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Music has long been viewed as an effective way to relax one’s mind and sooth the soul, and it is common for parents to have their
children listen to classical music and start learning an instrument at a relatively young age. Using fMRI and EEG techniques,
researchers have comprehensively assessed how musical training influences cognitive skills such as memory, attention, and exec-
utive function through neuroplasticity– the ability of the brain to form and reorganize synaptic connections. Key findings include:
(1) Musicians show increased motor cortex activation related to fine motor control, and (2) Musicians’ default mode networks
(DMNs) often show altered resting-state functional connectivity compared to non-musicians, frequently exhibiting stronger and
more efficient neural connections other brain regions, reflecting positive impact of musical training on brain’s cognitive abili-
ties. Both keyboard and string instruments contribute distinctively to cognitive enhancement and neurorehabilitation. Studies
have also emphasized the need for longitudinal research and cross-sectional study to further elucidate the specific ways various
instruments impact brain function. This paper review will organize and discuss studies that have been done on the impact of in-
strumental output on musicians’ cognitive functions and structures, especially on the aspects of the motor system and the default
mode network, including a detailed interpretation of the methods used in the study to further speculate the internal mechanism
and give a holistic view of where further research should be taken place.

Introduction

Music has a long, rich history spanning centuries, encompass-
ing the complex rhythms of African drumming, the melody of
classical Chinese opera, the expressiveness of Western sym-
phonies, and the innovative rhythms of modern pop and elec-
tronic music. Each era introduced unique styles, from the in-
tricate compositions of the Baroque period to the expressive
Romantic era and the diverse modern approaches. The lives
of musicians like Ravi Shankar bringing international fame
to the sitar, Beethoven, who created profound works despite
deafness, and contemporary artists like Yo-Yo Ma, showcase
music’s transformative power. Understanding how music af-
fects humans, especially the human brain, is essential due to
its complexity and far-reaching impact.

Cultural significance of music

The cultural significance of music is profound and diverse,
serving as an important expression of peoples, traditions, and
communities around the world. Each culture contributes its
unique musical styles, instruments, and traditions, reflecting
the diversity of world cultures. For example, the pentatonic
scale in East Asian music, the complex polyrhythms of West
African drumming, and the maqam system in Arabic music
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all demonstrate how closely music is associated with cultural
identity1. Music plays a vital role in rituals and ceremonies,
reinforcing social cohesion, such as Native American pava
music or Spanish flamenco. In addition, traditional songs
carry historical events, preserving traditional cultural stories
across generations. Music can transcend cultural boundaries,
such as the global influence of jazz, which incorporates ele-
ments of national traditions2. Ultimately, music encapsulates
a global essence while promoting cultural exchange between
different regions.

The importance of instrumentation in the music of differ-
ent cultures

The characteristics of music are influenced by historical, so-
cial, and geographical factors, and there are clear differ-
ences in musical instrumentation styles between countries.
In Africa, rhythmic patterns and call-and-response techniques
predominate, often accompanied by traditional drums and per-
cussion instruments, emphasizing the communal and celebra-
tory aspects of life3. In contrast, classical music traditions
in Europe, such as those in Austria and Germany, empha-
size structured composition and orchestration, featuring in-
struments like the violin, piano, and clarinet, reflecting the rich
heritage and historical prestige of primitive music education3.
Meanwhile, in East Asia, countries such as Japan and China
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have incorporated unique scales and instruments, such as the
guzheng and erhu, combining complex melodies with a phi-
losophy and aesthetic that emphasizes harmony and nature4.

A focus on Western Classical Music

Out of all these diverse musical periods, western classical
music is the most well-documented and investigated neuro-
logically. Because, with its distinguishable genres, including
baroque, classic, romantic, and 21st century western classi-
cal music has become ubiquitous and popular with the public.
Moreover, the distinct features among the four genres make it
feasible to detect brain signals accurately and holistically. Ad-
ditionally, the instruments within Western classical music are
very important and diverse, including the violin, piano, cello,
flute, and trumpet, each offering a unique range of timbres and
tonal complexities that can evoke specific neural responses.
For these reasons, this paper will focus on Western classical
music, and the difference in instrumentation found within it.

