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The Neurocognitive perspective of piano performance:
Psychological and Neural implications

Ligia-Claudia SUTEU?

Abstract: This paper examines the neurocognitive and psychological effects of piano
performance, emphasizing its impact on brain plasticity, memory, motor coordination, and
emotional regulation. Through an analysis of neuroplasticity, the article demonstrates how
consistent piano practice leads to fundamental changes in the brain, including enhanced
connectivity between hemispheres via the corpus callosum. Studies using fMRI and PET
imaging show that piano performance activates an extensive network involving the motor
cortex, auditory cortex, and cerebellum. The psychological effects of playing the piano are
equally significant. Research shows that piano practice reduces stress, enhances emotional
resilience, and can improve emotional expression by stimulating the brain’s limbic system.
Furthermore, the article explores the therapeutic applications of piano playing, particularly
in treating anxiety, depression, and PTSD through music therapy. Overall, this paper
highlights the transformative power of piano performance on both cognitive and emotional
levels, supporting its use not only as a musical endeavour but also as a tool for enhancing
mental health and cognitive function across the lifespan.

Key-words: Neuroplasticity, Piano performance, cognitive enhancement

1. Introduction

Music has been considered an effective engine that influences cognitive,
emotional, and neurological functions. Among the wide array of musical
instruments, the piano stands out not only due to its technical demands but also
because of the profound neural engagement it requires. From a neurocognitive
perspective, piano performance involves complex interactions between sensory
processing, motor coordination, memory, and emotional regulation. This article
aims to explore the psychological and neural implications of piano learning and
performance, providing insights into how playing the piano reshapes the brain,
influences emotional states, and serves as a potential therapeutic tool.

1 Transilvania University of Brasov, claudiasuteu@yahoo.com



186 Ligia-Claudia SUTEU

The connection between music and the human’s mind has become a topic of
extensive research within the fields of cognitive neuroscience and psychology.
According to Albert Bandura's theory of self-efficacy, musicians often develop
enhanced cognitive and emotional skills through self-regulated learning and
repeated practice (Bandura, 1986). Repeated exposure to complex musical
structures, such as those found in piano compositions, enables musicians to
improve not only their technical abilities but also their overall cognitive flexibility
and emotional intelligence. These findings suggest that playing the piano can
improve not only musical abilities but also broader perceivable functions such as
memory, concentration, and emotional regulation.

The piano is a unique instrument due to its ability to engage both
hemispheres of the brain through bimanual coordination. This offers a distinctive
opportunity to explore the neurocognitive mechanisms involved in simultaneous
hand movements, which demand precise motor control, auditory feedback, and
the integration of emotional expression. The study of piano performance from a
neurocognitive perspective thus opens new avenues for understanding how the
brain supports complex and multifaceted tasks, leading to enhanced neural
adaptability and emotional resilience.

2. Neuroplasticity and piano learning

One of the most significant concepts in understanding the brain's response to
music is neuroplasticity. According to it, the human’s mind is capable to restructure
itself by creating new neural systems throughout life (Draganski et al., 2004).
Neuroplasticity plays a critical role in approaching new essential qualities, as those
demanded for piano performance, where sustained practice leads to lasting
changes in the network of a musician’s brain. Regarding to pianists, this process is
particularly evident, as continued engagement with complex musical tasks leads to
observable changes in brain structures over time.

Studies using functional magnetic resonance imaging (fMRI) scanner (Fig. 1)
and positron emission tomography (PET) have demonstrated that learning to play the
piano engages a wide network of brain regions, including the motor cortex, premotor
areas, auditory cortex, and the cerebellum (Schlaug et al. 1995). These areas work in
tandem to support the acquisition of motor skills, auditory discrimination, and the
synchronization of hand movements with the intended musical output. Moreover,
these studies reveal that the brain's motor networks become more efficient over time,
requiring less effort to perform tasks that once demanded significant cognitive
resources. This efficiency is a hallmark of neuroplastic adaptation, where the brain
fine-tunes its neural circuits to optimize performance.



The Neurocognitive perspective of piano performance 187

Fig. 1. A functional magnetic resonance imaging scanner

In expert pianists, neuroimaging studies have shown increased grey matter density in
areas of the brain associated with finger coordination, auditory processing, and motor
control (Gaser and Schlaug 2003). The motor cortex, in particular, undergoes significant
changes as it adapts to the fine motor skills required for playing complex pieces. These
adaptations are not limited to adults; children who begin piano lessons at an early age
also display enhanced neural plasticity, with some studies suggesting that musical
training can lead to earlier and more pronounced development of motor and auditory
regions (Hyde et al. 2009). Furthermore, the auditory cortex, responsible for processing
musical sounds, exhibits heightened activity, allowing pianists to better distinguish
pitch, tone, and timing (Zatorre et al. 2007). This enhanced auditory discrimination can
transfer to other cognitive domains, improving abilities such as language processing
and spatial reasoning (Patel 2003).

