
《Journal of Sociology and Education》 ISSN 3058-9568 2025年第 1期

167

Neuroplasticity Mechanisms in Early Childhood
Piano Education: A Literature Review from the

Perspective of Educational Neuroscience

Tianjiao Ma1, Inmaculada Chiva Sanchis1, Genoveva Ramos Santana1 ,Yuting Jiang2，*

1.Department of Research Methods and Diagnosis in Education. Universitat de València，

Valencia Province，Spain

2.First Hospital of Jilin University，Changchun City, Jilin Province, China.

*Corresponding author

Abstract:Early childhood represents a sensitive window for neurodevelopment, during which

environmental inputs can induce significant neuroplastic changes. Among various forms of stimulation,

musical education, particularly piano instruction, provides complex auditory, motor, and cognitive

experiences that uniquely shape brain structure and function. This literature review aims to systematically

examine the neuroplasticity mechanisms associated with early childhood piano education, from the

perspective of educational neuroscience.A comprehensive search of peer-reviewed studies published

between 2000 and 2024 yielded approximately 70 relevant articles. The review focuses on the impact of

twelve fundamental musical elements—pitch, rhythm, melody, harmony, tempo, dynamics, timbre, texture,

articulation, form, phrasing, and expression—on neural development in young children. Findings indicate

that structured engagement with these elements during piano learning promotes cortical thickness increases

in auditory and motor areas, enhances white matter integrity, and strengthens connectivity between

hemispheres. Early piano education is also associated with improvements in executive functioning,

attention regulation, and emotional processing, supporting the concept of experience-dependent

neuroplasticity during early development.Importantly, the evidence suggests that early, targeted exposure to

diverse musical elements optimizes neural efficiency and flexibility, contributing to both domain-specific

(e.g., auditory processing) and domain-general (e.g., cognitive control) enhancements. In conclusion,

incorporating comprehensive piano education that systematically integrates varied musical elements into

early childhood programs may offer a scientifically grounded strategy to support optimal

neurodevelopment during this critical period.
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1 Introduction Early childhood is a period of heightened

neuroplasticity during which the brain exhibits
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exceptional capacity to reorganize and form new

neural pathways in response to learning and

environmental stimuli. Among various learning

activities, music—particularly piano education—

has been found to be uniquely stimulating due to

its integration of auditory, motor, emotional, and

cognitive domains. Educational neuroscience, a

multidisciplinary field intersecting cognitive

psychology, neuroscience, and education, provides

valuable insights into how structured music

education can leverage this developmental window.

Neuroplasticity, the central mechanism of

brain change, is fundamental to understanding the

efficacy of piano training in young children. At

ages 5–6, children are particularly receptive to

sensorimotor and auditory inputs, making piano

learning an ideal cognitive enrichment activity.

This literature review investigates the neural

mechanisms underpinning the cognitive and

emotional benefits of early piano education,

organized by music's constituent elements.

2. Literature Review

2.1 Theoretical Foundations of Educational
Neuroscience and Neuroplasticity

Educational neuroscience is an

interdisciplinary field that bridges cognitive

psychology, neuroscience, and educational theory

to explore how the brain's structure and functions

change in response to learning activities. This field

seeks to integrate empirical findings from

neuroscience with pedagogical practices, aiming to

optimize teaching strategies, enhance learning

outcomes, and foster cognitive development in

students of all ages. At its core, educational

neuroscience is concerned with understanding the

brain’s capacity to reorganize itself, a phenomenon

known as neuroplasticity, which is particularly

pronounced in early childhood[1].

Neuroplasticity refers to the brain's ability to

form and reorganize neural connections throughout

life, in response to learning, experience, and

environmental stimuli. During early childhood,

neuroplasticity is at its peak, making the brain

highly adaptable to external inputs. The processes

of synaptogenesis, myelination, and pruning are

particularly active during this period, allowing for

the rapid formation of synaptic connections, the

insulation of neural pathways, and the elimination

of redundant or unused neural circuits. This

heightened neural plasticity means that

experiences during early childhood, particularly

those that engage multiple sensory and cognitive

systems, have a profound and lasting effect on

brain development[2].