Current status of neurological research in music percep-
tion

Significant progress has been made in the field of music per-
ception and cognition, particularly in understanding how mu-
sic affects brain structure and function. Research has shown
that the default mode network (DMN)5, which is associated
with internally focused thinking, plays a crucial role in how
individuals process music. Other studies have shown that fa-
vorite music alters key areas of the human brain, such as the
auditory cortex and hippocampus, highlighting the importance
of individual music preferences on brain activity6.

Quantitative research methods for music perception

Fundamental to these discoveries are the research methods
employed. In humans, functional magnetic resonance imag-
ing (fMRI)7 and electroencephalography (EEG)8 are two key
techniques for studying brain activity and function. fMRI
measures brain activity by detecting changes in blood flow,
providing high spatial resolution images that reveal which
brain areas are involved in specific cognitive tasks (Figure
1). Whereas, EEG records the electrical activity generated by
neurons, providing excellent temporal resolution that can cap-
ture the timing of brain processes (Figure 1). The two tech-
niques complement each other, with fMRI highlighting where
brain activity occurs and EEG detailing when it occurs (Figure
1). This combination allows researchers to gain a comprehen-
sive understanding of the dynamic function of the brain and
its response to various stimuli.

Fig. 1 fMRI and EEG

The Present Study

Though the existing research has investigated how people re-
spond to their preferred music and the difference in the con-
nectivity of cognitive areas and the limbic system between
musicians (i.e. people play instruments for a long period) and
non-musicians, areas such as direct comparison between train-
ing in a string instrument versus piano on cognitive structures
and function have not been explored in depth until now.

Therefore, this paper integrates the available literature to
identify key similarities and differences between the cognitive
changes that occur from musical training in different instru-
ments – specifically piano vs strings.

Effects of Instrumental Training on Cognitive
Structure and Function

Musical instrument training significantly affects cognitive
structure

Musical instrument training significantly affects cognitive
structure and function, enhancing cognitive abilities such as
memory, attention, and executive functions. The study us-
ing fMRI and EEG has shown that musical training leads to
structural changes in the brain that demonstrate neuroplas-
ticity9. For example, experienced musicians have increased
connectivity in emotion-processing regions and motor control
regions, such as the anterior cingulate cortex and the supple-
mentary motor area, suggesting that music training can adapt
and reorganize brain networks10.

Additionally, the integration of sensory and motor ele-
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ments in music training mobilizes higher-order brain struc-
tures, demonstrating brain adaptability and the benefits of an
integrated multimodal approach in music training. For exam-
ple, a study investigated whether the motor system in the brain
is engaged during the perception of musical rhythms, even in
the absence of actual movement. By conducting two fMRI
experiments, the authors explored how listening to musical
rhythms with and without expected tapping activates motor
areas of the brain11. Another study also states that the corpus
callosum is also larger in musicians, particularly in the anterior
region that connects the two motor cortices12. This increased
size indicates more symmetrical brain organization, allowing
for better coordination between the two hemispheres. Interest-
ingly, this study also highlighted that male musicians have a
larger cerebellum, which is associated with motor learning and
fine motor skills, potentially indicating sex-dependent plastic-
ity changes as a result of musical training.

These results support the idea that motor areas of the brain
are intrinsically involved in auditory processing, particularly
in response to rhythmic stimuli. This is consistent with the
concept of auditory mirror neurons, which are activated by
sounds associated with specific actions. In particular, the
study by Chen et al identified three different premotor ar-
eas (ventral PMC, mid-PMC, and dorsal PMC) that play dif-
ferent roles in action-perception coupling (Figure 2): ven-
tral PMC (vPMC): only engaged when there are clear action-
related sounds; mid-PMC: engaged in both passive listening
and motor tasks, suggesting a role in tracking and predicting
sequential events; dorsal PMC (dPMC): sensitive to the tem-
poral complexity of rhythms and involved in higher-order mo-
tor planning.

