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Introduction. Music, despite having little apparent biological value, can evoke pleasure and strong physical responses such as
chills. Research has linked this to the mesolimbic reward system and dopaminergic signaling in the striatum. This narrative
review examines the neural mechanisms of musical pleasure, focusing on reward circuitry, dopamine, and prediction.

Methods. PubMed and Google Scholar were searched using keywords combining music with terms including reward, pleasure,
and prediction. Studies were screened using pre-specified inclusion and exclusion criteria, with additional sources used for
context.

Results. Music engages reward circuitry similar to that involved in food and monetary rewards, and dopamine or frontostriatal
manipulations can alter musical pleasure. Individual differences appear to depend more on connectivity between reward and
auditory systems than on reward system activity alone. Predictive and reward prediction error (RPE) accounts receive support,
but musical pleasure appears to arise from multiple interacting factors including surprise and uncertainty. Notably, however, the

nucleus accumbens (NAc) tracked uncertainty and not surprise, challenging striatal RPE accounts.

Discussion. Dopamine and reward prediction are important but incomplete explanations of musical pleasure.

Predictive,

emotional, aesthetic, and embodied aspects suggest that musical pleasure is a dynamic process involving interactions across
neural systems. Music therefore provides a useful model for understanding reward processing more broadly.
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Introduction

Music is a universal feature throughout human history. Hu-
mans of all ages engage with music in diverse ways: shar-
ing within communities, developing sounds and instruments
unique to one’s culture, or simply listening to popular tunes.
People often experience positive feelings when listening to
their favorite or preferred music, and in some cases, music can
evoke an intense pleasurable response, commonly known as a
“chill”—a phenomenon involving physical sensations, such as
shivers down the spine or involuntary goosebumps, alongside
deeply felt emotional responses .

In neuroscience, pleasure is usually understood as the sub-
jective, hedonic component of reward. Rewarding stimuli
evoke positive feelings that motivate individuals to repeat as-
sociated behaviors, which are often related to survival and re-
production?. While primary rewards, such as food, are essen-
tial for survival, and secondary rewards, such as money, gain
value by indirectly leading to primary rewards, music does not
fit neatly into either category>.

It seems to provide little or no obvious adaptive benefit,
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“musical pleasure”, “musical reward”, “reward prediction”, “neural mechanisms”, “brain networks”, and

cannot be quantified by amount, and its value depends on
the listener’s memories, expectations, and cultural background
rather than on the stimulus alone*.

Yet, for many people, music is one of the largest sources of
pleasure. This raises a compelling question: why do people
find music pleasurable, and how does it produce such intense
experiences of pleasure?

Over the past two decades, neuroimaging has shown that
musical pleasure engages a similar brain circuitry to that
involved in responding to primary and secondary rewards.
This circuitry, broadly known as the mesolimbic reward sys-
tem, involves key structures such as the nucleus accumbens
(NAc), which receives dopaminergic projections from the ven-
tral tegmental area (VTA) and whose activity accompanies the
experience of pleasure and reinforces reward-seeking behav-
ior?”.

The aim of this narrative review is to synthesize and eval-
uate research on the neural mechanisms of musical pleasure,
with particular attention to dopamine, reward circuitry, and
predictive accounts.

It assesses what is reliably known about the brain activity
associated with musical pleasure while distinguishing correla-
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tional evidence from causal evidence. This review also con-
siders the factors that influence the intensity of musical plea-
sure. It concludes by identifying the main open questions and
emerging methods that could move the field forward.

Measurement of Musical Pleasure and Reward Value

Researchers have developed a variety of methods, ranging
from self-report questionnaires to brain imaging, each captur-
ing a different aspect of the experience while complementing
each other. The most direct way to assess musical pleasure
is self-report: subjects rate their pleasure continuously dur-
ing listening, typically by pressing buttons corresponding to
different intensities, or retrospectively after each excerpt®®.
Continuous rating shows how pleasure changes moment to
moment. However, self-reported measures can sometimes be
biased or inaccurate. People may report what they think the
experimenter expects, and they may not have clear access to
their own feelings.

Behavioral measures gauge how subjects act in response
to music rather than what they say. In the auction paradigm,
adapted to music research by Salimpoor and colleagues, sub-
jects bid real money to purchase excerpts they have just
heard®. Bids and pleasure ratings are usually interpreted as
measuring wanting and liking respectively?, although in mu-
sic studies the two tend to move together.

Because emotional responses to music involve the auto-
nomic nervous system (ANS), physiological signals can pro-
vide objective measures of musical pleasure. Measurements
that are commonly taken include heart rate, respiration, elec-
tromyogram (EMG) activity, and skin conductance response
(SCR), which are often observed for correlation with emo-
tional or chill response to music 0.

Neural activity is commonly measured with positron emis-
sion tomography (PET), functional magnetic resonance imag-
ing (fMRI), and electroencephalography (EEG), each with
strengths and trade-offs between spatial and temporal resolu-
tion, and thus they ask non-identical questions.

Music Engages the Reward System: Correlational Studies

What happens in the brain when music evokes pleasure or
even chills? Research on musical pleasure has implicated a
distributed network of brain regions, including the auditory
cortex, emotion-related areas, and most notably, the mesolim-
bic reward system centered on the nucleus accumbens (NAc),
a subregion of the ventral striatum*!°. Figure 1 illustrates the
approximate locations of several key regions on a midsagittal
section.