Research has shown that exposure to enriched

environments, including structured learning

activities like music education, significantly

enhances neuroplasticity. Music education,

especially piano training, offers a rich

multisensory experience that integrates auditory,

visual, motor, and emotional components. By

engaging multiple regions of the brain

simultaneously, music training activates the

sensorimotor cortex, auditory cortex, prefrontal

cortex, and other areas associated with higher-

order functions like executive control, working

memory, and emotional regulation . In this sense,

music education provides a powerful tool for

stimulating brain development, fostering cognitive

growth, and improving both academic and social-

emotional outcomes for young children.
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The concept of neuroplasticity is central to

understanding how early music education can

influence not only musical abilities but also

broader cognitive and emotional skills. During this

critical period of heightened neuroplasticity, the

brain is particularly receptive to structured,

complex stimuli that challenge and shape neural

circuits, making it an ideal time for interventions

like piano education that can capitalize on this

plasticity to enhance developmental outcomes. As

such, understanding the theoretical foundations of

neuroplasticity is essential for understanding the

long-term benefits of early piano education.

2.2 Neuroanatomical and Functional Brain
Changes Associated with Early Piano
Training

Numerous studies have examined the

neuroanatomical and functional changes in the

brain that occur as a result of early piano training,

demonstrating that musical education, particularly

piano training, induces significant alterations in

both brain structure and function. These changes

are observed across various regions of the brain,

highlighting the profound impact that music

education can have on cognitive and neural

development[3].

Structural Changes

Research using structural neuroimaging

techniques, such as magnetic resonance imaging

(MRI), has shown that children who undergo

musical training exhibit increased cortical

thickness in several regions of the brain,

particularly in areas related to auditory processing,

motor control, and executive function. Studies

have demonstrated that children receiving piano

training have significantly thicker motor and

auditory cortices compared to their non-musically

trained peers. These structural changes suggest that

early musical training enhances the brain's ability

to process and integrate sensory-motor information,

which is particularly critical for tasks like playing

the piano, where auditory perception and fine

motor control must be synchronized[4].

Moreover, enhanced white matter

connectivity has been observed in children

engaged in musical activities. White matter is the

tissue responsible for communication between

different regions of the brain, and increased white

matter density indicates more efficient neural

transmission. Studies have found that children

involved in musical training have greater white

matter volume in brain regions involved in motor

planning and execution. This increased

connectivity facilitates better coordination between

the brain's hemispheres and promotes more

efficient processing of sensory-motor inputs,

enhancing motor coordination and cognitive

flexibility.

Functional Changes

In addition to structural changes, functional

changes in brain activity have also been

documented in children who receive piano training.

Neuroimaging studies have shown increased

activation in brain regions such as the prefrontal

cortex, hippocampus, and cerebellum when

children engage in music-related tasks. These

regions are associated with executive functions,

memory processing, and motor coordination,

respectively. Early piano learners exhibit greater

activation in the prefrontal cortex during tasks

requiring working memory and attention control.
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This suggests that musical training, particularly the

structured nature of piano education, improves

cognitive functions such as concentration,

planning, and task-switching, all of which are

essential for academic and social success[5].

Furthermore, studies have shown that piano

training promotes neuroplasticity in areas of the

brain responsible for motor skills. The cerebellum,

which plays a crucial role in fine motor control and

timing, is particularly responsive to piano training.

Research has demonstrated that children who

engage in piano training show enhanced cerebellar

activation when performing motor tasks, indicating

that piano practice not only strengthens specific

motor skills but also improves overall

sensorimotor integration.

One of the most striking functional changes

observed in young piano learners is the increased

activation of the auditory cortex. Playing the piano

involves complex auditory processing, and

neuroimaging studies have revealed that children

who undergo music training exhibit enhanced

auditory discrimination skills. These skills are

crucial for distinguishing between different pitches,

rhythms, and tones, which are essential elements

of musical performance. Children with musical

training demonstrate enhanced pitch processing in

the auditory cortex, suggesting that music training

can sharpen auditory discrimination, not only for

musical sounds but also for speech sounds,

potentially benefiting language development as

well.

