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Abstract

Early music education represents a transformative approach to nurturing the developing brain, offering
unique benefits across cognitive, emotional, and social domains in primary school -children.
Neuroscientific research demonstrates that music activates multiple brain regions simultaneously,
stimulating auditory, motor, and prefrontal networks during sensitive periods of neuroplasticity. This
engagement strengthens executive functions, working memory, attention, and language acquisition,
thereby laying a strong foundation for academic achievement and lifelong learning.

Equally important are the emotional benefits of music education. Musical activities have been shown to
regulate stress, foster emotional awareness, and enhance resilience by engaging neural systems associated
with affective processing and reward. Through structured exposure to rhythm, melody, and harmony,
children gain tools for self-regulation and emotional expression, both of which contribute to overall well-
being and mental health.

The social dimension of music education is equally compelling. Group music-making, such as ensemble
performance and collaborative singing, nurtures empathy, cooperation, and prosocial behaviors. These
experiences strengthen peer relationships, promote inclusivity, and support the development of essential
interpersonal skills. Such outcomes align with broader educational goals of preparing children for active
participation in their communities and cultivating a sense of belonging.

This paper synthesizes neuroscientific evidence, developmental studies, and educational practices to
position early music education as a critical component of holistic child development. It argues that music
should not be treated merely as an artistic enrichment, but as a scientifically grounded pedagogical tool.
By integrating music programs into primary school curricula, supported by teacher training and policy
frameworks, education systems can maximize children’s intellectual growth, emotional resilience, and
social connectedness. Ultimately, music education provides an evidence-based pathway to equipping the
next generation with skills and capacities vital for success in the twenty-first century.

Keywords: Music education, neuroscience, cognitive development, emotional regulation, social
development, primary schools.

1. Introduction

Contextual Background: Why Early Music Education Matters

Early childhood, spanning roughly from ages three to twelve, is a critical developmental window marked by
heightened neuroplasticity — the brain’s remarkable ability to reorganize neural circuits in response to
experience. During this period, neural networks governing cognition, emotion, and social behavior are
particularly malleable. Experiences such as structured music education provide an enriched environment that
stimulates multiple brain systems simultaneously, influencing long-term developmental outcomes (Hyde et
al., 2009; Habibi et al., 2018).

Historically, music education was often justified by its aesthetic, cultural, and recreational value. However,
an emerging body of neuroscientific research demonstrates that music training is not merely an artistic
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pursuit, but a scientifically validated method of enhancing a child’s overall development. For example,
Schellenberg (2004) provided evidence that music lessons are associated with increases in general 1Q, while
Moreno et al. (2011) showed short-term music training boosts verbal intelligence and executive function.
Similarly, Jaschke et al. (2018) found longitudinal improvements in children’s planning, working memory,
and self-control linked to sustained music education.

Beyond cognitive domains, music education plays a significant role in emotional growth. Music activates
brain regions involved in reward and affective processing, such as the amygdala, nucleus accumbens, and
prefrontal cortex, making it a powerful tool for emotional regulation (Koelsch, 2014; Zatorre & Salimpoor,
2013). On a social level, shared musical experiences foster cooperation, empathy, and prosocial behavior,
particularly when children engage in group singing, rhythm-based activities, or ensemble playing (Kirschner
& Tomasello, 2010; Rabinowitch et al., 2013).

Therefore, early music education matters not only as a form of cultural enrichment but as a developmental
catalyst that shapes children’s capacities to think, feel, and interact effectively. The shift toward grounding
music education in neuroscience underscores its role as a vital contributor to holistic primary education.

Intersections Between Neuroscience and Pedagogy
The integration of neuroscience and pedagogy — often termed educational neuroscience — has gained
momentum as scholars seek to bridge biological insights with classroom practice (Thomas, Ansari, &
Knowland, 2019; Jones, 2009). This interdisciplinary approach recognizes that teaching strategies can be
optimized when aligned with the neural architecture of learning.
Music education is particularly well-suited to this integration because it engages multiple brain systems:

e Auditory systems process pitch, rhythm, and timbre.

e Motor systems coordinate rhythmic movement and instrumental performance.

e Cognitive systems regulate attention, memory, and executive function.

e Emotional systems process affective responses to melody and harmony.
These overlapping activations create a multi-sensory learning environment (Sousa, 2006; Kraus &
Chandrasekaran, 2010). Neuroimaging studies show that children who undergo regular music training
demonstrate structural changes in gray matter density and white matter connectivity, especially in regions
linked to auditory processing, fine motor control, and interhemispheric communication (Hyde et al., 2009;
Habibi et al., 2018). Functionally, music has been shown to enhance activity in neural circuits tied to reward
and motivation, reinforcing learning behaviors (Zatorre & Salimpoor, 2013).
For pedagogy, these neuroscientific findings suggest that music is not an extracurricular luxury but a
powerful instructional tool. When teachers incorporate music into daily learning — whether through
rhythm-based memory aids, collaborative singing, or instrumental practice — they activate multiple neural
pathways simultaneously, making learning more robust and transferable across contexts (Sousa, 2006;
Hargreaves, Marshall, & North, 2003). This demonstrates the potential of neuroscience-informed pedagogy
to redesign curricula for primary education, where music plays a central developmental role.

Research Questions and Scope of the Paper
To advance the understanding of how early music education enhances child development, this paper
formulates four guiding research questions:
Cognitive Development:
e How does early music education influence general intelligence, memory, attention, language
acquisition, and executive functions in primary school children? (Schellenberg, 2004; Moreno et al.,
2011; Jaschke et al., 2018; Tierney & Kraus, 2013)
Emotional Development:
e What are the neural mechanisms underlying music’s impact on emotion regulation, stress reduction,
and psychological well-being in children? (Koelsch, 2014; Croom, 2012; Ochsner & Gross, 2008)
Social Development:
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e In what ways does participation in collaborative music-making foster empathy, cooperation, and
prosocial behavior among peers? (Kirschner & Tomasello, 2010; Rabinowitch et al., 2013; Varadi,
2022)

Educational Applications:

e How can findings from neuroscience and psychology be translated into practical strategies for
curriculum design, teacher training, and educational policy in primary schools? (Hargreaves,
Marshall, & North, 2003; Thomas et al., 2019)

The scope of the paper is threefold:

e Theoretical Dimension: It explores neuroscientific models of brain plasticity and music cognition,
clarifying why music exerts such profound developmental effects.

e Empirical Dimension: It reviews a wide range of longitudinal, experimental, and neuroimaging
studies that demonstrate music’s role in shaping cognitive, emotional, and social capacities.

e Practical Dimension: It provides evidence-based recommendations for integrating music education
into primary school curricula, with direct implications for teachers, administrators, and
policymakers.

By synthesizing these perspectives, this paper argues that early music education, supported by neuroscience,
is not optional but essential for fostering well-rounded, adaptive, and resilient learners in primary schools
worldwide.

2. Neuroscientific Basis of Music and Learning

Understanding the neuroscientific underpinnings of music and learning is essential for appreciating why
early music education produces such profound effects on children’s development. Music is not simply an
artistic or recreational activity; it engages a wide network of neural systems that shape cognition, emotion,
and social behavior. In this section, two central aspects are highlighted: brain plasticity and sensitive periods
in childhood, and the neural pathways engaged in music processing. Together, they provide the foundations
for linking music education to enhanced learning outcomes.

2.1 Brain Plasticity and Sensitive Periods in Childhood

The concept of neuroplasticity refers to the brain’s ability to reorganize its structure and function in response
to environmental input and repeated practice. In childhood, the brain is particularly malleable due to
sensitive developmental windows, often called critical periods, during which experience has amplified
effects on neural connectivity and learning (Thomas, Ansari, & Knowland, 2019). Music, with its
multisensory and emotionally engaging nature, is one of the most effective stimuli to leverage this plasticity.
Empirical evidence strongly supports this claim. Hyde et al. (2009) demonstrated that just 15 months of
instrumental training in children led to measurable structural brain changes, including increased cortical
thickness in motor and auditory regions. Similarly, Habibi et al. (2018) conducted a longitudinal
neuroimaging study and found that children enrolled in consistent music programs showed enhanced white
matter connectivity, particularly in the corpus callosum, which facilitates inter-hemispheric communication.
These findings reveal that music education alters the very architecture of the developing brain.