Early neuroimaging studies manipulated the stimulus itself,
comparing brain responses to pleasant versus unpleasant mu-
sic. Two examples of manipulated stimuli include temporally

scrambling naturalistic music excerpts or shifting pitch to gen-
erate dissonant versions 12, Studies built on these different
stimuli found that naturalistic, pleasant music led to greater
activation in the mesolimbic reward network and auditory re-
gions, including the NAc, OFC, inferior frontal cortex (IFC),
hypothalamus, insula, Heschl’s gyrus, and anterior cingulate
cortex (ACC), compared to their unpleasant, tampered coun-
terparts.

In Menon and Levitin’s study, NAc activity correlated with
the VTA (r = 0.18) and hypothalamus (r = 0.36), and effective
connectivity showed VTA-mediated interaction of the NAc
with the hypothalamus, insula, and OFC. Yet one limitation of
this type of paradigm is that the “unpleasant” condition is arti-
ficially degraded or dissonant stimuli, not music that listeners
dislike. Sensory dissonance and displeasure are confounded,
so these studies cannot establish that the reward-related acti-
vation reflects musical pleasure rather than perceptual proper-
ties.

Studies using self-selected music allow pleasure to arise
from the listener’s own history rather than from stimulus prop-
erties. Music-evoked chills are useful here as discrete and
measurable events marking peak pleasure that can be studied
at the individual level 113,

A groundbreaking study by Blood and Zatorre measured
chills alongside brain imaging to investigate the neural basis
of music-evoked chills. In their study, ten participants selected
for frequent, reproducible chills underwent PET scans while
listening to self-selected pieces. Regional cerebral blood flow
(rCBF) increases were observed in the ventral striatum (t =
3.86), dorsomedial midbrain (t = 3.70), insula (t = 4.78), OFC
(t=3.52), thalamus (t = 6.18), ACC (t = 4.03), supplementary
motor area (SMA, t = 5.80), and cerebellum (t = 4.82), re-
gions involved with reward and motor circuitry. There were
negative correlations in the amygdala (t = -3.68), hippocam-
pus (t = -4.04), and ventromedial prefrontal cortex (vmPFC,
t = -4.55). The reward-related correlations were moderate (r
= 0.49 for left ventral striatum) and were tested only in ten
highly selected subjects, so the study is best read as a land-
mark that showed the question could be studied at all.

Salimpoor and colleagues extended this from regional
blood flow to neurochemistry®.  They used PET with
["'C]raclopride, a radioactive tracer that dopamine pushes off
its receptors, so that less tracer binding means more dopamine
was released. They observed significant dopamine release in
the dorsal and ventral striatum, which included the caudate
(d = 1.16) and NAc (d = 0.92), during pleasurable compared
with neutral music. They further used fMRI to examine the
temporal dynamics of dopaminergic activity within the reward
circuit. Specifically, they distinguished between the “antici-
pation” (or pre-experience) and “experience” phases of musi-
cal pleasure to determine whether dopamine release is associ-
ated with the anticipation of a rewarding musical event or the
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Figure. 1 Key neural regions involved in musical pleasure shown on a midsagittal brain section. Reward-related areas include the nucleus
accumbens (NAc), caudate, ventral tegmental area (VTA), and orbitofrontal cortex (OFC), while emotion- and cognition-related areas include
the amygdala, hypothalamus, prefrontal cortex (PFC), and hippocampus. Other regions discussed in this review, such as the insula, auditory
cortex, and superior temporal gyrus (STG), are omitted due to their location relative to the midsagittal section. Created in BioRender. Kim, S.

(2026) https://BioRender.com/9ru85ug

pleasurable experience itself. fMRI scans revealed a temporal
dissociation: the caudate nucleus was most active during the
anticipation of an approaching peak, while the NAc was max-
imally engaged at the moment of chills itself. The relationship
between behavior and PET scan data further supported a func-
tional dissociation: the number of chills tracked the caudate
(r =0.71) but not the NAc, whereas chills intensity (r = 0.80)
and overall pleasure (r = 0.84) tracked the NAc but not the
caudate. The conclusion is reasonable, but it depends on con-
verging inference across two scanning sessions.

Correlates of chills can also be recorded outside a scanner.
A more recent study used high-density EEG to observe neural
activity during pleasurable music listening '#. Chills were ac-
companied by increased theta activity over the prefrontal re-
gions, and source estimation implicated OFC, insula, SMA,
and STG, regions previously reported for chills'. The agree-
ment is encouraging, but EEG recorded from the scalp may
not reliably locate orbitofrontal or insula sources.

Another study asked how novel, previously unheard mu-
sic gains reward value by combining fMRI with an auction
paradigm®. Participants listened to novel excerpts, and then
placed bids indicating how much they would be willing to
pay for each clip. The bid amounts were positively corre-
lated with the magnitude of activity in the striatum, particu-
larly the NAc, during the listening period. That is, greater
NAc activity during listening predicted a higher bid placed

subsequently. Additionally, they examined how the NAc in-
teracted with other brain regions as music excerpts acquired
reward value. They found that a stronger reward value, such
as higher bids, was associated with increased functional con-
nectivity between the NAc and auditory cortices during listen-
ing. NAc also showed increased functional connectivity with
the vmPFC, OFC, amygdala, and hippocampus. This shifted
the field’s focus from where pleasure is located to how regions
interact, a topic discussed further below.

