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Cognitive neuroscience and music education: Relationships and interactions

Giincel Giirsel Artiktay!
Abstract

This article examines the relationship between cognitive neuroscience and music education, evaluating the impact
of cognitive neuroscience on musical learning, performance, and teaching strategies. The first section establishes
the purpose and scope of the article, followed by an emphasis on the foundations of cognitive neuroscience in the
second section. Cognitive neuroscience is explored in terms of music perception, mental processes, and
fundamental concepts related to learning and memory. The third section, focusing on cognitive processes in music
education, delves into the cognitive foundations of musical knowledge, addressing topics such as melody and
rhythm perception and cognitive development in instrumental education. The fourth section discusses the
neuroscientific analysis of musical performance, stage fright, brain activity, creativity, and mental processes. The
fifth section discusses cognitive neuroscience-based teaching models, the neuroscientific foundations of student-
centred approaches, and the role of technology in music education. The sixth section highlights future perspectives
and research directions, recommendations for future studies, contributions of new cognitive neuroscience findings
to music education, current developments in the intersection of music and cognitive neuroscience, and suggestions
for future research. In the concluding section, the summarised article's significant findings and contributions are
emphasised, drawing attention to potential areas for future examination and application. This article aims to serve
as a comprehensive resource for readers interested in understanding the connections between cognitive
neuroscience and music education, providing a foundation for further research in this field.
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Bilissel Sinirbilim ve Miizik Egitimi: iliskiler ve Etkilesimler
Ozet (Tiirkge)

Bu makale, bilissel sinirbilim ve miizik egitimi arasindaki iliskiyi inceleyerek, bilissel sinirbilimin miizikal 6grenme,
performans ve 6gretim stratejileri iizerindeki etkilerini degerlendiriyor. Ik boliimde, makalenin amaci ve kapsami
belirlenmis, ardindan ikinci boéliimde ise biligsel sinirbilim temelleri {izerinde durulmustur. Biligsel sinirbilim,
miizik algis1 ve bilissel siiregler, 6grenme ve hafiza ile ilgili temel kavramlar ele alinmistir. Miizik egitiminde bilissel
siireglere odaklanan iigiincii boliimde, miizikal 6grenmenin biligsel temelleri incelenmis, melodi ve ritim algisi ile
enstriiman egitiminde biligsel gelisim konularina yer verilmistir. Dérdiincii boliimde, miizikal performansin
sinirbilimsel analizi, sahne korkusu ve beyin aktivitesi, yaraticilik ve bilissel siirecler ele alinmistir. Besinci
boéliimde, bilissel sinirbilime dayali 6gretim modelleri, 6grenci merkezli yaklagimlarin sinirbilimsel temelleri ve
teknolojinin miizik egitimindeki rolii tartistlmistir. Altinc boliimde, gelecek perspektifler ve arastirma
yonlendirmeleri iizerinde durulmus, yeni bilissel sinirbilim bulgulariin miizik egitimine katkisi, miizik ve biligsel
sinirbilim alanindaki giincel gelismeler ve gelecekteki arastirmalar i¢in 6neriler sunulmustur. Son béliimde ise
0zetlenen makalenin 6nemli bulgular1 ve katkilar1 vurgulanmis, gelecekteki inceleme ve uygulama alanlarina
dikkat gekilmistir. Bu makalede, biligsel sinirbilim ve miizik egitimi arasindaki baglantilar: anlamak ve bu alanda
daha fazla arastirma yapmak isteyen okuyucular i¢in kapsamli bir kaynak sunmak hedeflenmistir.
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Introduction

Cognitive neuroscience is a discipline that investigates mental processes, brain
activity, and learning mechanisms, with potential applications in music education.
Music education is a process that aims to develop students' musical skills and a
significant discipline that strengthens individuals' emotional expressions, cultural
connections, and the ability to establish meaningful communication among them.
However, understanding and optimising the cognitive mechanisms underlying
musical learning processes can enhance the music education experience for educators
and students. In this context, comprehending the critical connections between
cognitive neuroscience and music education is crucial to understanding learning
processes.

The overarching goal of this article is to illuminate the interaction between
cognitive neuroscience and music education, identify critical connections between
these disciplines, and discuss methods to make music learning processes more
effective.

The first section of the article will focus on the fundamental concepts of
cognitive neuroscience, providing a basic framework to understand how mental
processes operate. Subsequently, in the second section, the effects of cognitive
neuroscience on music learning processes will be examined, presenting various
perspectives to understand interactions between musical learning and perception,
memory, and learning mechanisms.

The third section will assess the impact of cognitive neuroscience on musical

performance processes, focusing on topics such as stage fright. The fourth section will
address teaching strategies based on cognitive neuroscience and the role of technology
in music education. This section aims to provide insights into how teaching strategies
can be integrated with mental processes and how technology can contribute to
innovative applications in music education.
The article's final section will discuss future perspectives and proposed research
directions in music education and cognitive neuroscience. In this segment, beyond
current knowledge, considerations will be given to how future efforts can shape
discoveries and contribute to a better understanding of the connections between music
education and cognitive neuroscience.

The Relationship Between Cognitive Neuroscience and Music Education

As Peterson (2011) emphasised, interdisciplinary research across biology,
neuroscience, and cognitive science investigates the interaction between the brain and
music. This multidisciplinary approach highlights the integration of cognitive
neuroscience into music education studies and underscores the mutual influence
between these two domains.