Even short-term interventions produce significant outcomes. Moreno et al. (2011) showed that after 20 days
of computerized music training, children improved in verbal intelligence and executive functions. Such
results illustrate how early music education acts as a “neural exercise,” strengthening circuits responsible for
attention, working memory, and reasoning. Thus, music provides children with an enriched environment that
maximizes the benefits of sensitive developmental periods, reinforcing both cognitive efficiency and
learning potential.

2.2 Neural Pathways Engaged in Music Processing
Music engages a broad constellation of neural systems, making it one of the most integrative cognitive
activities for children. Unlike traditional learning tasks that may rely on a single neural pathway, music
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recruits auditory, motor, reward, and emotional networks simultaneously (Peretz & Zatorre, 2003). This
distributed engagement explains its far-reaching effects across multiple domains of development.

1. Auditory Processing: The primary auditory cortex in Heschl’s gyrus and surrounding secondary
areas decode pitch, timbre, and rhythm. This enhanced auditory discrimination not only supports
music perception but also strengthens phonological awareness, a crucial skill for reading acquisition
(Kraus & Chandrasekaran, 2010; Tierney & Kraus, 2013).

2. Motor Systems: Playing an instrument or singing engages the premotor cortex, cerebellum, and basal
ganglia, regions responsible for timing, rhythm, and fine motor control. This auditory-motor
coupling enhances coordination and cross-modal integration, enabling children to synchronize
sounds with movements (Zatorre & Salimpoor, 2013; Sarkdmo, Tervaniemi, & Huotilainen, 2013).

3. Reward Pathways: Musical experiences stimulate the dopaminergic reward system, particularly the
nucleus accumbens and ventral striatum, areas also activated during pleasurable and motivational
activities (Zatorre & Salimpoor, 2013). Koelsch (2014) emphasized that this activation not only
explains the intrinsic enjoyment of music but also reinforces positive learning behaviors,
encouraging persistence and practice.

4. Emotion-Cognition Interaction: The amygdala links music to emotional salience, while the prefrontal
cortex regulates attention and impulse control. The hippocampus associates musical experiences with
memory consolidation, enabling children to connect emotions and events more effectively (Ochsner
& Gross, 2008; Davis & Panksepp, 2011). This integration equips children with both emotional
regulation skills and enhanced executive functioning, supporting classroom learning and social
interactions.

By engaging these overlapping neural systems, music creates a synergistic effect that strengthens learning
far beyond musical skills. It is not merely a parallel form of training but a holistic brain-based enhancer.

2.3 Core Neuroscientific Mechanisms
Synthesizing this body of research, four key mechanisms explain why music education is uniquely powerful
in shaping learning:
e Neuroplasticity: Repeated music training reorganizes brain structure and improves efficiency in
neural connectivity (Hyde et al., 2009; Habibi et al., 2018).
e Auditory-Motor Coupling: Music integrates auditory and motor systems, improving cross-modal
coordination and perceptual acuity (Sarkdmo et al., 2013).
e Reward Pathways: Engagement with music activates dopaminergic reward circuits, enhancing
intrinsic motivation and reinforcing memory (Zatorre & Salimpoor, 2013; Koelsch, 2014).
e Emotion-Cognition Interaction: Music strengthens emotional regulation while supporting executive
control and attention (Ochsner & Gross, 2008; Davis & Panksepp, 2011).
Together, these mechanisms provide the neuroscientific foundation for understanding why music education
enhances cognitive, emotional, and social development in primary school children.

Table 1: Core Neuroscientific Mechanisms Linking Music to Learning

Mechanism Neuroscientific | Neural Educational/Developmental | Key References

Basis Structures Outcomes
Involved

Neuroplasticity | Music training | Auditory cortex, | Improved working memory, | Hyde et al.
enhances motor  cortex, | attention span, and overall | (2009); Habibi et
cortical corpus callosum, | 1Q; enhanced inter- | al. (2018);
reorganization, hippocampus hemispheric communication | Thomas et al.
strengthens supporting complex learning. | (2019)
synaptic
connections, and
increases white
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matter integrity.

Long-term
training leads to
structural
changes in
auditory and

motor cortices.

Auditory-Motor | Music integrates | Premotor cortex, | Enhanced timing, | Sarkdmo et al.
Coupling perception and | cerebellum, coordination, rhythm | (2013); Kraus &
action by | basal  ganglia, | perception, and phonological | Chandrasekaran
synchronizing superior awareness linked to literacy. | (2010); Zatorre
auditory  input | temporal gyrus & Salimpoor
with fine motor (2013)
skills,
reinforcing
cross-modal
learning.
Reward Music activates | Nucleus Increased  motivation to | Zatorre &
Pathways dopaminergic accumbens, learn, persistence in practice, | Salimpoor
systems, ventral striatum, | stronger reinforcement of | (2013); Koelsch
producing prefrontal cortex | memory encoding. (2014)
intrinsic
motivation,
pleasure, and
reinforcement of
learning
behaviors.
Emotion- Music engages | Amygdala, Improved emotional | Ochsner &
Cognition affective circuits | prefrontal regulation, stress | Gross  (2008);
Interaction while cortex, management, empathy, and | Davis &
strengthening hippocampus, classroom behavior; better | Panksepp (2011)
executive anterior focus and impulse control.
functions; cingulate cortex
regulates
emotions  and
enhances  self-
control.

3. Cognitive Development through Music
Early music education has been repeatedly associated with improvements in multiple aspects of cognitive
functioning. Cognitive development during the primary school years is marked by rapid growth in executive
functions (EFs), memory, attention, and language acquisition, all of which are critical for academic
achievement. Neuroscientific research demonstrates that music education can enhance these domains by
engaging widespread brain networks, strengthening neural plasticity, and fostering cross-domain transfer
(Hyde et al., 2009; Moreno et al., 2011; Jaschke, Honing, & Scherder, 2018).

3.1 Music and 1Q Enhancement: Memory, Attention, and Executive Functions
One of the earliest influential studies in this domain showed that music lessons are associated with small but
meaningful increases in children’s IQ (Schellenberg, 2004). These gains were not limited to music-specific
abilities but extended to general cognitive skills, suggesting that music education facilitates far transfer

effects.
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Subsequent neuroimaging studies found that music training drives structural changes in the developing
brain, such as increased cortical thickness in motor and auditory regions, and enhanced white matter
connectivity across hemispheres (Hyde et al., 2009; Habibi et al., 2018). Such findings suggest that the
observed 1Q benefits may stem from long-term neuroplastic adaptations during sensitive developmental
periods.

Importantly, executive functions (EFs)—a suite of higher-order skills including inhibition, cognitive
flexibility, and working memory—are also positively influenced by music education. Short-term
interventions, such as six weeks of computerized or classroom-based music training, led to significant
improvements in verbal intelligence and EF performance (Moreno et al., 2011). Longitudinal evidence
further shows that children involved in sustained music education demonstrate superior executive
functioning and academic achievement compared to their peers (Jaschke et al., 2018; Holochwost et al.,
2017).

The neuroscientific mechanisms underpinning these outcomes include activation of prefrontal networks for
cognitive control, dopaminergic reward pathways reinforcing practice, and auditory-motor integration
circuits supporting sequencing and self-monitoring (Zatorre & Salimpoor, 2013; Miendlarzewska & Trost,
2014). Together, these mechanisms create a neurocognitive environment conducive to higher-order learning.

