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Preface

This book was written to provide an update to The Power of Music: A
Research Synthesis of the Impact of Actively Making Music on the Intellectual,
Social and Personal Development of Children and Young People (2015). As
the evidence was collated, it became clear that much more research
had been undertaken since the original book was produced and that
that research was focused on a much wider age range with particular
expansion in work with older age groups. It was therefore decided to
expand the book to include research across the lifespan covering a wider
range of issues, particularly those relating to health and wellbeing as
these have become more important in the research agenda in recent
years. The title referring to an exploration of the research was selected
to make it possible to take account of all kinds of research, from large-
scale population studies to single case studies, correlation studies,
experiments and evaluations of interventions with a focus on both
listening to and actively making or creating music. Some interventions
that have several different outcomes are mentioned in more than one
chapter. As there has been much controversy recently as to whether
music can have any impact, particularly on cognition, it was felt to be
important to include examples of individual research projects for the
reader to be able to draw their own conclusions about the impact of
music rather than relying on a summary, although an overview is
provided at the end of each chapter. This means that the book is not
always an easy read. Some of the research is extremely complex and
takes time to understand. It is hoped that, despite this, the reader will
be enabled to make an informed decision about the power of music in a
range of areas across the lifespan.






1. Introduction

The speed of change in electronic media in the latter part of the 20™
century revolutionised access to and the use of music in people’s lives.
Music can be accessed in many ways, through radio, CDs, DVDs,
TV, tablets, SMART technologies, computers and phones, and can
be downloaded to enable the creation of personal playlists. This can
be achieved with very little effort, but this was not always the case.
Historically, people could only access music through participating in
religious or other social events. These changes have made it possible
for individuals to use music to manipulate their moods, arousal
levels and feelings, and create environments which may change the
way that other people feel and behave. Music can be used to aid
relaxation, overcome powerful emotions, generate moods appropriate
for carrying out routine activities, prepare for social activities or
stimulate concentration. In short, music can be used to promote
wellbeing. In young people, it supports the development of identity
and self-presentation. Alongside this, technological advances in
research techniques have increased our understanding of the way that
music can benefit the intellectual, social and personal development of
children and young people.

The chapters in this book explore the ways that music can benefit
children and young people, as well as the wellbeing and health of the
general population. This introductory section sets out what we know
about the functions and origins of music; the transfer of learning;
methodological issues; ways of engaging with music with varying levels
of commitment; music therapy; and issues related to the interpretation
of research findings.

© 2022 S. Hallam & E. Himonides, CC BY-NC-ND 4.0 https://doi.org/10.11647/OBP.0292.01
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Music, Its Functions and Origins

There is evidence for engagement with music pre-homo-sapiens (Turk,
1997). A bone flute estimated to be about 50,000 years old has been
found in a Neanderthal burial site and this may have been predated by
singing. In China, bone flutes have been found dating back to 6000 BCE,
stone flutes from 1200 BCE, and a system of classification of instruments
according to the materials that they were made of from 500 BCE
(Zhenxiong et al., 1995). Such evidence of the early use of instruments
has been found in several cultures (Carterette and Kendall, 1999).

Despite the evidence of musical activity in early humans, there is no
consensus as to whether music has evolutionary significance, although
the arguments for its evolutionary role are strong. For instance, Miller
(2000) has argued that music exemplifies many of the classic criteria for
a complex human evolutionary adaptation, pointing out that no culture
has ever been without music (universality); musical development in
children is orderly; musicality is widespread, all adults can appreciate
music and remember tunes; we have a specialist memory for music;
specialised cortical mechanisms are involved; there are parallels in the
signals of other species—for example, birds, gibbons and whales—so
evolution may be convergent; and music can evoke strong emotions
which implies receptive as well as productive adaptations.

Considering the possible functions of music, Huron (2003) set out
the following theoretical positions:

e mate selection—music performance may have arisen as a
courtship behaviour;

e social cohesion—music may create or maintain social cohesion
through the promotion of group solidarity and altruism;

e group effort—music may contribute to the coordination of
group work;
o perceptual development—music may contribute towards the

more general development of sound perception;

e motor skill development—singing with movement and other
music-making provides opportunities to refine motor skills;
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e conflict reduction—music may reduce interpersonal conflict
within groups through shared activities unlikely to provoke
argument or dispute;

e safe time passing—music may provide a way of passing time
which avoids engagement with possible dangerous situations;

e transgenerational communication—musicmayhave originated
as a useful mnemonic device for passing on information from
generation to generation.

Those supporting a sexual selection theory—for example, Miller
(2000)—argue that male musical performance influences female choice
of mate. This might also apply to males” choice of mate and could
explain why music becomes so important in adolescence. Other theories
propose that music has evolved from emotional or impassioned speech,
or indeed was an imitation of bird song (Cross, 2003, 2009, 2016; Huron,
2003). Some have suggested that music evolved through the mother-
child relationship—in particular, soothing and comforting behaviour,
which developed into lullabies. This is supported by evidence that
systems for processing sound develop while the foetus is still in the
womb and are fully operational for processing music at birth (Gaston,
1968; Parncutt, 2009). Dissanayake (1988) further suggests that the
musicality of mother-infant interaction might lay the foundations for a
grammar of the emotions.

There is considerable support for the role of music in promoting
social cohesion. For instance, Sloboda (1985) speculates that music-
making is rewarding because participating in it generates social
bonding and cultural coherence. This is supported by the role of music
in a wide range of ceremonies (Roederer, 1984). It has survival value in
that synchronising the moods of many individuals can support them
in collectively taking action to strengthen their means of defending
themselves from attack (Dowling and Harwood, 1986). Moving
together rhythmically may reinforce this process (Kogan, 1997). This
approach suggests that music reinforces groupishness—the formation
and maintenance of group identity—as well as collective thinking,
synchronisation and catharsis (the collective expression and experience
of emotion; Brown, 1991). This is supported by Weinstein and colleagues
(2016), who demonstrated that small- and large-scale bonding could
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occur in choirs of 20 to 80 people and larger groups of over 200. These
findings corroborate evolutionary accounts which emphasise the role
of music in the social bonding of large groups which other primates are
not able to manage.

Cross (2003), drawing on the work of Smith and Szathmary (1995)
and Mithen (1996), suggests that the appearance of homo sapiens is
marked by the emergence of a flexible cross-domain cognitive capacity
which:

‘is uniquely fitted to have played a significant role in facilitating the
acquisition and maintenance of the skill of being a member of a culture—
of interacting socially with others—as well as providing a vehicle for
integrating our domain-specific competences so as to endow us with the
multi-purpose and adaptive cognitive capacities which make us human’
(2003: 52).

This intrinsically transposable aboutness of music (2003: 51) allows
its many meanings to change from situation to situation. This may be
exploited in infancy and childhood as a means of forming connections
and interrelations between different domains—social, biological and
mechanical. Musical activity may simultaneously be about movement,
mood, emotion and mastery embodied in sound, affording the
opportunity to explore cross—domain mappings.

Not all authors agree that music has evolutionary purpose. Some
suggest that music, along with the other arts, has no evolutionary
significance and no practical function (Barrow, 1995; Pinker, 1997;
Sperber, 1996). Music is condemned as an evolutionary parasite. Pinker
(1997) argues that music is bound to the domain of language, auditory
scene analysis, habitat selection, emotion and motor control, and merely
exploits the capacities that have evolved to subserve these areas. Music
is an evolutionary by-product of the emergence of other capacities that
have direct adaptive value. It exists simply because of the pleasure that
it affords; its basis is purely hedonic.

In the 21* century, music has a multiplicity of functions which operate
at several levels: that of the individual, the social group and society
in general (Radocy and Boyle, 1988; Gregory, 1997). Merriam (1964)
recognises ten major musical functions: emotional expression, aesthetic
enjoyment, entertainment, communication, symbolic representation,
physical response, enforcing conformity to social norms, validation of
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social institutions and religious rituals, contributions to the continuity
and stability of culture, and contributions to the integration of society.

There is extensive evidence of the key role that music plays in the
lives of individuals (Sloboda et al., 2009). Music can generate feelings
of wellbeing, can facilitate working through difficult emotions, and is
frequently linked to spirituality (Juslin and Sloboda, 2001). It is widely
used for exploring and regulating emotions and moods (Juslin and
Laukka, 2004; North et al., 2004; Saarikallio, 2011; Shifriss & Bodner,
2014) and can be effective in inducing positive affective states (North
et al., 2004), achieving desirable moods (Vastfjall, 2002) and also for
coping with negative moods and emotions (Miranda and Claes, 2009;
Shifriss & Bodner, 2014). The most common activity for mood regulation
is listening to music (Saarikallio and Erkkild, 2007). Even adolescents
who play an instrument report that the best activity for mood regulation
is listening to music alone (Saarikallio, 2006). In adolescence, music
makes a major contribution to the development of self-identity. It
plays an important role in teenagers’ lives and they spend many hours
listening to it (Bonneville-Roussy et al., 2013; Bosacki and O’Neill, 2013;
Greasley and Lamont, 2011). Teenagers listen to music to pass time,
alleviate boredom, relieve tension and distract themselves from worries
(North et al., 2000; Tarrant et al., 2000; Zillman and Gan, 1997). Music
is seen as a source of support when they are feeling troubled or lonely,
acting as a mood regulator and helping to maintain a sense of belonging
and community (Schwartz and Fouts, 2003; Zillman and Gan, 1997). It
is also used in relation to impression management needs. By engaging
in social comparisons, adolescents are able to portray their own peer
groups more positively than other groups in their network and are thus
able to sustain positive self-evaluations. Music facilitates this process
(Tarrant et al., 2000).

At the individual level, music has also been seen as a vehicle for
emotional expression, conveying ideas and emotions which might be
difficult to communicate in ordinary verbal interchanges. Music elicits
physical responses, can aid relaxation or stimulate activity, and is
particularly effective in changing moods (Thayer, 1996). Listening to
music provides opportunities to experience aesthetic enjoyment and be
entertained, while making music can be seen as a source of reward and
intellectual stimulation, providing interesting and challenging activities
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at the rehearsal stage, and opportunities to demonstrate expertise and
musicianship in performance which, if successful, can lead to enhanced
self-esteem.

In small groups, music is a means of communication. Making
music is a social activity in that creating, interpreting, performing
and hearing music all depend on shared social meanings. Music can
serve to provide shared experiences and understandings which assist
in binding together social groups, supporting their identities. This is
apparent in its use in children’s games and also in adolescence, where
music becomes one of the central aspects of young people’s chosen
youth culture. Music is also used in work contexts. It can facilitate
the appropriate level of stimulation for mental or physical activity
and may also serve to ensure that individuals literally work in time
together. Emotional expression can also be important at the group
level, for instance, in protest songs. It provides a means of expressing
feelings towards subjects which are taboo or where there are inhibitions
regarding the expression of emotions—for example, love, and not only
romantic love but the love of God or a country, school or institution.
Music fosters prosocial behaviour, a shared sense of success, physical
coordination, shared attention, shared motivation and group identity
(Weinstein et al., 2016). It creates and strengthens social bonds
amongst interacting group members through endorphins, which
are released during synchronised exertive movements in singing or
playing together and are involved in social bonding across primate
species (Tarr, Launay and Dunbar, 2014).

In society as a whole, music provides a means of symbolic
representation for ideas and behaviours. It can represent the state,
patriotism, religion, bravery, heroism or rebellion. It can encourage
conformity to social norms through songs or alternatively may incite
challenges to those social norms. It provides validation of social
institutions and religious rituals and plays a major part in ceremonial
occasions including weddings, military functions, funerals and sporting
events. Music also contributes towards the continuity and stability of
culture, as individuals respond in similar ways to the music of their own
culture, while the social nature of musical activity invites and encourages
individuals to participate in group activities, reducing social isolation.
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The power of music is reflected in the way that there have been—and
continue tobe—attempts to exert control over it. In Nazi Germany, music
was carefully selected for use at mass rallies to generate appropriate
patrioticemotions. In the USSR, the music of Shostakovich was censored
by the Soviet government. During the Cultural Revolution in China,
Western music was denounced as decadent and forbidden. In Iran,
when Ayatollah Khomeini was in power, tight restrictions were placed
on particular types of music. In white-dominated South Africa, centres
of African music were demolished, while musicians living in exile
continued to influence the attitudes of the world against the prevailing
political system through their music. In the Western world, criticism
of hard rock music by the establishment and its purported effects have
been well documented (Martin and Segrave, 1988). Music also reflects
the values, attitudes and characteristics of a society. For instance, Weber
(1958) suggests that the Western classical tradition reflects a drive to
rationalise and understand the environment. Technological advances
impact on the way that music-making develops, as does the extent of
contact with—and influence of—other musical cultures (Nettl, 1975),
and the development of musical literacy. The latter extends what can
be passed onto future generations, while oral cultures restrict what can
be remembered (Sloboda, 1985).

Transfer of Learning

The transfer of learning from one domain to another depends on
similarities between the processes involved. Transfer between tasks is
a function of the degree to which the tasks share cognitive processes.
Transfer can be near or far, and is stronger and more likely to occur
if it is near. Salomon and Perkins (1989) refer to low and high road
transfer. Low road transfer depends on automated skills and is
relatively spontaneous and automatic—for instance, in processing
music and language, or using the same skills to read different pieces
of music or text. High road transfer requires reflection and conscious
processing—for instance, adopting similar skills in solving different
kinds of problems.
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Some musical skills, near and low road, are more likely to transfer
than others—for instance, those relating to the perceptual processing of
sound, timing, pitch, timbre and rule-governed grouping information,
fine motor skills, emotional sensitivity, conceptions of relationships
between written materials and sound, reading music and text, and
memorisation of extended information, music and text (Norton et
al., 2005; Schellenberg, 2003). Far transfer may occur in relation to
the impact of making music on intelligence and attainment. High
road transfer may also occur in relation to the skills acquired through
learning to play a musical instrument—for instance, being able to
recognise personal strengths and weaknesses, being aware of a range of
possible strategies (task-related and personal) relating to motivation,
concentration, monitoring progress and evaluating outcomes.

Throughout this book, the ways that transfer can occur in relation
to skills developed through active engagement with music—and the
ways these skills may impact on intellectual, social and personal skills—
will be explored. The impact of music on wellbeing and health will
also be considered, with particular reference to the impact of music on
emotions. Consideration will be given to the extent to which learning to
control emotions through music can support the development of more
general change in behaviour.

Research exploring the impact of music on cognitive skills has a
long history, going back to the 1970s. However, there was a surge of
interest following the discovery of the so-called Mozart effect, where
20 minutes of listening to Mozart was claimed to enhance intelligence
(Rauscher et al. 1993; 1995). This was later discredited by a range of
studies (Cabanac et al., 2013; Hallam, 2001; Schellenberg and Hallam,
2005), which suggested that music could change arousal levels which, in
turn, affected performance on cognitive tests. Since then, much research
has been undertaken to explore whether active engagement with music
can enhance cognitive ability. For reviews, see (for example) Benz et
al. (2016); Bugos (2019); Hallam (2015); Holmes (in press); Jaschke et
al. (2013); Miendlarzewska and Trost (2014); Moreno (2009); Rauscher
(2009); and Schellenberg (2016). This research will be explored in detail
later in this book.
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Methodological Issues

Research exploring the ways in which active engagement with music
has an impact beyond the development of musical skills has been
undertaken within a number of disciplines adopting different research
paradigms. The designs and methods adopted vary widely, as do the
sample sizes.

Much early research considering the impact of engaging with music
on other skills was based on correlation studies undertaken with
professional or young musicians with varying levels of expertise. This
has been criticised on the basis that showing a relationship between
musical skills and other skills does not demonstrate causality. This is
particularly the case with neuroscientific studies (Schellenberg, 2019).
Some research has compared the performance of groups identified as
musicians or non-musicians. This research has been—and continues to
be—useful in highlighting possible areas of transfer. What it is unable to
do is identify the direction of causality, although studies using multiple
regression analyses are able to take into account possible confounding
factors.

Experimental studies, where the outcomes of musical interventions
are compared with those where there is no musical intervention or an
alternative intervention, offer the possibility of establishing causality.
Such studies vary in the length of the intervention, the range of
measures adopted to measure outcomes, the age of the participants,
and the nature of the activity of the control or alternative intervention
group. In an ideal scientific study, participants are randomly assigned
to intervention and control groups. In longitudinal research, where
follow-up may be weeks or months later, it can be difficult to sustain
participation and there is a high likelihood of dropout. This is reduced
if participants self-select the activity that they wish to undertake, but
this then constitutes a confounding factor, as those selecting a musical
activity may share particular characteristics—for instance, high levels
of intelligence or particular personality characteristics. The context of
musical interventions and their natures are also critical in determining
impact. Different outcomes might be expected in relation to whole-class
general music lessons or individual instrumental lessons. The quality
of the teaching and the relationships between learners and teachers are
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also likely to be important. The extent of variability in research design
and implementation tends to produce conflicting evidence. Qualitative
research, including interviews, focus groups, and ethnographic/case
studies, is able to provide insights into the perceptions of participants
and the contexts within which music may have a wider impact. However,
it has been criticised as being too subjective. All of these methods of
undertaking research have the potential to enhance our understanding
of the nature of transfer of musical expertise to other domains and
skills—albeit in different ways.

Systematic reviews are typically used to appraise, summarise, and
communicate the results and implications of large bodies of research,
such as that relating to the transfer of musical skills to other domains.
They can help in overcoming bias, which may be associated with single
research projects and the lack of generalisability in studies conducted
with one type of population. Systematic reviews aim to rigorously
identify and evaluate research, and provide objective interpretation
and replicable conclusions. Systematic reviews may include a meta-
analysis—a specific statistical strategy for assembling the results
of several studies to provide a single estimate of the size of impact.
Meta-analyses draw on existing experimental research, using complex
statistical analysis to reanalyse data to assess the impact of interventions
across many studies. They adopt different criteria for the studies
selected for inclusion. Greater numbers of criteria which studies need
to meet in order to be included lead to the exclusion of more research.
Perhaps because of this, meta-analyses frequently produce conflicting
outcomes. Those adopting meta-analytic approaches are very critical of
research which does not adopt the strict methodological requirements of
randomised controlled trials, where individuals are randomly allocated
to groups. They also argue that control groups should participate in
alternative interventions rather than no intervention. Meta-analyses
have been severely criticised. For instance, Ansdell and DeNora (2014)
argue that too much important information is lost when music is forced
into before-after, yes—no grids of variables and outcome assessments.

An inclusive research strategy was adopted in accessing the literature
tobe included in this book. Academic databases relevant to neuroscience,
psychology, education and music were searched, in addition to web-
based searches to locate relevant grey literature. Analysis of located
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documents frequently led to further relevant material. The following
chapters will synthesise the findings from a wide range of studies, to
further develop our understanding of whether the skills gained through
actively participating in making music can transfer to other skills and,
if so, what circumstances might support this. The book also examines
the evidence relating to listening and making music, and its impact on
wellbeing and health. Each chapter synthesises the research findings
from all of the studies, focusing on one aspect of transfer or impact, and
drawing conclusions as appropriate.

Ways of Engaging with Music and Varying Levels of
Commitment

People can actively make music or listen to it, although both means of
engagement require listening. Listening to music or speech requires
the processing of an enormous amount of information rapidly without
conscious awareness (Blakemore and Frith, 2000). An idealised view
of musical listening is that it is a focused activity undertaken solely
for the purpose of deepening understanding and appreciation of the
music. In practice, most listening takes place alongside other activities,
including those relating to travel, studying and physical activity,
including relaxation and taking exercise (Sloboda et al., 2009). Like
these activities, listening does not necessarily preclude listening with
full attention (Herbert, 2012). Listening can have benefits in terms of its
impact on mood, emotions and arousal levels.

Actively making music can take many forms, from informal
interactions in the home between children and parents to formal
instrumental lessons. Recently, there has been greater recognition of
the importance of informal learning, both for the acquisition of musical
skills and creativity and for the personal and social benefits which may
emerge (Hallam et al.,, 2016; 2017). Formal music tuition in schools
may include whole-class teaching of instruments, ensemble work, or
focus on singing, the theory of music, listening or the history of music.
Those singing or learning to play an instrument through individual
tuition may also join ensembles out of school, which increases their time
commitment to music alongside any individual practice that they may
undertake. Any intellectual, personal or social benefits emerging from
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active engagement with music will depend on the type of activity, the
level of commitment of the learner and the quality of the teaching, both
musically and in terms of the rapport between teachers and learners. The
role of individual preferences, context and the diversity in how different
people interact with music need to be taken into account when carrying
out research and interpreting findings. This is frequently not the case.
Many studies do not assess whether the participants have actually
learned any musical skills. It is frequently assumed that participation
alone will ensure that musical skills have been acquired. If they have
not, then there is no reasonable prospect of transfer to other skill areas.

The level of commitment to music is another important factor
in the possible impact of music in people’s lives. Music constitutes a
leisure activity for many people, either through listening to or making
music. For some, singing or playing is a serious leisure activity, while
for others it is merely recreational. Similarly, listening is (for some) a
hobby to which they devote considerable time and energy, while for
others it constitutes casual engagement. Those who attend live music
performances tend to have a higher level of musical experience and rate
music as more important in their lives than non-attenders. Attending a
live music event suggests a greater level of commitment than listening
to recorded music. The main reasons for attending live events include
hearing a particular artist or style, learning about new music, affirming
or challenging existing musical tastes, and personal and social reasons,
such as engaging in social interaction and being part of a community
(Pitts and Burland, 2013; Pitts and Spencer, 2008).

For some amateur musicians, music shares many characteristics
with the work of professional musicians—it can be seen as an extremely
serious leisure activity, while others see it merely as a hobby they
engage with for personal amusement (Gates, 1991). Reported reasons
for participation in active music-making include a love of music, the
desire to develop skills and respond to challenges, and opportunities to
meet with like-minded others. Musical activities also provide pleasure,
relaxation and an opportunity for self-expression (Cooper, 2001; Taylor
and Hallam, 2008). Taylor (2010) argues that amateur musicians seek
affirmation, validation and verification of their musical selves as part
of a community of practice in a similar manner to their professional
counterparts. However, for amateurs this is less well defined and they
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strive to attain a group affiliation based on a cultural ideal of musical
competence (Taylor, 2010). Rewarding membership of a community
of practice can develop through group lessons (Wristen, 2006), where
mastering new repertoire in the company of others can facilitate the
enhancement of self-confidence (Coffman and Adamek, 1999; 2001).

Despite the many differences in forms and levels of engagement,
music can have a considerable impact on subjective wellbeing. Wellbeing
can be enhanced through listening while undertaking other tasks, or
through using music to change moods and emotions. However, music
does not always have positive effects. It can cause distress when it is not
to the liking of a listener and is out of their control.

Music Therapy

In addition to the listening to and making of music undertaken by
the population as a whole, music has been used therapeutically. The
role of music in health and healing has been recognised for more than
30,000 years. It is referred to in the Bible and the historical writings of
ancient civilisations in Egypt, China, India, Greece and Rome. Music
therapy can provide positive psychological, physiological, cognitive and
emotional benefits to patients, and has done since its development as a
profession in the United States following the two world wars. Music was
used to relieve the perception of pain of those with severe injuries, and
medical staff noted the benefits to health and wellbeing. Since then, it has
developed considerably to encompass music-making with individuals
and groups, work in hospitals and planned listening to support those
with mental health issues. Since the increased availability of music,
individuals have been able to use music therapeutically to manage their
own moods and emotions (DeNora, 2000; 2007).

Interpreting the Research Findings

There is now an extensive body of research exploring the wider benefits
of music. In interpreting these findings, it is important to be judicious in
suggesting what they may mean for policy and practice (Linnavalli etal.,
2018). Currently it is not possible to say with any great confidence that
any particular musical intervention will lead to any specific outcome—be
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it intellectual, personal or social—although it is clear that making music
can support the development of a wide range of skills and have an
impact on creativity. Making music is generally pleasurable, providing
a rewarding experience and a sense of achievement for participants,
although there are exceptions to this. Its frequent social context also
leads to a sense of belonging and it can be engaged with throughout
the lifespan. It is clearly worth continuing to try to understand the
circumstances under which music is beneficial, and for whom.



2. Music and Neuroscience

Music has played an important role in neuroscience, enhancing our
understanding of the brain and how it functions. The human brain
contains approximately 100 billion neurons, many of which are active
simultaneously as we process information. Neurons communicate
with each other through nerve impulses, which allow information
to be processed and analysed. Each neuron has axons and dendrites,
both of which transmit nerve impulses. Axons pass nerve impulses
away from the cell body, dendrites towards the cell body. Each neuron
has approximately a thousand connections with other neurons. When
we learn, there are changes in the growth of axons, dendrites and
the number of synapses connecting neurons—a process known as
‘synaptogenesis’. When an event is important enough or is repeated
sufficiently often, synapses and neurons fire repeatedly, indicating that
this event is worth remembering (Fields, 2005). In this way, changes in
the efficacy of existing connections are made. As learning continues and
particular activities are engaged with over time, myelination takes place.
This involves an increase in the coating of the axon of each neuron,
which improves insulation and makes the established connections more
efficient. Effectively, the neurons become wired together. This enables
better connections within specific brain regions, and also improves the
functioning of broader neuronal pathways connecting separate brain
regions, which are needed for many human activities (sensory, cognitive
and motor). Pruning also occurs, a process which reduces the number
of synaptic connections, enabling fine-tuning of functioning. Through
combinations of these processes, which occur over different timescales,
the cerebral cortex self-organises in response to external stimuli and
the individual’s learning activities (Pantev et al., 2003). Overall, the
evidence from neuroscience suggests that each individual has a specific
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learning biography, which is reflected in the way the brain processes
information (Altenmuller, 2003: 349).

The brain has three main parts: the cerebrum, cerebellum and
brainstem. The cerebrum is the largest part of the brain; the cerebellum
is located under the cerebrum, while the brain stem acts as a relay
centre, connecting the cerebrum and cerebellum to the spinal cord. The
cerebrum is divided into two halves: the right and left hemispheres.
They are connected by the corpus callosum, which transmits messages
from one side of the brain to the other. Each hemisphere controls the
opposite side of the body, but not all functions of the hemispheres are
shared. Generally, the left hemisphere controls speech, comprehension,
and mathematical and literacy functions, while the right hemisphere
controls creativity, spatial ability, artistic and musical skills. For most
people, the left hemisphere is dominant for hand use and language.
The brain is also separated into the frontal, temporal, occipital and
parietal lobes. The frontal lobe is associated with executive functions
and motor performance, while the temporal lobe is associated with the
retention of short- and long-term memories and processing sensory
input, including auditory information and language comprehension.
The visual processing centre is the occipital lobe, while the parietal lobe
is associated with sensory skills.

Music has played an important role in neuroscience, facilitating the
study of neural plasticity, as training in music is complex and multimodal,
and musicians and those aspiring to become musicians spend many
hours practising and are committed to engagement with music over
long periods of time (Pantev and Herholz, 2011). Making music
draws on many brain functions, including those related to perception,
action, cognition, emotion, learning and memory. It has therefore been
an ideal tool to show how the human brain works and how different
brain functions interact. The findings from the neuroscientific study
of musicians have led to greater understanding of cortical plasticity
(Barrett et al., 2013; Dalla Bella, 2016; Habib and Besson, 2009; Herholz
and Zatorre, 2012; Jancke, 2009; Merrett et al., 2013; Miinte et al., 2002;
Rauschecker, 2001; Strait and Kraus, 2014, Wan and Schlaug, 2010;
Zatorre and McGill, 2005).
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Neuroscientific Methods

Recently, technology has changed the way that neuroscience has
been able to study the brain. Previously it largely relied on studying
individuals suffering from damage to the brain, exploring how the
damage affected particular behaviours. Common assessment techniques
which are adopted now include:

Electroencephalography (EEG), which measures electrical activity
generated by the synchronised activity of thousands of neurons,
allowing the detection of activity within particular cortical areas, even
at subsecond timescales. EEG measures event-related potential (ERP).
An event-related potential (ERP) is the measured brain response that
is the direct result of a specific sensory, cognitive or motor event. It is
any stereotyped electrophysiological response to a stimulus. Evoked
potentials and induced potentials are subtypes of ERPs. Other types of
ERP include:

e Frequency-following response (FFR) is an evoked potential
generated by periodic or nearly periodic auditory stimuli.
As part of the auditory brainstem response, the FFR reflects
sustained neural activity integrated over a population of
neural elements.

e Gamma-band activity (GBA) comprises an EEG frequency
range, from 30 to 200 Hz, and is distributed widely
throughout cerebral structures. GBA participates in various
cerebral functions, such as perception, attention, memory,
consciousness, synaptic plasticity and motor control.

e Early left anterior negativity (ELAN) is an event-related
potential in electroencephalography (EEG), or a component
of brain activity that occurs in response to certain kinds of
stimuli. It is characterised by a negative wave that peaks at
around 200 milliseconds or less after the onset of a stimulus,
and most often occurs in response to linguistic stimuli that
violate word category or phrase structure rules.

e Early right anterior negativity (ERAN) is a potential in
electroencephalography, or a component of brain activity that
occurs in response to a certain kind of stimulus.
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e Mismatch negativity (MMN) is an element of an event-
related potential to an odd stimulus in a sequence of stimuli.
It is most frequently studied in relation to auditory or visual
stimuli. In the case of auditory stimuli, the MMN occurs after
an infrequent change in a repetitive sequence of sounds. It
is usually evoked by either a change in frequency, intensity,
duration, or real or apparent spatial locus of origin.

e Magnetic resonance imaging (MRI) is a type of scan that uses
strong magnetic fields and radio waves to produce detailed
images of the inside of the brain.

e Voxel based morphometry (VBM) is a technique using MRI
that allows investigation of focal differences in brain anatomy,
using parametric mapping. The brain images are smoothed
so that each voxel represents the average of itself and its
surrounding areas.

e Functional magnetic resonance imaging (fMRI) is a brain-
scanning technique that measures blood flow in the brain
when a person performs a task. fMRI works on the premise
that neurons in the brain which are the most active during a
task use the most energy. A haemodynamic response allows
the rapid delivery of blood to active neuronal tissues.

e Magnetoencephalography (MEG)isafunctionalneuroimaging
technique for mapping brain activity by recording magnetic
fields produced by electrical currents occurring naturally in
the brain, using very sensitive magnetometers.

e Transcranial magnetic stimulation is a non-invasive procedure
that uses magnetic fields to stimulate nerve cells in the brain.

Changes in the Brain following Musical Activity

Asindividuals engage with different musical activities over long periods
of time, permanent changes occur in the brain. These changes reflect
what has been learned and how it has been learned. They also influence
the extent to which developed skills transfer elsewhere. Extensive active
engagement with music induces cortical reorganisation, producing
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functional changes in how the brain processes information. If this
occurs early in development, the alterations may become hardwired
and produce permanent changes in the way information is processed
(Schlaug et al., 1995a; 1995b). Indeed, there is evidence that Western
classical musicians have increased neuronal representation specific for
the processing of the tones of the musical scale (Pantev et al., 2003). The
largest cortical representations are in musicians who have been playing
their instruments for the longest period of time. Overall, the evidence
suggests that active engagement with music has a significant impact on
brain structure and function (Merrett et al., 2013; Norton et al., 2005).
Playing a musical instrument also seems to speed up brain maturation.
For instance, Hudziak and colleagues (2014) found more rapid cortical
thickness maturation in areas implicated in motor planning and
coordination, visuospatial ability, and emotion and impulse regulation
following musical training.

Comparisons between Musicians’ and Non-Musicians’
Expertise

Along-standing strand of research has explored the differences between
the brains of musicians and non-musicians and those with different
levels of musical expertise. The first (now seminal) studies provided
evidence of larger auditory and somatosensory cortical areas in adult
musicians compared with non-musicians (Pantev etal., 1998; Elbertetal.,
1995). Recent criticism of this approach has drawn attention to the lack
of clarity in classifying musicians and non-musicians. Musicians vary
widely in their areas of expertise and the levels that they achieve, while
so-called non-musicians may be very experienced listeners. Despite
these issues, this strand of research has enhanced our understanding
of the differences which emerge in the brain related to musical training,
starting in childhood or adulthood through to professional levels of
expertise (Herholz and Zatorre, 2012; Huotilainen and Tervaniemi,
2018; Munte et al., 2002; Tervaniemi, 2009).

Certain pieces of research exploring the differences between
musicians and non-musicians, or the functional changes due to
musical training, have highlighted the differences in very basic cortical
and subcortical processing—for instance, the response latencies and
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amplitudes of responses to random, musical or language sounds.
Musicians demonstrate higher fidelity of brain stem responses in
conveying temporal and frequency information present in the sounds
that they are exposed to (Wong et al., 2007). This fidelity increases
quickly over a period of a year when children are actively engaged in
making music (Skoe and Kraus, 2013).

The differences between musicians and non-musicians are in
evidence at different levels of the auditory pathway, from the brainstem
(Kraus and Chandrasekaran, 2010; Strait and Kraus, 2014) through to
the primary auditory regions (Bermudez et al., 2009; Gaser and Schlaug,
2003) and subsequently to higher levels of auditory processing. Low-
level neural enhancements are likely to have a considerable impact on
higher-level processing because the ability of the cochlea and the brain
stem to replicate the content of a sound, and to deliver it accurately to
higher-level cortical processes, forms the basis of all sound processing.
This, in turn, leads to better performance in listening to speech embedded
in noise or hearing masked sounds (Strait et al., 2010; Strait and Kraus,
2011a; 2011b; Slater et al., 2015). Overall, trained musicians have greater
volume and cortical thickness in the auditory cortex regions, which are
most likely to be responsible for fine pitch categorisation, discrimination
and temporal processing. There are structural differences at the level of
the primary auditory cortex and auditory association areas (Schlaug,
2009). For example, Gaab and Schlaug (2003) compared brain activation
patterns between musicians and non-musicians while they performed
a pitch memory task. Both groups showed bilateral activation of the
superior temporal, supramarginal, posterior middle and inferior frontal
gyrus, and superior parietal lobe. However, the musicians showed more
right temporal and supramarginal gyrus activation, while the non-
musicians had more right primary and left secondary auditory cortex
activation. Since the performance of both groups was matched, these
results suggest that the processing differences are related to musical
training. Non-musicians may rely more on brain regions important for
pitch discrimination, while musicians may prefer to use brain regions
specialising in short-term memory and recall to approach pitch memory
tasks.

Schneider and colleagues (2002) used magnetoencephalography
to compare the processing of pure tones in the auditory cortex of 12
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non-musicians, 12 professional musicians and 13 amateur musicians.
They found neurophysiological and anatomical differences between
the groups. The activity evoked in the primary auditory cortex after
stimulus onset in the professional musicians was 102% larger than in the
non-musicians, and the grey-matter volume of the anteromedial portion
of Heschl’s gyrus was 130% larger.

Koelsch and colleagues (2002) compared event-related brain
potentials in response to harmonically inappropriate chords in musical
experts and novices. Such chords elicited an early right anterior negativity
(ERAN), which was larger for musical experts than for novices,
probably because the experts had more specific musical expectancies
than the novices. When chords were presented with a deviant timbre,
they elicited a mismatch negativity. This did not differ across the groups,
indicating that the larger ERAN in the expert musicians was not due to
a general enhanced auditory sensitivity, but to specific changes in the
brain related to the processing of harmony, learned through experience
with music.

Also focusing on aural processing, Shahin and colleagues (2003)
investigated whether the neuroplastic components of auditory evoked
potentials were enhanced in musicians in relation to their musical
training histories. Highly skilled violinists and pianists and non-
musicians listened to violin tones, piano tones and pure tones, the latter
of which was matched in fundamental frequency to the musical tones.
Compared with non-musicians, both musician groups evidenced larger
responses to the three types of tonal stimuli. These results suggest that
the tuning properties of neurons are modified in the auditory cortex in
relation to the extent of acoustic musical training.

Similarly, Tervaniemi and colleagues (2006) compared the neural
and behavioural sound encoding of non-musicians and amateur band
musicians. They explored auditory event-related potentials to changes
in basic acoustic features, frequency, duration, location, intensity, gap
and abstract features, melodic contour and interval size. There were
statistically significant differences in response to location changes but
not to other feature changes. This suggests that, when compared with
non-musicians, even amateur musicians have neural sound processing
advantages if the acoustic information is relevant to their musical
genre.
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Non-musicians seem to need more neuronal resources for processing
auditory information, relative to musicians. This is evidenced by
stronger activation of primary auditory regions. For instance, Besson,
Faita and Requin (1994) presented musicians and non-musicians with
short musical phrases that were either selected from the classical musical
repertoire or composed for the experiment. The phrases terminated
either in a congruous or harmonically, melodically or rhythmically
incongruous note. The brain waves produced by these endnotes differed
greatly between musicians and non-musicians, and also as a function
of the participant’s familiarity with the melodies and the type of
incongruity. The findings additionally showed that the musicians were
faster than the non-musicians in detecting the incongruities.

Functional magnetic resonance imaging scans (fMRI scans) have
been used to study grey and white matter in the brain. Grey matter
contains most of the brain’s neuronal cell bodies and includes regions of
the brain involving muscle control and sensory perception—for instance,
sight, hearing, memory, emotions, speech, decision-making and self-
control. Structural differences in the grey matter of several cortical areas,
including the motor, somatosensory and auditory areas, have been
observed between musicians and non-musicians. Luders, Gaser, Jancke
and Schlaug (2004), using a voxel-by-voxel morphometric technique,
found grey-matter volume differences in motor, auditory and visual-
spatial brain regions when comparing professional keyboard players
with a matched group of amateur musicians and non-musicians. These
differences are related to cortical folding, indicating a greater cortical
surface or longer distances between the cortical areas of, for example,
fingers. This suggests that a larger patch of cortical surface is reserved
for finger control in musicians than in non-musicians.

Similarly, Groussard and colleagues (2014) compared the brains of
non-musicians and amateur musicians, the latter playing an instrument
for up to 26 years. Musical training led to greater grey-matter volume in
different brain areas in the musicians. The changes appeared gradually
in the left hippocampus and right middle and superior frontal regions,
but later included the right insula, supplementary motor area, left
superior temporal and posterior cingulate area. Together, these regions
are implicated in many functions including verbal memories, bodily
awareness, emotional experiences, control of movement, language,
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memory and impulse control. To ensure that the findings were linked
with musical training and not normal brain maturation, the researchers
controlled for age and educational level.

There are indications that musicians exhibit increased grey-matter
volume in the inferior frontal gyrus when compared to non-musicians
(Sluming et al., 2002). Voxel-based morphometry and stereological
analyses were applied to high-resolution three-dimensional magnetic
resonance images in 26 male orchestral musicians and 26 non-musicians
who were matched for sex, handedness and intelligence. The wide
age range of the participants, from 26 to 66, enabled the researchers
to undertake a secondary analysis of age-related effects. The findings
revealed increased grey matter in Broca’s area in the left inferior frontal
gyrus in the musicians. Overall, there was a significant age-related
volume reduction for only the non-musicians in the cerebral hemispheres
and dorsolateral prefrontal cortex subfields bilaterally, as well as in the
grey-matter density in the left inferior frontal gyrus. There was a positive
relationship between years of playing and the volume of grey matter in
musicians who were under 50 years old. The authors suggested that
orchestral musical performance promoted user-dependent retention,
and possibly the expansion of grey matter involving Broca’s area.

Similarly, James and colleagues (2014) used optimised voxel-based
morphometry to perform grey-matter density analyses on 59 age-, sex-
and intelligence-matched young adults with three distinct, progressive
levels of musical training intensity or expertise. The findings showed a
functional difference between areas exhibiting increase versus decrease
of grey matter as a function of musical expertise. Grey-matter density
increased with expertise in areas known for their involvement in higher
order cognitive processing, such as those concerned with executive
function, working memory and auditory processing. In contrast, grey-
matter density decreased with expertise in areas related to sensorimotor
function. This decrease may have reflected high levels of automatisation
of motor skills in those with greater expertise. A multiple regression
analysis showed that grey-matter density predicted accuracy in
detecting fine-grained incongruities in tonal music.

Changes in white matter have also been observed in the brains of
musicians. White matter is composed of the nerve fibres, axons, which
connect nerve cells and which are covered by myelin, an insulating layer



24 The Power of Music

that forms around nerves, consisting of protein and fatty substances.
It is this which gives the white matter its colour. Myelin speeds up
the communication between cells. Musicians have greater anisotropy,
a phenomenon varying in magnitude according to the direction of
measurement, which suggests that they either have a larger number
of fibres or greater myelination or both. Such findings have been
observed in corticocortical connections, where neurons in one cortical
area communicate with neurons in other cortical areas, but also in
corticomuscular connections, where neurons communicate with muscles
(Bengtsson, Nagy and Skare et al., 2005). Some research has shown that
musicians have greater amounts of substances in their brains related
to neuronal metabolism. The brain relies almost entirely on circulating
glucose rather than storing energy as glycogen. The majority of this
glucose is used to maintain synaptic function and the resting potential
of neurons. When there is an increase in these substances, it suggests
more active use of, for example, auditory cortical areas (Aydin et al.,
2005).

Musicians have a larger corpus callosum than non-musicians
(Schlaug et al., 1995a). This phenomenon is particularly evident in
male musicians (Lee et al., 2003). Greater midsagittal size of the corpus
callosum has also been found (Lee et al., 2003; Oztiirk et al., 2002;
Schlaug et al., 1995). Musicians have more and/or thicker neuronal
tracts between the left and right motor and somatosensory areas. These
structural differences may relate to a range of functional differences
between musicians and non-musicians (Fauvel et al., 2014). The amount
of musical practice is also associated with greater integrity of the
corticospinal pathway (Bengtsson et al., 2005).

Individuals with absolute pitch—the ability to categorise tones
into pitch classes without reference to other sounds—have been the
focus of some pieces of research. For instance, Loui and colleagues
(2012) showed that those possessing absolute pitch had increased
functional activation during music listening, as well as increased
degrees, clustering and local efficiency of functional correlations, with
the difference being highest around the left superior temporal gyrus.
Similarly, Loui and colleagues (2011) observed hyperconnectivity in
bilateral superior temporal lobe structures linked to having absolute
pitch. Furthermore, the volume of tracts connecting the left superior
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temporal gyrus to the left middle temporal gyrus predicted absolute
pitch performance. Using in vivo magnetic resonance morphometry,
Schlaug and colleagues (1995a) measured the anatomical asymmetry
of the planum temporale. Musicians with absolute pitch revealed
stronger leftward planum temporale asymmetry than non-musicians
or musicians without absolute pitch. These results indicate that having
absolute pitch is associated with increased leftward asymmetry of the
cortex subserving music-related functions. Similarly, Bermudez and
colleagues (2009) used multiple methods to compare 71 musicians,
27 with absolute pitch, with 64 non-musicians. They found functional
evidence which indicated the importance of a frontotemporal network
of areas, which were heavily relied upon in the performance of musical
tasks. There was a difference between the musicians and those with
absolute pitch in that there was a significantly thinner cortex in a
number of areas—including the posterior dorsal frontal cortices—that
have been previously implicated in the performance of tasks involving
absolute pitch.

The Automation of Skills as Expertise Increases

As musicians’ expertise develops, many of their skills become
automated. This means that neurological differences between musicians
and non-musicians become harder to interpret, since some tasks reveal
less neural activity in musicians because of their automatisation (Jancke
et al., 2000), while others show more brain activity (Kleber et al., 2010;
Nikjeh et al., 2008; 2009). Simple motor tasks tend to become automated
while complex tasks, even those related to auditory processing, may
require more neurological resources (Gaab and Schlaug, 2003).

In a review, Zatorre and colleagues (2012) pointed out that, while
brain imaging had identified structural changes in grey and white
matter that occurred with learning, ascribing imaging measures to
underlying cellular and molecular events was challenging. Perceptual
or motor systems with extended representation in the brain as a result
of musical training may process information more efficiently, using
fewer neuronal resources, than less specialised systems. Enhanced
efficiency might be manifest in lower blood flow demands in skilled
musicians as compared to non-musicians when performing complex
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motor sequences. Functional neuroimaging studies do not always
present findings consistent with observed anatomical differences.
Musicians can exhibit either lower or more localised activation in the
primary motor cortex than non-musicians, and more variable levels
of activation in motor association regions (such as the premotor and
supplementary motor areas). Such inconsistencies may reflect higher
order cognitive processes—for example, tonal processing, working
memory and syntax—that are required for performance. This may lead
to increased density in associated brain regions. Other processes (for
instance, sensorimotor functions and basic motor control) are likely to be
automated, requiring fewer resources and less brain volume (Jamesetal.,
2014). This may also explain inconsistencies between visible structural
changes and increased or decreased activation in musicians in primary
auditory and motor regions. Using event-related potentials, Trainor and
colleagues (1999) compared the responses of adult musicians and non-
musicians to infrequent changes to the last note of a five-note melody,
which either altered the contour or the interval. The findings suggested
that contour processing was more basic, while interval processing was
more affected by experience. This, again, indicates that it is not always
obvious whether training is associated with increased or decreased
activation in underlying brain regions.

Bimanual Motor Coordination

Pianists have provided a particular focus for research exploring
bimanual motor coordination. Automatisation of these processes
means that training is not systematically associated with increased
brain volume. For example, a decrease in striatal volume is observed in
skilled pianists as a function of greater efficiency in motor performance
(Granert et al., 2011). Haslinger and colleagues (2004) compared
professional pianists with musically naive participants as they carried
out in-phase, mirror and anti-phase, parallel bimanual sequential finger
movements during functional magnetic resonance imaging. The tasks
included the performance of two different kinds of externally paced
bimanual finger tapping, involving the index to little finger of both
hands. In one condition, participants had to carry out parallel finger
movements starting either with the index finger of the right and the
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little finger of the left hand, or vice versa. The task then consisted of
continuous, bidirectional finger movements sequentially involving the
index, middle, ring and little finger of one hand versus little, ring, middle
and index finger of the other hand. The second task demanded the
performance of mirror-like finger tapping. The corresponding fingers of
both hands, index—index, middle-middle, ring-ring, little-little always
had to be moved simultaneously in bidirectional, sequential order. A
resting condition without finger movements served as a control. These
tasks correspond to bimanually playing scales, which constitutes part
of pianists’ regular practice routines. Musicians and non-musicians
showed significantly different functional activation patterns, suggesting
increased efficiency of cortical and subcortical systems for bimanual
movement control. This may be fundamental to achieving high-level
motor skills, allowing the musician to focus on the artistic aspects of
musical performance.

Similarly, Krings and colleagues (2000) performed functional
magnetic resonance imaging with professional piano players and non-
musicians during an overtrained complex finger movement task, using a
blood oxygenation level dependent echo-planar gradient echo sequence.
Participants performed a complex finger opposition paradigm using
the right hand, with self-paced light touches of a thumb pad to a finger
pad without looking at the hand. The order of tapping was 5-4-3-5-4-
2-5-3-2-4-3-2, omitting one subsequent finger in each run. The pattern
was repeated. During rest periods, participants were asked to relax.
The task was practised before the scanning session to avoid learning
effects during the scan. Activation clusters were seen in the primary
motor cortex, supplementary motor area, premotor cortex and superior
parietal lobule. There were significant differences in the extent of cerebral
activation between the groups, with pianists having a smaller number
of activated voxels. This suggested that long-term motor practice led to
a different cortical activation pattern in pianists. They needed to recruit
fewer neurons to complete the same movements.

Using self-paced bimanual and unimanual tapping tasks which
reflect typical movements made in playing the piano, Jancke and
colleagues (2000) measured haemodynamic responses, applying
functional magnetic resonance imaging in two professional piano
players and two carefully matched non-musician participants. The
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primary and secondary motor areas were activated to a much lesser
degree in professional pianists than in non-musicians, suggesting that
the long-lasting extensive hand-skill training of the pianists led to
greater efficiency. This was reflected in the smaller number of active
neurons needed to perform given finger movements. Similarly, Meister
and colleagues (2005) compared pianists and non-musicians as they
performed simple and complex movement sequences on a keyboard
with the right hand. In non-musicians, complex motor sequences showed
higher fMRI activations of the presupplementary motor area and the
rostral part of the dorsal premotor cortex compared to simple motor
sequences, whereas the musicians showed no differential activations.
This suggested that a higher level of visuomotor integration was required
in a complex task in non-musicians, whereas the musicians employed
the rostral premotor network during both tasks. Neural plasticity, as a
result of long-term practice, mainly occurs in caudal motor areas, but
the slowly evolving changes during motor-skill learning may extend
to adjacent areas, leading to more effective motor representations in
pianists.

Also focusing on a complex right-handed finger tapping task, Hund-
Georgiadis and von Cramon (1999) investigated blood-flow-related
magnetic resonance signal changes and the time course underlying
short-term motor learning in ten piano players and 23 non-musicians. A
functional learning profile, based on regional blood oxygenation level,
was assessed. All participants achieved significant increases in tapping
frequency during the 35-minute training session while in the scanner, but
the pianists performed significantly better than the non-musicians and
showed increasing activation in the contralateral primary motor cortex
throughout motor learning. Concurrently, involvement of secondary
motor areas—such as the bilateral supplementary motor, premotor and
cerebellar areas—diminished relative to the non-musicians throughout
the training session. Extended activation of primary and secondary
motor areas in the initial training stage during the first seven to 14
minutes, as well as rapid attenuation, were the main functional patterns
underlying short-term learning in the non-musician group. Attenuation
was particularly marked in the primary motor cortices as compared
with the pianists. When the tapping sequence was performed with the
left hand, transfer effects of motor learning were evident in both groups.
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Involvement of all relevant motor components was smaller than after
initial training with the right hand. This suggests that the involvement
of primary and secondary motor cortices in motor learning is dependent
on experience.

Using similarly complex unimanual and bimanual finger tasks,
Koeneke and colleagues (2004) studied cerebellar hemodynamic
responses in highly skilled keyboard players and non-musician
participants. Both groups showed strong haemodynamic responses in
the cerebellum during task conditions. However, non-musicians showed
generally stronger haemodynamic responses in the cerebellum than
the keyboard players, suggesting that long-term motor practice leads
to different cortical activation patterns. The same movements required
less neuronal activity. Palomar-Garcia and colleagues (2017) found
reduced connectivity between the motor areas that control both hands in
musicians compared with non-musicians. This was particularly evident
in those whose instruments required bimanual coordination. The effects
were mediated by the number of hours of practice.

Multisensory Learning

Structural differences in the brains of musicians and non-musicians
extend beyond the auditory pathway and motor circuitries to the parietal
regions. These regions seem to be involved in multisensory encoding
and integration. Music performance is one of the most complex and
demanding cognitive challenges that human beings undertake. It
requires precise timing of a number of hierarchically organised actions,
as well as precise control over pitch interval production, implemented
variably depending on the instrument involved (Zatorre et al., 2007).
Structural differences due to musical training extend to motor and
sensorimotor cortices, to premotor and supplementary motor regions,
and involve subcortical structures such as the basal ganglia and the
cerebellum. This neuronal circuitry is engaged in motor control and
fine motor planning—for example, finger movement—during musical
engagement, as well as in motor learning (Schmidt and Lee, 2011).
Musicians have stronger connectivity between the right auditory cortex
and the right ventral premotor cortex than non-musicians. The longer
the period of time playing an instrument, the stronger the connection
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(Palomar-Garcia et al., 2017). Lahav and colleagues (2007) used
functional magnetic resonance imaging to explore whether the human
action-recognition system responded to sounds found in a complex
sequence of newly acquired actions. They chose a piece of music as a
model set of acoustically presentable actions and trained non-musicians
to play it by ear. They then monitored brain activity in participants while
they listened to the newly learned piece. Although they listened to the
music without making any movements, activation was found bilaterally
in the frontoparietal motor-related network, consistent with neural
circuits which have been associated with action observations and may
constitute a human mirror neuron system. Presentation of the practised
notes in a different order activated the network to a much lesser degree,
whereas listening to equally familiar but motorically unknown music
did not activate this network. These findings suggest that there is a
hearing-doing system that is highly dependent on the individual’s
motor repertoire and that this network is established rapidly, with
Broca’s area as its hub.

Neurological Differences Relating to Genre and the
Instrument Played

Neural changes are specific to the particular musical activities undertaken
(Munte et al., 2003). Functional auditory responses are strongest in the
areas reflecting each musician’s instrument, demonstrating timbral
specificity related to their training (Pantev et al., 2001). The processing
of pitch in classical string players, who have to create different pitches
with no guidance from frets, is characterised by longer surveillance
and more frontally distributed event-related brain potentials attention.
Drummers whose focus is thythm generate more complex memory traces
of the temporal organisation of musical sequences, while conductors
demonstrate greater surveillance of auditory space as they listen to and
balance the sounds of the various instruments in the ensemble that they
are conducting (Munte et al., 2003).

Compared with non-musicians, string players have greater
somatosensory representations of finger activity, the amount of increase
depending on the age of starting to play (Pantev et al., 2003). Pianists,
violinists and non-musicians are differentiated by the particular form
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and shape of the motor cortex, violinists and pianists both needing to
be able to move their fingers quickly (Bangert and Schlaug, 2006), while
trumpet players have greater functional activation in the cerebellum
(which coordinates voluntary movements), the dominant sensorimotor
cortex and the left auditory cortex (Gebel et al., 2013). This may
be because trumpet players need to be sensitive to the relationship
between their embouchure and minute sequential differences in sound.
In relation to players of wind instruments, Choi and colleagues (2015)
found significant changes in cortical thickness in lip-tongue related
areas and resting-state neuronal networks, and differential activation
in the precentral gyrus and supplementary motor areas in comparison
with non-musicians.

The functional reorganisation of the motor cortex reflects differential
usage between instrumentalists. When comparing the regions containing
the hand representations of pianists and violinists, large anatomical
differences in the precentral gyrus have been revealed (Bangert and
Schlaug, 2006). String players require highly developed fine motor skills,
particularly in the left hand, while keyboard players require highly
trained fine motor skills in both hands, but particularly the right hand,
which frequently supports melody and has more challenging technical
passages than the left-hand accompaniment. Most keyboard performers
exhibit a configuration known as the ‘Omega sign’ in the left more
than the right hemisphere, whilst most string players show this only
on the right. The prominence of this sign is related to the age at which
musicians began to play an instrument and the cumulative amount of
time they spent practising. Greater cortical representations of fingers in
violinists” left hands, as compared with right hands, have been found
using magnetoencephalography (Elbert et al., 1995).

Instrument-specific neuroplasticity extends to perception. Timbre-
specific neuronal responses are observable in different groups of
instrumentalists. For example, string and trumpet players reveal
stronger evoked cortical responses when presented with the sound of
their respective instrument (Pantev et al.,, 2001). This is particularly
evident in the right auditory cortex (Shahin et al., 2003). Musicians
also display increased gamma-band activity induced by the sound of
their own instrument as compared to other instruments (Shahin et al.,
2008). These findings are supported by functional imaging evidence
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from violinists and flautists (Margulis et al., 2009), which suggests that
instrument-specific plasticity is not restricted to the primary auditory
cortex but forms a network including association and auditory-motor
integration areas. Such experience-specific plasticity has been shown at
the level of the brainstem (Strait et al., 2012).

Some research has explored whether the style or genre of music
might shape auditory processing. Tervaniemi and colleagues (2016)
studied the auditory profiles of classical, jazz and rock musicians,
with particular reference to genre-specific sensitivity to musical sound
features. The participants watched a silent video and were instructed
to ignore the sounds. The researchers recorded the accuracy of neural
encoding of the melody. All groups showed a cortical index of deviance
discrimination, but the strength of the responses varied. Automatic
brain responses were selectively enhanced to deviance in tuning in
classical musicians, timing in classical and jazz musicians, transposition
in jazz musicians, and melody contour in jazz and rock musicians. The
jazz players had larger mismatch negativity (MMN) amplitude than
all other experimental groups across the six different sound examples,
indicating a greater overall sensitivity to auditory outliers. Enhanced
processing of pitch and the sliding up to pitches were only found in jazz
musicians. A more frontal MMN to pitch and location (compared to the
other deviations) was observed in jazz musicians, and left lateralization
of the MMN to timbre in classical musicians. Overall, the characteristics
of the particular styles or genres of music learned influence a musician’s
perceptual skills and the brain’s processing of them.

Training, listening experiences, musical styles and genre all shape
musicians’ brains (Vuust et al., 2012). Folk musicians exhibit early right
anterior negativity in inferofrontal brain regions in response to chords
which deviate from the conventions of Western music, indicating
differences in their expertise compared with non-musicians (Brattico et
al., 2013). Musical expertise in more than one music culture can modify
chord processing by enhancing responses to ambivalent or incongruous
chords.

Focusing on communication between musicians, Vuust and
colleagues (2005) explored how jazz musicians exchanged non-
verbal cues when they played together. The musicians received and
interpreted cues when performance departed from a regular pattern
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of rthythm, suggesting that they enjoyed a highly developed sensitivity
to subtle rhythmic deviations. Pre-attentive brain responses—recorded
with magnetoencephalography to rhythmic incongruence—were
left-lateralized in expert jazz musicians and right-lateralized in non-
musicians, suggesting functional adaptation of the brain to a task of
communication, similar to that required for learning language.

Studies with Child Musicians and Non-Musicians

There has been considerable research focusing on the structural and
functional changes which occur in children’s brains as a result of
engagement with music. Enhancement of brain responses to musical
sounds can occur early in development. Four-month-old infants
exposed to melodies played on either guitar or marimba for just over
two hours over the course of a week exhibited MMN selectively to
the sound to which they had been exposed (Trainor et al., 2011). The
effects of musical training during development extended to brainstem
responses when processing speech in noise (Strait et al., 2013). Trainor
and colleagues (2012) studied six-month-old Western infants, who were
randomly assigned to six months of either an active participatory music
class or a class in which they experienced music passively while playing.
Active music participation resulted in earlier enculturation to Western
tonal pitch structure, larger and/or earlier brain responses to musical
tones, and a more positive social trajectory. Neural-level changes also
occur in children participating in musical playschool activities designed
to develop a love for music through active engagement with making
music, singing and musical instruments. Putkinen and colleagues (2013)
explored the relationship between informal musical activities at home
and electrophysiological indices of neural auditory change detection
in two- to three-year-old children. Auditory event-related potentials
were recorded in a multi-feature paradigm that included frequency,
duration, intensity, direction, gap deviants and attention-catching novel
sounds. Correlations were calculated between these responses and
the amount of musical activity at home reported by the parents. The
neurological findings implied that there was heightened sensitivity to
temporal acoustic changes, more mature auditory change detection and
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less distractibility in children when there were more informal musical
activities in their home environment.

One strand of research has focused on the effects of training with
the Suzuki method, where children learn to play by ear and through
imitation. The method is implemented rigorously wherever it is adopted,
which makes it easier to make comparisons between studies. One study
with four- to six-year-old children revealed changes in auditory evoked
responses to a violin and a noise stimulus. The musically trained group
showed faster responses to violin sounds than the non-musician group
(Fujioka et al., 2006). These changes were accompanied by enhanced
performance on a musical task and improved working memory in
a non-musical task. Another study adopting the Suzuki method
tracked and recorded brainwave patterns. The research included adult
professional violinists, amateur pianists and four- and five-year-old
children studying the piano. Measures were taken before the children
commenced music lessons and one year later. The adult musicians
showed robust enhancement of induced gamma-band activity specific
to their musical instrument, with the strongest effects in the professional
violinists. Induced gamma-band responses are associated with attention,
expectation, memory retrieval and the integration of top-down,
bottom-up and multisensory processes. The children receiving piano
lessons exhibited increased power of induced gamma-band activity for
piano tones with one year of training, while children not taking lessons
showed no effect (Shahin et al., 2004; 2008).

In a similar study, Trainor and colleagues (2009) found larger
induced gamma-band responses in five-year-old children learning to
play instruments. Responses to musical sounds were larger in adult
musicians than in non-musicians, and developed in children after one
year of musical training (but not in children of the same age who were
not engaged in music lessons). Trainor and colleagues concluded that
musical training affected oscillatory networks in the brain which are
associated with executive functions, which in turn can enhance learning
and performance in several cognitive domains.

Standard musical training has been linked to greater mismatch
negativity responses to melodic and rhythmic modulations in children
between 11 and 13 years of age who have received musical training
(Putkinen et al., 2014), while structural changes in the brain have been
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found in relation to reading musical notation. Bergman and colleagues
(2014) undertook a longitudinal study with 352 children and young
people between the ages of six and 25, carrying out neuroimaging
investigations with 64 participants on two or three occasions, two years
apart. Those playing an instrument had larger grey-matter volume in
the temporo-occipital and insular cortex areas, previously reported to
be related to reading musical notation.