These structural changes underscore the idea that the brain,
like a muscle, adapts with intense and prolonged use. Areas
most critical to musical performance, such as those involved in
motor control and auditory processing, showed the most strik-
ing differences, making the brains of musicians very different
from those of non-musicians.

Musical instrument training significantly affects cognitive
function

Following the effects on cognitive structure, another study
investigated how musical training affects the brain’s func-
tional connectivity, specifically limbic regions involved in
emotional processing. The study involved 21 musicians and
18 non-musicians who underwent fMRI scans while listen-
ing to three 8-minute pieces of music from different genres
(nuo-tango, modern classical, and progressive rock)13. The
findings showed that musicians had stronger connectivity be-
tween limbic regions and areas associated with movement and
emotional processing than non-musicians. Specifically, musi-
cians had stronger connections between their amygdala and re-

Fig. 2 Identification of brain regions significantly activated from
musical training. A- Spatial representation of highly activated
regions from listening to music B(dPMC), C(right midPMC), D(left
vPMC/BA 44), Figure from Chen et al 2008.

gions that sense emotions, their hippocampus and regions that
track musical themes, and their left NAc with regions associ-
ated with reward processing (Figures 3 and 4). This highlights
that musical training significantly enhances the integration of
emotional and perceptual systems in the brain. Concurrently,
another study confirmed that musicians showed a clear left-
hemisphere advantage, while non-musicians primarily used
the right hemisphere to process melody12. This suggests that
musicians’ training enables them to analyze and manipulate
music more analytically, similar to language processing14.

Taken together this evidence indicates that, when listening
to music, musicians exhibit stronger generation and process-
ing of negative emotions, storage and retrieval of memories,
and activity of the reward pathway than non-musicians.

Interactions between sensory and motor systems
during musical performance

The interaction between sensory and motor systems during
musical performance is critical for integrating feedforward
and feedback information. Research shows that the motor sys-
tem controls the fine movements required to produce sound,
while the auditory circuit processes the sound and adjusts mo-
tor output to achieve the desired effect15. This strong connec-
tion between sensory and production mechanisms highlights
the importance of multimodal training. For example, sensori-
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Fig. 3 Brain regions showing greater connectivity to the right
amygdala (red) and left amygdala (green) in musicians compared to
non-musicians. Blue areas indicate regions with higher connectivity
for both amygdalae in musicians13.

Fig. 4 Brain regions showing greater connectivity to the right
hippocampus (red) and left hippocampus (green) in musicians
compared to non-musicians. Blue areas indicate regions with higher
connectivity for both hippocampi in musicians13.

motor auditory training enhanced negative emotions to audi-
tory mismatches to unexpected tones and improved responses
to audiovisual incongruities, suggesting that combining a mo-
tor component with auditory training is more effective than
auditory training alone16.

The auditory system provides continuous feedback that in-
fluences motor output17. For example, each movement a mu-
sician performs produces a sound that in turn influences sub-
sequent movements, creating a continuous feedback loop. The
premotor cortex (PMC) is particularly important in this inte-
gration because it helps synchronize auditory input with motor
actions, ensuring that the timing and organization of move-
ments are consistent with the structure of the music (as shown
in Figures 5 and 6).

Functional imaging studies have shown that areas such as
the dorsal and ventral premotor cortices, supplementary mo-
tor area, cerebellum, and basal ganglia are actively involved
in this process15. Together, these areas control the fine move-
ments required to produce sound, while auditory areas process

the resulting sound, facilitating real-time adjustments and cor-
rections. The dorsal premotor cortex is associated with higher-
order temporal organization, enabling musicians to follow and
predict the rhythmic and metrical structure of music18.

Fig. 5 Illustration of brain areas involved in integrating motor
control and auditory processing during musical performance.

Fig. 6 (a) Comparison of motor activity evoked by trained and
untrained musicians. (b) Brain regions activated during auditory
listening and motor execution without feedback and their overlap
illustrate the integration of auditory and motor processes in musical
performance15.