The relationship between music education and cognitive neuroscience is a complex
and multifaceted subject. Gkintoni et al. (2023) noted that neuro-musical education
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seeks to understand how these two disciplines interact by combining cognitive
neuroscience and music.

As indicated by Ramon et al. (2021), playing, listening to, and creating music
involve nearly all cognitive functions, making it essential to comprehend the effects of
music on the brain. This underscores the significant role of cognitive neuroscience in
understanding mental processes in music and how music education can contribute to
their development.

Music education can enhance plasticity by influencing brain regions such as the
auditory cortex and frontal cortex (Collins, 2013), thereby altering the shape and
function of the brain. Research suggests that music education shapes brain
development, leading to changes such as neuronal plasticity and neurogenesis (Hyde
et al, 2009). Furthermore, as highlighted by Zimmerman and Lahav (2012),
experiences of making and listening to music establish a robust connection between
music and brain function by influencing various systems in the brain.

Music education impacts the brain and positively influences language skills,

attention, planning, and other cognitive abilities (Villamizar, 2021). Studies focusing
on enhancing cognitive functions related to musical elements, such as rhythm and
timing, have generated significant interest in this field (Thaut et al., 2014).
While the positive effects of music education on language and cognitive skills are
acknowledged, there is a need for further research on how musicians shape brain
structures and the assessment of education from a developmental perspective (Zuk &
Gaab, 2018).

Recently, there has been a growing emphasis on the increasing importance of
creativity in music education programs. Beyond teaching notes, music education can
support cognitive processes such as creativity and improvisation (Landau & Limb,
2017). Research using the electrophysiological method called "brain-stimulated
potential analysis" has examined the effects of music education on multiple cognitive
functions, brain structure, and functional connectivity (Yu, 2018). Additionally, neural
processing models can help us understand functions associated with music processing
in the brain (Collins, 2013). These models play a crucial role in explaining neural
activity in the brain.

In summary, the relationship between music and cognitive neuroscience
emphasises the impact of music on the brain and mental abilities. This relationship is
an example of an interdisciplinary approach as it seeks to understand the interaction
between music education and cognitive neuroscience. It may be complex, but a body
of evidence indicates a significant impact of music education on brain development,
cognitive functions, and plasticity. The collaboration between cognitive neuroscience
and music education is a critical step in understanding the cognitive and neural
mechanisms underlying learning and performing music.

The cognitive science of music is increasingly being utilised in music education
departments to enhance student's learning experiences and cognitive development.
The application of cognitive science to music education is evident in various aspects,
such as the impact of music on cognitive development (Hallam, 2010), the use of
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mental models in interactive music education platforms (Yang, 2018), and the
examination of music pedagogy from the perspective of 4E cognitive science (Schiavio
& Schyff, 2018).

Interactive music education platforms are digital tools that provide students

with an interactive learning experience. According to Yang's (2018) study, these
platforms aim to support students' music learning by employing cognitive models.
Additionally, 4E cognitive science, as emphasised in the study by Schiavio and Schyff
(2018), is an approach that examines cognitive processes based on the concepts of
"embodied, embedded, extended, and enactive," suggesting that cognition develops
not only within the brain but also through interaction with the environment, body, and
experience. This perspective supports an approach in music education that actively
encourages students to use their senses, bodies, and environments.
Instructional design involves planning and organising learning processes to create a
practical learning experience in music education. The cognitive, social, and teaching
presence concepts from a community framework are helpful in the instructional
design and facilitation of online music courses (Johnson, 2017).

Embodiment, as highlighted in the study by Leman and Maes (2015), aims to
understand cognitive processes in music perception. In this context, there is an
increased interest in exploring the role of the body in understanding mental processes
in music perception (Leman & Maes, 2015).

Furthermore, the cognitive aspects of music in primary school curricula are
being examined, including servant, emotional, social integration, and equal cognitive
styles (Berke & Colwell, 2004). Practical teaching strategies are being developed to
maximise the benefits of music and general cognitive development (Bugos, 2015).
Moreover, the application of cognitive psychology in music note cognition for
exceptional children is emphasised, highlighting the potential for psychological
rehabilitation and improvement in cognitive development and physical coordination
(Gong, 2020). Additionally, research is being conducted on the potential of music to
encourage oral expression in English as a second language learner, demonstrating the
cognitive dimensions of language and music integration (McCormack & Klopper,
2016).

In summary, the infusion of cognitive science into music education is dynamic
and diverse. Interactive platforms, guided by mental models, enhance students'
musical proficiency. The 4E cognitive science perspective emphasises cognition's
interactive and embodied nature in music learning. Exploring cognitive aspects in
primary school curricula, employing practical teaching strategies, and applying
cognitive psychology highlight the broad impact of cognitive science on music
education. This integrated approach enriches learning experiences and significantly
contributes to cognitive development within the educational landscape.
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Foundations of Cognitive Neuroscience

What is Cognitive Neuroscience?

Cognitive neuroscience is an interdisciplinary field aiming to understand the neural
mechanisms of human cognition, including processes such as attention, perception,
memory, reasoning, problem-solving, and decision-making (Piwowarski et al., 2019;
Palmeri et al., 2017). Various neural pathways and networks associated with different
cognitive processes are identified using neurophysiology, electrophysiology, and
structural and functional brain imaging (Palmeri et al., 2017).