Structural differences in grey and white matter have also been found
in children who engage in music, particularly during early childhood,
compared with those who do not (Groussard et al., 2014; Habibi et al.,
2018; Huotilainen and Tervaniemi, 2018; Pantev and Herholz, 2011).
Schlaug and colleagues (2009) found that after just over two years of
musical training, five- to seven-year-old children who were committed
to music practice showed increased size of the anterior part of the corpus
callosum. Similarly, Hudziak and colleagues (2014) assessed the extent
to which playing a musical instrument was associated with cortical
thickness development among healthy children and young people.
Over a two-year period, 232 young people aged six to 18 underwent
MRI scanning and behavioural testing. While there was no association
between cortical thickness and years playing a musical instrument,
a later follow-up showed that music training was associated with an
increased rate of cortical thickness maturation in areas implicated in
motor planning and coordination. Similarly, Habibi and colleagues
(2018) investigated the effects of music training on children’s brains,
comparing children engaged with musical training and others involved
in either sport or no regular after-school activity. Two years after
training, the children in the music group showed brain changes related
to enhanced auditory processing skills.

A different approach was adopted by Hyde and colleagues (2009).
They tested two groups of children who had no prior formal musical
training. The instrumental group consisted of 15 children aged six
years old who had weekly half-hour private keyboard lessons and who
continued lessons for 15 months. The comparison group consisted of
16 children who were almost six years old, who did not receive any
instrumental music training but participated in a weekly 40-minute
group music class in school consisting of singing and playing with
drums and bells. The children underwent a magnetic resonance
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imaging (MRI) scan twice, at the beginning of the research and again 15
months later. The second scan showed that the children learning to play
instruments had areas of greater relative voxel size, within the motor
areas, the corpus callosum and the right primary auditory region (in
contrast to the comparison group). Overall, the study demonstrated
regional structural brain plasticity in the developing brain that occurred
with only 15 months of instrumental musical training in early childhood.
The study demonstrated that the type of musical training is important in
the transfer of musical skills (Hyde et al., 2009).

In a cross-sectional study, Ellis and colleagues (2012) explored
the impact of age-related maturation and training using functional
magnetic resonance imaging (fMRI) and linear regression techniques.
The participants, aged five to 33, had a range of hours of musical
practice from none to 21,000. Age-related effects common to melodic
and rhythmic discrimination were present in three left hemisphere
regions: the temporofrontal junction, the ventral premotor cortex,
and the inferior part of the intraparietal sulcus—regions involved in
actively attending to auditory rhythms, sensorimotor integration, and
working memory transformations of pitch and rhythmic patterns.
In contrast, training-related effects were localised to the posterior
portion of the left superior temporal gyrus/planum temporale, an area
implicated in spectrotemporal pattern-matching and auditory—motor
coordinating transformations. A single cluster in the right superior
temporal gyrus showed significantly greater activation during melodic
as opposed to rhythmic discrimination. In a second study (Ellis et al.,
2013) using the same sample, an fMRI study explored how relative
hemispheric asymmetries in music processing, making same or different
discriminations, were shaped by musical training as assessed by
cumulative hours of instrumental practice. A peak in the supramarginal
gyrus was characterised by a leftward asymmetry in partial correlation
with participants’ cumulative hours of practice, controlling for age and
task performance. The findings suggested a direct link between the
amount of time spent practising an instrument and the importance of
this region in auditory working memory.

Starting musical training before seven years of age seems to have a
particularly strong effect in stimulating brain changes (Barrett et al.,
2013; Penhune, 2011; Zatorre, 2013). Structural differences in the corpus
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callosum between musicians and non-musicians—and the extent of
hand representations in the motor cortex—are greater for musicians
who begin training before seven years of age (Amunts et al., 1997; Elbert
etal., 1995; Schlaug et al., 1995a; 1995b). Early training is also associated
with greater auditory cortex and brain-stem responses to tones (Pantev
et al., 1998; Wong et al., 2007). This is confirmed even when the amount
of training is controlled for (Bailey and Penhune, 2010; Watanabe et al.,
2007). Musicians who begin their training when they are very young
display better sensorimotor synchronisation skills when compared with
those starting at ages older than seven. This difference is underpinned
by brain connectivity in terms of white matter and structural differences
in terms of grey matter (Bailey and Penhune, 2012; Bailey et al., 2014;
Steele et al., 2013).

Genetic and Maturational Effects versus
Training Effects

Overall, cross-sectional studies suggest that there are structural and
functional differences in the brains of musicians and non-musicians,
and that engagement with music leads to behavioural changes which
are underpinned by changes in the primary and secondary auditory and
motor cortices, as well as in sensorimotor and multimodal integration
areas. The age of starting engagement with music and the intensity
or duration of that engagement may account for the extent of brain
differences, suggesting that there may be a causal link between musical
training and changes in the brain. However, the observed differences
could be caused by existing predispositions or genetic factors. At
the extreme end, these include those with difficulties in processing
sound (for instance, those who are tone deaf or suffer from congenital
amusia);Dalla Bella et al., 2011; Kirnarskaya, 2009; Peretz and Hyde,
2003; Williamson and Stewart, 2013) and at the other extreme those who
exhibit exceptional skills—for instance, prodigies or musical savants
(McPherson and Lehmann, 2018; Simonton, 2017). Individual anatomical
and functional properties of the brain, or genetic predispositions for
learning, might impact on the learning of musical skills (Zatorre, 2013).
These might explain discrepant findings in neuroplasticity and have
implications for research, which needs to take account of individual
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differences (Foster and Zatorre, 2010; Golestani et al., 2011; Merrett et
al., 2013). There are also issues relating to maturational effects which
are not always addressed, although there are exceptions to this (Ellis et
al., 2012; 2013).

To summarise, studies which compare the brains of musicians
and non-musicians can show neurological differences structurally
and functionally between the two groups. The age at which musical
engagement begins and its intensity or duration can account for some
differences, but cannot demonstrate a causal link. Differences might
be accounted for by genetic factors or predispositions. Longitudinal or
short-term intervention studies can address these issues.

Intervention Studies

Short-term intervention studies can demonstrate causality. For instance,
Chen and colleagues (2012) used fMRI to investigate the formation
of auditory-motor associations while participants with no previous
musical training learned to play a melody. Listening to melodies before
and after training activated the superior temporal gyrus bilaterally, but
neural activity in this region was significantly reduced on the right
when participants listened to the trained melody. Learning to play a
melody involves acquiring conditional associations between key presses
and their corresponding musical pitches, and is related to activity in
the dorsal premotor area of the superior frontal gyrus. When playing
melodies and random sequences, activity in the left dorsal premotor
cortex was reduced in the latter compared to the early phase of training.
Learning to play the melody was also associated with reduced neural
activity in the left ventral premotor cortex. Participants with the highest
performance scores for learning the melody showed more reduced
neural activity in the left dorsal premotor area and the ventral premotor
cortex. Overall, these findings demonstrated that auditory-motor
learning is related to a reduction in neural activity in the brain regions
of the dorsal auditory action stream, which suggests increased efficiency
in the neural processing of a learned stimulus.

There is evidence that the brain responds relatively quickly to new
activities. Measuring event-related potentials (ERPs), Bangert and
colleagues (2001) found that audio-motor coupling occurred following
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a 20-minute piano lesson. In another study, eight-year-old children with
just eight weeks of musical training differed from controls in cortical
ERPs (Moreno and Besson, 2006), while music training for 25 minutes
over a seven-week period led to changes in electroencephalogram (EEG)
frequencies associated with enhanced cognitive processing (Flohr et al.,
2000).

Transcranial magnetic stimulation (TMS) has also revealed changes
in hand cortical representation resulting from short-term training of
novel fine motor skills (Pascual-Leone et al., 1995). Cortical motor areas
were tracked targeting the contralateral long finger flexor and extensor
muscles in participants learning a one-handed, five-finger exercise on
the piano. In a second experiment, the researchers studied the different
effects of mental and physical practice of the same five-finger exercise
on the modulation of the cortical motor areas, targeting the muscles
involved in the task. Over the course of five days, as participants learned
the one-handed exercise in two-hour daily practice sessions, the cortical
motor areas targeting the long finger flexor and extensor muscles
enlarged, and their activation threshold decreased. Such changes were
limited to the cortical representation of the hand used in the exercise.
The research also studied the effect of increased hand use, without the
requirement to learn the five-finger exercise, in participants who played
the piano for two hours each day using only the right hand. In these
participants, the changes in cortical motor outputs were similar but
significantly less prominent than for those who learned the new skill.

Similarly, Lappe and colleagues (2008) reported ERP changes in
young adults after two weeks of music training. Later, Lappe and
colleagues (2011) divided non-musicians into two groups and provided
them with two weeks of musical training. In the sensorimotor group,
training consisted of learning to play a musical sequence on the piano.
In the other group, the non-musicians detected errors in performances
after listening to the stimuli played by other participants. Following
the sensorimotor training, participants showed enhanced detection
of incorrect pitch or timing, as compared to listening. This difference
was accompanied by a larger brain response to pitch and duration
deviations, indicating greater enhancement of musical representation
in the auditory cortex fostered by sensorimotor training. Similar
results showing greater benefits of auditory-visual multimodal
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training (as compared to unimodal training) have also been reported
(Paraskevopoulos et al., 2012).

To summarise, short-term changes in behaviour and brain activity
can be observed as a result of a brief period of musically related training.
Sensorimotor and multimodal training, typical of learning to play a
musical instrument, are more efficient in engendering neuroplastic
changes than unimodal training. This effect is likely to be underpinned
by brain changes occurring between auditory, motor and sensorimotor
integration regions involving both feed-forward mechanisms capable of
predicting the outcome of motor activity and feedback mechanisms for
monitoring performance (Herholz and Zatorre, 2012).

Practice can lead to dramatic improvements in the discrimination
of auditory stimuli. Carcagno and Plack (2011) investigated changes
in the frequency following response (FFR) after a period of pitch
discrimination training. Twenty-seven adult listeners were trained for
ten hours on a pitch discrimination task using one of three complex tone
stimuli: a static pitch contour, a rising pitch contour or a falling pitch
contour. Behavioural measures of pitch discrimination and FFRs for all
the stimuli were taken before and after the training phase for participants,
as well as for an untrained comparison group. Those receiving training
showed significant improvements in pitch discrimination as compared
to the comparison group for all trained stimuli. These findings indicate
that even relatively low-level processes in the mature auditory system
are subject to experience-related change. Similarly, Bosnyak and
colleagues (2004) found change in the functional brain attributes used
for discriminating small changes in pure tones, measured by EEG in
non-musicians after training over 15 sessions. Menning and colleagues
(2000) used sequences of pure and deviant tones to train participants’
discrimination skills over a three-week period. Participants had to detect
deviant tones, differing by progressively smaller frequency shifts from
the standard stimulus. Frequency discrimination improved rapidly in
the first week and was followed by small but constant improvements
thereafter. The results suggested a reorganisation of the cortical
representation for the trained frequencies.

Schulte and colleagues (2002) designed a melody perception
experiment—involving eight harmonic complex tones of missing
fundamental frequencies—to study short-term neuronal plasticity of
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the auditory cortex. The fundamental frequencies of the complex tones
followed the beginning of the virtual melody of the tune Frére Jacques.
The harmonics of the complex tones were chosen so that the spectral
melody had an inverse contour when compared with the virtual one.
After a baseline measurement, participants were exposed repeatedly
to the experimental stimuli for one hour a day. All reported a sudden
change in the perceived melody, indicating possible reorganisation
of the cortical processes involved in the virtual pitch formation. After
this switch in perception, a second measurement was taken. Cortical
sources of the evoked gamma-band activity were significantly stronger
and located more medially after the switch in perception. The results
revealed that the primary auditory cortices were involved in the process
of virtual pitch perception, and that their function was modifiable by
laboratory manipulation.

Adopting a different approach, Loui and colleagues (2009) explored
brain activity occurring when participants learned a new musical system.
Participants listened to different combinations of tones from a previously
unheard system of pitches based on the Bohlen-Pierce scale, with chord
progressions that form 3:1 ratios in frequency, which is different from
the 2:1 frequency ratios found in existing musical systems. Event-
related brain potentials elicited by improbable sounds in the new music
system emerged over a one-hour period. The findings demonstrated
that humans use a generalised probability-based perceptual learning
mechanism to process novel sound patterns in music.

Functional neuroimaging yields results which are less consistent and
more difficult to interpret. Pitch-related learning tasks are associated
with either decreased (Jancke et al.,, 2001; Zatorre et al.,, 2012) or
increased activation (Gaab et al., 2006) of the auditory regions. Similar
discrepancies are observed following short-term sensorimotor training:
for instance, piano-like instrumental learning. Here, listening to melodies
before and after training was associated with either increased activation
of action observation regions (for instance, the premotor region, Broca’s
area and the inferior parietal region; Lahav et al., 2007), or decreased
activation of the dorsal auditory action pathway (Chen et al., 2012).
These findings reflect those encountered in cross-sectional studies, where
musical training manifests itself in increased or decreased activation. In
certain circumstances, learning seems to improve efficiency in encoding
or processing information, thus requiring less neuronal resources.
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The ways that we learn are reflected in specific brain activity. In
an intervention study, students aged 13 to 15 were taught to judge
symmetrically structured musical phrases as balanced or unbalanced
using traditional instructions about the differences, including verbal
explanations, visual aids, notation, verbal rules and playing of musical
examples, or participating in musical experiences including singing,
playing, improvising or performing examples from the musical literature.
Comparisons between the two groups revealed activity in different brain
areas (Altenmuller et al., 1997). Similarly, Tervaniemi and colleagues
(2001) have shown that musicians who play by ear and improvise may
learn to process complex musical information differently to and more
accurately than classically trained musicians, leading to corresponding
differences in auditory neural responses. It seems that the way musical
skills are acquired has a direct influence on brain development.

Overview

The evidence from neurological studies relating to engagement with
music suggests that the human brain has remarkable plasticity and
changes in response to training or the demands of the environment.
Active engagement with making music provides a rich aural and
sensorimotor experience which can shape the structure and functions
of the human brain. As the skills needed to become an expert musician
are acquired, an association between fine motor movements and specific
sound patterns is developed, which is based on real-time multisensory
feedback. This creates changes in the brain which are in evidence when
comparisons are made between non-musicians and musicians involved
in different musical activities. These changes are found in children and
adults after a few months of musical training. As musicians become
more expert, interpreting the findings from neurological studies
becomes more complex, because of the way that many aural and motor
skills become automated, thus requiring less neural activity. Despite
these challenges, it is clear that music has made a major contribution to
our understanding of plasticity in the brain, as well as demonstrating
the role of learning in developing expertise (albeit in interaction with
existing genetic predispositions).



3. Aural Perception and
[anguage Skills

Language and music are unique human forms of communication. In
everyday life, we utilise complex linguistic systems to process sound
in the environment (Kraus and Slater, 2016). The environment is full
of events where it is necessary to segregate sounds into streams where
several sound sources are present at the same time (Bregman, 1994)
and it is necessary to differentiate between those which are relevant and
those which are irrelevant.

Being able to process sound has high survival value, and hearing
is the first sense to develop. The foetus in the womb can respond to
sound as early as 19 weeks into pregnancy (Moon and Fifer, 2000;
Graven and Browne, 2016). Learning the melodies, timbres and
rhythms of the music and language of an individual’s culture begins in
the mother’s womb during the third trimester of development. At this
point, the foetus can discriminate the speech of their mother from that
of a stranger, and the speech of their native language from a non-native
language (Kisilevsky et al., 2003; Kisilevsky and Hains, 2009). Foetuses
also respond differently to music and speech (Kisilevsky et al., 2004;
Granier-Deferre et al., 2011).

The impact of prenatal auditory experience can be observed among
newborns when infants show a strong preference for their mother’s
voice over the voice of another female (DeCasper and Fifer, 1980; Cooper
and Aslin, 1989), their mother’s language over a foreign language
(Moon et al., 1993; 2012), and specific passages of speech (DeCasper
and Spence, 1986) or music (Hepper, 1991) which were presented to
them during the final weeks of pregnancy. Some have proposed that this
early recognition of music and speech has evolved as a cross-cultural
adaptation to support mother-infant interactions (Huron, 2001; Tarr et
al., 2014; Freeman, 2000; Fritz et al., 2009; Gregory and Varney, 1996).
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Advances in technology—for instance, magnetoencephalography—
have been used to record foetal and neonatal cognitive functions by non-
invasively recording the magnetic fields produced by active neurons in
the brain. During the later weeks of pregnancy and the first months
of life, the cognitive capabilities related to the recognition of emotion
and language acquisition develop rapidly. The newborn can process
emotional information and speech sounds which form the basis of
the child’s development in relation to social tasks and native language
(Huotilainen, 2010).

Early interactions between adults and infants include the use of
infant-directed forms of language and music which are preferred by
infants; Trainor (1996; 1989) refers to this infant-directed speech as a type
of musical speech, while Koelsc and Masataka (1999) and Fernand and
Siebel (2005) suggest that the early developing brain processes language
as a type of music. It has been proposed that singing develops directly
out of motherese (infant-directed speech consisting of exaggerations,
elevated pitch, slow repetitions and melodic elaborations of ordinary
vocal communication; Dissanayake, 2004; Falk, 2004; Mahdhaoui et al.,
2009; Saint-Georges et al., 2013). Motherese and singing have simple
melodic arches which are cognitively easier to process than words.
Both are therefore able to support mother-infant communication and
language development while newborns are at a relatively early stage of
neurological development (Bouissac, 2004).

Infants prefer singing to speech. For instance, Nakata and Trehub
(2004) studied six-month-old infants who were presented with extended
audio-visual recordings of their mother’s infant-directed speech or
singing. Cumulative visual fixation and initial fixation on the mother’s
image lasted longer for maternal singing than for maternal speech.
Furthermore, movement reduction, which tends to indicate intense
engagement, accompanied visual fixation more frequently for maternal
singing than for maternal speech. The repetitiveness of maternal singing
may promote moderate arousal levels which sustain infant attention, in
contrast to the greater variability of speech, which may result in cycles of
heightened arousal, gaze aversion and re-engagement. The regular pulse
of music may also enhance emotional coordination between mother
and infant. Bosseler and colleagues (2016) found that the exaggerated
pitch contours of infant-directed speech resulted in differences in brain
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activity linked to online statistical learning in sleeping newborns.
Karzon (1985) found that young infants could discriminate three-
syllable sequences when the suprasegmental characteristics typical of
infant-directed speech emphasised the middle syllable. This pattern of
results suggests that the exaggerated suprasegmentals of infant-directed
speech may function as a perceptual catalyst, facilitating discrimination
by focusing the infant’s attention on a distinctive syllable within a series
of polysyllabic sequences.

Learning to comprehend and communicate through language places
heavy demands on the auditory system. Understanding the stress
patterns of a child’s native language helps him or her to segregate
continuous streams of syllables into words. This ability is present
from birth (Mampe et al., 2009). The neonatal brain stores auditory
experiences of speech and music as memory traces (Partanen et al.,
2013a; 2013b). Exposure to music before birth has an impact on the
brain, which helps the newborn to make sense of a range of sounds and
auditory scenes immediately after birth. The newborn needs to learn
the phonemes of his or her native language quickly and effectively so
that he or she can construct a map of them in the first year of life (Kuhl,
2004). This is crucial for the development of language skills.

To function effectively, the auditory system requires high- and low-
level cognitive skills. In humans, the process begins in the cochlea,
where information about the acoustic characteristics of particular
sounds is presented. This information is then subject to time and
frequency processes, subsequently progressing to higher levels in the
auditory system. High-level cognitive skills are required to make sense
of auditory information. These skills include memory, attention and
predictive processes. Such processes are vital in speech perception; for
instance, being able to segregate sounds into streams when listening to
speech within noise, the perception of music, and learning native and
otherlanguages. As we saw in Chapter 2, there is a large body of evidence
that active engagement with music in childhood produces structural
changes in the brain and its functioning—changes which are related to
the processing of sound (Elbert et al., 1995; Huotilainen and Tervaniemi,
2018; Hutchinson et al., 2003; Pantev et al., 2001; 2003; Pascual-Leone,
2001; Schlaug et al., 1995a; 1995b). How easily individuals are able to
process sound depends on their prior experiences with it (Krishnan et
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al., 2005; Krizman et al., 2012; White-Schwoch et al., 2013). Knowledge
related to auditory processing is acquired through exposure to particular
environments and is applied automatically whenever an individual
listens to music or speech (Bigand and Poulin-Carronnat, 2006). This
process begins in the womb and continues throughout infancy.

Research on aural processing and its relationship with language has
taken several forms beyond that undertaken in neuroscience. Some has
considered the relationships between language and music in terms of
processing but also skill levels. Another strand of research has focused
on aural perception—including comparisons of musicians with non-
musicians, adults and children—while some research has considered
how music might help those with difficulties in processing sound. The
following sections will consider these issues.

Explanations of the Relationships between Music
and Language

Language and music share many characteristics, including the use of the
auditory domain as the input path and the organisation of perceptual
elements into structured sequences (Patel, 2003). Understanding the
relationship between musical training and speech perception has proved
challenging. Early work focused on hemispheric specialisation. For
example, Bever and Chiarello (1974) suggested that language was based
in the left hemisphere and music in the right. In the 1990s, technological
developments in neuroimaging revealed partial neural overlap between
the two domains (Patel, 2008), although clinical studies of those with
brain damage revealed separate deficits in music and language (Peretz
and Coltheart, 2003). Despite this, there is evidence of common brain
regions for processing music and language (Herdener etal., 2014; Koelsch
et al., 2002) but this does not necessarily imply that there is shared
processing circuitry, as the findings of such research are open to different
interpretations (Kunert and Slevc, 2015). However, research focusing
specifically on shared neural circuitry has indicated neural overlap for
the processing of speech and music (Besson et al., 2011; Bidelman et
al., 2013; Bugaj and Brenner, 2011; Chandrasekaran et al., 2009; Degé
and Schwarzer, 2011; Gordon et al., 2014; Kraus and Chandrasekaran,
2010; Kraus and White-Schwoch, 2016; Overy, 2003; Patel and Iversen,
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2007; Rogalsky et al., 2011, Sammler et al., 2007; Schulze et al., 2011;
Tallal and Gaab, 2006; Wong et al., 2007). Despite this, the extent and
nature of the overlap continues to be hotly debated (Norman-Haignere
et al., 2015; Patel, 2016; Peretz et al., 2015). One area of controversy is
whether the brain networks involved are separate or whether the neural
resources are shared (Kunert and Slevc, 2015; Norman-Haignere et al.,
2015; Peretz et al., 2015). A further issue is that the ease with which
shared processes operate depends on the individual’s prior experiences
with sound, including music (Bigand and Poulin-Carronnat, 2006;
Elmer et al., 2014; Krishnan et al., 2005; Krizman et al., 2012; Patel, 2016;
White-Schwoch et al., 2013). The strongest evidence for neural overlap
and cross-domain experience-dependent plasticity is in the brainstem,
followed by the auditory cortex. The evidence and the potential for
overlap becomes less apparent as the mechanisms involved in music
and speech perception become more specialised and distinct at higher
levels of processing (Ogg and Slevc, 2019).

The relationship between language and musical abilities might be
explained in terms of signal processing in the dorsal auditory stream,
which is domain-general. This suggests that there is overlap between
the perceptual processing of linguistic (Kotz and Schmidt-Kassow,
2015; Kotz and Schwartze, 2010), musical, affective and prosodic
sensory information (Fruhholz, Trost and Kotz, 2016). The dorsal circuit
integrates auditory and motor processes, providing a neural mechanism
for speech development, articulation, articulatory sequences and the
encoding of new vocabulary, phonological short-term memory and the
feed-forward function (Buchsbaum et al., 2005; Hickok and Poeppel,
2007). The putamen also plays a pivotal role in human motor cortico-
basal ganglia thalamo-cortical circuitry, but is also involved in the
perception of beats involving local gamma-band oscillations (Merchant
et al., 2015). This circuit is involved not only in sequential and temporal
processing, but also in rhythmic behaviours such as music and dance,
where audition plays a crucial role. The circuit is usually involved in
the control of voluntary skeletomotor movements, and includes the
supplementary motor cortex and the putamen as the fundamental
cortical and neostriatal nodes, respectively.

Two theoretical positions—Hickok and Poeppel’s (2000; 2007)
neuroanatomical model and Patel's OPERA hypothesis—have
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underpinned much research. Hickok and Poeppel (2000; 2007) argue
that progress in understanding the nature and extent of overlap has
been limited because of the failure to consider the effects of different
tasks when mapping speech-related processing systems. They outline
a dual-stream model of speech processing in which a ventral stream
processes speech signals for comprehension, and a dorsal stream maps
acoustic speech signals to frontal-lobe articulatory networks. The model
assumes that the ventral stream is largely bilaterally organised, while
the dorsal stream is strongly left-hemisphere dominant. The OPERA
model proposed by Patel (2011) includes overlap in subcortical and
cortical networks but adds precision (the music must place higher
demands on the networks than language); emotions (the music must
elicit strong positive emotions); repetition (the musical activity must
be repeated frequently); and must be associated with attention. The
model suggests that there is anatomical overlap of the neural areas
that process acoustic features in both speech and music, but that music
requires greater precision than speech and places higher demands on
overlapping neural areas. It also suggests that musical training requires
repetition so that the neural areas are continually activated which, in
turn, leads to enhanced attention.

In early life, speech and music processing have been shown to rely
on overlapping neural substrates (Kotilahti et al., 2010; McMullen
and Saffran, 2004; Perani et al., 2011). Brandt and colleagues (2012)
have argued that, without the ability to hear musically, it would not
be possible to acquire language. They suggest that music serves as a
scaffold to learn speech, supported by the mother’s use of motherese as
she interacts with her child (Fernald, 1989).

Musical and language processes might have similar developmental
underpinnings in infants and children but be modularised in adults. As
newborns do not understand syntax and the meaning of words, they
focus on the acoustic features of voices and the prosodic features of
language (rhythm, speed, pitch and relative emphasis). The processing
systems may become differentiated as they become more familiar with
speech and cognitive maturation occurs (Koelsch and Siebel, 2005).
Koelsch (2011) suggests that there is an emergent modularity. Speech
and music processing both depend on perceptual categorisation. In
speech, the focus is primarily on timbral contrasts, while in music the
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focus is on distinguishing differences in pitch. The sounds of vowels
and sound frequencies are spread along continua. Acquiring musical
and language skills requires individuals to learn to separate the sounds
in each continuum into separate vowels or pitches. In addition, it must
also be possible to separate variation within a category—for instance,
sound variation produced by different speakers from variation that
constitutes a change of category. Patel (2008) suggests that these
challenges are likely solved by a shared system. If there is a shared
sound-category learning mechanism, it would suggest comparable
individual differences in language and musical abilities. Some support
for this comes from research with individuals classed as ‘tune deaf
which has shown that poor musical performance tends to be associated
with deficits in processing speech sounds’ (Jones et al., 2009).

There may be a sensitive period for musical training. Support for this
comes from findings that musicians who begin training early show better
task performance and greater changes in auditory and motor regions
of the brain than those who start later in childhood (Bengtsson et al.,
2005; Elbert et al., 1995; Gaser and Schlaug, 2003a; Koeneke et al., 2004;
Penhune, 2011; Schneider et al., 2002). Those who have absolute pitch—
the ability to identify or produce musical pitch without recourse to any
reference tones—offer further support as, typically, those with absolute
pitch begin training before the age of six, with almost no examples of
absolute pitch in those commencing musical activity after nine years of
age (Baharloo et al., 1998). However, auditory learning and plasticity
remain possible after sensitive periods (Strait et al., 2010). During a
sensitive period, learning is largely a bottom-up process that is triggered
by exposure to auditory input, and is optimised because underlying
neural circuits are still developing and are extremely sensitive to input
received. Following a sensitive period, learning is largely a top-down
process that depends on attention to enhance the salience of features in
order to encode them. The process involves changing the structure and
efficiency of pre-existing circuits to optimise processing. Music training
may support the developmental trajectory of top-down control over
speech processing (Strait et al., 2014; White et al., 2013).

The most recent research approaches draw on the clinical evidence
of music-related deficits in neurologically impaired individuals,
while also exploring the processing of music in healthy people,
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using neurocomparative music and language research (Sammell and
Elmer, 2020). Particular areas of interest have been the role of general
attention (Perruchet and Poulin-Charronnat, 2013), rhythm, neuronal
entrainment, predictive coding and cognitive control (Slevc and Okada,
2015). For instance, Sammell and Elmer (2020) suggest that temporal
attention can be influenced by external rhythmic auditory stimulation
and that this benefits language processing, including the processing of
syntax and speech production. Such research starts from the proposition
that speech and music have similar acoustic (Reybrouck and Podlipniak,
2019; Tsai and Li, 2019) structural features (Boll-Avetisyan et al., 2020;
Daikoku, 2018; Fotidzis et al., 2018; Lagrois et al., 2019; Lee et al, 2019;
Myers et al., 2019; Silva et al., 2019; Snijders et al, 2020).

Processing systems for language and music share the challenge of
extracting a small number of categories that are meaningful from a flow
of acoustically variable signals. The analysis skills used in language
processing, phonological distinctions, blending and segmentation
of sounds are similar to the skills necessary for the perception of
rhythmic (Lamb and Gregory 1993; Lipscomb et al., 2008), harmonic
and melodic discrimination (Anvari et al., 2002; Barwick et al., 1989;
Lamb and Gregory, 1993). The processing of timing cues is emerging as
particularly important in leading to better segmenting of the sounds of
speech and quicker recognition of distinctive units of spoken language
(Kraus and Chandrasekaran, 2010; Overy, 2003; Tallal and Gaab, 2006).
Reybrouck and Podlipniak (2019) argue that some sound features
and their common preconceptual affective meanings may reflect joint
evolutionary roots of music and language that continue to the present
day—for instance, musical expressivity and speech prosody. Recent
neurophysiological models assume that speech and music processing,
as well as the role of rhythm in language development, are based on
the synchronisation of internal neuronal oscillations with temporally
regular stimuli (Goswami, 2019; Lakatos, et al., 2019; Large et al., 2015;
Poeppel and Assaneo, 2020). For instance, Lakatos and colleagues (2019)
argue that rhythms are a fundamental and defining feature of neuronal
activity in humans. Rhythmic brain activity interacts in complex ways
with rhythms in the internal and external environment, through the
phenomenon of neuronal entrainment. This has been proposed as
having a role in many sensory and cognitive processes. Auditory senses
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are faced with many rhythmic inputs. Entrainment couples rhythmic
brain activity to external and internal rhythmic events, serving fine-
grained routing and modulation of external and internal signals across
multiple spatial and temporal hierarchies. Lakatos and colleagues (2019)
propose a theoretical framework, explaining how neuronal entrainment
dynamically structures information from incoming neuronal, bodily
and environmental sources. For instance, Doelling and Poeppel, (2015)
suggest that the brain exploits the temporal regularities in music to
accurately parse individual notes from the sound stream using lower
frequencies or entrainment, and in higher frequencies to generate
temporal and content-based predictions of subsequent musical events
associated with predictive models.

One strand of research has focused on the patterning of strong
and weak syllables or beats that make up rhythm, pulse and prosodic
stress (Breen et al., 2019; Frey et al., 2019; Myers et al., 2019; Richards
and Goswami, 2019; Snijders et al., 2020). The rhythmic patterning of
both speech and music has been proposed to draw on domain-general
abilities which are required to perceive and process the temporal
features of sound (Jones, 2019; Kotz et al., 2018). Richards and Goswami
(2019) explain that prosody, particularly the hierarchical structuring of
stressed and unstressed syllables, provides reliable cues to the syntactic
structure of speech (Selkirk, 1984) and may therefore facilitate the
acquisition of syntactic language organisation (Cumming et al., 2015).
Early disturbances of this rhythm-syntax interface may hinder normal
language acquisition, leading to developmental language disorders.
Richards and Goswami suggest that basic processing of rhythmic
prosodic cues may provide a key foundation for the scaffolding of
higher aspects of language during development.

A further strand of research has focused on the common auditory
processing of temporal regularities (Boll-Avetisyan et al., 2020; Fotidzia
et al., 2018; Lagrois et al, 2019; Reybrouck and Podlipniak, 2019). These
are thought to promote higher-level linguistic functions (Breen et al.,
2019; Frey et al., 2019; Fotidzis et al.,, 2018: Richards and Goswami,
2019; Rossi et al., 2020; Snijders et al., 2020), possibly through neuronal
entrainment (Myers et al., 2019). For instance, Lagrois and colleagues
(2019) found that so-called ‘beat deaf individuals’, those who have
beat-finding deficits in music, showed deficits in synchronising tapping
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with speech rhythm, and more generally, in regular tapping without
external rhythms. This pattern of deficits may arise from a basic
deficiency in timekeeping mechanisms that affects rhythm perception
across domains. Similarly, Boll-Avetisyan and colleagues (2020) used
multiple regression analyses and found that musical rhythm perception
abilities predicted rhythmic grouping preferences in speech in adults
with and without dyslexia, while Fotidzis and colleagues (2018) found
that musical rhythmic skills predicted children’s neural sensitivity
to mismatches between the speech rhythm of a written word and an
auditory rhythm. A further strand of research has explored top-down
modulations of common auditory processes by domain-general cognitive
and motor functions in both perception and production (Christiner and
Reiterer, 2018; Daikoku, 2018; Lee et al., 2019). For instance, Jung and
colleagues (2015) demonstrated that rhythmic expectancy is crucial
to the interaction of processing musical and linguistic syntax, while
Silva and colleagues (2019) demonstrated top-down adjustment of
music and language perception through behavioural modelling. They
found that listeners placed break patterns in ambiguous speech-song
stimuli differently, depending on whether they believed that they were
listening to speech prosody or contemporary music. Similarly, Tsai and
Li (2019) found that the strength with which an ambiguous stimulus
was perceived as song rather than speech depended not only on the
acoustics of the stimulus itself, but also on the sound category of the
preceding stimulus, while Mathias and colleagues (2019) showed that
pianists gradually anticipated the sounds of their actions during music
production, similar to the mechanisms of auditory feedback control
during speech production (Hickok, 2012; Palmer and Pfordresher, 2003).
Overall, this research suggests that the listening context, the listener’s
own motor plans and statistical and domain-specific expectations may
influence the top-down anticipation and perception of acoustic features
in speech and music.

Myers and colleagues (2019) summarise the current state of
knowledge about neuronal entrainment in speech envelope tracking,
reflecting quasi-regular amplitude fluctuations over time. Speech
envelope tracking is neural and occurs simultaneously at multiple time
scales corresponding to the rates of phonemes, syllables and phrases
(Giraud and Poeppel, 2012; Gross et al.,, 2013). They argue that the
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slowest rate, corresponding to prosodic stress and rhythmic pacing in
the delta range, constitutes a particularly strong source of neuronal
entrainment which is crucial for normal language development.

Jung and colleagues (2015) demonstrated that rhythmic expectancy
is crucial to the interaction of processing musical and linguistic
syntax, supporting the incorporation of dynamic models of attentional
entrainment into existing theories, which have proposed a sharing of
neural resources between syntax processing in music and language
(Patel, 2003), and a dynamic attention network that governs general
temporal processing (Large and Jones, 1999). Their findings suggest
that the interaction of music and language syntax processing depends
on rhythmic expectancy, supporting emerging theories of music and
language syntax processing with dynamic models of attentional
entrainment.

Some research has examined domain-general top-down modulations
of music and language from the perspective of perception and
production, focusing on the continuous interaction between bottom-up
and top-down processes in line with significant trends in predictive
coding (Erickson and Thiessen, 2015). For instance, Koelsch and
colleagues (2019) suggest that music perception is an active act of
listening. When listening to music, we constantly generate plausible
hypotheses about what could happen next. Actively attending to music
resolves uncertainty. Within the predictive coding framework, Koelsch
and colleagues (2019) present a formulation of precision filtering and
attentional selection, which explains why some lower-level auditory—
and even higher-level syntactic—music processes elicited by irregular
events are relatively exempt from top-down predictive processes.
They provide evidence for the attentional selection of salient auditory
features, which suggests that listening is a more active process than
traditionally conceived in models of perception. To examine predictive
mechanisms in music, Fogel and colleagues (2015) presented listeners
with the beginning of a novel tonal melody of five to nine notes and
asked them to sing the note they expected to come next. Half of the
melodies had an underlying harmonic structure designed to constrain
expectations for the next note, based on an implied authentic cadence
within the melody. Each authentic cadence melody was matched to a
non-cadential melody in terms of length, rhythm and melodic contour,
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but differing in implied harmonic structure. On average, participants
showed much greater consistency in the notes sung following authentic
versus non-cadential melodies, although there was significant variation
in consistency for both melodies, suggesting that individual differences
were important.

Examining perceived relationships between perceptions of speech
and song through the speech-to-song illusion, Margulis and colleagues
(2015) presented native-English-speaking participants with brief
spoken utterances that were repeated ten times. The speech-to-song
illusion occurs when a brief phrase is repeated several times and then
begins to be perceived as song. The illusion exposes a border between
the perception of language and the perception of music. The phrases
used were either drawn from languages that were relatively difficult for
a native English speaker to pronounce, or languages that were relatively
easy for a native English speaker to pronounce. Participants rated the
utterances before and after the repetitions on a five-point Likert-like
scale as ranging from sounds exactly like speech to sounds exactly
like singing. The speech-to-song illusion occurred more readily if the
utterance was spoken in a language difficult for a native English speaker
to pronounce. This suggests that speech circuitry was more likely to
capture native and easy-to-pronounce languages, and more reluctant to
relinquish them to perceived songs across repetitions.

Some research has explored the processing benefits of rhythmically
highly regular stimuli such as songs. For instance, Rossi and colleagues
(2020) investigated whether meaning was extracted from spoken and
sung sentences in a similar way. Participants listened to semantically
correct and incorrect sentences while performing a correctness
judgement task. Neural mechanisms were assessed with several
methods. The combined results indicated similar semantic processing
in speech and song.

The findings of the effects of general rhythmic processing skills on
higher-order linguistic abilities are currently being investigated in the
context of first language acquisition (Ladanyi et al., 2020). Christiner
and Reiterer (2018) found that links between musical aptitude, phonetic
language abilities, and imitation of foreign speech in pre-school children
were mediated by domain-general working memory resources. While
this does not preclude auditory perceptual connections between music
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and language, the findings suggest that there may be more complex
interactions which have not yet been identified.

Miles and colleagues (2016) suggest that two different aspects of
music and language depend on the same two memory systems. One
brain system, based in the temporal lobes, helps humans memorise
information in both language and music—for example, words and
meanings in language, and familiar melodies in music. The other system,
based in the frontal lobes, helps humans unconsciously learn and use
the rules that underlie both language and music, such as the rules of
syntax in sentences, and the rules of harmony in music. The findings
suggest that one set of brain structures underlies rules in both language
and music, but also that a different brain system underlies memorised
information in both domains.

Over time, the research exploring the relationship between music
and language has progressed from exploring the mapping of music and
language functions in the brain to trying to understand the mechanisms
involved. Much further investigation is required before there is a
clear understanding of this. Future research needs to take account of
individual differences and the nature of the tasks studied, as neural
overlap might be task-dependent. Differences in listening tasks may
limit the extent to which any clear conclusions can be drawn about the
underlying neurobiology of music and speech.

Comparisons between Musicians and Non-Musicians

Altenmiiller (2003) proposed that cortical activation during music
processing reflects the individual’s auditory learning biography (their
personal musical experiences accumulated over time). He suggests
that the complexity of neural networks is enhanced depending on
the complexity of auditory information experienced. Musical training
leads to the development of mental representations of music, which
may involve different cerebral substrates to those required for other
types of aural processing. These representations can take several forms,
including auditory, sensory motor, symbolic or visual. This means that,
to process the same level of auditory information, professional musicians
use larger and more complex neural networks when compared with
non-musicians.
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A considerable body of research has developed which has focused on
making comparisons between sound processing in musicians and non-
musicians. In such research, musicians tend to be identified in terms
of playing an instrument or being involved in formal singing activities.
Non-musicians are defined as not engaging in music-making in these
ways, although they may engage with music in other ways. Despite
the crudity of this distinction, much research has been undertaken on
this basis, with participants of all ages, from children to seniors. This
research has demonstrated that musicians have enhanced abilities to
process pitch and temporal sound information (Chobert et al., 2011;
2014; Kishon-Rabin et al., 2001; Kraus and Chandrasekaran, 2010; Magne
et al., 2006; Marques et al, 2007; Micheyl et al., 2006; Moreno et al., 2009;
Schon et al., 2004; Strait et al., 2010; Tervaniemi et al, 1997; van Zuijen
et al., 2005; Zendel and Alain, 2009). They have improved performance
on a range of listening skills (Hyde et al., 2009; Pantev et al., 2001; Patel
and Iverson, 2007; Tallal and Gaab, 2006). They have enhanced auditory
attention (Strait and Kraus, 2011; Strait et al., 2014), better processing
of the metric structure of words when they are presented in sentences
(Marie et al.,, 2011b) and better discrimination and identification of
moraic units of timing and other language features (Sadakata and
Sekiayama, 2011). Musicians can classify voiced sounds, vowels, more
easily and quickly than non-musicians (Bidelman et al., 2014), and have
advantages in relation to the processing of linguistic syntax (Fiveash
and Pammer, 2014) and in making judgements about grammar (Patston
and Tippett, 2011). They are better able to distinguish rapidly changing
sounds (Gaab et al., 2005), harmonic differences (Corrigall and Trainor,
2009; Musacchia et al., 2008; Zendel and Alain, 2009), temporal novelty
(Herdener et al., 2014) and tonal variations in non-native speech sounds
(Chandrasekaran et al., 2009; Cooper and Wang, 2010; Kiihnis et al.,
2013; Marques et al, 2007; Martinez-Montes et al., 2013; Perfors and Ong,
2012; Wong et al., 2007; Wong and Perrachione, 2007; Yang et al., 2014).
They can perceive speech better than those without training when it is
accompanied by noise (Parbery-Clark et al., 2009a; 2009b; 2011), and
can identify syllables presented when spectral information is degraded
(Elmer et al., 2012), identify whether sentences in a foreign language
which is tone based are the same or different (Marie et al., 2011a; 2011b)
and predict the ability to perceive and produce subtle phonetic contrasts
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in a second language (Slevc & Miyake, 2006). They are also better than
non-musicians at the perception and processing of vocally expressed
emotion (Bhatara et al., 2011; Lima & Castro, 2011; Strait et al., 2009;
Thompson et al., 2004).

At the subcortical level musicians demonstrate more robust and
quicker auditory brainstem responses to music (Lee et al., 2009) and
speech (Bidelman et al., 2009; Bidelman & Krishnan 2010). For instance,
Musacchia and colleagues (2007) demonstrated that musicians,
compared to non-musicians, had earlier and larger auditory and
audiovisual brainstem responses to speech and music stimuli. The
strength of the brainstem response was related to the number of years
of musical practice. Similarly, Wong and colleagues (2007) examined
brainstem encoding of linguistic pitch and found that musicians show
more robust and faithful encoding compared with non-musicians. The
extent of subcortical consonant discrimination in noise perception is also
enhanced in musicians (Parbery-Clark et al., 2012). Finally, musicians
have an increased neural capacity for the perception and processing of
vocally expressed emotion (Strait et al., 2009a; 2009b) and have high-
functioning peripheral auditory systems. The quality of aural encoding
is related to the amount of musical training (Wong et al., 2007) and also
the nature of instrumental requirements.

As was demonstrated in Chapter 2, there are subtle differences
between musicians in their aural processing, depending on the
instrument that they play. For instance, Rauscher and Hinton (2011) used
four discrimination tasks with adults aged 16-63—musicians and non-
musicians—and found that auditory discrimination was better in the
musicians. This was particularly true of the string players as compared
with percussionists, probably as a consequence of the many years of
subtle tonal discrimination required to play a stringed instrument. The
findings demonstrated that expertise in playing a musical instrument
selectively improved discrimination thresholds corresponding to the
skills emphasised by training on that instrument. Similarly, Brattico and
colleagues (2013) established that responses to sound are modulated
by expertise in more than one music culture, as is typical of Finnish folk
musicians, while Tervaniemi and colleagues (2006) found that amateur
musicians still had advantages over non-musicians in their neural and
behavioural sound encoding accuracy. In a later study, Tervaniemi
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and colleagues (2016) found that classical, jazz, and rock musicians
exhibited automatic brain responses which were selectively enhanced
to deviants in tuning, classical musicians, timing, classical and jazz
musicians, transposition, jazz musicians, and melody contour, jazz and
rock musicians. Another study found different brain responses to six
types of music featured by classical, jazz, rock and pop musicians and
non-musicians. Jazz and classical musicians scored higher in a musical
aptitude test than band musicians and non-musicians, especially with
regards to tonal abilities. Jazz musicians had a greater overall sensitivity
to auditory outliers, processing of pitch and sliding up to pitches (Vuust
etal., 2012).

Greater left-hemisphere lateralisation has been shown in musicians in
comparison with non-musicians when they are presented with musical
stimuli (Bever and Chiarello, 1974; Hirshkowitz et al., 1978; Besson et
al., 1994; Schlaug et al., 1995a). This is consistent with more efficient
verbal processes. This asymmetry has been proposed to potentially be
related to language and pitch processing skills. Ohnishi and colleagues
(2001) assessed cortical activation during a passive listening task and
also found greater activation of the planum temporale and the left
dorso-lateral prefrontal cortex in musicians than in non-musicians.
The authors also found a negative correlation between the degree of
activation in the left planum temporale and the age of commencement
of musical training. Non-musicians demonstrated right dominant
secondary auditory areas during the same task. Further, the degree of
activation in the left posterior dorsolateral prefrontal cortex and the left
planum temporale correlated significantly with absolute pitch ability.
Fujioka and colleagues (2006) also observed a greater left-hemisphere
lateralisation in four- to six-year-old children who received music lessons
over the period of a year when listening to violin tones, as compared
with children receiving no music lessons.

The auditory expertise gained over years of music training finetunes
the auditory system (Strait and Kraus, 2011a; 2011b) strengthening
the neurobiological and cognitive underpinnings of speech and
music processing including enhancing neural responses to changes in
pitch, duration, intensity and voice onset time. Musicians’ enhanced
perceptual skills play a role in enhancing language skills (Bever and
Chiarello, 2009; Gaab et al., 2005; Hutka et al., 2015; Jakobsob et al., 2003;
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Strait et al., 2014; Tallal and Gaab, 2006; Zatorre and Belin, 2001; Zattore
et al., 2002). This increased sensitivity and attention to speech seems
to be supported, in part, by right-hemisphere processing (Jantzen et
al., 2014). Musicians’ pitch expertise appears to extend from music to
the language context with no significant differences between domains
(Alexander et al., 2005; Bidelman et al., 2011; Delogu et al., 2010; Lee
and Hung, 2008; Marie et al., 2011; Mom and Zuo, 2012; Weidema et
al., 2016). Musicians are also better at recognising vocally expressed
emotion. For instance, Pinheiro and colleagues (2015) investigated
the effects of musical training on event-related potential correlates of
emotional prosody processing. Fourteen musicians and fourteen non-
musicians listened to 228 sentences with neutral semantic content,
differing in prosody: one third with neutral, one third with happy and
one third with angry intonation, with intelligible semantic content and
unintelligible semantic content. The findings suggested that auditory
expertise can have an impact on different stages of vocal emotional
processing.

Fujioka and colleagues (2004) found that people with no formal
music education processed both contour and interval information in
the auditory cortex automatically. They designed stimuli to examine
contour and interval information separately. In the contour condition,
there were eight different standard melodies, each consisting of five
notes, all ascending in pitch. The corresponding deviant melodies
were altered to descend on their final note. The interval condition used
one five-note standard melody transposed to eight keys from trial to
trial, and on deviant trials the last note was raised by one whole tone
without changing the pitch contour. There was also a control condition,
in which a standard tone and a deviant tone were presented. The results
suggested that musical training enhanced the ability to automatically
register abstract changes in the relative pitch structure of melodies.

Language and music depend onrulesand memorised representations.
Miranda and Ullman (2007) examined the neural bases of these aspects
of music with an event-related potential study of note violations in
melodies. Rule-only violations consisted of out-of-key deviant notes
that violated tonal harmony rules in unfamiliar melodies. Memory-
only violations consisted of in-key deviant notes in familiar well-known
melodies. These notes followed musical rules but deviated from the
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actual melodies. Finally, out-of-key notes in familiar well-known
melodies constituted violations of both rules and memory. All three
conditions were presented to healthy young adults: half were musicians
and half non-musicians. The results revealed a double dissociation,
independent of musical training, between rules and memory. Both rule
violation conditions, but not the memory-only violations, elicited an
early, somewhat right-lateralised anterior central negativity consistent
with previous studies of rule violations in music, and analogous to the
early left-lateralised anterior negativities elicited by rule violations in
language. In contrast, both memory violation conditions, but not the
rule-only violation, elicited a posterior negativity, a component that
depends, at least in part, on the processing of representations stored in
long-term memory, both in language and in other domains. The results
suggest that the neurocognitive rule memory dissociation extends from
language to music, further strengthening the similarities between the
two domains.

Harding and colleagues (2019) recorded the EEG of 28 participants
with a range of musical training, who listened to melodies and sentences
with identical rhythmic structure. The results showed that participants
with only a few years of musical training had a comparable cortical
response to music and speech rhythm. However, the cortical response
to music rhythm increased with years of musical training, while the
response to speech rhythm did not, leading to an overall greater cortical
response to music rhythm across all participants. It seems as if task
demands shape asymmetric cortical tracking across domains.

Focusing on sound discrimination, Parbery-Clark and colleagues
(2012) established that musicians have an increased ability to detect small
differences between sounds. They showed that this conferred advantages
in the subcortical differentiation of closely related speech sounds (for
example, /ba/and /ga/), distinguishable only by their harmonic spectra.
By measuring the degree to which subcortical response timing differed
for the speech syllables /ba/, /da/ and /ga/ in adult musicians and
non-musicians, they showed that musicians demonstrated enhanced
subcortical discrimination of closely related speech sounds. Further, the
extent of subcortical consonant discrimination correlated with speech
in noise perception. Similarly, Ott and colleagues (2011) determined
whether musical expertise led to an altered neurophysiological
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processing of subsegmental information available in speech signals.
They analysed neurophysiological responses to voiced and unvoiced
consonant-vowel syllables and noise-analogues in 26 German-speaking
adult musicians and non-musicians. The findings showed that musicians
processed unvoiced stimuli, irrespective of whether these were speech
or non-speech stimuli, differently to non-musicians. Zuk and colleagues
(2013) examined the perceptual acuity of musicians to the acoustic
components of speech necessary for intra-phonemic discrimination of
synthetic syllables. Musicians and non-musicians were compared on
discrimination thresholds of three synthetic speech syllable continua
that varied in their spectral and temporal discrimination demands.
Musicians demonstrated superior discrimination only for syllables that
required resolution of temporal cues. In addition, performance on the
temporal syllable continua positively correlated with the length and
intensity of musical training.

Musicians are also better at processing intervals than non-musicians.
Comparisons between eleven musicians aged 21-33 and ten non-
musicians aged 19-29 years who were required to detect infrequent
changes to the last note of a five-note melody—which either altered the
contour or the interval up or down—showed that contour processing
was more basic and less affected by musical experience (Trainor et al.,
1999).

The benefits of musical training have been shown to continue
throughout the lifespan. Bidelman and Alain (2015) showed that
musical training can offset the decline in auditory brain processing that
frequently accompanies normal ageing. They recorded brainstem and
cortical neuroelectric responses in older adults as they classified speech
sound along an acoustic phonetic continuum. Those who had only
had modest musical training had higher temporal precision in speech-
evoked responses and were better at differentiating phonetic categories.
Even limited musical training can preserve robust speech recognition
late in life.

As considered in Chapter 2, comparisons between musicians and non-
musicians cannot demonstrate causality. Differences in aural processing
could be present at birth or appear at any stage of development due to
genetic programming, while differences in language skills could have
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developed through diversity in educational opportunities or home
circumstances.

However, the fact that most enhancements are greater the longer the
period of training suggests that musical experience is the cause (Ho et
al., 2003; Lee and Noppeney, 2015; Musacchia et al., 2008; Norton et al.,
2005; Pantev et al., 1998; Seither-Preisler et al., 2014; Strait and Kraus,
2014; Wong et al., 2007), although the nature of the particular musical
activities may be important, as may the intensity and commitment to
engagement with music. The issue of causality can best be resolved by
intervention studies. These usually take place in research with children.

Research with Children

There have been reports of the benefits of music for language
development, extending from early years through childhood (Tierney
and Kraus, 2013; White et al., 2013) in addition to benefits for auditory
skill development, including auditory discrimination and attention
(Putkinen et al., 2013) and language skills including pitch perception
(Linnavalli et al., 2018; Nan et al., 2018; Yang et al., 2014).

One strand of research has focused on infants and preschool children.
For instance, Zhao and colleagues (2016) examined the effects of a
laboratory-based intervention on music and speech processing in nine-
month-old infants who were exposed to music in triple time (a waltz) ina
social context. Infants, with the aid of caregivers, tapped out the musical
beats with maracas, or their feet, and were bounced in synchronisation
to the musical beats. The intervention incorporated key characteristics
of typical infant music classes to maximise learning. It was multimodal,
social, and offered repetitive experiences. A control group experienced
similar multimodal, social, repetitive play, but without music. Following
the intervention, the infants’ neural processing of temporal structure
was tested using tones in triple time and speech with foreign syllable
structures. After 12 sessions, the infants’ neural responses to temporal
structure violations in music and speech were assessed. Compared
with infants in the control group, the infants exposed to the music
intervention improved their detection and prediction of auditory
patterns, demonstrating enhanced temporal structure processing in
music and speech, musical pitch and the processing of timing. The
intervention enhanced the infants’ ability to extract temporal structure
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information and to predict future events in time, a skill affecting both
music and speech processing.

Similarly, Trainor and colleagues (2012) reported neural-level changes
in six-month-old infants randomised to engage in active participatory
music classes for six months or a class in which they experienced music
passively while playing. Active music participation resulted in earlier
enculturation to Western tonal pitch structure, larger and/or earlier brain
responses to musical tones, and a more positive social trajectory. Also
working with six-month-old infants, Gerry and colleagues (2012) found
that random assignment to six months of active participatory musical
experience accelerated the acquisition of culture-specific knowledge of
Western tonality, in comparison to a similar level of passive exposure
to music. The infants assigned to the active musical experience showed
superior development of prelinguistic communicative gestures and
social behaviour compared to infants assigned to the passive musical
experience. The findings showed that infants can engage in meaningful
musical training when appropriate pedagogical approaches are used,
and that active musical participation in infancy both enhances culture-
specific musical acquisition and impacts the development of social and
communication skills.

Another comparable study is that of Snijders and colleagues (2020),
who investigated whether infants could learn words from ecologically
valid children’s songs. Forty Dutch-learning ten-month-olds participated
in the research to explore whether infants could segment repeated target
words embedded in songs during familiarisation, and subsequently
recognise those words in continuous speech in a test phase. The infants
participated in both song and speech sessions. The findings showed
that 10-month-old infants could indeed segment words embedded in
songs. Working with children participating in Head Start provision,
Yazejian and colleagues (2009) evaluated the effects of a supplementary
preschool classroom music and movement curriculum on language
skills. The participating children made greater gains in communication
skills than children in a comparison group, although there were no
differences in receptive language or phonological awareness.

A study with children aged two to three by Putkinen and colleagues
(2013) found a relationship between informal musical activities with
parents at home and auditory event-related potentials linked to sound
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discrimination and attention. They showed that children with higher
levels of musical activity had heightened sensitivity to temporal
acoustic changes, more mature auditory change detection, and less
distractibility. The children in the research who also attended a music-
focused playschool until the age of four or six displayed more rapid
development of neural responses than those who gave up the activity.
A related cross-sectional study showed enhanced control over auditory
novelty processing in musically trained school-aged children and
adolescents (Putkinen et al., 2015).

Similarly, the Soundplay project in the UK worked with children
aged two to four years old, using a combination of methods including
observation, music, language tracker tools, interviews and written
reports compiled by early years practitioners, parents and workshop
leaders. They found that, after participating in the project, children
who had been identified as being at risk of developmental delay
achieved higher than average development in language skills (Pitts,
2016). In Australia, Williams and colleagues (2015) investigated parent-
child home music activities in a sample of 3031 Australian children
participating in a national longitudinal study. The frequency of shared
home music activities was reported by parents when children were
two to three years old and a range of social, emotional and cognitive
outcomes were measured by parent and teacher report and direct testing
two years later (when the children were four to five years old). A series
of regression analyses found that the frequency of shared home music
activities had a small significant association with children’s vocabulary,
numeracy, attentional and emotional regulation, and prosocial skills.
Taken together, these studies provide causal evidence of the role of music
training and less formal musical activities in shaping the development
of important neural auditory skills in young children.

We can also consider studies looking at older children: Trainor and
colleagues (2003) found that four-year-olds who had received Suzuki
training had a better developed auditory cortex and were better able to
discriminate between sounds. Fujioka and colleagues (2006) recorded
auditory evoked responses to a violin tone and a noise-burst stimulus
in four- to six-year-old children in four repeated measurements over a
one-year period using magnetoencephalography, and found that the
children who had participated in music lessons throughout the year
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showed a clear musical training effect in response to the violin stimuli,
when compared with the untrained children. Similarly, Shahin and
colleagues (2004) measured auditory evoked potentials in response to
piano, violin and pure tones twice in a group of four- to five-year-old
children enrolled in either Suzuki music lessons or non-music controls.
Where children were learning to play an instrument—piano or violin—
auditory evoked potentials observed for the instrument played were
comparable to those of children who were not musically trained and
approximately three years older in chronological age, suggesting that
the neocortical synaptic matrix is shaped by an accumulation of specific
auditory experiences, and that this process is accelerated in those who
have musical training. The children playing the piano also exhibited
increased power of induced timbre-specific gamma-band activity for
piano tones with one year of training in comparison with non-musicians
(Shahin et al., 2008).

Using event-related potential and behavioural measures in a
longitudinal design, Nan and colleagues (2018) showed that musical
training conferred advantages in speech-sound processing in 74
Mandarin-speaking children aged four to five years old, who were
pseudo-randomly assigned to piano training, reading training or a
no-contact control group. Six months of piano training improved
general auditory word discrimination, as well as word discrimination
based on vowels, compared with a control group. Although the
reading group yielded similar trends, the piano group demonstrated
unique advantages in comparison with the reading and control groups
in consonant-based word discrimination and in enhanced positive
mismatch responses to lexical tone and musical pitch changes. The
improved word discrimination based on consonants correlated with
enhancements in musical pitch among the children in the piano group.
The results suggested strengthened common sound processing across
domains as an important mechanism underlying the beneficial impact
of musical training on language processing.

Some research has focused on the development of musical skills
and auditory discrimination in school-aged children (Elbert et al., 1995;
Hutchinson et al., 2003; Pantev et al., 2001; 2003; Pascual-Leone, 2001;
Schlaug et al., 1995a; 1995b). This has provided evidence that musical
training enhances auditory processing in children who, prior to training,
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exhibited no pre-existing differences (Chobert et al., 2014; Francois et
al., 2013; Kraus et al., 2014b; Moreno et al., 2009; 2011; Norton et al.,
2005; Tierney et al., 2013). Making music has been shown to strengthen
children’s auditory encoding of speech (Chobert et al., 2014; Magne
et al., 2006; Strait et al., 2011a; 2011b; 2013; Tierney et al., 2013) and
auditory discrimination and attention (Chobert et al., 2011; Koelsch et
al., 2003; Moreno et al., 2009; Putkinen et al., 2013), as well as leading
to structural changes in auditory cortical areas in the brain (Hyde et al.,
2009; Seither-Preisler et al., 2014).

For instance, Hyde and colleagues (2009) tested two groups of
children who had no prior formal musical training. The instrumental
group consisted of 15 children aged six years old who had weekly
half-hour private keyboard lessons over a period of 15 months. The
control group of 16 children, who were almost six years old, did not
receive any instrumental music training, but participated in a weekly
40-minute group music class in school, consisting of singing and
playing with drums and bells. Structural brain changes in motor and
auditory areas, of critical importance for instrumental music training,
were correlated with behavioural improvements on motor and auditory
musical tests. Children who played and practised a musical instrument
showed greater improvements in motor ability and in auditory melodic
and rhythmic discrimination skills. Changes in the right auditory area
underlay improved melodic and rhythmic discrimination. Similarly,
Putkinen and colleagues (2014) conducted a longitudinal study of more
than 120 school-aged children and showed that children who received
formal musical training displayed enhanced development in neural
responses related to pre-attentive neural sound discrimination and
auditory attention. The musically trained children also showed superior
performance in tests of executive functions.