Furthermore, the study highlights the important interaction
between auditory (sensory) and motor systems in musical per-
formance19. This paper investigates the involvement of mo-
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tor areas of the brain during the perception and production of
musical rhythms using two fMRI studies. In experiment 1,
subjects first listened with anticipation and then tapped to a
musical rhythm, and the results showed that the supplemen-
tary motor area (SMA), middle premotor cortex (PMC), and
cerebellum were activated before tapping, suggesting involve-
ment in motor planning or rehearsal. In experiment 2, subjects
listened to the rhythm naively, unaware that they would later
tap, but the same motor areas were activated, suggesting that
the motor system can be engaged purely by rhythmic audi-
tory stimulation, without motor preparation. The ventral PMC
(vPMC) was engaged only during action and motor coupling,
while the dorsal PMC (dPMC) was sensitive to rhythmic com-
plexity, suggesting a role in higher-order temporal processing.
The middle PMC showed consistent activation in all condi-
tions, suggesting a general role in tracking sequential auditory
events. In addition, the SMA responded strongly during motor
sequences. These findings suggest that there is a natural cou-
pling between the auditory and motor systems and that motor
areas are affected by rhythmic stimulation even in the absence
of an explicit motor task.

Comparison between trained and untrained musicians

The study “Behavioral and neural correlates of executive func-
tion in musicians and non-musicians”20 explored the effects of
music training on executive function (EF) in adults and chil-
dren. Executive function, which includes cognitive flexibility,
working memory, and verbal fluency, is essential for planning
and controlling behavior and is closely related to academic
success. The study involved two experiments: one experiment
with 30 adults and the other with 27 children, who had and had
not received musical training, and were assessed for their EF
using standardized tests. In addition, the study used fMRI to
examine the neural correlates of EF in musically trained and
non-musician children.

The results showed that adult musicians outperformed non-
musicians in cognitive flexibility, working memory, and verbal
fluency. fMRI scans also show that in musically trained chil-
dren, the pre-supplementary motor area (pre-SMA), supple-
mentary motor area (SMA), and right ventrolateral forehead
are affected when performing tasks requiring rule representa-
tion and task switching. The activation level of the lobe cortex
(VLPFC) was significantly increased.

Another study confirmed that there are also conspicuous
structural differences between trained and untrained musi-
cians21. This study investigated how long-term music train-
ing affects the brain’s speech and temporal processing. Re-
searchers used functional magnetic resonance imaging (fMRI)
to compare the brains of 12 professional musicians and 13
non-musicians on a task involving classifying consonant-
vowel (CV) syllables and their low-spectrum analogs Activ-

ity. Results showed that compared to non-musicians, mu-
sicians showed enhanced brain responses in the left planum
temporale (PT), a brain region associated with processing
rapidly changing auditory cues. Musicians also outperformed
non-musicians at classifying low-spectrum stimuli, suggesting
they have better fine-grained auditory discrimination skills.
Additionally, a significant correlation was found between
hours of music training and PT activity, suggesting that in-
tensive music training can enhance functional abilities in this
brain region. Interestingly, the study also observed a hemi-
spheric asymmetry, with PT activity skewed to the left in mu-
sicians and to the right in non-musicians. Furthermore, musi-
cians had reduced activity in the left premotor cortex (PMC)
compared to non-musicians, suggesting that musicians rely
more on sensory functions rather than auditory-motor map-
ping mechanisms during speech processing (Figure 7).

These findings show that music training significantly en-
hances cognitive and neural functions that distinguish musi-
cians from non-musicians. Musicians demonstrate superior
executive functioning, including better cognitive flexibility,
working memory, and verbal fluency. fMRI scans show that
trained musicians, especially children, have increased brain
activity in areas associated with complex cognitive tasks. Ad-
ditionally, the musicians showed enhanced processing in the
left planum temporal (PT), an area of the brain critical for in-
terpreting rapidly changing auditory signals, resulting in im-
proved auditory discrimination.

