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Abstract

Music is a powerful tool for learning and enhancing cognitive abilities. Researchers

studying neuroplasticity in the brain have taken special interest in this field of study, specifically

which cognitive enhancements can be seen with musical education. This paper reviews relevant

literature in understanding the connection between musical training and increased cognitive

performance. In particular, it evaluates how training in music affects visual attention, auditory

processing, memory, and emotional recognition. The paper also recognizes how musical training

can result in far-transfer effects that are not directly related to learning music. Important findings

from the review include: increased brain matter in certain regions and better performance in a

variety of cognitive tests ranging from reaction time to facial recognition.

The report discusses the importance of musical training in schools using the example of

the Harmony Project, a partnership between music education programs and schools to promote

musical learning and general cognitive enhancement. These programs can catalyze cognitive

enhancement and holistic development in students. Through giving underprivileged communities

access to music education, the program develops critical thinking abilities that are vital for both

academic achievement and lifetime learning. Through the allocation of resources from

educational institutions and policymakers, these programs should be extended, especially in

areas with adolescents who are at-risk, to ensure that youth and adults in all communities have

the chance to enhance their cognitive abilities.
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I. Introduction

Like musical instruments, the brain can be ‘tuned’ to enhance neural development and

cognitive abilities. These skills develop over time, often starting from a young age for many

musicians. Training as a musician involves numerous components of the brain: the sensory and

cognitive domains, auditory cortex, kinesthetic control, visual perception, pattern recognition,

and memory.1 This has become a topic of interest for researchers studying neuroplasticity in the

brain, specifically which cognitive enhancements can be seen with education in this field.

Musical training directly enhances the skills that are used in practicing music (eg. improved

listening and sensorimotor skills), but can also be involved in far-transfer effects.2 Far transfer

refers to the improvement of skills that are not directly related to the activity of interest, or in this

case, musical training. Though the specific causal relationship between practicing music and

general cognition are still being investigated, there are observable differences in the anatomy of

musicians when compared to non-musicians. This includes increased gray matter tissue in areas

of the brain that involve the mentioned regions, larger cerebellar volume, and higher motor

efficiency. Despite there being documented evidence for these variations between musicians and

non-musicians, there have still been reports claiming that the differences are due to ordinary

biological diversity, and that there is not an established connection between musical training and

cognition.

While specific causal relationships are still under clinical investigation, this report will

outline the various correlations that have been shown between training in music and developing

cognitive skills beyond the scope of music alone. It will look at how musical training affects

cognition, or the forms of knowing and awareness which include perceiving, conceiving,

remembering, reasoning, judging, imagining, and problem-solving.3 To answer this question, the
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report will review the findings of relevant literature in understanding the connection between

musical training and increased cognitive performance, specifically how it affects visual attention,

auditory processing, memory, and emotional recognition. Finally, the report will discuss the

importance of musical training in schools using the example of the Harmony Project, an existing

partnership between musical training programs and schools.

II. Overview of the Brain

A. Anatomical Description

The brain is part of the central nervous system, which is responsible for decision making,

regulating major processes like motor skills, vision, and breathing, and monitoring various

bodily signals like hunger and thirst. It is composed of gray matter, the darker and outer layer,

and white matter, the lighter and inner layer. Gray matter houses the cell bodies of neurons which

interpret signals, whereas white matter is made up of axons, or the signal-transmitting

component of neurons. The brain is split into three main sections, the cerebrum, cerebellum, and

the brainstem.

The brainstem contains three structures: the midbrain, pons, and medulla. The midbrain is

critical in the facilitation of hearing and movement, response to environmental changes, and

maintaining coordination of different parts of the body.4 The pons serves as an origin point for

several cranial nerves, and conducts activities like focusing vision, balance, and facial

expressions. It also connects the midbrain with the medulla, which regulates processes important

for survival such as heart rhythm and breathing. The cerebellum, meaning ‘little brain’ is

significant in controlling posture and balance.5 It is also involved in a variety of other functions
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from learning new skills to depth perception and developing a sense of musical timing. It can

also play a role in decision-making and emotional processing.