Huotilainen and Tervaniemi (2018) investigated longitudinal brain
development in children starting a musical hobby. At age seven, when
most of the children in the music group had just started their training
or were about to start, there were no group differences in the brain
responses compared with children of the same age starting other hobbies.
Two years later and beyond, enhanced auditory brain responses had
developed in the music group, while no such development was observed
in the brain responses of the control group. In a later study, Putkinen
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and colleagues (2020) studied nine- to fifteen-year-old children who
had or had not participated in musical training. Using auditory event-
related potentials, they showed that the musically trained children
demonstrated enhanced sound encoding.

Not all of the intervention studies with music have shown positive
outcomes. For instance, working with seven- and eight-year-old
Spanish children who were learning to speak English as a second
language, Fonseca-Mora and colleagues (2015) showed that all of those
participating in a phonological training program benefited from that
training, but additional musical support had no clear benefits.

Strait and colleagues (2012) explored the encoding of speech in quiet
and noisy backgrounds in musically trained and non-trained children.
Thirty-one children with normal hearing between the ages of seven and
thirteen participated. Those classified as musicians had received private
instrumental training from at least the age of five, and had practised
consistently for at least four years. The musically trained children
outperformed the non-musicians on speech-in-noise perception overall
and demonstrated less auditory brainstem response degradation with
the addition of background noise than non-musicians. Perceptual,
speech-in-noise, cognitive, auditory working memory and attention
performance correlated with the extent of the musicians” musical
training. Similarly, Slater and colleagues (2015) followed a cohort of
eight- to nine-year-old school children for two years, assessing their
ability to perceive speech in noise before and after musical training.
After an initial assessment, participants were randomly assigned to
one of two groups. One group began music training immediately and
completed two years of training, while the second group waited a year
and then received one year of music training. The research showed that
speech-in-noise perception improved after two years of group music
training.

Several studies have compared the impact of music versus painting
or equivalent visual stimulation. In an early study, Moreno and Besson
(2006) tested whether eight weeks of musical training affected the
ability of eight-year-old children to detect pitch changes in language.
Twenty non-musician children listened to linguistic phrases that
ended with prosodically congruous words, or with weak or strong
pitch incongruities. Reaction times, error rates and event-related brain



68 The Power of Music

potentials were recorded for the final words. For both groups, the weak
incongruity was the most difficult to detect, but performance was not
significantly different between groups. However, the amplitude of a
late positive component was largest in response to strong incongruities,
and was reduced after training only in the music group. These results
suggest that a relatively short exposure to pitch processing in music
exerted some influence on pitch processing in language.

In a later longitudinal study, Moreno and colleagues (2008; 2009)
studied event-related potentials in 32 eight-year-old non-musician
children over nine months, while they performed tasks designed to
test the hypothesis that musical training improves pitch processing in
music and speech. Following initial testing, the children were pseudo-
randomly assigned to music or to painting training for six months, and
were tested again after training using the same tests. After musical—but
not painting—training, children showed enhanced reading and pitch
discrimination abilities in speech. The results revealed positive transfer
from music to speech, showing that short periods of training can have
strong consequences on the functional organisation of children’s brains.

A further study (Moreno et al., 2011a) researched 64 children, half
of whom received visual art training and the other half music training.
To undertake the training, two computerised training programmes were
developed and administered. The training programmes had the same
learning goals, graphics and design, duration, number of breaks and
number of teaching staff. The only difference was the content of the
training. The music curriculum was based on a combination of motor,
perceptual and cognitive tasks, and included training in rhythm, pitch,
melody, voice and basic musical concepts. The training relied primarily
on listening activities. The curriculum in visual art emphasised the
development of visuospatial skills relating to concepts such as shape,
colour, line, dimension and perspective. The children engaged in the
training programmes in two daily sessions of one hour each, five days a
week, for four weeks. The programmes were projected onto a classroom
wall and conducted in groups, led by a teacher. The findings showed
that training in music listening skills transferred to verbal ability. After
the music training, the children exhibited enhanced performance on
vocabulary knowledge. There was no significant increase in verbal or
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spatial skills following visual art training, although there was a trend
towards improvement in spatial skills.

Similarly, Chobert and colleagues (2014) randomly assigned non-
musician children to music or painting training and recorded neural
responses to syllables that differed in vowel frequency, vowel duration
and voice onset time. This was done three times: before training, after
six months and after twelve months. While no cross-group differences
were found before training, enhanced pre-attentive processing of
syllabic duration and voice onset time was found after twelve months
of training in the music group only. These results suggest that active
musical training can lead to improvements in aural processing. Similarly,
over a period of two years, Francois and colleagues (2013) assigned
eight-year-old children, matched for cognitive abilities, sex, age, grade
at school and socioeconomic status, to music or painting lessons. Prior
to the study, the two groups of children performed similarly on a test
where they had to identify whether three syllable nonsense words were
present within a five-minute-long string of syllables. After one year of
training, the music group performed better than the painting group in
speech segmentation skills, with the difference increasing over the two-
year period.

Another strand of research has considered the impact of second
language training versus music training in enhancing aural processing.
For instance, in a comparative study of the impact of second language
learning (French) and musical training, Moreno and colleagues (2015)
recorded event-related potentials for French vowels and musical notes in
36 four- to six-year-old children. The children demonstrated improved
processing of relevant trained sounds, and an increased capacity to
suppress irrelevant, untrained sounds. After one year, training-induced
brain changes persisted, hemispheric changes appeared and there was
increased EEG complexity at coarse temporal scales during music and
French vowel tasks in widely distributed cortical regions. These findings
showed that musical training increased diversity of brain network
states, which supported domain-specific music skill acquisition and
music-to-language transfer effects. Similarly, Carpentier and colleagues
(2016) conducted a 28-day longitudinal study of monolingual English
speaking four- to six-year-old children randomly selected to receive
daily music or French language training. Children completed passive
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EEG music-note and French-vowel auditory detection tasks before and
after training. Comparison of pre-training with post-training showed
that musical training was associated with increased EEG complexity at
coarse temporal scales during music and French vowel tasks in widely
distributed cortical regions. The findings demonstrated that musical
training increased the diversity of brain network states to support
domain-specific music skill acquisition and music-to-language transfer
effects.

Further evidence for the benefits of musical training on language
comes from Yang and colleagues (2014), who examined whether
children’s experience of music training related to language skills in
Chinese (their first language), English (their second language) and
their performance on a musical achievement test. Seventy-seven children
who had received formal musical training out of school, beginning
in semester three, were categorised as musicians, and the remaining
173 children were classed as non-musicians. The children’s musical
skills over the 11 semesters of the study improved when they received
training, and their performance in their second language (English) was
also enhanced, although performance in their first language was not.

In a correlational study, Milovanov and colleagues (2008) explored
the relationship between musical aptitude and second-language
pronunciation skills in school-aged children. Children with good
linguistic skills had better musical skills than children with less accurate
linguistic skills. ERP data showed that children with good linguistic
skills showed more pronounced sound-change evoked activation with
music stimuli than children with less accurate linguistic skills. These
findings implied that musical and linguistic skills could partly be based
on shared neural mechanisms. In a regression study, Swaminathan and
Schellenberg (2020) used a sample of six- to nine-year-old children to
test the links between musical expertise and language ability, speech
perception and grammar. The analyses revealed that language abilities
had significant partial associations with musical ability but not with
music training. Further, rhythm discrimination was a better predictor
of language skills than melody discrimination. The authors concluded
that links between music and language arise primarily from pre-existing
factors and not from formal training in music.
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Music training can alter the course of auditory development as
late as adolescence. Tierney and colleagues (2015) investigated the
effects of in-school music training versus another in-school training
programme not focusing on the development of auditory skills. They
tested adolescents on neural responses to sound and language skills
before they entered high school, pre-training, and again three years
later. They showed that in-school music training begun in high school
prolonged the stability of subcortical sound processing and accelerated
the maturation of cortical auditory responses. Phonological processing
improved in both the music training and active control groups, but the
enhancement was greater in adolescents who underwent music training.

Not all of the research supports the proposition that singing supports
speech development. For example, Snijders and colleagues (2020) found
that ten-month-old infants were able to segment words in children’s
songs—but they performed equally well at segmenting infant-directed
speech. Similarly, Rossi and colleagues (2020) found no differences
between speech and songs in a study on semantic processing in healthy
adults.

Taken together, these data suggest that the presentation of verbal
material as song may not be sufficient to enhance vocabulary learning
or language comprehension in healthy individuals.

Children from Deprived Backgrounds

Some research has focused on children who have been perceived as ‘at
risk” because of their deprived backgrounds. For instance, Kraus and
colleagues (2014) used a randomised controlled trial to investigate
whether community music participation could induce a change in
auditory processing in children from deprived backgrounds. The
programme provided free music instruction to children who were
considered to be at risk. The participants were 44 children with a mean
age of eight years, living in gang reduction zones in Los Angeles. The
children were randomly assigned to participate in or defer musical
participation for one year. Participants attended music classes twice
weekly for three to ten months. Students began in music appreciation
classes, where they learned pitch-matching and rhythm skills, musical
styles and notation, and basic vocal performance and recorder playing.
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Students then progressed to instrumental instruction. Students
were given their own instruments and participated in group-based
instrumental classes for four hours per week. The children who were
more committed to the music intervention, who attended more and
participated to a greater extent in the classroom activities, developed
stronger brain encoding of speech than those who were less engaged.
The children who completed two years of music training had a
stronger neurophysiological distinction of stop consonants and neural
mechanisms linked to reading and language skills. One year of training
was sufficient to elicit changes in nervous system functions. Greater
amounts of instrumental music training were associated with larger
gains in neural processing. The research showed that participation
reinforced literacy skills and enhanced the neural encoding of speech
cues—important for reading—and the perception of speech in noisy
backgrounds (Kraus et al., 2014a; 2014b; Kraus and Strait, 2015; Slater
etal., 2014).

Similarly, in an El-Sistema-inspired project, Habibi and colleagues
(2016), as part of an ongoing five-year longitudinal study, investigated
the effects of a music training programme on the auditory development
of children, over the course of two years, beginning at age six to seven.
The children in the music group were compared with two groups of
children from the same socioeconomic background, one involved in
sports training and the other not involved in any systematic training.
Prior to participating, children who began training in music did not
differ from those in the comparison groups in any of the assessed
measures. After two years, the children in the music group, but not in
the comparison groups, showed an enhanced ability to detect changes in
tonal environment, and an accelerated maturity of auditory processing
as measured by cortical auditory evoked potentials to musical notes.

Research with those with Auditory or
Language Impairments

When the auditory system does not have full acoustic input, as in the
case of hearing deficits or congenital deafness, the development of skills
related to audition is damaged. Working with deaf children, Rochette
and colleagues (2014) compared the auditory perception, auditory
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cognition and phonetic discrimination of 14 profoundly deaf children
who completed weekly music lessons between the ages of eighteen
months and four years, and 14 deaf children who did not receive musical
instruction. The trained children showed better performance in auditory
scene analysis, auditory working memory and phonetic discrimination
tasks. Multiple regression analysis showed that success on these tasks
was at least partly driven by music lessons.

While cochlear implants can support hearing, they cannot deliver
complete auditory information to the cochlea. The input is small and
distorted, and has an impact on communication skills. However, children
who receive a cochlear implant by 12 months of age demonstrate normal
language growth rates and achieve age-appropriate receptive language
scores three years after the implant. Later implants lead to significant
language delay, evident three years after the implant. The development
of speech follows a similar pattern to that of normal hearing children,
but is delayed (Leigh et al., 2013). Some research has explored whether
musical interventions can help these children. For instance, Torppa
and colleagues (2014a) assessed word and sentence stress perception,
discrimination of fundamental frequency, intensity and duration, and
forward digit-span twice over a period of 16 months. Twenty-one early-
implanted children and age-matched normal-hearing children aged four
to 13 years participated. Children with cochlear implants who had been
exposed to music improved with age in word stress perception, intensity
discrimination and digit-span. Their performance was equivalent to the
natural-hearing children, while later-implanted children performed less
well. Overall, the findings suggested that music was a valuable tool for
the rehabilitation of implanted children.

A further study (Torppa et al., 2014b) researched the interplay
between singing and cortical processing of music in children with
cochlear implants. The findings showed an augmented development of
neural networks for attention, and more accurate neural discrimination
associated with singing. In addition, Torppa and colleagues concluded
that musical playschool also supported learning with other children,
as it offered more efficient use of mirror neurons, especially as the
children with cochlear implants participated alongside their normal-
hearing peers. The emotional and social aspects of the group in musical
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playschool may also impact on learning outcomes, through the provision
of a positive and inspiring environment.

Similarly, Good and colleagues (2017) studied 18 children with
cochlear implants aged six to 15, who received either six months of
individualised piano lessons or six months of individualised painting
lessons. Measures of music perception and emotional speech prosody
perception were obtained pre-, mid- and post-training. Music training
led to improved performance on tasks requiring the discrimination
of melodic contour and rhythm, incidental memory for melodies and
emotional speech prosody perception. Art training did not lead to
the same improvements. Good and colleagues concluded that music
training may be an effective supplementary technique for supporting
auditory rehabilitation following cochlear implantation.

Children born very premature have an increased likelihood of
sensory, cognitive and motor deficits. Mikkola and colleagues (2007)
used neurocognitive tests with very pre-term children at one and five
years old and suggested that they may have altered primary auditory
processing. They suggested that the early auditory environment within
the intensive care unit and during later hospitalisation might play a role
in the decreased auditory, attention and learning skills of prematurely
born infants. To ameliorate such deficits, Virtala and Partanen (2018)
developed interventions focusing on music. They found that music-
making and parental singing promoted infants’ early language
development and auditory neural processing.

There is some evidence that aphasia can be rehabilitated through
music. Sparks and colleagues (1974) used melodic intonation therapy,
which involves sung intonation of propositional sentences in such a way
that the intoned pattern is similar to the natural prosodic pattern of the
sentence when it is spoken. Eight severely, but not globally, impaired
right-handed aphasic subjects with left hemisphere damage (resulting
from cerebrovascular accidents) participated. Each patient acted as their
own control. The participants had shown no improvement in verbal
expression for at least six months, during which time they had received
other language therapy. Recovery of some appropriate propositional
language occurred for six of the eight patients as a result of melodic
intonation therapy.
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It has also been argued that music may aid the development of
listening skills and support children with learning difficulties (Hirt-
Mannheimer, 1995; Humpal and Wolf, 2007; Wolf, 1992). Music has
helped children with developmental disabilities (Mendelson et al.,
2016) and those with particularly low reading levels (Cogo-Moreira et
al, 2013).

Infants of dyslexic parents show some minor differences in auditory
processing compared with infants of parents without dyslexia. These
can be observed in infancy using neurological measures. In a review of
research on auditory processing deficits in individuals with dyslexia,
Hémaildinen and colleagues (2013) showed that measures of frequency,
rise time and duration discrimination, as well as amplitude modulation
and frequency modulation detection, are most often impaired. It may be
thatinfants with dyslexic parents and children with symptoms of dyslexia
might benefit from training of their auditory systems to overcome the
possible differences in auditory processing early in life. Indeed, musical
interventions have been found to be successful in helping children
with dyslexia overcome some of these difficulties (Flaugnacco et al.,
2015). Children who show delayed language development at three and
four years of age are at risk of dyslexia, although many children who
eventually are diagnosed as dyslexic have perfectly normal language
development. However, early language difficulties and a diagnosis of
language impairment in childhood is predictive of reading disabilities
in the later school years, and during adolescence and adulthood.

Atypical entrainment to rhythmic prosodic cues due to deficits
in fine-grained auditory perception may constitute a risk for the
development of speech and language disorders (Goswami, 2011;
Ladényi, et al., 2020). If this is the case, then increasing the regularity
of stimuli, or strengthening individual rhythmic abilities with the aim
of improving neuronal entrainment, may enhance development. Some
research has suggested that song could be used for improving speech
processing in individuals with language processing deficits, including
dyslexia (Vanden Bosch et al., 2020) as music-based training effects in
dyslexia have already been demonstrated. Enhancing the auditory skills
of children with dyslexia can be achieved by attendance at musical play
school (Overy, 2000; Overy, 2003).
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Children with developmental language disorders have been shown to
be impaired not only in language processing (including syntax), but also
in rhythm and metre perception. Sammler and Elmer (2020) suggest that
there may be a role for rhythm-based processing in language processing
and acquisition. Frey and colleagues, in a longitudinal study using EEG,
demonstrated that six months of music training positively influenced
the pre-attentive processing of voice onset time in speech in children
with developmental difficulties, while Przybylski and colleagues (2013)
tested the influence of external rhythmic auditory stimulation on syntax
processing in children with specific language impairment and dyslexia.
Children listened to either regular or irregular musical prime sequences,
followed by blocks of grammatically correct and incorrect sentences.
They were required to perform grammar judgements for each auditorily
presented sentence. Performance of all children, including controls, was
better after regular prime sequences than after irregular prime sequences.
The benefit of the regular prime was stronger for children with specific
language impairment than for dyslexic children. The results suggest that
rhythmic structures, even in non-verbal materials, may boost linguistic
structure processing. Regular music therapy can also help children with
Rett syndrome, a genetic brain disorder associated with problems with
language and coordination. It can improve receptive language, and
verbal and nonverbal communication (Chou et al., 2019).

Music-making—whether playing an instrument or singing—is
a multimodal activity that involves the integration of auditory and
sensorimotor processes. The ability to sing in humans is evident from
infancy and does not depend on formal vocal training, although it can be
enhanced by training. Wan and colleagues (2010) reviewed the evidence
on the therapeutic effects of singing, and how it might potentially
ameliorate some of the speech deficits associated with conditions such
as stuttering, Parkinson’s disease, acquired brain lesions and autism.
Singing may help children who stutter by reducing stress and using
melodic architecture to help in the formation of longer verbal phrases
(Clements-Cortes, 2012; Wan et al., 2010).
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Overview

The previous sections and recent reviews (Benz et al., 2016; Engel et al.,
2019; Hallam, 2015; 2017; Hamaldinen et al., 2013; Jancke, 2012; Patel,
2008; Sammler and Elmer, 2020; Wan et al., 2010; White et al., 2013)
provide considerable and compelling evidence that musical training
sharpens the brain’s early encoding of sound, leading to enhanced
performance on a range of listening and aural processing skills. Active
engagement with music in childhood produces structural changes in the
brain related to the processing of sound, which can develop over quite
short periods of time. Making music supports the development of aural
processing systems, which facilitate the encoding and identification of
speech sounds and patterns which, in turn, enhance language skills.
The earlier that active participation takes place, the greater the length of
participation, the level of commitment and its intensity, and the greater
the impact. Musical experience and training also enhance emotional
perception and a range of cognitive skills. The benefits of musical
engagement occur without the conscious awareness of the participants
and have been demonstrated with a range of different groups across the
lifespan. Despite this, it is not possible to say with any certainty which
musical activities are the most beneficial. For young children, informal
music-making in the home and more formal activities in playschools
have both been found to be effective. Later, school music education can
have an impact, as can instrumental tuition. The particular instrument
played and the genre engaged with lead to very specific neural and
behavioural changes.

Overall, enhancing auditory cognition requires sufficient training,
high levels of personal motivation, rewarding musical experiences,
supportive learning environments and a range of high-quality formal
and informal learning experiences. The most effective learning
approaches will depend on the age and individual characteristics of the
learner. The identification of optimal musical interventions is important
to enable the further development of conceptual understanding and
the enhancement of aural processing, as well as the amelioration of
problems with aural processing and language.






4. Literacy and Related
[anguage Skills

Literacy is generally defined as the ability to read and write, but more
broadly has been considered as the ability to identify, understand,
interpret, create, communicate and compute, using printed and written
materials in a variety of contexts. This chapter will focus on how active
engagement with music may support literacy, with a particular emphasis
on reading and the skills required to become a competent reader. It will
also consider research on writing and spelling.

The evidence for an association between music training, musical
skills and reading skills is typically explained by near-transfer theories.
Reading requires the development of decoding and comprehension
skills. Comprehension requires basic word-decoding skills, as well as
higher-level cognitive processes such as memory and attention (Sesma et
al., 2009). Active engagement with making music may have a differential
impact on decoding and comprehension. Decoding is the ability to apply
knowledge of letter-sound relationships, including knowledge of letter
patterns, to enable the correct pronunciation of unfamiliar words. It is
strongly associated with auditory skills (Ahissar et al., 2000). In order
to be able to decode written material, readers have to be aware of the
sounds related to the written word, i.e. phonics. Phonological awareness
is an important precursor to early reading (Bradley and Bryant, 1983).
Children need to develop phonological awareness to begin to be able to
translate written text into sound. Phonological awareness is the ability
to analyse and manipulate language on two levels. At the word level,
phonological awareness refers to the ability to manipulate and analyse
larger phonological units (for instance, rhyming and blending words).
At the phoneme level, phonological ability refers to the ability to analyse
and manipulate individual sound units (phonemes) within a word. It
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has repeatedly been shown that phonological awareness is an important
predictor of later reading ability (Pratt and Brady, 1988; Bruck, 1992).
Successful decoding occurs when a learner uses knowledge of letter-
sound relationships to accurately read a word.

Correlation Studies and Comparisons between
Musicians and Non-Musicians

One strand of research on the role of music in the development of
literacy skills has focused on comparing musicians with non-musicians.
A second strand has examined the relationship between musical skills
and literacy.

Comparisons between musicians and non-musicians have
revealed that musicians exhibit advantages in making judgements
about grammar (Patston and Tippett, 2011), are better at correctly
pronouncing irregularly spelled words (Jakobson et al., 2008; Stoesz
et al,, 2007), and remembering lyrics (Kilgour et al., 2000), novel
words (Dittinger et al., 2016) and short excerpts of speech (Cohen
et al.,, 2011). They have a larger vocabulary (Forgeard et al., 2008a)
and in one study showed enhanced comprehension of complicated
passages of text (Thompson et al., 2012). Those who have had musical
training demonstrate enhanced speech perception on a wide range
of different tasks. For instance, they can perceive speech better than
those without training when it is accompanied by noise (Parbery-
Clark et al., 2009a; 2009b; 2011), can identify syllables presented when
spectral information is degraded (Elmer et al., 2012), identify whether
sentences in a foreign tone-based language are the same or different
(Marie et al., 2011a; 2011b), and predict the ability to perceive and
produce subtle phonetic contrasts in a second language (Sleve and
Miyake, 2006). They are also better at phoneme perception (Kuhnis et
al., 2013). Children with four years of music lessons, aged nine, have
been found to be more accurate and fast in accurately discriminating
syllables that varied in duration and frequency than those not having
lessons (Chobert et al., 2011). Cross-sectional studies have shown that
preschool and school-aged children and adults with musical experience
are able to make stronger distinctions between speech syllables than
non-music students (Kraus and Nicol, 2014; Parberry-Clark et al., 2012;
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Strait and Kraus, 2014; Zuk et al., 2013). Having musical skills also
enhances the ability to interpret affective speech rhythms (Thompson
et al., 2004); eight-year-olds with musical training outperform those
with no training on music and language tasks (Magne et al., 2006).
In research with 250 Chinese elementary-school children, Yang and
colleagues (2014) examined the relationship between long-term
music training and students’ development of first language, second
language and mathematics. The musician children outperformed non-
musicians on musical achievement and second language development.
Although music training appeared to be correlated with the children’s
final academic development of first and second languages and
mathematics, it did not independently contribute to the development
of first language or mathematical skills.

Correlation studies are able to identify if there are relationships
between musical skills and various skills related to literacy, including
verbal and auditory working memory. Studies with preschool children,
aged four to five years, have found relationships between musical skills,
phonological awareness and reading development (Anvari et al., 2002).
There is a positive relationship between phonological awareness and
musical ability in preschoolers, children aged five to six, and older
children (Lamb & Gregory, 1993; Milovanov et al., 2008; Milovanov and
Tervaniemi, 2011; Peynircioglu et al., 2002), while Loui and colleagues
(2011) worked with children aged seven to nine years old and showed a
significant positive correlation between pitch perception and production,
and phonemic awareness. There are also relationships between the
development of auditory skills in early childhood and informal musical
activities (Putkinen et al., 2013a).

Moderate relationships have also been found between tonal
memory and reading age (Barwick et al., 1989), while the magnitude
of neural responses to speech harmonics is correlated with reading
ability (Banai et al., 2009). Schellenberg (2006) found that length of
music training predicted measures of reading even after controlling
for intelligence, while Chandrasekaran and Kraus (2010) linked
poor reading ability with deficiencies in processing essential sound
elements. Corrigall and Trainor (2011), examining the association
between length of music training and reading ability in 46 six to
nine-year-old children enrolled in music lessons, found that length
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of training correlated significantly with reading comprehension but
was not associated with word decoding scores. The length of music
training was robustly associated with reading comprehension, even
after age, socioeconomic status, auditory perception, word decoding,
general intelligence and the number of hours spent reading each week
were taken into account. There is a relationship between individuals
who are tone deaf and phonological processing, word discrimination
and syllable segmentation (Jones et al., 2009).

Swaminathan and colleagues in a series of studies (2017; 2018; 2019)
explored a range of relationships between music and other skills. In 2017,
they reported that the relationship between music training and reading
in adults was facilitated by general cognitive—rather than auditory—
skills. In 2018, also working with adults, they assessed reading ability,
comprehension and speed, music-perception skills, melody and rhythm,
general cognitive ability, non-verbal intelligence, short-term memory,
working memory, family income and parents’ education, and found that
reading ability was associated positively with music training, English as
a native language and general cognitive ability. The association between
reading and music training was significant after socioeconomic status,
native language and music perception skills were controlled for, but
when general cognitive abilities were held constant, there was no longer
an association between reading and music training. These findings
suggest that the association between reading ability and music training
is a consequence of general cognitive abilities. In 2019, an association
between rhythm aptitude and speech perception was found in a sample
of six- to nine-year-old children. Musical training was associated
positively with performance on a grammar test, musical ability, I1Q,
openness and age. Regression analyses revealed that language abilities
had significant partial associations with musical ability and IQ but not
with music training. Rhythm discrimination was a better predictor of
language skills than melody discrimination. Musical ability predicted
language ability independently of IQ.

Not all correlational studies have shown a positive relationship
between music and literacy skills. Establishing the main and subsidiary
beats in a musical selection has notbeen found to be a significant predictor
of reading in third- and fourth-grade students (Chamberlain, 2003),
while Hartas (2011) found no relationship between parent-reported
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frequency of singing songs and rhymes or playing music at three years
and teacher-rated performance on literacy. The strongest relationships
with children’s learning outcomes were between family income and
mother’s educational level.

Intervention Studies

Learning to read requires word decoding skills These skills are
strongly associated with auditory skills. The auditory analysis skills
used in language processing, phonological distinctions, blending
and segmentation of sounds are similar to the skills necessary for the
perception of rhythmic (Lamb and Gregory, 1993; Lipscomb et al., 2008),
harmonic and melodic discrimination (Anvari et al., 2002; Barwick
et al.,, 1989; Lamb and Gregory, 1993). Learning to become an expert
reader involves dynamic cross-modal processes, beginning with the
mapping of letters and sounds, culminating in skilled reading, which
involves the simultaneous processing of phrases, sentences and larger
multiple sources of information from the text and their integration
with contextually relevant background information from the reader’s
own experiences (Gellert and Elbro, 2017; Perfetti and Stafura, 2014).
The dynamic and multiplex process of reading has been argued to be
similar to the entrainment seen in musical ensembles, where individuals
segregate and integrate concurrent streams of information (Ragert etal.,
2014). Reading requires integrative attending and activates an amodal
interface, where internal and external goals and experiences intersect.

A range of intervention studies have explored the impact of active
engagement with music on phonological awareness and reading skills.
Research findings, which attempts to demonstrate causality between
musical engagement, phonological awareness and reading, have been
mixed. Arts-enriched programmes that include music have led to
improvements in school readiness in relation to receptive vocabulary
(Brown et al., 2010) and literacy (Phillips et al., 2010) when compared to
non-arts programmes. In a school-based arts programme which included
music, Gardiner and colleagues (1996) showed that children with a
lower score on literacy at baseline achieved similar scores on reading
tests after one year of visual arts and music training, as compared to
controls.
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Some research has focused on the impact of music on sound
processing, as it relates to phonemic awareness. In a study of preschool
children’s informal musical activities at home, Politimou and colleagues
(2020) found systematic associations between rhythm perception/
production and phonological awareness, while melody perception was
related to the acquisition of grammar. Similarly, Eccles and colleagues
(2020) evaluated the effect of varying durations of music instruction
over a single academic year on the phonological awareness and early
literacy of young children aged five to seven, compared with children
who only received class music. The children with greater exposure
to music showed greater improvement in phonological awareness.
Douglas and Willats (1994) found that group training involving singing
and the use of percussive instruments improved decoding.

Good and colleagues (2002) worked with kindergarten children who
participated in a weekly music intervention lasting 30 minutes which
consisted of singing, body percussion activity, movement, instrument
playing, singing and the use of graphic notation. On completion of the
programme, the music group exhibited significantly higher phoneme
segmentation fluency as compared with controls. Similarly, Degé and
Schwarzer (2011) showed that preschool children who were randomly
assigned to intensive training in music (ten minutes each day for five days
each week, for twenty weeks) showed improvements in phonological
awareness that were identical to changes in other children who received
lessons in perceiving and segmenting speech sounds. A control group
who received sports training showed no improvement.

Also working with kindergarten children, Moritz and colleagues
(2013) explored whether musical activity could support the acquisition
of reading skills before formal reading instruction began. They found
that rhythm skill was related to phonological segmentation skills at the
beginning of kindergarten, and that children who received more music
training during kindergarten showed a wider range of phonological
awareness skills at the end of kindergarten than children with less
training. Furthermore, kindergartners’ rhythmic ability was strongly
related to their phonological awareness and basic word identification
skills in second grade. Schon (2014) has also shown that phonological
awareness can be influenced by several months of rhythmic training
which, in turn, improves reading skills. In a preschool setting, Elliot
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and Mikulas (2014) investigated the effectiveness of an integrated
music curriculum on language and literacy skills in a year-long study,
which employed a pre- and post-treatment design with a control group.
Students in the treatment group received instruction using an integrated
music curriculum as part of their preschool instruction. The findings
showed that the students in the treatment group had significantly
greater gains in language and literacy, with an effect size of 0.24. In a
similar study, Vidal and colleagues (2020) tested 44 children aged three
to four years old with a phonological awareness test, prior to and after
an intervention period lasting a full school year with weekly music or
visual arts classes. Following the interventions, both groups improved,
but the music class students outperformed those in the visual art classes,
showing larger differences before and after the intervention.

Working in a community setting, Linnavalli and colleagues (2018)
studied whether a low-cost, weekly music playschool provided for five-
to six-year-old children would have an impact on linguistic abilities.
Sixty-six children were tested four times over two school years on
phonemic processing, vocabulary, perceptual reasoning and inhibitory
control. The children attending music playschool were compared to
their peers who were attending dance lessons or not attending either
activity. Attendance at music playschool significantly improved the
development of children’s phoneme processing and vocabulary skills.

In a series of studies, Rauscher and colleagues (Rauscher, 2009;
Rauscher & Hinton, 2011) explored whether children receiving Suzuki
violin instruction performed better on phonemic awareness tasks than
control groups. Seventy-five musically naive five-year-olds participated.
Lessons were provided for 45 minutes per week for 16 weeks. Prior to
instruction, there were no differences in the children’s performance on a
reading test, but following the intervention the children receiving music
lessons scored significantly higher on letter-word calling and phonemic
awareness than the other groups.

Adopting a training programme which included a range of activities,
Gromko (2005) studied five- to seven-year-old children who received
four months of music instruction for 30 minutes once a week. The
instruction included active music-making with movement emphasising
a steady beat, rhythm and pitch, as well as the association of sounds
with symbols. The children who received the music instruction showed
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significantly greater gains in phonemic awareness when compared
to a control group. Learning to discriminate differences between
tonal and rhythmic patterns and to associate their perceptions with
visual symbols seemed to transfer to improved phonemic awareness.
Similarly, Welch and colleagues (2012) evaluated the impact of a music
programme which linked literacy activities with a range of musical
activities including chanting, clapping, copying and composing
rhythms, and improvising using rhymes and alliterative or unusual
vocabulary. Children participating in the musical activities showed on
average 8.4 months of reading improvement compared with 1.8 months
for those in the control group. In a later study, Welch and colleagues
(2020) evaluated a six-month specialist singing project undertaken with
young disadvantaged children in London, where professional singers
provided focused mentoring—relating to a specialised programme of
singing and vocal activities—to generalist primary-school teachers.
The mentored classroom-based singing activities resulted in significant
improvements in children’s singing, changes in reading and aspects
of executive function related to inhibition and phonological working
memory.

Using painting as a comparison activity, Moreno and colleagues
(2009) conducted a longitudinal study with 32 non-musician children
over nine months. Following the first testing sessions, non-musician
children were pseudo-randomly assigned to music or to painting
training for six months and were tested again after training using the
same tests. After musical—but not painting—training, children showed
enhanced performance in reading. In a further study of eight-year-old-
who were assigned pseudo randomly to six months of music or painting
tuition, the children in the music group showed larger pre- to post-test
improvement in reading irregularly spelled words (Moreno et al., 2009).
A further study with pseudo-random assignment of four- to six-year-
olds to four weeks of daily, computer-controlled lessons in listening to
music or visual arts, children in the music group had larger pre- to post-
test increases in vocabulary (Moreno et al., 2011a; 2011b). The music
group also showed greater improvement on a task that required them
to match arbitrary symbols with words, a skill that is a prerequisite for
learning to read (Moreno etal., 2011b). Similarly, Chobert and colleagues
(2011; 2014) conducted a longitudinal study over two school years
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with non-musician children randomly assigned to music or painting
training. Neurological responses to syllables that differed in vowel
frequency, vowel duration and voice onset time were recorded three
times over the course of the study. The results highlighted the influence
of musical training on the development of phonological representations
in normally developing children. Also using painting as a comparison
activity, Francois and colleagues (2013) assigned children, matched in
terms of cognitive abilities, sex, age, grade at school and socioeconomic
status, to music or painting lessons for a two-year period. Before the start
of the study, the two groups of children performed similarly on a test
where they had to identify whether three-syllable nonsense words were
present in a five-minute string of syllables. After one year of training,
the music group performed better than the painting group, with the
difference increasing over the two-year period.

Nan and colleagues (2018) studied 74 Mandarin-speaking children
aged four to five years old who were pseudo-randomly assigned to piano
training, reading training or a no-contact control group. Six months of
piano training improved behavioural auditory word discrimination in
general, as well as word discrimination based on vowels, when compared
with controls. The group receiving reading training yielded similar
trends; however, the piano group demonstrated unique advantages over
the reading and control groups in consonant-based word discrimination.
All three groups improved on general cognitive measures, including
tests of 1Q, working memory and attention. Focusing on adolescents,
Tierney and colleagues (2015) investigated the effects of in-school music
training, versus a school training programme that did not focus on
the development of auditory skills. Participants were tested on neural
responses to sound and language skills before they entered high school,
before the training and again three years later. In-school music training
begun at secondary school prolonged the stability of subcortical sound
processing and accelerated maturation of cortical auditory responses.
Phonological processing improved in the music training and control
groups, but the impact was greater in the adolescents who underwent
music training.

In an interesting study which directly related rhythm to reading,
Lipscomb and colleagues (2008) provided a form of reading rhythm
training to children in third grade who participated in four sessions
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each week for 12 weeks, where they read lists of words at varying tempi.
This led to a dramatic improvement in reading fluency.

Children from low socioeconomic backgrounds tend to fall
progressively further behind their higher income peers over the course
of their academic careers. Music interventions have been proposed as a
way to help low-income children to improve their academic attainment.
Some research has pursued this line of enquiry. For instance, Register and
colleagues (2004) examined the effects of a music therapy programme
designed to teach reading skills versus a television programme designed
to support literacy skills on the early literacy of kindergarten children
aged five to seven years from low socioeconomic backgrounds. Each
class was assigned to one of four treatment conditions: music only, video
only, music and video or a control group with no activity. Children’s
literacy was assessed using standardised tests and teacher assessment.
The ‘music and video” and ‘music only” groups achieved the highest
increase in the mean scores of four out of seven literacy subtests. The
‘video’ group scored significantly better on phonemic segmentation
than the other groups. Strong correlations were found between letter-
naming and initial sound-fluency tests. However, children were more
off-task in the video condition than the music condition. Children in the
‘music’ and ‘video” enrichment groups showed gains in four out of the
eight tests used to measure progress. Slater and colleagues (2014) used
a controlled, longitudinal design to assess the impact of group music
instruction on English reading ability in 42 low-income Spanish-English
bilingual children aged six to nine in Los Angeles. After one year,
children who received music training retained their age-normal level
of reading performance, while a matched control group’s performance
deteriorated, consistent with expected declines in this population. While
the extent of change was modest, the outcomes nonetheless showed that
music can help to counteract the negative effects of low socioeconomic
status on children’s literacy development. In a similar study, Barbaroux
and colleagues (2019) studied the impact of a classical music training
programme, Démos, on the cognitive development of children from
low socioeconomic backgrounds. The children were presented with
standardised tests before the start of the programme, and again after 18
months of music training. The findings showed that the Démos music
training improved reading precision.
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Not all of the research has found a positive impact of musical training
on literacy (Bowles, 2003; Kemmerer, 2003; Lu, 1986, Montgomery,
1997). Some findings have been difficult to interpret. For instance,
Rauscher (2014) provided at-risk preschool children with weekly
piano instruction, computer instruction or no instruction for two years.
No effects were found in relation to verbal, memory or reading tests.
Similarly, Piro and Ortiz (2009) focused on the way that learning the
piano might impact on the development of vocabulary and verbal
sequencing in second-grade children. Forty-six children who had
studied the piano for three consecutive years participated, with 57
children acting as controls. At the end of the study, the music learning
group had significantly better vocabulary and verbal sequencing scores.
However, they had already been playing the piano for two years with no
initial differences in reading between their skills and those of the control
group. These findings are difficult to interpret. The authors suggested
that no enhancement had occurred because effects may take a long time
to appear, because the age of tuition was important, or because the
summer holidays immediately prior to testing may have lowered initial
scores. The tuition itself may also have changed over time.

Lukacs and Honbolygé (2019) evaluated the transfer effect of
general elementary-school music education on the development of
linguistic abilities. The relationship between specific musical auditory
skills, phonological awareness and reading was investigated in 30
second-grade children who either attended a class with an intensive
music curriculum or a class with a regular curriculum. The findings
indicated no significant differences between the children experiencing
intensive music education or the normal curriculum. Overall, one year
of Kodély-based classroom music education was not sufficient to yield
improvement in musical and linguistic abilities, although phoneme
deletion accuracy was associated with tonal memory, suggested by a
similar quasi-experimental pre- and post-test design with measurements
taken across a period of two years. Kempert and colleagues (2016)
tested the effects of two interventions: a consecutive combination of
musical and phonological training, and phonological training alone. The
participants were 424 German-speaking children aged four to five years
old. The findings demonstrated a positive relationship between musical
abilities and phonological awareness. While the phonological training
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produced positive effects, adding musical training did not contribute
significantly to the development of phonological awareness. This may
have been because of differences in the initial level of phonological
awareness of the participants.

Overall, there may be a range of reasons for the differences in the
research findings. The types of training adopted differ and there may be
differences in the quality of their delivery. There is a large age range in the
participating children’s ages and they are likely to be at different stages
in their developing literacy, although experimental designs are able to
take account of this to some extent. The development of phonological
skills may be important early on in the process of developing literacy
skills and these may be enhanced with shorter periods of musical
engagement, whereas longer training may be needed to influence
decoding and ultimately understanding.

Children Facing Challenges with Literacy Skills

One strand of research has focused on children with difficulties in
reading. The evidence for the importance of rhythmic training is
especially strong for poor or dyslexic readers (Overy, 2000; 2003; Tallal
et al.,, 1993; Thomson, 1993). Huss and colleagues (2011) have shown
that dyslexics have lower performance than normal-achieving readers
on tasks involving musical metrical structure. This is supported by a
range of studies showing that children with dyslexia have difficulties
with keeping a beat (Corriveau et al., 2007; Corriveau and Goswami,
2009; Goswami et al., 2002; Tierney & Kraus, 2013b; Wolff et al., 1990).
While children with dyslexia have impaired rhythmic processing skills,
especially for rhythm production, they have normal pitch-processing
skills (Overy, 2000; 2003; Overy et al., 2003).

Musical interventions emphasising the development of rhythmic
skills seem to have the greatest impact for children facing challenges
with literacy. For instance, working with children in kindergarten,
Bolduc (2009) compared the effects of two music programmes. One
programme employed musical activities to increase interest in reading
and writing in those with special educational needs, while the other
was primarily designed to enhance musical abilities. The programme
that focused on enhancing reading and writing was more effective in
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enhancing phonological awareness than the one designed to enhance
musical abilities. Similarly, Standley and Hughes (1997) evaluated
the effects of music sessions designed to enhance the pre-reading and
writing skills of 24 children, aged four to five, who were enrolled in early
intervention programmes or programmes for children with particular
needs.

The intervention lasted for just over seven weeks and included
two 30-minute music lessons per week for a total of fifteen lessons.
In the autumn, musical activities were designed to teach writing
skills and, in the spring, reading skills. Children receiving the normal
kindergarten curriculum without music involvement acted as controls.
All participants were tested before and after the intervention. The
findings demonstrated that music significantly enhanced print concepts
and the pre-writing skills of the children. Replicating this work, Register
and colleagues (2001) studied 50 children aged four to five years old
enrolled in early intervention programmes or programmes for children
with particular needs. The intervention and control group both received
two 30-minute music sessions each week for an entire school year. The
differentiating factors were the structure and components of the musical
activities. The autumn sessions for the experimental group were focused
on writing skills while the sessions in the spring taught reading and
literacy concepts. Music sessions for the control group were based
purely on thematic material, which was determined by the classroom
teacher with the purposeful exclusion of all pre-literacy concepts. All
participants were tested at the beginning and end of the programme.
The findings demonstrated that the music sessions significantly
enhanced both groups’ abilities to learn pre-writing and print concepts,
but the experimental group showed significantly higher results on
logo identification and a word recognition test after the intervention.
Working with older children, aged six to eight, Nicholson (1972)
studied the impact of a music intervention on children categorised as
slow learners. After music training, the experimental group exhibited
significantly higher reading performance, scoring in the 88" percentile
versus the 72" percentile. After an additional year of musical training,
the reading scores of the experimental group were still superior to those
of the control group.
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Drawing on a theoretical framework which emphasised pulse as the
underlying organisational feature common to music and language, Long
and Hallam (2012) investigated the impact of an intervention on children
aged eight to ten years old. The rhythm-based music intervention
involved an entrainment strategy in which groups of children rapidly
developed music-notation reading skills while synchronising stamping,
clapping and chanting actions in time with a musical accompaniment
for ten minutes each week. The intervention groups received the
rhythm-based music intervention for ten minutes each week for six
weeks. The effects of the rhythmic training were assessed before and
after the intervention, and measured reading behaviour and rhythmic
performance. A control group was matched on reading comprehension
and rhythmic performance. There were statistically significant effects
on reading comprehension scores for those children with lower
attainment in reading, but not for normal-attaining children. This
research demonstrated that children with reading difficulties can
benefit from specific rhythmic musical training which was carried out
alongside their normal-attaining classmates. In a similar study, Long
(2014) recruited 15 children aged nine to ten who had been identified as
weak readers by their school. The intervention consisted of ten minutes
of rhythm-based exercises and was administered at the start of the
children’s usual weekly curriculum music lessons. The children’s school
music teacher was trained to deliver the intervention in two sessions,
with a gap of one week between them. Following participation in the
intervention, statistically significant gains occurred in the children’s
reading comprehension, reading accuracy and reading rate. An analysis
of reading fluency revealed significant gains in the prosodic features
of reading behaviour, including syllable division, grammatical structure
and phrase contours. The rhythmic training emphasised group
interaction, which also led to the children reporting positive changes
in their sense of wellbeing. This research showed that interventions
can be effective when delivered to a whole class by a class teacher. The
intervention required mental anticipation and inhibitory control by
participants, in order to lift one foot while striking the other against the
floor in synchrony with the strong beat of the musical accompaniment
and the actions of the other children. The entrainment activity applied
the theoretical modelling of normal anti-synchrony—as one foot comes
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up, the other goes down (Clayton et al., 2005)—and a stable hierarchical
distribution of cognitive attention (Clayton et al., 2005; Jones, 1976;
Jones and Boltz, 1989; Jones and Yee, 1997). Overall, the children were
required to plan ahead, synchronise, monitor and integrate multi-
level physical coordination, which in turn required anticipatory and
inhibitory control, while keeping time with the musical accompaniment
and the other children. The teacher also modelled reading simple staff
notation and chanting the alphabet letter names of music notation
in a monotone, which was synchronised in time with stamping and
clapping actions. During the training, in addition to reading pitch,
the note durations were varied and rests were added. Following the
intervention, the children demonstrated statistically significant gains in
reading comprehension, accuracy and rate of reading. Comprehension
and rate of reading had large effect sizes, with a moderate effect size
for accuracy. The mean change in reading accuracy for the intervention
group was 1.83 in standardised scores and, for the control group, 0.45 in
standardised scores. The mean change in reading comprehension for the
intervention group was 5.82 in standardised scores and, for the control
group, 3.49 in standardised scores. There was no statistically significant
difference in rate of reading. Using the same music programme for
ten minutes each week over a ten-week period with groups of ten
children, 354 in total, who had lower-than-average reading scores in
the first year of secondary school (eleven- to twelve-years-old), Hallam
(2018) found that those randomly allocated to intervention groups
showed statistically greater improvement in reading accuracy and
comprehension than controls, but not in reading rate. The differences in
reading accuracy were equivalent to 1.38 in standardised scores and, for
reading comprehension, 2.33 in standardised scores. Similarly, Bonacina
and colleagues (2015) developed computer-assisted training, called
rhythmic reading training, where reading exercises were combined
with a rhythmic background. Participants took part in nine bi-weekly
individual sessions of 30 minutes. The intervention had a positive effect
on reading speed and accuracy, and significant effects were also found
for the reading speed of short and long pseudo-words, high-frequency
long words, and text reading accuracy.

Not all of the research has demonstrated overwhelmingly positive
effects of music interventions for those who find literacy challenging.
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For instance, Bhide and colleagues (2013) compared the effects of a
musical intervention for poor readers with a software intervention
based on rhyme training and phoneme-grapheme learning, and found
that both interventions had similar benefits for literacy, with large
effect sizes. Some music interventions have had very small effects. For
instance, working in Brazilian schools in an attempt to improve reading
skills, Cogo-Moreira and colleagues (2013) studied children aged eight
to ten with reading difficulties. Two hundred and thirty-five children
with reading difficulties in ten schools participated in a five-month,
randomised controlled trial in an impoverished zone within the city of
S3o Paulo, to test the effects of a music education intervention while
assessing reading skills and academic achievement during the school
year. Five schools were chosen randomly to incorporate music classes,
while five served as controls. Two different methods of analysis revealed
mixed results. Positive results were found for the rate of correct real
words read per minute and phonological awareness. There were also
improvements in Portuguese and mathematics throughout the school
year but, overall, the effects were relatively small.

Children with dyslexia have been studied over a number of years.
The core deficit underlying developmental dyslexia has been identified
as difficulties in dynamic and rapidly changing auditory information
processing, which contributes to the development of impaired
phonological representations for words. Overy (2003) argued that the
underlying causes of the language and literacy difficulties experienced
by dyslexic children are linked to deficits in timing, as they exhibit timing
difficulties in language, music, perception and cognition, as well as motor
control. Based on these ideas, Overy and colleagues (2003) designed a
programme which was administered to 15 dyslexic children aged seven
to eleven, and 11 control children, aged seven to ten. The children were
tested on musical aptitude and their scores were compared. The results
showed that the dyslexic group scored higher than the control group on
three tests of pitch skills, but lower than the control group on seven out
of nine tests of timing skills. Particular difficulties were noted on one of
the tests involving rapid temporal processing, in which a subgroup of
five of the dyslexic children was found to account for all of the significant
errors. There was also a correlation between spelling ability and the skill
of tapping out the rhythm of a song, both of which involve the skill
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of syllable segmentation. These results suggest that timing presents a
particular difficulty for dyslexic children and that they may be helped
using targeted interventions.

Since this early research, a range of studies have considered issues
relating to dyslexia. Even short-term rhythm instruction has brought
about positive effects (Habibi et al, 2014). Seven—month-long training
has been shown to lead to an increase in phonological awareness and
reading skills (Flaugnacco et al., 2015). Habibi and colleagues (2016)
tested the efficacy of a specially designed cognitive music training
method which included a series of musical exercises involving (jointly
and simultaneously) the sensory, visual, auditory, somatosensory and
motor systems, with special emphasis on rhythmic perception and
production, in addition to intensive training on various features of
musical audition. Two separate studies were carried out—one in which
children with dyslexia received intensive musical exercises concentrated
over 18 hours during three consecutive days, and the other in which the
18 hours of musical training were spread over six weeks. Both studies
showed significant improvements in several untrained, linguistic and
non-linguistic variables. The first study yielded significant improvement
in categorical perception and the auditory perception of the temporal
components of speech. The second study revealed improvements
in auditory attention, phonological awareness, reading abilities and
repetition of pseudo-words. These benefits persisted for six weeks after
training. Flaugnacco and colleagues (2015) carried out a prospective,
multi-centre, open randomised controlled trial with children with
dyslexia aged eight to eleven, consisting of test, intervention and
re-test. After the intervention, the music group performed better than
the control group in tasks assessing rhythmic abilities, phonological
awareness and reading skills. The findings showed that music training
can modify reading and phonological abilities even when they are
severely impaired.

Thomson (2014) explored the perception of amplitude envelopes in
speech and non-speech, and the necessity of this skill for parsing the
sounds represented as letters in literacy in a group of school children
with dyslexia. A six-week rhythm-based intervention had positive
effects on phonological awareness and literacy equal to those of a control
intervention on phonemic awareness, while Frey and colleagues (2019)
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investigated whether six months of active music training was more
efficient than painting training in improving the pre-attentive processing
of phonological parameters based on durations that are often impaired
in children with developmental dyslexia. Comparisons were made with
a typically developing group of children matched on reading age. The
results showed a normalisation of the pre-attentive processing of voice
onset time in children with developmental dyslexia after music training,
but not after painting training. Working with adults, Boll-Avetisyan and
colleagues (2020) assessed the reading and musical abilities of dyslexics
and age-matched controls, and presented them with a rhythmic
grouping task. They listened to speech streams with syllables alternating
in intensity, duration or neither, and indicated whether they perceived
a strong-weak or weak-strong rhythm pattern. The findings showed
that the adults with dyslexia had lower musical rhythm abilities than
those without dyslexia. Lower musical rthythm ability was associated
with lower reading ability. However, speech grouping by adults with
dyslexia was not impaired when musical rhythm perception ability was
controlled for. Rhythmic grouping was predicted by musical rhythm
perception ability, irrespective of dyslexia. Overall, the results suggested
associations among musical rthythm perception ability, speech rhythm
perception and reading ability in adults with dyslexia. Cogo-Moreira
and colleagues (2012), in a review of research on dyslexia and music,
found no randomised controlled studies and argued that it was therefore
impossible to draw any conclusions.

Are Pitch or Rhythm Programmes More Effective in
Enhancing Literacy?

As researchers have explored the extent to which active engagement
with music may support the development of literacy skills, there has
been ongoing debate about the kind of interventions which may be the
most successful. Most musical programmes include pitch and rhythm
activities, but some research has focused on trying to assess whether
rhythm or melody is more important in supporting literacy skills. One
approach to considering this has been to examine the relative skills of
those with poor musical or literacy skills. For instance, Sun and colleagues
(2017) examined whether phonological impairments were evident in
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individuals with poor musicabilities. Twenty individuals with congenital
amusia and 20 matched controls were assessed on a pure tone-pitch
discrimination task, a rhythm discrimination task, and four phonological
tests. The amusic participants showed deficits in discriminating pitch
and rhythmic patterns that involved a regular beat. As a group, these
individuals performed similarly to controls on all of the phonological
tests but eight. Amusics with severe pitch impairment, as identified by
the pitch discrimination task, exhibited significantly worse performance
than other participants in phonological awareness. A regression analysis
indicated that pitch discrimination thresholds predicted phonological
awareness beyond that predicted by phonological short-term memory
and rhythm discrimination. In contrast, the rhythm discrimination task
did not predict phonological awareness beyond that predicted by pitch
discrimination thresholds, suggesting that accurate pitch discrimination
is critical for phonological processing. Patscheke and colleagues (2019)
also investigated the separate effects of training in rhythm and pitch on
phonological awareness in preschool children aged between four and
six years old. Participants were randomly assigned to either a non-music
training condition, a sports programme or a music training condition
which was either based on rhythm or pitch. All groups were trained
three times a week for twenty minutes per session over a period of 16
weeks. Phonological awareness was tested before and after the training
phase. Following training, only the pitch programme showed a positive
effect on phonological awareness concerning rhyming, blending and
segmenting. Lamb and Gregory (1993) also found that pitch perception
was associated with reading ability in five-year-olds after controlling
for non-verbal ability, while Barwick and colleagues found that pitch
perception was associated with reading ability in seven- to ten-year-
old reading-disabled children after controlling for general intelligence.
Similarly, Besson and colleagues (2007) examined pitch processing in
dyslexic children and found that they had difficulties discriminating
strong pitch changes that were easily discriminated by non-dyslexic
readers. Rautenberg (2013) studied the effects of musical training on
decoding skills in German-speaking primary school children and found
that rhythmical abilities were significantly correlated with decoding
skills, reading accuracy and reading prosody, while tonal skills were not
related to reading skills.
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As the research with children experiencing difficulties with literacy
has shown, programmes with a focus on rhythm have been particularly
effective in enhancing reading skills (Boll-Avetisyan et al., 2020; Fotidzis
et al., 2018; Hallam 2018; Long, 2014; Long and Hallam, 2012; Overy,
2003; Overy et al., 2003). There is a relationship between tests of
auditory-visual rhythmic pattern-matching and reading ability in eight-
and nine-year-olds (Rudnick et al., 1967; Sterrit and Rudnick, 1967),
while rhythmic skills may be a better predictor of reading ability than
pitch-based skills (Douglas and Willatts, 1994; Huss et al., 2011; Strait,
etal., 2011a; 2011b; Swaminathan and Schellenberg, 2020), although not
all of the research supports this.

Cultural factors play a role in how individuals perceive metrical
structure, including beat perception (Tierney and Kraus, 2013b) and
the perception of complex rhythms (Hannon and Trehub, 2005). The
human ability to perceive and entrain to a beat flexibly and accurately
is spontaneous and universal across cultures (Savage et al., 2015; Bégel
et al.,, 2017), although there is individual variability in sensorimotor
synchronisation, including the phenomenon known as beat deafness
(Nozaradan etal., 2016)—an individual’s inability to distinguish musical
rhythm or move in time to it. By nine months of age, the coordination of
rhythm and syllable structure is usually sufficiently supportive for the
infant to segment speech streams into syllables (Morgan and Saffran,
1995). Rhythmic movement may play a role in this process. While
many children naturally move in time to a beat, enculturation plays a
major role in this process (Repp and Su, 2013; Manning and Schutz,
2013). Jones and colleagues (2006) propose the pitch-time entrainment
theory, which argues that timing in the brain can be understood as a
response to regular or irregular rhythmical events. Children display
entertainment—the patterning of body processes and movements to the
rhythm of music—typically by four years of age (Trainor and Cirelli,
2015) but it takes longer to adjust to tempo. This does not usually occur
until seven to eight years of age (Kurgansky and Shupikova, 2011).

Reading ability and phonological awareness are related to a variety
of rhythmic abilities, including reproduction of rhythmic patterns
(Rautenberg, 2015), tempo reproduction (Moritz et al., 2013), tapping
to the beat of music (David et al., 2007), discrimination of stimuli based
on amplitude rise times (Goswami et al., 2011; Leong et al., 2011)
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and temporal patterns (Overy, 2003; Strait et al., 2011). Furthermore,
children who have language-learning impairment tap more variably
to a beat (Corriveau and Goswami, 2009). Musical training improves
verbal ability (Moreno et al., 2011), speech segmentation (Frangois
et al., 2013), sentence processing (Moreno et al., 2009) and syllable
processing (Chobert et al., 2014), while training in beat synchronisation
has been shown to improve reading fluency (Taub and Lazarus,
2012). Overall, it seems that rhythmic training may enhance learning
to read. Neurological evidence revealing a direct link between cortical
and behavioural measures of rhythmic entrainment supports this
(Nozaradan et al., 2016).

Tracking rhythm patterns seems to play a vital role in both music and
speech perception, both of which are important for acquiring reading
skills. Beat induction, where humans can derive a pulse from most music
even when it is not explicit, has been suggested to serve the development
of auditory scene analysis and language (Patel, 2008). In particular, the
supplementary motor area known to be involved in the articulation of
speech and the preparation of movement, is engaged when performing
music, imagining listening to music or imagining performing to
music (Herholz and Zatorre, 2012; Brown et al., 2015). It also plays
an important role in planning music during performance, in terms of
rhythm and melody sequencing (de Manzané and Ullén, 2012). The
link between the basal ganglia and the supplementary motor area along
the dorsal route supports the finding that the ability to synchronise with
a beat is positively correlated with better pre-reading skills, such as the
segmenting of speech streams and better neural encoding of speech and
language (Carr et al., 2014; Tierney and Kraus, 2014; Kraus and Slater,
2016), better subcortical neural timing in adolescents (Tierney and
Kraus, 2013a) as well as better cognitive and linguistic skills (Tierney
and Kraus, 2013b). The integration of sensory and motor information
may provide a mechanism for predicting sequence timing (Large et al.,
2015), such as the processes that ensure smooth flow in a conversation.

Tierney and Kraus (2013c) propose that two theories—the temporal
sampling hypothesis and dynamic attending theory—suggest that
rhythm in music and the envelope of speech may be tracked biologically
through the same mechanism. The temporal sampling hypothesis
proposes a neural mechanism for the tracking of speech amplitude
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over time (Goswami, 2011) suggesting phase-locking of slow neural
oscillations in the delta and theta range. The mechanism selectively
samples low-frequency information in the amplitude envelope which
is crucial for the segmentation of speech sounds. Dynamic attending
theory proposes a similar set of neural oscillators that phase-lock and
resonate to the temporal structure of music, leading to an attentional
focus that changes in relation to the rhythmic structure of a piece of
music (Velasco and Large, 2011). Speech is inherently temporal, with
boundary lengthening and pauses enhancing the experience of language
as a temporal phenomenon (Moberget and Ivry, 2016). The metrical,
intonational and pitch components of grammar are experienced as
prosody (Ferreira and Karimi, 2015).

Some studies have reported the importance of both rhythmic and
pitch perception in the development of reading skills (Atterbury, 1985;
Forgeard et al., 2008). Atterbury (1985) found that reading-disabled
children aged seven to nine could discriminate rhythm patterns as well
as controls, but were poorer in rhythm performance and tonal memory
than normal-achieving readers. Anvari and colleagues (2002) studied
50 four- and 50 five-year-olds and found that both rhythm- and pitch-
perception skills predicted early reading performance in four-year-olds,
even after taking account of variance due to phonological awareness.
In five-year-olds, only pitch perception predicted early reading
performance, after accounting for phonological awareness. Tsang and
Conrad (2011) studied 69 children with and without formal music
training. The trained children out-performed the untrained children
on pitch discrimination, rhythm discrimination and phonological
skills, although the two groups performed the same on tests of word
identification, timbre discrimination and receptive vocabulary. Jones
and colleagues (2006) have shown that pattern structure, particularly
initial patterns of pitch and time, involving small pitch intervals is
important and that listeners rely heavily on global pitch structure and
rhythm for language processing.

There are a range of possible reasons for the differing outcomes of
the research, including the different methods used to assess reading,
the nature of the musical interventions, whether they support the
development of pitch, melodic or rhythmic skills, and the prior musical
and literacy experiences of the participants. Where musical activities
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involve learning to read notation, there may be direct transfer to reading
text. Singing has also been proposed as one possible way in which
musical activity improves literacy, as it involves reading predictable text,
segmenting words into syllables so that lyrics can be matched to music,
or recognising patterns (Butzlaff, 2000; Forgeard et al., 2008). Other
possible explanations for the impact of musical training on reading
performance relate to changes in concentration and motivation that aid
children in focusing for long periods of time, helping them to persevere
(Butzlaff, 2000).