These diverse methodologies, including PET, EEG, and
fMRI, ask non-identical questions and have individual limi-
tations. Taken together, these studies show a reliable link be-
tween musical pleasure and activity in a mesolimbic-cortical
network. A coordinate-based meta-analysis comparing plea-
sure from music and pleasure from food supports the general-
ity of this network while also identifying regions that differ be-
tween the two, suggesting that music is not simply processed
as a primary reward . What none of these studies can show,
however, is whether the reward-related activity is actually nec-
essary for musical pleasure to happen.

Causal Studies: Pharmacology and Stimulation

The studies reviewed in the previous section demonstrated that
musical pleasure correlates with dopamine release and acti-
vation of the mesolimbic reward circuit. This raises an im-
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portant question: is dopamine actually necessary for musical
pleasure, or is it merely present as a byproduct of a reward-
ing experience? The studies reviewed in this section investi-
gate whether dopamine plays a causal role in musical pleasure
by using pharmacological manipulation and brain stimulation
to modulate dopaminergic activity and observe the effects on
musical pleasure.

The most direct pharmacological test was conducted by
Ferreri and colleagues’. Their study sought to manipulate
dopamine signaling by either increasing dopamine availability
or blocking dopamine receptors. In their double-blind, within-
subject design, participants underwent three separate listen-
ing sessions after receiving levodopa, a dopamine precursor;
risperidone, a dopamine receptor antagonist; or a placebo.
Relative to risperidone, levodopa increased the time partici-
pants spent reporting high pleasure (Z = 1.968, P < 0.049; r =
0.38) and increased monetary bids (Z = 2.435, P =0.015;r =
0.47). Among the 16 participants who experienced chills, time
spent reporting chills was greater after levodopa than after
risperidone (Z = 2.341, P < 0.019). Finally, pharmacological
manipulation also influenced reward valuation. Electrodermal
activity during high-pleasure states showed the corresponding
difference between the two drugs (d = -0.44). These findings
show a causal role of dopamine and suggest that dopamine
modulates both the pleasurable experience of music and its
motivational value. While this is the strongest pharmacolog-
ical research currently available, there are some limitations.
The statistics compare the two drug conditions rather than
comparing each drug against placebo. Also, no dopamine was
actually measured. The manipulation may not have been com-
pletely selective, as risperidone can also block other receptors.
Therefore, it may not be accurate to conclude that dopamine
alone is responsible for musical pleasure.

Another study by Mas-Herrero and colleagues used tran-
scranial magnetic stimulation (TMS) to investigate the causal
role of a brain region associated with dopaminergic process-
ing®. Specifically, they applied TMS to the left dorsolateral
prefrontal cortex (dIPFC), a region previously shown to in-
duce dopamine release and modulate activity in the striatum
when repetitively stimulated'®. The researchers utilized two
different TMS techniques: intermittent theta burst stimula-
tion (iITBS), which excites activity in the targeted area, and
continuous theta burst stimulation (cTBS), which inhibits it.
Seventeen participants completed three sessions in which they
received either iTBS, ¢TBS, or a control, sham stimulation
before listening to music inside an fMRI scanner. Compar-
isons of sham-normalized changes between iTBS and cTBS
showed differences in pleasure ratings (d = 0.81), chill num-
ber (d = 0.51), chill duration (d = 0.57), and monetary bids
(d = 0.50). The fMRI data revealed that these behavioral
changes were accompanied by corresponding changes in ac-
tivity within the reward network. TMS-induced NAc changes

correlated with changes in liking during experience (R> =
0.44) and monetary bids during pre-experience (R*> = 0.47).
Functional connectivity analysis further showed that TMS-
induced changes in the connectivity between the dIPFC and
the reward circuit predicted the degree of musical pleasure (r2
range 0.41 - 0.59). Participants who showed the largest differ-
ence in pleasure between the excitatory and inhibitory stimu-
lation sessions also showed the greatest changes in connectiv-
ity strength between these regions immediately before expe-
riencing intense pleasure. The authors concluded that dIPFC
contributes causally to musical pleasure by modulating activ-
ity within the dopaminergic pathways. This study had several
methodological strengths, including testing bidirectional ef-
fects within subjects, comparing them with a sham condition,
and targeting a specific anatomical region. However, its main
limitation is that the manipulation targets the cortex rather than
the striatum, so the observed effects still remain inferential
rather than fully causal.

Brain Networks and Connectivity

Across this literature, converging evidence suggests that mu-
sical pleasure is supported by interactions among distributed
neural systems rather than by activity in any single brain re-
gion. In the 2013 study by Salimpoor and colleagues, musi-
cal reward value was associated both with NAc activity and
with functional connectivity between the NAc and auditory
cortex”. Several lines of evidence support this view. Func-
tionally, individuals with specific musical anhedonia show re-
duced NAc responses to music while responding normally to
monetary reward, and they also show weaker connectivity be-
tween the auditory cortex and NAc!7.

Structurally, diffusion imaging in thirty-eight subjects
showed that the structure of the white matter tracts linking
superior temporal, orbitofrontal, and ventral striatal regions
predicts individual music reward sensitivity !8. Diffusivity in
the tract between the NAc and OFC predicted NAc responses
to music but not to money, and a mediation analysis sug-
gested that this tract modulates NAc activity and reward sen-
sitivity. Another study with a smaller sample found greater
white matter tract volume between posterior STG, anterior
insula, and medial prefrontal cortex in listeners who experi-
ence chills'®. Similarly, in the TMS study discussed earlier,
stimulation-induced changes to frontostriatal connectivity pre-
dicted changes in musical pleasure, although it did examine a
different pathway 8.