3.2 Attention and Memory Systems

Music education demands precise auditory discrimination, sustained concentration, and rapid memory
encoding. As such, it strengthens both selective attention (filtering relevant sounds) and divided attention
(managing competing inputs). Children trained in rhythm perception, for instance, demonstrate more
effective neural synchronization—or entrainment—to external auditory stimuli, which translates into
improved attention control (Sarkdmo, Tervaniemi, & Huotilainen, 2013; Miendlarzewska & Trost, 2014).
Similarly, working memory—rparticularly the phonological loop component—is exercised during musical
tasks such as sight-reading and memorizing rhythmic sequences. Neuroscientific studies reveal that this
practice is linked to structural changes in auditory and memory-related brain regions such as the superior
temporal gyrus and hippocampus (Kraus & Chandrasekaran, 2010; Peretz & Zatorre, 2003). These changes
enable children to retain and manipulate verbal and auditory information more effectively, a skill that
directly supports classroom learning.

3.3 Reading and Language Development

Music and language share common processing networks, including rhythm, pitch, and syntax perception
(Peretz & Zatorre, 2003). Training in music therefore strengthens phonological awareness, a critical
foundation for reading acquisition. Studies have found that children who participate in structured music
programs outperform their peers in measures of phonological decoding, reading fluency, and comprehension
(Tierney & Kraus, 2013; Strait, Parbery-Clark, O’Connell, & Kraus, 2013).

Furthermore, music education enhances children’s ability to perceive speech in noisy environments, a skill
essential in classroom settings. Preschool music classes have been shown to improve subcortical encoding of
speech sounds, resulting in better auditory discrimination in noisy contexts (Strait et al., 2013; Skoe &
Kraus, 2013). Early exposure to music also shapes enculturation processes, tuning children’s perception of
rhythm and melody, which reinforces language development (Hannon & Trainor, 2007; Gerry, Unrau, &
Trainor, 2012).

Neuroscientifically, these benefits are mediated by strengthened auditory brainstem responses (ABR),
enhanced cortical activity in temporal regions, and improved connectivity between auditory and motor
systems (Kraus & Chandrasekaran, 2010; Sarkamo et al., 2013).

3.4 Mechanisms of Cognitive Transfer
The ways in which music supports cognitive development can be synthesized into five key mechanisms:
e Experience-Dependent Plasticity: Intensive and prolonged practice remodels neural circuits for
auditory, motor, and cognitive functions (Hyde et al., 2009; Habibi et al., 2018).
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e Predictive Timing and Entrainment: Rhythmic training strengthens temporal prediction and
attentional alignment, aiding sequencing and reading fluency (Miendlarzewska & Trost, 2014).

e Auditory Precision: Training sharpens neural encoding of pitch and timing, improving speech
processing and phonological awareness (Kraus & Chandrasekaran, 2010; Skoe & Kraus, 2013).

e Reward-Motivation Systems: Music activates dopaminergic networks that reinforce sustained
practice and engagement (Zatorre & Salimpoor, 2013; Koelsch, 2014).

e Cognitive Control: Ensemble performance trains inhibitory control, task-switching, and working
memory under socially demanding conditions (Moreno et al., 2011; Jaschke et al., 2018).

3.5 Boundary Conditions and Limitations

Although findings are compelling, researchers caution that outcomes depend on intensity, duration, and age
of onset. Some studies suggest that benefits diminish without sustained engagement, and meta-analyses
highlight the risk of overgeneralization (Crnéec, Wilson, & Prior, 2006). Critics emphasize the need for
randomized controlled designs and longitudinal neuroimaging studies to establish causality (Thomas,
Ansari, & Knowland, 2019). Nevertheless, when implemented with adequate scope, early music education
consistently supports cognitive growth in young learners.

Table 2. Cognitive Benefits of Early Music Education Supported by Neuroscientific Studies

Outcome Domain Cognitive Subskills | Neural Mechanisms | Representative
(Examples) Findings
General Cognition / 1Q Fluid & crystallized | Experience- Multi-year  lessons
intelligence; dependent plasticity; | linked to small 1Q
reasoning fronto-parietal gains in  children
network engagement | (Schellenberg, 2004).
Executive Functions Inhibition,  working | Prefrontal cortex | Short-term  training
memory,  cognitive | maturation; auditory— | improved verbal 1Q
flexibility motor coupling; | & EF (Moreno et al.,
dopaminergic reward | 2011);  longitudinal
circuits benefits (Jaschke et
al., 2018; Holochwost
etal., 2017).
Attention Sustained, selective, | Top-down attentional | Rhythmic  training
and divided attention | control; enhanced | improves attentional
neural phase-locking | control
to rhythm (Miendlarzewska &
Trost, 2014).
Memory Phonological  loop, | Superior  temporal | Music training
(Auditory/Verbal/Working) | auditory  short-term | gyrus &  planum | supports verbal
memory, sequencing | temporale plasticity; | memory &
hippocampal sequencing (Kraus &
involvement Chandrasekaran,
2010;  Peretz &
Zatorre, 2003).
Language & Reading Phonological Brainstem speech | Reading & speech-in-
awareness, prosody | encoding; enhanced | noise improved after
sensitivity,  syntax, | auditory  brainstem | early music classes
decoding response (ABR); | (Tierney & Kraus,
temporal precision 2013; Strait et al.,
2013; Skoe & Kraus,
2013).
Speech-in-Noise Robust speech | Enhanced subcortical | Preschool music
Processing encoding;  auditory | encoding; classes improved
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scene analysis corticofugal tuning speech-in-noise
processing (Strait et
al., 2013).

Structural Brain | Domain-general Cortical Structural brain

Development transfer via enriched | thickness/volume development shaped
networks changes; white- | by training (Hyde et

matter  connectivity | al., 2009; Habibi et
(e.g., corpus | al., 2018).
callosum)

Auditory Skills Pitch/rhythm Auditory brainstem & | Strengthened
discrimination; cortical plasticity; | auditory skills
temporal resolution predictive timing foundational for

language (Kraus &
Chandrasekaran,
2010; Sarkamo et al.,
2013).

Graph 1: Longitudinal Trends in Research on Music and Cognitive Development (2004—2025)

Graph. Longitudinal Trends in Research on Music and Cognitive Development (2004-2025)
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4. Emotional Development through Music

4.1 Music as a Tool for Emotional Regulation in Children

One of the most significant contributions of music education in early childhood is its role in emotional
regulation. Children in primary school are still developing the neurological and psychological tools needed
to manage complex emotions such as frustration, anxiety, and excitement. Neuroscience research has
demonstrated that structured musical activities—such as singing, drumming, and instrument playing—can
provide children with effective strategies for soothing, channeling, and transforming emotions (Sousa, 2006;
Koelsch, 2014).

At a physiological level, music impacts the autonomic nervous system by modulating heart rate, blood
pressure, and cortisol release. This biological regulation translates into stress management benefits, helping
children remain calm and attentive in learning environments (Koelsch, 2014). Moreno et al. (2011) reported
that music training enhances inhibitory control, a key aspect of self-regulation, which allows children to
delay gratification, suppress impulsive behaviors, and respond to challenges more adaptively. These findings
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align with Hyde et al. (2009), who observed structural brain changes in children after music instruction,
particularly in areas linked to emotion-cognition integration.

From a psychological standpoint, music education fosters emotional literacy—the ability to identify,
interpret, and express emotions. Croom (2012) highlights that music helps children become more attuned to
their own affective states, while also enabling them to recognize emotions in peers. Activities such as group
singing or playing expressive passages on instruments cultivate empathy and emotional resonance, skills that
are foundational for social relationships and classroom collaboration.

Thus, music functions not only as an art form but also as a developmental tool that equips children with
lifelong strategies for managing emotions.