The cerebrum is the largest section of the brain and is instrumental in most bodily

processes. It manages the five senses, produces and understands language, maintains working

memory, governs behavior and personality, supervises movement, and oversees logic and

reasoning.5 This is the region that often changes with the development of new knowledge, skills,

and lessons learned from mistakes or injuries. The cerebrum is further divided into two

hemispheres, connected by a white matter structure known as the corpus callosum.6 It refines

motor and cognitive skills, and transfers information between the right and left hemispheres; its

fibers have also been shown to relay a variety of sensory information coming in from all of the

different regions of the cerebrum, known as lobes. Each cerebral hemisphere contains four lobes:

frontal, parietal, temporal, occipital.7 The frontal lobe handles processes related to thinking, like

planning, organizing, problem-solving, short-term memory, and movement. In the left frontal

lobe, Broca’s area serves as an important speech production center for the brain. The parietal

lobe interprets signals from sensory nerves, as seen with textural, temperature, odor, and taste

cues. Transmission and processing of images from the eyes occurs in the occipital lobe, where it

can be used for a variety of skills from memory to pattern recognition. The temporal lobe is

important in storing memories as well as interpreting signals relating to olfactory, gustatory, and

auditory signals. This lobe also houses Wernicke’s area, a critical center in language

comprehension.
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B. Cognitive Skills

Cognitive skills are those “involved in performing the tasks associated with perception,

learning, memory, understanding, awareness, reasoning, judgment, intuition, and language.”8

These skills are used in most every day decision making processes, and are practiced using input

from the body’s sensorimotor system. Musical cognition is comprised of the cognitive activities

that are involved in the mentioned processes relating to the learning and practicing of musical

training. Examples of these skills, as discussed in this report, are: visual attention, auditory

processing, memory capacity, and logical reasoning. Musical training has the capacity to hone in

certain skills through repeated and consistent practice.

The cerebrum, cerebellum, and the brainstem, despite having specialized functions, are

all involved in governing both cognitive and motor functions. Movement is not triggered solely

through external stimuli (ie. reflexes); motor actions involve a series of mental processes and

recall of memories associated with the action to be planned.9 Additionally, motor actions are

planned with a specific outcome in mind: when playing an instrument, this may be reading a line

on a score, playing a melody, or listening for accuracy while playing a piece. In any of these

scenarios, complex integration of various inputs is needed to continue planning actions.

Oftentimes, all three of these actions are occuring at once, engaging various centers in the

brain. The first step, reading the score, involves first identifying information about the overall

piece (eg. tempo, dynamics, key signature), and then identifying each note in a given duration of

the piece. After this information has been processed, the brain must transmit the information

from the occipital lobe to the frontal lobe, where planning how the body will play those notes on

the instrument will occur. Once the brain has planned the action, it will send signals to the limbs

to execute a series of movements. During the action of playing, the body will receive many
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signals about the length and position of movement, texture of the instrument, and most

importantly, the sound resulting from each movement. This information will then be transmitted

once again to the frontal lobes through the temporal, occipital, and parietal lobes so that the brain

can make further decisions about the accuracy of the movement and whether to continue playing

or to stop and restart.

This back-and-forth exchange between the brain and the body can strengthen certain

connections, known as synapses, in the brain, demonstrating neuroplasticity. A popular phrase in

neuroscience, “neurons that fire together, wire together” can be used to describe this

phenomenon. As certain neurons in the brain, such as those involved in reading a score while

planning movement during the sight reading process, continually transmit signals at the same

time, their connection with one another strengthens and eventually results in observable

structural changes.10 During the early stages of musical training especially when new techniques

or styles are introduced, the brain develops multiple paths of signal circuitry that are used

exploratively until the most efficient path is determined with practice. This path stabilizes over

time and the change becomes a more permanent part of the cortical circuit structure.10 Though

the specific neurobiological models of how musical training leads to certain anatomical changes

in the brain are yet to be fully developed, many correlations highlighting the impact of long-term

musical training have already been reviewed.

III. Musical Training and Cognitive Skills

A. Visual Attention

Musicians experience enhanced visual processing in comparison to non-musician groups.

Rapid Automatized Naming (RAN) is a test that assesses how quickly an individual is able to
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name objects, colors, letters, and numbers. As sight reading relies heavily on quickly identifying

notes and how to play them on an instrument in the given tempo and key parameters, it has been

an area of interest for researchers to investigate how eye movements and visual cue processing

times relate to musician ability to transfer skills to general information processing. A study on

expert sight readers, non-expert sight readers, and non-musicians investigated the link between

sight reading capacity and WordRAN.11 Results showed that musicians have a higher RAN

capacity, with expert sight-readers having a significantly higher RAN capacity compared to

non-experts and non-musicians.