In addition, the default mode network (DMN) has been
shown to be related to musical emotion. Music listening
modulates DMN activity, with sad music increasing mind-
wandering and default mode connectivity and preferred mu-
sic increasing connectivity between the DMN and hippocam-
pus?2l A review paper suggests that aesthetic experience
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of music arises from interactions among large-scale neural
networks rather than from the activity of individual brain re-
gions??. However, although several studies have implicated
the DMN in music listening, emotion, and aesthetic experi-
ence, its specific contribution to the subjective experience of
musical pleasure remains incompletely understood.

Overall, the literature suggests that musical pleasure does
not reside in a single brain region but emerges from interac-
tions across distributed neural systems. Future work should
therefore focus less on where musical pleasure occurs and
more on how these networks interact and how individual dif-
ferences in their connectivity shape musical pleasure.

Factors Influencing Musical Pleasure

The sections above asked where and how musical pleasure
arises in the brain. This section asks a different question: what
makes a particular piece, or a particular moment in a piece,
more or less pleasurable? Rather than being determined by
a single factor, musical pleasure is likely influenced by mul-
tiple processes. Limiting the scope of this section to those
supported by neural results, we will discuss the role of vari-
ous factors, including surprise, uncertainty, novelty, familiar-
ity, and reward prediction, in musical pleasure.

Terms will be defined before evaluating the evidence. A
prediction is what a listener expects to hear next. It does not
have to be a conscious guess; instead, it can develop automat-
ically from the statistical patterns in music a person has heard
before, as well as from their training and culture 3.

Uncertainty describes the listener’s situation before a musi-
cal event: how difficult it is to predict what will happen next.
In computational models, uncertainty is often measured using
entropy. Surprise describes what happens after the event: how
unexpected the event actually was. It is often measured us-
ing information content (IC). Novelty simply means whether
the music has been heard before, while familiarity refers to
how well the music is already known. Novelty and surprise
are not the same, because even a familiar piece of music can
contain surprising moments. Finally, a positive prediction er-
ror is where an outcome is better than the listener predicted.
Prediction error is signed, so it is different from surprise. An
event can be unsurprising but still produce a positive predic-
tion error, while a surprising event can produce a positive or
negative prediction error depending on whether the outcome
was better or worse than expected.

Separating these concepts is important because simple
claims, such as “surprising music is more rewarding,” can hide
important differences between these ideas. Musical surprise
occurs when what a listener expects does not match the sub-
sequent outcome?*. Surprise can be pleasurable, neutral, or
even aversive, depending on how the expectation compares
to the actual experience. For example, unexpected musical

events like an abrupt change or a dissonant chord can violate
expectations as much as a satisfying resolution does, but they
may feel uncomfortable rather than pleasant?. What deter-
mines the emotional response is therefore not surprise alone,
but the context in which the surprise occurs. Neither factor
alone determines whether the experience is pleasurable. The
following studies suggest that how pleasurable a musical mo-
ment feels depends on two factors together: how uncertain the
listener was about what was coming and how surprising the
event turns out to be.

Cheung and colleagues used a model of Western harmony
to quantify uncertainty and surprise in approximately 80,000
chords from 745 US Billboard pop songs?°. They used the
model to quantify the uncertainty and surprise of each chord
in a set of pop songs. Thirty of those progressions were then
rated for pleasantness by one group of participants and played
to a different group while they underwent fMRI scanning. Sur-
prise alone did not predict pleasure. Instead, the authors found
that uncertainty and surprise interacted to determine musical
pleasure. Chords elicited the most pleasure when they were
surprising in a low-uncertainty context (i.e., when the listener
had a clear expectation, which was subsequently violated),
or when they were unsurprising in a high-uncertainty context
(i.e., when an uncertain situation resolved in an expected way).

Thus, the rewarding value of a surprising event depended
on the level of uncertainty in the surrounding context. This
interaction was also reflected in brain activity. The interaction
between the two was observed in the amygdala, hippocam-
pus, and auditory cortex. In contrast, activity in the NAc and
caudate was related only to uncertainty, with no significant
effect of surprise or its interaction with uncertainty. This re-
sult challenged accounts that locate musical prediction error
signals in the striatum. The authors instead interpreted the
NAc response to uncertainty as reflecting attention or incen-
tive salience rather than pleasure.

With this result, a prominent theory in this field can be bet-
ter understood. One goal of the brain is to anticipate reward—
to make predictions about what is going to happen and update
those predictions based on experience. The reward prediction
error (RPE) theory proposes that dopamine neurons do not
simply signal reward or pleasure itself but report the differ-
ence between the reward received and the reward expected?’.
Recordings from dopamine neurons in monkeys showed in-
creased firing when a reward was better than expected, little
change when it matched the expectation, and decreased firing
when the outcome was worse than expected. Therefore, this
signal does not directly reflect pleasure. Instead, it is thought
to help the brain refine future predictions by learning from ex-
perience.

For music, however, it is difficult to measure the reward
value of music objectively. What is “better than expected” in
music? For rewards such as money or food, objective quanti-
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ties can determine what is better or worse than expected >>.