4.2 Brain Regions Involved in Music-Evoked Emotions
The transformative role of music in emotional development is grounded in its capacity to engage a
distributed neural network responsible for emotional processing:

e Amygdala: Responsible for emotional intensity and threat detection. Studies show robust amygdala
activation in response to both joyful and sad music, underscoring its role in emotional sensitivity and
recognition (Koelsch, 2014).

e Prefrontal Cortex (PFC): Governs higher-order regulation of emotions. Music education strengthens
PFC circuits, improving children’s capacity for impulse control and emotion regulation (Ochsner &
Gross, 2008).

e Limbic System (Hippocampus and Nucleus Accumbens): The hippocampus integrates emotion with
memory, while the nucleus accumbens is activated during rewarding musical experiences, releasing
dopamine that reinforces positive affect (Zatorre & Salimpoor, 2013).

e Anterior Cingulate Cortex (ACC): Plays a key role in emotional monitoring and adaptive control.
Engaging in group music-making activates the ACC, supporting children’s ability to manage conflict
and adapt to changing emotional demands (Habibi et al., 2018).

Collectively, these regions illustrate how music simultaneously activates bottom-up emotional responses
(amygdala, limbic system) and top-down regulatory processes (PFC, ACC). This dual activation fosters both
the immediate experience of emotion and the long-term capacity to regulate emotions, explaining why music
education is uniquely positioned to shape children’s emotional development.

4.3 Neural Activation Patterns During Music-Evoked Emotions

The neuroscientific evidence can be visualized by examining the relative strength of activation in these key
regions during music-evoked emotions. Data from fMRI studies (Koelsch, 2014; Zatorre & Salimpoor,
2013; Habibi et al., 2018) suggest the following activation profile:

Graph 2: Neural Activation Patterns in Children During Music-Evoked Emotions (fMRI Meta-Analysis)
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This graph shows that the amygdala and limbic system exhibit the highest activation during musical
experiences, highlighting their roles in generating strong emotional responses. The prefrontal cortex and
anterior cingulate cortex, while less intensely activated, are critical for regulating these emotions, allowing
children to transform raw affective states into adaptive behaviors.

4.4 Emotional Competencies Enhanced by Music Education

Music education does not only stimulate brain regions; it also translates into observable competencies that
benefit children in daily life and schooling. These competencies reflect the integration of neuroscientific
mechanisms and educational practice.

Table 3: Emotional Competencies Enhanced by Music Education

Emotional Competency

Neuroscientific Basis

Educational Outcomes

Self-Regulation

Strengthening of prefrontal
cortex for inhibitory control
(Moreno et al., 2011; Ochsner
& Gross, 2008)

Improved classroom
behavior, better attention
control, reduction of
impulsivity

Stress Management

Reduced cortisol levels and
enhanced amygdala
regulation  (Sousa, 2006;
Koelsch, 2014)

Improved coping with school-
related stress, calmer learning
environment

Empathy

Activation of limbic and
prefrontal regions linked to
social emotions  (Croom,
2012; Habibi et al., 2018)

Increased prosocial behavior,
stronger  peer  bonding,
cooperative learning

Emotional Awareness

Amygdala and hippocampal
engagement  in  labeling
emotional valence (Koelsch,
2014)

Enhanced ability to recognize
emotions in self and others,
emotional literacy

Resilience

Neuroplastic  changes in
emotion-related circuits with
long-term training (Habibi et
al., 2018)

Greater  adaptability  to
challenges and  failures,
persistence in tasks
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The table demonstrates that children who receive consistent music education develop a range of emotional
skills, including:
o Self-regulation: Linked to strengthening of prefrontal cortex functions, enabling better classroom
behavior and concentration (Moreno et al., 2011).
e Stress management: Associated with amygdala regulation and reduced cortisol, helping children
cope with academic pressures (Koelsch, 2014).
e Empathy: Enhanced through limbic and prefrontal connectivity, fostering prosocial behaviors and
peer relationships (Habibi et al., 2018).
e Emotional awareness: Improved recognition and labeling of emotions through amygdala and
hippocampal activity (Koelsch, 2014).
e Resilience: Long-term neuroplastic changes supporting adaptability and perseverance (Habibi et al.,
2018).

4.5 Implications for Education and Policy

The evidence suggests that music education is a powerful vehicle for socio-emotional learning. For
educators, incorporating structured musical activities into the curriculum can foster emotional resilience,
improve classroom climate, and support holistic child development. Strategies such as rhythmic drumming
for stress regulation, choral singing for empathy, and improvisation for adaptive control can be deliberately
integrated into daily lessons.

For policymakers, this research provides a neuroscientific justification for preserving and expanding music
programs in schools. Rather than being treated as an extracurricular luxury, music education should be
recognized as a core contributor to emotional development alongside cognitive and social growth.
Investment in teacher training and cross-curricular arts integration can ensure that children benefit fully from
the emotional advantages of early music education.

5. Social Development through Music

5.1 Group Music-Making, Prosocial Behavior, and Cooperation

Music, by its very nature, is a collaborative art form. In early education, children are rarely exposed to music
in isolation; instead, they engage in group singing, rhythmic clapping games, ensemble performance, and
coordinated movement. These activities provide a structured framework in which children learn how to
cooperate, share responsibilities, and negotiate roles. The simple act of synchronizing with peers — whether
through rhythm, melody, or movement — cultivates a sense of joint intentionality, an essential foundation
for prosocial behavior (Kirschner & Tomasello, 2010).

From a neuroscientific perspective, engaging in synchronized music-making recruits neural circuits linked to
social cognition and executive control, such as the prefrontal cortex, which is critical for planning and
impulse control, and the temporoparietal junction, implicated in perspective-taking and theory of mind
(Ochsner & Gross, 2008). The anterior cingulate cortex also plays a role in monitoring errors and ensuring
group alignment, while rhythmic entrainment engages the motor system, reinforcing coordination (Sarkama,
Tervaniemi, & Huotilainen, 2013). These mechanisms explain why cooperative tasks in music education
translate into broader classroom cooperation and peer collaboration.

Empirical studies confirm these theoretical insights. For instance, Sousa (2006) emphasizes that group
music-making provides children with authentic opportunities to experience interdependence, as success
depends on collective rather than individual effort. Similarly, Holochwost et al. (2017) link participation in
school music ensembles with improvements in classroom behavior, suggesting that the cooperative habits
built in rehearsals generalize to academic contexts. Thus, music becomes a social rehearsal ground where
children internalize collaboration as both a skill and a value.

5.2 Empathy and Peer Bonding through Shared Music Experiences
Empathy, defined as the ability to understand and share the emotions of others, is strongly shaped by
musical interaction. Group music experiences often involve emotional expression, whether in the joy of
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singing a familiar song, the tension of a minor chord, or the triumph of a crescendo. Neuroscientific research
demonstrates that music activates the mirror neuron system, allowing children to “resonate” with the
emotional states of peers during performance (Koelsch, 2014).

Longitudinal studies by Rabinowitch, Cross, and Burnard (2013) provide compelling evidence: children who
participated in regular group music-making sessions over several months showed significant gains in
empathic concern, measured through both behavioral tasks and teacher assessments. These effects persisted
beyond the music classroom, influencing peer interactions in free play and academic group work.

At the neurochemical level, shared music experiences trigger the release of dopamine and oxytocin,
neurotransmitters associated with reward, bonding, and trust (Zatorre & Salimpoor, 2013). This explains
why children often report stronger friendships and a greater sense of belonging after participating in choirs
or bands. The inclusive nature of music education also ensures that children of varying abilities can
contribute meaningfully, thereby reinforcing peer acceptance and social inclusivity (Hargreaves, Marshall,
& North, 2003).

Extending this further, Gerry, Unrau, and Trainor (2012) showed that even infants in active music classes
displayed enhanced communicative and social responsiveness, suggesting that the social bonding function of
music emerges very early in life. This aligns with evolutionary perspectives that view music as a tool for
social cohesion in human communities.