Reviews, Meta-Analyses and Conclusions

There have been a number of reviews of the research considering
the relationship between musical engagement and literacy. Taken
together, they indicate that there are a number of similarities between
learning to read text and music. The auditory analysis skills used in
language processing, phonological distinctions, and the blending and
segmentation of sounds are similar to the skills necessary for music
perception of rhythmic and melodic discrimination. The five sub-skills
underlying reading acquisition—phonological awareness, speech in
noise perception, rhythm perception, auditory working memory and
the ability to learn sound patterns—are linked to music experience.
Temporal attention can be influenced by rhythm, which benefits syntax
processing and speech production. Music and written text both require
the reading of notation from left to right, and the conversion of notation
into specific sounds. The reviews agree that music education can
contribute to literacy development in all children, including those who
find the development of literacy skills challenging (Bolduc, 2008; Bugaj
and Brenner, 2011; Sammler and Elmer, 2020; Schon and Tillman, 2015;
Tierney and Kraus, 2013a).

Rolka and Silverman (2015) carried out a systematic review analysing
research on music and dyslexia. Twenty-three studies were included.
Some focused on the challenges of studying music—in particular,
problems with reading notation—although most explored how music
could be used to improve literacy skills, or to test for neural processing
of auditory information, offering the potential to inform early diagnosis.
The findings from the review revealed that music training was seen as
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a remediation tool to improve literacy skills for children with dyslexia,
although the specific type of music support to achieve predictable
outcomes require further investigation.

Meta-analyses have had mixed results. Butzlaff (2000) carried out two
meta-analyses; the first included 29 studies examining the correlation
between music instruction and reading performance, and the second
six intervention studies. The first demonstrated a significant, positive
relationship between music instruction and performance on reading
tests; the second yielded no reliable effects. In contrast, Standley (2008)
in an analysis of 30 experimental studies found a strong overall effect,
while the meta-analysis of Gordon and colleagues (2015), based on 13
studies, found that music training led to gains in phonological awareness
skills, while transfer effects for rhyming skills became stronger with
increased hours of training. No significant transfer effect emerged for
reading fluency measures.

To conclude, taken together, the evidence set out in this chapter,
along with research reviews and meta-analyses, suggests that active
engagement with music can have a positive effect on children’s literacy.
A variety of musical activities appears to contribute to these benefits,
although the exact nature of those which are most effective remains to
be established. Differences in the outcomes of the research may depend
on its rigour, the age and general life experiences of the participants,
the assessment measures used and their reliability and validity, and the
nature and quality of the musical instruction.

Spelling

There has been much less focus on the impact of active engagement with
music on spelling compared with reading. In an early study, Douglas
and Willatts (1994), working with seven- and eight-year-olds, found
positive correlations among tests of pitch and rhythmic aptitude, and
vocabulary, reading and spelling. When vocabulary scores were taken
into account, the association between rhythm and spelling abilities
remained, but those between pitch aptitude and spelling disappeared,
suggesting the importance of rhythm in relation to spelling. Overy
(2003) found a positive effect of music lessons on spelling performance,
with children with poor spelling skills benefiting the most, while Hille



4. Literacy and Related Language Skills 103

and colleagues (2011) tested 194 boys who were in Grade 3 (aged
eight to nine) in Germany, just over half of whom had learned to play
a musical instrument. The boys who played an instrument showed
better performance in spelling, an effect which occurred independently
of intelligence test scores (there being only a weak correlation between
spelling mistakes and non-verbal measures of intelligence). Examination
of data from those who performed poorly on spelling showed that those
who played an instrument were under-represented. Only 27 percent of
boys in the lowest quartile played an instrument, whereas 61 percent of
boys in the highest quartiles were active musicians. Singing in a choir
or taking part in a course entitled First Experiences With Music was
not associated with spelling performance, suggesting that it was the
skills developed through playing an instrument which had the potential
for transfer. Currently, there is insufficient research on the relationship
between actively engaging in musical activities and spelling skills for us
to draw any firm conclusions.

Writing

As with spelling, little attention has been paid to the influence of active
engagement with music on writing. An exception was a study where
children from economically disadvantaged homes participated in
instruction which focused on the concepts of print, singing activities and
writing. The children in the experimental group showed enhanced print
concepts and pre-writing skills (Standley and Hughes, 1997). Register
and colleagues (2001) replicated the study of Standley and Hughes
(1997), evaluating the effects of a music intervention using a curriculum
designed to enhance the pre-reading and writing skills of 25 children
aged four to five who were enrolled in early intervention programmes
and a programme for children with exceptional needs. Intervention
and control groups received two 30-minute music sessions each week
for an entire school year. The autumn sessions for the experimental
group were focused on writing skills, while the spring sessions taught
reading and book concepts. Music sessions for the control group were
based on thematic material, as determined by the classroom teacher,
with purposeful exclusion of all pre-literacy concepts. All participants
were pre-tested at the beginning of the school year and post-tested
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before the school year ended. The findings showed that music sessions
significantly enhanced both groups’ abilities to learn pre-writing and
print concepts, although the experimental group showed statistically
significantly higher results on logo identification and word recognition
following the intervention.

Some research has focused on whether learning to play a musical
instrument can enhance the development of fine motor skills, which may
contribute towards the development of handwriting. Neuroscientific
studies have shown changes in the cortical representation of fingers
during intensive keyboard practice sessions over periods as short as five
days and as long as two weeks (Pascual-Leone, 2001).

Orsmond and Miller (1999) compared the fine motor abilities
of children who participated in two years of piano instruction and
those who had never received formal music training. A significant
improvement in fine motor skills was found only for the children who
received the piano lessons, and a significant difference in the speed of
response was found between the two groups at the end of the two years
of instruction. The innumerable opportunities to assess, refine and time
their motor responses to specific stimuli during musical practice, and the
availability of constant evaluative feedback (sound) may allow musicians
to improve the accuracy and speed of perceiving and responding to
relevant stimuli. Similarly, Costa-Giomi (2005a) compared the fine
motor abilities of children from low-income families who participated
in two years of piano instruction and those who had not received
formal music training. A significant improvement in fine motor skills
was found for the children receiving the lessons. The children in the
experimental group were supplied with acoustic pianos and practised,
on average, for up to three-and-a-half hours weekly (Costa-Giomi,
2005b). The motor proficiency of the two groups was comparable at the
start of the project (Costa-Giomi, 1999). The findings suggested that the
improvement in motor proficiency was mainly caused by differences
in a speed subtest which required children to react quickly to catch a
rod that was sliding down against a wall. Scores in tasks that measured
hand-eye coordination and dexterity were not affected by the lessons.
Costa-Giomi concluded that music performance requires accurate and
quick motor reaction to visual, aural and kinesthetic stimuli, which
improves accuracy and speed in perceiving and responding to stimuli.
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To conclude, while there is relatively little evidence, it appears that
learning to play a musical instrument contributes to the development of
fine motor skills, which may support the development of handwriting.

Overview

Taken together, the evidence suggests that active engagement with
music can have a positive effect on children’s literacy. The enhancement
of aural skills improves phonological awareness, which supports the
decoding of written material into sound, while rhythmic activities, in
particular, seem to support reading skills—particularly for those who
are experiencing difficulties with literacy. There is too little evidence to
draw any conclusions relating to the role of learning to play a musical
instrument on spelling or handwriting.






5. Music, Spatial Reasoning and
Mathematical Performance

Historically, there has long been interest in the relationship between
acquired musical skills and performance in mathematics. It has
been assumed that there is a strong connection between music and
mathematics, as many musicians play from notation and are constantly
required to adopt quasi-mathematical processes to subdivide beats and
turn rhythmic notation into sound. More recently, there has been interest
in the relationship between music and spatial-temporal reasoning,
which contributes to some areas of mathematical understanding.
Spatial-temporal reasoning is the ability to transform mental images
in the absence of a physical model (Rauscher et al., 1997; Shaw, 2000).
It involves the ability to manipulate and understand complex shapes
through mental imagery, as the individual develops and evaluates
patterns which change in space and time. Cooper (2000) viewed spatial-
temporal reasoning as an abstract model of cognition consisting of several
elements, including pattern-seeking, recognition, retention and recall;
visualising imagery; perceiving figures as wholes; generating a whole
image from a fragment; grasping the whole of a problem; understanding
spatial relationships from multi-perspectives and among internal
movement of parts; maintaining orientation within space; and mentally
manipulating shapes within two- or three-dimensional space. The key
features used in spatial-temporal reasoning include the transforming
and relating of mental images in space and time, the use of symmetries
to compare physical and mental images, and temporal sequencing
(Grandin et al., 1998). These skills are high-level mathematical abilities
which are useful in learning proportional reasoning (Grandin et al.,
1998; Shaw, 2000) and induce advanced understanding of mathematical
concepts such as fractions, proportions, symmetry and other arithmetic
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operations (Tran et al., 2012). Developing spatial-temporal thinking
may also be related to geometrical skills.

Early mathematical skills tend to be one of two types: number
knowledge or number operation (Griffin, 2004). The latter is linked
with the formulation of mental number lines, which enable children
to understand magnitudes, relations between them and arithmetic
operations (Jordan et al., 2008; Gunderson, 2012). Mental number
lines are linked with spatial-temporal reasoning. The development of a
mental number line is fundamental for mathematical understanding and
facilitates performance, especially in arithmetic (Ramani and Siegler,
2008; Booth and Siegler, 2008; Van Nes and Doorman, 2011; Gunderson
etal., 2012). Spatial skills have also been linked with spatial structuring,
which is important in determining quantities, as well as comparing and
calculating them (Butterworth, 1999; Mulligan and Mitchelmore, 2009).
Undertaking such tasks early in development occurs unitarily. This
takes time and can also lead to errors. Most children gradually learn to
organise objects in ways that enable them to count more accurately and
efficiently. This helps them to understand the decimal system. Spatial
awareness contributes to the development of patterning, while the
temporal element might be used in structuring and strategy choice.

Explanations for the relationship between music and spatial-temporal
reasoning have been sought in neuroscience. Two main approaches
have developed. The first concerns connectivity, and proposes that the
processing of music and spatial tasks is underpinned by overlap in brain
functions (Fiske, 1996). In contrast, near-transfer theory suggests that
music and spatial-temporal reasoning share some processes, and the
development of one leads to the development of the other (Rauscher,
2009; Schellenberg, 2004 ). Explanations for the links between music and
spatial-temporal reasoning relate to connectionism—the development
of neural connections (Sporns, 2011)—and modular theory, which
is related to near-transfer (Jordan-DeCarbo and Nelson, 2002). The
connectivity proposal has been supported by Shaw (2000), who
suggested that musical and spatial processing overlap in the brain and,
as a result of these cortical connections, the development of certain kinds
of musical and spatial abilities (especially spatial-temporal abilities) is
intertwined. Near-transfer suggests that several kinds of thinking are
required in order to learn and make music. Both are multi-dimensional
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processes. A range of spatial skills might be improved because of the
practice required in making music (Jordan-DeCarbo and Nelson, 2002).

Particular interest in the relationship between music and spatial
reasoning skills developed following a study by Rauscher and colleagues
(1993), who claimed that after listening to Mozart’s ‘Sonata for Two
Pianos (K448)’ for ten minutes, adult participants showed significantly
better spatial reasoning skills than after periods of listening to relaxation
instructions designed to lower blood pressure, or listening to silence.
The mean spatial reasoning scores were eight and nine points higher
after listening to the music than in the other two conditions. However,
the effect only lasted for ten to fifteen minutes. Early attempts to replicate
the phenomenon were unsuccessful (Chabris, 1999; Steele et al., 1999).
Using a logical rather than spatial reasoning task, Newman and
colleagues (1995) tested 114 students before and after listening to either
eight minutes of Mozart’s music, relaxation instructions or silence, and
found that all participants showed a practice effect with no particular
enhancement in the music group. Similarly, Rideout and Laubach (1996)
tested four female and four male undergraduates on two equivalent
spatial tests, following either the presentation of Mozart’s ‘Sonata for Two
Pianos in D Major” or a non-musical activity. EEG was recorded during,
at baseline and at two task performance periods. Correlations were
generated between task performance and EEG variables. Performance
improved significantly following the presentation of the music. In a
later study, Rideout and colleagues (1998) studied 16 participants who
showed reliable improvement on a paper-folding and cutting task after
listening to Mozart’s ‘Sonata for Two Pianos in D Major’. The enhanced
performance was also noted for 16 other participants after listening to a
contemporary musical selection with similar musical characteristics. In
both cases, the control procedure included ten minutes of listening to a
relaxation tape. Similarly, Wilson and Brown (1997) examined the effect
of Mozart’s music on 22 college undergraduates who had listened to a
selection of Mozart’s music. Each participant performed a pencil and
paper maze task after a ten-minute presentation of each of three listening
conditions: a piano concerto by Mozart, repetitive relaxation music and
silence. Limited support for the previously obtained enhancing effect of
listening to Mozart’s music was revealed in measures of performance
accuracy on this spatial task, whereas no effect was found for either the
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number of maze recursions or the overall quality of maze solutions.
Hetland (2000b) carried out two meta-analyses and found that music
significantly enhanced performance on a variety of spatial tasks, but that
music other than Mozart also enhanced spatial-temporal performance
over a short period of time.

Some research has explored the so-called Mozart effect on children.
For instance, as part of the BBC programme Tomorrow’s World, a
replication of Rauscher’s study was undertaken with over 6,000 ten- and
eleven-year-old children (Hallam, 2001). They were tested after they
listened simultaneously to either contemporary pop music by Blur or
Oasis, the same piece of music by Mozart that was used in Raucher’s
study, or a talk given about experiments. After being assigned at
random to one of the three listening experiences, each child completed
two tests of spatial abilities. No statistically significant differences were
found between the performance of the three groups on the two tests of
spatial reasoning. A reanalysis of the data using a different statistical
approach by Schellenberg and Hallam (2006) showed that performance
on one of the tests—square completion—did not differ as a function of
the listening experience, but performance on the paper-folding test was
superior for children who listened to the popular music compared to the
other two groups. This was interpreted in terms of the arousing effects
of the popular music, which the children also enjoyed, leading to an
increase in their motivation.

This mixed, although mainly negative, evidence relating to the
Mozart effect led to research focusing on the role of music when it was
played alongside the completion of a range of different intellectual
tasks. The impact of background music is considered in more depth in
Chapter 11.

Comparisons between Musicians and Non-Musicians,
and Correlation Studies

One strand of research has compared the performance of musicians
with non-musicians on spatial-temporal reasoning tasks, while a
further strand has compared performance on mathematical tasks.
Neuroscientific research into brain structures has confirmed that the
areas of the brain where spatial reasoning occurs are more pronounced in
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adult musicians, and that the processing of music and spatial-temporal
tasks activates similar neural structures. Sluming and colleagues (2002)
found that musicians achieved better results than controls on a line
orientation test and were better in finding the middle of a line (Patston
etal., 2006). Skills used in these two tasks may be related to the ability to
manipulate the mental number line. Taking account of the importance of
the concept of mental number line for the development of mathematical
thinking, it is possible that active engagement with music enhances this
process (Siegler and Booth, 2005; Ramani and Siegler, 2008).

There is considerable evidence from research with professional
musicians or those training to become professional musicians that they
have better spatial-temporal reasoning abilities than non-musicians,
including mental rotation. Pietsch and Jansen (2012) compared students
of music, sports and education, and demonstrated better performance
on mental rotation tasks among the first two groups, while Sluming
and colleagues (2007) found that members of orchestras outperformed
controls in mental rotation tasks. They suggested that this was linked
with more pronounced development of Broca’s area in the brains of the
musicians, while Mark (2002) showed that the areas of the brain which
are activated whilst performing music and spatial-temporal tasks are
proximate.

Musicians are better at a range of visuospatial search tasks. Patston
and Tippett (2011) administered a language comprehension task and
a visuospatial search task to 36 expert musicians and 36 matched non-
musicians in conditions of silence and correct or incorrect piano music
playing in the background. Musicians performed more poorly on the
language comprehension task in the presence of the background music
compared to silence, but there was no effect of background music on
the musicians’ performance on the visuospatial task. In contrast, the
performance of non-musicians was not affected by the music on either
task. This suggests that, when musicians process music, they recruit a
network that overlaps with the network used in language processing.
Musicians have better reaction times to selective and divided visual
attention tasks (Rodrigues et al., 2013). They are better at matching
a set of coloured blocks to a visual image (Stoesz et al., 2007), have
better memory for line drawings (Jakobson et al., 2008), and are more
accurate when asked to mark the centre of a horizontal line (Patston
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et al., 2006) and when asked to judge the orientation of a line (Patston
et al., 2007). These findings might be particularly important in linking
music with mathematics, as the ability to visualise a horizontal line and
localise a middle and proportional distance on it is closely related to the
notion of the mental line used for a variety of mathematical operations
(Gunderson et al., 2012). However, Helmbold and colleagues (2005)
compared 70 adult musicians and 70 non-musicians matched for age,
sex and level of education on their performance on different aspects of
primary mental abilities including verbal comprehension, word fluency,
space, flexibility of closure, perceptual speed, reasoning, number and
memory—they found no significant differences except for flexibility of
closure and perceptual speed, where the musicians performed reliably
better than non-musicians.

Pannenborg and Pannenborg (1915) compared individuals with
varying degrees of musical talent and found only a slightly higher
level of mathematical ability in those with high levels of musical
ability. In contrast, Haecker and Ziehen (1922) administered a self-
report questionnaire via the internet to 227 musical and 72 unmusical
male participants, who were doctoral-level members of the American
Mathematical Association or the Modern Language Association. The
questionnaire assessed musicality, music perception, music memory and
musicianship, music performance and music creation. The mathematics
group did not exhibit higher levels of either musicality or musicianship.
The mathematicians reporting high-level music performance ability
did not report significantly greater musicality than did the literature or
language scholars. Similarly, Haimson and colleagues (2011a; 2011b)
recruited participants from the online membership of the American
Mathematical Society and the Modern Language Association and
presented them with a questionnaire assessing skills in musicality and
musicianship. Members of both groups reported relatively low levels
of musicality with no statistically significant differences between them.
Revesz (1954) also found that reported levels of interest or aptitude for
mathematics in musicians were low.

Vaughn (2000) meta-analysed studies comparing mathematics
achievement in students with and without self-selected music study, and
only reported a very small positive association between mathematics
and musical engagement. Working with fourth-grade children, Haley
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(2001) investigated the effects of participating in an instrumental music
programme, band or orchestra on their academic achievement. The
children were placed into three groups. The first consisted of children
who had studied an instrument prior to the introduction of band
and orchestra in fourth grade, the second consisted of children just
beginning to study an instrument and the third consisted of children
with no experience of instrumental instruction. The findings showed
that students who had studied an instrument prior to fourth grade had
higher scores in mathematics achievement than did students in the
other groups.

Comparing performance in reading and mathematics in two schools
with different levels of music education, one with an outstanding
music programme and the other with no music programme, Deere
(2010) carried out a survey. Students experiencing high-quality music
education had higher Tennessee Comprehensive Assessment Program
(TCAP) reading and mathematics scores in the fourth grade. There was
also a high correlation between music education and TCAP scores in
reading and mathematics. In the eighth grade, where musical education
was of high quality, students also reported higher TCAP reading and
mathematics scores.

In a study with young children, Williams and colleagues (2015)
investigated parent-child home music activities in a sample of 3031
Australian children participating in Growing Up in Australia: The
Longitudinal Study of Australian Children. Frequency of shared home music
activities was reported by parents when children were two to three years
old. A range of social, emotional and cognitive outcomes were assessed
by parent and teacher report and direct testing two years later, when
the children were four to five years old. A series of regression analyses
found that frequency of shared home music activities had a small
significant partial association with measures of children’s numeracy.
The findings suggested that there may be a role for parent-child home
music activities in supporting children’s mathematical development.

Catterall and colleagues (2000), using the NELS:88 data, studied
low socioeconomic status students who exhibited high mathematics
proficiency in twelfth grade and found that 33 percent were involved
in instrumental music compared with 15 percent who were not
involved. Miksza (2010) extended this research, examining the potential
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relationship between participation in high-school music ensembles
and extra musical educational outcomes, including achievement in
mathematics, using data from the Education Longitudinal Study of
2002. The sample of 12,160 students was representative of white and
minority high-school students from 603 rural, suburban and urban
schools across the United States. The students who belonged to school
music ensembles had higher scores in standardised mathematics tests.
The study controlled for socioeconomic status but not mathematical
performance prior to any music training. Similarly, Bergee and
Weingarten (2020) used multi-level mixed modelling to test the
extent to which students’” music achievement scores were related to
their reading and mathematics achievement scores. Of the four levels
examined—individual students, classrooms, schools and districts—
only individuals and districts accounted for a significant portion of the
total variance in achievement scores. There was a strong relationship
between music scores and reading/mathematics achievement. In
higher education, Barroso and colleagues (2019) aimed to identify the
cognitive and affective factors related to mathematics and music theory
that best explained undergraduate music theory achievement. The
findings suggested that mathematic scores and music theory confidence
were important predictors of grades in undergraduate music theory
examinations.

Musical Interventions and Spatial-Temporal Reasoning

While the research comparing musicians and non-musicians, and that
showing relationships between music, spatial-temporal reasoning
and mathematics is important, it is not able to demonstrate causality.
To demonstrate causality, it is necessary to carry out experimental
intervention studies where the impact of musical engagement is
compared with the impact of other activities or no activity. Rhythm
may be particularly important, as infants engage in significantly more
rhythmic movement to music and other rhythmically regular sounds
than to speech, and also to some extent exhibit tempo flexibility (Zentner
and Eerola, 2010).

General music instruction—including singing, movement and
playing percussion instruments—has been shown to assist four- to
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six-year-old children in the development of spatial ability (Bilhartz et
al., 1999). Zafranas (2004) studied 61 kindergarten children who
received two piano or keyboard lessons weekly during one school
year. Following piano or keyboard instruction, participants improved
significantly in hand movement, gestalt closure, triangles, spatial
memory and arithmetic, but not in matrix analogies. Similarly, Gromko
and Poorman (1998) investigated the effect of music training on 15
preschoolers’ performance on subtests of the Wechsler Preschool and
Primary Intelligence Scale. For the three-year-olds in the study, this
musically intellectually stimulating environment resulted in an increase
in the ability to perform spatial-temporal tasks.

Rauscher and colleagues (1997) assigned 78 students from three
preschools to music, computer or no instruction groups. The instruction
groups received training in one of the following: piano or keyboard
(either individually or coupled with group singing lessons), group
singing lessons only or computer instruction. The children were pre- and
post-tested using one spatial-temporal reasoning task, object assembly,
and three spatial recognition tasks (geometric design, block design
and animal pegs). There were no differences between groups in pre-
test scores, but after instruction the children in the piano group scored
significantly higher on the spatial reasoning task compared to children
in the other conditions. There were no differences amongst the groups
on the spatial recognition tasks. The computer group, singing and
no-instruction groups did not improve significantly over time on any of
the tests. Later studies (Rauscher, 2002; Rauscher and Zupan, 2000)—
which were undertaken over three years with upper-middle-income
children who were provided with eight months of weekly 40-minute
keyboard instruction in groups of eight to ten beginning in either
kindergarten, aged five, or first grade, aged six—scored higher on two
spatial-temporal tasks, puzzle-solving and block-building compared to
children who did not receive music instruction. No enhancement was
found for a pictorial memory task. However, these effects were not
maintained when music instruction was terminated, although when
lessons resumed in second grade the same children’s scores increased
again, surpassing the levels that they had reached before the lessons
were terminated. The children who received instruction over a period
of three years scored higher on the spatial-temporal tasks compared
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to children who had not received instruction. While the scores of the
keyboard group improved every year, although not significantly, after
kindergarten the scores of children who began instruction in the second
grade did not improve, suggesting that it was important that the training
began early. Rauscher and La Mieux (2003) also reported that children
who received keyboard lessons, singing training or rhythmic instruction
scored higher than controls on spatial reasoning tasks. Further studies
examined the effects of musical instruction on spatial-temporal
reasoning in middle-income elementary-school children (Rauscher and
Hinton, 2011). Two groups—a music group and an animated reading
group—received 40 minutes of lessons in groups of eight to ten for nine
months. At the end of the study, the children who received the keyboard
lessons scored significantly higher on spatial-temporal reasoning tasks
than those who received the animated reading lessons, although the
improvement for the keyboard group was only for the girls.

Working with elementary-school students, Johnson and Davis (2016)
investigated the effects of a programme combining musical ensembles
in residence with regular classroom music instruction on students’
auditory discrimination and spatial intelligence. In combination with
regular, sequential general music classes, participants in the programme
received two half-hour lessons each week from musical ensembles in
residence, lasting for four consecutive years. The chamber ensembles
provided aural models for reinforcing fundamental concepts. Data
were collected from a stratified, random sample of students in grades
two and four to five receiving the experimental programme, and from
demographically similar comparison schools which did not receive
any regular music instruction. A total of 684 elementary students
participated in the study. Children participating in the programme
with the chamber music ensembles showed consistent and statistically
significantly greater scores in both auditory discrimination and spatial
intelligence measures.

Holmes and Hallam (2017) examined the potential of active music-
making to improve mathematics achievement in primary-school pupils.
In a quasi-experimental design, 60 children aged five or six participated
in the music programme, while the same number of pupils from parallel
classes made up two control groups. Lessons contained a variety of
musical, predominantly rhythmical activities, based on popular nursery
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rhymes. Spatial-temporal skills were tested at the beginning and the
end of the study. Throughout the intervention, pupils were assessed
on musical skills, as well as general and specific mathematical skills.
A strong relationship between musical and spatial-temporal skills
was found in both age groups. The younger group scored higher than
their peers on a picture test and a puzzle test. The results for the older
children were also higher for the music group in both spatial-temporal
tests. Some enhancement in mathematics in the intervention group
was found, although there was no significant contribution of spatial-
temporal abilities to general mathematics achievement.

One strand of research has focused on preschool children from
deprived backgrounds participating in Head Start programmes
(Rauscher, 2003, Rauscher et al., 2005). In the first study, 87 Head
Start children were randomly assigned to one of three groups—piano,
computer or no instruction—for 48 weeks over two years. At the
end of the intervention, the children who received music instruction
scored significantly higher than control groups on visual and auditory
tasks that required spatial and temporal skills. Performance on an
arithmetic task also improved following music instruction. A second
study focused on whether different types of music instruction had
different effects. Over 100 Head Start children of mixed ethnicity were
assigned randomly to one of four conditions: piano, singing, rhythm
or no instruction. All of the children in the music groups received
weekly individual instruction for a period of 48 weeks over two years.
The data from the three music groups replicated the data from the first
study. The children in the music groups scored significantly higher at
post-test on tasks requiring spatial and temporal skills. The rhythm
group scored significantly higher than the piano and singing groups
on temporal and arithmetic tasks. A third study was conducted to
determine whether the effects endured after instruction stopped. The
scores of the Head Start children who received lessons in the first and
second studies were compared with three groups of grade-matched
children participating in Head Start who did not receive music
instruction, at-risk children not involved in Head Start, and middle-
income children who did not receive music instruction. The children
who had received music instruction in the first study continued to
score higher than all of the other groups of children, with the exception
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of the age-matched middle-income children, on three of the four tests
two years after instruction had ended. The data from the children who
participated in the second study when they progressed to kindergarten
showed that the singing, piano and rhythm groups scored higher than
the Head Start and at-risk children on five of the tests. In addition, the
rhythm group scored higher than the singing and piano groups on an
arithmetic subtest, and scored significantly higher than the middle-
income children on the temporal, arithmetic, mathematical reasoning
and numeracy tasks. These findings suggest that rhythm instruction
has the strongest impact on a range of mathematically related tasks.
Rauscher and Hinton (2011) summarised the results from several
of these studies and showed that music groups had higher scores
on arithmetic and spatial abilities following musical interventions,
although they were equivalent initially (Rauscher, 2014).

Several research projects have been undertaken within the context
of the El Sistema approach to musical engagement, a structured
extracurricular orchestral programme. For instance, Osborne and
colleagues (2015) studied pupils from a low-income neighbourhood
participating in El Sistema and showed that they had greater improvement
in spatial reasoning, verbal and mathematical skills than comparison
groups. Further evidence for music being responsible for enhanced
spatial reasoning in at-risk children comes from an Israeli study, in
which a two-year music training intervention of two to three hours per
week was introduced in some after-school centres for at-risk children,
but not in other centres (Portowitz et al., 2007). Children participating
in the intervention showed larger improvements in remembering and
reproducing a complex line drawing.

The most effective music interventions for enhancing spatial
temporal reasoning in all children seem to be based on rhythm
(Hetland, 2000a; Holmes, 2017; Holmes and Hallam, 2017; Rauscher
and Le Mieux, 2003). Children in the early years of primary school
seem to benefit the most from such interventions (Costa-Giomi, 2004;
2013; Graziano et al., 1999; Holmes, 2017; Holmes and Hallam, 2017;
Rauscher, 2002, Rauscher and La Mieux, 2003; Rauscher and Zupan,
2000; Schellenberg, 2004). The optimal length of interventions that is
required for there to be a sustainable impact has not been conclusively
established. Rauscher and Zupan (2002) showed improvement in
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spatial-temporal skills which continued throughout a four-year
programme, whilst Rauscher (2000) suggested that there was a need
for programmes to last for at least two years to achieve lasting change.
The underpinnings of such accelerated progression in disadvantaged
and other pupils are not yet clear, and these enhancements might
be mediated by the development of general cognitive abilities. It is
also possible that these programmes raise participants’ motivation,
self-efficacy, and perseverance. Overall, the majority of studies have
shown that spatial-temporal skills can be improved by musical
training. Interestingly, when other related cognitive abilities have
been assessed—for instance, pictorial memory (Rauscher and Zupan,
2000), spatial recognition (Rauscher 1994; 1997), and number recall
(Rauscher and La Mieux, 2003)—there has been no significant
improvement related to musical engagement.

Not all of the research has shown an impact of music on spatial
reasoning. For instance, Hanson (2003) investigated the effects of a
sequenced Kodaly literacy-based music programme on the spatial
reasoning skills of kindergarten students. Fifty-four kindergarten
children participated. One group of children received Kodaly music
instruction, a second group computer instruction and a third group no
intervention. The programme lasted for seven months. Spatial-temporal
reasoning, spatial reasoning and a nonspatial measure were assessed.
The analysis revealed no statistically significant differences in pre-, post-
or gain scores for any of the measures.

The Relationships between Spatial Skills
and Mathematics

Children engage with arithmetic long before they experience formal
mathematics education. Some number processing is present prior to the
development of language. Preschool children understand estimation
and comparison of quantities often before they can count or use number
terminology. They have a sense of ordinality (Kaufmann, 2008) and use
and develop strategies and procedures in solving problems (Bisanz et
al., 2005). Very young children can discriminate between small groups of
items containing different numbers of objects. Understanding increasing
quantity by adding objects and decreasing quantity by removing them
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depends on observing ordinal relations among numbers (Bisanz et
al., 2005). This skill is related to addition and develops earlier than
subtraction. Children gradually develop greater accuracy until they can
provide exact solutions to arithmetic problems. This is usually achieved
by four to five years old. They also begin to develop rules and concepts
that inform and constrain their growing ability to manipulate numbers
(Bisanz et al., 2005). Krajewski and Schneider (2009) developed a three-
phase model of this process: basic numeric skills, quantity number
concepts and number relationships. At the third level, visual-spatial
skills play a vital role, while non-verbal representations of magnitudes
are essential for problem-solving (Rasmussen and Bisanz, 2005). This
model supports a strong relationship between spatial skills (Cheng and
Mix, 2014), the visual-spatial components of working memory and the
development of mathematical abilities.

Alternatively, Spelke (2008) proposes a broader model which
outlines three main systems which support young children’s
mathematical learning: a system for representing small exact numbers
of objects, up to three; a system for representing large approximate
numerical magnitudes—for example, about 20—and a system for
representing geometric properties and relationships. Each system is
malleable and relatively independent in young children, but as basic
concepts and mathematical operations develop, children learn to
connect the three systems. Linking representations of numbers with
representations of space helps in creating mental number lines, which
are central to understanding relationships between numbers and
calculations.

Spatial structuring is essential for many mathematical activities
of a numerical or geometrical nature. Van Nes and de Lange (2007)
propose that the ability to imagine a spatial structure relates to a specific
magnitude, and to mentally manipulate it helps in understanding
quantities and the process of counting and also speeds up that
process. Van Nes and Dorman (2011) describe the mathematical skills
which rely on spatial structures as composing and decomposing of
quantities; counting and grouping; part-whole knowledge in addition,
multiplication and division; comparing a number of objects; patterning;
building a construction of blocks; ordering, generalising and classifying;
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and more sophisticated mathematical operations; for instance, algebra,
proving, predicting, and mental rotation of structures.

Booth and Siegler (2008) examined whether the quality of numerical
magnitude representations of first-grade children with a mean age of
7.2 years was correlated with, predictive of and causally related to their
learning of arithmetic. The children’s pre-test numerical magnitude
representations were correlated with their pre-test arithmetic knowledge,
and were predictive of their learning of answers to unfamiliar arithmetic
problems. The relation to learning to solve unfamiliar problems
remained after controlling for prior arithmetic knowledge, short-term
memory for numbers and mathematics achievement test scores. In
addition, presenting randomly chosen children with accurate visual
representations of the magnitudes of addends and sums improved
their learning of the answers to problems. Representations of numerical
magnitude are both correlationally and causally related to arithmetic
learning. These abilities are engaged not only in geometry, but also in
number sense, comparing and calculating quantities, and effectively
using strategies to solve problems.

Similarly, Gunderson and colleagues (2012), using two longitudinal
data sets, found that children’s spatial skills and mental transformation
ability, at the beginning of first and second grades, were a predictor
of improvement in linear number-line knowledge over the course of
the school year. Spatial skill at age five predicted performance on an
approximate symbolic calculation task at age eight. This relationship
was mediated by children’s linear number-line knowledge at age six.
Similarly, working with 760 preadolescent college students and high-
and low-ability college bound youths, Casey and colleagues (1995)
found that spatial skill (as measured by the Vandenberg Mental
Rotation Test) was highly related to success in mathematics. For all of
the female samples, mental rotation predicted mathematics aptitude
even when verbal aptitude scores were entered into the regression first.
For the male samples, the relationship varied as a function of the ability
of the sample. Overall, spatial skills are widely used in many levels of
mathematical thinking and their development is considered a strong
predictor of achievement in mathematics at primary school and other
stages of education.
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The Relationships between Music, Spatial Skills
and Mathematics

Another strand of research has studied the relationships between music,
spatial skills and mathematics. Understanding ratio enables children to
calculate fractions, divisions and proportions, while pattern recognition
is used in spatial-temporal tasks and in a broad variety of mathematical
tasks. Schlaug and colleagues (2005) suggested a link between these
skills and using rhythmic notation, while Gordon (1993) saw the
link as being through the processing of structures of sound. Geist
and colleagues (2012) argue that music is children’s first patterning
experience and helps engage them in mathematics even though they do
not recognise this.

Research has provided evidence for the relationships between music,
spatial-temporal reasoning and mathematics. For instance, McDonel
(2015) found strong correlations between musical aptitude, rhythm
achievement and scores in numeracy tests. However, the sample size
was very small, so the findings have to be interpreted cautiously. Spelke
(2008) compared performance in tasks measuring performance on the
three main systems supporting young children’s mathematical learning:
representing small exact numbers of objects, large approximate
numerical magnitudes, and representing geometric properties and
relationships in students aged five to seventeen with no music training,
with sports training, with training in other art forms and with music
training which was considered on three levels of intensity: moderate,
intense and highly intense. The first experiment, with children who
had low levels of music training, did not show that such instruction
enhanced any core mathematical skills. The second experiment included
students with mixed levels of music training. Here, the children with
intense music instruction outperformed the others in all tests related
to spatial awareness. In the third experiment, students with extensive
music training achieved higher scores in tests of sensitivity to geometry,
including a task which assessed children’s ability to relate numerical and
spatial magnitudes, and involved operations on a mental number line.
Researching these relationships is complex, because musical training
may be associated with some aspects of mathematics but not others. For
instance, Bahna-James (1991) found that high-school students” music
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theory grades correlated with their grades in algebra, geometry and pre-
calculus, but not with grades on an advanced mathematics course on
logic. Similarly, Bahr and Christensen (2000) reported that performance
on a mathematics test and a musicianship rating scale correlated in
areas where music and mathematics shared structural overlap in pattern
recognition and symbol usage, but not for other areas of mathematics,
where there was no overlap. However, not all of the research supports
this. For instance, Helmbold and colleagues (2005) failed to demonstrate
any advantage for musicians in pattern recognition.

Holmes and Hallam (2017), working with primary-school children
showed correlations between music and only some, rather than all,
mathematical skills related to spatial reasoning, while changes in
mathematical skills reliant on memory were much smaller. This finding
suggests that the development of spatial skills may act as a moderator
between rhythmic instruction and attainment in mathematics.
There were correlations between spatial reasoning scores and music
performance. These were high for a picture test and a puzzle test score.
Correlations between music score, the two puzzle tests and various
mathematical performances showed strong correlations with some but
not all mathematical tests. The strongest correlations were with two-
and three-dimensional shapes. There were lower or no correlations with
addition, subtraction, counting and number recognition.

Cranmore and Tunks (2015) adopted a qualitative approach asking
24 high school students to share their direct experiences with music and
mathematics, as well as their perceptions of how the two fields were
related. Participants were divided into four groups based on school
music participation and level of achievement in mathematics. Most
of the students saw mathematics as a foundation for musical ability,
suggesting a different direction to most previous studies. Rhythm was
perceived to have the most connections with mathematics.

Musical Engagement and Mathematical Performance

Some studies have concentrated on the impact that learning music might
have on the development of specific cognitive skills which are considered
useful in acquiring mathematical understanding; for instance, notions
of proportions, fractions and patterns. Gardiner and colleagues (1996)
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showed that children participating in an arts programme—which
included seven months of supplementary music lessons with a lower
score on mathematics at baseline—outperformed controls in terms of
mathematics achievement. Those participating for the longest period of
time had the highest scores overall. As all of the groups participated
in music and other arts, it was not possible to conclude that it was the
music element that produced the effect.

Whitehead (2001) examined the effect of Orff Schulwerk music
instruction on the mathematical scores of middle- and high-school
students. Subjects were randomly placed into three groups: a full
treatment group which received music instruction for 50 minutes five
times each week, a limited treatment group which received 50 minutes
of instruction once a week and a no treatment group which received
no music instruction. After 20 weeks, the full treatment group showed
higher significant gains in mathematics than the other two groups. The
limited treatment group showed limited mathematics improvement and
the no treatment group showed the lowest gain.

Ribeiro and Santos (2017) aimed to verify the efficacy of non-
instrumental musical training on numerical cognition in children with
low achievement in mathematics. Using cluster analysis, they examined
whether children with low scores on numerical cognition would be
grouped in the same cluster pre- and post-musical training. Primary-
school children were divided into two groups according to their scores
on an arithmetic test. Testing with a battery of numerical cognition
tests revealed improvements for the children with low achievement in
mathematics, especially for number production capacity, compared to
normative data. The number of children with low scores in numerical
cognition decreased after the intervention.

Neville and colleagues (2008) examined the differences in results
between four groups of preschoolers who received music training;
attention training; no training and general teaching delivered in a small
group; and no training and general teaching in a large class. Music
instruction was delivered daily and included listening to music, making
music, moving to music and singing. The intervention lasted for eight
weeks. A statistically significant change was recorded in numeracy and
visual cognition for the music group and the attention group. Children
from the music group performed especially well in verbal counting and
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estimating magnitudes. Similarly, Geoghegan and Mitchelmore (1996)
investigated the impact of a weekly early-childhood music programme
on the mathematics achievement of preschool children aged four to five.
The group of children involved in musical activities scored higher on a
mathematics achievement test than the control group, although home
musical background may have been a confounding factor. The children
who listened more frequently to adults singing and to their own music
collection at home performed better than other children.

Cheek and Smith (1999) examined whether the type of music training
was related to the mathematics achievement levels of eighth-grade
students. Data were collected from the lowa Academic Achievement Tests
of Basic Skills and through a survey on participants’ music background,
including type of musical instrument, number of years of school music
lessons, number of years of private lessons and demographics. No
significant difference was found between the mathematics scores of
students who did and did not receive private music lessons. However,
students with two or more years of private lessons had a significantly
higher mean mathematics score than students with no private lessons.
Furthermore, students who had keyboard lessons had significantly
higher mathematics scores than students who had music lessons on
other instruments.

In an innovative study, Kvet (1985) investigated whether significant
differences existed in sixth-grade reading, language and mathematics
achievementbetween students who were excused from regular classroom
activities for the study of instrumental music and students not studying
instrumental music. Over 2000 sixth-grade students participated.
The analyses showed that there was no significant difference in sixth-
grade reading, language and mathematics achievement between those
who were excused from regular classroom activities for the study of
instrumental music and those not studying instrumental music.

Focusing on emotions related to mathematics as well as achievement,
An and colleagues (2014) studied 56 third-grade elementary students
in a pre-post-test control group design, which was utilised to examine
changes between two groups of participating students in mathematics
achievement and dispositions, including beliefs about success, attitude,
confidence, motivation and usefulness. The students in the music group
received music-mathematics integrated lessons, while the students
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in the control group received traditional lecture- and textbook-based
mathematics instruction. Analysis of the results demonstrated that,
despite statistically equivalent pre-test scores prior to the intervention,
after the intervention the music group students had statistically
significantly higher positive mathematics disposition scores than their
non-music-group peers. This suggests that there are advantages for
teachers in utilising music-themed activities as a context for offering
students the opportunity to learn mathematics in a challenging yet
enjoyable learning environment.

While the evidence for the impact of musical activity on mathematics
performance is mixed, some authors have proposed that there may be
a link between the use of fractions and proportions in rhythm, and
point out that the processing of these requires mathematic specific
skills (Shaw, 2000; Schlaug et al., 2005; Jones, 2011). For instance,
Courey and colleagues (2012) examined the effects of an academic
music intervention on conceptual understanding of music notation,
fraction symbols, fraction size and equivalency in third-graders from
a multicultural, mixed socioeconomic public-school setting. Sixty-
seven students were assigned in their class to their general education
mathematics programme or to academic music instruction for 45
minutes, twice a week for six weeks. The academic music students
used their conceptual understanding of music and fraction concepts
to inform their solutions to fraction computation problems. Statistical
analysis revealed significant differences between experimental and
comparison students’ music and fraction concepts, and fraction
computation following the intervention, with large effect sizes. Students
who began instruction with less fraction knowledge responded well to
the intervention and produced post-test scores similar to their higher
achieving peers. Similarly, Azaryahu and colleagues (2019) examined
the effect of two integrated intervention programs representing holistic
versus acoustic approaches to teaching fraction knowledge. Three
classes of fourth-grade children attended 12 lessons on fractions. One
class attended the MusiMath holistic programme focusing on rhythm
within the melody, while the second class attended the academic music
acoustic programme (Courey et al., 2012) which used rhythm only. The
third class of children received regular mathematical lessons on fractions.
Students in both music programmes learned to write musical notation
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and perform rhythmic patterns through clapping and drumming as part
of their fraction lessons. They worked toward adding musical notes to
produce a number fraction, and created addition-subtraction problems
with musical notes. The music programme used a 4/4 time signature
with crotchets, quavers and semiquavers. In the mathematics lessons,
the students learned the analogy between musical durations and half,
quarter and eighth fractions, but also practised other fractions. Music
and mathematics skills were assessed before, immediately following,
and three and six months after the intervention. The analysis indicated
that only the MusiMath group showed greater transfer to intervention
trained and untrained fractions than the comparison group. The
academic music group showed a positive trend on trained fractions.
Despite this, both music groups outperformed the comparison group
three and six months after the intervention on the trained fractions. Only
the MusiMath group demonstrated greater gains in untrained fractions.
Similarly, Hamilton and colleagues (2018) describe a pilot study which
aimed to determine whether understanding in mathematics, and
specifically, fractions, equivalence, ordinance and division improved
when music and musical rhythm were used in lessons. The preliminary
data suggested that students responded positively to this novel method
of teaching in terms of engagement but also test performance.

Focusing on piano keyboard skills, Johnson and Edelson (2003)
developed an activity for teaching children aspects of mathematics
through musical concepts, including the use of musical instruments
and musical symbols, to expand the concepts of serial order, fractions,
sorting, classification and ratios. They concluded that music had
the potential to assist in developing mathematical skills. Also using
piano keyboard lessons but combined with a video game, Graziano
and colleagues (1999) demonstrated that preschool children given six
months of piano keyboard lessons improved dramatically on spatial-
temporal reasoning, while children in appropriate control groups did
not improve. The researchers also developed a Spatial maths video game
which was designed to teach fractions and proportional mathematics. It
was extremely successful in a study involving 237 second-grade children,
aged six to eight years old. The children participating in the piano
keyboard training as well as the maths video game scored significantly
higher on proportional mathematics and fractions than children who
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experienced non-musical training along with the maths video game.
Lim and colleagues (2018) investigated future teachers’ experiences
and perceptions of using a virtual reality game for elementary maths
education. The virtual reality game was designed and developed to
integrate a musical activity, beat-making, into the learning of fractions.
The mathematics education students who participated perceived that
the concept of fractions was effectively represented via beat-making in
the virtual reality game.

Wentworth (2019) explored the effectiveness of an integrated
approach to music and mathematics in high school. Four lessons
were taught to an intervention and control class to determine how
mathematically motivated music instruction affected students’
understanding of operations of functions, composition of functions,
inverse functions, domain and range. A pre-post-test design was used
to determine the effect on achievement of the integrated lessons; a
questionnaire was also given out, to identify differences in students’
mathematical perceptions, self-efficacy and determination. The
intervention group demonstrated significantly greater gains overall.
Three major differences were identified between the groups—the
intervention group used function notation more frequently than the
control group; the control group demonstrated confusion between
composition of functions and inverse functions, while the intervention
group did not; and the intervention group showed more mathematical
work for the applications portion of the test than the control group. The
integrated instruction led to comparable and, in some cases, significantly
better mathematics outcomes than the control group, giving students an
increased willingness to work with mathematical applications both on
the post-test and moving forward.

Not all of the research has shown that music has a positive effect
on learning mathematics. For instance, Costa-Giomi (2004) worked
with nine- to ten-year-old children from low-income families, who were
involved over three years with weekly individual piano lessons. All of
the children who participated in the study were given an instrument so
that they could practise at home. Self-esteem and musical understanding
were enhanced for the music group, but their academic achievement in
mathematics and English was no different from a control group.

The quality of the musical input is crucial in any transfer of skills. This
was illustrated in a three-year study to explore whether group music
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instruction could improve the test scores of economically disadvantaged
elementary-school children (including almost 600 kindergarten to fifth-
grade students from four elementary schools). One school provided 30
minutes of keyboard lessons per week, another a 40-minute lesson every
six days, while the remaining two schools acted as controls. All lessons
were in groups of 20 to 25 pupils. Participants were pre-tested with two
subtests measuring verbal abilities, two measuring quantitative abilities
and one measuring spatial-temporal abilities. Tests were then repeated
at 9, 18 and 27 months. During the first two years of the study, there
were difficulties in the implementation of the music programme, and
it was only at the end of the study when the children had received one
year of high-quality tuition that there were any gains (Rauscher, 2005).
Similarly, Yang and colleagues (2014) examined the relationship
between long-term music training and child development based on
250 Chinese elementary-school students’ academic development of
first language, second language and mathematics. They found that
the musician children outperformed the non-musician children only
on musical achievement and second language development. Although
music training appeared to be correlated with children’s final academic
development of first- and second-language learning and mathematics,
it did not independently contribute to the development of the first
language, nor all mathematical skills. The authors argued that other
variables might be important; for example parents’ level of education.
Two experiments by Rickard and colleagues (2012) also revealed
inconclusive results. The first was based on an already existing music
programme for ten- to thirteen-year-olds. Comparing participation in
drama, art or music groups, there was some improvement in the music
group on a non-verbal IQ test but not in academic achievement. A second
musical intervention, provided externally over six months, included
playing music with percussion instruments, composing, improvising,
playing in a group, singing, active listening and analysis of a wide range
of styles. As the programme was introduced in a private school, all of
the students were of middle or high economic status. Three groups
participated in music, drama or an additional activity. Students from the
music group achieved better results in mathematics but this result was
also in evidence in the drama group. The authors argued that the age
of the children may have been a factor in the outcomes of the research.
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Cox and Stephens (2006) compared high-school students with
different numbers of music credits in relation to their mean mathematics
grade point averages, or their mean cumulative grade point averages.
Students were then separated into two groups based on the number of
music credits. Those who had earned at least two music credits per grade
level were placed into Group A. This included ninth-graders with two
or more music credits, tenth graders with four or more music credits,
eleventh graders with six or more music credits, and twelfth graders
with eight or more music credits. The remaining students were placed
into Group B. The group A students performed better than the group B
students but the differences were not statistically significant, although
there was a slight upward trend in grade point average as the number of
music credits increased. Lower grade point averages were non-existent
as music credits increased.

Overview

There have been a number of reviews of the impact of music on cognitive
skills, including spatial reasoning and mathematics. In relation to
spatial reasoning, Hetland (2000a) reviewed 15 studies and found a
strong and reliable relationship and concluded that music instruction
led to dramatic improvement in performance on spatial temporal
measures. She commented on the consistency of the effects and likened
them to differences of one inch in height or about 84 points on the SAT
(p. 221). She showed that the effects were likely to be stronger among
younger children, three to five years than those aged six to twelve
years. Similarly, Crnéec and colleagues (2006) reviewed the evidence
on the impact of music teaching on spatio-temporal reasoning skills
and found that there was a consistent effect, although improvements in
associated academic domains, such as arithmetic, had not been reliably
shown. More recent research( as reviewed above) generally supports a
positive role for music in developing spatial temporal reasoning skills,
the consistency of the findings suggesting a near transfer, automated
effect. Where spatial temporal skills are well developed the wider and
more appropriate the choice of strategies and the more efficient and
less erroneous mathematical operations. Rhythm-based instruction
seems to be the most conducive for the improvement of spatial temporal
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reasoning skills, followed by learning to play the piano. Singing leads to
smaller changes.

Focusing on the impact of engaging with music on a broader range
of academic skills and educational attainment, including mathematics,
Hodges and O’Connell (2007) suggest that a moderate position needs
to be taken. At one extreme, the data support the contention that
music improves academic performance, but at the other extreme there
is no basis for saying that music instruction has no effect on academic
achievement. Hodges and O’Connell argue that human learning is so
complex that any simplistic explanations must be rejected. They suggest
that some music experiences have a positive impact on academic
performance under certain circumstances. What is neglected is the
impact that an individual teacher can have. Excellent teachers who
are enthusiastic and who relate well to students may make a greater
difference to educational outcomes than particular methods used,
although if the overall quality of tuition is poor it can have a negative
impact. A more recent systematic review also suggests that the findings
are inconclusive and contradictory (Jaschke et al., 2013). Jaschke and
colleagues attribute this to differences in research design, the analytical
methods used, the nature of the musical interventions and differences
in neural activation during the processing of these tasks. Recent meta-
analyses have come to similar conclusions about the challenges faced by
research and some have concluded that overall, music does not have an
impact on children’s cognitive skills including mathematics (Sala and
Gobet, 2020).

To conclude, the evidence suggests that active engagement in musical
activities enhances a range of spatial processing skills, particularly in
young children. These skills may support the development of some
simple mathematical skills, mediated by line number knowledge, but
do not transfer to all mathematical skills. There remain many questions
about the type of training that may be effective, that involving rhythm
seems a likely candidate; how long training needs to be sustained,
the type of mathematical activities which may be most influenced by
musical activity, and the overall quality of the training on offer.






6. The Impact of Musical
Engagement on Memory

Memory is the faculty of the brain by which data or information is
encoded, stored and retrieved when needed. There are several different
types of memory, which broadly fall into three groups: sensory memory,
short-term memory and long-term memory. Sensory memory is very
short, typically acting for less than half a second, and accurately retains
material for that time, acting as a buffer for stimuli received through the
five senses. Iconic memory refers to immediate visual memories, echoic
memory to auditory memories and haptic memory to the sense of
touch, while olfactory memories relate to smell and gustatory memories
to taste. Short-term memories are slightly longer than sensory memories
but still disappear after a few minutes. Short-term memory holds
information briefly until it is needed. The term ‘short-term memory’
is often used interchangeably with the term ‘working memory’. Short-
term memory is temporary and has limited capacity, as the information
being processed is either lost or entered into long-term memory.
Long-term memory is the brain’s system for storing, managing
and recalling information. It is complex and serves different functions.
Long-term memories include anything from an event that occurred five
minutes ago to something from 50 years ago. There are many different
forms of long-term memories. Sometimes they are conscious, requiring
us to actively think in order to recall them. Other memories are
unconscious and appear without an active attempt at recollection. The
most common forms of long-term memory are explicit memory (the
intentional recall of information), declarative memory (the retention
and recall of important facts, dates and information), episodic memory
(enabling memory of first-hand experiences in one’s life), semantic
memory (the storage of vocabulary, names and general knowledge),
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implicit memory (sometimes referred to as unconscious memory where
information from a moment in time cannot be specifically recalled),
procedural memory (memory for how to do things), auditory memory
(which helps to retain information based on the sounds an individual
has heard), visual spatial memory (which enables memory for spatial
objects and their manipulation), and working memory. The latter has
been more controversial than other forms of memory. Cowan (2014),
after reviewing the evidence, suggests that it is the retention of a small
amount of information in a readily accessible form which facilitates
planning, comprehension, reasoning and problem-solving. In the
research on the impact of making music on working memory, mention
is often made of executive control skills that are used to manage
information in working memory, and the cognitive processing of that
information. Overall, there continues to be debate about the actual
nature of working memory, although there is agreement that similar
research findings are obtained when specific test methods are adopted.
This chapter reports the findings from research on the impact of music
on visual memory, verbal memory and working memory, although, as
will be seen, much of the research explores several different aspects of
memory simultaneously.

Visual Memory

One strand of research has explored the impact of musical training on
visual cognition. Early work focused on memory for musical notation.
For instance, Sloboda (1976) demonstrated that musically trained adults
showed significantly greater capacity to maintain musical notation
in short-term memory than non-musicians. George and Coch (2011)
investigated the neural and behavioural aspects of visual memory
in college-aged, non-professional musicians and non-musicians.
Behaviourally, the musicians outperformed the non-musicians on
standardised subtests of visual memory. Event-related potentials were
recorded in standard visual paradigms, where participants responded
to infrequent deviant stimuli embedded in lists of standard stimuli.
Electrophysiologically, the musicians demonstrated faster updating of
working memory in the visual domain. These findings demonstrated
that long-term music training was related to improvements in visual
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working memory. Similarly, Brochard and colleagues (2004) used a
neuropsychological task in which participants had to detect the position
of a target dot relative to vertical or horizontal reference lines which
flashed onto a screen. In the perception condition, the reference line
remained on the screen until the dot was displayed, while in the imagery
condition, the line disappeared before the target dot was presented,
requiring participants to keep a mental image of the reference line. In
both conditions, musicians had shorter reaction times compared to non-
musicians, suggesting that the musicians had enhanced visuospatial
abilities. The authors concluded that the enhanced performance of the
musicians resulted from their long-term reading of musical notation,
which requires fine-grained recognition of the positions of notes on
the stave and also efficient attentional processes. This explanation is
supported by Kopiez and Galley (2002), who suggested that patterns of
saccadic eye movements can be used as an indicator of mental processing
speed. The specific demands of reading musical notation, particularly
if it is begun at an early age, may modify the way visual information
is processed by the nervous system. Kopiez and Galley (2002) and
Gruhn and colleagues (2006) compared saccadic eye movements
during oculomotor tasks in adult musicians and non-musicians, and
reported more efficient oculomotor strategies in the musicians, which
they argued may be associated with complex visual processes involved
in the long-term practice of reading musical notation, alongside more
efficient attentional processes. Gruhn and colleagues (2006) point out
that there is some evidence (Biscaldi et al., 2000; Currie et al., 1991;
Kinsler and Carpenter, 1995; Sereno et al., 1995) that there is a strong
association between attention and saccadic eye movements. The control
of eye movements requires highly complex mental processes, involving
many cerebral areas (Tatler and Wade, 2003). All modalities of attention
have an impact on the oculomotor system (Kimmig, 1986).

Rodrigues and colleagues (2007) compared the performance of
musicians who were members of a symphony orchestra or symphonic
band with non-musicians, in tasks involving visual attention. They used
a multiple-choice reaction-time test which consisted of specific motor
responses to various luminous stimuli. The test was applied twice in
order to assess divided visual attention ability. The second time, it
was used alongside other continuously and randomly changing visual
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stimuli presented in video form. The participants were asked to respond
verbally to each change. The musicians showed a higher percentage of
correct responses when the test was applied alone, but not when the test
was applied together with other changing visual stimuli, although the
musicians showed shorter reaction times for verbal responses to stimuli
changes. The authors suggested that musicians may have augmented
divided visual attention ability compared to non-musicians, which
they ascribed to ensemble rehearsal. They argued that the professional
activities of musicians are characterised by constant demands of divided
visual attention, including dealing with several kinds of visual stimuli
simultaneously—for instance, the musical score, the conductor’s gestural
instructions and the body movements of other musicians—while also
playing their own instrument.

Patston and colleagues (2006) compared right-handed musicians
and non-musicians in a line bisection task, which entailed marking the
centre of 17 horizontal lines, varying in length from 10 to 26 cm, displayed
randomly on a page. Neurologically intact right-handers showed a
slight but reliable tendency to bisect about two percent to the left of the
centre on this task (Hausmann et al., 2002) a phenomenon attributed to
dominance of the right hemisphere for visuospatial attention (Oliveri
et al.,, 2004). In contrast, Patston and colleagues (2006) demonstrated
that musicians showed a slight rightward bias, while non-musicians
showed greater deviation to the left. The musicians also bisected the
lines more accurately and with fewer intermanual differences than the
non-musicians. The researchers suggested that musicians may develop
an increased ability for the left hemisphere to perform cognitive
functions that are typically right-hemisphere dominant, resulting in
more balanced spatial attention. In a later study, Patston and colleagues
(2007a) compared reaction times and accuracy between musicians and
non-musicians in response to stimuli presented to the left and right
of a vertical line. Both groups performed more accurately with the
left-sided stimuli, but the musicians were significantly more accurate
than non-musicians for the right-sided stimuli, and overall had faster
reaction times. This suggested a more balanced attentional capacity
in musicians, as well as enhanced visuomotor ability. They may also
have an advantage on line and dot tasks of the type used in this study
and that of Brochard and colleagues (2004), because they are familiar
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with these components—they are similar to those required for reading
musical notation, although the placement of the lines vertically rather
than horizontally means that the tasks are not truly equivalent. Patston
and colleagues (2007b) also studied the lateralisation of visuospatial
attention using interhemispheric transfer time. Musicians and non-
musicians responded to stimuli presented to the left and right visual
fields while being submitted to electroencephalography. Non-musicians
showed significantly faster responses in the right to left direction than in
the opposite direction and a shorter latency in the left than in the right
hemisphere. In contrast, musicians exhibited no directional difference
between hemispheres and no hemispheric difference in latency,
indicating more bilateral neural connectivity. Patston and colleagues
concluded that the bimanual training of musicians facilitates additional
myelination that results in more balanced connections between the
hemispheres than normally found in those without musical training.
Stoesz and colleagues (2007) investigated visual processing of
local details in musicians and non-musicians, utilising disembedding
and constructional tasks. They used the group embedded figures test,
where a series of 25 complex figures is presented, each containing
one of nine targets hidden in the design. The task is to examine each
test figure and outline the hidden target as soon as it is identified. In
a second study, two tests were used: a block design subtest, which
requires the participant to replicate a geometric pattern presented on
a card using the top surfaces of several coloured blocks, and secondly
a task involving copying possible and impossible drawings of objects.
The musicians outperformed the non-musicians on the embedded
figures test, the block design subtest and the task of copying drawings
of physically impossible objects. These findings suggest enhanced visual
processing of local details. There was a correlation between the block
design scores and the accuracy scores for the impossible figures, but not
for the possible figures. Local processing ability did not correlate with
drawing ability per se. Stoesz and colleagues concluded that a relative
strength in local processing contributed to the superior performance of
the musicians on the drawing task. They suggested that the enhanced
visual processing of local details may reflect training-induced changes
in the frontoparietal system involved in controlling exploratory eye
movements and shifts in visual attention—skills that are important for
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reading musical notation (which requires the detailed analysis of visual
details).