Furthermore, cognitive neuroscience is closely related to other disciplines, such

as philosophy, psychology, and evolutionary psychology, exhibiting an
interdisciplinary nature (Ren, 2019; Forster, 2014; "Foundations in Evolutionary
Cognitive Neuroscience," 2009). The integration of cognitive neuroscience with social
psychology has led to the emergence of social cognitive neuroscience, aiming to
understand the neural basis of social cognition and behaviour (Doré et al., 2015;
Lieberman, 2005). This integration has provided new insights and methodologies to
bridge the gap between social and cognitive neuroscience (Dor¢ et al., 2015).
The emergence of organisational cognitive neuroscience reflects an expansion of
cognitive neuroscience to examine interactions in decision-making, behaviours, and
organisational contexts (Lee & Chamberlain, 2007; Butler & Senior, 2007). Advances in
neuroimaging techniques have played a significant role in the development of
cognitive neuroscience. These techniques have enabled research on the working brain,
positioning neuroscience as a central discipline in cognitive science (Marki¢, 2013;
Zahn, 2009). Moreover, this field has practical applications in understanding mental
health disorders and their neural foundations (Beste, 2022).

Cognitive neuroscience has also contributed to understanding art perception,
revealing that individuals respond to the physical features of artworks and what they
represent (Smedt & Cruz, 2010). Cognitive neuroscience is an interdisciplinary field
encompassing various areas to understand human cognition's neural mechanisms. It
has practical applications in diverse fields such as mental health, organisational
behaviour, and social cognition. Collaborations with other disciplines and
advancements in neuroimaging techniques have expanded its scope and increased its
potential for further discoveries.

Music Perception and Cognitive Processes

The perception of music encompasses a vast research domain within the complexity
of cognitive processes, particularly extensively examined in disciplines such as music
psychology, cognitive neuroscience, and psychology. The influence of music on
cognitive, sensory-motor, and emotional processes points to a complex interaction
network involving various brain structures (Koelsch, 2009). The neurobiology of
music, explicitly emerging as part of cognitive neuroscience investigating the
cognition and emotional foundations of music perception, has been highlighted
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(Brattico & Pearce, 2013). Furthermore, music contributes to broader theories of higher
cognitive processes in humans (Levitin & Tirovolas, 2009).

For instance, the perception of musical rhythm is a complex phenomenon

requiring the amalgamation of automatic and controlled processes, indicating the
involvement of instinctual and learned cognitive mechanisms (Grahn, 2012).
Additionally, findings suggest associations between music perception, production
abilities, speech processing, and higher-level language skills (Boorom et al., 2022). This
underscores both the intertwining of music perception with language and auditory
processing and the impact of music on higher-order cognitive processes.
Moreover, the body mediates music perception, indicating the interconnectedness of
music cognition with embodied cognition (Yi et al., 2014). This perspective
underscores the critical role of the body in shaping cognitive processes in music
perception.

Cognitive processes in music perception generally encompass neural, sensory-
motor, emotional, and bodily mechanisms. These processes are intertwined with
language processing and embodied cognition, emphasising the multidimensional
nature of music perception within the framework of cognitive neuroscience.

Basic Concepts Related to Learning and Memory

Learning and memory encompass a wide range of cognitive processes. Learning is a
process that involves acquiring knowledge or skills through experience, study, or
instruction. On the other hand, memory represents the ability to encode, store, and
retrieve information. These processes are governed by various mechanisms at the
fundamental molecular, cellular, and system levels of human cognition (Levenson et
al., 2004, Ramamurthy et al., 1998; Gerstner & Yin, 2010; Klann & Sweatt, 2008;
Csicsvari & Dupret, 2014; Sewell et al., 2020; Li et al., 2021).

Memory formation involves converging a series of complex events in the brain.
Among these events are the regulation of chromatin structure, synaptic plasticity,
protein synthesis, and epigenetic mechanisms (Levenson et al., 2004; Klann & Sweatt,
2008; Csicsvari & Dupret, 2014; Li et al., 2021).

The regulation of chromatin structure is a critical molecular mechanism
contributing to forming long-term memory. Memory formation involves regulating
chromatin structure, which encompasses the organisation of our genetic material,
DNA. Specific genes may need to be activated or silenced to form long-term memory.
This regulatory process plays a critical role in the permanence of memory by managing
genetic changes. Additionally, altered protein synthesis is considered a trigger for
forming long-term memory, requiring the production of new proteins. Neurons need
specific proteins to store and recall learned information, and protein synthesis
facilitates a crucial step in memory formation.

Changes at the synapses, representing connections between neurons, play a crucial
role in memory formation. This process, known as synaptic plasticity, occurs by
strengthening or weakening connections between neurons. Enhancing or altering
communication between neurons can result from synaptic plasticity in forming long-
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term memory. Epigenetic mechanisms refer to changes in our genetic material. During
memory formation, they play a significant role in regulating gene expression.
Specifically, they may effectively transform short-term memory traces into lasting
long-term memories. The interplay of complex mechanisms, such as the regulation of
chromatin structure, synaptic plasticity, protein synthesis, and epigenetic
mechanisms, helps us understand memory formation.

Learning encompasses various cognitive processes such as concept formation,
perception, attention, problem-solving, decision-making, and thinking (Ramamurthy
et al., 1998). The role of memory, particularly in concept learning experiences, has been
extensively researched (Bourne et al., 1964; Cahill & Hovland, 1960; Dominowski,
1965). Working memory, the ability to temporarily store and manipulate information,
is crucial in cognitive tasks and multimedia learning. The role of memory in relational
learning processes has also been examined, supporting a context-based approach to
learning and memory.

