.13
± 0.21, M ± SD_{non}-musicians = 1.05 ± 0.10; other-perspective: M ±
SD_{musicians} = 1.17 ± 0.22, M ± SD_{non}-musicians = 1.16 ± 0.27) with
no significant difference (F(1, 118) = 1.48, p = 0.226). The main effect of rating
perspective was significant (F(1, 118) = 13.27, p < 0.001, �2 = 0.10), with
self-perspective ratings significantly lower than other-perspective ratings, and
no interaction between rating perspective and music training (F(1,118) = 2.89,
p = 0.092). A 2 (music training group) × 3 (stimulus type) repeated-measures
ANOVA revealed no main effect of music training group (F(1,118) = 0.20,
p = 0.657) and no interaction between music training group and stimulus
type (F(2, 236) = 0.91, p = 0.404). The main effect of stimulus type was
significant (F(2, 236) = 759.30, p < 0.001, �2p = 0.87). Post-hoc compar-
isons showed needle_{{{with}}{{expression}}} was significantly higher than
needle{{{without}}{{expression}}} (t(118) = 18.83, pBonferroni < 0.001)
and cotton{{{swab}}{{without}}}{expression} (t(118) = 34.78, pBonferroni
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< 0.001), and needle_{{{without}}{{expression}}} was significantly higher
than cotton{{{swab}}{{without}}}{expression} (t(118) = 22.30, pBonferroni
< 0.001), demonstrating effective pain manipulation.

A linear mixed-effects model was constructed with pain empathic resonance as
the dependent variable. The model passed distortion tests, with random ef-
fects ICC = 0.35. As shown in , after controlling for other variables, main
effects of music training and stimulus type were significant in fixed effects (mu-
sic training: 𝛽 = 0.16, SE = 0.07, t = 2.08, p = 0.040, 95% CI: [0.01, 0.30],
see [Figure 4: see original paper]C; stimulus type: 𝛽 = –0.30, SE = 0.05, t =
–6.01, p < 0.001, 95% CI: [–0.40, –0.20], see [Figure 4: see original paper]D).
Pain empathic resonance scores closer to 1 indicate greater consistency between
self- and other-pain ratings, reflecting stronger empathic resonance. Therefore,
one-sample t-tests were conducted separately for musicians and non-musicians.
Musicians’ empathic resonance scores did not significantly differ from 1 (self:
M = 3.41, SE = 0.12; other: M = 3.92, SE = 0.12, see [Figure 4: see original
paper]A; ratio: M = 1.02, SE = 0.04, t(117) = 0.41, p = 0.683, Cohen’s d =
0.04, see [Figure 4: see original paper]C), while non-musicians’ scores were sig-
nificantly less than 1 (self: M = 3.63, SE = 0.12; other: M = 3.81, SE = 0.12,
see [Figure 4: see original paper]A; ratio: M = 0.91, SE = 0.04, t(121) = –2.47,
p = 0.015, Cohen’s d = 0.22, see [Figure 4: see original paper]C). Under nee-
dle_{{{without}}{{expression}}} stimulation, both self- and other-pain ratings
were low (self: M = 3.05, SE = 0.11; other: M = 3.04, SE = 0.10, see [Fig-
ure 4: see original paper]B), with empathic resonance not significantly different
from 1 (M = 1.08, SE = 0.05, t(119) = 1.76, p = 0.081, Cohen’s d = 0.16,
see [Figure 4: see original paper]D). Under needle{{{with}}_{{expression}}}
stimulation, others were perceived as experiencing more pain (self: M = 3.99,
SE = 0.12; other: M = 4.69, SE = 0.08, see [Figure 4: see original paper]B),
with empathic resonance significantly less than 1 (M = 0.84, SE = 0.02, t(119)
= –9.40, p < 0.001, Cohen’s d = 0.86, see [Figure 4: see original paper]D). Main
effects of musical sophistication and all interaction effects were non-significant
(ps > 0.10).

Note: p < 0.05; **p < 0.001. Error bars represent M ± 1 SE.

[Figure 4: see original paper] Effects of music training and stimulus type on
pain ratings and pain empathic resonance. A. Mean pain ratings from different
evaluation perspectives for musicians and non-musicians. B. Mean pain ratings
across stimulus conditions and evaluation perspectives. C. Empathic resonance
degree for musicians and non-musicians. D. Empathic resonance degree across
stimulus conditions.