Musical reading has been demonstrated to exhibit a higher level of structural organization

compared to reading text, particularly in terms of the complexity and richness of processing

involved, filled with cues for pitch, duration, timing, and dynamics of notes. Due to this increase

in information, there is more variation in how the eyes move suggesting that reading music thus

becomes less mechanical and more cognitive.12 The measure of saccadic eye movements tracks

how rapidly the eyes move and intake sensory information. When reading music, new saccades

(movements) do not occur until the information from the previous saccade has been processed.

Research comparing these saccades in musicians and non-musicians found that musicians

comparatively used their oculomotor senses with extreme efficiency.13 This was marked by

shorter saccade reaction times, higher saccade velocities, and shorter anticipatory delays in

movement.

To test reaction times in particular, a study performed a perceptual and mental imagery

task involving reporting where a target dot was located in reference to lines that were retained

during the reporting period in some trials and taken away in other trials. This same study also

conducted a second experiment that reflected a more basic reaction time task (ie. clicking a key



9

when a given stimulus appeared on a screen). Musicians outperformed non-musicians in both

experiments, further highlighting their ability to efficiently process visual information.14 This

research uncovers intriguing insights into the interplay between sensory processing, attentional

mechanisms, and cognitive performance.

B. Auditory Processing

Undoubtedly, a large component of musical training relies on paying close attention to

the intricacies of sounds, such as pitch, timing, and timbre.15 Pitch refers to the perception of

certain frequencies in sound, ranging from low to high. Timing is defined as the specific

moments in time in which a sound starts and stops. Timbre is an attribute relating to the quality

and color of the sound. These aspects are all critical in many forms of music, whether it is tuning

an instrument such as the viola (pitch), maintaining the rhythm of a piece as a conductor

(timing), or enhancing emotions through the tones of an instrument (timbre). Increased

consideration towards these aspects of sound enhances auditory processing in musicians, as

observed in several studies.

Brain imagery of musicians with different levels of expertise (ie. professional, amateur)

and non-musicians found that regions in the auditory cortex had larger gray matter volume,

specifically Heschl’s gyri which house the primary auditory cortex.16 Another study, one

conducted on pianists, found that, in comparison to non-musicians, those who were trained in

piano had a 25% increase in brain response to keyboard notes.17 Additionally, these results were

positively correlated with the age at which the musician had begun training, meaning that an

increased number in years of study was associated with a higher level of neural response to the

sound. Another study investigated the ability of musicians and non-musicians to generate a
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mismatch negativity response, the brain’s response to the violation of a rule.18 The rule in this

scenario was a deviance from a five-note ascending melody played in various keys; the deviance

was a change in the last note by a whole tone. Once again, musicians had a significantly higher

response compared to non-musicians in recognizing the deviant melody.

To test the ongoing effects of musical training, several longitudinal studies have been

conducted. One such investigation consisted of putting a group of children through fifteen

months of instrumental training, and compared their brain and behavioral differences to a control

group.19 The results found that the children who practiced instrumental music experienced more

growth in their Heschl’s gyrus in the auditory cortex and greater improvements in melodic and

rhythmic discrimination skills compared to the children in the control group. Another

longitudinal analysis of children training in music found that six months of musical training

improved pitch processing in music as well as in speech.20 The findings of these studies

contradict claims that anatomical changes seen in musicians are due to innate differences

between study participants trained in music and those who are not.

Far transfer effects for musical training in auditory enhancement primarily involve speech

processing, as understanding music and speech both involve pitch, timing, and timbre cues. In

addition to these physical aspects, both also require the use of memory and attention to

distinguish between intricate differences in syntax and acoustics.21 Musical phrasing follows

similar patterns seen in linguistic phrase structures; the Tonal Pitch Space Theory outlines how

changes like increases in tension followed by relaxations and chord patterns in reference to a

tonic note mimic the tones of speech inflections. Musical expertise has been demonstrated to

improve pitch processing in music as well as speech. An inquiry about the ability of musicians

and non-musicians to recognize speech and musical sound onset also concluded that musicians
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had an earlier and increased frequency encoding in the auditory brainstem in response to speech

onset, and that the response was correlated with the age at which they began playing.22

Transfer effects from musical training are not only useful in recognizing speech patterns,

but also better understanding the emotions encoded in alternating pitches during speech.