The interaction between explicit instruction and practice depends on the
straight and implicit memory systems in the complex learning task. Vivid memory,
representing consciously recalled and directly accessible memory, generally includes
consciously remembered information, such as daily life events, learned facts, and
personal experiences. This information usually occurs at our conscious level and can
be under our control. On the other hand, implicit memory represents a type of memory
that is not consciously remembered but affects behaviours. Examples of implicit
memory stored in the subconscious include motor skills, habits, and emotional
responses. This type of memory develops through repetitions and experiences,
emerging without a conscious effort. Both types of memory complement each other,
forming a complex memory system.

In conclusion, the fundamental concepts of learning and memory encompass a
broad range of cognitive processes, including memory formation, synaptic plasticity,
protein synthesis, epigenetic mechanisms, concept learning, working memory, and the
interaction between explicit and implicit memory systems. Understanding these
concepts is crucial for unravelling the complexities of human cognition and behaviour.

Cognitive Processes in Music Education

Cognitive Foundations of Musical Learning
The cognitive foundations of musical learning involve various neural mechanisms and
processes. Music perception and cognitive processes are influenced by auditory
mechanisms, which receive sounds and are processed by existing mental resources.
There is a complex interaction between sensory input and cognitive processing (Aslan,
2007). Research shows that music affects brain function and behaviour; continuous
exposure to music enhances cognitive function and supports neurobiological
processes (Harvey, 2020; Haslbeck et al., 2017; Curtis & Fallin, 2014).

An important research area to better understand cognitive processes
underlying the comprehension and production of music is the process known as
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'statistical learning in music." This concept generally aims to comprehend the
mathematical and statistical principles of musical structure. It statistically analyses
relationships between musical elements, repeated patterns, melodic structures, and
harmonic transitions. Statistical learning in music emphasises cognitive processes
involved in recognising patterns and transition probabilities within the structure of a
musical composition, highlighting the importance of sequential and connected
components in musical learning (Daikoku, 2018).

On the other hand, the acquisition of instrumental skills is closely related to
physical musical activity. The acquisition of these skills, in line with phenomenological
theories focusing on cognitive processes to understand bodily perception and
interaction with music experiences, emphasises music education's physical and
sensory-motor aspects (Kim, 2020). This underscores that music learning involves
technical skills and subjective experiences.

A study by Heng et al. (2021) examining the effects of the familiarity of musical
style on the emotions triggered by music draws attention to the complex relationship
between subjective musical experiences and cognitive processes. In this context,
understanding the impact of music on human emotions and how musical experiences
affect cognitive processes provides an essential perspective for music education
practice.

In activities like music learning, various contextual factors such as
environmental conditions, emotional state, and learning environment play a
significant role. The 'Contextual Interference Effect' concept emphasises the
importance of cognitive processes such as memory, learning, and forgetting in
acquiring music skills (Schweighofer et al., 2011).

The cognitive foundations of musical learning go beyond individual skill
acquisition, providing insights into the interaction between brain function and
development influenced by music education (Thaut, 2005; Collins, 2013; Curtis &
Fallin, 2014). These cognitive foundations encompass a wide range of neural and
mental processes, from the interaction between sensory input and cognitive processing
to the role of statistical learning, bodily musical activity, and emotions triggered by
music.

Perception of Melody and Rhythm: Neuroscientific Approaches

The neurology of music has emerged as a sub-discipline of cognitive neuroscience
focusing on music perception, mental processes, and emotion (Brattico & Pearce, 2013).
Studies indicate that musical ability is an early-developing mental capacity (Vila,
2018). However, rhythm perception has been associated with pre-linguistic grammar
comprehension and production skills in the preschool period, and broader mental
effects of rhythm processing have been observed (Boorom et al., 2022).

Studies have been conducted using neuroimaging techniques to understand the neural
mechanisms of musical rhythm perception and reproduction, aiming to comprehend
the neural basis of musical rhythm perception (Grahn, 2012). Research has shown that
in some cases, visual rhythms are based on neural processes similar to auditory beat
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perception, and visual rhythms may create an internal auditory rhythm representation
(Grahn, 2012). In this context, the significant role of the basal ganglia in the internal
generation of beats has been emphasised, and it has been suggested that an internal
auditory rhythm representation may be activated during visual rhythm perception
(Grahn et al., 2011). These findings highlight the complex neural processes underlying
musical rhythm perception and reveal similarities between visual and auditory
perception.

Neuroscientific studies have also proposed a perspective that considers rhythm
perception as an interaction between auditory (rhythm) and the pre-structured
structure of the brain for music (scale) (Vuust et al., 2014). Specifically, the coordination
between the rhythm of music and body movements demonstrates an interaction
between what is heard and the pre-structured brain scale. These studies contribute to
a better understanding of the neural foundations and cognitive effects of rhythm
perception.

In addition to studies on rhythm, neuroscientific evidence provides essential
information regarding melody perception. Various methods are employed in these
studies to understand melody perception, a fundamental component of musical
perception. For example, tonal expectations (expecting a specific note or chord after a
particular note in a tonal melody), melodic intention (consciously selected notes and
rhythms related to the emotion, theme, or story the composer or performer is trying to
express), and musical gestures (physical responses to music) form the basis of melody
perception and can influence it.