Music, however, is an abstract stimulus, and quantity can-
not define how one musical experience is better than another.
What makes a musical passage better than another may de-
pend on numerous qualitative features, including melody, har-
mony, chord progressions, thythm, timbre, or even the per-
former’s style. To identify a positive RPE, one must consider
not only whether an event was unexpected, but also how re-
warding it was relative to the listener’s expectation. This is
where the findings of Cheung and colleagues become relevant.

Two behavioral studies demonstrate that the same relation-
ship between surprise, uncertainty, and pleasure also applies
to whole melodies rather than isolated chords. Using a com-
putational model of musical expectancy, Gold and colleagues
found inverted U-shaped relationships between music liking
and both surprise and uncertainty, suggesting that listeners
tend to prefer intermediate complexity >>. The interaction did
not reach significance (P=0.06). The inverted U-shaped rela-
tionship was weaker when the data were analyzed within in-
dividuals than when they were analyzed across the group as a
whole. Mas-Herrero and Marco-Pallarés then tested the inter-
action more directly in large samples of listeners from differ-
ent countries, reproducing both the quadratic effect of surprise
and the interaction between surprise and uncertainty 8. How-
ever, both studies were purely behavioral and therefore did not
show which brain systems were involved.

Stronger evidence that musical outcomes can drive learn-
ing in a way similar to other rewards with RPE signals in
the striatum comes from a neuroimaging study. In a learning
task, participants’ choices determined, with some probability,
whether a musical ending was consonant or dissonant?®. NAc
activity tracked the prediction errors calculated by the RPE
model, and the strength of that signal predicted how quickly
participants learned to choose the consonant endings. This
provides evidence that music can act as a reward signal that
supports learning, rather than simply producing a pleasurable
experience. However, critics of the study pointed out that an
RPE concerns predicted reward value, whereas the musical
expectancy literature is mainly concerned with sensory predic-
tion, the expectation of what note or chord will come next3°.
Because participants’ predictions were cued by colored shapes
and the music served as the reward, they interpreted the task
as a reinforcement-learning task that happened to use music
as its reward. Gold and colleagues argued in response that
the two cannot be separable in music, since resolving sensory
uncertainty may itself be something that the reward system
values>!'. Either way, the study tells us relatively little about
what happens when someone simply listens to music.

Moving from a controlled task to more natural listening,
further studies have produced mixed results. Shany and col-
leagues had musically trained judges identify surprising mo-
ments in real piano pieces, and found that those moments

were associated with greater activity in auditory cortex, in-
sula, and ventral striatum in a separate group of participants>*.
They also found NAc responses were stronger among listen-
ers who reported enjoying the music more. However, the
high- and low-enjoyment groups were created after the exper-
iment by clustering participants based on their own ratings,
which makes it difficult to determine whether the neural dif-
ferences actually caused differences in enjoyment. An EEG
study found that frontal beta and gamma power tracked both
subjective pleasure and melodic surprise, but the relationship
between pleasure and surprise was quite weak (r =0.0961, p <
0.01)32. Finally, a naturalistic neuroimaging study reproduced
the interaction between uncertainty and surprise in liking rat-
ings and found that liking was related to activity in the right
STG, although the striatal findings were weaker>>. After cor-
rection for multiple comparisons, only the interaction between
liking and surprise in the right STG remained significant (t(23)
=2.92, corrected P = 0.023). Thus, inconsistency remains in
terms of what ventral striatum activity reflects. Together, these
studies suggest that the relationship between surprise and mu-
sical pleasure is not simple: surprise-related neural responses
can be observed during natural listening, but the evidence for
a direct relationship between surprise and subjective pleasure
is inconsistent.

The role of familiarity is less straightforward. At first, it
may seem contradictory to this framework. Pereira and col-
leagues found that familiar music was associated with stronger
activity than unfamiliar music in the NAc, amygdala, puta-
men, anterior cingulate cortex, and thalamus 34 1n contrast,
liking was related to activity only in frontal and motor re-
gions, and this effect was significant only at an uncorrected
threshold. If pleasure depended mainly on novelty and sur-
prise, one might expect the pattern to be reversed. There are at
least two reasons to be cautious about this interpretation. The
first is methodological. The study corrected the familiarity
comparison for multiple comparisons but reported the liking
comparison at an uncorrected threshold. The second reason is
theoretical. Familiarity is not the same as low surprise. Famil-
iarity may reduce uncertainty, and the interaction model sug-
gests that surprise can be especially pleasurable when uncer-
tainty is low 2%, Music also has many dimensions that cannot
be remembered perfectly, so even a familiar piece can con-
tain small changes in timing, timbre, or performance against
a background that the listener can predict with confidence?’.
Seen this way, familiarity does not necessarily contradict a
predictive account of musical pleasure. Instead, it may place
a listener in a particular combination of uncertainty and sur-
prise.
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Methods

This paper uses a narrative review approach. Screening fol-
lowed a PRISMA-like flow adapted for a narrative review—
PRISMA-like in structure rather than in record counts, as a
formal record count was not maintained; the search was it-
erative and included citation tracking. Searches were con-
ducted on Google Scholar and PubMed, using combinations

CLINNTS

of keywords including “musical pleasure”, “musical reward”,
“music-evoked chills”, “neural mechanisms”, “brain connec-
tivity”, and “reward prediction”. Records were eligible if peer-
reviewed, written in English, and reported original research
investigating musical pleasure or reward using neuroscientific
methods. Theoretical or review papers discussing relevant
mechanisms were also eligible. Articles published between
2000 and 2026 were considered. Records were excluded if
they were conference abstracts or preprints without peer re-
view; if they investigated music perception without a hedonic
or reward outcome; or if they otherwise did not meet inclu-
sion criteria. Outside of this selection process, some refer-
ences were cited in the Introduction and Discussion to provide
broader background, even though they did not directly address
the topics or keywords of interest. This workflow is shown in
Figure 2.