Musicians have been found to better detect minute changes in pitch, specifically at the ends of

words and sentences, compared to non-musicians.23 This can be important in identifying whether

a sentence is a statement or a question, and can even be transferred to situations where the

musician does not understand the speech. This was measured through the frequency-following

response (FFR), which determines whether participants produce stronger and more consistent

responses to changes in pitch. Studies have revealed musicians’ abilities to better process pitch

even in foreign languages compared to non-musicians.24

This is all possible through the encoding of sounds into meaning in the brain. When

musicians read from a score, for example, they use multi-sensory incorporation to process the

tactile quality of the instrument's surface, visual representation of the notes they play, and the

movement of their hands to play those notes. This information, along with the ability to

distinguish between competing sounds in their vicinity, is all collected and transmitted to various

regions of the brain. Sound travels from the cochlea (signal-transmitting organ of the ear) to the

auditory cortex through the brainstem, where top-down processing (ie. decisions made from

higher level processes in the brain influence lower level regions) strengthens the connection

between the cortex and the brainstem.25 During musical practice, musicians focus more effort

towards encoding certain sounds with different meanings, whether that is visually in the form of

notes, kinesthetically through movement, or emotionally with the overall sentiment of a piece.
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The increased connectivity between these regions contributes to greater subcortical encoding of

sounds, as seen in the results of studies where musicians had stronger responses to certain tones.

In a pragmatic sense, this knowledge is valuable for musicians to understand how their

practice can improve not only their music, but also other aspects of their learning. Possessing a

strong ability to discriminate between and memorize pitches as well as quickly process tonal and

temporal qualities of sounds has profound effects in literacy skills: it manifests in enhanced

reading ability, better vocabulary, and verbal fluency.26 Understanding how to extract certain

tonal clues in music can also translate into better performance in auditory selective attention

(known as stream segregation), and in voice tagging, which is the ability to focus on one

particular auditory stimulus in a cacophonous environment.27 Examining the relationship

between auditory perception, cognitive processing, and musical expertise allows for insights into

how musicians' heightened sensory acuity extends into broader cognitive domains.

C. Memory

The body continually faces an abundance of varying auditory, tactile, and visual cues. Its

ability to pay selective attention to one of those components and identify it involves the capacity

to retrieve the cue from working memory. This is so that attention can be diverted to the “input

of highest interest” while maintaining awareness of changes in the surrounding for a stimulus

that may need to be immediately attended to.27 Thus memory is a critical aspect of auditory

processing, not just for general use but especially in musical training.

To understand the impact of musical experience in memory, it is important to distinguish

between the different types of memory: long-term, short-term, and working. Short-term memory

has a limited capacity to hold information and is the most temporary of the three, but holds
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information in the most accessible manner.28 These memories are not always in conscious

awareness, and are thus more easily forgotten. For musicians, short term memory may be active

in the first sight read of a certain piece where the goal is to listen to how the piece sounds rather

than learn the notes and commit them to memory. Here, the musician will likely be able to recall

a few bars from memory immediately after playing them, but may not recall specific notes from

the beginning after completing a page.

Working memory makes use of short-term memory to plan and carry out actions.28 It is a

more conscious action, meaning that both storage and processing of the memory take place

concurrently and is dependent on the ability to focus attention to particular stimuli. Using the

previous example, while short-term memory is used in a simple preview of the notes in a piece,

working memory can use that knowledge to then focus on other dimensions of sound. A working

memory process could include playing two bars, noting the musicality associated with that

section (in terms of tempo and dynamics), and then practicing that section until the desired

musicality is achieved. The pattern that is held in memory during this practice is called a

phonological loop.29 Working memory specifically is an important cognitive enhancement that is

improved with musical training.

Long-term memory consists of a vast array of knowledge and memories from past

experiences, and greatly shapes how individuals develop unique thought processes and

worldviews. This memory has a greater lifespan in that, once encoded, does not have to be

frequently revisited to be able to recall (though this recall may contain some flaws). In musical

training, a musician may practice a certain piece numerous times over a span of months in

preparation for a recital, and very rarely revisit the song after the recital is over. However, even
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after many months, they may be able to play the song with few errors due to its encoding in

long-term memory.30

Research suggests that the enhancement of memory capacity takes place in the

cerebellum, which makes predictions about what consequences will result from an action based

on past experiences. The past experiences serve as patterns to draw from and recognize in other

situations, and musical training improves the cerebellum’s capacity to function by providing the

brain with new patterns to learn from.31 Other observable effects are larger volumes of gray

matter found in the hippocampus of musicians, an area highly associated with memory encoding

activity.32 This finding is further supported by other studies that determine the specific aspects of