Sudrez and colleagues (2016) carried out a cross-sectional study
exploring the relationship between music training and visual working
memory in adult musicians and non-musicians. Twenty-four musicians
and 30 non-musicians matched for age, gender, years of formal education
and verbal intelligence performed several working memory tasks. The
musicians outperformed the non-musicians in tasks related to visual
motor coordination, visual scanning ability, visual processing speed
and spatial memory. Similarly, Jakobson and colleagues (2008) studied
visual memory in pianists and non-musicians using a visual design
learning test, which required participants to try to learn and remember
a sequentially presented set of 15-line drawings of simple geometric
figures, each containing two elements (for example, a circle and a line).
Participants were asked to draw all the figures that they could remember,
after each of the five learning trials and after a delay. A test of delayed
recognition was also administered. The results suggested superior
visual memory in musicians, since they outperformed non-musicians
on the fourth and fifth learning trials and on the delayed recall and
delayed recognition tasks. After controlling for general intelligence, the
group difference on the delayed recall tasks persisted. The researchers
suggested that the observed relationship between visual memory and
musical training may be related to improvement in processes supporting
attention to visual details, to the increased skill of musicians at holding
and manipulating visual images in working memory—which confers
an advantage during the encoding process—or to superior use of high-
level, strategic memory processes.

Some research has focused on processing speed—for instance,
Bugos and Mostafa (2011) examined the effects of music instruction
on information processing speed. Using neuropsychological tests,
the paced auditory serial addition task and the trail-making test, they
examined the role of music on information processing speed in 14
musicians and 16 non-musicians. The musicians performed better on
both tests, suggesting that musical training has the capacity to enhance
the processing speed of auditory and visual content. Brain-imaging
studies have also suggested more efficient visual processes in musicians.
For instance, Platel and colleagues (1997) showed activation of an
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associative visual area in musicians during a pitch-discrimination task,
while Schmithorst and Holland (2003) investigated the relationship
between musical practice and cerebral processing relating to melody
and harmony. The findings showed that musicians and non-musicians
used different neural networks to process these elements. In the
musicians, the inferior parietal areas were activated only during melody
and harmony perception. These have been identified as involved in
general visuospatial processing. In a study comparing male symphony
orchestra musicians with non-musicians, there was increased density
of grey matter in Broca’s area in the musicians—an area important for
spoken language and visuospatial localisation (Sluming et al., 2002).
More recently, Sluming and colleagues (2007) showed enhanced
performance on a visuospatial task by orchestral musicians, compared
to non-musicians. This was also associated with increased activation in
Broca’s area.

Notall of the research with adults has shown enhanced visual memory
in musicians. For instance, Cohen and colleagues (2011) showed that,
while musicians had superior auditory recognition memory for musical
and non-musical stimuli compared to non-musicians, this was not the
case for the visual domain. For both groups, memory for auditory
stimuli was inferior to memory for visual objects. Although considerable
musical training is associated with better musical and non-musical
auditory memory, this does not increase the ability to remember sounds
to the levels found with visual stimuli. This suggests a fundamental
capacity difference between auditory and visual recognition memory,
with a persistent advantage for the visual domain. Using a very different
task, Brandler and Rammsayer (2003) asked 35 adult musicians and
non-musicians to indicate, from memory, the location of buildings on
a city map that they had previously studied. There were no statistically
significant differences between the performance of the musicians and
non-musicians on this task. Chan and colleagues (1998) also found
no benefit of musical training in relation to a visual task where the
participants—60 female college students from the Chinese University
of Hong Kong—had to draw from memory ten simple figures that they
had been asked to memorise. Thirty of the participants had had at least
six years of training with a Western musical instrument before the age
of 12, while 30 had received no musical training. The participants were
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matched in terms of age, grade point average and years of education.
There were no statistically significant differences between the musicians
and non-musicians in the proportion of drawings that they were able to
create.

Research with Children

Another strand of research has focused on visual memory in children.
For instance, Degé and colleagues (2011b) tested the effect of a two-
year extended music curriculum on secondary school children’s visual
and auditory memory. The curriculum consisted of learning to play a
musical instrument, participating in an orchestra, auditory perception
and music theory training. Ten-year-old children who had just started
the programme and children without training were tested on visual and
aural memory at the start of the programme and two years later. Prior
to the training, there were no differences between the groups, but the
children participating in the musical training improved significantly
from time one to time two in visual and auditory memory, while the
children not receiving training did not. These effects were apparent
even when a range of confounding variables was taken into account,
including intelligence, socioeconomic status, extra-curricular schooling,
motivation to avoid work and musical aptitude.

It seems that musical training generally has a positive impact on
aural memory in children but this is not necessarily the case for visual
memory. Ho and colleagues (2003), working with a group of Chinese
children, showed that those with music training did not demonstrate
better visual memory than their non-musician counterparts. When the
performance of these children was followed up after a year, changes
in visual memory were not significantly different between the groups.
Similarly, Roden and colleagues (2012; 2014a) examined the effects of
a school-based instrumental training programme on the development
of visual memory skills in primary-school children. Participants either
took part in a music programme with weekly 45-minutef instrumental
lessons in small groups at school, or received extended natural science
training. A third group of children did not receive any additional
training. Each child completed visual memory tests three times over a
period of 18 months. No differences between groups were found in the
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visual memory tests. Similarly, Rickard and colleagues (2010) explored
the effect of increasing the frequency and intensity of a classroom-based
instrumental training programme on visual memory across a two-year
period. Data from 142 participants aged eight to nine were analysed.
Eighty-two children were allocated to the intensive string-music
training programme; 68 acted as a control group and participated in
their usual music classes. The intensive music training had no effect on
visual memory, although an improvement in visual perceptual ability
was observed in the first year.

To conclude, there are a number of reasons why the evidence
relating to visual memory is inconsistent. First, there is no reason why
music, which essentially requires enhanced aural skills, should have any
impact on visual skills. Only if musicians are required to read musical
notation is it likely that there would be any impact on visual skills. As
some musicians play by ear, this is not always the case. Second, in the
research, visual memory has been assessed using different methods,
including reaction times and recall accuracy. Third, participants in some
studies (Chan et al., 1998; Ho et al., 2003) were Chinese. The Chinese
language is written in symbols rather than letters, which may have led
to experimental and control groups already being skilled in processing
complex visual signs. Fourth, the participants in the research were
of very different ages. Fifth, the levels of musical experience in those
classified as musicians varied, and sixth, the nature of the musical
training itself was different, particularly the extent to which it involved
learning to read musical notation.

Verbal Memory

Research has compared the performance of musicians with non-
musicians on a variety of verbal tasks. For instance, Parbery-Clark
and colleagues (2009a) investigated the effect of musical training
on identifying speech in noise, which is a complex task requiring the
integration of working memory and stream segregation, as well as
the detection of time-varying perceptual cues. Sixteen musicians and
15 non-musicians aged 19 to 31, all with normal hearing, participated.
The musicians outperformed the non-musicians on hearing speech in
challenging listening environments. In a second study, Parbery-Clark
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and colleagues (2009b) compared subcortical neurophysiological
responses to speech in quiet conditions and in noisy conditions,
for a group of highly trained musicians and non-musician controls.
Musicians were found to have a more robust subcortical representation
of the acoustic stimulus in the presence of noise. They demonstrated
faster neural timing, enhanced representation of speech harmonics and
less degraded response morphology in noise. Neural measures were
associated with better behavioural performance on a hearing-in-noise
test, in which musicians outperformed the non-musician controls. These
findings suggest that musical experience limits the negative effects of
competing background noise, thereby providing biological evidence for
musicians’ perceptual advantage for speech in noise.

Other studies have found similar results. For instance, Strait and
Kraus (2011b) assessed the impact of selective auditory attention on
cortical auditory evoked response variability in musicians and non-
musicians. The outcomes indicated strengthened brain networks for
selective auditory attention in musicians. Strait and colleagues (2010)
administered a standardised battery of perceptual and cognitive tests
to adult musicians and non-musicians. Tasks included those which
were either more or less susceptible to cognitive control—for instance,
backward versus simultaneous masking—and more or less dependent
on auditory or visual processing: for instance, auditory versus visual
attention. The findings indicated lower perceptual thresholds in
musicians specifically for auditory tasks that related to cognitive
abilities, such as backward masking and auditory attention. The
results suggested that long-term musical practice strengthens cognitive
functions and that these functions benefit auditory skills. Further, the
intensity of the enhancement of verbal memory and auditory attention
was related to the start of musical training and how long it lasted (Kraus
and Chandrasekaran, 2010).

Cohen and colleagues (2011) compared professional musicians
and music students with non-musicians on their verbal and visual
memory. The musicians were significantly better than non-musicians
at remembering familiar music, unfamiliar music, speech and
environmental sound clips, but there was no difference between the two
groups on their performance on tests of visual memory. Also working
with music students, Kilgour and colleagues (2000) studied whether
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music training acted as a mediator for the recall of spoken and sung lyrics,
and whether the presentation rate of materials was important rather
than the inclusion of melody. In the first experiment, 78 undergraduates,
half with music training and half without, heard spoken or sung lyrics.
Recall for sung lyrics was superior to that for spoken lyrics for both
groups. In the second and third experiments, presentation rate was
manipulated so that the durations of the spoken and the sung materials
were equal. With presentation rate equated, there was no advantage for
sung over spoken lyrics. In all of the experiments, those participants
with music training outperformed those without training. Overall, the
results suggested that music training leads to enhanced memory for
verbal material. Similarly, working with 15 highly trained pianists and
21 non musicians, Jakobson and colleagues (2008) studied non-musical
perceptual and cognitive abilities. The musicians showed superior
immediate and delayed recall of word lists and greater use of a semantic
clustering strategy during initial list-learning than non-musicians. The
group differences in delayed free recall of words persisted even when
1Q was controlled for.

Brandlerand Rammsayer (2003 ) tested the psychometric performance
of 35 adult musicians and non-musicians on different aspects of primary
mental abilities, verbal comprehension, word fluency, space, closure,
perceptual speed, reasoning, number and memory. The only statistically
significant differences were found in relation to verbal memory and
reasoning. Performance on verbal memory was reliably higher for the
musicians than for the non-musicians, but the non-musicians performed
significantly better on subscales of a culture-free intelligence test. This
supports the notion that long-term musical training exerts beneficial
effects on verbal memory. This is probably because it leads to changes in
cortical organisation.

In research exploring attention, Puschmann and colleagues (2019)
required participants with varying amounts of musical training to attend
to one of two speech streams while detecting rare target words. The
findings showed that the duration of musical training was associated
with a reduced distracting effect of competing speech on target detection
accuracy. More musical training was related to robust neural tracking
of both the speech stream to be attended to and the speech stream to
be ignored, up until the late cortical processing stages. The findings
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suggested that musically trained persons were able to use additional
information about a distracting verbal stream to limit interference by
competing speech.

One strand of research has compared musicians’ performance as
opposed to non-musicians’ performance in detecting pitch change
in spoken sentences in both native, French (Schon et al., 2004) and
unfamiliar (Portuguese—Marques et al., 2007) languages. Similarly,
Deguchi and colleagues (2012) studied the effects of familiarity of
intonational contour and the presence of meaningful context, using
behavioural and electrophysiological data from Italian musicians and
non-musicians. Performance was compared in a pitch incongruity
detection task using sentences in native, Italian and foreign (French)
languages and in jabberwocky, meaningless sentences formed by
pseudo-words. To examine whether these differences depended on
enhanced auditory sensitivity to pitch, the frequency discrimination
threshold for tones was obtained using a psychophysical procedure.
Musicians were more accurate than non-musicians at detecting small
pitch changes in all languages, showing a smaller response bias. Overall,
the findings confirmed musicians’ advantage in the detection of subtle
pitch changes, not only with tones but also with speech sentences, in
both native and unfamiliar languages. Such effects seemed to emerge
from more efficient pitch analysis acquired through musical training.

Enhancements of short-term memory related to music may also
support linguistic functions. Ludke and colleagues (2014) randomly
assigned 60 adult participants to one of three listen-and-repeat learning
conditions: speaking, rhythmic speaking or singing. Participants in the
singing condition showed superior overall performance on a collection
of Hungarian language tests after a 15-minute learning period, as
compared with participants in the speaking and rhythmic-speaking
conditions. These differences were not explained by age, gender, mood,
phonological working memory ability, or musical ability and training.
The researchers suggested that a ‘listen and sing” learning method could
facilitate verbatim memory for phrases spoken in a foreign language.

The relationship between musical expertise and language processing
is well documented, but there is less evidence of language-to-music
effects. Bidelman and colleagues (2013) used a cross-sectional design
to compare the performance of musicians to that of tonal language
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(Cantonese) speakers on tasks of auditory pitch acuity, music
perception and general cognitive ability, including fluid intelligence and
working memory. While musicians demonstrated superior performance
on all auditory measures, comparable perceptual enhancements were
observed for Cantonese participants, relative to English-speaking non-
musicians. These results suggest that tone language background is
associated with higher auditory perceptual performance for listening
to music. Musicians and Cantonese speakers also showed superior
working memory capacity relative to non-musician controls, suggesting
that in addition to basic perceptual enhancements, a background of
tonal languages and music training might also be associated with
enhanced general cognitive abilities. The findings support the notion
that tonal language speakers and musically trained individuals have
higher performance than English-speaking listeners in the perceptual
cognitive processing necessary for basic auditory—as well as complex
music—perception. These results illustrate bidirectional influences
between the domains of music and language.

Research with Children

Early work exploring the relationship between musical training and
verbal memory was carried out with Asian participants. For instance,
Chan and colleagues (1998) showed that learning to play a musical
instrument before the age of 12 enhanced the ability to remember
words. Participants with musical training could remember 17 percent
more verbal information than those without musical training. Music
training in childhood may therefore have long-term positive effects on
verbal memory. Ho and colleagues (2003) supported these findings in
a later study of 90 boys aged six to fifteen. Those with musical training
had significantly better verbal learning and retention abilities. Duration
of music training, learning to play an instrument and verbal learning
performance correlated positively, even after controlling for age and
education level. Those with musical training learned approximately 20
percent more words from a 16-word list. Their retention was also better
after 10- and 30-minute delays. A follow-up study compared children
from the same cohort who had just begun or continued their music
training for one year, and those who had given up playing. Children
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in the beginner and advanced training groups significantly increased
verbal learning and retention performance. This was not the case for
those who had discontinued training, although their verbal memory
performance remained stable at least nine months after ceasing to play
an instrument. Ho and colleagues concluded that music training seemed
to have long-term enhancing effects on verbal memory.

While these studies demonstrate a relationship between musical
training and verbal memory, they do not demonstrate causality. For
this, intervention studies are required. In further work with Chinese
participants, which focused on children aged four to five years old, Nan
and colleagues (2018) studied 74 Mandarin-speaking children who
were pseudo-randomly assigned to piano training, reading training
or a no-contact control group. Six months of piano training improved
behavioural auditory-word discrimination in general, as well as word
discrimination based on vowels, compared with controls. The reading
group yielded similar trends. However, the piano group demonstrated
unique advantages over the reading and control groups in consonant-
based word discrimination. All three groups improved on general
cognitive measures, including tests of IQ, working memory and attention.

In a typical intervention study, working with kindergarten children,
Hallberg and colleagues (2017) investigated the effects of instrumental
music instruction as opposed to no tuition. The children received five
hours of instrumental instruction for five weeks using the Suzuki
method and were tested on working memory efficiency, visuospatial
processing and controlled attention. The only statistically significant
difference between the two groups related to attentional control, which
was enhanced in those having instrumental music instruction. Rickard
and colleagues (2010) researched 142 children from nine primary
schools, 82 of whom (aged eight to nine) participated in an enhanced
school-based music programme. The remainder of the children acted
as controls and received standard class music lessons. The children
were tested three times within the first two years of the study, and in
the third year a subset of the control sample was tested again. Verbal
learning and immediate recall scores significantly increased after one
year of enhanced school-based music training. No such increase was
found in the control group. However, these advantages disappeared
in the second year, although in the second year of the study there was
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significantly enhanced visual perception for the music training group.
Similarly, Roden and colleagues (2012) examined the effects of a school-
based instrumental training programme on the development of verbal
memory skills in primary-school children aged seven to eight years
old. Participants either took part in a music programme with weekly
45-minute sessions of instrumental lessons in small groups at school,
or received extended natural science training. A third group of children
did not receive any additional training. Each child completed verbal
memory tests three times over a period of 18 months. Children in the
music group showed greater improvements than children in the control
groups after controlling for their socioeconomic background, age and
IQ. Overall, the evidence suggested that children who have musical
training develop efficient memory strategies for verbal materials. This
is likely to be because playing music requires continued monitoring of
meaningful chunks of information. Individual notes are combined into
meaningful melodic phrases which have a quasi-syllabic structure, and
are based on temporal frameworks that have metric structures which are
parallel to stresses on syllables in language (Patel and Daniele, 2003).
This is supported by evidence that the auditory cortex is structurally and
functionally shaped through the individual’s experiences with sound
(Fritz et al., 2007). Fujioka and colleagues (2006) recorded auditory
evoked responses to a violin tone and a noise-burst stimulus from four-
to six-year-old children on four occasions over a one-year period, using
magnetoencephalography. Half of the children participated in music
lessons throughout the year, while the other half had no music lessons.
A clear musical training effect was expressed in a larger and earlier
peak in the left hemisphere in response to the violin sound in musically
trained children compared with untrained children. This transition
could be related to establishing a neural network associated with sound
categorisation and/or involuntary attention, which can be altered by
musical learning experiences.

Also working with primary-aged children, Piro and Ortiz (2009)
adopted a quasi-experimental approach to examining the effects of a
scaffolded music instruction programme on the vocabulary and verbal
sequencing skills of two cohorts of second-grade students. One group
of 46 children studied piano formally for a period of three consecutive
years as part of a comprehensive instructional intervention programme.
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The second group of 57 children had no exposure to music lessons,
either at school or through private study. The findings showed that
the experimental group had significantly better vocabulary and verbal
sequencing scores following the intervention than the control group. In
an interesting study, Brodsky and Sulkin (2011) focused on children’s
hand clapping and reported positive effects of a classroom hand-clapping
intervention on verbal memory. They examined whether children who
spontaneously engaged in hand-clapping song activity demonstrated
improved motor or cognitive abilities. The study also investigated the
outcome of a two-group, eight-week classroom intervention. The study
found that children who were more skilful at performing hand-clapping
songs were more efficient in first grade, while those in second grade who
spontaneously engaged in hand-clapping songs were advantaged in
bimanual coupling patterns, verbal memory and handwriting. Classroom
hand-clapping song training was more efficient than music appreciation
classes in developing non-musical skills among participating children.
Adopting an experimental design, Martens and colleagues (2011) focused
on the effect of musical experience on verbal memory in 38 individuals
with Williams syndrome, aged 6 to 59. Participants who had engaged in
formal music lessons scored significantly better on a verbal long-term
memory task when the stimuli were sung than when they were spoken
in comparison to those who did not have formal lessons, who showed no
benefit for either the sung or spoken conditions.

Working Memory

Working memory is the time- and capacity-limited storage of task-
relevant information, which generally requires mental manipulation,
flexible use or inhibition of distractors, or all of these. It is different
to short-term memory, as it requires mental manipulation of encoded
information or the inhibition of goal-irrelevant stimuli. From a
neuroscientific perspective, working memory also requires the integrity
of the medial-temporal lobe regions, whereas short-term memory does
not. In addition, there is strong evidence linking behavioural measures
of working memory to both localised and distributed patterns of
neural oscillations (Yurgil et al.,, 2020). Working memory is typically
studied using behavioural tasks that require the implementation of a
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combination of stored information, manipulation of that information
and interference including the N-back (Ding et al., 2018), backward
digit-span (Clayton et al., 2016; George and Coch, 2011; Zuk et al., 2014),
reading span (D’Souza et al., 2018; Franklin et al., 2008) and operation
span tasks (D’Souza et al., 2018; Franklin et al., 2008). The N-back task
presents participants with a sequence of visual or auditory stimuli. The
participant then maintains the information while deciding whether each
subsequent stimulus item matches the stimulus that came a specific
number of letters previously (Owen et al., 2005). In the backward digit
span task, participants are presented with a series of digits, then asked
to report the sequence of digits in reverse order (Hester et al., 2004).
The central executive component of working memory has been argued
to play an important role in the performance of span tasks, particularly
backward span. Both forward and backward span tasks recruit the
central executive resources necessary for successful task performance
(Hester etal., 2004). For the reading span task, a number of sentences are
presented one sentence at a time. As the number of sentences increases,
so does the memory load required to perform the task. Where two
sentences are presented sequentially, after each sentence, the participant
writes the sentence verbatim and the last word of each sentence in
order (Daneman and Carpenter, 1980). Finally, the operation span task
requires participants to memorise a sequence of unrelated words while
simultaneously performing a series of mathematical operations. After
all of the operation word strings are presented, the participant writes all
of the words that were displayed in the order of presentation (Turner
and Engle, 1989). The reading span and the operation span require
participants to hold information while working on a secondary task,
which can cause interference. Each of these tasks fulfils the criteria of
maintenance and manipulation of information, which may occur with
differing levels of interference (Aben et al., 2012).

Research with Adults

Oechslin and colleagues (2013) used functional magnetic resonance
imaging with non-musicians and amateur and expert musicians, who
listened to a comprehensive set of specifically composed string quartets
with hierarchically manipulated endings. Two irregularities at musical
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closure were implemented, differing in salience but within the tonality of
the piece. Behavioural sensitivity scores of both transgressions perfectly
separated participants according to their level of musical expertise. The
functional brain imaging data showed compelling evidence for stepwise
modulation of brain responses by expertise level in a fronto-temporal
network hosting universal functions of working memory and attention.
Additional independent testing evidenced an advantage in visual
working memory for the professionals, which was predicted by musical
training intensity. Similarly, George and Coch (2011), using event-related
potentials and a standardised test of working memory, investigated
neural and behavioural aspects of working memory in college-aged,
non-professional musicians and non-musicians. Behaviourally, the
musicians outperformed the non-musicians on standardised subtests
of phonological and executive memory. Event-related potentials were
recorded in standard auditory oddball paradigms, where participants
responded to infrequent deviant stimuli embedded in lists of standard
stimuli. Electrophysiologically, the musicians demonstrated faster
updating of working memory in the auditory domain and allocated
more neural resources to auditory stimuli, showing increased sensitivity
to the auditory standard deviant difference and less effortful updating
of auditory working memory.

Halpern and Bower (1982), in a pilot study with 12 musicians and
12 non-musicians, briefly presented visually similar melodies that had
been rated as good or bad, followed by a 15-second retention interval
and then recall. The musicians remembered good melodies better than
bad ones while the non-musicians did not distinguish between them. In
one study, six musicians and six non-musicians were briefly presented
with good, bad and random melodies, followed by immediate recall.
The advantage of the musicians over the non-musicians decreased as
the melody type progressed from good to bad to random. In a second
study, seven students and professional musicians divided the stimulus
melodies into groups. For each melody, the consistency of grouping
was correlated with the memory performance found in the first two
experiments. The findings showed that the musicians used musical
groupings, while a simple visual strategy was used by the non-musicians.

Talamini and colleagues (2016) requested musicians and non-
musicians to perform a digit-span task that was presented aurally,
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visually or audiovisually. The task was performed with or without a
concurrent task in order to explore the role of rehearsal strategies,
but also to manipulate task complexity. The musical abilities of all
participants were also assessed. The musicians had larger digit-spans
than non-musicians, regardless of the sensory modality and the
concurrent task. In addition, the auditory and audiovisual spans, but
not the visual alone, were correlated with one subscale of the music
test. The findings suggested a general advantage of musicians over
non-musicians in verbal working memory tasks, with a possible role of
sensory modality and task complexity. Similarly, Hansen and colleagues
(2013) administered a digit-span test, a spatial span test and a musical
ear test to non-musicians, amateur musicians and expert musicians. The
expert musicians significantly outperformed the non-musicians on the
digit-span test. These scores were also correlated with musical scores
and those on a rhythm subtest. No cross-group differences were found
on the spatial span test. Fennell and colleagues (2020), in a complex
experimental study with 22 non-musicians and 30 musicians, presented
participants with a memory element, three nouns, a melody or a dot
matrix, followed by a sentence and then a comprehension question on
each trial. After participants answered the comprehension question,
they had to judge whether a second memory element was the same
as the first one. The musicians performed more accurately on working
memory tasks, particularly those related to verbal and musical working
memory.

D’Souza and colleagues (2018) compared musicians, bilinguals and
individuals who had expertise in both skills, or neither. One hundred
and fifty-three young adults were categorised into one of four groups:
monolingual musician, bilingual musician, bilingual non-musician and
monolingual non-musician. Multiple tasks relating to cognitive ability
were used to examine the coherence of any training effects. The findings
revealed that musically trained individuals, but not bilinguals, had
enhanced working memory. Neither musical or language skill led to
enhanced inhibitory control.

Okhrei and colleagues (2016) explored the performance of the
working memory of musicians and non-musicians in tests with letters,
digits and geometrical shapes. The participants were students who, for
ten to fifteen years, had been engaged in regular musical practice (classed
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as musicians), and their peers, who had no previous musical experience
(classed as non-musicians). A computerised working memory test for
letters, digits and shapes, with successive presentation of stimuli, was
applied. The musicians and non-musicians did not differ in the overall
number of mistakes and latency of responses in all subtests for letters,
digits and shapes. The left hand made significantly more mistakes
than the right in both groups, but this regularity was more typical in
non-musicians. The righthand responded faster than the left while
carrying out all subtests in both groups, but such a motor asymmetry
was more evident for non-musicians. In the main, musicians did not
demonstrate an increase in latency of responses with task complexity,
while non-musicians did. Overall, the efficiency of working memory
test performance did not differ among musicians and non-musicians,
but the musicians had tighter interhemispheric cooperation during the
memory test, indicated by less motor asymmetry. Musicians had almost
equal latency of responses regardless of task complexity, while non-
musicians required more time for responding to stimuli during growing
task complexity.

Investigating specific aspects of working memory that differed
between adult musicians and non-musicians, Sudrez and colleagues
(2015) compared the performance of 24 musicians and 30 non-musicians
matched for age, gender, years of formal education and verbal intelligence
on several working memory tasks. The musicians outperformed non-
musicians in tasks related to visual motor coordination, visual scanning
ability, visual processing speed and spatial memory, although no
significant differences were found in phonological and visual memory
capacity. The findings support the view that musical training is
associated with specific and not general working memory skills.

Ding and colleagues (2018) investigated to what degree the number
and duration of notes in a sequence influenced the tonal working memory
of participants with or without professional musical training. A forward
tonal discrimination task tested the maintenance of tonal information,
while a backward N-back tonal task probed the running memory span
of tonal information. The findings showed that the number of notes, but
not the duration of notes, in a tone sequence significantly affected tonal
working memory performance for musicians and non-musicians. In
addition, within a minimum musical context, musicians outperformed
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non-musicians on a N-back tonal task but not a forward-tone sequence-
discrimination task. These findings indicate that the capacity of tonal
working memory is determined by the number of notes, but not the
duration of notes, in a sequence to be memorised, suggesting a different
mechanism underlying tonal working memory from verbal working
memory. Musicians held more items in memory for both tonal and
atonal auditory stimuli, but retained items longer than non-musicians
only for tonal stimuli.

Focusing on the role of attention, Pallesen and colleagues (2010)
measured activation responses dependent on blood oxygenation level
in musicians and non-musicians during working memory performance
relating to musical sounds, to determine the relationship between
performance, musical competence and generally enhanced cognition. All
participants easily distinguished the stimuli. The musicians performed
better, as reflected in reaction times and error rates. They also had larger
activation responses dependent on blood oxygenation level than non-
musicians in the neuronal networks that sustain attention and cognitive
control, including regions of the lateral prefrontal cortex, lateral parietal
cortex, insula and putamen in the right hemisphere, and bilaterally
in the posterior dorsal prefrontal cortex and anterior cingulate gyrus.
The relationship between task performance and the magnitude of the
response was more positive in the musicians than in the non-musicians,
particularly during the most difficult working memory task. The
results confirm previous findings that neural activity increases during
enhanced working memory performance. The results also suggest that
superior working memory task performance in musicians relies on an
enhanced ability to exert sustained cognitive control. This cognitive
benefit in musicians may be a consequence of focused musical training.
Similarly, Strait and colleagues (2011b) assessed the impact of selective
auditory attention on cortical auditory evoked response variability in
musicians and non-musicians. The outcomes indicated strengthened
brain networks for selective auditory attention in musicians in that they,
but not non-musicians, demonstrated decreased pre-frontal response
variability with auditory attention. Musicians’ neural proficiency for
selectively engaging and sustaining auditory attention to language
indicates a potential benefit of music for auditory training.
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Research with Children and Young People

Notall of the research has been with professional or expert musicians. One
strand of research has focused on children. Behavioural investigations
of children have shown that music training and musical aptitude are
associated with enhanced auditory working memory. For example, in a
longitudinal study of six- to eight-year-old children, half of the sample
was randomly assigned to biweekly keyboard training for six weeks,
while the other half received no training. Following the intervention,
only the training group demonstrated a significant improvement in
working memory capacity, measured with the backward digit-span task
(Guo et al., 2018).

Christiner and Reiterer (2018) tested preschool children’s abilities
to imitate unknown languages, to remember strings of digits, to sing
and to discriminate musical statements. Their intrinsic, spontaneous
singing behaviour was also assessed. The findings showed that working
memory capacity and phonetic aptitude were linked to high musical
perception and production ability as early as age five, suggesting that
music and foreign language learning capacity may be linked from
childhood. Early developed abilities may be responsible for individual
differences in both linguistic and musical performances. Working
with kindergarten children, Hallberg and colleagues (2017) studied
the impact of instrumental music instruction on cognitive processes
in children who were taught the violin using the Suzuki method for
five weeks, with a total of 15 hours of instruction. This group was
compared with a control group. Assessments were made using the
Stanford-Binet five working memory and visuospatial subscales and
the Kiddie Connor’s Continuous Performance Test attention subscales.
There were no statistically significant differences in the means of pre-
and post-change scores between the groups on the Stanford-Binet five
subscales, but there was an effect for the combined Kiddie Connor’s
Continuous Performance Test measures and one effect for a specific
subtest, hit response time. These findings demonstrate that attentional
control, a psychological process necessary in academic learning, may
be enhanced with instrumental music instruction when engaged within
early childhood.

In a longitudinal study, Bergman and colleagues (2014) analysed the
association between musical practice and performance on reasoning,
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processing speed and working memory. Three hundred and fifty-
two children and young people between the ages of six and twenty-
five years old participated in neuropsychological assessments and
neuroimaging investigations on two or three occasions, two years apart.
Multiple regression analysis revealed that playing an instrument had an
overall positive association with working memory capacity, visuospatial
working memory, verbal working memory, processing speed and logical
reasoning across all three time points, after correcting for the effect of
parental education and other after-school activities. Those playing an
instrument also had larger grey-matter volume in the temporo-occipital
and insular cortex areas previously reported to be related to musical
notation reading. The change in working memory between the time
points was proportional to the weekly hours spent on music practice for
both of the working memory tests but not for reasoning ability. These
effects remained when controlling for parental education and other
after-school activities. Similarly, Lee and colleagues (2007) examined
the effects of music training in children aged 12 and young adults on
a forward digit-span, a backward digit-span, a simple spatial span and
complex spatial span tasks. The young adults performed better than the
control group with respect to the digit-span and non-word span tests,
while the children performed better than the control group in all of the
span tests. In a similar study, Roden and colleagues (2014a) investigated
the influence of group instrumental training on the working memory
of children learning instruments through a German Sistema-inspired
programme. A quasi-experimental design was used with children
receiving musical training, compared with those receiving natural
science training or no training. The music group received weekly lessons
for 45 minutes on musical instruments of their choice. The maximum
group size was five and the children could undertake practice at home.
The children were tested at three points over the course of 18 months
with a battery of tests, including seven subtests which addressed the
central executive, the phonological loop and the visuospatial sketchpad
components of Baddeley’s working memory model. The music group
showed a greater increase on every measure of verbal memory, verbal
learning, delayed recall and recognition than the science and control
groups. There were large effect sizes. These differences remained when
the statistical modelling took into account age and measured intelligence.
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Working with 42 school-aged children, Strait and colleagues (2011)
assessed auditory working memory and attention, musical aptitude,
reading ability and neural sensitivity to acoustic regularities. Neural
sensitivity to acoustic regularities was assessed by recording brainstem
responses to the same speech sound presented in predictable and
variable speech streams. The research revealed that musical aptitude
and literacy both related to the extent of subcortical adaptation to
regularities in ongoing speech, as well as to auditory working memory
and attention. Relationships between music and speech processing
were specifically driven by performance on a musical rhythm task,
highlighting the importance of rhythmic regularity for both language
and music. These data suggest common brain mechanisms underlying
reading and music abilities, which relate to how the nervous system
responds to regularities in auditory input.

In a longitudinal study, Saarikivi and colleagues (2019) investigated
the development of working memory in musically trained and untrained
children and adolescents, aged nine to twenty. Working memory was
assessed in 106 participants using digit-span forwards and backwards
tests and two trail-making tests. The tests were administered three
times—in 2011, 2013 and 2016. The findings showed that the younger
musically trained participants, in particular, outperformed their
untrained peers in the trail-making tests and the digit-span forwards
tests. These all require active maintenance of a rule in memory or
immediate recall. In contrast, there were no group differences in the
backwards test (which requires manipulation and the updating of
information in working memory). These results suggest that musical
training is more strongly associated with heightened working memory
capacity and maintenance than enhanced working memory updating,
especially in late childhood and early adolescence.

Ireland and colleagues (2018) developed age-equivalent scores
for two measures of musical ability, a rhythm synchronisation task
and a melody discrimination task, that could be reliably used with
schoolchildren aged seven to thirteen, with and without musical training.
These tasks were administered to children attending music or science
camps. Children’s paced tapping, non-paced tapping and phonemic
discrimination were measured as baseline motor and auditory abilities.
The musically trained children outperformed those without music
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lessons, although the scores decreased as difficulty increased. Older
children performed the best. Years of lessons significantly predicted
performance on both music tasks, over and above the effect of age.

Degé and Schwarzer (2017) aimed to investigate whether an
enhanced articulatory rehearsal mechanism might explain higher
verbal memory scores in musically trained children compared with
untrained children. They tested 39 ten- to twelve-year-old children, 19
of whom were musically trained and 20 untrained. Verbal memory was
assessed with two-word lists. Children memorised one word list under
normal conditions and the other word list when they had to repeat an
irrelevant word over and over again (articulatory suppression). Gender,
socioeconomic status, intelligence, motivation, musical aptitude and
personality were controlled for. There was a significant difference
between musically trained and untrained children in favour of the
musically trained children in verbal memory in the normal condition.
However, in the articulatory suppression condition, the advantage of
musically trained children disappeared. The authors concluded that
an enhanced verbal rehearsal mechanism might be responsible for the
better verbal memory in musically trained children.

James and colleagues (2019) undertook a cluster randomised
controlled trial focused on musical instrumental practice, in comparison
to traditional sensitisation to music. Over the last two years of primary
school, 69 children aged 10 to 12 received group music instruction
by professional musicians twice a week as part of the regular school
curriculum. The intervention group learned to play stringed instruments,
whereas the control group was sensitised to music via listening, theory
and some practice. Broad benefits manifested in the intervention group
as compared to the control group for working memory, attention,
processing speed, cognitive flexibility, matrix reasoning, sensorimotor
hand function and bimanual coordination. Learning to play a complex
instrument in a dynamic group setting impacted development more
strongly than classical sensitisation to music. The results highlighted
the added value of intensive musical instrumental training in a group
setting within the school curriculum.

Escobar and colleagues (2020) investigated the perception of speech
in noise in 49 young musicians and non-musicians, who were assigned
to subgroups with high or low assessed working memory based on
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performance on the backward digit-span task. The effects of music
training and working memory on speech-in-noise performance were
assessed on clinical tests of speech perception in background noise.
Listening effort was assessed in a dual task paradigm and through
self-report. There was no statistically significant difference between
musicians and non-musicians, and no significant interaction between
music training and working memory on any of the outcome measures.
However, a significant effect of working memory on speech-in-noise
ability was found. This suggests that music training does not provide an
advantage in adverse listening situations, either in terms of improved
speech understanding or reduced listening effort. While musicians have
been shown to have heightened basic auditory abilities, the effect of this
on speech in noise and listening effort may be more subtle. Regardless of
prior music training, listeners with high working memory capacity were
able to perform significantly better on speech-in-noise tasks.

Some research has shown no effect of music training on working
memory. For instance, Banai and Ahissar (2013) researched whether
the pattern of correlations between auditory- and reading-related skills
differed between children with different amounts of musical experience.
Children in the third grade with various degrees of musical experience
were tested on a battery of auditory- and reading-related tasks. Very
poor auditory thresholds and poor memory skills were abundant
among children with no musical education. For these children, indices
of auditory processing were significantly correlated with and accounted
for up to 13 percent of the variance in reading-related skills. Among
children with more than one year of musical training, auditory processing
indices were better, but reading-related skills were not correlated with
them. Very poor auditory and memory skills are rare among children
with even a short period of musical training, suggesting that musical
training could have an impact on both. The lack of correlation in the
musically trained population suggests that a short period of musical
training does not enhance reading-related skills of individuals with
normal auditory processing skills.

Overall, as outlined in the previous section, cross-sectional studies
have shown that higher working memory capacity is associated with
better scores on rhythmic subtests of musical aptitude in children
as young as five. Where children were randomly assigned to music
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training or control conditions, there was a causal effect of training
on working memory capacity. The evidence for a close relationship
between musical practice and working memory suggests that training,
rather than any predisposition, produces changes in working memory
capacity, although associations between working memory capacity and
measures of musical aptitude suggest that training-related advantages
are not independent of existing abilities. Musical training and musical
aptitude may both affect memory performance among children.

Older Adults

The experiences that individuals have throughout their lifetime influence
the quality of their cognitive ageing. In older individuals, former and
current musical practices are associated with enhanced verbal skills,
visual memory, processing speed and planning functions. Participating
in making music does not have an age limit (Thaut and Hodges, 2019).
Adults can take up musical activities, or resume or continue activities
pursued earlier in life in their older years. This can have several benefits:
supporting further learning, assisting in slowing cognitive decline and
supporting rehabilitation. For instance, taking piano lessons for six
months has been shown to enhance levels of concentration, attention
and planning in 60- to 85-year-old adults, compared to a control
group. The piano lessons were individualised, and consisted of motor
dexterity exercises and learning music theory. Participants were tested
on cognitive and working memory measures at three points in time:
pre-training, post-training and following a delay of three months. The
experimental group obtained significantly higher scores post-training
on a trail-making test and digit symbols than the untrained controls,
indicating an improvement in visual scanning, perceptual speed, and
working memory (Bugos et al., 2007). Similarly, Bugos (2010) examined
the effects of active piano-playing instruction compared with music-
listening instruction on executive function in healthy older adults,
aged 60 to 85. Seventy adults were matched by age, education and
estimated intelligence in two 16-week training groups (group piano
instruction or music-listening instruction). Participants completed
a battery of cognitive assessment tests pre- and post-instruction to
assess processing speed, verbal fluency, planning and cognitive control.
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Forty-six participants completed the study. There were no statistically
significant differences between the groups on measures of executive
function. Both groups demonstrated an increase in scores, although
those learning to play the piano had significantly enhanced processing
speed, verbal fluency and cognitive control. In a later study, Bugos
(2019) focused on motor skills. Participants were randomly allocated to
piano, percussion or music-listening groups, and undertook 16 weeks of
training with three hours of practice per week. The groups were matched
for age, education, intelligence and musical aptitude. In the piano and
percussion groups, improvements in processing speed, visual scanning
and working memory were recorded. All three music conditions led to
improved rhythmic accuracy and hand synchronisation. Similar results
have been reported after older adults have sung in a choir, engaged in
group music-making or played percussion instruments (Hallam et al.,
2014; Hallam and Creech, 2016).

Fauvel (2014) compared the performance of musicians and non-
musicians in middle and late adulthood on long-term memory, auditory
verbal short-term memory, processing speed, non-verbal reasoning
and verbal fluency. The musicians performed significantly better than
non-musicians on measures of processing speed and verbal short-term
memory. Both groups displayed the same age-related differences. In
relation to verbal fluency, musicians scored higher than controls and
displayed different age effects. A second study showed that when
musical training started in childhood or adulthood, it was associated
with phonemic, but not semantic, fluency performance. Musicians who
had started to play in adulthood did not perform better on phonemic
fluency than non-musicians. The current frequency of training did not
account for musicians’ scores on either of these measures. Overall, the
findings yielded little evidence of reduced age-related changes owing
to musical training. Phonemic fluency was the only variable that
exemplified a positive effect in ageing.

The influence of music on memory applies to listening to music
as well as participating in musical activities (Varvarigou et al., 2012;
Hallam and Creech, 2016). For instance, Degé and Kerkovius (2018)
investigated the effect of a music training programme on working
memory, verbal and visual, and as part of central executive processing
in older adults. The experimental group was trained in drumming and
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singing, while one control group participated in a literature training
programme and a second group was untrained. Twenty-four female
participants, aged 70 years old on average, were randomly assigned to
either a music, literature or untrained group. The training lasted for 15
weeks. At the start of the programme, the three groups did not differ
significantly in age, socioeconomic status, music education, musical
aptitude, cognitive abilities or depressive symptoms. Following the
programme, there were no differences between the groups on central
executive function but there was a potential effect of music training
on verbal memory and an impact of music training on visual memory:.
Musically trained participants remembered more words from a word
list and more symbol sequences correctly than both control groups.

Musical improvisation was used by Diaz Abraham and colleagues
(2020) to study its impact on verbal memory in older adults. Two
types of verbal memory were evaluated prior to the intervention: one
neutral, the other emotional. The participants were exposed to musical
improvisation in the experimental condition, while two control groups
carried out rhythmic reproduction or experienced a rest condition.
Memory performance was evaluated through immediate and deferred
free recall and recognition tests. The memory performance of those with
five or more years of training (defined as musicians) and non-musicians
was compared. There was a significant improvement in neutral verbal
memory among participants involved in musical improvisation.
They remembered more words than those in the control conditions.
Differences were also found according to the musical experience of the
sample, with musicians outperforming non-musicians.

Parbery-Clark and colleagues (2011) compared older musicians
and non-musicians on auditory and visual working memory, and the
ability to perceive speech in noise. They found that the musicians were
significantly better at perceiving speech in noise and performed better
in auditory, but not visuospatial, working memory capacity tasks. The
research also revealed a linear relationship between auditory working
memory and speech-in-noise performance, suggesting that these two
functions were related. Similarly, Grassi and colleagues (2018) reported
that older adult musicians outperformed older adult non-musicians on
auditory and visuospatial working memory tasks, as well as auditory
discrimination, although the groups did not differ on tests of short-term
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memory. Amer and colleagues (2013) also reported that older adult
musicians outperformed older adult non-musicians on several tests of
executive function, including visuospatial working memory.

One strand of research has explored the impact of different levels
of long-term engagement with music on cognition. For instance,
Hanna-Pladdy and MacKay (2011) evaluated the association between
musical instrumental participation and cognitive ageing. Seventy older
healthy adults, aged 60 to 83, participated in varied musical activities
and completed a comprehensive neuropsychological battery. Three
groups —non-musicians, those with low musical activity(one to nine
years through the lifespan) and those with high musical activity over ten
years —were compared. Participants were matched on age, education
and history of physical exercise. Those with at least ten years of musical
experience had better performance on non-verbal memory, naming
and executive processes in advanced age relative to non-musicians.
Years of musical activity, the age of commencement of that activity and
type of musical training predicted cognitive performance. In a later
study Hanna-Pladdy and Gajewski (2012) researched 70 older adults
aged 59 to 80, musicians and non-musicians, who were assessed on
neuropsychological tests and general lifestyle activities. The musicians
scored higher on tests of visuospatial judgment.

Another strand of research has tested the potential of music
intervention programmes to reduce the deleterious effects of ageing
on cognition. For instance, Hars and colleagues (2013) investigated
whether six months of music-based multi-task training had beneficial
effects on cognitive functioning and mood in 134 older adults aged
over 65 who were at increased risk of falling. The intervention group
consisted of 66 older people who attended once-weekly hourly
supervised group classes of multi-task exercises, executed to the rhythm
of piano music, or a control group of 68 individuals with delayed
intervention who maintained usual lifestyle habits for six months. A
short neuropsychological test battery was administered at the start of
the intervention and after six months. It included the mini mental state
examination, a clock-drawing test, a frontal assessment battery, and
anxiety and depression scales. For those participating in the musical
activities, there was an improvement in sensitivity to the interference
subtest of the frontal assessment battery, a reduction in anxiety level,
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an increase in the mini mental state assessment score and a reduction in
the number of participants with impaired global cognitive performance.
Overall, six months of once-weekly music-based multi-task training was
associated with improved cognitive function and decreased anxiety in
community-dwelling older adults.

Engagement with music has also been found to reduce the risk of
dementia. For instance, Verghese and colleagues (2003) examined the
relationship between leisure activities and the risk of dementia in a
cohort of 469 participants aged 75 years of age and over, who resided
in the community and did not have dementia at the beginning of the
research. They examined the frequency of participation in leisure
activities at enrolment, and measured cognitive activity and physical
activity in terms of the number of days of the week when activity took
place. A range of possible confounding factors were controlled for
including age, sex, educational level, presence or absence of chronic
medical illnesses, and baseline cognitive status. Over a follow-up period
of five years, dementia developed in 124 participants, Alzheimer’s
disease in 61, vascular dementia in 30, mixed dementia in 25 and other
types of dementia in 8. Among leisure activities, reading, playing board
games, playing musical instruments and dancing were associated with a
reduced risk of dementia. A one-point increment in the cognitive activity
score was significantly associated with a reduced risk of dementia
but a one-point increment on the physical activity score was not. The
association with the cognitive activity score persisted after the exclusion
of participants with possible pre-clinical dementia at the start of the
research. The findings were similar for Alzheimer’s disease and vascular
dementia. Increased participation in cognitive activities at the start of
the research was associated with reduced rates of decline in memory.
Overall, participation in leisure activities was associated with a reduced
risk of dementia. In a co-twin study, Balbag and colleagues (2014)
showed that twins who played an instrument were 64 percent less likely
to develop dementia than their co-twins. The research examined the
association between self-reported playing of a musical instrument and
whether or not both twins developed dementia or cognitive impairment.
Controlling for sex, education and physical activity, playing a musical
instrument was significantly associated with less likelihood of dementia
and cognitive impairment. In a review, Schneider and colleagues (2018)
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concluded that playing a musical instrument was a potential protective
mechanism against cognitive decline among older adults.

Some studies have shown improvements in cognition and working
memory in patients with dementia after active singing interventions
(Maguire et al., 2015). Singing groups engaged in three vocal music
sessions each week including familiar, nostalgic and nonfamiliar,
novel, vocal music selections in four 50-minute singing sessions. The
programme progressively exercised individual vocal ranges, vowel
placements respiratory patterns and recruited cognitive engagement
through melodic structures, musical architecture and story development.
Participants were predominantly Caucasian, aged 70 to 99 years old,
and from two groups: one living in assisted accommodation, the other
in secure-ward dementia accommodation. Each group was divided into
singers and listeners. Participation in the singing groups was voluntary.
Levels of participation were assessed throughout the programme from
no attention to dozing off, through to brief periods of attention but not
singing. The category participation included singing for most of the
time, singing all of the time and singing with enthusiasm. The music
was varied each month and focused on four separate musical genres:
Valentine’s day, patriotic, musical theatre and folk patriotic. The music
was selected and arranged to incorporate relaxing, rhythmical elements,
rich harmonies, increased vocal range and exercise along vocal lines
and word articulation. Deep breaths, appropriate posture and vocal
resonance were consistently coached and promoted throughout all
sessions. Two of the weekly vocal music sessions were live music sessions
with a vocal music leader who sang and played piano accompaniment.
The other session consisted of a 50-minute taped DVD recordings. A
norovirus outbreak in the assisted living group led to a quarantine
period of one month in the middle of the study, resulting in no access to
any participants during this time.

Analysis of the data showed that the independent residents had
significantly higher scores than those with dementia. Singers with
dementia had significantly higher scores than listeners by the end of the
study. There was no significant difference between the clock-drawing
ability of singers and listeners with dementia initially, but singers scored
significantly higher after engaging with the singing. Overall, the findings
for those living independently and the dementia groups showed that
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singers had significantly higher satisfaction with life scores than those
listening to music. The norovirus outbreak may have affected the scores
of the independent-living participants, as they had lower scores on the
mental state examination and the clock design test score. The findings
showed that an active singing programme, using an innovative approach,
led to significant improvement in cognitive ability in individuals with
dementia. Similarly, Pongan and colleagues (2017) aimed to determine
the efficacy of choral singing versus painting sessions on chronic pain,
mood, quality of life and cognition in patients with Alzheimer’s disease.
Fifty-nine patients with mild Alzheimer’s disease were randomised to
a 12-week singing or painting group. Chronic pain, anxiety, depression
and quality of life were assessed before, immediately after and one
month after the sessions. Both singing and painting interventions led
to significant pain reduction, reduced anxiety, improved quality of life,
improved digit-span and inhibitory processes. However, depression was
reduced only in the painting group, while verbal memory performance
remained stable over time in the singing group but decreased in the
painting group. Overall, the findings suggest that singing and painting
interventions may reduce pain and improve mood, quality of life, and
cognition in patients with mild Alzheimer’s disease, with differential
effects of painting for depression and singing for memory performance.
Also focusing on singing, Camic and colleagues (2013) worked with ten
people with dementia and their family carers in a singing-together group
for ten weeks. Measures of mood, quality of life, dementia, behavioural
and psychological problems, activities of daily living and cognitive
status were measured at pre-, post- and ten-week follow-up. Engagement
levels were monitored during the sessions and care partners were asked
to rate each session. Additional qualitative information was obtained
through interviews pre- and post-intervention and at follow-up. The
results showed that the dementia sufferers were deteriorating slowly
over the course of the study on all measures, but that they and their
carers’ quality of life remained relatively stable. Engagement levels
during the programme were very high, and attendance excellent.
The interviews provided strong support for the intervention, having
promoted the wellbeing of all participants.

In a randomised controlled study, Sarkdm¢ and colleagues (2014)
compared the effects of three different interventions on working
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memory on a group of patients with dementia. Each participant was
assigned to one of three 10-week group-based interventions: singing,
listening to music or usual care. The findings showed that participants
in the singing group showed a temporary improvement in working
memory, as measured by backward digit-span. Also using a randomised
controlled study, Narme and colleagues (2014) studied 48 patients with
Alzheimer’s disease or mixed dementia, and compared the effects of
music versus cooking interventions on their emotions, cognition and
behaviour, as well as on their professional caregivers. Each intervention
lasted for one hour, twice a week for four weeks. The findings showed
that music and cooking interventions led to positive changes in
emotional state and decreased the severity of behavioural disorders, as
well as reducing the stress levels of the caregivers, but there was no
benefit to the participants” cognitive status.

Mansky and colleagues (2020) carried out a post-hoc observational
analysis of the Zurich disability prevention trial. Pastand present musical-
instrument playing was correlated with mini mental state assessment
and a visual analogue scale using linear regression at baseline and
mixed model linear regression over one year. Two hundred community-
dwelling adults were included. Just over 48 percent of participants had
played a musical instrument, 35 percent had played in the past and
13.5 percent continued to play. At the start of the programme, those
currently playing an instrument had a higher adjusted mini mental state
assessment score than those who had never played. Over a 12-month
period, those who had continued to play showed significantly more
improvement from baseline in the mini mental state assessment than
those who had never played. This association remained significant
even after restricting the analysis to those participants who had not
undertaken higher education. Over time, no differences were observed
for the visual analogue scale, although past players had the largest
decline in health-related quality of life at 12 months. Overall, present
and past musical-instrument playing was able to assist in preserving
cognitive function in community-dwelling older adults. An ongoing
study is being undertaken by James and colleagues (2020) in Hannover
and Geneva over a 12-month period with elderly people receiving either
piano instruction or musical listening awareness. Testing is being carried
out at four time points: prior to the research, and after 6, 12 and 18



6. The Impact of Musical Engagement on Memory 167

months, following training on cognitive and perceptual motor aptitudes,
as well as wide-ranging functional and structural neuroimaging and
blood sampling. The researchers hope to show that musical activities
can diminish cognitive and perceptual motor decline.

Overall, the research to date suggests that music training may
protect against age-related decline in working memory and can
improve performance among older adults who show decline in working
memory. Importantly, music training may be useful in the prevention
and treatment of dementia, although the benefits may be more related
to general wellbeing rather than cognitive enhancement. Not all the
research shows that engaging with music can help to stave off dementia.
Kuusi and colleagues (2019) examined the causes of death of Finnish
professional classical musicians, performing artists and church musicians
between 1981 and 2016 and showed that overall, there appeared to be
a protective effect of music for health, although there was increased
mortality in alcohol-related disease among female performing artists
and in neurodegenerative diseases among male performing artists.

Reviews and Meta-Analyses

Reviews of the role of active music-making on visual, verbal and working
memory have had mixed findings. On the basis of their review, Franklin
and colleagues (2008) concluded that the benefits of music training on
working memory were not limited to the auditory domain but could
lead to enhanced verbal working memory. Strait and Kraus (2011a)
suggested that the auditory expertise gained over years of consistent
music practice fine-tuned the human auditory system, strengthening
the neurobiological and cognitive underpinnings of both music and
speech processing, subsequently bolstering the neural mechanisms
that underpin language related skills, such as reading and hearing
speech in background noise. In a later review, Kraus and colleagues
(2012) examined the biological underpinnings of musicians” auditory
advantages and the mediating role of auditory working memory. They
reported associations between working memory performance, music
training or aptitude, and neural encoding of speech. Moreno and
Bidelman (2014) argued that some programmes that aimed to impact
on the non-auditory functions necessary for higher order aspects of
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cognition, including working memory (for instance, visual arts), may not
yield widespread enhancement. They suggested that musical expertise
uniquely taps and refines a hierarchy of brain networks, which subserve
a variety of auditory, as well as domain-general, cognitive mechanisms.
From this, they inferred that transfer from specific music experience to
broad cognitive benefit might be mediated by the degree to which a
listener’s musical training fine-tuned lower and higher order executive
functions, and the coordination between these processes. Dumont and
colleagues (2017), in a review of five studies, reported mixed results.
One experimental study showed improved performance in those who
had participated in formal music lessons, but the remaining four
studies, although reporting positive or partially positive results, were
limited in the rigour of their methodology. Overall, there did seem to be
potential benefits of active engagement with music, but methodological
limitations did not allow clear conclusions to be drawn. On the basis
of their review, Benz and colleagues (2016) argued that music training
could have positive effects, but that these were frequently restricted to
the auditory domain.

In a meta-analysis examining the effects of music training on a
range of cognitive skills, Sala and Gobet (2017b), using random effects
models, showed a small overall effect size but slightly greater effect sizes
with regard to memory-related outcomes, although overall there was an
inverse relationship between the size of the effects and the methodological
quality of the design of the studies. In a later meta-analysis, Sala and
Gobet (2020) reanalysed data from 54 previous studies including a
total of 6,984 children. They found that music training appeared to be
ineffective at enhancing cognitive or academic skills, regardless of the
type of skill—verbal, non-verbal, speed-related, participants’ age or
duration of music training. Studies with high-quality designs showed
no effect of music education on cognitive performance.

Three meta-analyses were carried out by Talamini and colleagues
(2017), who focused on short-, long-term and working memory. The
studies involved young adult musicians and non-musicians using tonal,
verbal or visuospatial stimuli. The 29 studies in the analyses included
53 memory tasks. The results showed that musicians performed better
than non-musicians on tasks involving long-term memory, short-term
memory and working memory. A further analysis included a moderator:
the type of stimulus presented (tonal, verbal or visuospatial). This was
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found to influence the effect size for short-term and working memory,
but not for long-term memory. The musicians” advantage in terms of
short-term and working memory was large with tonal stimuli, moderate
with verbal stimuli, and small or null with visuospatial stimuli. The three
meta-analyses revealed a small effect size for long-term memory, and
a medium effect size for short-term and working memory, suggesting
that musicians perform better than non-musicians in memory tasks—
although this advantage was moderated by the type of stimuli.

Baird and Samson (2015) reviewed the literature on music cognition
in dementia, pointing out that different types of memory are not impaired
in the same ways in dementia. They argued that little rigorous scientific
investigation had been undertaken, and that large-scale randomised
control studies had questioned the specificity of the effect of music
and found that it was no more beneficial than other pleasant activities.
However, they acknowledged that music was unique in its power to elicit
memories and emotions, which could provide an important link to an
individual’s past and a means of non-verbal communication with carers.
Walsh and colleagues (2019)—in a meta-analyse which focused on
cognitive impairment or dementia as the outcome, and included studies
with learning to play a musical instrument as the main intervention—
found a 59 percent reduction in the risk of developing dementia for
those playing a musical instrument. However, they advised caution in
interpreting the findings, as the evidence base was limited by its size
and methodological issues.

Overview

The evidence presented in this chapter suggests that active engagement
with making music can have positive effects on some aspects of memory.
The effects are strongest when they relate to the aural skills which
active engagement with music is acknowledged to enhance: memory
for music and stimuli presented verbally. The evidence for the impact
on visual skills is less strong and is likely to depend on the extent to
which musicians” skills include reading musical notation. Musicians
tend to have greater working memory capacity than non-musicians, but
measures of musical expertise suggest that training-related advantages
are not independent of existing abilities. Musical training and musical
aptitude may both affect memory performance among children.






/. Executive Functioning
and Self-Regulation

Executive functions enable individuals to optimise performance on a
range of tasks. They improve concentration, facilitate planning, help with
the prioritisation of information, and promote flexibility in changing
strategies, switching between tasks, and adapting to change (Diamond,
2013). Most models of executive functions postulate three related but
separable components: inhibition or inhibitory control; shifting, cognitive
flexibility or switching; and updating or working memory updating
(Diamond, 2013; Gould, 2014; Lehto et al., 2003; Logue et al., 2012;
Miyake et al., 2000). Inhibition or inhibitory control requires the control
of thoughts or behaviour to override a response which has priority over
other possible responses. Cognitive flexibility requires an individual to
change perspective or switch between task demands, while updating
requires individuals to maintain, add, delete and manipulate items
within memory. These executive functions develop through childhood
and adolescence and can be improved with practice (Diamond, 2013;
Diamond et al., 2007; Miyake et al., 2000). Overall, executive functions
include the activities of working memory and involve the control of
actions, thoughts, emotions and general abilities including planning,
solving problems, and being able to adjust to novel or changing task
demands (Diamond, 1990; 2002; Lezak, 2004; Zelazo, 2004). Because of
the plasticity of the brain, they continue to develop over the lifespan,
although Friedman and colleagues (2008) argue that they are influenced
by a highly heritable (99%) common factor and that there are additional
genetic influences unique to particular executive functions. Supporting
this, they presented data from a multivariate twin study examining why
participants varied in each of the three elements of executive functioning
and why these abilities were correlated but separable. Other research has
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shown that the development of executive function is complex, as neural
changes are affected by synaptic proliferation, pruning, myelination,
neurofilament and neurotransmitter levels. Each of these has its own
developmental trajectory until, over time, the neural networks settle into
more stable states. Performance on three complex executive functioning
tasks has been shown to improve until at least age 15, although the pace
of improvement slowed with increasing age and varied across tasks
(Best et al., 2011). Understanding executive functions is important, as
they impact on the quality of life and performance in school and in the
workplace, and have been shown to improve with practice (Diamond,
2013; Diamond et al., 2007). This means that there is the possibility that
they can be trained.

Executive functions can be measured in several different ways.
Inhibition control can be assessed by a range of tests, including the
Stroop test and the stop-signal task. The Stroop test requires participants
to read colour words—for example, red, blue or green—presented on a
screen, and then to say the colour of the font aloud. In congruent trials,
the colour of the font is the same as the word, while in incongruent
trials, the colour of the font does not match the word. In neutral trials,
a string of asterisks appears. The Stroop effect is the difference in the
average of correct responses between incongruent and neutral trials. In
the stop-signal task, participants are required to fixate on a cross in the
centre of a screen, which is replaced by either a square or a circle. They
are instructed to push left as quickly as possible if they see a square, and
to push right as quickly as possible if they see a circle. On a quarter of
the trials, participants are presented with the shape, then hear a stop
signal (a beep from the computer), and are instructed to withhold any
response when they hear that signal. On each trial where there is a stop
signal, the onset of the stop signal is adjusted until participants can
correctly inhibit it for half of the responses. Performance is measured as
the stop-signal reaction time—an estimate of how long it takes to inhibit
an already initiated response.