Summary

Overall, the research highlights that early

piano training can induce both structural and

functional changes in the brain that are beneficial

for cognitive, emotional, and motor development.

These changes are not limited to the development

of musical abilities but also extend to broader

cognitive functions such as memory, attention, and

motor coordination. The increased cortical

thickness and enhanced white matter connectivity

observed in musically trained children suggest that

early piano training can promote brain efficiency,

while the functional changes in brain activity

indicate that music education actively engages and

strengthens brain regions involved in cognitive and

motor tasks. Together, these findings emphasize

the value of early music education as a means of

supporting optimal brain development and

cognitive enhancement[6].

2.3 The Distinct Neurological Impacts of
Twelve Key Musical Elements as They Relate
to Early Childhood Development

Music education involves a rich blend of

auditory, motor, emotional, and cognitive elements,

all of which shape brain development in distinct

and meaningful ways. Particularly in early

childhood, when the brain is highly plastic,

exposure to music can profoundly influence

various cognitive processes, from fine motor

control to emotional regulation. In the context of

early piano education, each musical element plays

a unique role in shaping neural pathways. Below,

we explore the neurological effects of twelve key

musical elements, highlighting how they

contribute to the development of critical cognitive

and emotional skills.

1.Beat: Engages the basal ganglia, improving

motor control and rhythmic entrainment. A steady

beat provides the temporal framework for
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movement coordination, supporting the

development of timing and sequencing skills. For

young piano learners, practicing consistent beats

enhances synchronization between hands and

improves their internal sense of pulse, which is

essential for both solo and ensemble performance.

2.Rhythm: Activates the cerebellum,

enhancing behavioral and emotional regulation .

Rhythmic structures help children anticipate and

organize sensory input. When children learn to

reproduce complex rhythmic patterns on the piano,

they also strengthen neural circuits responsible for

impulse control and behavioral timing — skills that

contribute to classroom discipline and emotional

self-regulation.

3.Tempo: Influences emotional states by

modulating arousal through the amygdala. Fast

tempos can stimulate alertness and excitement,

while slower tempos promote calmness and

introspection. In piano pedagogy, deliberate

manipulation of tempo trains students to manage

expressive intent and internalize emotional cues,

fostering a deeper connection between

performance and affective communication.

4.Melody: Stimulates the auditory cortex and

hippocampus, supporting memory and emotional

association. Melodic sequences serve as mnemonic

devices, aiding memory retention. For beginners,

learning and recalling short melodic motifs not

only improves pitch recognition but also builds

musical memory and emotional expression,

making melodies powerful tools for both technical

development and personal storytelling.

5.Harmony: Involves the prefrontal cortex,

aiding emotional communication. The interaction

of consonant and dissonant harmonies elicits

nuanced emotional responses. In piano learning,

recognizing and producing harmonic progressions

enhances auditory discrimination and helps

children interpret emotional shifts in music,

thereby nurturing their aesthetic sensitivity and

empathy.

6.Tonality: Supports cognitive control and

attentional focus. Tonal structures allow learners to

predict musical direction and form expectations,

which sharpens attentional engagement. Playing

within and across key signatures also strengthens

executive function by requiring mental flexibility

and pattern recognition — a key cognitive skill for

academic success.

7.Dynamics: Facilitates sensory integration

and emotional modulation. Variations in loudness

direct attention and signal emotional contrast.

Children learning to control dynamic range on the

piano must integrate tactile, auditory, and

kinesthetic feedback, which improves their overall

sensory awareness and supports the regulation of

emotional intensity in both music and

interpersonal contexts.

8.Timbre: Helps sound differentiation and

emotional connection. Though piano has a

consistent instrumental timbre, pedagogical use of

contrasting registers, articulations, and pedal

effects allows students to explore tone color. This

exploration enhances auditory perception and

encourages imaginative engagement with music,

fostering a richer interpretive palette.