The effect on brain networks when listening to music

One paper22 used electroencephalography (EEG) and graph
theory tools to explore how music affects functional brain
networks. The study found that listening to music enhanced
synchrony in the alpha2 frequency band (10-13 Hz) signifi-
cantly above noise and silence conditions, indicating increased
functional connectivity. Network analysis showed that both
the normalized clustering coefficient (γ) and the characteristic
path length (λ ) decreased during music perception, indicat-
ing a shift in the network structure to a more random direc-
tion. Despite this stochasticity, brain networks during music
listening showed greater local and global efficiency, despite
higher wiring costs, suggesting a more efficient but less eco-
nomical configuration. The study showed increased regional
synchrony in various brain regions, including frontoparietal,
frontotemporal, and central occipital regions, with no signifi-
cant differences between the musical excerpts used.

Supporting these findings, another study using fMRI
showed that listening to music co-activates several brain net-
works, including ventral attention, somatomotor, and fron-
toparietal networks23. This activity spans multiple cortical re-
gions, such as the inferior frontal and superior temporal gyri,
as well as subcortical structures such as the hippocampus and
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Fig. 7 fMRI results showing differences in brain activity between musicians and non-musicians. Musicians exhibit increased activity in the
left planum temporale (PT) and right premotor cortex (PMC), with a significant correlation between PT activity and total hours of training 21.

amygdala (Figure 8). In addition, listening to music activates
more extensive regions in the right hemisphere, while cere-
bellum activity is greater in the left hemisphere. The type of
music further influences brain activation patterns, with clas-
sical music affecting limbic networks and specific cerebellar
and hippocampal regions in unique ways, enhancing our un-
derstanding of music’s effects on brain function.

This consistent effect of music, compared to noise and si-
lence, highlights the specific impact of music on the reorga-
nization of brain networks. The findings support the idea that
music perception involves neural processes coordinated across
multiple cortical areas and requires greater information pro-
cessing and cognitive effort, like other higher-level cognitive
functions.

Effects of Different Instruments on Brain Func-
tion

Despite progress in understanding how music affects the brain,
the complexity and variability of music training present chal-
lenges. Music training involves many variables (e.g., instru-
ment type, practice time, individual differences), meaning
that specific investigations and comparisons into the impact
of these variables will provide useful information about how
musical training impacts cognitive function.

Fig. 8 Brain activation patterns during music listening, showing
co-activation of multiple cortical and subcortical regions23.

For violinists

A recent study by Baader and colleagues quantitatively ana-
lyzed the bimanual coordination required for violin playing by
measuring the trajectories of fingers and bow using a motion
analysis system. The study evaluated the temporal structure of
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finger pressing, finger lifting (left hand), and bow stroke rever-
sal (right arm) in six violinists of different proficiency levels.
The main findings showed that fingering involves serial and
parallel (anticipatory) mechanisms and that the synchrony be-
tween finger and bow movements varied between 12 and 60
milliseconds but did not affect auditory perception. These re-
sults showed that bow-finger synchronization deviated from
perfect synchronization by about 50 milliseconds, but this de-
viation did not affect auditory perception. Furthermore, the
temporal structure, which depends on the combined mecha-
nisms of bowing and fingering, remained consistent across all
players, including amateurs.

This means that the brain’s motor control system can effec-
tively compensate for the timing deviations between bowing
and fingering, ensuring consistent auditory output despite the
inherent asynchrony of bimanual coordination.

Distinct effects on violin and piano players after training

A study by24 investigated the effects of long-term music train-
ing on brain activity, comparing violin and piano learners.
It was found that violin learners showed significantly greater
evoked magnetic fields in the right hemisphere in response to
violin tones, while piano learners showed greater activation in
the left hemisphere to piano tones. The note “A,” which was
familiar to violinists, elicited a stronger brain response than
the note “C,” whereas piano learners showed no such differ-
ence. These findings suggest that early childhood music train-
ing leads to distinct differences in the functional organization
of the brain, with increased right-hemisphere activity in vio-
linists and more left-hemisphere activity in pianists, possibly
due to sight-singing training involving language processing.
Educational approaches, such as the Suzuki method for vi-
olinists, which emphasizes auditory reproduction rather than
reading music, have contributed to these differences. Overall,
long-term musical experience with a specific instrument can
influence brain plasticity, enhancing timbre-specific responses
and pitch recognition abilities, highlighting the complex inter-
action of auditory, motor, and cognitive processes in shaping
brain function25.