Furthermore, studies by Herff and colleagues (2017) examining the effects of

sequences involving only pitch or rhythm on memory have highlighted the interaction
between melody and rhythm in music perception. Multiple pitch estimations refer to
predicting the pitches of different notes in a musical piece in advance. This prediction
is associated with various elements such as rhythm (the arrangement of notes over
time), harmonic periodicity (the arrangement of harmonic relationships), and
instrument timbre (the characteristic sound features of the instrument). Studies show
that this prediction process occurs within a cognitive framework and plays a
significant role in understanding and processing musical elements (Li et al., 2022).
In conclusion, neuroscientific approaches to melody and rhythm perception have
significantly contributed to understanding the neural mechanisms underlying music
processing. These studies have advanced our knowledge of how the brain perceives
and processes music and emphasised the broader cognitive effects of rhythm and
melody perception.

Cognitive Development in Instrument Education

Instrumental education plays a significant role in individuals' process of experiencing
and expressing music and is acknowledged as a potent learning tool that can also
impact cognitive development. While the profound effects of music on mental and
emotional development are well-known, instrumental education further enhances this
interaction. Acquiring musical skills contributes to developing technical abilities and
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improves cognitive skills such as problem-solving, focus, discipline, and emotional
intelligence.

The importance of instrumental education in cognitive development has been
extensively examined and supported by various research findings. Notably, studies
have shown a significant impact of musical practices on cognitive development in
children (Gromko & Poorman, 1998). Researchers have found that music practices
positively influence spatial-temporal task performance in preschool children,
involving their understanding of spatial relationships between objects and sequencing
skills over time. These findings illustrate that music is a stimulating factor that remains
confined to music for children and provides transferable skills.

Another effect of music practices is manifested in the terms 'near-transfer effect'
and 'far-transfer effect,’ expressing the ability to use a learned skill or knowledge in a
context outside the one where it was learned. While the ability to transfer a skill to a
similar context or topic is called the 'near-transfer effect,' the capability to use it in a
broader or different context is termed the 'far-transfer effect.' For instance, a student
who learns to play the piano and can play a specific piece in different tonalities or
tempos demonstrates the ability to transfer learned techniques and information to
closely related situations within the same musical context. The same student, while
playing the piano, also learns the mathematical arrangements of the notes and, in turn,
comprehends the relationship between mathematics and music, enhancing the ability
to play rhythms accurately. Thus, the transferability of learned mathematical
arrangements beyond music reflects the far-transfer effect. Miendlarzewska and Trost
(2014) confirmed that music exercises uniquely provide both near and far transfer
effects, supporting cognitive development.

Okely et al. (2021) emphasised that instrumental learning is a cognitively
stimulating activity and may enhance resistance to age-related brain pathologies. This
suggests the potential long-term cognitive benefits of instrumental education.
Moreover, evidence indicates positive effects of instrumental education on cognitive
development and health at a young age (Balbag et al., 2014; Hille et al., 2011).

Okely et al. (2022) identified a small but statistically significant positive relationship
between instrumental playing experience and general cognitive ability. General
mental ability encompasses an individual's success in various cognitive processes such
as problem-solving, decision-making, memory, attention, and learning. These findings
indicate that the experience of playing a musical instrument may positively contribute
to the development of these cognitive abilities. The research results suggest that
individuals with more experience with musical instruments are likelier to gain more
excellent general cognitive ability gains.

In conclusion, the research literature provides robust evidence supporting the
importance of instrumental music education in cognitive development. These effects
are observed across various age groups, from preschool children to older adults.
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Cognitive Neuroscience and Teaching Strategies

Teaching Models Based on Cognitive Neuroscience

Teaching models are increasingly gaining attention with a cognitive neuroscience
foundation because of the considerable potential of this method to enhance learning
outcomes. As emphasised by Ng and Ong (2018), cognitive neuroscience methods are
more commonly employed in educational research today to understand the neural
foundations of learning.

For instance, based on current neuroscience research, "brain-based learning" is a
prominent instructional approach encompassing our brain's natural learning
processes (Soicher et al., 2020). Studies conducted by Maryati et al. (2020) demonstrate
that the Brain-Based Learning model enhances students' critical thinking skills and
self-regulatory learning attitudes, involving planning, monitoring, and evaluating
their learning processes.

Another instructional strategy is the "multimodal learning cognitive theory,"
which integrates cognitive psychology, cognitive neuroscience, and learning theories.
The Multimodal Learning Cognitive Theory emphasises that knowledge is not limited
to a single environment or method, highlighting that combining different sensory
interventions makes learning more effective. This theory suggests that students are
more successful in various learning environments with diverse sensory channels and
intelligence types. Diversifying learning materials aims to combine visual, auditory,
tactile, and interactive elements that appeal to different intelligence areas, enabling
students to understand better and remember concepts. This theory has been applied
to medical education, explaining learning with words and images and showcasing
practical applications of cognitive neuroscience in educational settings (Mayer, 2010).

Another educational approach, 'Whole Brain Teaching (WBT)," aims for
students to establish connections through sensory, emotional, and mental pathways
while learning. For example, when teaching subjects in the classroom, this approach
involves the teacher's body language, gestures, and interactive participation of
students. As stated by Handayani and Corebima (2017), both Brain-Based Learning
(BBL) and Whole Brain Teaching (WBT) models are defined as the most effective
learning models based on the learning process. Handayani and Corebima (2017) argue
that incorporating classical music and gestures enhances cognitive engagement in
learning.

On the other hand, cognitive neuroscience stands out as a crucial field for music
education. That (2005) emphasises brain function and music perception in music
therapy, highlighting a transition from a social science model to a neuroscience-guided
model. This transition, supported by Curtis and Fallin (2014), focuses on explaining
the interaction between music education and brain development based on increasing
evidence in cognitive neuroscience (Curtis & Fallin, 2014).