**** Fixed effects results from linear mixed-effects model of music training,
musical sophistication, and stimulus type effects on pain empathic resonance
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Fixed Effect 𝛽 SE t p 95% CI of 𝛽
Music training
(musician-non-
musician)

0.16 0.07 2.08 0.040* [0.01, 0.30]

Musical sophistication
(residualized)

0.10 0.08 1.30 0.196 [–0.04, 0.25]

Stimulus type (nee-
dle_{{{without}}{{expression}}}-
needle{{{with}}_{{expression}}})

–
0.30

0.05 –
6.01

<0.001***[–0.40, –0.20]

Music training ×
stimulus type

–
0.04

0.05 –
0.83

0.409 [–0.14, 0.06]

Stimulus type ×
musical sophistication

–
0.07

0.05 –
1.38

0.169 [–0.17, 0.03]

Music training ×
musical sophistication

0.07 0.08 0.90 0.371 [–0.08, 0.22]

Gender (female-male) 0.07 0.07 0.96 0.339 [–0.07, 0.20]
TAS-20 –

0.11
0.08 –

1.41
0.162 [–0.26, 0.04]

STAI-T –
0.11

0.08 –
1.38

0.169 [–0.26, 0.04]

Note: p < 0.05; **p < 0.001.

3.2.2 Serial Mediation of Music Training Effects on Pain Empathy
Through Musical Sophistication and Fantasy

Study 2 first validated Study 1’s path analysis results: music training affected
Perspective Taking and Fantasy in trait cognitive empathy through musical so-
phistication, with both mediation effects significant (Perspective Taking: 𝛽 =
0.16, 95% CI: [0.02, 0.31]; Fantasy: 𝛽 = 0.25, 95% CI: [0.10, 0.41]). Meanwhile,
correlation analysis between trait empathy and pain empathy showed that Fan-
tasy in cognitive empathy and Empathic Concern in affective empathy were
significantly correlated with pain empathic resonance (Fantasy: � = 0.21, p =
0.001; Empathic Concern: � = 0.21, p = 0.001). Consequently, the final path
model was constructed as music training → musical sophistication → Fantasy
→ pain empathy. Results (see [Figure 5: see original paper]) showed that music
training only indirectly affected pain empathy through the serial mediation of
musical sophistication and Fantasy (𝛽 = 0.05, 95% CI: [0.001, 0.09]). Specif-
ically, music training positively predicted musical sophistication (𝛽 = 0.80, p
< 0.001), musical sophistication positively predicted Fantasy (𝛽 = 0.55, p <
0.001), and Fantasy positively predicted pain empathy (𝛽 = 0.11, p = 0.033).
Although music training negatively predicted Fantasy (𝛽 = –0.24, p = 0.007), its
indirect effect on pain empathy through Fantasy mediation was non-significant
(𝛽 = –0.03, 95% CI: [–0.06, 0.01]). Music training’s direct and other indirect
paths to pain empathy were non-significant (ps > 0.100). Similarly, musical

chinarxiv.org/items/chinaxiv-202409.00129 Machine Translation

https://chinarxiv.org/items/chinaxiv-202409.00129


sophistication only indirectly affected pain empathy through Fantasy media-
tion (𝛽 = 0.06, 95% CI: [0.001, 0.12]), with its direct path to pain empathy
non-significant (p = 0.255).

Note: p < 0.05; p < 0.01; p < 0.001. Bold solid lines indicate significant
mediation paths; dashed lines indicate non-significant direct or mediation paths.

[Figure 5: see original paper] Path analysis diagram of music training,
musical sophistication, trait empathy, and pain empathy

3.3 Discussion

Study 2 investigated music training and musical sophistication effects on state
empathy using a pain empathy paradigm. Linear mixed-effects model results
showed significant main effects of music training and stimulus type, specifically
that musicians showed significantly greater pain empathy than non-musicians,
and pain empathy was significantly greater in the with-expression condition
than the without-expression condition.

First, significant main and interaction effects of rating perspective and stimu-
lus type supported the experimental design’s validity. For rating perspective,
self-pain ratings were significantly lower than other-pain ratings, demonstrating
that participants’ feelings differed across perspectives and that they achieved
self-other distinction during state empathy. For stimulus type, besides needle
stimuli receiving higher ratings than cotton swab stimuli, painful expressions
also produced significantly higher pain ratings than non-expression stimuli, sim-
ilar to Han et al.’s (2009) behavioral results. Simple effects analysis of the rating
perspective × stimulus type interaction showed that self-ratings were signifi-
cantly lower than other-ratings only in the painful expression condition. These
results demonstrate effective stimulus manipulation, with condition differences
helping participants construct appropriate psychological scales.