Distinguishing violinists and pianists from brain signals

The paper, “Differentiating Violinists and Pianists Based on
Brain Signals,” explores the feasibility of distinguishing vi-
olinists from pianists based on brain electrical signals alone.
The study used electroencephalogram (EEG) signals pro-
cessed by an artificial neural network (ANN) to record EEG
data of violinists and pianists while they played classical mu-
sic. The EEG signals were processed using a cloud computing
platform to build a binary classifier. The results suggest that
similarities between musicians should be studied in terms of

how their brain signals are related to how sound is produced.
For example, the striking similarities between cellists and vio-
linists may be due to their constant interaction with continuous
sound, while pianists interact with digital sounds. Exploring
this difference can start with evaluating how reading and lis-
tening to music changes the performance of the classifier.

The main difference in the brain between string instrument
players (such as violinists) and keyboard instrument players
(such as pianists) is in the anatomical specialization of the
motor cortex26. Based on the results of careful examination of
structural MRI images of keyboard players, string players, and
non-musicians by assessors, it was found that the musicians
had a more pronounced omega sign (OS) configuration (The
omega sign is a usual way to describe the knob on the pre-
central gyrus, which represents the motor hand area27) than
the non-musicians. String instrument players show greater
prominence in the motor hand area of the right hemisphere,
which corresponds to the fine finger control required for the
left hand to pluck the strings (Figure 9). This leads to an asym-
metry in the motor cortex. Keyboard instrument players, on
the other hand, were expected to show a more balanced mo-
tor cortex development between the two hemispheres, as both
hands are equally involved in fine finger movements, however,
there is still a slight prominence in the right hemisphere due to
the right hand generally performing more complex and faster
movements. This suggests that the specific motor demands of
playing different types of instruments lead to different patterns
of cerebral cortical development.

Discussion

Studies above show how distinct instruments and music af-
fect the human brain activity detected by fMRI and EEG.
Studies on the effects of musical instrument training on brain
structure and function consistently show that music training
can enhance cognitive functions such as memory, attention,
and executive function, leading to observable neuroplastic
changes28. These findings highlight the potential educational
benefits of music education and its therapeutic applications in
neurorehabilitation for conditions such as stroke and develop-
mental disorders. However, the field faces limitations, includ-
ing the inherent complexity and variability of music training,
small sample sizes, and reliance on individual reported data,
which may introduce bias29. In addition, due to the specific
sample population studied, the findings may not be widely
generalizable to the world, and more diverse instrument types
and longitudinal studies are needed to establish causal rela-
tionships and draw more objective conclusions.

Both sub-themes highlight the significant impact that mu-
sic training can have on the brain, underscoring the concept
of neuroplasticity. Whether focusing on emotional process-
ing or motor coordination, the current evidence indicates that
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Fig. 9 Graphical representation of the structural differences
between trained pianists and violinists. Yellow = OS activation.
Original picture from © 2004–2024 Florida Center for Instructional
Technology.

music training can enhance connectivity in specific brain re-
gions. This suggests that musical experience promotes brain
adaptability and cognitive improvement, regardless of the in-
strument kind.

Emotional Processing: Emotional processing studies, es-
pecially those involving piano playing, have shown increased
connectivity in areas associated with introspection and mem-
ory, such as the default mode network (DMN) and hippocam-
pus10. Listening to favorite music further enhanced this neural
connectivity, suggesting a strong link between musical prefer-
ence and emotional response.

Motor Coordination: In contrast, studies on violin focus
on the precise motor control required for proficient playing.
These studies revealed increased activation in areas associated
with motor planning and execution, such as the dorsal premo-
tor cortex (dPMC)11. This highlights the complexity of the
brain’s motor skills developed through instrumental training.