Cognitive flexibility, or set-shifting, assesses the ability to shift from
one task to another. Participants are shown a set of five cards each with a
different figure on it. The figures switch around with each element. For
example, in one problem the figures on the cards might be three green
stars, one red circle, two yellow blocks, four yellow crosses and two red
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crosses. The participant sees four of the cards lined up in a row, and one
by itself below. He or she is told to match that card to one of the four
above, but not told the rule for matching. The participant does not know
whether to match by shape, colour or number. Feedback is only given on
whether the participant is right or wrong in the match made. Through
trial and error, the participant needs to work out the rule. The score is
how many correct sorts are made.

The updating or working memory element of executive function
tends to be assessed using various digit-span tests. For instance, in the
forward test the participant repeats a series of numbers in the order
that they are given. In the reverse digit-span, the numbers have to be
repeated backwards. In spatial spans, the assessor touches a series of
blocks in a particular order. The participants have to copy that order or
reverse it. The Tower of Hanoi test can also be used to assess working
memory. It requires the participant to rearrange disks to match a model
while following specific rules; for instance, not putting a large disk on
top of a smaller one. The goal is to complete the task in as few moves as
possible. These various tests have been used in research with adults and
children—both young and older people.

There has been great interest in whether making music might
enhance executive functions. When musicians engage in making music,
they read and decipher musical notation, recall music from memory
and may improvise new material. They produce musical sounds while
also planning ahead, keeping notation and rhythms in mind until they
are performed. They must monitor their performance but also attend
to the auditory streams produced by other performers so that they
can flexibly coordinate and adjust the sounds that they are producing
to match those of the group (Okada and Slevel, 2018). Managing
this complexity may enable individuals to become more effective in
managing equally complex tasks in other situations (Cabanac et al.,
2013). Musical activities, formal and informal, promote analytical
thinking, planning and prioritising, attention, problem-solving and
other executive functions (Serpell and Esposito, 2016). Each of the three
components of executive functioning has been linked to musical activity.
For instance, overriding expectations and unexpected resolutions of
musical ambiguity may draw on general inhibitory control mechanisms
(Slevc and Okada, 2015). Shifting is implicated in ensemble-playing,
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where musicians must coordinate their own playing with others in the
group (Jentzsch et al., 2014; Palmer, 2013). Playing with others requires
being able to flexibly shift between auditory streams (Loehr et al., 2013)
and also adjust dynamically to the other members of the ensemble
(Loehr and Palmer, 2011; Moore and Chen, 2010). Updating is crucial
in reading musical notation, particularly in sight-reading, as musicians
need to look ahead in the score to prepare for what to play next. Expert
sight-readers typically look at least four notes ahead of where they are
playing (Drake and Palmer, 2000; Furneaux and Land, 1999; Goolsby,
1994). This requires constant updating of the contents of working
memory, holding in memory what is being played and what is still to
be played. Indeed, there is evidence that being able to sight-read well is
related to non-musical measures of working memory capacity (Meinz
and Hambrick, 2010).

Music has been used to enhance executive functions, as it is a
multifaceted activity. Learning to play an instrument usually, although
not always, requires the learner to read music, translate printed notation
into planned motor sequences, develop fine motor coordination and
hold a great deal of information in memory (Peretz and Zatorre, 2005).
Formal music practice involves controlled attention for long periods of
time, keeping musical passages in working memory, encoding them
into long-term memory, decoding musical scores and translating them
into motor programmes. These activities draw on complex cognitive
functions which have been illustrated in brain-imaging research
(Stewart et al., 2003). Schon and colleagues (2002) investigated the brain
areas involved in reading musical notation using functional magnetic
resonance imaging. They compared reading musical notation to reading
verbal and numerical notation. Professional musicians were required to
play musical notation, read verbal information and read the numbers
displayed on a five-key keyboard. The three tasks revealed a similar
pattern of activated brain areas. Playing an instrument is also related
to an increased rate of cortical thickness maturation in the dorsolateral
prefrontal cortex and orbitofrontal cortex, areas often involved in
executive functions (Hudziak et al., 2014). Musically trained children
also show greater blood-oxygenation-level-dependent responses in a
task-switching paradigm in the bilateral ventrolateral prefrontal cortex
and supplementary motor area (Zuk et al.,, 2014)—regions linked to
executive functioning (Nachev et al., 2008; Nee et al., 2013).
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Listening to or tapping complex polyrhythms—for instance, tapping
four against three—requires inhibitory control and is associated with
activation in Broadmann Area 47, an area of the brain which is implicated
in the processing of syntax in oral and sign languages, musical syntax,
and the semantic aspects of language. It is also associated with activity
in the anterior cingulate cortex, which is implicated in empathy, impulse
control, emotion and decision-making (Vuust et al., 2006; 2011). Stewart
and colleagues (2003) scanned musically naive subjects using functional
magnetic resonance imaging before and after they had been taught to
read music and play a keyboard. When participants played melodies
from musical notation after training, activation was seen in a cluster of
voxels within the right superior parietal cortex, consistent with the view
that music-reading involves spatial sensorimotor mapping.

Research with Adults

Much of the research with adults has been based on correlations
examining the relationship between levels of musical expertise and
performance on various tests of executive function. Some of this
research has used continuous measures of musical expertise, while
other research has compared the performance of musicians with
that of non-musicians. As seen in Chapter 6, a range of studies have
demonstrated that musicians may have advantages in performance
in working memory compared with non-musicians. This has been
demonstrated on measures of auditory and visual working memory
(Franklin et al., 2008; Fujioka et al., 2006; George and Coch, 2011; Lee
et al., 2007; Pallensen et al., 2010; Parbery-Clark et al., 2011). Other
research has explored other elements of executive functioning. For
instance, Hansen and colleagues (2012) administered digit- and spatial-
span tests and a musical ear test to non-musicians and amateur and
expert musicians. The expert musicians significantly outperformed the
non-musicians on the digit-span test. Digit-span forward scores were
also found to be correlated with musical ear test scores and scores on
a rhythm subtest. However, there were no differences between the
groups on the spatial-span task. Similarly, Strait and colleagues (2010)
administered a standardised battery of perceptual and cognitive tests to
adult musicians and non-musicians, including tasks which were more
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or less susceptible to cognitive control and more or less dependent on
auditory or visual processing. The outcomes indicated lower perceptual
thresholds in musicians, specifically for auditory tasks, including
auditory attention. There were no group differences for simultaneous
masking and visual attention tasks. Overall, long-term musical practice
strengthened those cognitive functions which benefited auditory
skills. Also focusing on auditory skills, Clayton and colleagues (2016)
investigated whether musicians would outperform non-musicians
in recognising a speech target in a multi-talker, cocktail-party-like
environment. Executive function assessment included measures of
cognitive flexibility, inhibition control and auditory working memory.
The musicians performed significantly better than the non-musicians in
spatial hearing and measures of auditory working memory. A multiple
regression analysis revealed that musicianship and performance on a
multiple-object tracking task significantly predicted performance on the
spatial hearing task, confirming the relationship between musicianship,
domain-general selective attention and working memory in solving the
cocktail party problem.

Some research has focused on the role that music might play
in enhancing attention. For instance, Medina and Barraza (2019)
explored the relationship between long-term musical training and the
efficiency of the attentional system. They compared performance on the
alerting, orienting and executive attentional networks of professional
pianists compared with a matched group of non-musician adults. The
executive attentional network was more efficient in musicians than
non-musicians, although there were no differences in the efficiency
of alerting and orienting networks between the groups. The findings
showed that the efficiency of the executive system improved with years
of musical training, even when controlling for age. The three attentional
networks of the non-musicians were functionally independent, while
for the musicians the efficiency of the alerting and orienting systems
were associated. Similarly, Pallensen and colleagues (2010) examined
working memory for musical sounds and found that, in comparisons
between musicians and non-musicians, the musicians had heightened
activity in neuronal networks that sustained attention and cognitive
control, including the prefrontal regions and the supplementary
motor area. The relationship between task performance and activation
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patterns was strongest in the musicians during the periods when the
load on working memory was the heaviest. Also focusing on attention,
Romén-Caballero and colleagues (2020) investigated attentional and
vigilance abilities in expert musicians with a measure which allowed the
assessment of the functioning of the three networks that are concerned
with alerting, orienting, and executive control—along with two different
components of vigilance (executive and arousal vigilance). Forty-nine
adult musicians, from 18 to 35 years old, were matched on an extensive
set of confounding variables with a control group of 49 non-musicians.
The musicians showed advantages in processing speed and the two
components of vigilance, with some specific aspects of musicianship
(such as years of practice or years of lessons) correlating with these
measures.

Another strand of research has considered the relationship between
executive functions, music training and bilingualism. For instance,
Moradzadeh and colleagues (2015) investigated whether musical
training and bilingualism were associated with enhancements in specific
components of executive function: namely task-switching and dual
task performance. One hundred and fifty-three participants belonged
to one of four groups: monolingual musician, bilingual musician,
bilingual non-musician or monolingual non-musician. The findings
demonstrated reduced global and local switch costs in musicians
compared with non-musicians, suggesting that musical training can
contribute to increased efficiency in the ability to shift flexibly between
mental sets. The musicians also outperformed the non-musicians
on dual task performance, but there was no cognitive advantage for
bilinguals relative to monolinguals, nor an interaction between music
and language. The findings demonstrated that long-term musical
training, but not language training, was associated with improvements
in task-switching and dual task performance. Similarly, Moreno and
colleagues (2014) explored executive functions in musicians, bilinguals
and controls. Participants completed a visual go/no go task that
involved the withholding of key presses to rare targets. Participants in
each group achieved similar accuracy rates and response times, but the
analysis of cortical responses revealed significant differences. Success
in withholding a prepotent response was associated with enhanced
stimulus-locked neural activity. This was particularly the case for the
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musicians when compared with the bilinguals. The findings showed
that bilingualism and music training have different effects on the brain
networks supporting executive control over behaviour. A small amount
of research has examined the differences in executive functioning
between different types of musicians. For instance, percussionists have
been found to outperform vocalists and non-musician controls on an
integrated visual and auditory—plus continuous performance—test of
inhibition (Slater et al., 2017).

Much of the research has revealed inconsistency in terms of the
impact of musical activity on the different elements of executive
functioning. For instance, Zuk and colleagues (2014) carried out an
experiment with 30 adults with and without musical training using
a standardised battery of executive function tests. Compared to the
non-musicians, the musicians showed enhanced performance on
some measures of executive function, cognitive flexibility, working
memory and verbal fluency, but not on inhibition or shifting. Similarly,
Helmbold and colleagues (2005) studied the psychometric performance
of 70 musicians and 70 non-musicians on different aspects of primary
mental abilities: verbal comprehension, word fluency, space, flexibility
of closure, perceptual speed, reasoning, number and memory. No
significant differences were found between the musicians and non-
musicians except for flexibility of closure and perceptual speed,
where the musicians performed reliably better than non-musicians.
In research with older adults, Amer and colleagues (2013) also found
inconsistency. They investigated whether long-term music training and
practice were associated with enhancement of general cognitive abilities
in late-middle-aged to older adults. Professional musicians and non-
musicians matched on age, education, vocabulary and general health
were compared on a near-transfer task involving auditory processing,
and on far-transfer tasks that measured spatial span and aspects of
cognitive control. The musicians outperformed the non-musicians on
the near-transfer task, on most but not all of the far-transfer tasks, and
on a composite measure of cognitive control. The results suggested that
sustained music training or involvement was associated with improved
aspects of some elements of cognitive functioning in middle-aged to
older adults, but not all.

Using a continuous assessment of musical expertise, Slevc and
colleagues (2016) investigated the relationship between musical ability
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and executive functions by evaluating the musical experience and
ability of a large group of participants, and exploring whether this
predicted individual differences on inhibition, updating and switching
in both auditory and visual modalities. Musical ability predicted better
performance on both auditory and visual updating tasks, even when
controlling for a variety of potential confounds, but musical ability was
not clearly related to inhibitory control and was unrelated to switching
performance. Similarly, Okada and Slevc (2018a) used a large test battery
of tasks related to working memory, inhibitory control, and cognitive
flexibility, as well as an assessment of musical training. One hundred and
fifty participants completed the tests. Overall, the data showed a positive
relationship between individual differences in musical training and
working memory updating ability, but no relationship with inhibition
or shifting. The authors suggested that the inclusion of intelligence as a
covariate may have eliminated any positive association between musical
training and tasks assessing inhibition. Similarly, Brooke and colleagues
(2018) administered an executive function battery of tests containing
multiple tasks assessing inhibition, shifting and working memory
updating, as well as a comprehensive, continuous measure of musical
training and sophistication to 150 undergraduates. Overall, these
data showed a positive relationship between individual differences
in musical training and working memory updating ability, but no
relationship with inhibition or shifting. The differences in the tasks used
to assess shifting—or the use of comparisons between musicians with
non-musicians rather than the use of continuous musical measures—
may account for some of the inconsistencies in findings. In relation to
inhibition, measures of intelligence may have acted as mediators.
Working with Chinese participants, Chen and colleagues (2020)
examined the relationship between musical training and inhibitory
control through the go/no go response inhibition and Stroop tasks by
using event-related potentials. In the go/no go task, participants had
to press a keyboard button in response to white shapes, while they had
to inhibit responding to purple shapes. In the Stroop task, participants
were presented with Chinese colour words, printed in different colours.
The behavioural results showed that the music group had enhanced
performance compared with the control group in the Stroop task,
while the groups performed similarly in the go/no go task. The results
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showed that individuals that received music training had stronger
conflict-monitoring and motor-inhibition abilities when completing
the interference control task. As musical training appeared to enhance
inhibitory control, it was suggested that it might support those with
psychiatric disorders such as addictions, attention deficit hyperactivity
disorder and obsessive-compulsive disorder, all of which have been
shown to involve deficits in inhibitory control.

Some research has highlighted differences in performance depending
on the nature of the tasks. For instance, Fischer and colleagues (2013)
tested 16 healthy adults on performed magnitude and pitch comparisons
onnumbers sung at variable pitch. The stimuli and response alternatives
were identical, but the relevant stimulus attribute, pitch or number
differed between tasks. Concomitant tasks required retention of either
colour or location. The findings showed that the spatial association for
pitch was more powerful than that for magnitude. There appeared to be
no automaticity of spatial mappings in either stimulus dimension.

Travis and colleagues (2011) expanded the area of investigation
beyond executive functioning to develop a wunified theory of
performance. They compared professional and amateur classical
musicians matched for age, gender and education on reaction times
during the Stroop colour-word test, brain waves during an auditory
event-related potential task, paired reaction-time tasks, responses on
a sociomoral reflection questionnaire, and self-reported frequencies of
peak experiences. Professional musicians were characterised by lower
colour-word interference effects, faster categorisation of rare expected
stimuli, a trend for faster processing of rare unexpected stimuli, higher
scores on the sociomoral reflection questionnaire, and more frequent
peak experiences during rest, tasks and sleep. The authors suggested
that the findings could be interpreted as effectiveness being influenced
by the level of mind-brain development and emotional, cognitive, moral,
ego and cortical development, with higher mind-brain development
supporting greater effectiveness in any domain.

Working in a health context, Siponkoskhifors and colleagues
(2020) explored the use of musical activity for those with traumatic
brain injuries, particularly where there were impairments of executive
functioning. Forty patients with moderate or severe traumatic brain
injuries were randomly allocated to receive a three-month neurological



7. Executive Functioning and Self-Regulation 181

music therapy intervention, either during the first or second half of a
six-month follow-up period. Neuropsychological testing, motor testing
and magnetic resonance imaging were performed at baseline, and
at three and six months. The findings showed that general executive
functioning and set-shifting improved more in the first group than
the second over the first three-month period, and the effect on general
executive functioning was maintained in the six-month follow-up.
Voxel-based morphometry analysis of the structural magnetic
resonance imaging data indicated that grey-matter volume in the right
inferior frontal gyrus increased significantly in both groups during the
intervention versus control periods, which also correlated with cognitive
improvement in set-shifting. These findings suggest that neurological
music therapy can enhance executive functioning and induce fine-
grained neuroanatomical changes in prefrontal areas in those with
traumatic brain injuries. Furthermore, Kuriansky and Nemeth (2020)
have developed a musical intervention for work with children who
have experienced environmental trauma, which can lead to deficits in
executive functioning.

Research with Children

Some research has indicated that participation in formal early music
education classes is linked with better self-regulation skills. Winsler and
colleagues (2011) compared a group of three- to four-year-old children
receiving weekly music and movement classes (Kindermusik) with a
group who had not experienced any structured early childhood music
classes. Those enrolled in the music classes showed better self-regulation
than those not enrolled, as measured by a battery of tests that required
children to wait, slow down and initiate or suppress a response. The
Kindermusik children were also more likely to use a range of positive
self-regulatory strategies, including private speech, during an attention
task, and singing or humming during a waiting task. Parent-child
music therapy efficacy studies have also indicated that joint active
music participation supports improved child-parent interactions, and
enhances impulse control and self-regulation skills (Malloch et al., 2012;
Pasiali, 2012). Galarce and colleagues (2012) reported enhanced self-
regulation in terms of speaking inappropriately to others, while Brown
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and Sax (2013) found that an arts-enriched programme, including
music, helped emotional regulation skills in low-income children when
compared to non-arts programmes.

Several studies have explored the relationships between active
engagement with music and executive functions in preschool children.
For instance, Bugos and DeMarie (2017) studied the effects of a
short-term music programme including creative activities, bimanual
gross motor training and vocal development on preschool children’s
inhibition. Thirty-six preschool children were randomly assigned to
musical activities or Lego training. Results pre- and post-programme
on a matching familiar-figures test—requiring inhibition and visual
discrimination—indicated fewer errors post-training by the music
group compared to controls. Overall, the findings showed that music
interventions involving vocal activity and improvisation on pitched and
non-pitched instruments enhanced inhibition on a matching familiar-
figures test, but not on the day-night Stroop test, after a six-week-long
intervention with 90 minutes of weekly musical training, compared to
children who undertook Lego training.

Similarly, the development of inhibition was observed in a study
of Finnish children who, after undertaking musical activities at home,
showed greater attention to other tasks, while their brains responded less
strongly to auditory distractors compared to their peers (Putkinen et al.,
2013). Working with 120 school-aged children, Putkinen and colleagues
(2014) conducted a longitudinal study and showed that children who
received formal musical training showed superior performance in tests
of executive functions, while Putkinen and colleagues (2015) found
that musically trained preschool and school-aged children attending
a musical playschool showed more rapid maturation of neural sound
discrimination than a comparison group. In China, Shen and colleagues
(2019) examined whether musical training enhanced executive function
in preschool children who had not undergone previous systematic
music learning. Participants were 61 preschool children from a
university-affiliated kindergarten in North China. The experimental
group underwent 12 weeks of integrated musical training including
music theory, singing, dancing and roleplay, while the control group
performed typical daily classroom activities. The three components of
executive function—inhibitory control, working memory and cognitive



7. Executive Functioning and Self-Regulation 183

flexibility—were assessed. Executive functions were tested before and
after musical training. The results showed that the children’s executive
functions could be promoted by music training. In further tests
undertaken 12 weeks later, the effects were sustained.

In a highly controlled study, Moreno and colleagues (2011a)
assigned 71 four- to six-year-old children to either a computerised music
training programme or a computerised visual arts training programme.
The two programmes had the same learning goals, graphics, design,
duration, number of breaks and number of teaching staff. The music
curriculum was based on a combination of motor, perceptual and
cognitive tasks, relying primarily on listening tasks, and included
training in rhythm, pitch, melody, voice and basic musical concepts. The
visual art curriculum focused on the development of visuospatial skills.
The children engaged in the training programme in two daily sessions
of one hour each for five days per week. After four weeks of daily
training, the children who received the music training showed greater
gains in inhibitory control than the children who received visual arts
training, as well as a greater index of brain plasticity on no go trials in
a go/no go task. The children in the music group also showed greater
improvements in the ability to identify geometric figures on the basis of
colour while ignoring irrelevant variation in shape. These changes were
positively correlated with changes in functional brain plasticity during
an executive function task. However, there was no difference in reaction
times between the music and visual arts groups.

In a similar, longitudinal study in the Netherlands, Jaschke and
colleagues (2018) examined cognitive skills in 147 primary-school
children aged six to seven, randomly allocated to music, visual art or
passive control groups. The music group significantly outperformed
the other groups in planning, inhibition and verbal intelligence.
Neuropsychological tests assessed verbal intelligence and executive
functions. The findings showed that the children in the visual arts group
performed better on visuospatial memory tasks as compared to the
three other conditions. However, the test scores on inhibition, planning
and verbal intelligence increased significantly in the two music groups
over time as compared to the other groups.

In a quasi-experimental study where children were able to self-
select to take music lessons, Roden and colleagues (2014a) worked
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with children aged seven to eight years old over an 18-month period.
Those who self-selected to take music lessons on an instrument of their
own choosing outperformed children who received science lessons
on two tasks assessing updating ability: a counting-span test and a
complex-span test. Working with older children aged nine to twelve,
with different lengths of time spent having music lessons, Degé and
colleagues (2011) assessed five different executive functions: set-
shifting, selective attention, planning, inhibition and fluency. Significant
associations emerged between the months of having music lessons and
all the measures of executive function.

Adopting an approach where no musical notation was used,
Guo and colleagues (2018) investigated the effect of a six-week
instrumental practice programme playing the keyboard harmonica.
Forty children aged six to eight years old were randomly assigned to
either the experimental group or an untrained control group. Cognitive
measurements included verbal ability, processing speed, working
memory and inhibitory control. After the six-week training, only the
experimental group showed a significant improvement in the digit-span
test, especially the digit-span backward test that measures working
memory. No significant influences were found on the other cognitive
tests.

Saarikivi and colleagues (2016) investigated whether individual
differences in executive functions predicted training-related changes in
neural sound discrimination. They measured event-related potentials
induced by sound changes, coupled with tests for executive functions
in musically trained and non-trained children in two age groups (9 to
11 and 13 to 15). High performance in a set-shifting task, indicating
cognitive flexibility, was linked to enhanced maturation of neural sound
discrimination in both musically trained and non-trained children.
Musically trained children with good performance showed large neural
responses to sound in both age ranges, indicating accurate sound
discrimination. In contrast, musically trained low-performing children
showed an increase in sound responses with age, suggesting that they
were behind their high-performing peers in the development of sound
discrimination. In the non-trained group, only the high-performing
children showed evidence of an age-related increase in neural
responses, while the low-performing children showed a small increase
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with no age-related change. These findings suggest an advantage in
neural development for high-performing non-trained individuals.
There was an age-related increase in response only in the children who
performed well in the set-shifting task, irrespective of music training,
indicating enhanced attention-related processes in these children. This
research provided evidence that, in children, cognitive flexibility may
influence age-related and training-related plasticity of neural sound
discrimination.

Also studying primary-aged children, James and colleagues (2019)
performed research on 69 children aged ten to twelve. The children
received group music instruction by professional musicians twice a
week as part of the regular school curriculum. They learned to play
stringed instruments. In contrast, a control group was sensitised to
music through listening, theory and some practice. There were benefits
for the intervention group as compared to the control group for working
memory, attention, processing speed, cognitive flexibility, matrix
reasoning, sensorimotor hand function and bimanual coordination. The
findings highlighted the added value of intensive musical instrument
training in a group setting within the school curriculum. Working with
27 musically trained and untrained children aged nine to twelve, Zuk and
colleagues (2014) found that the musically trained children were better
at shifting but not at inhibition or updating. They showed enhanced
performance on measures of verbal fluency and processing speed, and
significantly greater neural activation during rule representation and
task-switching in regions of the brain known to be involved in executive
functions (compared to musically untrained children).

Focusing on older children aged 10 to 13, with or without musical
training, Kausal and colleagues (2020) assessed attention and working
memory, while brain activity was measured with functional magnetic
resonance imaging. Participants were presented with a pair of bimodal
stimuli, auditory and visual, and were asked to pay attention only to the
auditory, only to the visual, or to both at the same time. Both groups had
higher accuracy on items that they were instructed to attend to, but the
musicians had overall better performance on both memory tasks across
attention conditions. The musicians showed higher activation than
controls in cognitive control regions, such as the frontoparietal control
network, during all encoding phases. In addition, facilitated encoding
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of auditory stimuli in musicians was positively correlated with years
of training and higher activity in the left inferior frontal gyrus and the
left supramarginal gyrus, structures that support the phonological loop.

Working with adolescents, Gonzalez and colleagues (2020)
examined whether there was a relationship between time spent in
musical training and executive function. Adolescents between the ages
of 14 and 18 completed three tests of executive function: the Tower of
Hanoi test to assess working memory, the Wisconsin Card Sort test to
assess cognitive flexibility, and the Stroop task to assess inhibition. They
also completed a musical experience questionnaire, which included
their lifetime musical practice hours. The adolescent musicians were
found to have improved inhibitory control relative to non-musicians,
while inhibition scores correlated with music practice time. No other
elements of executive function were found to be associated with musical
training. These findings suggest that the impact of musical training may
not be the same for all executive functions and that there may be unique
associations between certain types of training and inhibitory control.

A few studies have worked with mixed age groups. For instance,
Holochwost and colleagues (2017) examined whether music education
was associated with improved performance on measures of executive
functions. Participants were 265 school-aged children from first to
eighth grade. They were selected by lottery to participate in an out-
of-school programme offering individual and large ensemble training
on orchestral instruments. Executive functions were assessed through
students’ performance on a computerised battery of common executive
function tasks. The findings showed that, relative to controls, students
in the music education programme exhibited superior performance on
multiple tasks of inhibitory control and short-term performance. The
largest differences in performance were observed between students
in the control group and those who had participated in the music
programme for two to three years, although conditional effects were
also observed on three of the executive function tasks for students
who had been in the programme for one year. Similarly, Hudziak
and colleagues (2014) assessed the extent to which playing a musical
instrument was associated with cortical thickness development among
232 healthy youths aged six to eighteen over a two-year period. While
there was no association between cortical thickness and years playing
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a musical instrument, follow-up analysis revealed that music training
was associated with an increased rate of cortical thickness maturation
within areas implicated in motor planning and coordination, emotion
and impulse regulation.

In another mixed-age study, Nutley and colleagues (2013) focused
on children and young people aged between 6 and 25. In a longitudinal
study with testing two years apart, they demonstrated that musical
practice had a positive association with working memory capacity, and
visuospatial and verbal processing speed and reasoning skills at all time
points, after taking into account parental education and participation
in other school activities. Those participating in musical activities
had larger grey-matter volume in the temporo-occipital and insular
cortex—areas which are known to be associated with the reading of
musical notation. Changes in working memory were proportional to
the number of hours spent in weekly practice, but this did not apply
to measures of verbal reasoning. It may be that reading notation is
important in the development of at least some executive functions as it
requires visuospatial working memory, rapid information processing,
visuospatial decoding and a constant updating of musical notation.

In some research where comparisons have been made between
music training and other interventions, similar effects have been found.
For instance, using second-language learning as a control, Janus and
colleagues (2016) compared the effects of short-term music training
and tuition in French on executive control. They pseudo-randomly
assigned 57 four- to six-year-old children matched on age, maternal
education and cognitive scores to a 20-day training programme offering
instruction in either music or conversational French. The children were
tested on verbal and non-verbal tasks requiring executive control. All
of the children improved on these tasks following training. Children in
both groups had better scores on the most challenging condition of a
judgement task about the correct grammar of a sentence, where it was
necessary to ignore conflict introduced through misleading semantic
content. Children in both training groups also showed better accuracy
on an easier condition of a non-verbal visual search task at post-test,
but the children in the French training group showed significant
improvement on the more challenging condition of this task. This
research showed that, while music may be able to enhance executive
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functioning, it is not alone in being able to do so. Similarly, Habibi and
colleagues (2018) compared children receiving music training with
those receiving sports training or those not enrolled in any systematic
after-school training. The children with music training showed stronger
neural activation in regions involved in response inhibition during a
cognitive inhibition task, compared with those in the no-activity control
group, despite no differences in performance on behavioural measures
of executive function. However, no such differences were found between
music and sports groups. Also using sport as a comparison group,
Sachs and colleagues (2017) investigated the effects of music training
on executive function with functional magnetic resonance imaging and
several behavioural tasks, including the colour-word Stroop task. The
14 children involved in the ongoing music training, aged eight to nine
years old, were compared with two groups of children with comparable
general cognitive abilities and socioeconomic status: one involved in
sporting activities, the other not involved in music or sports. During
the Stroop task, the children with music training showed significantly
greater bilateral activation in trials that required cognitive control
compared to the control group, despite no differences in performance on
behavioural measures of executive function. No significant differences in
brain activation or in task performance were found between the music
and sports groups. The results suggest that systematic extracurricular
training is associated with changes in the cognitive control network in
the brain, even in the absence of changes in behavioural performance,
whether the intervention is music- or sports-based. Taken together,
these studies indicate that, while music may be able to support the
development of executive functions in children, it is not alone in being
able to do so.

Not all of the research has found positive relationships between
musical training, executive functions and self-regulation. For instance,
Schellenberg (2011) found no link between music lessons and most
of the measures of executive function, which were assessed in trained
and untrained musicians aged nine to twelve years old. The musically
trained children had higher digit-span scores, which remained when a
range of socioeconomic factors were taken into account, but there were
no differences on any other measures. Overall, the association between
musical training and executive function was negligible. Similarly,
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Mehr and colleagues (2013) conducted two randomly controlled trials
with preschool children investigating the cognitive effects of a brief
series of music classes, as compared to a similar visual arts class or to
a no-treatment control. Parents attended classes with their children,
participating in a variety of developmentally appropriate arts activities.
After six weeks, the children’s skills were assessed on four cognitive
areas: spatial navigational reasoning, visual form analysis, numerical
discrimination and receptive vocabulary. Initially, the children from the
music class showed greater spatial navigational ability than children
from the visual arts class, while children from the visual arts class
showed greater visual form analysis ability than children from the
music class. However, a partial replication attempt comparing music
training to a no-treatment control failed to confirm these findings,
and the combined results of the two studies were negative. Overall,
children provided with music classes performed no better than those
with visual arts or no classes on any assessment. Similarly, Grinspun
and colleagues (2020) conducted an empirical study, in which a sample
of 61 second-grade school students from two elementary schools—
one from Ghent, Belgium and the other from Santiago, Chile—were
administered a musical aptitude test and an attention and inhibitory
control test. There was no statistically significant effect of musical
experience on sustained attention, cognitive flexibility or audiation.
In a study which explored the impact of different musical activities,
Norgaard and colleagues (2019) studied 155 seventh- and eighth-
grade middle-school band students, who were divided into groups
based on the type of musical training that they received. The key
area of interest for the researchers was whether the students learned
to improvise. Both groups received two months of instruction in jazz
phrasing, scales and vocabulary, but only the experimental group was
taught to improvise. All instruction was part of the warm-up routine
in regular band classes. All students were tested before and after
instruction on cognitive flexibility and inhibitory control. The findings
showed that improvisation training had different effects on executive
function depending on the students’ grade levels. In seventh grade,
the results showed that improvisation training enhanced the students’
abilities to inhibit irrelevant information, although this change was
only marginally significant. There was no effect of inhibition with
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eighth-grade students but there was a significant change in cognitive
flexibility. It may have been that their advanced technique allowed
them to be more engaged directly with tonal jazz improvisation
compared to the seventh-graders. The real-time evaluation of their
musical output according to tonal convention may have resulted in
them making quick adjustments to their performance. This may have
contributed to enhanced cognitive flexibility. In a study of similar
complexity, Bowmer and colleagues (2018) investigated the effect of
weekly musicianship training on the executive function abilities of
three- to four-year-old children in a London preschool, using a two-
phase experimental design. In Phase One, 14 children took part in eight-
weekly musicianship classes, provided by a specialist music teacher,
while 25 children engaged in nursery free-play. The children receiving
the musicianship training improved on measures relating to planning
and inhibition skills. In Phase Two, the musicianship group continued
with music classes, while a second group began music classes for the
first time and a third group took part in an art intervention. There
were no significant differences in performance improvement between
the three groups during Phase Two, although performance differences
between groups were nearing statistical significance for a peg-tapping
task.

Research with Older People

Some research has supported the beneficial effects of music training on
executive functions in older musicians. For instance, Hanna-Pladdy and
MacKay (2011) studied 70 older healthy adults—aged 60 to 83—varying
in musical ability who completed a comprehensive neuropsychological
battery. The groups (non-musicians and low- and high-activity
musicians) were matched on age, education and history of physical
exercise, while the musicians were matched on their age of starting to
play an instrument and formal years of musical training. The musicians
were classified in a low-level musical group with one to nine years of
experience, or a high-level musical group with more than ten years of
musical activity, based on their years of musical experience throughout
their lifespan. The findings showed that participants with at least ten
years of musical experience performed better on non-verbal memory,
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naming and executive processes in advanced age relative to non-
musicians. Several regression analyses evaluated how years of musical
activity, age of commencing musical training, type of training and other
variables predicted cognitive performance. Similarly, Hanna-Pladdy
and Gajewski (2012) researched 70 age- and education-matched older
musicians and non-musicians, aged 59 to 80. They were assessed on
neuropsychological tests and general lifestyle activities. The musicians
scored higher on tests of phonemic fluency, verbal working memory,
verbal immediate recall, visuospatial judgement and motor dexterity,
although they did not differ in the level of other general leisure activities
from the non-musicians. Level of education best predicted visuospatial
functions in the musicians, followed by recent musical engagement
which offset low levels of education. Early age of engaging with musical
activity, less than nine years old, predicted enhanced verbal working
memory in musicians, while the analyses for other measures were not
predictive. Recent and past musical activity predicted variability across
both verbal and visuospatial domains in ageing, implying that early age
of musical engagement, sustained and maintained during advanced age,
may enhance cognitive functions and act as a buffer to age and education
influences. Similarly, Strong and Mast (2019) examined similarities
and differences in the cognitive profiles of older-adult instrumental
musicians and non-musicians. They compared neuropsychological test
scores among older adult non-musicians, low-activity musicians (those
with less than ten years of lessons), and high-activity musicians (over
ten years of lessons), controlling for self-reported physical and social
activity, years of education and overall health. Significant differences
among groups were found on tasks of visuospatial ability, naming and
executive functioning. No significant differences were found on tests of
attention, processing speed or episodic memory. The findings support
the late-life cognitive benefits of early musical training, but only in
some cognitive domains, including language, executive functioning and
visuospatial ability.

Some research has adopted self-report methods to study the impact
of making music in older age. For instance, Gembris (2008) carried out
a questionnaire study with members of senior amateur orchestras with
an average age of 71 years old, and found music was seen as helping
them to cope and deal with difficult situations. Participants in singing
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activities (Clift et al., 2008) and a wide range of other musical activities
(Creech et al., 2014) have reported that making music stimulates
cognitive capacity, including improving their attention, concentration,
memory and learning. Executive functions, such as attention, inhibition,
planning, monitoring and meeting new challenges have also been
self-reported as improved in relation to musical activity (Hallam and
Creech, 2016; Varvarigou et al., 2012).

An intervention study with older adults aged 60 to 85 (Bugos et al.,
2007) who were randomly assigned to six months of individual piano
lessons or a non-lesson control group found that the music group
outperformed the control group on a test that assessed processing speed
in matching symbols with digits. There were significant improvements
in attention, concentration, planning, cognitive flexibility and working
memory. For these benefits to be maintained, regular practice and
tuition were needed, as decline followed when the activities ceased.
Another study further supported the benefit of group piano lessons on
executive functions such as verbal flexibility and inhibition control in
24 older adults (Bugos, 2010). The improvement in executive function
was significantly greater in those receiving music tuition compared to
a music appreciation group consisting of 22 older adults who learned
about musical elements while listening to music. However, both groups
demonstrated significantly improved executive performance. In a similar
study, Bugos and Kochar (2017) found that older adults who had short-
term piano lessons improved on category-switching in a verbal fluency
task. The research aimed to evaluate the efficacy of a short-term music
programme on executive functions in healthy older adults. Thirty-four
adult participants with little to no formal music training were recruited,
and completed a battery of standardised cognitive measures at three
time points: before training, after completion of a control time period
and after training. The piano training programme included 30 hours of
focused music theory, finger dexterity exercises, bimanual coordination
exercises, technical exercises, performance duets and standard piano
repertoire. The findings showed significantly enhanced verbal fluency
and processing speed following training, although no difference was
found in verbal memory performance. In a further study, Bugos (2019)
examined the effects of bimanual coordination in music interventions
on cognitive performance in healthy older adults aged 60 to 80. One
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hundred and thirty-five participants completed motor measures and a
battery of standardised cognitive measures, before and after a 16-week
music training programme with a three-hour practice requirement.
All participants were matched by age, education and estimate of
intelligence, and allocated to one of three training programmes: piano
training, fine motor, percussion instruction, gross motor and music-
listening instruction. The findings revealed significant enhancements in
bimanual synchronisation and visual scanning and working memory
abilities for fine and gross motor training groups as compared to the
listening group. Pairwise comparisons revealed that piano training
significantly improved motor synchronisation skills as compared to
percussion instruction or music listening. These findings suggest that
active music performance may benefit working memory and that the
extent of the benefits may depend upon coordination demands. In
another study using piano lessons, a four-month weekly group piano
lesson designed and implemented by a professional music teacher and
pianist resulted in improved performance on a Stroop test in 13 older
adults. This cognitive improvement was not observed in 16 older adults
in the control group (Seinfeld, 2013).

Also focusing on the type of activity, Biasutti and Mangiacotti (2017)
investigated whether cognitive training based on rhythmic musical
activities and music improvisation exercises could have positive effects
on executive functions in older participants. Thirty-five residents in
a residential home with mild to moderate cognitive impairment and
healthy ageing were randomly assigned to an experimental group
which participated in cognitive music training composed of 12 biweekly
70-minute sessions, and a control group which attended 12 biweekly
45-minute sessions of gymnastic activities. A neuropsychological test
battery was administered at baseline and at the end of the programme.
There was significant improvement for the experimental group on a
mental state examination, a verbal fluency test and a clock-drawing test,
while the control group did not show any significant improvements.
No improvement was found in performance on an attentional matrices
test for the music group, although those participating in the gymnastics
activities showed a significant reduction in performance.

Evidence from neuroscience has shown that there are differences
in the frontal cortex of musicians and non-musicians (the area of the



194 The Power of Music

brain which is implicated in the regulation of attention; Gaser and
Schlaug, 2003; Sluming et al., 2002). Musical engagement increases
grey-matter density in the frontal brain areas which are involved
in controlling musical tasks (Hyde et al.,, 2009), while musicians
who continue to engage in music-making beyond 60 years old
show less or no degeneration of grey-matter density in the frontal
cortex. Practising a musical instrument seems to help to prevent
deterioration of executive functions involving monitoring and
planning (Sluming et al., 2002). Alain and colleagues (2019), using
an electroencephalogram, investigated the effects of music-making on
inhibition control and interference in 60 healthy older non-musicians,
who received three months of musical, visual art, or no training.
The music-based intervention included the use of body percussion,
voice and non-pitched musical instruments, as well as learning basic
music theory and melody and harmony concepts by singing simple
songs. The training was provided by a professional music teacher.
Transient differential neural activities were observed in frontocentral
sites in both intervention groups, but there was no improvement on
task performance. Using electroencephalography, Moussard and
colleagues (2016) used a visual go/no go task and demonstrated that
a group of 17 older musicians exhibited a neural response, indicating
a conflict-detect signal or inhibition of a prepotent response in the
central midline sites between go and no go conditions, compared to a
group of 17 older non-musicians.

Reviews of the Literature

Reviews of the literature have drawn different conclusions relating
to the role of music in enhancing executive functions. Moreno and
Bidelman (2014) concluded that research has demonstrated the robust,
long-lasting biological benefits of music training to auditory function—
the behavioural advantages conferred by musical experience extend
beyond enhancements to perceptual abilities and impact non-auditory
functions necessary for higher-order aspects of cognition (for instance,
working memory). They suggest that findings indicate that alternative
forms of arts engagement—for instance, visual arts training may not
yield such enhancements, suggesting that musical expertise uniquely
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refines a hierarchy of brain networks, subserving auditory as well as
domain-general cognitive mechanisms. They argue that transfer from
specific music experience to broad cognitive benefit might be mediated
by the degree to which a listener’s musical training enhances lower-
and higher-order executive functions, and the coordination between
them. They argued that understanding the impact of music on the
brain will provide a more holistic picture of auditory processing and
plasticity, and may also help inform and tailor remediation and training
programmes designed to improve perceptual and cognitive benefits.
Whether these structural changes lead to higher intelligence, better
memory or stronger cognitive processing in childhood continues to be
debated. In a later review, Moreno and Farzan (2015) concluded that
music training leads to robust and long-lasting benefits to behaviour
which extend to inhibitory control and its neural correlates. Other
forms of art engagement or brain training do not appear to yield
such enhancements. They suggest that music uniquely taps into brain
networks which are concerned with inhibitory control. Miendlarewska
and Trost (2014) go further and suggest that rhythmic entrainment is
the essential mechanism supporting the learning and development
of executive functions which, in turn, may underlie enhancements in
reading and verbal memory.

In their review, Loui and Guetta (2019) point out that music,
as an intrinsically creative art form, requires bottom-up and top-
down perceptual processing, attention and integration of executive
functions. Attention is a subset of executive functioning and underpins
goal-directed processes including conflict-monitoring, task-switching,
and working memory. Considerable research has addressed the
effects of musical training on these executive functions, but Loui and
Guetta argue that the findings from this research have been mixed
and inconclusive. Similarly, Okada and Slevc (2018b) argue that, as
the relationships between musical ability and executive functions have
mostly been demonstrated by correlational studies, the relationships
could have a range of different explanations. Musical experience could
draw on some or all aspects of existing executive functions, while
musical training could improve executive functions more broadly, or
the observed relationships could merely reflect selection bias, where
individuals with pre-existing skills that are useful for music-learning
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are more likely to pursue and persist in continued music lessons.
Alternatively, both explanations might be relevant, as music lessons
may exaggerate pre-existing differences. While these issues continue
to be debated, there is agreement that musical experience draws on
particular cognitive abilities, so that the relationships between musical
experience and cognitive abilities should reflect the specific abilities
that are critical to musical experience. However, it is difficult to know
exactly which, if any, executive functions are reliably related to musical
experience.

Focusing on issues relating to ageing, Sutcliffe and colleagues
(2020) note a lack of intervention studies with random assignment
of participants to conditions and a lack of well-matched control
conditions. These factors make it difficult to draw firm conclusions.
They argue that, while music training might be a valuable tool for
supporting healthy neuropsychological ageing and mental wellbeing,
well-controlled intervention studies are necessary to provide clear
evidence. Similarly, in their review focusing on older adults, Koshimori
and Thaut (2019) suggest that the cross-sectional and correlational
studies undertaken with musicians have shed light on the potential
benefit of formal musical training on executive functioning and brain
changes in the prefrontal area. Task-based studies have consistently
demonstrated that individuals with formal musical training have
differential brain activity during executive function tasks relative to
those without musical training. However, these studies do not allow
any direct and causal effects of music training on executive functioning
or brain changes to be demonstrated. Furthermore, the specific
effects of different types of musical training on executive function,
brain structure and function in the prefrontal area are still unclear.
Examining the evidence related to playing the piano, they concluded
that this activity may have beneficial effects on executive functions in
healthy older non-musicians because it is a complex process, requiring
the coordination of multiple sensory modalities, motor control,
monitoring, working memory, inhibition and attentional shifting.
However, the sample sizes of some of the studies were frequently
small and there were often additional methodological limitations. This
meant that the findings had to be interpreted with caution.
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Overview

Drawing firm conclusions about the impact of musical activity on
executive functioning is challenging for a range of reasons. Some
studies only investigate one cognitive process. Different assessment
tasks are used to measure the same executive function, which makes
comparisons difficult. While correlation studies are useful in identifying
areas for further research, they tend to use different ways of categorising
individuals into groups of musicians and non-musicians, or assessing
different levels of musical expertise. Research has been undertaken with
infants through to the elderly, sometimes with mixed-age groups, leading
to the possibility of a wide range of confounding factors. The evidence
also shows that musical interventions can have different effects on the
three elements of executive functioning. Different research projects have
shown benefits for working memory, inhibition or cognitive flexibility,
although it is clear that some elements of executive functioning can be
enhanced by musical training. It might be that the beneficial effects of
musical experience would be more pronounced in populations with
relatively lower executive functions, such as young children, elderly
adults or patients with neuropsychological issues.

Overall, the evidence from studies of children, adults and older
adults relating to the impact of actively making music on executive
functions is inconclusive. For more definite conclusions to be drawn,
more attention needs to be given to the type of programme adopted,
the nature of its musical content and the quality of its delivery to the
participants. Ideally music lessons should incorporate skills that build
on one another with gradual increases in complexity. To enhance
executive functions, activities might usefully include reading musical
notation, sight-reading, playing in an ensemble and practice with
complex polyrhythms. They should also start when children are young
and continue over many years, ideally throughout the lifespan.

Generally, the jury is still out on the possible impact of music training
on executive functions. Future research needs to attempt to establish
more clearly which executive functions may be implicated in transfer
and whether these relate to skills which have become automated or
are related to those requiring conscious cognitive processing or a
combination of these. Chapter 9 will consider the relationship between
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executive functions and measured intelligence. Music has an advantage
over many other possible interventions for enhancing executive
functioning, as it is generally an intrinsically motivating activity,
frequently offering opportunities for enjoyable social interactions. Many
aspects of music training—reading music, practising and playing in
ensembles—are likely to engage executive functions and because many
people enjoy music lessons for their intrinsic value, music training may
provide a relatively easy to implement naturalistic executive training
programme.



8. Intellectual Development

The term intelligence is used in everyday life to identify differences
between individuals in the way that they are able to learn and carry
out particular tasks. Beyond this general everyday usage, there is no
clear agreement amongst the scientific community regarding the
nature of intelligence. The first test of intelligence was developed in
France by Binet and Simon (1916), to differentiate children’s ability to
learn in order to subsequently help teachers tailor instruction to meet
children’s needs. This test included the ability to name objects, define
words, draw pictures, complete sentences, compare items and construct
sentences. Statistical analysis of data from use of the test revealed that
responses were highly correlated, leading Spearman (1938) to suggest
that there was a single underlying general intelligence factor which
became known as ‘g’. This factor is generally accepted to relate to
abstract thinking, including the ability to acquire knowledge, adapt to
novel situations, and to benefit from instruction and experience. Terman
(1916) developed an American version of Binet’s test, the Stanford-Binet
Intelligence Test, which is similarly made up of tests of vocabulary,
memory of pictures, naming of familiar objects, repeating sentences and
following commands. There is also evidence for specific intelligences.
One such distinction is between fluid intelligence—which refers to
the capacity to learn new ways of solving problems and learning—
and crystallised intelligence, which refers to accumulated knowledge.
Crystallised intelligence increases with age, while fluid intelligence
tends to decrease with age. Since these initial conceptualisations, many
types of intelligence have been proposed. For instance, Thurstone (1938)
proposed seven clusters of primary mental abilities, word fluency, verbal
comprehension, spatial ability, perceptual speed, numerical ability,
inductive reasoning and memory. More recently, Sternberg (1985)
proposed a triarchic theory of intelligence which includes analytical,
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creative and practical intelligence. In contrast, Gardner (1983) proposed
eight intelligences: linguistic, logico-mathematical, spatial, musical,
kinaesthetic (related to movement), intrapersonal (personal insights),
interpersonal (interacting with others), and naturalistic (relating to
plants and nature).

Research exploring the impact of musical activities on intelligence
has tended to focus on general intelligence, although there are exceptions
to this. One of the most commonly used tests in this research is the
Wechsler Adult Intelligence Scale (WAIS). This consists of 15 different
tasks, including working memory, arithmetic ability, spatial ability and
general knowledge about the world. The WAIS-1V yields scores in four
domains: verbal, perceptual, working memory and processing speed.
Tests of non-verbal reasoning, which do not rely on literacy skills, have
also been developed. Raven’s Progressive Matrices (1981) is one of the
most commonly used. Each element requires the testee to identify a
missing element that will complete a pattern.

More recently, the concept of emotional intelligence has emerged.
This can be traced back to the work of Thorndike (1920), who referred
to the concept of social intelligence, which was described as the
ability to understand and manage people. Gardner (1983), within the
framework of multiple intelligences, elaborated the concept to include
intrapersonal and interpersonal intelligence, the former relating to the
capacity to understand oneself and to use such information to regulate
one’s own life, and the latter to the capacity to understand the intentions,
motivation and desires of others. Currently there are two constructs
of emotional intelligence. Ability emotional intelligence focuses on
the ability to process emotional information and use it to navigate the
social environment (Mayer et al., 2001), although it has further evolved
to include the abilities to accurately perceive emotions, to access and
generate emotions so as to assist thought and understand emotions
and emotional knowledge, and to reflectively regulate emotions so as
to promote emotional and intellectual growth (Mayer et al., 2004). In
contrast, trait emotional intelligence, or trait emotional self-efficacy,
concerns emotion-related self-perceptions. Trait emotional intelligence
was proposed by Petrides and Furnham in 2001 and is conceptualised as
an aspect of personality measured through self-report. Daniel Goleman’s
book (1996) popularised the concept of emotional intelligence, with the
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model he proposed being seen as combining ability and trait emotional
intelligence. Empathy is typically associated with emotional intelligence,
because it relates to an individual being able to connect their personal
experiences with those of others. The role of music in the development
of empathy is discussed in Chapter 12.

Nature or Nurture

An ongoing and contentious debate about intelligence is whether it is
determined by genetic or environmental factors. Clearly, if intelligence
is determined by genetic factors alone then musical interventions will
have no impact. Nowadays, it is increasingly recognised that measured
intelligence (IQ) is determined by both genetic predisposition and
environmental factors, although whether these operate additively or
interact with each other continues to be fiercely debated. Considerable
research has been undertaken to attempt to identify a gene or genes
responsible for intelligence. This research has shown that intelligence
within the normal range is a polygenic trait—in other words, influenced
by more than one gene, and in the case of intelligence, at least 500 genes.

Traditional additive genetic models have shown intelligence to
have extremely high heritability levels, while other research has
shown that it is extremely malleable. Sauce and Matzel (2018) suggest
that intelligence has unusual properties that create a large number of
hidden gene environment networks which allow for the contribution
of high genetic and environmental influences on individual differences
in IQ. They argue that current research methods underestimate gene
environment interplay and inflate estimates of genetic effects, which in
turn deflate estimates of the impact of the environment. They provide
evidence which shows cognitive gains in children through adoption
and immigration, and changes in heritability across the life span. They
also present evidence for gains in population IQ over time relating to
societal development, for a slowdown in age-related cognitive decline
and for gains in intelligence from early education. They acknowledge
that the high heritability of intelligence could have emerged from
independent genetic effects, while high malleability could have arisen
from independent environmental effects, but suggest that these cannot
account for individual differences and conclude that gene environment
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interplay is key to understanding intelligence given the present state of
evidence.

Brainimaging has provided the basis for research on the neurobiology
of intelligence by highlighting the important functional and structural
anatomical regions implicated, grey-matter volume and thickness, and
white-matter integrity and function in the temporal, frontal and parietal
cortices (Goriounova and Mansvelder, 2019). Genome-wide association
studies have made it possible to show that 98 percent of associated
genetic variants are not coded into functional protein and are likely to
have a regulatory function at different stages of neural development.
Those genes that do produce functional proteins are implicated in a
range of neuronal functions, including synaptic function and plasticity,
cell interactions and the metabolism of energy. Recent research in
cellular neuroscience has shown positive correlations between dendritic
size, action potential speed and IQ, but there is much that is still not
understood about what underpins individual differences in intelligence.

Considering the relationship between music, language and
intelligence, Jung and Haier (2007) developed a model parietofrontal
integration theory, which highlights the structural links common to
these areas specifically in shared neural structures, such as the prefrontal
cortex, the anterior cingandulate and a region within the temporal lobes.
This research, along with that indicating the malleability of intelligence,
suggests that music interventions may be able to enhance intelligence.
Also exploring genetic and environmental influences between music
and IQ, Mosing and colleagues (2016) undertook a co-twin study based
on more than 10,500 twins. Phenotypic associations were moderate,
although the relationship disappeared when controlling for genetic
and shared environmental influence. A twin highly trained in music
did not have a higher IQ than an untrained twin. The findings strongly
suggested that the associations between musical training and IQ were
not causal.

Correlational and Comparative Research with Adults

Correlational studies have shown that engagement with music can
enhance some skills which contribute to scores on intelligence tests.
The evidence suggests that the longer the training, the greater the
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impact (Corrigall et al., 2013; Degé et al., 2011a; Schellenberg, 2006),
and that the relationships between musical training and intelligence
remain when a range of confounding variables related to family
background are taken into account (Corrigall et al., 2013; Degé et al.,
2011a; Schellenberg, 2006; 2011a; 2011b; Schellenberg and Mankarious,
2012). For example, Schellenberg (2011b) studied 196 undergraduates
ranging in age from 17-26 years old, either with at least eight years of
extracurricular private music lessons or with no lessons. The musically
trained participantshad higher scores than their untrained counterparts
on the IQ composite score, and on its verbal and non-verbal subtests.
These advantages were evident even when gender, parents’ education,
family income and first language were held constant. Similarly, Corrigal
and Schellenberg (2013) studied the relationships between cognition,
personality, participation in music lessons and length of participation.
One hundred and eighteen adults and 167 children aged ten to twelve
completed personality and cognitive ability tests. Cognitive ability
was associated with duration of musical involvement, even when
demographic variables were controlled for.

Swaminathan and colleagues (2017) examined whether the link
between intelligence and musical expertise was better explained by
formal music lessons or musical aptitude. Musically trained and
untrained adults completed tests of non-verbal intelligence, Raven’s
Advanced Progressive Matrices and musical aptitude. They also
provided information about their music lessons and socioeconomic
status. Duration of music training was associated positively with
socioeconomic status, non-verbal intelligence, and melodic and
rhythmic aptitude. Intelligence and music aptitude were also positively
associated. The association between musical training and intelligence
remained after controlling for socioeconomic status but disappeared after
controlling for musical aptitude, although musical aptitude had a strong
correlation with intelligence, even after accounting for music training
and socioeconomic status. The association between music training and
intelligence may arise because high-functioning individuals are more
likely than other individuals to have a strong aptitude for music, and
therefore to take music lessons.

Some research has focused on particular aspects of intelligence.
For instance, Anaya and colleagues (2017) assessed the visuospatial
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sequence learning and memory abilities of long-term musicians.
They recruited 24 highly trained musicians and 24 non-musicians,
who completed a visuospatial sequence learning task and receptive
vocabulary, non-verbal reasoning, and short-term memory tasks. The
findings showed thatthe musicianshad enhanced visuospatial sequence
learning abilities relative to non-musicians. They also performed better
on the vocabulary and non-verbal reasoning measures. The large
difference observed on the visuospatial sequencing task remained
even after controlling for vocabulary, non-verbal reasoning, and short-
term memory abilities. Criscuolo and colleagues (2019) explored
the relationships between general intelligence, executive functions
and musical expertise. One hundred and one Finnish healthy adults
grouped as musicians, amateur musicians and non-musicians were
administered the Wechsler Adult Intelligence Scale III, the Weschler
Memory Scale III and the Stroop test. After being matched on a range
of variables, the musicians exhibited higher cognitive performance
than non-musicians on all of the tests. Linear regression showed
significant positive relationships between executive functions, working
memory and attention, and the duration of musical engagement, after
controlling for possible confounding variables.

Focusing on fluid intelligence, Meyer and colleagues (2018)
administered a test battery including measures of episodic memory,
working memory, attention, executive function and processing speed
to 72 undergraduate students with a range of musical expertise. Three
groups of students were identified:

e an expert group who had begun musical training at age ten or
younger and had engaged with music for ten years or longer.
They self-rated between three to five on two Likert scales
relating to sight-reading skills and improvisation skill;

e musical amateurs, who included those with more than one
year of musical training;

e non-musicians, who had less than one year of musical training
and typically no training at all.

The findings showed that the musicians with extensive experience
scored significantly higher in fluid cognition, attention and working
memory tests of executive functions and processing speed than did
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the non-musicians and the less well-trained musicians. There was no
statistically significant difference between amateur and non-musicians
on these subtests with one exception, the executive function test, where
the amateur musicians performed better than the non-musicians. A
regression analysis using age of onset of training and length of music
training in relation to fluid intelligence showed that these two factors
accounted for almost 30 percent of the variance. Age of onset predicted
fluid intelligence but the relationship with length of music education
was not significant. As for sub-scores, these two factors accounted for
almost 37 percent of the variance for the sub-score speed of processing.
Age of starting musical training predicted speed of processing, while
the relationship with length of music education was not significant.
Regression analyses for the other sub-scores yielded non-significant
results.

Silvia and colleagues (2016) adopted a bifactor modelling approach
to study data from a sample of 237 young adults who varied substantially
in musical expertise. Participants completed a range of tasks that
measured several lower-order abilities: fluid intelligence, crystallised
intelligence, verbal fluency and auditory discrimination ability. Simple
correlations showed that music training correlated with all four lower-
order abilities. A bifactor model, however, found that music training had
general, a strong association with general intelligence (g), and specific,
a moderate association with auditory ability, relationships.

Some research with adults has focused on the relationship between
musical and reading skills. For instance, Swaminathan and colleagues
(2018) sought to clarify whether the positive association between
music lessons and reading ability found in adults was explained better
by shared resources for processing pitch and temporal information,
or by general cognitive abilities. Participants had varying levels of
musical training and were native and non-native speakers of English.
The research assessed reading ability, music perception skills, general
cognitive ability including non-verbal intelligence, short-term and
working memory, and socioeconomic status. The association between
reading and music training was significant after socioeconomic status,
native language and music perception skills were controlled for. After
general cognitive abilities were held constant, there was no longer
an association between reading and music training. This suggested
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that the association between reading ability and music training was a
consequence of general cognitive abilities.

Not all of the research has shown positive relationships between
musical training and intelligence. For instance, Schellenberg and
Moreno (2010) recruited 40 undergraduates on the basis of their
musical background. Half had extensive training in music, at least
eight years of lessons, and had played regularly up until three years or
less before participating. The remaining 20 participants had little or no
musical training. The participants responded to tests of pitch processing
and completed the Raven’s Progressive Matrices to assess non-verbal
reasoning. The musicians exhibited superior performance on the
musical tests but not on the measure of general intelligence. Similarly,
Helmbold and colleagues (2005) compared 70 adult musicians with 70
non-musicians on psychometric performance on verbal comprehension,
word fluency, space, flexibility of closure, perceptual speed, reasoning,
number and memory. No significant differences were found for either
mean full-scale scores or for specific aspects of mental abilities, except
flexibility of closure and perceptual speed. In both these subtests,
musicians performed reliably better than non-musicians. Also comparing
musicians and non-musicians, Brandler and Rammsayer (2003) studied
differences in a range of cognitive tasks including verbal comprehension,
word fluency, space, closure, perceptual speed, reasoning, number and
memory. Significant differences were not found for either mean full-
scale scores or for specific aspects of intelligence, except verbal memory
and reasoning. While performance on verbal memory was reliably
higher for the musicians than for the non-musicians, the non-musicians
performed significantly better on all four subscales of Cattell’s culture-
free intelligence test.

Correlation and Comparative Research with Children

There has long been an interest in the relationship between musical
training and intellectual development. Many early studies focused on
how general intelligence might underpin musical ability (Beckham,
1942; Fracker and Howard, 1928; Hollingworth, 1926).

Later studies explored the nature of the relationships (Antrim, 1945;
Bienstock, 1942; Ross, 1936) but did not address issues of causality, which



8. Intellectual Development 207

led to some arguing that the reason for the relationships was because
more intelligent children were drawn to participate in musical activities
(Farnsworth, 1946; Ross, 1936). Since these early studies, there has been
evidence that children who take up a musical instrument frequently have
higher-level academic skills prior to participating in musical activities
(Feldman and Matjasko, 2005; Fitzpatrick, 2006; Gibson et al., 2009; Hille
etal., 2011; Kinney, 2008; 2010; Ruthsatz et al., 2008; Schellenberg, 2011a;
Schellenberg and Mankarious, 2012). However, this is not always the
case (Habibi et al., 2014). Learning to play a musical instrument is often
related to the socioeconomic status of families and family make-up, both
of which support opportunities for musical engagement (Bugaj and
Brenner, 2011; Costa-Giomi, 2012; Elpus and Abril, 2011; Kinney, 2010;
Schellenberg and Weiss, 2013). Only intervention studies can establish
the direction of causality.