training that alter memory capacities in musicians. For instance, musical notation represents

certain spatial cues and practice with the translation between these two concepts allows them to

retain better visuospatial memory.33

An analysis of study results for the effects of musical training on memory classified

memory tasks based on whether they involved delayed recall (long-term memory), tasks with

temporary retainment of knowledge (short-term memory), or recall tasks with a secondary recall

task (working memory). Overall, musicians seemed to outperform non-musicians in all three

categories.34 Examples of how this is tested in study participants include N-back, reading span,

and operation span assessments.35 The N-back task involves presenting a sequence of visual and

auditory stimuli and asking the participant to decide whether each stimulus matches the stimulus

that was displayed in N letters before. When this exam was conducted on musicians, they

performed better than non-musicians, and produced greater brain activity in response to more

difficult memory tasks. Specific regions where higher activity was observed were the lateral

prefrontal cortex and anterior cingulate cortex, where control, attention, and error prediction
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skills are linked.36 High scores on the other assessments further show the increased capacity of

musicians’ working memory. For tasks pertaining to tonal discrimination, musicians had

increased memory capacity and duration compared to non-musicians. For atonal tasks, musicians

did not display increased duration, but still outperformed in working memory capacity.35

Moreover, the influence of musical training on memory extends beyond working

memory, encompassing short-term enhancements in facial recognition and improved verbal

memory in both the short and long term. In an investigation into whether musicians can retain

memory of faces better than non-musicians, results showed that training in musical rhythm could

enhance facial memory by encouraging activity in the parietal lobe, thereby aiding the encoding

and retention of memories.37 Studies have also shown that musicians with extensive musical

training at a young age, in comparison to non-musicians, have better verbal memory in both the

working and long-term periods.38 It is important to note that these results were primarily

observed in children and adult populations, and that the effect of memory decline in older adults

is still under investigation with regards to musical training. Exploring the dynamic relationship

between memory and musical proficiency unveils new understandings of how musical training

enriches diverse memory systems.

D. Emotional Recognition

Music holds incredible power in humans to convey and elicit emotions. This has been

documented in several different means of altering emotions: a caregiver’s speech and singing to

infants, adolescent and adult listening to music to regulate emotions, and the promotion of social

behavior through dancing or other group musical activities.39 Music also transcends niche

cultural and regional values, and can be universally recognized under three basic emotions:
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happy, sad, and scared or fearful.40 It has also shown to alter the activity of important brain

processes that control emotion particularly in the amygdala, nucleus accumbens, and the

hippocampus.41 The amygdala, a critical driver in fear response, is very sensitive to both joyful

and unpleasant or sad music; music evokes a strong response in the region of the amygdala that

is responsible for processing auditory information, and places an emotional reward value on

music. Activation of the nucleus accumbens during rewarding musical experiences is associated

with increased dopamine availability. The hippocampus is one of the regulators in the

hypothalamus-pituitary-adrenal axis-mediated stress response, and also exhibits changes in

activity levels in response to music.

As such, musical practice has been newly theorized as connected to emotional

recognition. A study manipulating attributes that are open to the interpretation of the performer,

like timing and volume, surveyed pianists indicated their emotional sensitivity to certain

alterations that were intended to elicit a more emotional response. In every experiment

conducted, musical experience was closely correlated with an increased sensitivity to

alterations.42 Another study asking musician and non-musician participants to identify emotional

prosodies based on the tone with which semantically neutral sentences were conveyed found that

musically trained adults had higher performance in accurately identifying emotions.43 This study

also conducted another experiment where children were randomly assigned to be part of a

control group or participate in musical training lessons (eg. keyboard, vocals, drama), and noted

that once again, participants who received musical training were more likely to accurately

identify emotions.

Furthermore, the emotional recognition skills gained do not apply only to music. An

investigation was conducted on the ability of musically trained and untrained adults to recognize
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emotional prosody in sentences expressing varied emotions (anger, disgust, fear, happiness,

sadness, surprise). It found that musicians had a higher accuracy rate in identifying the emotion

in comparison to the control group.44 Another interesting benefit of musical training is an

increased ability to display feelings of empathy. One analysis of looking at this ability in children

randomly assigned participants to groups where they would participate in empathy-promoting

activities, though one group also had a musical element. The results revealed that the children in

the group with musical activities had notably higher empathy scores compared to the other

group.45 The dynamic relationship between music and the brain's emotional processing regions

highlights music's remarkable ability to evoke, convey, and enhance emotional experiences

across diverse contexts and stages of life.