The impact of music education on cognitive functions is evident. Ho et al. (2003)
have shown that music education is remarkably effective in memory processing and
may lead to neuroanatomical changes in the left temporal lobe (Ho et al., 2003).
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Additionally, reviewing studies on the long-term effects of childhood music education
on overall cognitive abilities, Costa-Giomi (2014) and Collins (2013) support the mental
benefits of music education (Costa-Giomi, 2014; Collins, 2013).

Collins (2013) discusses the effects of neural processing models on music education,
emphasising the necessity of a deeper collaboration between music education and
neuroscience to understand the brain's functioning related to music processing. This
view is also supported by Hodges (2009), who, particularly under the title
"Neuroscience in Music Pedagogy,” highlights the importance of applying
neuroscience to music teaching and learning.

Lastly, in special education, Gong (2020) underscores the significant potential
of music notation cognition in enhancing psychological rehabilitation, cognitive
development, and physical coordination in exceptional students. Gong (2020)
emphasises the mental benefits of music education across various learning
environments.

In summary, it is observed that teaching models are increasingly approached
with a cognitive neuroscience foundation. Neural-based learning approaches draw
attention due to their potential to enhance learning outcomes, and models such as
brain-based learning and multimodal learning cognitive theory exemplify these
methods. This collaboration across scientific domains provides an opportunity to
develop more effective strategies in education.

Neuroscientific Foundations of Student-Centered Approaches

Teaching strategies incorporating student-centred approaches aim to shift the focus of
the learning process from the teacher to the students, encouraging them to gain
autonomy and become active participants. Examples of this approach include project-
based learning, where students develop a project on a specific topic, engaging in
research, data collection, and creative problem-solving. Activities such as group
discussions, individual project selection, scenarios dealing with real-world problems,
and student self-assessment and portfolio creation are practical examples of
implementing student-centred learning.

Music educators also adopt student-centred pedagogies to empower students

and enhance their impact on learning (Bautista et al., 2018). This shift is particularly
crucial in music education, as traditional practices often lean towards a teacher-
centred, top-down instructional style, potentially transforming students into passive
recipients of information (Zhuo & Leung, 2019).
Using strategies that promote metacognition among students, i.e., the capacity to
understand and direct one's thinking processes, can increase cognitive engagement in
music-making and develop critical thinking skills that can be transferred to other
disciplines (Benton, 2013).

For instance, in instrumental education, assessment methods such as 'student
reflection," which allows students to assess their learning processes, and 'formative
assessment,’ aiming to enhance understanding levels by providing feedback to
students at every stage of the learning process, are used in harmony with the principles
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of student-centred approaches (Simon, 2014). Additionally, establishing professional
learning communities for music teachers is considered a professional development
model that can improve student learning outcomes and reduce teacher isolation
(Verdi, 2022).

The cognitive foundations of student-centred approaches in music education
are based on constructivist practices highlighting student-centred learning processes,
aiming to equip students with problem-solving and critical thinking skills (Weidner,
2020). This transformation in music education emphasises the development of
students' musical independence by highlighting creativity, listening, performing,
improvisation, and composition as integral parts of the cognitive process (Gage et al.,
2019). Moreover, using teaching strategies that promote metacognition has increased
students' cognitive engagement in the music-making process, developed musical
confidence, and assisted in transferring thinking skills to other disciplines (Machfauzia
et al., 2020; Benton, 2013). This approach aims to provide students with lifelong
learning skills, enhance autonomy, and instil social responsibility in their learning
journey (He, 2016).

In conclusion, the cognitive foundations of student-centred approaches in
music education prioritise constructivist practices, metacognition, and creativity while
highlighting critical thinking. These approaches aim to empower students with the
desire for independent and lifelong learning while transforming the role of music
teachers into a more student-centred and democratic approach to music education.

The Cognitive Role of Technology in Music Education

The cognitive role of technology in music education reflects a significant
transformation in the development of the discipline. Departing from traditional
teaching methods, music education integrated with technology encourages students
to engage more effectively in cognitive processes.

E-portfolios and multimedia platforms especially offer options for students to
organise and share their learning materials, thus supporting student-centred learning.
An e-portfolio is a digital system where students share information and documents
about their learning processes, achievements, projects, and experiences, usually on a
web-based platform. Unlike traditional portfolios, e-portfolios allow students to
organise and share their work in digital format, facilitating them in setting, improving,
and monitoring their learning goals. Examples of e-portfolio platforms include Google
Sites and WordPress.

On the other hand, multimedia platforms are digital platforms that include
various media types, often providing multiple communication features. They can
encompass video, audio, text, images, and other media elements. In an educational
context, these platforms can support students in learning, content creation, and
sharing. They offer tools for students to use different learning styles and preferences,
supporting personalised learning. Examples of such platforms include YouTube and
SoundCloud. Integrating these platforms into music education has enhanced
personalised and flexible learning, increasing access to musical knowledge and
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strengthening collaborative learning (Dunbar-Hall et al., 2015; Cano & Sanchez-Iborra,
2015).

Artificial Intelligence (AI) is a crucial technology and application area
influencing cognitive processes in music education. The primary advantage of Al is its
ability to assess students' cognitive skills and analyse learning processes, enabling the
emergence of personalised learning paths. This allows students to understand their
strengths and improve their weaknesses. Applications like SmartMusic and Music
Prodigy are Al-supported platforms that record, assess, and track students'
performance progress.

Al can also customise music learning materials and content according to
individual learning styles, contributing to more effective learning and understanding
of music. Applications like AIVA, Musiio, and Knewton stand out as adaptive
platforms personalising learning materials based on students' performances in the
tield of music education.