Overall, there have been a number of correlational and comparative
studies with children. Adopting a cross-sectional approach, Schlaug and
colleagues (2005) compared nine- to eleven-year-old instrumentalists
with an average of four years’ training with a control group. The findings
showed that the instrumental group performed significantly better than
the control group on musical audiation, left-hand index finger tapping
rate, and the vocabulary subtest of the WISC-III intelligence test.
However, there were non-significant trends in a phonemic awareness
test, Raven’s Progressive Matrices and a mathematics test. Similarly,
Loui and colleagues (2019) showed that children who played a musical
instrument for more than half an hour each week had higher scores on
verbal ability and intellectual ability, as well as higher axial diffusivity
in the left superior longitudinal fasciculus than those who did not play.
A correlation between the number of hours of practice each week and
axial diffusivity in the left superior longitudinal fasciculus suggested
that the relationship between musical practice and intellectual ability
was related to the maturation of white-matter pathways in the auditory-
motor system.

Some research has focused on multiple intelligences. For instance,
Singh and colleagues (2017) studied performance on multiple
intelligences in Indian children, comparing them with IQ scores. They
recruited 1065 school children between the ages of 12 and 16 from 2
governmentand 13 private schoolsin 5 towns, 6 cities and 2 villages across
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India. All of the children were administered a multiple-intelligences
questionnaire consisting of 30 true-false questions, to assess intelligences
in seven domains, including linguistic skills, logical mathematical
abilities, musical skills, spatial intelligence, bodily kinaesthetic skills,
intrapersonal intelligence and interpersonal intelligence. IQ scores were
assessed by Ravens Standard Progressive Matrices. The findings showed
that different students possessed different forms of intelligences, and
that most students had more than one form of intelligence. Of the seven
forms of intelligence, only three—logico-mathematical, musical and
spatial—were positively correlated with IQ scores.

Swaminathan and Schellenberg (2020) focused on the links between
musical expertise and language ability in a sample of six- to nine-year-old
children. Language ability was measured with tests of speech perception
and grammar, while musical expertise was assessed with a range of
tests of musical ability. Musical training was associated positively with
performance on a grammar test, musical ability, IQ, openness and age.
Overall, the findings showed that musical ability predicted language
ability independent of IQ and other confounding variables, but the
links between music and language seemed to arise primarily from pre-
existing factors and not from formal training in music.

Schellenberg and colleagues undertook a series of studies exploring
the relationships between musical engagement and intelligence in
children. For instance, Schellenberg (2006) administered standardised
tests of intelligence to approximately 300 children and adults who
varied widely in the extent of their musical experiences outside school.
The findings showed that, among the children, cognitive performance
was positively associated with months of music lessons, even after
holding constant parents’ education, family income and duration of
involvement. Associations were strongest for an aggregate measure of
intelligence, with no association between musical activity and particular
subtests when general intelligence was held constant. In a later study,
Schellenberg (2011a) compared 106 musically trained and untrained
nine- to twelve-year-olds on a measure of IQ and five measures of
executive function. The musically trained children outperformed the
untrained children across the four subtests and three IQ scores of the test
used. These findings replicated those reported earlier by Schellenberg
(2004; 2006b). However, the association between musical training and
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executive function was negligible. Further, Corrigal and Schellenberg
(2013) collected data from 167 ten- to twelve-year-old children, including
demographic information and measured cognitive ability. The duration
of music lessons was associated positively with age, socioeconomic
status, duration of non-musical extracurricular activities, IQ and school
performance. They concluded that the observed associations between
musical involvement and cognition were highly unlikely to be solely a
consequence of music training.

In a comparative study, Hille and colleagues (2011) explored the
impact of different types of musical activities on intelligence. They tested
194 boys aged eight to nine years old, just over half of whom had learned
to play a musical instrument. Non-verbal measures of intelligence were
higher for boys playing an instrument, with a moderate effect size, but
no difference in non-verbal measures of intelligence was found for boys
who sang in a choir and those who did not. Overall, active participation
in a choir or lessons called ‘First Experiences with Music” did not show
the benefits associated with learning to play an instrument.

Degé and colleagues (2011a) investigated whether the association
between music lessons and intelligence was mediated by executive
functions. Intelligence and five different executive functions—set-
shifting, selective attention, planning, inhibition and fluency—were
assessed in nine- to twelve-year-old children with varying amounts of
music lessons. Significant associations emerged between music lessons
and all of the measures of executive function. Executive functions
mediated the association between music lessons and intelligence, with
the measures of selective attention and inhibition being the strongest
contributors to the effect. The results suggested that at least part of the
association between music lessons and intelligence was explained by
the positive influence that music lessons had on executive functions,
which in turn improved performance on the intelligence tests. Also
focusing on executive functions, Schellenberg (2011) compared
musically trained and untrained nine- to twelve-year-olds on a measure
of IQ and five measures of executive function. The findings showed that
IQ and executive function were correlated. The musically trained group
had higher IQs than their untrained counterparts and this advantage
extended across the IQ subtests. However, the association between
music training and executive function was negligible. These results do
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not support the hypothesis that the association between music training
and IQ is mediated by executive function.

Jaschke and colleagues (2018a) adopted a different approach,
assessing exposure to a musically enriched environment, including
listening to music at home, during play or when attending concerts.
A questionnaire was administered to a sample of 176 primary-school
children who also completed the verbal intelligence section of the
Wechsler Intelligence Scale (WISC III) and performed executive sub-
function tasks such as planning, working memory, inhibition and a short-
term memory task. Linear and multiple regression analyses showed
no significant relationship between exposure to a musically enriched
environment, executive sub-functions, planning, inhibition, working
memory and short-term memory. Experiencing a musically enriched
environment does not serve as a predictor for higher performance on
executive sub functions, although it can influence verbal intelligence.

Intervention Studies

Research which has adopted a retrospective approach to studying the
relationship between active engagement with music and intelligence—
while showing enhanced performance from musicians on a range of
intellectual skills—is not able to address the issue of causality. Those who
take up playing musical instruments may have higher IQ scores in the
first place, although the evidence regarding this is mixed. Intervention
studies can address this issue but have also served to demonstrate
the complexity of the issues involved in establishing the relationship
between musical engagement and intelligence. In an early study, Hurwitz
and colleagues (1975) assigned first-grade children to two groups,
one receiving Kodaly music lessons for five days each week for seven
months, and one a control group which did not receive musical tuition.
At the end of the study, the experimental group scored significantly
higher than the control group on three of five sequencing tasks and four
of five spatial tasks. No statistically significant differences were found
for verbal measures, although the children in the experimental group
had higher reading achievement scores than those in the control group.
These were maintained after two academic years.

Following this early study, Gromko and Poorman (1998) compared
preschool children in a group engaging in weekly musical activities with
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a control group and found that, for the three-year-olds participating
in the study, an intellectually stimulating environment resulted in a
gain in the ability to perform the spatial-temporal task element of an
intelligence test. Similarly, Bilhartz and colleagues (1999) studied the
relationship between participation in a structured music curriculum
and cognitive development in four- to six-year-olds. Half of the children
participated in a 30-week 75-minute weekly music curriculum with
parent involvement. Following this, the children were tested with six
subtests of the Stanford-Binet intelligence test and the Young Child
Music Skills Assessment test. There were significant gains for the music
group on the music test and the Stanford-Binet Bead Memory subtest.

In a series of studies, Costa-Giomi and colleagues (1999; 2004; Costa-
Giomi and Ryan, 2007) completed a longitudinal study on the effects
of piano instruction on children’s cognitive abilities. Children were
randomly assigned to an experimental or control group. Each child
received free instruction. The two groups of children were comparable
at the start of the study in terms of musical ability, cognitive abilities
and academic achievement in mathematics, language and motor skills.
After two years of instruction, the children in the experimental group
obtained significantly higher scores on the cognitive ability tests and
spatial scores. However, no differences were found after three years.
Additionally, no differences in the quantitative and verbal cognitive
abilities of the two groups were found after two years of the study.
A follow-up study conducted seven years after the completion of the
lessons showed no differences between groups. Similarly, analysis at a
ten-year follow-up (Costa-Giomi and Ryan, 2007) showed no differences
in IQ or memory. The initial gains became negligible over time. The
improvements were small and temporary, and seem to have depended
on the level of the children’s commitment and effort. After three years,
22 percent of the variance in cognitive improvement was explained by
the children’s attendance at lessons and time spent practising. Those
who were more committed gained more (Costa-Giomi, 1999).

In a carefully controlled study, Schellenberg (2004) randomly
assigned a large sample of children to four different groups—two of
which received music lessons, standard keyboard or Kodaly voice
lessons for a year, while the control groups received instruction in a non-
musical artistic activity, drama or no lessons. All four groups exhibited
increases in 1Q, as would be expected over the time period, but the music
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groups had reliably larger increases in full-scale IQ, with an effect size
of .35. Children in the control groups had average increases of 4.3 points
while the music groups had increases of 7 points. On all but two of the
12 subtests, the music group had larger increases than control groups.
Notably, the music groups had larger increases on the four indexes that
measured specific abilities, verbal ability, spatial ability, processing
speed and attention. Catterall and Rauscher (2008), in a review of the
literature and a reanalysis of Schellenberg’s (2004) data, argue that the
gains seen in more general IQ) were likely to be the result of specific gains
in visuospatial intelligence, although there may also be effects related to
the enhanced development of language and literacy skills.

In a more recent study, Moreno and colleagues (2011a; 2011b)
devised two interactive computerised training programmes with a
focus on music or art. After only 20 days of training, the children in the
music group exhibited enhanced performance on a measure of verbal
intelligence. These changes were positively correlated with changes in
functional brain plasticity during an executive function task, which the
authors suggested indicated that the impact of musical engagement on
intelligence could be related to executive functions. Similarly, Jaschke
and colleagues (2018b) studied 147 primary-school children, aged six
to seven years old, who were followed for 2.5 years. Participants were
randomised into four groups: two music intervention groups, one active
visual arts group, and a no-arts control group. Neuropsychological
tests assessed verbal intelligence and executive functions. Additionally,
national data on academic performance was available. Children in the
visual arts group performed better on visuospatial memory tasks as
compared to the three other conditions. However, the test scores on
inhibition, planning and verbal intelligence increased significantly in the
two music groups over time as compared to the visual art and no-arts
controls. Mediation analysis with executive functions and verbal IQ as
mediators for academic performance showed a possible far-transfer
effect from executive sub-function to academic performance scores.

In Tehran, Iran, Kaviani and colleagues (2014) worked with 154
preschool children from kindergarten. Sixty children aged between five
and six years old were randomly assigned to two groups, one receiving
twelve 75-minute music lessons and the other—matched for sex, age
and mother’s educational level—not receiving any music classes. The
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children were tested before the start of the music lessons and at the
end, with four subtests of an intelligence scale. The findings showed
a statistically significant increase in IQ in participants receiving music
lessons, specifically on verbal reasoning and short-term memory
subtests, although there were no differences in numerical and visual
abstract reasoning abilities. In Israel, research with children aged six
to twelve also found a causal effect of music training on intelligence.
Children who were assigned to a two-year music training programme
had larger increases in general intelligence compared to a control group
with no intervention (Portowitz and Klein, 2007; Portowitz et al., 2009).
Working in Spain, Carioti and colleagues (2019) tested 128 students in
a middle school at the beginning of the first class and the beginning
of the second class. Seventy-two students were able to access a music
curriculum, 30 with previous music experience, 42 without, while 56
accessed a standard curriculum. 44 with prior music experience and 12
without. The longitudinal comparison of the four groups of students
revealed that students experiencing the music curriculum had better
performance in tests of general cognitive abilities, visuospatial skills and
memory tests.

Studying children from low socioeconomic backgrounds, Barbaroux
etal. (2019) evaluated the impact of a classical music training programme
with particular reference to general intelligence, auditory and visual
attention, and working and short-term memory. The findings showed
that music training improved total IQ and symbol-search scores, as well
as concentration abilities.

Rose and colleagues (2019) investigated the effects of musical
instrument learning on the development of cognitive skills in 38 seven-
to nine-year-old children. Pre- and post-test measures of intelligence and
memory were compared in children who received either extracurricular
musical training or statutory school music lessons. The results showed a
significant association between musical aptitude and intelligence overall.
The children receiving extracurricular lessons showed a significant
increase in IQ—7 points—in comparison to 4.3 points for those receiving
standard school music lessons. No significant differences were found for
memory. Ina comparison of two different music interventions, James and
colleagues (2019) undertook a cluster randomised controlled trial which
showed that musical instrumental practice, in comparison to traditional



214 The Power of Music

sensitisation to music, led to multiple transfer effects in cognition.
Sixty-nine children aged ten to twelve received group music instruction
by professional musicians twice a week as part of the regular school
curriculum. The intervention group learned to play string instruments,
whereas the control group was sensitised to music through listening,
theory and some practice. Broad benefits manifested in the intervention
group as compared to the control group for working memory, attention,
processing speed, cognitive flexibility and matrix reasoning.

Not all of the research has shown increases in IQ relating to active
participation in musical activities. For instance, Mehr and colleagues
(2013) conducted two randomised controlled trials with American
preschool children, on average aged four years old. They compared
participation in music classes with participation in visual arts classes.
The parents attended classes with their children. The classes ran for six
weeks, with a total of 4.5 hours of relatively unstructured musical activity
which involved singing, some work with percussion instruments and
movement. The children were tested on spatial navigational reasoning,
visual form analysis, numerical discrimination and receptive vocabulary.
In the first experiment, the children from the music group showed
greater spatial navigational ability, while children from the visual arts
class showed greater visual form analysis. However, a partial replication
with another group of children did not confirm these findings.

Working with secondary- and primary-aged students in two studies,
Rickard and colleagues (2012) reported on the impact of an increase in
school-based music training on a range of cognitive and psychosocial
measures for ten- to thirteen-year-olds. In the first study, the benefits of
increased frequency of classroom-based music classes were compared
with drama and art lessons. The second study compared the effects
of introducing a new classroom-based music programme with a new
drama programme for 100 primary-school students. Assessments were
obtained at baseline and approximately six months after implementation
of each programme. No benefits for school music classes were apparent,
although trends of interest were observed in non-verbal intelligence and
verbal memory.
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Music and Emotional Intelligence

Thereis evidence that group music-making can support the development
of emotional intelligence. For instance, Petrides and colleagues (2006)
investigated trait emotional intelligence in a study of 37 music students.
They found a positive relationship between trait emotional intelligence
scores and length of musical training. The research supported
the conceptualisation of trait emotional intelligence as a construct
of general emotionality. In contrast, in research assessing ability
emotional intelligence, Resnicow and colleagues (2004) worked with
24 undergraduate students. They found that there was a relationship
between the ability to recognise emotions in performances of classical
piano music and measures of emotional intelligence, which required
individuals to identify, understand, reason with and manage emotions
using hypothetical scenarios. Emotional intelligence and emotion
recognition in the music task were significantly correlated, which
suggests that identification of emotion in music performance draws
on some of the same sensibilities that make up everyday emotional
intelligence. There is also evidence that music training enhances
sensitivity to emotions in speech. Thompson and colleagues (2004)
revealed that music lessons promoted sensitivity to emotions conveyed
by speech prosody. Musically trained adults outperformed untrained
adults at identifying sadness, fear or neutral emotion, while six-year-
olds randomly assigned to one year of keyboard lessons performed
equivalently to a drama group and better than a no-lessons group at
identifying anger or fear.

Adopting a different approach, Theorell and colleagues (2014)
explored whether musical activities contributed to the prevention
of alexithymia, the inability to describe one’s own emotions. Eight
thousand Swedish twins aged 27 to 54 were studied. They completed
the Toronto Alexithymia Scale—a musical achievement scale—and
estimated the number of hours of musical practice during different
periods of their life. The findings showed that alexithymia was negatively
associated with musical creative achievement, having played a musical
instrument, total hours of musical training and ensemble-playing.
The associations between musical training and alexithymia remained
significant when controlling for education, depression and intelligence.
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Musical achievement and musical practice were both associated with
lower levels of alexithymia. They concluded that musical engagement
was associated with higher emotional competence, although the effect
sizes were small.

Not all of the research exploring the relationships between music-
making and emotional intelligence has found positive relationships.
This seems to depend on whether emotional intelligence is measured
as a trait, a behavioural disposition or an ability—a skill in processing
emotional information and using it in everyday life. Music training
seems to be more related to emotional intelligence as a trait (Petrides et
al., 2006) rather than as an ability.

Trimmer and Cuddy (2008), working with 100 undergraduates,
found that emotional intelligence, not music training or music
perception abilities, successfully predicted identification of intended
emotion in speech and melodic analogues. The ability to recognise
cues of emotion accurately and efficiently across domains may reflect
the operation of a cross-modal processor that does not rely on gains in
perceptual sensitivity, such as those related to music training. Similarly,
Schellenberg (2011b) studied 196 undergraduates ranging in age from
17 to 26 years old with at least eight years of extracurricular private
music lessons or no lessons. The musically trained participants scored
no higher than their untrained counterparts on a test of emotional
intelligence.

Despite this, some research with children has found positive
relationships between understanding emotions and music training.
For instance, Schellenberg and Mankarious (2012) found that seven-
to eight-year-olds with at least eight months of formal musical
training, mainly through private individual lessons, showed a positive
association between music training and emotional ability, although this
seemed to be mediated by higher levels of general intelligence. There
is also some evidence that music can enhance emotional competence
among children, which then supports their engagement with learning
(Adushkina, 2015).

In Korea, two studies—Shin (2006) and Lee (2010)—examined the
effect of music therapy on low-income elementary-school children’s
emotional intelligence. The music programme consisted of singing,
listening to music and song-writing. The findings showed that there were
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statistically significant increases in emotional intelligence compared
with a control group. Also in Korea, Kim and Kim (2018) adopted a
quasi-experimental design in which 30 children received a weekly group
musical instrument performance class with a regular music class, while
a control group of 30 children received only a regular music class that
was part of the elementary-school curriculum. Emotional intelligence,
anxiety and aggression were assessed at the beginning and end of the
24-week intervention. The musical instrument performance programme
improved the ability to perceive emotions, and reduced physical and
verbal aggression, but had no statistically significant effect on the level
of total emotional intelligence, anxiety or aggression.

Studies with Older Adults

Some research has focused on general cognitive functions with older
adults. As we saw in Chapters 6 and 7, there is evidence of the impact of
music on cognition in older people; for instance, on executive functions,
including various aspects of memory, attention, processing speed and
planning (Amer et al., 2013; Bugos et al., 2007; Bugos, 2010; Bugos,
2019; Degé and Kerkovius, 2018; Diaz Abrahan et al., 2020; Grassi et al.,
2018; Hanna-Pladdy and Gajewski, 2012; Hanna-Pladdy and MacKay,
2011; Hars et al.,, 2013; Strong and Mast, 2019). There have also been
improvements in cognition and working memory in patients with
dementia, and evidence that musical activity can prevent cognitive
decline (Camic et al., 2013; Maguire et al., 2015; Mansky et al., 2020;
Pongan et al., 2017; Sarkdamo et al., 2014).

In a pilot study with socioeconomically diverse older adults,
MacAulay and colleagues (2019) presented interim data on the effect of
music training. Thirty-five socioeconomically diverse older adults with
a mean age of 70 completed the programme. Participants took part in
12 weekly one-hour recorder lessons and underwent comprehensive
pre- and post-intervention neuropsychological assessments. The
results indicated improved executive function, global cognition, verbal
fluency and visual memory performance following the intervention.
The research suggested that music training is a cognitively stimulating
activity that has real-life applications for older people.

In a retrospective study, Fancourt and colleagues (2020)
examined whether lifetime musical training was associated with
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neuropsychological performance in a memory-clinic population of older
patients. A total of 478 patients, with an average age of almost 74 years
old, were included in a cross-sectional analysis. All of the participating
patients had been referred to the memory clinic due to cognitive
impairments. Participants were assessed using a neuropsychological
assessment battery. They also provided information on whether they
had played a musical instrument for at least five years during their lives.
The outcomes of the neuropsychological test results differed based on
the extent of musical training. Overall, there were no differences in any
domains of cognitive functioning, other than that patients with musical
training performed worse on word-list memory tasks. However, this
relationship varied based on the extent of cognitive impairment. Patients
who were cognitively unimpaired and had musical training showed
better word-list learning, whereas patients with cognitive impairments
and musical training performed worse in word-list learning and word-
list recall. Overall, there was little evidence of associations between
specific neuropsychological test results and musical training. Only in
cognitively unimpaired patients was there evidence that musical training
had beneficial associations. In patients with cognitive impairment, there
were suggestions of negative associations with verbal memory.

In a very large-scale study, Mansens and colleagues (2018) used
data from 1101 participants aged 64 and older from the Longitudinal
Aging Study Amsterdam. Multivariable linear regression analyses were
performed to test the association between time spent making music
and cognitive functioning. Making music was significantly positively
associated with letter fluency, learning, attention and short-term
memory, although time spent making music yielded no significant
results. Participants who only played an instrument compared to
participants who had not made music performed better on learning,
working memory and processing speed. For processing speed, the
instrument-only group also had a higher score than participants who
only sang. Making music at least once every two weeks—and especially
playing a musical instrument—was associated with better attention,
episodic memory and executive functions.

Overall, the research to date suggests that music training may protect
against age-related decline in working memory and may improve
performance among older adults who show some decline in working



8. Intellectual Development 219

memory. Music training may also be useful in the prevention and
treatment of dementia.

Reviews and Meta-Analyses

Reviews and meta-analyses relating to the role of music in general
cognition are inconsistent in their findings. Crnéec and colleagues
(2006) concluded that music instruction conferred consistent benefits for
spatial-temporal reasoning skills; however, improvements in associated
academic domains, such as arithmetic, had not been reliably shown.
Similarly, Jaschke and colleagues (2013), inreview of research on children
aged four to thirteen, suggested that the results of research exploring
the effects of active engagement with music on cognitive development
were either inconclusive or contradictory, because of the differences in
methods adopted and the different types of music education studied.
Dumont and colleagues (2017) focused on the role of music in child
development. Based on a detailed examination of 46 studies, they argued
that research on the impact of music interventions indicated positive
effects on a variety of skills which may support educational processes
and children’s development, although it was not possible to draw
definitive conclusions. Seven studies did not have sufficient evidence
and the results of a random controlled trial showed no effects, while two
experimental studies yielded mixed results. Three quasi-experimental
longitudinal studies and a longitudinal development study suggested
a partial positive impact of music. Evidence from five experimental
longitudinal studies suggested benefits for memory, although there
were methodological limitations. Of six quasi-experimental studies
exploring the impact on attention and executive functions, only two
reported positive outcomes. Five studies focusing on working memory
seemed to suggest a positive influence of music.

Protzko and colleagues (2017) reviewed five meta-analyses and
36 randomised controlled trials on the raising of IQ in children. They
found that supplementing a deficient child with multivitamins raised
IQ, as did providing iodine supplements. Learning to play a musical
instrument also enhanced 1Q, although the role of iron supplements
and executive function training were unreliable. Papageorgi (2021) also
concluded that active engagement with music-making, particularly



220 The Power of Music

playing a musical instrument, had benefits for cognitive development,
while Kraus and Chandrasekaran (2010) argued that, although there is
convincing evidence for the overall benefits of engagement with music,
many questions remain unanswered. The evidence suggests that music
training facilitates cognitive development, but it is not clear whether the
improvements are an effect of the music training itself or the cognitive
load involved in the process of learning and playing a musical instrument
(which facilitates the development of a range of cognitive skills).

Sala and Gobet (2017; 2020) carried out two meta-analyses to
establish whether the available data supported an association between
music and cognitive skills. The first analysis (2017) examined 38 studies.
The results of the random effect models showed a small overall effect
size, but with slightly greater effect sizes with regard to intelligence
and memory-related outcomes. There was also an inverse relationship
between the size of the effects and the methodological quality of the
study design. The results suggested that music training does not reliably
enhance children and young adolescents” cognitive or academic skills.
The later meta-analyses (Sala and Gobet, 2020) reanalysed data from
54 previous studies conducted between 1986 and 2019, and included
a total of 6,984 children. The analysis revealed that music training
appeared to be ineffective at enhancing cognitive or academic skills,
regardless of the type of skill (verbal, non-verbal or speed-related),
participants” age or duration of music training. The authors found that
studies with high-quality design, such as those which used a group
of active controls—Ilike children who learned a different skill, such as
dance or sports—showed no effect of music education on cognitive or
academic performance. Small effects were found in studies that did not
include controls, or where participants were not randomly assigned to
intervention or control groups.

Similarly, Cooper (2020) conducted a random effect meta-analysis
to measure the overall mean effects of music training on cognitive
measures in schoolchildren. The results showed small to medium
overall effects. When compared to active control groups, music training
yielded more improvement on a range of cognitive measurements.
While some studies did result in large effect sizes, significant moderators
related to methodological quality rendered the overall findings to non-
significant. Additional moderator analysis showed no clear advantage
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in cognitive function. The findings did not differ in relation to type of
music intervention. Overall, they suggested that music training may
have a positive impact on cognition in schoolchildren, but may not have
advantages when compared with other interventions.

Overview

Overall, taking the findings together, it would appear that active
engagement with making music can have an impact on intelligence and
cognitive development, although it frequently does not. However, the
research highlights a great many issues. Firstly, the nature of intelligence
itself is problematic from a research point of view, as it includes many
different subskills. Some of these are more likely to benefit from musical
interventions than others, as has been demonstrated in this and previous
chapters. The nature and relative importance of the relationship between
executive functions and measured intelligence is also a problematic area.
The type of musical interventions, their duration, intensity and quality
continue to be possible confounding factors. There is also an issue in
relation to the role of active control groups—for instance, sport, drama,
dance and visual art. If there is no difference between the outcomes of
musical training and these other activities, or indeed taking dietary
supplements, there seems to be an assumption that there is no impact
of musical activities where in fact it may be that all of these activities
can make a contribution to cognitive development. Just because music
has no greater impact on cognition than sport, this does not necessarily
mean that music has no impact. Indeed, the preference that an individual
has for any of these activities will contribute to their motivation and
subsequent propensity to maintain the activity over a long period of
time, at high levels of intensity with great commitment, all factors which
are important in determining impact on cognition.

It might be expected that active engagement with music would
support the development of emotional intelligence. There is no question
that music has a profound impact on our moods, emotions and arousal
levels, and that, as understanding of music develops, it may support
the development of understanding of emotions more generally. The
research to date does not entirely support this, although the evidence
for the impact of musical training on trait emotional intelligence is
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stronger than for ability intelligence. Trait emotional intelligence is
conceptualised as being aware of one’s own emotions. In musicians,
how this relates to the performance of music—a key element of which is
to convey emotion—is not clear.



9. Musicians and Creativity

Understanding and researching creativity presents many challenges.
Several different approaches have been adopted. One strand of research
has focused on the characteristics of creative people; a second has
considered the process of creativity and its various stages, while some
research has been concerned with the outcomes of creativity (in other
words, its products). Another strand has considered the environment
emphasising social and cultural influences in the development and
expression of creativity. Hennessey and Amabile (1988) describe
creativity as the process of being original to suit a particular purpose,
while others have viewed creativity as the process by which normal
cognitive processes lead to a moment of insight in order to discover or
produce something new (Perkins, 1981). Torrance (1988) argues that a
key component of creativity is the ability to generate something novel or
unique, while Guilford (1967) proposed that at the heart of creativity is
divergent thinking—the ability to generate new information or solutions
from given information. The goal of divergent thinking is to generate as
many associations or solutions as possible without relying on guidelines
or constraints (Gibson et al., 2009).

There have been many approaches to assessing creativity. For
example, Csikszentmihdlyi (1996) studied the characteristics of
individuals judged to have made significant creative contributions
to society. Simonton (1997) differentiated between Big C creativity,
which is said to occur when a person solves a problem or creates an
object that has a major impact on society, while Little C creativity is
seen on a daily basis when someone adapts to change or comes up
with new ways of understanding a problem. A measure of Little C
divergent thinking is Guilford’s (1967) alternative uses task, in which
participants list several possible creative uses for common household
items, such as a newspaper, a brick or a paperclip. There are no correct
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answers and participants have to produce as many unique and creative
uses as they can.

Domain-specific theories of creativity emphasise the non-
transferability of expertise from one creative domain to another (Baer,
2015). These theories are supported by findings that creative individuals
are rarely creative in more than a few domains—for instance, an
individual known for their creativity in physics is rarely also renowned
for their creativity as a musician (Kaufman and Baer, 2004; Baer,
2012). There are also low correlations between an individuals’ creative
output in different domains (Baer, 1991). Domain-specific theories are
consistent with evidence that Big C creativity—ideas that represent
a huge leap forward in a field—require specific knowledge and skills
in a domain, which in turn requires extensive practice and learning.
In contrast, domain-general theories emphasise the generalisability of
creative thinking across different domains (Hong and Milgram, 2020).
The domain-general view is supported by personality studies, which
suggest that there is a creative personality type (Martindale and Daily,
1996; Feist, 1998; Batey and Furnham, 2006) and evidence that when
people express themselves in different creative domains, these outputs
bear a recognisable style (Gabora et al., 2012).

Attempting to address this issue, Root-Bernstein (2001) focused on
scientists who had been musicians and on the ways that they had used
their musical knowledge to inform their scientific work. Root-Bernstein
argued that music and science are two ways of using a common set of
tools for thinking that unify all disciplines. He explored the notion that
creative individuals are usually polymaths who think in ways which
cross disciplines. Increasingly, scholars are taking a less dichotomous
view of creativity, which incorporates both domain-specific and
domain-general elements (Kaufman and Baer, 2004b; Gabora, 2017).
Some mechanisms for this cross-domain creativity have been suggested
and tested in empirical studies: for instance, Palmiero and colleagues
(2016; 2019). Even if creative individuals tend to express themselves
in one domain, this does not necessarily mean that prior phases of
their creative process are domain-specific. For instance, Root-Bernstein
(2001) demonstrated how artistic ideas can stimulate creativity in
scientists, while Scotney and colleagues (2019) demonstrated how
influences for creativity can come from diverse sources. They conducted
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two studies—one with 151 creative experts recruited over the internet,
the other with 463 undergraduate students from diverse academic
backgrounds. Participants listed their creative outputs, the things that
had influenced them and the sources of inspiration associated with
each of these outputs. These were then categorised into groups: within
subject domain and outside subject domain. In both studies, cross-
domain influences on creativity were found to be widespread, and
indeed more frequent than within domain sources of inspiration. These
results demonstrate that, even if individuals primarily express their
creativity in a single domain, they are often employing cross-domain
thinking when they are engaged in creative activities.

Neurological Studies of Creativity

One strand of research has explored the neurological basis of creativity;
for instance,

Limb and Braun (2008) studied the neural substrates of spontaneous
musical performance in jazz improvisation using functional MRI. They
found that improvisation, compared to the production of over-learned
musical sequences, was consistently characterised by a dissociated
pattern of activity in the prefrontal cortex, and extensive deactivation of
dorsolateral prefrontal and lateral orbital regions with focal activation
of the medial prefrontal cortex. This may reflect a combination of the
psychological processes required for spontaneous improvisation, in
which internally motivated, stimulus-independent behaviours unfold in
the absence of central processes that typically mediate self-monitoring
and conscious volitional control of ongoing performance. Changes
in prefrontal activity during improvisation were accompanied by
widespread activation of neocortical sensorimotor areas that mediate
the organisation and execution of musical performance, as well as
deactivation of limbic structures that regulate motivation and emotional
tone. This distributed neural pattern may provide a cognitive context
that enables the emergence of spontaneous creative activity. Similarly,
Liu and colleagues (2012) used functional MRI to study the neural
correlates of creativity using freestyle rap, a multidimensional form
of creativity at the interface of music and language. Participants were
scanned while they performed two tasks, each of which used an identical
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eight-bar musical background track, a spontaneous, improvised
freestyle rap and a conventional performance of an overlearned,
well-rehearsed set of lyrics. Task contrast analyses indicated that
improvised performance was characterised by dissociated activity
in medial and dorsolateral prefrontal cortices, providing a context in
which stimulus-independent behaviours may unfold in the absence
of conscious monitoring and volitional control. Connectivity analyses
revealed widespread improvisation-related correlations between the
medial prefrontal, cingulate motor and perisylvian cortices, and the
amygdala, suggesting the emergence of a network linking motivation,
language, affect and movement. Lyrical improvisation appeared to
be characterised by altered relationships between regions coupling
intention and action, in which conventional executive control may be
bypassed and motor control directed by cingulate motor mechanisms.
These functional reorganisations may facilitate the initial improvisatory
phase of creative behaviour. Freestyle rap was compared to conventional
rehearsed performance, using functional magnetic resonance imaging.
The results showed activation of medial and deactivation of dorsolateral
cortices, which may provide a context in which self-generated action
is freed from the conventional constraints of supervisory attention and
executive control, facilitating the generation of novel ideas. Altered
relationships within the prefrontal cortex appeared to have widespread
functional consequences, affecting motivation, emotion, language as well
as motor control. These may generalise to other forms of spontaneous
creative behaviour.

Gibson and colleagues (2009) compared classical music students
with other similar students on behavioural tasks using near infrared
spectroscopy, which uses the near infrared region of the electromagnetic
spectrum from 780 nm to 2500 nm. The findings showed that the
musicians had increased convergent and divergent thinking compared
with non-musicians, while the infrared spectroscopy revealed that they
had greater bilateral frontal activity. It may be that non-musicians rely
more on the left hemisphere when undertaking divergent thinking
than musicians. Using fMRI de Aquino and colleagues (2019) found
that there was a different role for the supplementary motor area and the
insula between musicians and non-musicians in a controlled musical
creativity task. During a rhythmic improvisation task, musicians
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showed greater activation of the motor supplementary area, the anterior
cingulate cortex, the dorsolateral prefrontal cortex and the insula, along
with greater deactivation of the default mode network in comparison
with non-musicians. There was also a positive correlation between
time improvising and the activation of the supplementary motor
area in the musicians, while in the non-musicians improvisation time
correlated with the activation of the insula. It appears that for musicians
the supplementary motor area plays a role in the representation and
execution of musical behaviour, while for non-musicians the insula
plays a role in the processing of novel musical information. The findings
also showed that there were no correlations between a general creativity
score, brain activity and performance on the magnetic resonance task.
The absence of these correlations suggests that musical creativity, both
from a cerebral and behavioural point of view, is specific to the musical
field, and not related to creativity capacities in more general domains.

Correlational and Comparative Research on Musicians

One strand of research has compared the performance of musicians and
non-musicians on tests of creativity. For instance, in research with higher
education musicians and engineers, Charyton and Snelbecker (2007)
found that the musicians scored higher on general and artistic creativity,
but that there were no significant differences in scientific creativity. The
musicians had statistically higher levels of measured general creativity,
creative attributes, creative temperament, and cognitive risk tolerance.
Similarly, Gibson and colleagues (2009) compared classical music
students with other similar students. The musicians scored higher on
creativity tasks, including a version of Guilford’s (1967) alternative uses
task, than non-musicians, while infrared spectroscopy revealed greater
bilateral frontal activity in the musicians.

Palmiero and colleagues (2019) studied the relationship between
musical expertise which did not involve improvisation training, and
divergent thinking. Expert and self-taught musicians were tested in
musical, verbal and visual divergent thinking, and were compared
with a group of non-musicians in verbal and visual divergent thinking.
The musical task required participants to generate different pieces
of music, using Happy Birthday as a starting point. The verbal task
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required participants to list unusual uses for a cardboard box, while the
visual task asked them to complete drawings, adding details to basic
stimuli. Fluency, flexibility and originality scores were measured for
each task. Overall, the expert musicians showed higher creative scores
in musical and verbal domains than self-taught musicians. On verbal
creative tests, they performed better than non-musicians. No group
difference was found in relation to the visual creative task. Musical
expertise enhanced not only musical divergent thinking but also verbal
divergent thinking. This effect seemed to be specifically supported by
formal musical training. Similarly, Sovansky and colleagues (2014)
investigated how level of musical expertise and engagement in the
creation of music related to divergent thinking in musically trained
adults. Sixty participants of varying musical expertise were tested for
divergent thinking using a modified version of the alternative uses task,
in which participants listed creative uses for two music items and two
non-music items. The findings showed that the musicians who created
music listed more creative uses for music items than non-musicians, and
musicians who did not create music. For non-music items, there were no
differences in divergent thinking.

Kleinmintz and colleagues (2014) adopted a different approach,
comparing the performance on divergent thinking tasks of three groups
of musicians—36 trained inimprovisation, 40 not trained inimprovisation
and a group of non-musicians. Participants were shown a list of five
common objects—shoe, button, stapler, drinking glass and cardboard
box—and were asked to list as many alternative uses as possible for each
object within a period of ten minutes, while trying to think of original
uses. Participants were also instructed to evaluate deviance by rating
each item on a five-point rating scale, ranging from not at all deviant to
highly deviant. The improvisation group scored higher on fluency and
originality compared to the other two groups. The authors concluded
that deliberate practice of improvisation enhanced creativity. In the non-
improvisation group, all of the participants reported playing classical
music as well as other styles. The improvisation group was much more
diverse in the styles they played, with more than a quarter reporting
playing jazz. The findings of this study suggested that musicians who
are trained in improvisation are more creative than both musicians
without improvisation training and non-musicians.
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High school and university music students have been shown to
score higher on tests of creativity than non-music majors, this being
particularly marked in those with more than ten years of music education
(Hamann et al., 1990). Hamann and colleagues (1991) assessed
creativity among 144 high-school students to determine whether any
significant differences existed between creativity scores, taking account
of gender, grade point average and varying degrees of participation in
the arts. No significant differences were found among the creativity
scores of participants by gender, jazz experience, visual art experience
or combined arts experience. Almost all of the variation could be
attributed to the influence of grade point average. Significant creative
mean score differences, however, were found in relation to participants’
musical experience and theatre experience after the influence of grade
point average as a covariate was considered. There were no differences
between music students and those working in other areas of the arts.
However, the greater the musical expertise as assessed by the number
of units of music classes taken, the greater the creativity. Students with
more than ten years of music education had higher creativity scores
than those with fewer than ten years of experience (Hamann et al.,
1991). Working with 173 high-school music students and 45 non-music
students, Simpson (1969) found that the music students scored higher
on several elements of the Guildford tests of creativity.

Working with younger children in Grades Two, Four and Six, Kiehn
(2003) compared music improvisation. Eighty-nine randomly selected
participants were given two measures of creativity: the Vaughan Test
of Musical Creativity and the Torrance Test of Creative Thinking. Two
independent judges scored responses on the Vaughan test to determine
music improvisational creativity. A significant grade-level difference
emerged for music creativity scores, with Grade Two students scoring
significantly lower than Grade Four and Six students. This suggests that
there may be a musical creativity growth stage between Grades Two to
Four, followed by a levelling off, as there were no significant changes
in test scores between Grade Four and Six. A weak but statistically
significant correlation was found between music creativity and figural
creativity.
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The Personality of Musicians and Creativity

Domain-general theories of creativity emphasise the generalisability of
creative thinking across different domains, suggesting that creativity can
transfer across domains (Hong and Milgram, 2010). Personality research
supports this, suggesting that there may be a creative personality type
(Batey and Furnham, 2006; Feist, 1998; Martindale and Daily, 1996).
Additionally, when individuals express themselves in different creative
domains, the outputs often have a recognisable style (Gabora et al.,
2012). Hughes and colleagues (2013) studied the relationship between
personality and self-rated creativity in 222 participants who completed
a multidimensional measure of self-estimated creativity, a self-rated
personal characteristics questionnaire and a Big Five personality
measure. Trait openness predicted all measures of self-estimated
creativity. Similarly, Dollinger and colleagues (2004) studied the
relationship between personality measures and creativity in 150 college
students who completed a test of creative thinking, an inventory of past
creative accomplishments and the Big Five personality test. A creative
personality adjective check list related to most creativity measures, as
did the Big Five ‘openness to experience’ measure. The findings from the
latter were particularly compelling. Together, these studies suggest that
there is a general personality characteristic which is related to creativity.

Some research has shown that musicians tend to have personalities
with high levels of openness to experience, which means that they
have the potential to be creative. Supporting this, Corrigall and
colleagues (2013), in a study of 118 adults and 167 ten- to twelve-year-
old children, collected demographic information, measured aspects of
cognitive ability and administered the Big Five personality test. The
findings showed that the personality characteristic ‘openness’ was
associated with duration of musical involvement. Exploring this issue
with different types of musicians, Benedek and colleagues (2014)
researched 120 college students studying jazz, classical or folk music.
They collected data about their musical practice and attainment, and
their personalities. The jazz musicians showed higher levels of divergent
thinking, were engaged in more creative musical activities and had
higher levels of achievement in those activities. The classical musicians
spent a great deal of time practising and won more competitions, while
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the folk musicians were more extroverted. The jazz musicians showed
higher ideational creativity as measured by divergent thinking tasks,
and tended to be more open to new experiences than the classical
musicians. Overall, the jazz musicians showed particularly high
creativity with respect to domain-specific musical accomplishments and
also in terms of domain-general indicators of divergent thinking ability.
This may be related to differences in the formal and informal ways of
practising and learning adopted by different musical groups, with jazz
musicians attaching more importance to informal practice while placing
a lower value on technical perfection and competitions. It may be that
individual differences in creative potential may be relevant for the
realisation of domain-specific creative activities and achievements (in
this case, musical improvisation).

As well as researching personality differences between sub-groups
of musicians according to types of employment and instrument group,
Vaag and colleagues (2018) investigated differences in personality
traits between professional musicians and the general workforce. In
2013, 1,600 members of the Norwegian Musicians’” Union answered a
questionnaire regarding type of employment, instrument group and a
shortened version of the Big Five personality inventory. Their responses
were compared to a sample of 6,372 of the general Norwegian workforce,
who answered the same personality questionnaire in the Norwegian
Generation and Gender Survey of 2007. The findings showed that the
musicians displayed higher degrees of ‘openness to experience’ than
the general workforce. This was especially evident among freelance
musicians and those who combined freelance work with employment.
Within instrument groups, the vocalists scored highest on ‘openness to
experience’. Similarly, Gjermunds and colleagues (2020) investigated the
Big Five personality traits in 509 musicians and 201 non-musicians, and
found that the musicians had significantly higher scores on ‘openness’
than the non-musicians. This was the most typical personality trait for
musicians. Focusing onrock and popular musicians, Gillespie and Myors
(2000) examined the personality characteristics of 100 rock and popular
musicians aged 17 to 49 years old who completed self-report versions
of a personality inventory and questionnaires about their musical
background. The group as a whole scored significantly above the norm
on ‘openness’. No background factors—such as instrument played,
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type of music performed, time spent playing, level of musicianship or
commercial success—moderated these findings.

Yondem and colleagues (2017) compared music and art students,
and found no differences between the groups in ‘openness’, while
Sandgren (2018) found that musicians did not score more highly on
measures of ‘openness’ than non-musicians.

Intervention Studies

Major national reports on the arts have emphasised their importance
in developing a range of transferable skills, including those related to
creativity and critical thinking (NACCCE, 1999). This evidence, while
demonstrating a relationship between musical skills and creativity, does
not address the issue of causality. This requires intervention research,
where controls are compared with those participating in musical
activities before and after the intervention. There are few intervention
studies focusing on the impact of active music-making on general
measured creativity.

In an early study, Wolff (1979) studied the effects of 30 minutes of daily
music instruction for an entire year on first-graders. Those participating
exhibited significant increases in creativity and in perceptual motor
skills, compared with controls. Similarly, Kalmar (1982) studied the
effects of singing and musical-group play twice weekly for three years
on preschool children of three to four years of age, and found that these
children scored higher than controls on creativity, had higher levels of
abstraction and showed greater creativity in improvised puppet play.

Passanisia and colleagues (2014) conducted a study to determine
whether participation in a group musical activity would enhance
interpersonal relationships and creativity in nine-year-old students to a
significantly greater degree than no participation in musical activities.
Performances on the Williams Creative Thinking Test (WCTT) and a
test of interpersonal relationships in two class groups—a musical group
of 36 and a non-musical group of 32—were compared by measuring
changes in pre- and post-test data. The results indicated that the
experimental group, compared with the control group, made significant
gains in scores for imagination and in interpersonal relationships,
particularly with peers. Focusing on improvisation, Lewis and Lovatt
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(2013) carried out two experiments and showed that 20 minutes of
verbal or musical improvisation significantly improved scores of
divergent thinking, as assessed by the alternative uses task. They also
showed that novel generation of music increased scores more than
playing learned melodies. The development of creative skills seems to
be particularly dependent on the type of musical engagement. This is
supported by Koutsoupidou and Hargreaves (2009,) who compared
two matched groups of six-year-olds over a period of six months. The
music lessons for the experimental group were enriched with a variety
of improvisatory activities, while those in the control group did not
include any improvisation, but were didactic and teacher-centred.
Children in the experimental group were offered opportunities to
experience improvisation through their voices, their bodies and musical
instruments. Webster’'s Measure of Creative Thinking in Music was
administered before and after the six-month teaching programme, to
assess children’s creative thinking in terms of four musical parameters:
extensiveness, flexibility, originality and syntax. The analysis revealed
that improvisation significantly improved the development of creative
thinking. In particular, it promoted musical flexibility, originality and
syntax in children’s music-making. Similarly, Sowden and colleagues
(2015) focused on the potential for simple, arts-based improvisation
activities to enhance divergent thinking skills and creativity in primary-
school-aged children. They undertook two experiments. In the first,
they compared the effect of children taking part in an improvised
versus non-improvised dance class on their subsequent performance
on the instances task and on a creative toy design task. In the second
experiment, children took part in verbal and acting improvisation games
or in matched control games before completing a figural activity. In both
experiments, children who took part in the improvisation interventions
showed better divergent thinking and creativity.

Fritz and colleagues (2020) attempted to see if making music and
physical exercise combined would be beneficial for divergent thinking.
They investigated the relationship of physical exertion and being in
control of music on divergent thinking, wondering whether there
was an interaction effect. Seventy-seven young German participants
were tested with measurements of divergent thinking, collected after
either physical exercise with music listening, making music without
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physical effort or undertaking physical exercise with musical feedback.
In the music feedback exercise condition, each exercise machine was
modified with a movement sensor, which continually transmitted its
position to a computer that modified musical material to create musical
feedback (Fritz et al.,, 2013b) based on the current position of the
sensor. This effectively transformed each machine into an analogue for
a musical instrument. The music produced included harmonically and
rhythmically complex components and was described as experimental
electronic music. Participants completed three questionnaires assessing
demographic information: an alternative uses task, perceived musical
control, mood and feelings of being in touch with the music, and
perceived creativity. The experiment demonstrated that the music
feedback exercise condition significantly increased the participants’
scores in the alternative uses task. No effects on divergent thinking
were observed for the physical exercise with music listening and music
control-only conditions.

Investigating whether background music would have an impact
on creative performance, Ritter and Ferguson (2017) tested whether
listening to specific pieces of music (four classical music excerpts
systematically varying on valence and arousal), as compared to a silence
control condition would facilitate divergent and convergent creativity.
Creativity was higher for participants who listened to classical music
which was high on arousal and positive mood while performing a
divergent creativity task, than for participants who performed the task
in silence. No effect of music was found for convergent creativity.

Creativity in Later Life

There is muchresearch considering the impact of creative musical activity
on wellbeing in later life. Despite this, there is relatively little research
considering whether engaging with musical activities specifically
enhances creativity more generally. An exception to this is research
which has studied song-writing activities. Such studies have reported
a range of positive findings relating to wellbeing (Creech et al., 2020).
Baker and Ballantyne (2013) found that group song-writing among
older adult retirees not only promoted happiness, meaningfulness and
engagement, but was perceived to enhance their creativity more broadly.
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Although musical creativity can continue throughout the lifespan, it can
also develop for the first time in later life. For instance, Varvarigou and
colleagues (2013) reported that a 90-year-old with no previous musical
training participating in a community music project wrote a song with
support from a musical expert, which was subsequently performed
publicly.

Reviews and Meta-Analyses

Compared with other areas of research, there have been relatively few
reviews relating to the role of music in enhancing creativity. Running
(2008) drew no firm conclusions, concluding that more research was
needed, while Loui and Guetta (2019) argued that music performance
requires perceptual processing (bottom-up and top-down), attention
and the integration of executive functions, while creativity entails
unconstrained thought processes that yield novel output. They argued
that considering these seemingly disparate aspects of cognitive function
in tandem might promote a more cohesive conceptualisation of music
within cognitive science more generally.

Overview

The evidence shows that musicians as a whole tend to score higher than
non-musicians on tests of creativity and on the personality characteristic
of ‘openness’, which is related to creativity. Those whose musical
activities are creative, for instance improvisation or composition, tend
to respond most positively. However, this does not mean that actively
engaging with music enhances creativity. It may be that those who tend
towards openness are drawn to those musical activities which require
creativity. There is little evidence from intervention research suggesting
that making music improves creativity, unless the musical activities
themselves are creative in nature. This has implications for music
education.
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There has been considerable research exploring the relationship
between actively making music and academic attainment. Most has been
correlational in nature, although there are some intervention studies.
Researching the impact of musical activity on academic attainment is
extremely challenging for a range of reasons. For instance, it may be that
not all areas of academic achievement are affected equally by the various
ways that music may impact on learning in children and young people.
Interactive models are needed to begin to unravel the complexity. One
such is Bronfenbrenner’s bio-ecological model (Bronfenbrenner and
Morris, 2006). This takes account of the interactions between process,
person, context and time. In the case of music, this means considering the
length of time engaged with music learning, the demands of the musical
training, the characteristics of the individual, the immediate learning
environment and the broader social environment which the individual
inhabits. Research must also take account of the different types of
attainment outcomes, general attainment or attainment in particular,
subject domains and the nature of the musical activities engaged with
and their quality. This implies the need for complex statistical analysis,
which can take account of the interactions between these. Earlier
chapters have explored the impact on literacy and numeracy and visual
and auditory competence. This chapter mainly focuses on attainment
across several subjects.

Correlation and Comparative Studies

Kinney (2008) examined sixth- and eighth-grade urban middle-school
students” achievement test scores in fourth grade and during sixth- or
eighth-grade enrolment in a performing group. Ensemble participation,
band, choir or none, as well as socioeconomic status and home
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environment, were included. Fourth- and sixth-grade achievement tests
consisted of reading, mathematics, citizenship and science, while eighth-
grade tests included reading, mathematics, social studies, science,
and language arts (reading, writing, listening, speaking, viewing and
visual representation). Analyses indicated significant differences for
socioeconomic status and ensemble participation. Higher socioeconomic
status students scored significantly higher on all subtests except fourth-,
sixth- and eighth-grade reading. Sixth-grade band students scored
significantly higher than choir students and non-participants on every
subtest of sixth- and fourth-grade achievement tests. Eighth-grade band
students scored significantly higher than non-participants on fourth-
grade reading and mathematics and every subtest of the eighth-grade
achievement test except social studies. Similar results for both cohorts
suggested that playing in a band may attract higher achieving students
from the outset, and that test score differences remained stable over time
rather than being enhanced by musical activities.

In India, Swaminathan and Gopinath (2013) examined the English
second-language abilities of musically trained and untrained primary-
school children. Participants were tested on the verbal subscales of
an intelligence test designed for Indian children and an English word
reading test. The musically trained participants performed significantly
better on tests of comprehension and vocabulary. This persisted when
comparisons were made with an untrained group. Taking account
of more academic subjects, in Hong Kong, Tai and colleagues (2018)
investigated the relationship between the extent and outcome of Hong
Kong students” musical training, their perceptions of the value of the
subjects they studied and their academic achievement. A total of 286
students in Primary Grades Four, Five and Six from a single school
reported the extent and outcome of their musical training, including the
number of instruments they studied, the number of years spent training
and the highest grade and level achieved. The findings showed that music
training positively predicted academic achievement in Chinese, English
and mathematics. Similarly, Yang and colleagues (2014) examined the
relationship between long-term music training and child development
based on 250 Chinese elementary school students’ academic development
of first and second language and mathematics. The findings showed that
musician children outperformed non-musician children only on musical
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achievement and second-language development. Although music
training was correlated with children’s final academic development of
first and second language and mathematics, it did not independently
contribute to the development of first language or mathematical skills.

Focusing on attainment across all school subjects, Wetter and
colleagues (2009), in a retrospective study, compared the school
performance of 53 children engaged in active music-making with 67
controls not engaged in music-making. Overall average marks, as well as
the average marks of all school subjects except sport, were significantly
higher in children who actively engaged in making music than those
who did not. In a multiple regression analysis, musical training, parents’
income, and educational level correlated significantly with overall
average marks. A slight decrease in overall average marks over four
years from Grades Three to Six was found in the control group, while
musical training appeared to help maintain school performance at a
high level over time.

Schellenberg (2006) studied the relationship between music lessons,
intelligence and academic performance in two studies. The first
examined the relationship of music lessons to intelligence, academic
achievement and social adjustment in six- to eleven-year-olds, while
the second examined the association between childhood music lessons
and academic achievement in 150 undergraduates. The findings
showed music lessons were associated with academic achievement
in both studies. Greater exposure to music lessons in childhood was
associated with higher scores on a measure of academic achievement,
higher elementary school and high school grade point average. These
associations held even after taking into account parental education,
family income and study participants’ involvement in non-musical out-
of-school activities.

In England, Hallam and Rogers (2016) drew on nationally available
data on attainment at age 11 and 16 relating to 608 students, 115 of whom
played a musical instrument to explore the impact of music training
on academic progress between ages 11 and 16. The findings showed
that the young people playing an instrument showed greater progress
and better academic outcomes than those who did not. The impact
was greater the longer a young person had been engaged in playing
an instrument. The instrumentalists performed at nearly one standard
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deviation better on almost all measures than those who did not play
an instrument at age 16, despite there being negligible differences at
age 11. Those who had been learning for four or five years had the best
results. When multiple regression analyses were undertaken, length of
time playing an instrument was a better predictor than attainment in
English at age 11 to a total points score calculated across all examination
subjects and the total number of points scored from performance in
the best eight examinations at age 16. Playing an instrument made a
statistically significant contribution to performance at age 16 across all
measures. The musicians showed greater progress between the two
examinations than non-musicians. Those who had been learning for the
longest period of time made the greatest progress. Also considering the
influence of music on progression over time, dos Santos and colleagues
(2015) analysed the academic performance of music and non music
students from seventh to ninth grade controlling for socioeconomic
status, intelligence, motivation and prior academic achievement. Data
were collected from 110 adolescents at two time points, once when the
students were between eleven and fourteen years old in the seventh grade,
and again three years later. The findings showed that music students
performed better academically than non music students in the seventh
grade and in the ninth grade. This difference was particularly evident in
scores in Portuguese language and natural science. The difference was
weaker in history and geography and least pronounced in mathematics
and English. A longitudinal analysis revealed better academic
performance by music students after controlling for prior academic
achievement indicating greater progress between the two assessment
points. This change remained when intelligence, socioeconomic status
and motivation were controlled for.

Not all of the research has had such clear cut results. For instance,
Schneider and Klotz (2000) compared the impact of enrolment in music
performance classes, band or choir, athletic extracurricular activities
or no such activities on the academic achievement of 346 students in
grades five through nine. The participating schools adopted a cross
section of different types of music programmes. The results showed that
although the mean scores for the musicians were higher than the non
musicians and non athletes, participation in music was not a conclusive
factor in predicting statistically higher academic scores than the other
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groups, although the musicians did score higher than the athletes and
over time this gap widened. The findings indicated that factors other
than enrolment in a performing music class affected the outcomes. The
findings also indicated an overall drop in standardized test scores in the
ninth grade for most students that was not seen for student musicians.

Large-Scale Research

A considerable amount of research has been based on large statewide
or national datasets. The evidence from correlation studies in the USA
has shown that students who participate in music education do better
than their peers on many measures of academic achievement. For
instance, using statewide data, Abeles (2007) reported that groups of
second grade children who participated in a weekly violin programme
having three lessons every two weeks outperformed non violin group
controls in performance on mathematics and language arts tests.
Morrison (1994) using data from the National Centre for Educational
Statistics representing over 13,000 students showed that high school
students who participated in music reported higher grades in English,
mathematics, history, and science than those who did not participate.
Similar outcomes have been reported by Cardarelli (2003), Fitzpatrick
(2006) and Trent (1996). A number of doctoral theses have also
supported these findings (Cobb, 1997; Gregory. 1988; Miranda, 2001;
Schneider, 2000; Underwood, 2000; Zanutto, 1997).

In China, Yang (2015) investigated whether music participation related
to academic achievement within the context of representative population
level data that adjusted for an array of socio demographic factors as
well as early academic achievement. The impact of music practice on
educational outcomes was analysed using multivariate regression
and individual fixed effects. The findings suggested that childhood
musical activity, either playing an instrument or singing, related
positively to educational achievements in adolescence. The magnitude
and significance of the estimated music coefficients for different music
indicators was robust when increasing the amount of individual and
family control variables but the size of the music estimates decreased
when the effect of parental education, other leisure activities and
previous educational achievements were held constant.
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In the USA, Fitzpatrick (2006) studied 15,431 students attending
Columbus public schools in Ohio and compared the performance on a
statewide test of academic attainment of instrumental music students
and their non instrumental classmates. The students were in fourth, sixth
and ninth grades. Students of like socioeconomic status were compared
on their performance on tests of citizenship, mathematics, science and
reading. The findings showed that instrumental students outperformed
non-instrumental students in every subject and at every grade level.
Instrumental students at both levels of socioeconomic status had higher
scores than their non-instrumental classmates from the fourth grade,
suggesting that instrumental music programmes attracted higher
scorers from the outset of instruction. However, the findings also showed
a pattern of increased achievement by lower socioeconomic status
instrumental students, who surpassed their higher socioeconomic status
non-instrumental classmates by the ninth grade in all subjects. Similarly,
Thorton (2013) conducted a statewide comparison of test scores for
students involved in voluntary music classes or ensembles, and students
not involved in such activities. Scores from almost 7,000 students in the
three grades tested by the state (Grades Five, Eight and Eleven) were
included. Significantly higher scores were found for students involved
in music compared with students not involved. It would seem that the
additional time spent in music activities did not disadvantage students
academically. Also using statewide data, some research has focused on
students who participate in statewide ensembles. For instance, Henry
and Braucht (2007) found that the most successful young musicians in
the USA who participated in statewide ensembles also had higher SAT
scores than state averages.

Southgate and Roscigno (2009), using two national data sets (ECLS-K
(20,000 US kindergarten students) and NELS:88 (25,000 adolescents))
and three measures of music participation—in school, outside school
and parental involvement in the form of concert attendance—found
that music involvement varied systematically by class and gender.
Involvement had implications for both mathematics and reading
achievement for young children and adolescents, and associations
between music and achievement persisted even when prior achievement
was taken into account. There was evidence of social class variation
within school music involvement in adolescents but not in early
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childhood, while the effects of class on parental music involvement were
strong and consistent in both samples. As a mediator of educational
outcomes, music involvement was significant for both mathematics
and reading achievement. It generally increased achievement levels,
although the gains were not distributed equally among all students: a
white student advantage existed. This may relate to the type of musical
activity engaged in and the opportunities afforded to the students
for performance, which may contribute to enhanced self-esteem and
increased motivation.

Working with young children and their families in Australia, Williams
and colleagues (2015) investigated parent-child home music activities in
a sample of 3031 children participating in the programme Growing Up
in Australia: The Longitudinal Study of Australian Children. Frequency
of shared home music activities was reported by parents when children
were two to three years old, and outcomes were measured by parent
and teacher report and direct testing two years later (when children
were four to five years old). A series of regression analyses controlling
for sociodemographic variables found frequency of shared home music
activities to have a small significant partial association with measures of
children’s vocabulary, numeracy, book-reading and shared home music
activities. Frequency of shared home music activities maintained small
partial associations with measures of attention and numeracy.