9.Texture: Affects auditory-spatial processing

in the parietal lobe (Tervaniemi & Huotilainen,

2018). Musical texture refers to the layering of

musical voices. As students progress from simple

melodies to polyphonic or homophonic textures,
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they develop the ability to distinguish and integrate

multiple streams of sound, which translates to

improved spatial reasoning and multitasking ability.

10.Form: Aids in pattern recognition and

executive planning. Understanding musical form

trains students to anticipate structural boundaries

and make decisions about phrasing, repetition, and

contrast. This enhances working memory and

strategic thinking, as children must plan their

performance and organize ideas in real time.

11.Pitch: Enhances auditory processing and

language acquisition. Identifying and producing

accurate pitches reinforces auditory discrimination

and pitch-memory skills, which are closely linked

to phonological awareness— a critical precursor to

literacy development. For piano students, pitch

awareness also improves intonation, transposition,

and sight-reading ability.

12.Music Style: Activates emotion-identity

circuits in the prefrontal cortex. Exposure to

different musical genres shapes emotional

intelligence and cultural identity. By engaging with

various piano styles — classical, jazz, folk, and

contemporary — children expand their expressive

repertoire and connect music with personal and

social meaning.

This exploration of the twelve key musical

elements reveals how each contributes to the

development of distinct neural processes that

support cognitive, emotional, and motor

development. Through the practice of piano

education, children gain valuable skills that extend

beyond the musical realm, including enhanced

memory, attention, emotional regulation, and

social understanding.

3 The Cognitive and Emotional Benefits
of Early Piano Education

Early piano education offers significant

cognitive and emotional benefits that play a crucial

role in a child ’ s overall development, with

positive impacts on memory, executive function,

language skills, emotional regulation, and social

interactions.

3.1 Cognitive Benefits

1. Memory Enhancement:

Piano training enhances both working and

long-term memory. The complex process of

memorizing musical pieces strengthens the

hippocampus, a brain region vital for both auditory

and spatial memory. The need to recall intricate

patterns, notes, and rhythms bolsters a child's

ability to retain and recall information more

effectively, supporting academic learning.

2. Executive Function Development:

Learning to play the piano strengthens key

executive functions, including working memory,

cognitive flexibility, and inhibitory control. These

cognitive skills are essential for managing

attention, making decisions, and self-regulating

behavior. Research has shown that children who

participate in music education tend to perform

better in tasks requiring focus, problem-solving,

and cognitive control, which are crucial for success

in both school and life.

3. Language Development:

Piano education plays a significant role in the

development of language skills. The auditory

processing required for musical training improves

phonological awareness, which is foundational for

language acquisition. Additionally, children who
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engage in music lessons have improved vocabulary,

reading skills, and the ability to understand speech

patterns, as they learn to distinguish between

different tones and pitches. These skills are

transferable to literacy development, making piano

education an important tool for early language

development.

4. Mathematical Skills:

Mathematics and music are closely linked.

Learning to play the piano involves understanding

concepts such as fractions, intervals, and ratios,

which are fundamental to both music and math.

Piano students develop spatial-temporal reasoning

through exposure to musical structures like rhythm

and melody, which improves their ability to solve

complex mathematical problems, particularly in

areas such as geometry and arithmetic.

3.2 Emotional Benefits

1. Emotional Regulation:

One of the key emotional benefits of early

piano education is improved emotional regulation.

Playing the piano provides children with an outlet

for emotional expression, helping them manage

feelings of frustration, anxiety, and excitement.

The discipline of practice and performance teaches

patience and perseverance, fostering resilience and

self-control. By learning to express emotions

through music, children also gain a greater

understanding of their own feelings, which aids in

emotional self-regulation.

2. Empathy and Social Skills:

Group piano lessons, ensemble performances,

and shared musical experiences encourage children

to develop empathy and social skills. Working with

peers in a musical setting fosters collaboration and

improves interpersonal communication. These

interactions not only enhance a child's ability to

work in teams but also build self-confidence and

emotional intelligence, which are critical in

developing positive social relationships.