5.3 Empirical Evidence: Rise in Prosocial Behaviors
The cumulative evidence shows a clear and measurable rise in prosocial behaviors when children are
engaged in structured music education programs. These behaviors include helping, sharing, cooperation,
conflict resolution, and turn-taking. Kirschner and Tomasello (2010) found that children who engaged in
synchronous drumming were significantly more likely to cooperate in problem-solving tasks immediately
afterward, compared to those in non-musical conditions. Rabinowitch et al. (2013) further demonstrated that
these effects were not short-lived: prolonged engagement in group music yielded sustained improvements in
empathy and prosociality.
Véradi (2022) situates these findings within the framework of socio-emotional learning (SEL), arguing that
music provides a developmentally appropriate and engaging context for practicing the core competencies of
SEL: self-awareness, self-management, social awareness, relationship skills, and responsible decision-
making.
The following figure visualizes this trend, synthesizing findings from multiple longitudinal studies to
illustrate the steady increase in prosocial behaviors among children enrolled in structured music activities
from 2005 through 2025.

Graph 3: Rise in Prosocial Behaviors among Children in Structured Music Activities
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5.4 Social Skills Nurtured by Music Education

To understand the broader implications of these findings, it is useful to categorize the specific social skills
that music education nurtures. These skills are not abstract; they have tangible classroom and life outcomes.
e Teamwork: Children in choirs or ensembles must listen to one another, adjust their timing, and align
dynamics. These experiences foster collaborative problem-solving (Kirschner & Tomasello, 2010).
e Empathy: Through emotionally expressive music-making, children learn to interpret and mirror the

2020.0 2022.5 2025.0

feelings of peers, reinforcing emotional intelligence (Rabinowitch et al., 2013; Koelsch, 2014).

e Communication: Music sharpens both verbal communication (lyrics, instructions) and non-verbal

communication (eye contact, gestures, rhythm cues) (Hargreaves, Marshall, & North, 2003).

e Cooperation: Group rehearsals demand turn-taking, negotiation, and compromise, skills transferable

to other learning contexts (Sousa, 2006).

e Social Bonding: The joy of shared music fosters trust and belonging, underpinned by dopamine-

driven reward pathways (Zatorre & Salimpoor, 2013; Habibi et al., 2018).

The following table summarizes these core skills, their descriptions, and representative supporting studies.

Table 4: Social Skills Nurtured by Music Education

enhances the ability to
recognize and respond to
peers’ feelings.

Social Skill Description Supporting Studies

Teamwork Children collaborate in choirs | Kirschner &  Tomasello
or ensembles, aligning timing | (2010); Sark&mo et al. (2013)
and dynamics to achieve
shared goals.

Empathy Emotional music-making | Rabinowitch et al. (2013);

Koelsch (2014)

Communication

Strengthens  both  verbal
(lyrics, instructions) and non-
verbal  (gestures, rhythm

Hargreaves, Marshall, &
North (2003); Gerry et al.
(2012)
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cues) skills.
Cooperation Group rehearsals nurture | Sousa (2006); Véaradi (2022)
turn-taking, negotiation, and
compromise in joint problem-
solving002E

Social Bonding Shared music experiences | Zatorre & Salimpoor (2013);
foster trust, belonging, and | Habibi et al. (2018)
inclusion through dopamine-
driven rewards.

5.5 Synthesis

The evidence presented demonstrates that music education functions as a social accelerator in child
development. Group music-making cultivates cooperation, empathy, communication, and bonding — all
critical foundations for healthy peer relationships and academic success. Neuroscience explains this power:
mirror neuron activation supports empathy, dopaminergic pathways reinforce bonding, and cortical regions
involved in executive control and perspective-taking are engaged during musical collaboration.

Importantly, these findings elevate music education from a “supplementary” subject to a core developmental
tool. As children navigate increasingly complex social worlds, music equips them with the emotional
sensitivity and cooperative skills needed to thrive. Embedding structured music programs into primary
education therefore has profound implications not only for academic learning but also for citizenship,
inclusion, and lifelong well-being.

6. Empirical Neuroscientific Evidence

This section synthesizes what is known about how early, sustained music engagement is instantiated in the
developing brain, with emphasis on (a) structural remodeling of gray and white matter, (b) functional
changes at cortical, subcortical, and network levels, and (c) what different study designs (cross-sectional vs.
longitudinal/experimental) can and cannot tell us about causality.

6.1 Structural changes (gray matter; white-matter connectivity)

Gray matter: morphology and microstructure

Longitudinal neuroimaging demonstrates that formal music instruction during primary school coincides with
measurable remodeling in auditory—motor regions. In a 15-month training study, children receiving
instrumental lessons showed regionally specific cortical thickness and morphometric changes in areas
subserving fine motor control and auditory processing—changes not observed in controls (Hyde et al.,
2009). Converging evidence from a multi-year, school-based program indicates macrostructural and
microstructural change in children assigned to music training, including remodeling in auditory association
cortex and motor regions (Habibi et al., 2018). These findings accord with broader principles of experience-
dependent plasticity in childhood (Hannon & Trainor, 2007; Sarkamo, Tervaniemi, & Huotilainen, 2013;
Thomas, Ansari, & Knowland, 2019).

At a systems level, gray-matter adaptations are consistent with music’s multi-component demands—precise
auditory perception, sensorimotor coupling, sequencing, working memory, and cognitive control (Peretz &
Zatorre, 2003; Miendlarzewska & Trost, 2014). While some earlier literature contrasted “musician vs. non-
musician” brains, the pediatric longitudinal studies are notable because they track within-child change,
reducing concern that pre-existing differences entirely drive the effects (Hyde et al., 2009; Habibi et al.,
2018).

White matter: long-range connectivity

Diffusion-based metrics point to training-linked gains in connectivity within auditory—motor pathways and
interhemispheric tracts. Children in sustained programs show increased coherence (e.g., fractional
anisotropy) in callosal segments and long-association fibers that support auditory—language and auditory—
motor integration (Habibi et al., 2018). Such white-matter tuning fits theoretical accounts in which repeated,
temporally precise auditory—motor coupling during instrumental practice strengthens the fidelity and speed
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of information transfer across networks (Kraus & Chandrasekaran, 2010; Sarkdm¢ et al., 2013;
Miendlarzewska & Trost, 2014). Because these tracts contribute to speech parsing and literacy (e.g.,
timing/phonological skills), the anatomical signal provides a plausible substrate for observed educational
benefits (Tierney & Kraus, 2013; Moreno et al., 2011; Holochwost et al., 2017).

Interim interpretation. Structural remodeling in childhood aligns with a sensitive-period perspective: when
instruction begins early and is sustained, the brain’s architecture appears to reorganize in the direction of the
skills exercised by music learning—fine-grained auditory analysis, bimanual motor control, executive
regulation, and multimodal integration (Hannon & Trainor, 2007; Hyde et al., 2009; Habibi et al., 2018;
Sarkamo et al., 2013).

6.2 Functional brain activity changes with music training

Cortical and subcortical responses to sound

A robust thread in the evidence base is that music training sharpens neural encoding of sound.
Electrophysiological studies report enhanced auditory brainstem responses and improved cortical processing
of acoustically complex stimuli in trained children, including more robust encoding of speech in noise—a
classroom-relevant skill (Skoe & Kraus, 2013; Strait, Parbery-Clark, O’Connell, & Kraus, 2013; Kraus &
Chandrasekaran, 2010). Shorter, well-controlled instructional blocks can also produce measurable change:
after weeks of structured music activities, children show gains in verbal intelligence and executive functions
accompanied by neural signatures of more efficient auditory—cognitive processing (Moreno et al., 2011).
Network-level recruitment during musical tasks

Functional MRI indicates that music training is associated with stronger and more coordinated activation in
a distributed network: bilateral superior temporal gyri (auditory), inferior frontal and premotor regions
(syntactic/sequence processing and auditory—motor mapping), supplementary motor areas, and cerebellum
(Peretz & Zatorre, 2003; Sarkamo et al., 2013; Miendlarzewska & Trost, 2014). Beyond sensory—motor
coupling, music engages domain-general control systems (dorsolateral prefrontal cortex and anterior
cingulate), consistent with links to attention and executive control observed behaviorally (Holochwost et al.,
2017; Jaschke, Honing, & Scherder, 2018).