Furthermore, Al can assist in teaching music theory, guiding instrument
practice, and even helping students create their compositions. This technology is
significant in providing student feedback, identifying and correcting mistakes, and
offering continuous improvement opportunities. For example, the EarMaster
application is an interactive tool that teaches music theory.

Al benefits students and provides music teachers with support for professional
development. By supplying resources that include the latest teaching strategies, music
education technologies, and pedagogical approaches, Al can enhance the cognitive
skills of teachers. Platforms like Soundtrap for Education, which supports music
production and collaboration for both teachers and students and TeachRock, which
offers digital resources and professional development materials for music teachers,
exemplify the support Al can provide.

In addition, cloud computing technology has significantly contributed to the
transformation of music education. Cloud applications have facilitated the
establishment of modernised online vocal music courses, effectively increased the
management of multimedia resources, and strengthened the learning experience (Li,
2017).

In Learning Management Systems (LMS), cloud-based applications like Moodle
are practical tools for managing online courses and facilitating student interaction.
Teachers and artists can use platforms such as YouTube or SoundCloud to share vocal
music lessons and resources, especially offering music educators the opportunity to
share their performances and receive student feedback. Additionally, cloud-based
audio recording and editing tools, such as Audacity (with cloud integration), allow
students to work on interactive music projects. Among virtual classroom and
interactive learning tools, Zoom is used to create virtual classrooms, deliver interactive
lessons, and provide individual feedback to students. At the same time, Google
Classroom is a valuable tool for sharing online resources, assigning tasks, and
monitoring progress. These diverse tools enrich the educational process and provide
students with different learning experiences.
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Despite all these advancements, some educators maintain conservative
approaches to music teaching and composition, indicating a gap between the potential
of digital technologies and their actual application in music education (Gorbunova &
Muxytknna, 2020; Boehm et al., 2018). Therefore, further exploration and integration
are needed to fully realise the potential of technology in enhancing cognitive processes
and learning outcomes in music education.

Future Perspectives and The Future of The Research Process

The Contribution of New Cognitive Neuroscience Findings to Music Education:
"Neuromusical Education and Research”

Music, as a significant element of human culture, provides an artistic and emotional
experience and offers individuals various cognitive and emotional benefits. Beyond
being a tool for emotional expression, music allows us to understand how it affects our
brains through the lens of neuroscientific research. In this context, neuro music, which
examines the neurological effects of music, plays a crucial role in music education.
Music education can enhance students' artistic abilities and strengthen their cognitive
functions, memory capacity, and emotional intelligence.

Findings from cognitive neuroscience have made essential contributions to
understanding how the brain processes and responds to music. This knowledge can
assist educators in adapting their approaches based on new findings to engage
students better and improve learning outcomes. The emerging interdisciplinary field
of meurological education and research,’ which combines neuroscience and music,
contributes to advancements in cognitive function and quality of life (Gkintoni et al.,
2023).

Neuromusical education and research aim to understand how the human brain
facilitates music and translate fundamental music research into clinical and
educational applications (Loui et al., 2015). This field has focused on various aspects,
such as how visual and auditory information is integrated into musical experiences,
auditory perception, pitch perception, singing, and the emotional impact of music
(Hodges et al., 2005; Tseng et al., 2019; Suendarti & Virginia, 2022). Cognitive
neuroscience of music, often relying on brain imaging experiments, has been organised
by examining aesthetic experience features such as attention, perception, cognition,
emotion, and cultural matrix (how an individual's relationship with music is shaped
within a cultural context and how this relationship influences aesthetic experience)
(Hodges & Wilkins, 2015).

Neuromusic research indicates that music can enhance cognitive functions by
utilising different brain regions to strengthen memory (Weinberger, 2014).
Additionally, evidence supports the positive impact of music education on cognitive
development and performance in language tasks (individual's language skills in using
and understanding), attention, and planning (Villamizar, 2021).

Studies reveal that long-term music education positively affects cognitive
abilities, particularly inhibition (impulse control), planning, and executive functions.
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This effect can positively influence students' academic performance (Jaschke et al.,
2018). Furthermore, research on the role of music in the cognitive rehabilitation of
individuals with traumatic brain injury is developing based on findings from neuro
musicology and music cognition (Hegde, 2014).

Recently, there has been growing interest in translation studies of neuromusic
research regarding its impact on society, cross-cultural differences, and educational
applications (Rosenboom, 2014). Research in cross-cultural psychology, cognitive
neuroscience, and anthropology can offer methods to assist students in music
education, considering the significant variation in human cognitive functions across
cultures (Boon, 2018).

Findings about brain plasticity suggest that music education can have positive
effects, primarily on auditory processing, motor skills, and memory. Studies on the
emotional effects of music can help teachers increase students' motivation and deepen
learning by creating emotionally impactful music experiences.

Research on motor skills and coordination emphasises the importance of

practising to enhance instrumental skills, providing practical recommendations for
music education. Additionally, studies demonstrating the positive impact of music
education on memory processes and cognitive skills encourage considering music
education as a tool to enhance overall learning potential.
The interdisciplinary nature of neuromusic research has led to collaborative efforts
between artists and scientists to facilitate efficient and collaborative research through
multidisciplinary communication. Neurological education and research contribute to
understanding the neural mechanisms underlying music perception and production.
They are a field with practical applications in clinical, educational, and societal
contexts.