3. Self-Expression and Creativity:

Piano education provides children with a

creative outlet for self-expression. Learning to play

music enables children to communicate emotions

and ideas in ways that words cannot. This fosters

creativity and enhances problem-solving skills, as

children learn to interpret music and express their

personal narratives through sound. Additionally,

the act of creating and performing music builds

self-esteem and a sense of accomplishment,

boosting a child's confidence in their abilities.

This chapter elaborates on the cognitive and

emotional benefits of early piano education,

highlighting its importance in cognitive

development, emotional regulation, and social

skills. Through piano learning, children not only

improve their memory, executive function, and

language abilities but also receive emotional

support in terms of emotional regulation, empathy,

and creative expression.

Results

The literature and theoretical synthesis

conducted in this study revealed several significant

findings concerning the cognitive, emotional, and

neurological effects of early piano education. First,

early piano training at ages 5–6 appears to coincide

with a period of optimal neuroplasticity, resulting

in enhanced cortical development, particularly in

motor, auditory, and prefrontal regions. Studies

reviewed indicated that consistent piano practice
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leads to measurable increases in grey matter

volume, improvements in white matter tract

integrity, and greater functional connectivity

between sensorimotor and executive control

networks.

The analysis of twelve key musical elements

further elucidated how each component uniquely

stimulates specific brain functions. Rhythm

training was associated with improved timing and

motor synchronization; pitch and melody

processing supported auditory memory and

sequencing skills; tempo variability contributed to

cognitive flexibility; harmonic complexity

enhanced auditory scene analysis; and expressive

elements such as dynamics and phrasing were

linked to emotional processing and empathy

development.

The methodological approach employed a

structured literature review targeting empirical

studies, theoretical models, and neuroscientific

investigations, which collectively demonstrated

that structured piano education serves as a potent,

multi-dimensional cognitive enrichment activity

during early childhood.

Discussion

The results of this review reinforce the

hypothesis that early structured piano education

can act as a powerful catalyst for cognitive,

emotional, and neurological development during a

critical window of brain plasticity. The

simultaneous engagement of auditory, motor,

emotional, and cognitive systems during piano

learning creates a complex, integrative stimulation

environment that appears uniquely suited to

support brain reorganization and efficiency.

In particular, findings suggest that the

development of fine motor skills, auditory

discrimination, working memory, emotional

regulation, and executive functioning can be

significantly enhanced through piano training

beginning at ages 5–6. This aligns with educational

neuroscience theories emphasizing the role of

sensitive periods in shaping long-term cognitive

and emotional outcomes.

The detailed analysis of musical elements

further provides a framework for understanding

how specific musical features can be strategically

utilized in educational and therapeutic contexts.

For instance, rhythm-based exercises might be

prioritized for enhancing motor coordination,

while activities focusing on melodic memory

could support language and reading skills.

Despite these promising findings, several

limitations must be acknowledged. Much of the

current research remains correlational, and

longitudinal experimental studies are needed to

better establish causal relationships. Additionally,

factors such as individual variability,

socioeconomic status, and the quality and intensity

of musical training may modulate outcomes.

Future research should address these

limitations by employing larger, more diverse

samples and by exploring individualized

interventions based on children ’ s specific

developmental profiles. Furthermore,

interdisciplinary collaboration between educators,

neuroscientists, and clinicians will be essential in

optimizing the design and implementation of early

music education programs.
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Conclusion

This study concludes that early childhood

piano education represents a highly effective form

of cognitive and emotional enrichment, leveraging

the brain’ s heightened neuroplasticity between

ages 5 and 6. Through the integration of auditory,

motor, cognitive, and emotional domains,

structured piano training fosters neural

development across multiple systems, resulting in

measurable improvements in fine motor control,

auditory processing, executive functioning, and

emotional regulation.

The systematic examination of the distinct

neurological impacts of twelve musical elements

further highlights the potential of piano education

to target specific developmental domains. These

insights provide a theoretical and empirical basis

for advocating the integration of piano training

into early childhood educational curricula.

While more longitudinal and experimental

research is needed to fully elucidate the

mechanisms involved, the current evidence

strongly supports the value of structured early

piano education as both an artistic and a

scientifically grounded developmental intervention.
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