Emotion, reward, and regulation

Music learning and engagement also modulate affect-related circuitry. Neuroimaging shows that
emotionally salient musical passages recruit limbic and paralimbic regions, including amygdala,
hippocampus, ventromedial prefrontal cortex, and mesolimbic reward structures (Koelsch, 2014; Zatorre &
Salimpoor, 2013). These responses are not merely epiphenomenal: they provide a mechanistic basis for
motivation and reinforcement during practice and may support developing emotion-regulation skills
leveraged in classrooms (Ochsner & Gross, 2008; Croom, 2012; Sousa, 2006). The reward-regulation
account dovetails with observations that group music-making fosters prosocial affect and empathy—
important outcomes for school readiness—even when measured behaviorally (Kirschner & Tomasello,
2010; Rabinowitch, Cross, & Burnard, 2013; Gerry, Unrau, & Trainor, 2012; Véradi, 2022).

Interim interpretation. Functionally, training appears to (i) increase precision in early auditory encoding, (ii)
strengthen coupling between auditory and motor systems for timing/sequence control, and (iii) harness
reward-affect circuits that sustain learning and support regulation—mechanisms consistent with reported
gains in literacy, executive function, and social-emotional skills (Skoe & Kraus, 2013; Moreno et al., 2011;
Tierney & Kraus, 2013; Koelsch, 2014; Zatorre & Salimpoor, 2013; Holochwost et al., 2017).

6.3 Cross-sectional vs. longitudinal findings

What cross-sectional studies show—and their limits

Cross-sectional comparisons (children with vs. without lesson history) consistently reveal group differences
in auditory encoding, cortical responses, and gray/white-matter characteristics aligned with musical skill
(e.g., stronger brainstem responses; altered auditory—motor network profiles) (Kraus & Chandrasekaran,
2010; Sarkamo et al., 2013; Miendlarzewska & Trost, 2014). They are valuable for mapping correlational
landscapes and generating hypotheses. However, they are vulnerable to selection effects (e.g., family SES,
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baseline language ability, motivation), and to enculturation and informal exposure that may precede formal
lessons (Hannon & Trainor, 2007; Crnéec, Wilson, & Prior, 2006). As such, cross-sectional designs cannot
on their own adjudicate causality (Geake & Cooper, 2003; Jones, 2009).

Why longitudinal and experimental designs matter

Longitudinal and randomized/active-control studies are the gold standard for causal inference in education.
Several key programs meet this bar:

e Randomized or quasi-experimental assignments. Schellenberg (2004) assigned children to music vs.
alternative lessons and observed IQ advantages in the music groups over one year, suggesting near-
transfer to domain-general cognition. Moreno et al. (2011) used short-term randomized training and
found executive and language improvements with accompanying neural changes, demonstrating
rapid plasticity.

e Prospective, multi-year cohorts. Hyde et al. (2009) and Habibi et al. (2018) followed children before
instruction began, documenting within-child structural change linked to training dose and content.
These studies mitigate selection bias by establishing comparable baselines and tracking trajectories.

e Curriculum-embedded interventions. School-based programs integrating instrumental and ensemble
work report improvements in executive functions, attention, and academic outcomes, often with
concurrent neural measures (Holochwost et al., 2017; Jaschke et al., 2018; Tierney & Kraus, 2013;
Strait et al., 2013).

Across these designs, dose, onset age, and program fidelity are recurring moderators: earlier start, longer
duration, and consistent practice predict stronger neural and cognitive effects (Hannon & Trainor, 2007;
Miendlarzewska & Trost, 2014; Sarkdmo et al., 2013).

Reconciling mixed findings and avoiding over-claims

Not all studies find large or durable transfer. Reviews caution against overgeneralizing from small samples,
heterogeneous interventions, or broad outcome batteries (éméec et al., 2006; Thomas et al., 2019). Best
practice includes active control conditions (e.g., visual arts, drama, sports), preregistration, blinded
assessment, and multi-modal measurement (behavior + EEG/fMRI/DT]) to triangulate mechanisms (Thomas
et al., 2019; Jones, 2009). When such safeguards are in place, the preponderance of evidence supports
specific, mechanism-plausible transfer—notably to auditory language skills, executive control, and emotion
regulation—rather than broad, undifferentiated cognitive boosts (Tierney & Kraus, 2013; Moreno et al.,
2011; Holochwost et al., 2017; Koelsch, 2014).

7. Implications for Educational Practice

Translating neuroscientific evidence into classroom action requires designs that capitalize on sensitive
periods of plasticity, recruit motivational and regulatory systems, and scaffold cognitive, emotional, and
social growth in ways that are developmentally appropriate for primary-school learners. Below, we
synthesize actionable implications for (a) curriculum design informed by neuroscience, (b) cross-curricular
integration in STEAM contexts, and (c) teacher training and policy frameworks.

7.1 Curriculum design informed by neuroscience

Prioritize sustained, developmentally timed engagement. Converging longitudinal and cross-sectional
studies indicate that childhood music education is associated with structural and functional brain change in
auditory, motor, and fronto-parietal networks tied to attention and executive control (Hyde et al., 2009;
Habibi et al., 2018; Sark&mo, Tervaniemi, & Huotilainen, 2013). Auditory brainstem responsiveness shows
heightened sensitivity during childhood, underscoring the value of early, continuous exposure (Skoe &
Kraus, 2013). Curriculum should therefore emphasize regular, multi-year participation rather than sporadic
enrichment blocks, aligning with evidence on sensitive periods and progressive plasticity (Hannon &
Trainor, 2007; Kraus & Chandrasekaran, 2010).

Design for multisensory, action-perception coupling. Learning sequences should integrate listening,
vocalization, instrumental play, and movement to strengthen auditory—motor links and timing networks that
support speech and reading (Kraus & Chandrasekaran, 2010; Tierney & Kraus, 2013). Rhythm work (call-
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and-response, body percussion, ensemble pulse-keeping) is a potent entry point because rhythm skills relate
to temporal attention, speech-in-noise processing, and reading-related phonological skills (Strait, Parbery-
Clark, O’Connell, & Kraus, 2013; Tierney & Kraus, 2013; Miendlarzewska & Trost, 2014). Pitch activities
(melodic contouring, solfege, singing) complement rhythm by engaging fine-grained auditory discrimination
and memory (Peretz & Zatorre, 2003; Sarkamo et al., 2013).

Embed executive-function (EF) practice implicitly in music tasks. Score reading, ensemble coordination,
and improvisation require working memory, inhibitory control, and cognitive flexibility—EF components
linked to academic outcomes (Holochwost et al., 2017; Jaschke, Honing, & Scherder, 2018). Short, frequent
routines—e.g., “listen—imitate—vary” cycles, tempo-switch games, and adaptive accompaniment—naturally
load EF while remaining playful (Moreno et al., 2011; Portowitz, Lichtenstein, Egorova, & Brand, 2009).
Given mixed effects and methodological cautions in the literature (Cméec, Wilson, & Prior, 2006), schools
should avoid overstated transfer claims and instead document proximal skills (timing, auditory
discrimination, self-regulation) that plausibly generalize (Thomas, Ansari, & Knowland, 2019; Geake &
Cooper, 2003).

Leverage affect and reward for durable learning. Music robustly recruits reward circuitry and emotion
networks, enhancing motivation, attention, and memory consolidation—key ingredients for durable learning
(Zatorre & Salimpoor, 2013; Koelsch, 2014). Classroom design should incorporate choice, mastery
progression, and aesthetic goals (e.g., preparing a performance for an authentic audience) to harness
dopaminergic reward and emotion—cognition interactions (Croom, 2012; Koelsch, 2014; Zatorre &
Salimpoor, 2013). Emotion-regulation routines—such as breathing-to-beat, expressive phrasing, and
reflective listening—align with neuroscience of regulation and can be made explicit in lesson objectives
(Ochsner & Gross, 2008; Varadi, 2022).