IV. Musical Training Implementation in Schools- The Harmony Project

The mentioned improvement of cognition in visual attention, auditory processing,

memory, and emotional recognition all provide compelling arguments for adoption of musical

training in schools. Many of the studies conducted on these topics used children as their

population demographic, highlighting the importance of music education at a young age for a

variety of cognitive benefits that build on one another as time goes on. Nina Kraus, a

neuroscientist and advocate of increasing musical education in schools, offers three arguments

for the implementation of such programs: indirect, incentive, and intangible.46

The indirect argument contends that investing in music education will indirectly facilitate

success in school; this can be seen through increased attention even in distracting environments.

This argument would also expand potential for research to conduct longitudinal studies that

further the understanding of causal relationships in the discovered correlations. The incentive
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argument posits that music education can, in the long run, lead to increases in standardized

testing scores, grade point averages, and college matriculation rates. The Harmony Project is a

current initiative focused on raising these statistics for under-resourced families, and boasts a

97% college admittance rate for students involved in the program.47 Lastly the intangible

argument views the effects of musical training as difficult to quantify, but still useful in

long-term academic success. Such benefits include increased social relationships from

connections in musical programs, discipline resulting from years of practice, and confidence

from regular stage performances.

The Harmony Program is structured to include after school, school partnership, in-school,

and online programs where all participants receive an instrument, are given opportunities to

perform locally and globally, regular music lessons from professionals with assessments, and

college scholarship opportunities. A research query followed a specific age cohort (ages 7-10) of

children and measured their neural responses to speech before and after training. Results after

one year of program participation saw faster neural coding of consonants, robust encoding of

high frequency spectral speech content, and strengthened auditory processing.48 Authors note

that further study will be conducted on these populations to standardize variables such as sex

differences, the specific musical activities that participants completed (ie. making music versus

studying music), and how learning changes between age groups.

The Harmony Project serves as an excellent foundation for schools to implement music

education programs that both enhance cognitive skills and foster holistic development in

students. It empowers students who are from lower socioeconomic backgrounds or deemed

‘at-risk’ to explore their musical interests as well as improve their cognitive skills. As schools

seek to enrich their educational offerings and support the diverse needs of students, musical
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education programs provide a compelling model for integrating music into academic curricula

and promoting academic success, social-emotional growth, and lifelong learning.

V. Conclusion

The evidence presented in this report highlights the correlations between musical practice

and enhancements in visual attention, auditory processing, memory, and emotional recognition.

These findings not only shed light on the neuroplasticity of the brain but also offer valuable

insights into the broader implications of musical training beyond the realm of music itself. The

literature reviewed in this report document correlations between musical training and cognitive

skills and underscore the transformative power of music training on the human brain.

Notably, studies suggest that musicians display superior auditory processing skills, with

enhanced neural responses to musical stimuli and improved speech processing, indicating the

transfer effects of musical training to broader auditory tasks. Research findings also illustrate that

musical training correlates with improved visual attention, evidenced by enhanced rapid

automatized naming (RAN) and increased efficiency in oculomotor senses. Furthermore, musical

training has been linked to enhancements in memory, with musicians showing improved

short-term, working, and long-term memory capacities. Musicians have also been shown to

exhibit heightened emotional recognition skills, better detecting subtle emotional cues in music

and speech.

The Harmony Project exemplifies how music education programs can serve as a catalyst

for cognitive enhancement and holistic development in students. By providing access to musical

training for under-resourced communities, the program fosters essential cognitive skills that are

invaluable for academic success and lifelong learning. These programs should be expanded,
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particularly in communities with at-risk youth, through the allocation of resources from

educational institutions and policymakers so that youth and adults in all communities have the

opportunity to improve their cognition through musical education.

Many of the benefits associated with musical training have been correlated with four

determinants in terms of their influence on neuroplasticity: the age of onset for musical training,

the number of years with continued training, the amount of practice during training, and aptitude

for music learning.15 Strong indicators that musicians’ enhanced cognitive abilities are due to

their training and not regular biological variation come from a plethora of evidence showing that

performance on research examinations are closely correlated with years of experience and

consistency of practice. However, to better understand the connection between training and skill

transfer, there is still research that must be conducted to discover more specific neural pathways.

This research should extend beyond simply identifying enhanced brain regions and instead

determine the causal, rather than correlative, mechanisms underlying the effects of musical

training on cognitive abilities.
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