The significant main effect of music training on pain empathy, with musicians
showing closer alignment between self- and other-pain ratings, indicates that
compared to non-musicians, musicians experienced smaller differences between
their own feelings and evaluations of others’ pain, feeling more similar to oth-
ers and better able to “feel with” others’ pain. Rabinowitch et al. (2013) used
a facial expression matching task where children selected faces matching their
feelings after watching animations; selections matching the target character’s
emotion were marked as “matches,” with match rate quantifying state empathy.
Their results showed children receiving music training intervention had higher
match rate increases than controls (though differences were non-significant).
Study 2’s significant results using a pain empathy paradigm support that music
training helps improve state empathy, suggesting music training helps individu-
als show stronger state empathy in specific contexts, which may be an important
reason for its promotion of prosocial behavior. However, musical sophistication
controlling for music training showed no significant main effect, further support-
ing the important role of acquired music training in improving empathy.
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This study also explored relationships among musical experience, trait empa-
thy, and state empathy, further explaining potential processes and mechanisms
through which music training affects state empathy. Results showed music
training’s effect on “feeling with” degree was only serially mediated by musical
sophistication and Fantasy in cognitive empathy, with both musical sophistica-
tion and Fantasy as necessary mediators. Individuals with music training have
higher musical sophistication, greater imagination, and stronger self-feelings of
protagonists’ pain in fictional contexts. Meanwhile, musical sophistication en-
hancement cannot directly promote empathy for others’ pain states but requires
mediation through cognitive components of trait empathy (Fantasy).

In summary, acquired musical experience significantly affects state empathy,
with musical sophistication and trait cognitive empathy (especially Fantasy)
playing crucial mediating roles, both being indispensable. Professional musi-
cians can better empathize with protagonists in pain stimuli than non-musicians,
an effect serially mediated by musical sophistication and cognitive empathy (Fan-
tasy) in trait empathy. Specifically, individuals with professional music training
have higher musical sophistication, stronger imagination, and show smaller dif-
ferences between self-feelings and evaluations of others’ pain when watching oth-
ers in pain, enabling stronger empathic resonance. However, after controlling for
music training’s influence, musical sophistication showed no direct association
with state empathy, only mediating it through cognitive empathy (Fantasy) in
trait empathy.

General Discussion
This study used questionnaire surveys and behavioral experiments to explore
musical experience effects on trait and state empathy, quantifying musical ex-
perience through music training and musical sophistication indicators. Study 1
found through questionnaires that music training promotes cognitive empathy
(Fantasy dimension) in trait empathy, while musical sophistication significantly
predicts cognitive empathy and importantly mediates music training’s effect on
improving cognitive empathy. Study 2 found through a pain empathy paradigm
that music training promotes pain state empathy through serial mediation of
musical sophistication and Fantasy in trait cognitive empathy. Overall, musical
experience promotes cognitive empathy in trait empathy; music training can
enhance imagination (cognitive empathy) in trait empathy by improving musi-
cal sophistication, helping musicians achieve stronger ability to feel with others’
pain states.

This study demonstrates musical experience’s promoting effect on empathy,
supporting the “Music and Social Bonding” hypothesis. This hypothesis em-
phasizes music’s important role in interpersonal interaction, proposing music as
a coevolved system for social bonding. This is because music initially served
language-like functions, greatly facilitating group coordination and communi-
cation when language efficiency was low—a property retained throughout evo-
lution (Savage et al., 2021). Previous research found music training promotes
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prosocial behavior. Schellenberg et al. (2015) found that after 10 months of
music training, schoolchildren showed better prosocial skills. Rabinowitch and
colleagues studied group music training effects in preschool (Rabinowitch &
Meltzoff, 2017) and school-age children (Rabinowitch & Knafo-Noam, 2015),
finding trained children performed better in cooperative games, indicating posi-
tive effects on children’s social interaction and prosocial behavior development.
These findings show music training changes prosocial behavior, but how it affects
the psychological structures motivating behavioral change remains unconfirmed.
The empathizing process in music appreciation (Epperson, 1967; Jackendoff &
Lerdahl, 2006; Perlovsky, 2012; Greenberg & Rentfrow et al., 2015) and the
“empathy-altruism behavior” hypothesis (Batson et al., 2007) emphasize empa-
thy’s importance in music and prosocial behavior. Study 1 confirmed from a
trait empathy perspective that music training promotes empathy, supporting
Kalliopuska and Ruókonen’s (1986, 1993) conclusions while finding that music
training primarily promotes cognitive components.