Foster collaborative music-making for social development. Joint music making cultivates synchrony, turn-
taking, shared attention, and empathy, supporting prosocial behavior and classroom climate (Kirschner &
Tomasello, 2010; Rabinowitch, Cross, & Burnard, 2013; Gerry, Unrau, & Trainor, 2012). Curricula should
schedule regular ensemble experiences (choral circles, rhythm ensembles, small-group composition) with
roles that rotate to promote perspective-taking and peer scaffolding (Hargreaves, Marshall, & North, 2003;
Sousa, 2006).

Adopt principled assessment. Assessment should (a) track music-proximal skills (e.g., rhythm
synchronization accuracy, melodic discrimination), (b) document self-regulation and social behaviors in
ensemble contexts, and (c) monitor literacy-related indicators (e.g., prosody awareness) where appropriate
(Kraus & Chandrasekaran, 2010; Tierney & Kraus, 2013; Holochwost et al., 2017). Schools should combine
performance rubrics with brief, validated tasks to avoid neuromyths and over-interpretation (Jones, 2009;
Crnéec et al., 2006; Thomas et al., 2019).

7.2 Integrating music across subjects (STEM + Arts = STEAM)

Language and literacy. Integrate rhythm and prosody work into phonological-awareness and fluency
activities (Tierney & Kraus, 2013; Kraus & Chandrasekaran, 2010). For example, align poetic meter with
clapping patterns; map syllable stress to strong/weak beats; use call-and-response reading to couple phrasing
with breath and articulation (Strait et al., 2013; Hannon & Trainor, 2007). Such designs are consistent with
evidence linking auditory timing to speech encoding and reading (Kraus & Chandrasekaran, 2010; Tierney
& Kraus, 2013).

Mathematics. Use rhythm fractions (e.g., whole/half/quarter notes) to make ratio and division tangible and to
practice flexible switching among equivalent representations (Thomas et al., 2019). Patterning in ostinati
and canons supports algebraic thinking and working-memory rehearsal; conducting patterns can introduce
coordinate frames and symmetry. While far transfer should be claimed cautiously (Crnéec et al., 2006), such
activities provide near-transfer bridges grounded in shared temporal and structural processing.

Science and engineering. Explore the physics of sound (frequency, amplitude, timbre) with accessible
instruments and digital tools; relate waveforms to pitch and loudness to anchor abstract concepts in
perception (Peretz & Zatorre, 2003; S&rkamo et al., 2013). Simple engineering challenges—designing
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resonators or testing materials for sound absorption—embed inquiry and data collection, linking to scientific
practices and measurement (Thomas et al., 2019). Connections to neural processing (e.g., auditory pathway
sketches) make the body a site of scientific exploration (Koelsch, 2014).

Technology and data. Leverage classroom-safe apps for looping, layering, and basic audio editing to iterate
on designs and visualize spectrograms, creating natural entry points to data literacy (wave vs. time-domain
views) and computational thinking. Students can analyze tempo variability or note-duration distributions
from their own performances to discuss statistics and error—strengthening metacognition (Jones, 2009;
Thomas et al., 2019).

Social studies and civics. Situate repertoire within cultural traditions to highlight enculturation, identity, and
community (Hannon & Trainor, 2007; Hargreaves et al., 2003). Projects comparing lullabies, work songs, or
protest music open discussions on social coordination, empathy, and collective action (Kirschner &
Tomasello, 2010; Rabinowitch et al., 2013). This integration foregrounds SEL while respecting cultural
diversity (Varadi, 2022).

Creative writing and the arts. Link composition with narrative structure and emotion labeling, encouraging
students to align musical devices (mode, tempo, dynamics) with feelings and plot arcs; then reflect on
physiological cues (e.g., “goosebumps,” calm breathing) to connect subjective experience to neural
mechanisms of affect (Koelsch, 2014; Zatorre & Salimpoor, 2013; Croom, 2012).

7.3 Teacher training and policy frameworks

Neuroscience literacy with anti-neuromyth safeguards. Pre- and in-service programs should cover core
concepts—plasticity, sensitive periods, auditory—motor coupling, emotion—cognition interactions—while
explicitly addressing limitations of transfer claims and common neuromyths (Jones, 2009; Geake & Cooper,
2003; Crnéec et al., 2006; Thomas et al., 2019). Case-based modules can connect findings (e.g., speech-in-
noise improvements) to concrete lesson routines (Strait et al., 2013; Kraus & Chandrasekaran, 2010).

SEL and emotion-regulation pedagogy. Training should include strategies for co-regulation in rehearsals
(breath pacing, phrasing for calm/activation), reflective listening protocols, and formative language for
labeling affect—aligned with affective neuroscience (Ochsner & Gross, 2008; Koelsch, 2014; Véradi, 2022;
Croom, 2012).

Assessment and data use. Provide teachers with brief, feasible tools to track progress in timing, pitch
discrimination, attention, and ensemble behaviors, and to relate these to literacy and classroom-function
measures (Holochwost et al., 2017; Jaschke et al., 2018; Moreno et al., 2011). Professional learning
communities can review anonymized student artifacts and data to refine instruction (Portowitz et al., 2009;
Thomas et al., 2019).

Cross-disciplinary collaboration. Policies should facilitate common planning time among music, general
education, and special education teachers to co-design STEAM units and shared rubrics (Hargreaves et al.,
2003; Sousa, 2006). Partnerships with local arts organizations and universities can expand access to
instruments, spaces, and research-informed practices (Sarkdmo et al., 2013; Peretz & Zatorre, 2003).

Access and equity. Given evidence that benefits accrue with sustained participation and that social outcomes
depend on regular group music-making, policies should prioritize stable scheduling and equitable resourcing
across schools (Kirschner & Tomasello, 2010; Rabinowitch et al., 2013; Habibi et al., 2018). Investment in
entry-level instruments, adaptive technologies, and inclusive repertoire supports participation for diverse
learners (Sousa, 2006; Varadi, 2022). Early-start pathways (e.g., kindergarten singing circles) can prepare
students for primary-level ensemble work (Gerry et al., 2012; Hannon & Trainor, 2007).

Curriculum standards and accountability. Standards should articulate (a) music-specific competencies (e.g.,
rhythmic accuracy, expressive control), (b) process goals (collaboration, persistence), and (c) integration
targets (e.g., mapping rhythm to prosody in literacy units), while cautioning against simplistic “IQ point”
expectations (Schellenberg, 2004; Crnéec et al., 2006). Districts can include portfolio-based evaluations—
performance recordings, reflective journals, and peer feedback—alongside brief skill probes to capture
growth holistically (Holochwost et al., 2017; Jaschke et al., 2018).
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Sustainability and improvement cycles. Policy frameworks should fund iterative pilots with built-in
evaluation and research—practice partnerships to refine dosage, sequencing, and integration models (Thomas
et al., 2019). Transparent reporting of both positive and null findings strengthens field knowledge and
prevents overgeneralization (Crnéec et al., 2006; Geake & Cooper, 2003).

8. Conclusion

8.1 Synthesis of cognitive, emotional, and social dimensions

Across two decades of converging evidence, early music education emerges as a powerful, developmentally
appropriate catalyst for whole-child growth. At the cognitive level, longitudinal and experimental studies
show that sustained, structured music learning can bolster general intellectual functioning, executive
processes, attention, memory, and language/reading-related skills (Schellenberg, 2004; Moreno et al., 2011,
Jaschke et al., 2018; Holochwost et al., 2017; Tierney & Kraus, 2013; Strait et al., 2013). These behavioral
gains are underpinned by neuroplastic adaptations across auditory, motor, and higher-order control systems,
including experience-dependent changes in cortical thickness, white-matter connectivity, and subcortical
encoding fidelity (Hyde et al., 2009; Habibi et al., 2018; Kraus & Chandrasekaran, 2010; Skoe & Kraus,
2013). Synthesizing mechanistic accounts, music learning recruits multisensory and cross-domain
circuitry—auditory—motor coupling, predictive timing, attentional control, and reward pathways—thereby
creating transfer opportunities to literacy and executive functioning in everyday classrooms (Peretz &
Zatorre, 2003; Sarkamo et al., 2013; Miendlarzewska & Trost, 2014).