For musical-reward-related empirical studies selected
through this process, information on the title and author, sam-
ple size, stimulus type, methodology, key findings, whether
the study was correlational or causal, and limitations were ex-
tracted. This information is summarized in Table 1. No formal
appraisal tool was used; limitations were extracted per study
and are integrated into the text and in Table 1. Findings were
organized thematically around different key questions: what
is measured and how, where musical pleasure correlates with
brain activity, where such activity is causally necessary, how
brain regions interact, and various factors or frameworks con-
tributing to musical pleasure.

Effect sizes and test statistics were also reported for
dopamine studies as Cohen’s d, t-values, or correlation coeffi-
cients. They were not calculated for voxelwise peaks as peak
voxels are extreme. When not specified in the original study,
they were derived using the corresponding Cohen’s d formula,
d =t/+/n, or correlation coefficient formula, r = |Z|/\/n.

Discussion

What the evidence supports

Based on the literature reviewed, several conclusions can be
drawn. First, music reliably engages the same reward cir-
cuitry that responds to primary rewards. Second, changes in
dopamine or frontostriatal function can alter the intensity of
musical pleasure. Third, musical reward is better explained

by interactions between brain systems than by the response
of the reward system alone, with connections between the re-
ward system and auditory cortex appearing particularly im-
portant. The factors that shape musical pleasure can be un-
derstood in part through the RPE framework. The evidence
suggests that musical pleasure depends on the interactions be-
tween uncertainty and surprise, rather than on a single factor.
Notably, however, this interaction appeared in the amygdala,
hippocampus, and auditory cortex, while the NAc and caudate
showed a main effect of uncertainty alone. This dissociation
challenges accounts placing musical RPE in the striatum. Ul-
timately, musical pleasure appears to arise not simply from
what we hear, but from how the brain anticipates, interprets,
and assigns value to what we hear.

Alternative and complementary theoretical accounts

Because the dopamine and RPE framework has dominated this
field, it is worth considering what other accounts can explain.
The first is predictive processing, which treats the brain as a
system that constantly predicts incoming sensory information
and updates those predictions based on prediction errors>. In
music, listeners can build internal models of meter, key, and
other musical structures, allowing music to confirm or violate
their expectations3®. This may seem similar to an RPE, but
they describe different processes. A predictive coding error
concerns mismatches between predicted and actual sensory in-
put and does not require a reward, whereas an RPE concerns
the difference between expected and received reward. Predic-
tive processing may also be limited by its reliance on Western
tonal and metric structures, which may not apply well to un-
metered or non-harmonic music. Predictive processing alone
also cannot explain musical anhedonia, where musical expec-
tation remains intact despite reduced pleasure !”.

Active inference extends this idea by proposing that plea-
sure may come not simply from being correct, but from re-
ducing prediction error®’. From this perspective, reducing
uncertainty itself can be rewarding, even without an external
reward. This could help explain why completely predictable
music can be boring, while highly unpredictable music can
feel unpleasant. However, evidence for this account in mu-
sic remains limited, and it has not yet been directly compared
with simpler predictive models of pleasure.

Emotion-based accounts pose a broader challenge to
prediction-based explanations. Juslin and Vistfjill proposed
six mechanisms through which music can evoke emotion:
brainstem reflexes, evaluative conditioning, emotional con-
tagion, visual imagery, episodic memory, and musical ex-
pectancy38.

Musical expectancy is therefore only one part of a larger
picture. For example, a song may evoke strong emotion
through personal memory even without substantial prediction
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Records identified through databases/search engines
(PubMed, Google Scholar)

!

Keyword selection

29 66

(“musical pleasure”, “musical reward”, “reward

EEEETS 27

prediction”, “neural mechanisms”, “musical chills”,

> <,

“hyperscanning”, “neural connectivity’)

!

Manual screening
¢ Examined with inclusion/exclusion criteria
¢ Study name, author, sample size, stimulus type,
methodology, key findings, correlational/causal, and
limitations were extracted.

)

n = 40 studies, plus background sources
(46 references in total)

Inclusion criteria

¢ Relevance to topic

¢ Peer-reviewed articles in English

¢ Time range 2000 to 2026

+ Empirical studies, meta-analysis, review papers

¢ To provide broader background in the Introduction and
Discussion sections, even if they do not directly
address keywords of interest, including one preprint
cited as an emerging direction

Exclusion criteria
¢ Abstracts/preprints without peer review
¢ Non-reward-related, general music

Studies included in narrative review /

Thematic organization
* Measurement of Musical Pleasure and Reward Value
¢ Music Engages the Reward System: Correlational Studies
e Causal Studies: Pharmacology and Stimulation
¢ Brain Networks and Connectivity
¢ Factors Influencing Musical Pleasure

Figure. 2 Study selection workflow for the narrative review, adapted from PRISMA guidelines.

error. However, this framework identifies several possible
routes without fully explaining how they interact to produce
a unified emotional experience.