Moreover, individuals can acquire musical experience not only through music
training but also through non-professional pathways such as innate or acquired
musical activities. From the musical sophistication perspective, Study 1 re-
sults confirmed that even after strictly controlling irrelevant variables, musical
sophistication still significantly predicted cognitive empathy in trait empathy.
This demonstrates musical sophistication may have stable, direct effects on trait
empathy, supporting the “Music and Social Bonding” hypothesis’s proposition
that music adapts for social bonding. The connection between music and em-
pathy may originate not only from training but also from musically sophisti-
cated individuals such as those with musical talent or strong music appreci-
ation. Long-term professional training is ultimately rare, but musical expe-
rience’s enhancement of empathy can extend to non-professional populations.
However, Study 2 found from a state empathy perspective that music training
significantly predicted pain empathy, while musical sophistication controlling
for training showed no such effect. Path analysis showed music training pro-
motes imagination through improved musical sophistication, which then affects
pain empathy, replicating Study 1’s results and identifying a potential pathway
for music training’s effect on state empathy.

This suggests acquired professional music training is necessary for empathy en-
hancement. Possibly because compared to other sophistication-enhancing meth-
ods, music training more directly trains coordination abilities (Savage et al.,
2021), which helps imagination and immersion across different perspectives.
Compared to the general population, musicians’ musical sophistication obtained
through long-term professional training is more effective in enhancing empathy,
primarily manifested in promoting state empathy.

Across both studies, Fantasy in trait empathy played a crucial role. Study 1
found musical sophistication strongly correlated with Fantasy in cognitive em-
pathy, with music training improving Fantasy through enhanced musical sophis-
tication. Study 2 found pain empathy degree strongly correlated with Fantasy
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ability in trait cognitive empathy, which was a necessary mediator in the path-
way from music training and sophistication to pain empathy. First, Fantasy
plays a key role in music experience; Stotland (1978) proposed that music creates
a fictional context where emotional perception and response generation depend
on imagination. Other music aesthetics theories also emphasize Fantasy’s im-
portant role in musical empathy (Jackendoff & Lerdahl, 2006; Perlovsky, 2012;
Epperson, 1967). Music experience’s effects on the cerebellum may also ex-
plain this phenomenon. Olszewska et al. (2021) found long-term music training
strengthened cerebellar white matter fiber connections and increased white mat-
ter volume in musicians. Research also shows Fantasy level positively correlates
with cerebellar Crus2 and pars triangularis of inferior frontal gyrus volume, and
negatively correlates with mean diffusivity in these regions, indicating cerebellar
white matter volume and fiber connections relate to Fantasy level (Picerni et
al., 2021).

This study has two main innovations. First, it comprehensively investigated
musical experience effects on empathy using both music training and musical
sophistication indicators, supporting the “Music and Social Bonding” hypoth-
esis. Second, it quantified “feeling with” degree through self-other perspective
distinction in behavioral experiments, deeply exploring music training and so-
phistication effects on state empathy.

However, limitations exist. First, regarding music training, this study did not
further examine how training onset age, duration, and proficiency affect trait
and pain empathy, though previous research shows these factors influence em-
pathy development (Watanabe et al., 2007; Bailey & Penhune, 2013). Second,
the pain empathy task did not separate cognitive and affective components of
state empathy. The task was relatively simple, requiring minimal reasoning,
and research shows individuals with high pain empathy tend to overestimate
others’ pain (Green et al., 2009), making it difficult to use accuracy rates like
those in the Multifaceted Empathy Test (Dziobek et al., 2008) to represent cog-
nitive empathy. Future research could use other paradigms to further explore
how musical experience affects state empathy’s psychological processing, such
as identifying which components show differences. Finally, this study could not
distinguish innate versus acquired components of musical sophistication effects
on trait and state empathy. Future research could examine whether empathy
relates to innate musical sophistication, or whether acquired sophistication has
specific effects—for example, whether active versus passive music participation
differentially affects empathy—to deepen understanding of the music-empathy
relationship.

This study’s findings indicate musical experience positively predicts cognitive
empathy in trait empathy. Specifically, music training promotes cognitive em-
pathy in trait empathy, while musical sophistication directly affects Fantasy in
cognitive empathy. Long-term music training enables professional musicians to
better feel with others’ pain states, as music training experience can improve
musical sophistication, promote Fantasy in trait empathy, and thereby enhance
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empathy for others’ pain states. Notably, musical sophistication controlling for
music training shows no direct association with state empathy, requiring medi-
ation through Fantasy in trait empathy. This suggests both musical sophistica-
tion and music training positively affect empathy through different pathways,
but trait empathy—especially cognitive empathy’s Fantasy dimension—is a nec-
essary mediator for musical experience’s promotion of state empathy. Musical
sophistication plays a stable mediating role in music training’s enhancement
of trait empathy. These findings theoretically support the “Music and Social
Bonding” hypothesis, revealing that musical sophistication and training may
relate to empathy abilities in different ways, providing insights for understand-
ing music’s important role in prosocial behavior development and for individual
empathy development.
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