Research has also highlighted the role of the corpus callosum, a structure
that facilitates communication between the brain's hemispheres. Pianists often
display enhanced connectivity in this region, which is crucial for the bimanual
coordination required in piano performance (Jancke et al. 1997). The ability to
perform complex pieces that require simultaneous coordination of both hands is a
testament to the increased interhemispheric communication facilitated by piano
practice. This enhancement of connectivity not only supports musical performance
but also general cognitive functions such as problem-solving, attention, and
multitasking, making piano training a valuable cognitive exercise (Rucsanda 2016).

These neuroplastic changes underscore the dynamic interaction between
sustained musical practice and the brain’s capability to adapt and optimize its
functioning. Moreover, this adaptability is not confined to the early stages of
development. Adult musicians also show significant neural plasticity, suggesting
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that it is never too late to reap the cognitive benefits of piano practice. By engaging
in regular practice, individuals can continue to improve their neural efficiency and
maintain cognitive sharpness well into later life.

3. Memory systems and piano performance

Memory plays a critical role in piano performance, drawing on both procedural and
declarative memory systems. Procedural memory, which involves the learning and
retention of motor skills, is essential for the automatization of complex finger
movements during performance (Keele et al. 2003). Pianists rely on this type of
memory to execute precise and coordinated movements without conscious effort,
allowing them to focus on expressive and interpretive elements of the music. Over
time, these movements become second nature, as the brain forms stable neural
pathways that govern the execution of learned motor sequences.

Declarative memory, on the other hand, is responsible for the conscious recall of
facts and information, such as music theory, notation, and historical context. This type
of memory is activated during the learning phase when pianists are internalizing new
pieces, analysing their structure, and understanding harmonic progressions (Hallam et
al. 2009). For instance, when learning a new composition, a pianist must remember not
only the notes themselves but also the specific phrasing, dynamics, and tempo
markings that contribute to the overall interpretation of the piece. Over time, as pieces
are mastered, declarative memory processes give way to procedural memory, which
governs performance. However, declarative memory remains crucial for recalling
specific aspects of a composition, such as where to enter after a pause or how to adjust
the dynamics in response to an ensemble.

Various brain parts are immersed in these memory systems during piano
playing. The hippocampus, a structure associated with long-term memory
formation, is active when musicians learn and memorize new pieces. As pianists
commit compositions to memory, the hippocampus works to store the necessary
information for recall during practice and performance. Conversely, the basal
ganglia and cerebellum are more engaged during the execution of learned motor
sequences, underscoring their role in procedural memory. This division of labour
between memory systems highlights the complexity of musical performance,
where both conscious and unconscious memory processes are constantly at play.

Furthermore, studies have shown that musicians, particularly pianists, often
possess superior memory abilities compared to non-musicians (Bengtsson et al.,
2005). This is not limited to musical memory but extends to other domains, such as
verbal and spatial memory, suggesting that the cognitive demands of piano
practice can lead to generalized memory improvements. These findings have
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implications for educational settings, where piano training could be used as a tool
to enhance memory and learning in students.

3.1. Emotional and psychological effects of piano performance

Playing the piano does not only engage cognitive and motor functions; it also has
profound effects on emotional and psychological well-being. Research in music
therapy suggests that piano playing can serve as a powerful tool for emotional
expression and regulation (Koelsch 2009). The act of performing music has been
linked to the release of dopamine, a neurotransmitter associated with pleasure and
reward, which helps explain why playing the piano can elicit positive emotional
experiences (Salimpoor et al. 2013). These pleasurable experiences reinforce the
desire to practice and improve, creating a positive feedback loop that enhances
both technical ability and emotional resilience.

Additionally, piano performance has been found to reduce stress and anxiety.
Studies have shown that individuals who engage in regular piano practice exhibit lower
levels of cortisol, a hormone associated with stress (Thoma et al. 2013). Cortisol levels
tend to spike in response to stressful situations, but engaging in activities that promote
relaxation and mindfulness, such as playing the piano, can help to lower these levels
and promote a state of calm. Furthermore, the focus and discipline required in learning
and performing piano pieces can promote mindfulness, providing a mental break from
daily stressors. The sustained attention required to execute a complex piece effectively
fosters a state of flow, a psychological phenomenon characterized by complete
absorption in an activity, which has been associated with enhanced mental well-being
and reduced anxiety (Csikszentmihalyi 1990).