Aesthetic appraisal accounts similarly argue that musical
pleasure is not a single response. Brattico and Pearce dis-
tinguish between emotions recognized in music, emotions in-
duced by music, aesthetic judgment, and overall liking or pref-

€rence 39.

These responses depend not only on musical features but
also on the listener’s expertise, personality, attention, and con-
text. This matters because studies often use a single liking
rating as a measure of musical pleasure and often treat it as
a measure of the whole aesthetic response. Yet calling music
beautiful is not necessarily the same as finding it pleasant, and
these responses may not have the same neural basis.

Embodied accounts emphasize the role of bodily and mo-
tor responses in musical pleasure*’. Groove provides a clear
example, engaging motor and reward networks together®!.

This raises the possibility that some reward-related activ-
ity during enjoyable music may partly reflect motor engage-
ment. Embodied accounts also highlight the social side of
music through synchrony and shared movement, which may
be overlooked by research focused on a single listener. How-
ever, groove is often measured using both pleasure and urge to
move, making them difficult to separate, and this framework
is less suited to explaining pleasure from slow or unmetered
music.

Taken together, these findings suggest that dopamine is one
part of a broader account of musical pleasure, rather than a
complete explanation. Predictive processing and active infer-
ence describe how the brain may generate expectations, while
dopamine signaling is one mechanism through which these
processes may influence reward. Music can evoke emotion
through multiple pathways, suggesting that prediction is only
one route to musical pleasure.

Emerging methods and future directions

Several newer methods could help answer these questions. In-
tracranial recordings provide both high temporal resolution
and precise anatomical information, and recent work has even
reconstructed aspects of music from auditory cortex activ-
ity*?. Simultaneous recordings from auditory and ventral stri-
atal regions could therefore directly test how auditory and re-
ward systems interact. Hyperscanning allows researchers to
record brain activity simultaneously from more than one per-
son, matching real-life situations where people listen to mu-
sic together®3. Interbrain synchrony during live music has
been linked to both the number of people sharing pleasure and
the strength of their reported pleasure, suggesting a way to
study musical experiences that laboratory designs may miss**.
Naturalistic listening with continuous, real music preserves
the temporal structure of musical experiences and allows re-
searchers to connect specific musical features with brain ac-
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Table 1 Table of studies referenced including author, sample size, stimulus type, methodology, key findings, correlational or causal, and