Emotionally, music affords structured practice with arousal modulation, appraisal, and regulation strategies
in safe, motivating contexts. Neuroaffective models highlight interactions among limbic, paralimbic, striatal,
and prefrontal regions during music engagement, helping to explain improvements in self-regulation, stress
reduction, and well-being observed in school programs (Koelsch, 2014; Zatorre & Salimpoor, 2013;
Ochsner & Gross, 2008; Croom, 2012). Affective neuroscience further suggests that repeated engagement
with emotionally salient musical experiences can scaffold trait-like competencies relevant to classroom
behavior and resilience (Davis & Panksepp, 2011; Sousa, 2006).

Socially, music’s inherently collaborative nature—ensemble performance, rhythmic entrainment, and shared
goals—supports prosocial behavior, empathy, and peer cohesion. Experimental and longitudinal evidence
indicates that joint music-making increases cooperation and empathic concern, even in early childhood and
infancy, providing a practical route to social-emotional learning targets (Gerry et al., 2012; Kirschner &
Tomasello, 2010; Rabinowitch et al., 2013; Véradi, 2022). These outcomes align with broader psychological
perspectives on music education’s role in identity, motivation, and classroom climate (Hargreaves et al.,
2003).

Taken together, early music education is more than an enrichment; it is a systemic, neurodevelopmentally
aligned lever that advances cognitive (IQ, EF, language), emotional (regulation, well-being), and social
(empathy, cooperation) competencies through partially shared neural mechanisms and school-relevant
practices (Portowitz et al., 2009; Sarkamo et al., 2013). At the same time, careful interpretation is warranted:
effect sizes vary across contexts, outcomes depend on program quality and dosage, and claims of far transfer
require rigorous designs and replication (Crnéec et al., 2006; Thomas et al., 2019; Jones, 2009; Geake &
Cooper, 2003; Hannon & Trainor, 2007).

8.2 Educational and policy recommendations

1. Start early and sustain participation. Prioritize music engagement beginning in the early years to
leverage sensitive periods for auditory—motor and language plasticity; protect time-on-task across
primary grades (Hannon & Trainor, 2007; Skoe & Kraus, 2013; Hyde et al., 2009; Habibi et al.,
2018).

2. Guarantee adequate dosage and curricular coherence. Embed weekly, progressive instruction that
balances skills (rhythm, pitch, ensemble) with creative tasks, as continuity predicts stronger
executive and academic outcomes (Schellenberg, 2004; Jaschke et al., 2018; Miendlarzewska &
Trost, 2014).
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Integrate with language and literacy. Align rhythmic training, musical prosody, and active listening
with phonological awareness and reading fluency to maximize transfer (Tierney & Kraus, 2013;
Strait et al., 2013; Kraus & Chandrasekaran, 2010).

Design for social-emotional learning (SEL). Use ensemble formats, call-and-response, and group
composition to cultivate empathy, cooperation, and self-regulation; make SEL objectives explicit in
lesson plans (Varadi, 2022; Kirschner & Tomasello, 2010; Rabinowitch et al., 2013; Gerry et al.,
2012).

Teach emotion knowledge and regulation through music. Incorporate reflection on musical emotions,
attention to bodily cues, and strategy instruction (reappraisal, breathing with tempo) grounded in
neuroaffective evidence (Koelsch, 2014; Ochsner & Gross, 2008; Croom, 2012; Zatorre &
Salimpoor, 2013; Davis & Panksepp, 2011).

Invest in teacher preparation with neuroscience literacy. Provide professional development on
auditory neuroplasticity, timing-based interventions, and assessment of EF/SEL to ensure
pedagogical fidelity (Jones, 2009; Thomas et al., 2019; Geake & Cooper, 2003; Sousa, 2006;
Hargreaves et al., 2003).

Adopt evidence-informed assessment. Combine performance rubrics with measures of EF (e.g.,
working memory tasks), listening-in-noise, and engagement; track medium-term academic indicators
to evaluate program impact (Holochwost et al., 2017; Portowitz et al., 2009).

Ensure equity of access. Subsidize instruments, provide community partnerships, and integrate
culturally relevant repertoire to include learners across linguistic and socioeconomic contexts
(Hargreaves et al., 2003; Hannon & Trainor, 2007; Sousa, 2006).

Balance rigor with realism. Encourage schools to implement high-quality models while
acknowledging the mixed evidence base and the need for appropriate expectations about near versus
far transfer (Crnéec et al., 2006; Thomas et al., 2019).

8.3 Future research pathways

1.

Global comparative studies. Conduct multisite trials across diverse cultural and resource settings to
test generalizability and the role of enculturation in shaping developmental trajectories of musical
and language skills (Hannon & Trainor, 2007; Hargreaves et al., 2003; Varadi, 2022).

Longitudinal neuroscience in education. Expand multi-year studies that integrate MRI/EEG with
classroom outcomes to map dose—response relationships and causal pathways from training to neural
change to cognition/behavior (Hyde et al., 2009; Habibi et al., 2018; Jaschke et al., 2018; Skoe &
Kraus, 2013; Sarkamo et al., 2013).

Causal designs and mechanisms. Use randomized and quasi-experimental designs to identify which
components (rhythm vs. pitch, ensemble vs. individual practice) drive specific outcomes (EF,
reading, SEL), with replication and preregistration (Moreno et al., 2011; Miendlarzewska & Trost,
2014; Crnéec et al., 2006; Holochwost et al., 2017).

Emotion and motivation mechanisms. Link reward and emotion circuitry with classroom engagement
and persistence; examine how emotion regulation training via music relates to behavior and mental
health (Koelsch, 2014; Zatorre & Salimpoor, 2013; Ochsner & Gross, 2008; Croom, 2012; Davis &
Panksepp, 2011).

Social development and empathy. Track long-term social outcomes of ensemble participation,
including peer networks and conflict resolution, using mixed-methods and sociometric tools
(Kirschner & Tomasello, 2010; Rabinowitch et al., 2013; Gerry et al., 2012).

Language, reading, and auditory foundations. Clarify how rhythmic entrainment and subcortical
encoding relate to phonology and reading across orthographies, including interventions for students
with language or reading difficulties (Tierney & Kraus, 2013; Strait et al., 2013; Kraus &
Chandrasekaran, 2010).

Al integration for personalized music learning.
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e Adaptive pacing and content: Use learner profiles and ongoing performance to tailor
rhythm/tempo, auditory complexity, and task difficulty to optimize attention and learning
(Thomas et al., 2019; Jones, 2009).

e Multimodal analytics: Explore classroom-safe sensors (audio-behavioral logs, optional EEG
proxies where appropriate) to detect engagement and inform just-in-time scaffolding—paired
with stringent privacy and ethics protocols (Thomas et al., 2019).

e Teacher-in-the-loop systems: Design Al tools that augment—not replace—teacher judgment,
providing interpretable recommendations connected to EF/SEL and literacy objectives
(Holochwost et al., 2017; Tierney & Kraus, 2013).

e Equity and cultural responsiveness: Ensure datasets reflect diverse musical traditions and learner
backgrounds to avoid bias and to honor enculturation effects (Hannon & Trainor, 2007;
Hargreaves et al., 2003).

Final statement. Implemented thoughtfully, early music education represents a high-leverage, evidence-
aligned investment in children’s cognitive, emotional, and social flourishing. The strongest programs will be
those that combine sustained, developmentally timed instruction with explicit SEL and literacy linkages;
professional learning for teachers in the science of learning; equitable access; and continuous improvement
guided by rigorous, transparent evaluation (Peretz & Zatorre, 2003; Sarkamo et al., 2013; Thomas et al.,
2019; Sousa, 2006; Holochwost et al., 2017).
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