Cross-sectional vs. Longitudinal Studies

Emotional processing studies often use cross-sectional fMRI
to compare experienced musicians and non-musicians to re-
veal neural differences20. On the other hand, motor coordina-
tion studies, especially those involving the Suzuki method, are
longitudinal, tracking skill development over time in children
learning an instrument25.

The significance of cross-sectional fMRI studies lies in their
ability to reveal how different types of instrumental training
shape specific neural networks involved in auditory-motor in-
teractions and the processing of musical grammar, thereby
illustrating the brain’s adaptability to specialized training30.
Longitudinal studies provide important insights into the pro-
cessing effects of music training by tracking the development
of cognitive and motor skills over time. This approach high-
lights the causal effect of early and sustained music exposure
in a controlled environment. Together, these research methods
provide a comprehensive understanding of the brain’s plastic-
ity in response to music training.

The two research methods can complement each other by
revealing how musical training affects the brain at different
stages and from various perspectives. However, they also
make it challenging to isolate specific factors contributing to
the observed changes. Moreover, findings from studies on
experienced musicians or children receiving specific training
methods may not be generalizable to the broader population,
limiting the applicability of the results.

Conclusions and Future Directions

In summary, research on the effects of instrumental training on
cognitive structure and function consistently shows that music
training can enhance cognitive functions such as memory, at-
tention, and executive function, and lead to structural changes
in the brain that demonstrate neuroplasticity. These findings
suggest that music and instrumental playing support cogni-
tive development and have therapeutic applications, aiding in
neurorehabilitation for conditions such as stroke and develop-
mental disorders.

In particular, this paper has interrogated the inter-
instrumental differences in the cognitive changes associated
with musical training. Here, the differences were the effects
of different instruments, especially string and keyboard instru-
ments, suggest that specific types of instrumental training can
lead to unique structural and functional changes in the brain.
For example, violinists tend to have more pronounced devel-
opment in the motor cortex areas responsible for fine mo-
tor control of the left hand, while pianists show more bal-
anced cortical development due to the bilateral nature of pi-
ano playing, although some asymmetry remains in the right
hand. These different brain activation patterns highlight how
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different instruments can shape the structure and function of
the brain in unique ways.

However, these interpretations have limitations, including
difficulty in establishing causal relationships, the need for
more various sample groups, differences in training intensity,
reliance on self-report data, and small sample sizes.

Future research should focus on longitudinal studies of di-
verse populations to understand the long-term effects of in-
strumental training on brain structure and function, as well
as comparative studies of different instruments to identify
unique neural influences. Integrating multimodal training ap-
proaches, exploring therapeutic applications of neurorehabil-
itation, and utilizing advanced neuroimaging techniques can
provide detailed insights into brain plasticity. In addition,
studying individual differences in training outcomes and the
impact of early music education will help tailor programs
to individual needs. Encouraging interdisciplinary collabora-
tions will promote holistic understanding and innovative re-
search methods to further reveal the profound effects of music
training on the brain.

In the grand symphony of human existence, music is our
most profound and enduring companion, weaving together our
shared experiences, lifting our spirits in moments of despair,
celebrating the beauty of life in every note, and reminding us
that in the melody of the heart we find our true humanity.

Methods

In this review, I conducted a thorough literature search using
Google Scholar, focusing on keywords such as “music and
the brain,” “default mode network,” “brain structure,” “fMRI,”
“EEG,” “keyboard instruments,” and “violin.” The search
was primarily guided by the relevance of the titles to my re-
search interests and the number of citations each paper had
received. I paid particular attention to research by Robert Za-
torre, whose extensive work on how music affects the brain
has been particularly influential in shaping my understanding
of this field. Apart from that, I realized there were various
psychological methods in how people determine or measure
the effect of playing instruments on the brain, such as longitu-
dinal and cross-sectional studies done by Japanese scientists. I
conducted further research on the methods used and compared
their strength and limitations to determine the most robust and
relevant approaches for my review. This process ensured that
this review is based on high-quality research that offers valu-
able insights into the intricate relationship between music and
the brain.
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