limitations.
Authors Sample Stimulus Type Methodology Key Findings Correlational or  Limitations
Size Causal?
Blood and N=10 Classical genre, PET; physiological Blood flow rose with chills intensity in VS, dorsomedial Correlational N=10 highly selected
Zatorre (2001)! participant-selected measures; subjective chills midbrain, insula, OFC, ACC, and SMA, while it decreased participants; Relatively low
rating in the amygdala. Physiological measurements were higher spatial resolution of PET
for chill-inducing pieces than controls.
Salimpoor et al. N=19 Experimenter- fMRI; subjective chills and ~ The reward value of each musical excerpt correlated with Correlational Regression analysis used only
(2013)° selected pleasure rating; auction observed activity in certain areas of the brain, especially the 11 subjects who sufficiently
paradigm right NAc. Neural correlates were also associated with the spread their bids
reward value, determining whether or not the piece received
a bid.
Salimpoor et al. N=8 Participant-selected [11C]raclopride PET; fMRI; Increased dopamine transmission in caudate and NAc. Correlational N=8 highly selected
(2011)° physiological measures; caudate was most active during the anticipation phase, while participants; PET cannot
subjective chills and NAc was during the experience phase. Chills number resolve anticipation vs.
pleasure rating correlated with caudate binding potential, chills intensity experience
and pleasure with NAc.
Ferreri et al. N=27, Participant and Doses of levodopa and After levodopa rather than risperidone, participants reported Causal Drugs not neurochemically
(2019)7 chills experimenter- risperidone; auction chills for more time and were more likely to report high- selective; No actual dopamine
analysis selected paradigm, subjective chills;  than low-pleasure ratings. measured
N=16 pleasure rating
Mas-Herrero et N=17 Participant and fMRI and TMS (iTBS, iTBS over dIPFC led to a positive increase in pleasure Causal Stimulation targets cortex, not
al. 2021)8 experimenter- c¢TBS); subjective chills and  ratings and chills, while ¢TBS led to a decrease. Participants striatum
selected pleasure rating; auction bid more following iTBS than cTBS. Pleasure ratings
paradigm positively correlated with reward system activity following
iTBS and Sham only.
Menon & Levitin N=13 Classical vs fMRI NAc, VTA, hypothalamus, IFC, OFC, and ACC had greater Correlational Scanned participants gave no
(2005) " temporally activation for pleasant (intact) music. Effective connectivity pleasantness ratings; Sensory
scrambled excerpts showed VTA-mediated NAc interaction with hypothalamus, dissonance and pleasure are
insula, and OFC. confounded
Chabin et al. N=18 Participant-selected High-density EEG; Theta increased over right prefrontal for chills vs low Correlational Source estimation may not
(2020) and excerpts selected  subjective chills and pleasure. Frontal beta-to-alpha ratio increased. No alpha reliably localize OFC, insula, or
by independent pleasure rating asymmetry patterns, suggesting that neural processing subcortical regions.
sample during chills is not related to approach or withdrawal.
Source estimated in the insula, OFC, STG, and SMA.
Martinez-Molina N=45 Selected by BMRQ scoring to sort The anhedonia group had lower activity in NAc but normal Correlational Musical anhedonic participants
etal. (2016)"7 independent sample  hyperhedonic, hedonic, and  activity for money. Lower connectivity between right STG had difficulty in providing
anhedonic; fMRI; and NAc in the anhedonia group. Anhedonic participants pleasurable music, so stimuli
physiological measures; reported fewer chills and a lower skin conductance response were selected by an
subjective rating magnitude compared to the hedonic and hyperhedonic independent group
participants.
Martinez-Molina N=38 Selected by DTI; fMRI; BMRQ; Right axial diffusivity in the STG-OFC tract negatively Correlational Structural and functional data
etal. (2019)'8 individual sample physiological measures; correlated with music reward sensitivity. NAc-OFC come from separate sessions
subjective chills and diffusivity correlated with NAc BOLD during music but not
pleasure rating during the monetary task, and mediated the relationship
between NAc activation and music reward sensitivity.
Sachs et al. N=20 Participant-selected Subjective chills and Greater tract volume between posterior STG and both Correlational N=10 per group, selected
(2016) 10 emotional rating; DTI; anterior insula and mPFC in the chills group. Tract volume extremes of a self-report scale;
physiological measures in the right hemisphere correlated with reported chills preliminary correlations
frequency.
Shany et al. N=26-30 Three real piano fMRI; subjective emotional ~ Surprising events elicited greater activation in STG, insula, Correlational Only 3 musical stimuli; Groups
(2019)% (each pieces valence and arousal rating and VS. NAc surprise responses were stronger in the formed by participants’ own
piece) high-pleasantness group. Surprise-related NAc-STG pleasantness ratings
connectivity correlated with hedonic reaction to music.
Gold et al. N=43;27  Excerpts from real Subjective liking/familiarity =~ There was a significant Wundt effect between liking and Correlational The effect was weaker within
(2019) Journal of music on MIDI ratings; surprise as well as liking and entropy. The interaction was individuals
Neuroscience > databases Information-theoretic model  not significant.
Cheung et al. N=39;40 Chord progressions fMRI; subjective chills and  Pleasure predicted by the interaction between uncertainty Correlational Ratings and fMRI imaging
(2019)%¢ from 745 Billboard pleasure rating and surprise, reflected in amygdala, hippocampus, and came from different
songs auditory cortex. NAc and caudate showed only a main effect participants
of uncertainty.
Mas-Herrero & N=144;  Computer-generated  Pairwise preference A significant Wundt effect of surprise on liking. A Correlational Main stimuli were
Marco-Pallarés 262 melodies; four choices; Pleasure ratings for ~ significant interaction between surprise and uncertainty. computer-generated; restricts
(2025)%8 Beethoven sonata sonata excerpts; BMRQ PreSS and EwSS (individual preference for surprise and generalization to real music.
excerpts uncertainty) predicted genre preference and pleasure ratings
for Beethoven excerpts.
Gold et al. N=23 (20  Bach chorales with Probabilistic decision RPE-related activity in NAc. NAc signal predicted learning Correlational Unnatural listening condition;
(2019) PNAS? used) consonant/dissonant  making task; fMRI; rate and music reward sensitivity. Reward and sensory prediction
endings reinforcement learning are not separated
model
Ueno & Shimada  N=32(15  Unfamiliar, Information Dynamics of Both subjective pleasure and melodic surprise were Correlational Brain activity analyzed over
(2024)32 used) experimenter- Music (IDyOM); EEG; associated with increased frontal beta and gamma power. musical events rather than
selected subjective rating Pleasure correlated with melodic surprise. participants
Gold et al. N=24 Naturalistic music of ~ Information Dynamics of Surprise and uncertainty interacted in liking ratings; a Correlational Small effect sizes; NAc and
(2023)3 MIDI databases Music (IDyOM) model, surprise x liking interaction survived correction in right prediction error is not
fMRI, subjective ratings STG. supported formally
Pereira et al. N=14 Pop/rock songs, fMRI Familiar > unfamiliar in NAc, amygdala, putamen, Correlational Only a subset of subjects

(2011)3

baseline morse code
audio.

thalamus, and ACC. No significant effect for Liked vs
Disliked after correction.

categorized FL, FD, UL, and
UD
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tivity 3.

Cross-cultural research is another important direction.
Nearly all studies reviewed here used Western tonal music
and participants familiar with this musical system. Yet mu-
sical expectations about rhythm and harmony vary across cul-
tures #3460,

Conclusion

Musical pleasure is not a simple reaction to sound but may
illustrate how the brain can turn prediction into value. Listen-
ers anticipate what comes next, compare it with what happens,
and evaluate it through systems shaped by memory, emotion,
bodily response, and culture. Dopamine and reward circuitry
are important, but they may be better understood as part of a
larger network than as the source of musical pleasure alone.
What makes music especially interesting is that it can recruit
these systems without an obvious biological reward, while be-
ing emotionally rich, widely accessible, and shaped by in-
dividual experience and preference. Understanding why it
becomes rewarding may reveal how the brain learns what is
worth valuing.
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