Piano practice also offers potential therapeutic benefits for individuals with
mental health conditions. Music therapy, particularly through piano playing, has been
shown to be effective in treating conditions such as depression, anxiety, and post-
traumatic stress disorder (PTSD) (Bruscia 2014). By providing a means of emotional
expression and regulation, the piano allows individuals to explore and release pent-up
emotions in a structured and creative way. In some therapeutic settings, improvisation
on the piano is used as a tool to help patients process difficult emotions and
experiences, offering a non-verbal medium through which they can communicate their
inner states.

4. Neuroimaging studies on pianists

Neuroimaging techniques, such as fMRI and PET scans, have provided critical insights
into the neural mechanisms underlying piano performance. These studies have
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demonstrated that playing the piano activates a distributed network of brain areas
involved in motor control, auditory processing, and emotional regulation (Zatorre et
al. 2007). For instance, fMRI studies have revealed that during piano performance, the
prefrontal cortex, which is associated with higher-order cognitive functions like
attention, decision-making, and emotional regulation, becomes highly active (Parsons
et al. 2005). This suggests that playing the piano requires not only technical skill but
also cognitive flexibility and problem-solving abilities, as pianists must constantly
adapt to variations in tempo, dynamics, and emotional expression.

Moreover, PET studies have shown that piano playing increases blood flow
to the limbic system, which is involved in processing emotions. This highlights the
deep emotional engagement that pianists experience during performance, as they
navigate the expressive nuances of the music (Koelsch 2009). The simultaneous
activation of cognitive, motor, and emotional brain regions underscores the
complexity of piano performance and its unique capacity to engage multiple
aspects of brain function. In addition to the limbic system, the cerebellum, crucial
in motor coordination, is also highly active during piano playing, supporting the
precise and coordinated hand movements necessary for complex compositions.

These neuroimaging studies also reveal that piano performance enhances
the brain’s ability to process auditory information. Pianists develop a heightened
sensitivity to the subtle variations in pitch, tone, and rhythm that define musical
interpretation. This enhanced auditory processing ability is reflected in increased
activity in the auditory cortex, particularly during the learning and performance of
new pieces (Herholz and Zatorre 2012). Notably, these changes are not limited to
music-specific tasks; studies have found that pianists enhanced auditory
discrimination skills can improve other cognitive domains, such as language
comprehension and auditory attention (Patel 2014).

Finally, brain imaging has also revealed structural differences in the brains of
pianists compared to non-musicians. For example, experienced pianists exhibit
larger volumes of grey matter in regions associated with motor control, auditory
processing, and spatial reasoning (Gaser and Schlaug 2003). These structural
changes underscore the long-term impact of musical training on brain development
and cognitive function. While many of these changes are the result of years of
dedicated practice, studies show that even short-term piano training conduct to
measurable enhancement in neuronal activity, especially in fields associated to
concentration, memory, and motor skills. This demonstrates the brain's remarkable
capacity for adaptation and growth, even in adulthood, in response to sustained
musical engagement.
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5. Conclusion

In conclusion, the neurocognitive perspective of piano performance reveals the
profound impact that playing the piano has on the brain and psyche. Through the
processes of neuroplasticity, memory integration, and emotional regulation, piano
playing offers a unique blend of cognitive and psychological benefits. Neuroimaging
studies have further illuminated the intricate neural networks that are activated
during piano performance, providing a deeper understanding of how music
influences the brain.

Moreover, the emotional and psychological benefits of piano playing, such as
reduced stress and enhanced emotional resilience, further highlight the potential
of this instrument as a therapeutic tool. As research in cognitive neuroscience
continues to evolve, future studies may explore the long-term effects of piano
practice on individuals with neurological conditions, such as stroke or dementia.
Additionally, the exploration of piano performance in educational and therapeutic
contexts could lead to new interventions aimed at improving cognitive function and
emotional well-being across the lifespan.

Ultimately, the study of piano performance from a neurocognitive
perspective provides valuable insights not only into the brain’s capacity for change
and adaptation but also into the ways in which music can enhance our emotional
and cognitive experiences. By continuing to investigate the neurocognitive
mechanisms of piano performance, we can gain further insights into the
transformative power of music on the mind and brain.
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