Future Areas of Study and Application of Neuromusical Education and Research
Music education is an ever-evolving discipline, and future research and applications
are poised to expand the potential in this field further. Future studies may focus on
specific areas for developing neurological education and a deeper understanding of
music-related cognitive processes.

For instance, the relationship between music and language could be one such

area. Daikoku (2018) underscores the importance of investigating the potential
consequences of overlapping neural connections between music and language for
educational applications. Exploring the interactions of neural circuits in the brain
between music and language could provide deeper insights into their potential
contributions to language learning processes.
Melody, tonality, and rhythm are fundamental musical and language elements. Future
research could delve more deeply into how music education may intricately affect
language learning processes and the ability to comprehend and express tonal and
stress rules in language.

Simultaneously, investigating how the strong connection between music and
language can be leveraged in therapeutic applications is also possible. For instance,
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practical strategies for enhancing language skills in individuals with language
disorders could be developed through music therapy. This opens avenues for
exploring innovative language therapy and music education practices.

Brain plasticity is adapting to learning, experience, and environmental
interactions. Music education can contribute to changes in brain structure by
influencing this plasticity process. Future research could conduct specific studies to
examine plasticity, such as how playing instruments or engaging in theoretical
training may alter neural connections in the motor cortex or auditory regions,
especially during childhood. Additionally, the long-term effects of music education on
memory, attention, and cognitive abilities in adulthood are worthy topics for further
exploration and data collection.

On the other hand, technological integration in education can play a significant

role in research. Neuromusical education technologies may encompass innovative
tools to support music education and optimise the learning experience. Advancements
in this field have the potential to offer students a more effective, personalised, and
interactive music education.
For instance, virtual reality (VR) and augmented reality (AR) applications could
provide students with a more interactive and participatory music education
experience. Alternatively, by implementing personalised education software, students
can create an individualised learning plan that adapts to their learning pace with
feedback. These applications could be enhanced by incorporating music-related games
through gamification methods, making the learning experience more enjoyable and
effective. These examples briefly illustrate how neurological education technologies
can make music education more effective and interactive.

Conclusion

Summary

This article is designed to comprehensively understand the intricate and significant
relationship between cognitive neuroscience and music education. Its primary aim is
to comprehend how we can apply the foundations of cognitive neuroscience to music
learning processes and, in this context, develop more effective instructional strategies
to enhance musical skills.

At the beginning of the article, a general context is provided by focusing on
fundamental questions such as what cognitive neuroscience is and how we can
understand the connections between music perception and mental processes.
Subsequently, cognitive processes in music education are examined under main
headings, including the cognitive foundations of musical learning and cognitive
development in instrument education, focusing on melody and rhythm perception.
In the following sections of the article, the role of cognitive neuroscience in
understanding musical performance is explored by concentrating on topics such as the
neuroscientific analysis of musical performance, stage fright, brain activity, creativity,
and cognitive processes.
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Furthermore, the article delves into the relationship between cognitive neuroscience
and teaching strategies, addressing topics such as teaching models based on cognitive
neuroscience, the neuroscientific foundations of student-centred approaches, and the
cognitive role of technology in music education.

The concluding sections examine future perspectives and research directions,
exploring potential areas for future research and investigation in neurological
education and review.

In conclusion, the article aims to establish a foundation for understanding the dynamic
relationship between cognitive neuroscience and music education. It calls for further
exploration and study to strengthen the bridge between research, teaching, and
performance areas, enhance future generations' musical abilities more effectively, and
better comprehend the impact of music on cognitive processes.

Contributions of the Study

This study is designed to identify the connections between cognitive neuroscience and
music education. Its primary objective is to understand how cognitive neuroscience
can be integrated into music learning processes and, in this context, to contribute
practical insights for the more effective development of musical skills. By shedding
light on future research and studies in this field, it aims to bring together the disciplines
of cognitive neuroscience and music education.

Additionally, the study aims to examine the neuroscientific analysis of musical
performance, intending to provide practical recommendations for musicians to
enhance their skills and optimise their performances. Regarding teaching strategies, it
delves into how teaching models based on cognitive neuroscience and student-centred
approaches can be employed in music education. Thus, it aims to guide educators who
seek to make teaching methods more effective and student-focused.

Finally, by focusing on the role of technology in music education, the study
attempts to understand how digital tools and applications can enrich the learning
experience. In this context, the author shares personal observations and research
tindings to explore how technology integration in music education can contribute to
more effective learning.

In conclusion, this article, illuminated by personal experiences and research, is
an effort to comprehensively explain the interaction between cognitive neuroscience
and music education. This study will encourage further exploration in this field and
contribute to building more bridges that bring these two disciplines together.

Limitations of The Study

Some of the topics covered in this article include areas that are yet to be fully explored
or require further research. Additionally, more experimental studies and long-term
observations are needed to comprehend the relationship between cognitive
neuroscience and music education. These limitations stem from the article's confined
scope, considering the breadth of the subject. Nevertheless, they can inspire future
researchers to make discoveries and conduct in-depth studies in these areas.
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Furthermore, much of the information in the article is based on existing literature and
may only encompass some of the latest developments in the field. Therefore, readers
should refer to relevant sources for the most up-to-date and comprehensive
information.

Many of the topics in the article focusing on the relationship between cognitive
neuroscience and music education may involve generalisations and may only partially
reflect individual differences. Evaluating the complete effects of these generalisations
on individual students or musicians can be challenging due to each individual's varied
learning styles and cognitive processes.

In conclusion, these limitations highlight the knowledge gaps in this field and allow
future researchers to delve deeper and fill in missing information on specific topics.
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