Not all of the evidence from large-scale studies has shown positive
outcomes for music tuition; for instance, Elpus (2013) examined the
college entrance examination scores of music and non-music students
in the United States, drawing data from the Education Longitudinal
Study of 2002 (a nationally representative education study). Analyses
of high-school transcript data showed that 1.127 million students
graduated high school having earned at least one course credit in music.
Fixed effects regression procedures were used to compare standardised
test scores of these music students with their non-music peers, while
controlling for demography, prior academic achievement, time use and
attitudes toward school. The findings indicated that music students did
not outperform non-music students on standard assessment tests once
systematic differences had been controlled for statistically. This pattern
of results remained consistent and robust through internal replications
with another standardised mathematics test, and when disaggregating
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music students by the type of music studied. Similarly, Miksza (2007)—
using data from National Education Longitudinal Study of 1988 and
a sample of 5,335—created a composite item which assessed student
participation in music for the entire duration of the study from eighth
to twelfth grade, and measured academic achievement in mathematics,
reading comprehension, science and social studies. There were
significant differences for all subtests in the initial testing in favour of
those who had participated in a band, choir or orchestra, but rates of
change in mathematics, science or social studies were no greater for the
music participants, and in reading achievement the music participants
increased more slowly than non-participants. In a later study, Miszka
(2010), using data from the Educational Longitudinal Study of 2002
and multilevel modelling, was able to take account of a wide range of
individual factors including socioeconomic status, minority status, peer
influence and music participation and school level factors, including
the number of music teachers. Outcome variables were standardised
mathematics scores, a composite community ethics score which
included strong friendships, helping people in the community and
working to correct social and economic inequalities, and a composite
school commitment variable including late arrival, skipping class and
absence from school. Music participation was related to all outcome
variables after controlling for all individual and school-level factors.
Students in high-school music ensembles were more likely to have higher
standardised mathematics achievement scores, be more concerned
about community ethics and be more committed to school.

A study in Germany by Hille and Schupp (2013) used the German
socioeconomic panel study longitudinal data to establish the impact
of musical training on attainment. The database included a detailed
assessment of the intensity and duration of music activities for
representative youth cohorts, school results and allowed consideration
of a wide range of parental characteristics. The findings on attainment
at age 17, taking account of a wide range of individual and family
characteristics, showed that children playing an instrument from age
eight to seventeen who had taken lessons outside school scored one-
sixth of a standard deviation higher than children not playing an
instrument. Similarly, in Canada, Gouzouasis and colleagues (2007)
found a positive relationship between music achievement in Grade 11
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and academic achievement in Grade 12 courses among a representative
dataset comprising over 50,000 secondary school students in British
Columbia.

Taking account of prior attainment, and thus able to focus on
progress, Guhn and colleagues (2020) carried out a multilevel mixed
model analysis in British Columbia, Canada of 112,916 students
in Grades Seven to Twelve. They compared the mean examination
grades of 15,483 students who took school music courses, with 97,433
who took none. Across all courses, English, science and mathematics
students who took school music courses had significantly higher raw
mean examination grades than students who took no music courses.
Mean differences ranged from 4.69 in English to 6.41 in science. Results
from the multilevel model, after adjusting for previous academic
achievement and socio demographic covariates, cultural background,
and neighbourhood showed that exam grade means across all academic
subjects were significantly higher for those who took music relative to
students who took no music. The adjusted mean differences in grades
ranged from 2.47 for English, to 3.76 for science. Comparisons were
made between the type of music engagement, instrumental or vocal and
academic achievement. Throughout secondary school, Grades ten to
twelve the results indicated that differences between the examination
means of students who took no school music and those who took school
music significantly differed by the type of school music. A significant
interaction for music participation, type of music, was observed
for all outcomes, English in Grades 10 and 12, science in Grade 10,
and mathematics in Grade 10. The students who took instrumental
music courses had significantly higher examination mean scores than
students who took vocal music courses, across all academic subjects.
The instrumental versus vocal music differences in mean examination
grades were particularly pronounced for mathematics and science in
Grade 10, compared with English in Grades 10 and 12. Additionally,
compared with students who took no music classes, students who took
vocal music as well as students who took instrumental music had, on
average, significantly higher examination means. The vocal music
students had examination means that were between 0.80 and 1.40 higher
than students who took no music. Students who took instrumental
music had examination means that were between 3.10 in Grade 10
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English and 5.11 in Grade 10 mathematics, higher than students
who took no music. Grades in vocal and instrumental school music
classes predicted academic achievement regression results, indicating
significant and positive linear associations between grades in vocal,
instrumental school music classes and academic grades, adjusting for
covariates. The results indicated that associations of music grades with
academic achievement examination scores significantly varied by type
of school music (solely vocal or solely instrumental) as the interaction
between music, grades and type of music was significant for all subjects,
English at Grades 10 and 12, science at Grade 10 and mathematics at
Grade 10. For vocal music, each one-unit increase in overall mean music
vocal grade was associated with predicted increases in examination
means in all subjects, ranging from 0.19 for English Grade 10 to 0.38
for mathematics Grade 10. Such associations between music grades
and academic examination scores were significantly higher for overall
mean instrumental music grades, with coefficients ranging from 0.26
for English Grade 10 to 0.50 for mathematics Grade 10. Higher levels
of music engagement, as assessed by the number of courses taken, was
related to higher examination scores in all subjects. This pattern was
more pronounced for very high engagement in instrumental music,
with medium effect sizes compared with vocal music where there were
small effect sizes. The effect sizes of these group differences were greater
than the effect sizes corresponding to average annual gains in students’
academic achievement during high school. In other words, highly
engaged instrumental music students were, on average, academically
over one year ahead of their peers. The positive relationships between
music engagement and academic achievement were independent of
students’ previous, Grade 7 achievement, sex, cultural background
and neighbourhood socioeconomic status, and were of considerable
magnitude. The findings suggest that multi-year engagement in music,
especially instrumental music, may benefit high school academic
achievement.

Although the quality of the music teaching is clearly important in
whether music has an impact on academic attainment, relatively little
research has taken account of this. An exception is the work of Johnson
and Memmott (2006), who studied 4,739 elementary and middle-school
students from four states in the USA and showed a strong relationship
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between third- and fourth-grade students” academic achievement and
their participation in music programmes. Analysis of elementary school
data indicated that students in exemplary music education programmes
scored higher on both English and mathematics standardised tests
than their counterparts who did not have this high-quality instruction,
although the effect sizes were very small. Analysis of middle-school
data indicated that for both English and mathematics, students in
exceptional music programmes and deficient instrumental programmes
scored better than those who had no music classes or poor-quality
choral programmes. The effect sizes were moderate. Overall, the higher
the quality of the programme, the higher the academic attainment.

In the USA, exploring issues related to college entrance, Kaufman
and Gabler (2004) assessed cultural capital and the extracurricular
activities of girls and boys in the college attainment process using data
from the National Education Longitudinal Survey. They aimed to assess
the specific causal role these activities played in the college attainment
process. The research examined extracurricular activities in relation to
two different levels of college attainment: enrolment in any four-year
college or university, and enrolment in one of the nation’s elite, or most
selective universities. They found that, at the general college level,
hands-on training in the arts appeared to improve students’ chances of
going to college by enhancing their human capital but not their cultural
capital. In contrast, direct exposure to the arts did not appear to improve
students” chances of going to an elite college, although having parents
who were interested in the arts did.

Research with Disadvantaged Populations

Evidence from EI Sistema and Sistema-inspired projects has indicated a
positive impact of participating in musical activities on attainment. In
the UK, where the programme is based in schools in deprived areas,
Smithhurst (2011) reported that after one year of participation in the
programme, children in Years One to Four in one school were achieving
better scores in mathematics, reading and writing compared with their
peers who were not involved. Ninety percent of the children were
reaching target grades in maths compared with 68 percent not involved
in the programme. Similar trends were evident in reading, with 85
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percent of programme children reaching target grades compared with
62 percent not in the programme, and in writing, 65 percent compared
with 45 percent. Burns and Bewick (2011) reported that after two
years of participating in the programme where children engaged with
music for 4.5 hours per week, 43 percent of the children had progressed
more than four levels in maths, 53 percent in reading and 42 percent
in writing compared with a national average of three levels, despite
the fact that the participants included a high proportion of children
with special educational needs. However, the rate of improvement
slowed as participation continued. In a programme in Chile, Egafna de
Sol (2008) showed a positive effect on academic attainment in verbal
and mathematics skills. This was attributed in part to participants
holding higher expectations of their academic achievements, although
evaluations of other programmes in Chile had mixed results, with some
programmes having positive results and others noimpact (Evaluacién de
impacto programa prequestas juveniles e infantiles, 2010). Programmes
in the USA have indicated increased academic attainment as an outcome
of participation, with more children achieving roll of honour status,
particularly where children participated for an extended period of time
(Creech et al., 2013).

Creech and colleagues (2013), in their review of El Sistema and
Sistema-inspired programmes, concluded that, with few exceptions, the
studies demonstrate significant and steady improvement in academic
attainment and achieving targets and, in some cases, outperforming
comparison groups in maths, reading and writing. There is some
evidence that these effects may be cumulative, related to prolonged
engagement in the programmes (page 67).

Intervention Research

Most of the research exploring the links between participation in
musical activities and attainment has been based on correlation analysis,
which precludes the demonstration of causality, particularly as there
are many possible confounding factors. There is also the possibility
that music programmes may attract students who are already amongst
the highest attaining (Arnett-Gary, 1998; Costa-Giomi, 2012; Harrison,
1990; Hodges and O’Connell, 2007; Klinedinst, 1991; Schellenberg,
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2014; Shobo, 2001; Yoon, 2000). Overall, the evidence from correlation
studies has shown that students who participate in music education
tend to do better than their peers on many measures of academic
achievement, although there are exceptions. To demonstrate causality
requires intervention studies. There have been a small number of
experimental studies on the effects of participation in music on general
attainment. The findings have been mixed.

Several small-scale doctoral theses have focused on this issue,
including Hoffman (1995). Legette (1993) found no effect of music
instruction, while Hines (2000), studying students with learning
difficulties from kindergarten through to ninth grade, found neither
reading nor mathematics achievement was affected by type of music
instruction, motoric or non-motoric. In another small-scale study,
Cabanac and colleagues (2013) compared the performance of students
who participated in a music programme in a single school in Canada with
those who did not and found that the music students had consistently
higher attainment in all subjects.

Merh and colleagues (2013) conducted two random controlled trials
with preschool children investigating the cognitive effects of a brief
series of music classes, as compared to a similar but non-musical form of
arts instruction, visual arts classes or a no-treatment control. Consistent
with typical preschool arts enrichment programmes, parents attended
classes with their children, participating in a variety of developmentally
appropriate arts activities. After six weeks of classes, children’s skills in
four distinct cognitive areas were assessed, in which older arts trained
students had been reported to excel, spatial navigational reasoning,
visual form analysis, numerical discrimination and receptive vocabulary.
The findings showed initially that children from the music class showed
greater spatial navigational ability than children from the visual arts
class, while children from the visual arts class showed greater visual
form analysis ability than children from the music class. However, a
partial replication attempt comparing music training to a no-treatment
control failed to confirm these findings, while the combined results of
the two comparisons were negative. Overall, children provided with
music classes performed no better than those with visual arts or no
classes on any assessment.

Holochwost and colleagues (2017) examined whether music
education was associated with improved performance on measures
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of academic achievement and executive functions with 265 school
aged children in Grades 1 through 8. Fifty-eight percent were female,
and 86 percent African-American. They were selected by lottery to
participate in an out-of-school programme offering individual and large
ensemble training on orchestral instruments. Measures of academic
achievement, standardised test scores and grades in English language
arts and mathematics were taken from participants” academic records.
Executive functions were assessed through students’ performance on a
computerised battery of common executive function tasks. The findings
indicated that, relative to controls, students in the music education
programme scored higher on standardised tests, earned better grades
in English language arts and mathematics, and exhibited superior
performance on selected executive function tasks and short-term
memory. Further analyses revealed that, although the largest differences
in performance were observed between students in the control group
and those who had received the music programme for two to three
years, conditional effects were also observed on three executive function
tasks for students who had been in the programme for one year.
Wallick (1998) examined the effects of a pullout string programme
on student achievement in the writing, reading, mathematics, and
citizenship sections of the Ohio Proficiency Test. One hundred and
forty-eight fourth-grade string students and 148 fourth-grade non-
string students from a southwestern Ohio city school district were
ability-matched according to their performance on the verbal section of
a cognitive abilities test. Scores on the Ohio Proficiency Test were then
recorded and compared. The results revealed a significant difference in
favour of the string students’ achievement in reading and citizenship,
although there were no significant differences between the two matched
groups in writing or mathematics. Also in the USA, Barr and colleagues
(2002) described a programme for the improvement of listening skills
in order to increase academic performance. The sample consisted of
elementary students in a middle-class community. The problem of
ineffective listening skills was documented through data, revealing the
number of students whose lowered academic performance was thought
to be because of a deficiency in listening skills. Staff reported that
students” weaknesses in effective listening skills negatively impacted
on their academic performance. Three major categories of intervention
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were adopted: the direct teaching of effective listening skills, student
ownership of self-monitoring, and the effects of using music in the
classroom. Over the 16-week period of the interventions, the students
showed a notable improvement in academic achievement.

Adopting drama as a comparison group, Haywood and colleagues
(2015) evaluated the Act, Sing, Play programme which offered music
and drama tuition to Year Two pupils. The aim of the programme was
to evaluate whether music workshops had a greater impact than drama
workshops in terms of pupils’ mathematics and literacy attainment.
The programme ran for one academic year; 909 pupils participated in
19 schools in England. In each participating Year Two class, pupils were
randomly allocated to one of three groups: violin or cello workshops,
singing lessons or drama workshops. Workshops were held once a
week over 32 weeks. The findings provided no evidence that the music
workshops had a greater impact on maths or literacy attainment than
the drama workshops. This also applied to children from disadvantaged
families.

An unusual study was undertaken by Schiltz (2016), who researched
93 highly gifted children and adolescents suffering from school failure
at the beginning of adolescence. They were treated with an integrated
form of music psychotherapy and verbal psychotherapy in five separate
groups. The treatment combined active musical improvisation with
the writing of stories, or the production of drawings induced by
music, followed by verbal elaboration in the cognitive psychodynamic
psychotherapeutic tradition. A meta-analysis of the confirmatory results
in five subgroups showed a significant increase in concentration and in
school marks.

Reviews and Meta-Analyses

Over the years, there have been several reviews of the impact of
engagement with music on academic attainment (Arnett-Gary, 1998;
Costa-Giomi, 2012; Hodges and O’Connell, 2007; Schellenberg, 2014;
Shobo, 2001; Yoon, 2000). These and those undertaken more recently
(Benz et al., 2016; Dumont et al., 2017; Sala and Gobet, 2017) have
discussed the challenges and limitations of the research and offered
explanations for the variability of the empirical findings. The complexity
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of musical activities and their potential to affect children’s social,
emotional and cognitive experiences together have made it challenging
to formulate theoretical frameworks that account for the wide range of
empirical findings.

Miendlarzewska and Trost (2014) synthesised a large body of
studies, demonstrating that the benefits of musical training extended
beyond the skills which music aims to train, which then last into
adulthood. They argued that children who undergo musical training
have better verbal memory, second language pronunciation accuracy,
reading ability and executive functions. Learning to play an instrument
as a child may even predict academic performance and IQ in young
adulthood. In addition, the degree of observed structural and functional
adaptation in the brain correlates with the intensity and duration of
practice. The effects on cognitive development depend on the timing of
musical initiation as well as other moderating variables. They suggest
that motivation, reward and the social context of musical education are
important yet neglected factors which affect the long-term benefits of
musical training. They propose the notion of rhythmic entrainment as a
mechanism which may support learning, the development of executive
functions and temporal processing/orienting of attention in time, which
may underlie enhancements observed in reading and verbal memory.
Overall, they conclude that musical training uniquely engenders near-
and far-transfer effects, preparing a foundation for a range of skills thus
fostering cognitive development.

Winner and Cooper (2000) quantified the results of existing research
from 1950 to 1998, conducting five meta-analyses of studies assessing
the effects of arts education on academic achievement. The studies
examined the effects of the arts in general rather than specific art forms
(for instance, music or dance). The researchers found evidence for a
positive relationship between arts education and academic achievement,
but found no increase in verbal or mathematics achievement.

Sala and Gobet (2017) undertook two meta-analyses assessing
the effect of chess and music instruction on children’s cognitive and
academic skills. A third meta-analysis evaluated the effects of working
memory training. The findings showed that the effect sizes from the
studies were inversely related to the quality of the experimental design.
This pattern of results cast serious doubts on the effectiveness of chess,
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music and working memory training. In a later review, Sala and Gobet
(2018) presented a meta-analysis of music intervention studies with
3,780 children and found only a small overall effect size. When active
controls were implemented, the effect was practically null. An even later
review revealed similar findings (Sala and Gobet (2020). The analysis of
data from 6,984 children showed that once the quality of study design
was controlled for, the overall effect of music training programmes was
null and highly consistent across studies. Small statistically significant
overall effects were obtained only in those studies implementing no
random allocation of participants and employing non-active controls.
They concluded that music training was ineffective regardless of the type
of outcome measure (verbal, non-verbal, speed-related, the participants’
age, or the duration of training). They concluded that researchers’
optimism about the benefits of music training was empirically unjustified
and stemmed from misinterpretation of the empirical data and, possibly,
confirmation bias. Also adopting a meta-analytic approach, Gordon
and colleagues (2015) considered the impact of music engagement on
reading with studies that included music training and control groups,
pre- and post-comparison measures, and an indication that reading
instruction was constant across groups. Thirteen studies were identified
including 901 children. Two classes of outcome measures emerged with
sufficient overlap to support meta-analysis: phonological awareness and
reading fluency. Hours of training, age and type of control intervention
were examined as potential moderators. The results supported the
hypothesis that music training led to gains in phonological awareness
skills. The analyses revealed that transfer effects for rhyming skills
tended to grow stronger with increased hours of training. In contrast,
no significant aggregate transfer effect emerged for reading fluency
measures, although some studies reported large training effects.

Explanations for the Research Findings

Many different explanations for the mixed research findings have
been proposed. Some have suggested that the changes that music
participation has on the brain are responsible for a range of cognitive
and academic benefits. Other explanations relate to enhanced executive
functions, the length and types of programme and their quality, and the
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personality characteristics and motivation of participating children and
young people.

Neurological Studies

The kinds of skills gained through learning to play an instrument—
including auditory, audiation, reading and executive skills on different
instruments (for example, keyboard, string, percussion and wind
instruments) have been shown to impact on the auditory and motor
regions of the brain (Hyde et al., 2009). As discussed in earlier chapters,
music processing and playing instruments are related to activity in many
different areas of the brain (Gaser and Schlaug, 2003; Koelsch et al.,
2005; Koelsch and Siebel, 2005). Musicians, compared to non-musicians,
tend to have enlarged structures in parts of the brain, for instance the
left planum temporale and the cerebellum (Gaser and Schlaug, 2003;
Hutchinson et al., 2003; Schlaug et al., 1995a; 1995b). These changes
have been suggested to have implications for cognitive functions (Chan
et al., 1998; Ho et al., 2003). A number of studies have shown structural
differences in grey matter and white matter in children who engage in
music, particularly in early childhood compared with those who do not
(Fernandez, 2018; Groussard et al., 2014; Habibi et al., 2018; Huotilainen
and Tervaniemi, 2018; Pantev and Herholz, 2011). Benner and colleagues
(2017) found that Heschl’s gyrus multiplications occurred much more
frequently in musicians than in the general population and constituted
a functional unit with Heschl’s gyrus, while Schneider and colleagues
(2002, 2005) observed that increases in grey-matter volume in the
Heschl’s gyrus (HG) of musicians, as compared with non-musicians,
were linked with greater musical aptitude and audiation (Gordon,
1979; Gouzouasis, 1993). Audiation involves complex internal musical
processing, memory and anticipation; and these cognitive processes
overlap with executive functions. Some research has reported neural
changes alongside significant differences in associated reading skills,
sound processing skills and speech (Chobert et al., 2014; Moreno et
al., 2009; Trainor et al., 2012). While the structural changes observed in
the brain may impact on enhanced cognitive processes which lead to
enhanced academic attainment, not all of the evidence supports this.
The research findings are mixed (Dumont et al., 2017; Gordon et al.,
2015; Jaschke et al., 2013; Sala and Gobet, 2017; 2020).
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Adding to the complexity of understanding the findings from the
research on the impact of music on attainment, Schlaug (2001) and
Tervaniemi (2009) point out that, in the research, musicians have been
treated as a unified group, as if the demands of their musical activities
are equal in terms of perceptual, cognitive and motor functions. This is
clearly not the case. They are differentiated in terms of the instrument
that they play, the musical genre that they engage with, as well as
their approach to practice. As we saw in Chapter 1, the neuroscientific
evidence has shown differences between musicians in the parts of
the brain which develop in response to their musical activities. This
diversity has generally not been taken into account in the research on
general attainment.

Length of Engagement with Music

Several studies have shown that, the longer the engagement with
music, the greater the impact on attainment—for instance, Catterall
(2000), Corrigal and colleagues (2013), Hallam and Rogers (2016) and
Schellenberg (2006; 2019). Despite this, some authors have described
changes observed in participants after only one month. In several
studies, the effects were largest after two to three years (Holochwost
et al., 2017) or only observed after two or more years of learning music
(Holmes and Hallam, 2017; Schneider and Klotz, 2000). Overall, most
of the evidence suggests that the longer the programme, the greater the
impact (Corrigall et al., 2013; Degg et al., 2011a; Hetland, 2000). The time
and intensity of programmes have also been pointed out as important
(Habibi et al., (2014).

Learning to play an orchestral or band instrument to a high level
of expertise involves cumulative learning, with students typically
beginning to learn at an early age and putting in many hours of
practice. To become a professional musician takes years of dedicated
work. During this process, perceptual, cognitive and motor skills are
refined to enable musicians to undertake the complex tasks required for
solo and ensemble work. Intervention studies cannot mirror this level
of engagement, and the subsequent impact on music-related skills or
possible transfer to other areas. It is only in comparisons between expert
musicians and non-musicians that this is revealed.
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Type, Nature and Quality of Musical Training

The type of musical training and its quality are important in determining
any impact on academic attainment. There has been significant variation
in the quality of training and instruction between studies (Dumont
et al., 2017; Foster and Jenkins, 2017; Sala and Gobet, 2017). Musical
activities take many forms: composition, improvisation, theory, vocal
and instrumental music. These require different forms of learning and
practice. For instance, learning to play a musical instrument usually
entails reading musical notation, and hand-eye and spatial coordination
for physically playing the instrument. These skills are distinct from
those involved in vocal training, particularly choral singing. These
differences impact on neurological change and may impact on
executive functions and other factors such as motivation. Typically,
research has not taken account of these differences. However, there are
exceptions—for instance, Kinney (2008) considered multiple forms of
music education in elementary school and found positive associations
between instrumental music participation and academic achievement
tests, but no association for choral students. Habibi and colleagues
(2014) suggested that playing with others was associated with greater
development of auditory skills and executive functioning because of the
need to overcome and organise more auditory information, as well as
improve attention and concentration. Guhn and colleagues (2020) took
into account many of these variables, as well as level of commitment and
the interactions between them. They found that higher levels of musical
achievement may indicate higher levels of commitment, which may
lead to greater exposure to the various cognitive, social, emotional and
motivation-related experiences which, in turn, may support academic
achievement.

The quality of music interventions has also been raised. For example,
Johnson and Memmott (2006) examined the relationship between
academic achievement and participation in music activities across
nearly 5000 participants and concluded that the higher the quality of the
programme, the stronger the relationship. Similarly, Rauscher (2005)
experienced difficulties with implementation during the first two years
of a music programme and it was only at the end of the study, when the
children had received one year of high-quality tuition, that there were
any gains for the students.
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The Role of Executive Functions in Attainment

One possible explanation for the impact of actively engaging in music-
making and enhanced academic attainment is the mediating role of
executive functions (Degé et al., 2011; Jaschkeet al., 2018; Slevc et al.,
2016). The core competencies of executive functioning include self-
regulation, information-monitoring, working memory and flexibility
of changing between tasks (Diamond, 2013). These are all required in
music-making, particularly in ensembles. Musicians have been shown to
outperform non-musicians on various executive functions (Moradzadeh
etal., 2015; Zuk et al., 2014). Benefits for memory, particularly aural and
verbal memory, have also been demonstrated (Bergman et al., 2014;
Oechslin et al., 2013; Roden et al., 2014). The frontal lobe is hypothesised
to be particularly salient in executive functions (Miyake et al., 2000;
Stuss and Alexander, 2000) and music training in childhood and early
adolescence has been found to be related to lasting changes in the
corpus callosum, superior temporal gyrus, and middle temporal gyrus
(Schlaug et al., 2005; Steele et al., 2013).

Executive functions, as we saw in Chapter 8, have been shown to
be linked to academic performance (Best et al., 2011; Cortés Pascual et
al., 2019; Slevc et al., 2016; Visu-Petra et al., 2011). Cognitive flexibility,
working memory, processing speed and planning (Zuk et al., 2014) may
all supportacademic attainment. Audiation may represent an underlying
mechanism through which differences in executive function abilities, as
well as various facets of instrumental music learning, are connected.
Music learning may enhance executive functions and audiation, which
in turn may benefit learning capacity more broadly. Previous research
suggests that even though music-related cognitive gains may, to some
extent, be domain-specific—for instance, verbal but not visual memory
(Ho et al., 2003)—they commonly relate to a range of cognitive domains
(Forgeard et al., 2008; Schellenberg, 2004).

Personality Factors

Music students may also be more conscientious than non-music students,
which may explain why they are more successful at school than would
be indicated by their IQ scores. One personality factor of particular
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interest in relation to attainment is conscientiousness, as this may be
a mediating factor in explaining differences between young musicians
and non-musicians. There is certainly evidence that undergraduate
music students exhibit conscientious-like traits (Kemp, 1996; Marchant-
Haycox and Wilson, 1992), although composers and rock musicians are
less conscientious than the general population (Gillespie and Myors,
2000; Kemp, 1996). Corrigall and colleagues (2013) pointed out that
participation in music might influence changes in personality and, in
this way, interact with better achievement in school. They found that
individual differences in conscientiousness helped to explain school
grades. It may be that those who are more self-disciplined are more
likely to persevere in learning a musical instrument. Costa-Giomi
(2006) observed children for three years as they began, continued and
discontinued lessons. Those who completed three years of lessons
were more responsible, disciplined and able to concentrate. However,
these traits characterised the students before they started to learn an
instrument and did not change as a result of music instruction. Another
explanation comes from research by Butkovic and colleagues (2015),
who found that music-specific flow proneness was the best predictor
of time spent practising when openness to experience, motivation and
intelligence were taken into account.

Motivation

Motivation is clearly a key factor in the development of high-level musical
expertise and also in enhancing academic attainment. Motivation will
be discussed in depth in Chapter 12. However, the process of music
training—which frequently includes hours of practice, typically in
solitude, and a lengthy time commitment—might develop the habit
of self-discipline and the desire to achieve, both of which are likely to
support enhanced academic attainment. Students who learn that hard
work can lead to the mastery of complex skills and to desired learning
outcomes may develop a sense of self-efficacy and self-belief which will
impact on other areas of study. Music-based intervention programmes
have shown improvements in self-esteem, confidence, discipline
and motivation among young people (Hallam et al., 2017). Students
involved in music appear to show high levels of intrinsic motivation
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(Diaz, 2010). Higher levels of musical engagement relate to stronger
academic self-concept (Degé et al., 2014). Students engaging in musical
activities as part of a group may experience a sense of team bonding
and accomplishment (Adderley et al., 2003) which can contribute to
a positive learning climate. These various elements may interact with
each other over time. The context of learning itself is also important
in both music and academic work and, if supportive, can enhance
attainment. Being rewarded for success, musically and academically,
also promotes motivation. Motivational and socioemotional pathways
may underlie the associations between music learning and learning in
other subjects. A complex interplay of internal and external factors is
likely to influence a learner’s motivation to participate in and continue
long-term engagement with school music-making (Eccles and Wigfield,
2002) and shape an adolescent’s conception of their musical ability and
the value they place on music (Sichivitsa, 2007). In a large-scale study,
McPherson and O’Neill (2010) found that learning to play an instrument
or to sing seemed to contribute to higher motivation in other subjects,
language, mathematics and science. Participating in musical activities
can also affect aspirations, which enhance motivation and subsequently
attainment. This is particularly the case with children from deprived
areas (Devroop, 2009): for instance, those engaging in El Sistema and
Sistema-inspired programmes (Creech et al, 2013). Participating
in musical activities may enhance attainment through providing
opportunities to explore and develop different ways of learning,
including focused perception, making connections and imagining new
possibilities (Burton et al.,, 1999).

Overview

Overall, the evidence regarding the impact of engaging with music on
academic attainment is mixed. While the evidence from intervention
studies is limited, correlational and comparative studies identify some
clear links. While these have been criticised as not demonstrating
causality, research which has adopted a retrospective or longitudinal
approach has been able to demonstrate that those actively engaged in
making music make greater progress academically over time compared
with those not actively engaged in making music. What underpins
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this greater improvement in attainment over time is less clear. The
relationship may be mediated by neurological changes relating to aural,
phonemic, spatial or memory skills, executive functions, length, type or
quality of training, or personality or motivational factors. Only research
which is able to take account of all these factors will be able to develop
credible explanatory models.



11. Music and Studying

There has been a great deal of research on the impact of music on
cognitive activities related to studying. Many different factors can
contribute to the outcomes, including the type of music, the nature of
the task being undertaken, individual differences and the relationship
of the individual to the particular music involved. Each of these will
be considered in this chapter. As many studies address several of these
issues simultaneously, each study will be considered in relation to its
main focus. The theories attempting to explain the various findings
will also be outlined. There has been some confusion in the reporting
of the research between studies where music is presented prior to the
task being undertaken (what has become known as the Mozart effect)
and research where music is played in the background while the task is
being undertaken. These different approaches are frequently considered
as equivalent. Here they are considered separately.

Listening to Music prior to Completing a Task

The positive effect of listening to music prior to undertaking a cognitive
task was first associated with the music of Mozart. A group of college
students performed a spatial-temporal task after they listened to
Mozart’s sonata for two pianos in D major, KV 448. Their performance
was compared to groups who either listened to a relaxation recording or
sat in silence before completing the task. The group listening to Mozart
performed significantly better than the other groups (Rauscher et al.,
1993). A second study, using the same Mozart composition, repetitive
music or a short story, replicated these findings (Rauscher et al., 1995).
Since this research, there have been many studies attempting replication.
The findings from these have been mixed. Some examples are set out
below.
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Rideoutand Taylor (1997) studied 32 undergraduates who completed
two equivalent spatial reasoning tests: one following a control procedure
and one following the presentation of Mozart’s Sonata for two pianos in
D major. Their performance showed a small but significant improvement
immediately following presentation of the music. Similarly, Wilson and
Brown (1997) studied spatial reasoning in 22 college undergraduates
who were exposed to ten minutes of a Mozart piano concerto, repetitive
relaxation music or silence prior to undertaking a pencil and paper
maze task. The mazes varied in complexity and size. Limited support
for the Mozart effect was obtained for the number of maze recursions
and the overall quality of maze solutions.

Adopting a neurological perspective, JauSovec and colleagues
(2006), in two experiments, investigated the influence that Mozart’s
sonata, K. 448, had on brain activity in the process of learning. In
the first experiment, individuals were trained in how to solve spatial
rotation tasks, and then were required to solve similar tasks. Fifty-six
students were divided into four groups: a control group which prior to
and after training relaxed, and three experimental groups—one group
who prior to and after training listened to Mozart, one who prior to
training listened to Mozart and subsequently relaxed, and a fourth
group who prior to training relaxed and afterwards listened to Mozart.
In the second experiment, 36 respondents were divided into three
groups: a control group, a second group who listened to Mozart prior
to and after training, and a third group who prior to and after training
listened to Brahms’ Hungarian Dance No. 5. In both experiments, EEG
data were collected during problem-solving. In the first experiment,
all of the respondents in the various music groups showed better task
performance than the control group, although those experiencing music
before and after the task displayed less complex EEG patterns and more
alpha-band synchronisation than did respondents in the other three
groups. In the second experiment, individuals who listened to Mozart
showed better task performance than did the respondents in the other
groups. They also displayed less complex EEG patterns and more lower
alpha-band synchronisation than did the respondents in the Brahm’s
music group. The authors argued that Mozart’s music, by activating
task-relevant brain areas, enhanced the learning of spatial-temporal
rotation tasks. The results supported Rauscher and colleagues’ (1993)
priming explanation of the Mozart effect.
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Working with children, Hallam (2001) and Schellenberg and Hallam
(2005) replicated Rauscher’s study with over 6,000 children in the final
year of primary school. The children were randomly allocated within
their school to one of three groups: a group listening to the same Mozart
piano sonata as in the Rauscher study, one to pop music performed
by the pop groups Blur and Oasis, and the third to a talk about
experiments. Each of these sessions lasted for ten minutes. Following
this, the children completed two spatial reasoning tasks: a paper folding
task and a rotational task. The initial analysis (Hallam, 2001) showed
no statistically significant difference between the groups on either task.
A second analysis by Schellenberg and Hallam (2005) showed a slight
statistical advantage for the children listening to popular music. This
was interpreted in terms of raised arousal levels and higher motivation
because the children liked the popular music. Schellenberg (2005)
argued that such short-term effects resulted from the impact of music
on changes in arousal level and mood. Following this, Schellenberg
and colleagues (2007) undertook two further experiments. In the first,
Canadian undergraduates performed better on a symbol-search test
after listening to an up-tempo piece of music composed by Mozart in
comparison to a slow piece by Albinoni. However, the effect was evident
only when the two pieces of music induced reliable differences in arousal
and mood. Performance on other intellectual tasks was not affected. In
the second experiment, Japanese five-year-olds drew for longer periods
of time after singing or hearing familiar children’s songs than after
hearing Mozart or Albinoni. After hearing the children’s songs, their
drawings were judged by adults to be more creative, energetic and
technically proficient. These findings illustrate that prior exposure to
different types of music can enhance performance on a variety of tasks;
the effects are mediated by changes in emotional state and can generalise
across cultures and age groups.

Exploring whether arousal and mood were responsible for
Rauscher’s original findings, Thompson and colleagues (2001) studied
24 college students, aged 20 to 60 years old, who completed a test of
spatial abilities after either listening to a pleasant and energetic sonata
by Mozart, sitting in silence or listening to Albinoni’s adagio, a slow
reflective piece. Enjoyment, arousal and mood were also assessed.
Performance on the spatial task was better following exposure to the
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composition by Mozart. The two pieces of music induced differential
responding to measures of enjoyment, arousal and mood. When these
were controlled for, the Mozart effect disappeared. Focusing on the role
of mood, Smith and colleagues (2010) carried out two studies. The first
explored the effects of prior exposure to office noise on working memory,
while the second was a replication of Rauscher and colleagues” (1993)
study. The first study showed that mental arithmetic tasks were initially
impaired by office noise, but that the effects of the noise disappeared
following ten minutes of exposure to office noise between tasks. The
second experiment successfully replicated Rauscher and colleagues’
(1993) study showing enhanced spatial reasoning following listening
to Mozart for 24 young adults, although assessment of the mood of
participants demonstrated that the effect was not caused by mood
change. Also focusing on the impact of mood and arousal on spatial
reasoning, Hussain and colleagues (2002) examined the effects of tempo
and mode. A Mozart sonata performed by a skilled pianist was recorded
and edited to produce four versions that varied in tempo (fast or slow)
and mode (major or minor). Participants listened to a single version and
completed measures of spatial ability, arousal and mood. Performance
on the spatial task was superior after listening to music at a fast rather
than a slow tempo, and when the music was presented in major rather
than minor mode. Tempo manipulations affected arousal but not mood,
whereas mode manipulations affected mood but not arousal.

Nantais and Schellenberg (1999) found that performance on a
spatial-temporal task was better after participants listened to a piece
composed by Mozart or by Schubert than after they sat in silence. In a
second study, the advantage for the music condition disappeared when
the control condition consisted of a narrated story instead of silence. The
participants” performance was a function of their preference for either
the music or the story, with better performance following the preferred
condition. Similarly, Perham and Withey (2012) found that preferred
music increased spatial rotation performance regardless of the tempo
of the music. Participants listened to both liked and disliked music, in
either a fast or slow tempo, prior to completing a series of spatial rotation
tasks. At both tempos, liked music was associated with significantly
better spatial rotation performance than disliked music.

Some research has focused on music acting as a primer for memory
tasks with participants of varied ages. For instance, Hirokawa (2004)



11. Music and Studying 265

examined the effects of preferred music and relaxation instructions on
older adults” arousal and working memory. Fifteen female older adults
participated in ten minutes of three experimental conditions: participants’
preferred music, relaxation instructions or silence. Four subcategories of
arousal level, energy, tiredness, tension and calmness were measured
before and after experimental treatment using an adjective checklist.
After each experimental condition, participants completed a working
memory test. The findings showed that music increased participants’
energy levels, while relaxation and silence significantly decreased
them. Relaxation and silence interventions also increased tiredness
and calmness. All experimental conditions decreased tension levels,
although working memory performance was not significantly different
between the groups. Also focusing on working memory, Steele and
colleagues (1997) studied 36 undergraduate students who completed a
backwards digit-span task followed by exposure to ten minutes of music
composed by Mozart, a recording of rain, or silence and a repetition of
the task. No significant differences among treatment conditions were
found, although there was a significant effect of practice. In a later study,
Steele and colleagues (1999) followed the detailed procedural guidance
offered by Rauscher and colleagues needed to produce the Mozart
effect. Despite this, Steele and colleagues were unable to produce
either a statistically significant Mozart effect or an effect size suggesting
practical significance. They concluded that there was little evidence to
support the existence of the Mozart effect.

Also offering limited support to the Mozart effect, Twomey and
Esgate (2002) compared the performance of 20 musicians and 20 non-
musicians on spatial-temporal reasoning tasks following exposure to
Mozart’s Sonata K. 448. They based their research on the trion model
of neural functioning, which is highly structured in time and spatial
connections and predicts increased synchrony between musical
and spatial temporal centres in the right cerebral hemisphere. Since
increased left-hemispheric involvement in music processing occurs
as a result of musical training, the possibility of increased synchrony
with left-hemispheric areas in the musicians was tested. The results
were improved performance on language as well as spatial-temporal
tasks. In addition to spatial-temporal tasks, synonym generation and
rhyming-word generation tasks were employed. A Mozart effect was
demonstrated on the spatial-temporal task, although this was greater
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for the non-musicians. There was no effect of musical priming for
either group on verbal tasks, although the musicians scored higher
on rhyming-word generation. No systematic link was found between
performance on any task and the number of years spent in musical
training. The failure to induce a Mozart effect in the musicians on verbal
tasks, as well as the limited impact on their performance on the spatial-
temporal tasks, may have been associated with a ceiling effect due to the
long-term effects of music training.

Working with 448 younger and older adults with mean ages of 28 and
72 respectively, Giannouli and colleagues (2019) provided participants
with novel excerpts by Mozart, Vivaldi and Glass, or silence—after
which they completed a forward digit-span test and a word-fluency test
to assess verbal working memory and phonologically cued semantic
retrieval. Individual preference for each condition was also assessed.
Brief exposure to music had no beneficial effect on verbal working
memory and there was transient impairment after listening to Vivaldi,
although the Vivaldi excerpt did induce a marked enhancement in word
fluency, but only in the young adults. In contrast, listening to Mozart’s
music was followed by decreased word-fluency test scores in both age
groups. These findings suggest that, depending on specific musical
features, listening to music can selectively facilitate or inhibit ongoing
verbal functions. Similarly, Borella and colleagues (2019) examined
whether short- and long-term working memory training in older adults
could be enhanced by listening to music. Mozart’s Sonata K. 448 and
Albinoni’s Adagio in G minor were played to participants aged 65 to 75
years old before they started working-memory training activities. One
group of 19 participants listened to Mozart, another to Albinoni and
one to white noise, while eighteen participants served as controls and
engaged in other activities. Specific training gains on a task similar to
the one used in training and transfer effects to visuo-spatial abilities,
executive functioning and reasoning were assessed. Irrespective of the
specific listening condition, the trained groups generally outperformed
the control group. The white-noise group did not differ in performance
from the two music groups, although the group listening to the Albinoni
composition showed larger specific training gains in the criterion task in
the short-term and on transfer effects in the reasoning task in the short-
and long-term compared to the group listening to the composition by
Mozart.
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Also working with older adults, but in this case with those with mild
cognitive impairment, Lake and Goldstein (2011) exposed participants
to a music and a silence condition, following which they performed
digit-span and coding tasks, both of which require attention for maximal
performance. Listening to music did not enhance performance for
either group. Researching a wider age range, Carr and Rickard (2016)
tested whether listening to emotionally arousing music enhanced
memory in 37 participants aged 18 to 50, who listened to two of their
own highly enjoyed music tracks, two self-rated neutral tracks from
other participants’ selections, and a five-minute radio interview. After
each listening episode, participants memorised a unique array of 24
images. Subjective and physiological emotional arousal was monitored
throughout the experiment and free recall of all images within the five
image arrays was tested at the end. Compared to the music and non-
music controls, self-selected enjoyed music elicited greater subjective
and physiological changes consistent with changes in emotion. More
details from images presented were recalled after enjoyed music
than after listening to the radio interview. The physiological changes
consistent with an emotional arousal response to enjoyed music reliably
predicted memory performance.

In a study exploring the impact of music from different cultures,
Giroux and colleagues (2020) examined whether listening to pleasant,
stimulating or familiar music prior to completing a task improved
working-memory performance. One hundred and nineteen Rwandan
participants were randomly assigned to a control group, who read
a short story prior to completing the task, or to one of four different
musical conditions varying on two dimensions: arousing or relaxing
music, or Western or Rwandan music. Working memory was measured
using the n-back paradigm, where participants are presented with a
sequence of stimuli one by one and need to decide if the current stimulus
is the same as one presented previously. The gap between current and
previous stimuli can be varied. The greater the distance, the harder the
task. The findings showed that there were no positive effects of familiar,
pleasant or stimulating music on working memory. Performance on the
n-back task tended to improve from before and after listening to music
across all conditions, but the improvement was less in participants who
listened to familiar Rwandan music compared to those who listened to
unfamiliar Western music or to a short story.
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In contrast, Silva and colleagues (2020) investigated the impact of
music on episodic memory. Two potential enhancers of music effects—
stopping music before task performance to eliminate music-related
distraction, and using preferred music to maximise reward—were
adopted. The main study included a sample of 51 healthy younger
adults, while a pilot study was conducted with 12 older adults, divided
into those classified as low- versus high-functioning according to
cognitive performance on a screening test. There was strong evidence
that music had no advantage in relation to episodic memory over silence
or environmental sounds in younger adults. Preferred music had no
advantage either. Among the older adults, low- but not high-functioning
participants” item memory was improved by music, particularly by
non-preferred music compared to silence. The findings suggest that, in
healthy adults, music played prior to a task may be less effective than
background music in episodic memory enhancement despite decreased
distraction, possibly because reward becomes irrelevant when music
is stopped before the task begins. Low-functioning older participants
may relate to prior-to-task auditory stimulation in deviant ways when it
comes to episodic memory enhancement. Overall, for episodic memory,
the arousal, mood or reward effects usually afforded by music played
in the background (Blood and Zatorre, 2001; Ferreri and Verga, 2016;
Salimpoor et al., 2013; Schellenberg, 2005) may be lost or attenuated
when music is stopped before the task begins. Given that preference
also had null effects, and preference is strongly linked to reward, it is
possible that reward may be a key factor. Music-related reward may no
longer favour episodic memory if music is stopped before the task begins.
Gilleta and colleagues (2003) studied gender differences working with
26 females and 26 males, who completed a paper folding and cutting
task and a mental rotation task following a listening condition (in
which a Mozart piano sonata was played or participants sat in silence).
A statistically significant three-way interaction among gender, listening
condition and task indicated that an effect was present only for female
participants on the mental rotations task.

Exploring the differential effects of breaks filled with diverse
activities, as is common in everyday life, Kuschpel and colleagues (2015)
exposed young adults to breaks involving eyes-open resting, listening
to music or playing the video game Angry Birds before performing
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an n-back working memory task. Playing the Angry Birds video game
during a short learning break led to a decline in task performance over
the course of the task, as compared to eyes-open resting and listening to
music, although overall task performance was not impaired. This effect
was associated with high levels of daily mind-wandering and low self-
reported ability to concentrate.

Working with children with learning difficulties, Gregoire (1984)
focused on the impact of prior listening to music on concentration in
subsequent performance on a matching-numbers classroom task with
17 six- to eleven-year-old children. The intervention condition consisted
of a brief taped story illustrated on a felt board, a rest period with
relaxing music, and five minutes of individual number-matching. The
control condition was identical but without the music. There were no
significant differences overall, although the older participants exhibited
significantly fewer behavioural issues during the music period than
during the rest phase.

Opverall, the evidence for the priming benefits of music on cognitive
tasks is inconclusive. There is some evidence that musical neurological
priming can directly enhance performance on spatial reasoning tasks,
as proposed by Rauscher and colleagues, although the evidence for this
is not consistent. Music can also have priming effects relating to arousal
or mood, which may affect performance on a variety of tasks in a range
of different ways. To begin to understand these mixed findings, there
needs to be a greater focus on the underlying neural priming processes.

Background Music

There is now a substantial body of research which has examined the
impact of background music on performance on a range of cognitive
tasks in individuals across the lifespan. Music has also been used as a
stimulus for creative writing, but this practice needs to be distinguished
from music being played as a background to studying (Donlan, 1976).
During the 1950s, as radio became more commonplace, concerns were
raised as it was feared that listening to the radio while completing
homework would negatively affect children’s learning. Early studies
addressing these issues were not always well controlled, and many did
not specify the type of music being played or the nature of the task being
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undertaken. This made interpreting the findings extremely difficult. The
remainder of the chapter is divided into sections which will outline the
research, providing more detailed evidence relating to:

e the nature of the music played, including preferred music,
familiarity, liking and preference for music of one’s own
culture;

e the nature of the task to be completed, including memory,
attention, reading comprehension, second-language learning
and English as a second language;

o individual differences, including musical expertise, gender,
personality and metacognition;

e children’s behaviour and task performance, including
primary-school children and older students;

e children with emotional and behavioural difficulties, ADHD
and developmental difficulties;

e older adults and those with cognitive impairment;
e reviews and meta-analyses; and

e explaining the impact of background music on cognitive
performance, including an explanatory framework.

The research has been categorised in relation to its main focus, although
any single research project may have outcomes related to more than one
outcome.

The Nature of the Music

Some research has ignored the characteristics of the music being played,
assuming that all music would have a similar impact. For instance,
Cockerton and colleagues (1997) simply compared music with no music
in a repeated measures design with 30 undergraduates who completed
two cognitive tests: one in silence and the other with background music.
The students completed more questions and answered more questions
correctly when music was playing, although there was no difference in
the heart rate of those participating in each condition. Some attempts
have been made to address issues relating to the nature of the music
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by differentiating music on the basis of genre, its perceived potential to
stimulate or relax, whether it is vocal or instrumental, and its cognitive
complexity. Despite this, such categorisations do not always capture
the complexity of music as it is listened to. This particularly applies
to Western classical music with its frequent changes of mood, tempo,
timbre and volume. To examine the issues further, some research has
investigated how exposing participants to different types of music
affected their performance on various cognitive tasks. Control groups
have listened to music from other genres or spoken text rather than
sitting in silence. In an early detailed study in the USA, Henderson and
colleagues (1945) explored the effect of music on the reading efficiency
of 50 first-year female undergraduates. Participants were divided into
three equally matched groups on the basis of psychological examination
and reading test scores. One group listened to popular music while
completing reading tasks, another classical music, while the third
worked in silence. The participants completed a questionnaire which
determined whether they were accustomed to studying with the radio
on, whether or not they thought that the radio reduced their study
efficiency, the amount of studying done with the radio on and the type
of programme that they usually listened to when studying. The popular
music used was “Two O’Clock Jump’, Harry James; ‘That's What You
Think’, Krupa; ‘Sunday, Monday, or Always’, Frank Sinatra; “Mr. Five by
Five’, Harry James; ‘Prince Charming’, Harry James; “Tuxedo Junction’,
Glenn Miller; ‘Idaho’, Benny Goodman; ‘Crosstown’, Glenn Miller; and
‘Close to You’, Frank Sinatra. The classical music was ‘Symphony in D
Minor’ by Cesar Franck. The tests were administered on three successive
afternoons. The participants were asked to assume that they were in
their own rooms studying with the radio on. The differences between
the averages of the pre-test scores and the final test scores of each group
were calculated and the significance of the averages analysed. The
findings showed that the popular music acted to distract the students on
paragraph comprehension but not on the vocabulary test. The classical
music had no negative impact on either test. The authors explained the
results in terms of the simpler rhythms and melodies of popular music
being easily understood, and therefore listened to, by the participants,
diverting their attention from the task in hand. They argued that the
classical music was likely to be perceived as vague and not listened
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to, just providing a background against which the assigned task was
accomplished without interference. The popular music may have had
a greater impact on the comprehension task, as this task was more
complex and required sustained effort, while the vocabulary materials
were intermittent and unrelated. Overall, the authors concluded that
whether or not music is a real distraction depends on the complexity
of the music and the complexity of the test materials. There were no
significant differences depending on whether students were accustomed
to studying with the radio playing. Also using reading comprehension
as the outcome measure, Thompson and colleagues (2012) manipulated
changes in tempo and intensity to create four conditions: slow low-
intensity, slow high-intensity, fast low-intensity, and fast high-intensity.
In each condition, 25 participants were given four minutes to read
a passage, followed by three minutes to answer six multiple-choice
questions. Baseline performance was established by having control
participants complete the reading task in silence. A significant tempo-
by-intensity interaction was observed, with comprehension in the fast
high-intensity condition falling significantly below baseline. These
findings demonstrated that listening to background instrumental music
was most likely to disrupt reading comprehension when the music
was fast and loud. Similarly, Chou and colleagues (2010), working
with 133 Taiwanese college students, studied whether light classical
music was more or less distracting than hip-hop music or silence
during a comprehension task. The findings showed that music with
higher intensity was more distracting and had a greater effect on task
performance and concentration.

Yang and colleagues (2016) conducted two experiments: the first
tested for differences in perception of distractibility between tonal
and atonal music, while the second tested how tonal music and atonal
music affected visual working memory by comparing musicians and
non-musicians who were placed in contexts with background tonal
music, atonal music or silence. Participants were instructed to complete
a delayed matching memory task. The results showed that musicians
and non-musicians had different evaluations of the distractibility of
tonal and atonal music, possibly indicating that long-term training may
lead to a higher auditory-perception threshold among musicians. For
the working memory task, musicians reacted faster than non-musicians
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in all background music cases, although the musicians took more time
to respond in the tonal background music condition than in the other
conditions. Theresultssuggest that, fora visualmemory task, background
tonal music may occupy more cognitive resources than atonal music or
silence for musicians, leaving few resources left for the memory task.
Despite this, the musicians outperformed the non-musicians. Similarly,
Tze and Chou (2010) explored whether different types of background
music affected the performance of a reading comprehension task in 133
Taiwanese college students. The study explored whether listening to
music affected the learners’ concentration on a reading task and also
whether light classical music was more or less distracting than hip-hop
music or silence. The findings showed that music with higher intensity
was more distracting, and had a greater effect on task performance and
concentration.

Using two contrasting tasks, Angel and colleagues (2010) assessed
the effects of fast-tempo music on cognitive performance among 56
male and female university students. A linguistic processing task and
a spatial processing task were selected to assess verbal and non-verbal
performance. Ten excerpts from Mozart’s compositions, matched
for tempo, were selected to be played in the background. The music
increased the speed of spatial processing and the accuracy of linguistic
processing. Focusing on performance on arithmetic tasks, Dolegui
(2013) used different genres of music, played at different volumes.
Thirty-two undergraduate students, ranging in age from 20 to 41 years
old, participated on a voluntary basis. Five different arithmetic tests
were used, consisting of 20 different operations of similar difficulty:
five multiplication, five division, five addition and five subtraction
problems. Loud music was defined as heavy rock metal music
represented by the song ‘Not Ready to Die’, Demon Hunters. Soft
music was defined as classical piano music, ‘Morning Light’, Beeson.
All participants were exposed to all five conditions. The first test was
conducted with soft music at low intensity, the second with loud music
at low intensity, the third in complete silence. The fourth and fifth tests
were conducted with soft and loud music. The tests were graded for
accuracy. Performance scores were significantly higher in silence than in
all four music conditions, intensity levels and types of music combined,
although overall, performance was significantly worse in the presence
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of loud music at high intensity. Similarly, Cassidy and MacDonald
(2007) investigated the effects of music with high arousal potential and
negative affect, music with low arousal potential and positive affect,
and everyday noise on the cognitive task performance of introverts and
extroverts. Forty participants completed five cognitive tasks: immediate
recall, free recall, numerical and delayed recall, and the Stroop test.
Ten participants completed each of these tasks in one of the four sound
conditions: high arousal and negative affect, low arousal and positive
affect, everyday noise, and silence. Participants were also assessed for
levels of introversion and extroversion, and reported their preferences
for music versus noise while studying. Performance was lessened across
all cognitive tasks in the presence of background sound, music or noise,
compared to silence. The two music conditions produced differential
distraction effects, with performance on all tasks being poorer in the
presence of high-arousal, negative-affect music as compared with low-
arousal, positive-affect music and silence. Performance was moderated
by internal arousal, with introverts performing better overall on each
task except the Stroop test, and appearing to be more detrimentally
affected by the presence of high arousal negative affect music and noise.

Some research has focused on the differential impact of vocal and
instrumental music. For instance, Jancke and colleagues (2014) studied
226 participants who were randomly assigned to one of five groups,
who all completed a verbal learning task. One group served as a control
group, working in silence, while four further groups were exposed to
vocal or instrumental music during learning, with different subjective
intensity and valence. The four music listening conditions were vocal or
instrumental music, each with high or low intensity. As the high and low
intensity groups did not differ in terms of their rated intensity during
the main experiment, these groups were put together. This reduced the
sample to three groups: a control group, one listening to vocal music
and one listening to instrumental music. Recall of the number of learned
words was assessed immediately, after 15 minutes and 14 days later.
Verbal learning improved across the recall sessions without any strong
differences between the control and experimental groups. Exposure
to vocal or instrumental background music during encoding did not
influence verbal learning.

Adopting a neuroscientific approach, Nemati and colleagues
(2019) investigated the neural correlates of pleasure induced by
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listening to highly pleasant and neutral musical excerpts using
electroencephalography. Analysis of the data showed a distinct gradual
change in the power of low-frequency oscillations in response to highly
pleasant, but not neutral, musical excerpts. Correlation analysis between
behavioural and electrophysiological data revealed that theta power was
correlated with subjective assessment of pleasantness. To study the link
between attention and positive valence, volunteers performed a delayed
match-to-sample memory task while listening to the musical excerpts.
Performance was significantly lower under highly pleasant conditions
compared to neutral conditions. Listening to pleasant music required
high degrees of attention, leading to an observed decline in memory
performance. Gradual development of low-frequency oscillations in
the frontal and posterior areas may be at least partly due to gradual
recruitment of higher levels of attention over time in response to
pleasurable music.

Exploring the impact of music on a simple perceptual motor
task, Nittono and colleagues (2000) compared the performance of
24 undergraduates on a self-paced line-tracing task with fast or slow
classical music or metronome tones in the background. The findings
showed that fast music accelerated performance compared with slow
music, whereas the tempo of the metronome tones did not affect
performance. Similarly, Bottiroli and colleagues (2014) measured how
different types of music affected performance on a processing-speed
task using no music, white noise, music with positive emotion and
high arousal levels (Mozart), or music with negative mood and lower
arousal (Mabhler). Performance on the processing-speed task improved
when listening to Mozart. However, when participants were faced with
free-recall and phonemic-fluency tasks, Mahler’s music provided the
most beneficial conditions. Both types of music were advantageous over
white noise or silence for both types of task. In a real-life simulation,
Kallinen (2002) studied the effects of the tempo of background music
on reading business news in a crowded cafeteria environment. There
were three conditions: no music, or fast or slow music. The findings
suggested that the type of music (or silence) significantly affected
reading performance and the emotional evaluation of the news content.
Men evaluated the news most positively in the slow-music condition,
whereas women evaluated the news most positively in the no-music
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condition. Reading rate and efficiency were significantly lower in the
slow-music group than in the fast-music group. Also simulating a
real-life situation, Mayfield and Moss (1989) undertook two studies
to evaluate the effect of music tempo on task performance. In the first
study, 44 undergraduate business students were asked to be workers in
a stock-market project by collecting closing stock prices and calculating
the percentage of change in the price from week to week. Participants
were randomly divided into groups, such that they either listened to fast
or slow-paced music while they worked, or to no music. The quantity
and quality of work was assessed using music-listening habits as a
covariate. There were no statistically significant differences between
the performance of the two groups. In the second study, the students
completed the same task under the same conditions. In this study, the
women performed significantly better than the men and performance
was significantly higher in a rock-music condition than in a heartbeat
condition, although participants in the rock-music condition perceived
a higher level of distraction.

Preferred Music, Familiarity and Liking

One strand of research has explored whether participants” familiarity,
preference or liking for background music has an impact on task
outcomes. For instance, Hilliard and Tolin (1979) studied the effect
of familiarity with background music on the performance of 64
undergraduates on simple and difficult reading comprehension tasks.
Unsurprisingly, scores on easier sections were higher than on difficult
sections, while overall scores were higher when familiar music was
playing. In a series of studies, Perham and colleagues explored issues
relating to preferred and different types of music. Perham and Vizard
(2011) tested serial recall under quiet, liked and disliked music
conditions, as well as steady-state and changing-state speech. The
findings showed that performance was poorer for both music conditions
and the changing-state speech, compared to quiet and steady-state
speech conditions. The findings suggested that musical preference did
not affect serial recall performance. Similarly, Perham and Sykora (2012)
asked participants to serially recall eight item lists in either quiet, liked
or disliked music conditions. Performance was poorer when music
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was played compared with quiet, and in the liked as opposed to the
disliked music condition. In addition, participants were inaccurate in
perceiving their performance to be roughly equivalent in each of the
music conditions when liked music exhibited more task impairment
than disliked music. Changing the task to reading comprehension,
Perham and Currie (2014) studied 30 undergraduate students, ranging
in age from 19 to 65. The background music adopted included disliked
lyrical music, thrash metal, liked lyrical music, non-lyrical music, and
quiet. The thrash metal music selected were Death’s Angel’s ‘Seemingly
Endless Time’ and ‘The Ultra Violence’. Students who reported liking
this genre were omitted from the study. Liked music was selected by the
students themselves and included music by One Direction, Frank Ocean
and Katy Perry. In the study, participants were told not to attend to the
music which they listened to on headphones. A short questionnaire
was administered to participants upon completion, which comprised
Likert-scale questions that asked participants to rate how likeable,
familiar and distracting each sound condition was, as well as how well
they thought that they performed in each condition. Students read four
passages of text and then answered six multiple-choice questions on
each. Reading comprehension performance was greatest for the quiet
and non-lyrical music conditions and poorest for the two lyrical music
conditions. Participants perceived themselves to have performed best
in the liked lyrical, the quiet and the non-lyrical conditions, as well as
feeling that they were the most familiar experiences for them. They felt
that the liked and disliked lyrical conditions were most distracting to
performance, with quiet being much less distracting. It seems that, in the
case of reading comprehension and category recall, there is a conflict in
processing, as participants attempt to process task-related information
and background sound simultaneously.

Chew and colleagues (2016) recruited 165 undergraduate students
withamean age of almost 22 years old who completed arithmetic, reading
comprehension and word-memory tasks while exposed to familiar or
unfamiliar, foreign or first-language music, or no music. There was a
significant impact on the word-memory task for the familiarity of the
music, but not in relation to whether it was in a foreign or first language.
Overall, depending on the task, familiarity but not the language of
the music affected learning and task performance when compared to
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a no-music condition. Similarly, Sutton and Lowis (2008) studied the
effect of musical mode on verbal and spatial task performance. Forty-
eight participants completed written verbal and spatial reasoning tests
while a piece of music in a major key by Handel was played, and again
when the same piece was digitally manipulated to create a version in the
minor mode. The findings showed that the music in the major mode was
rated more emotionally positive by both sexes than that in the minor
mode. Females scored higher than males in performance on the verbal
tasks when this was significantly enhanced with the major-mode music,
while males scored higher than the females on spatial reasoning when
the music was in the major mode.

Smith and Morris (1977) studied the effects of sedative and
stimulative music on memory performance, anxiety and concentration.
Sixty undergraduate students were exposed to one of five types of music:
classical, jazz and blues, country bluegrass, easy listening and rock
music. Participants indicated their preferred genre and were requested to
repeat a set of numbers backwards while listening to either stimulative,
sedative or no music. They were asked about their concerns about the
test, their emotionality or physiological affective arousal, their ability to
concentrate, their expectations of their performance, and whether they
liked or disliked the music. Compared with sedative music, stimulative
music increased worry scores, interfered with concentration and resulted
in lower performance expectancies. Participants performed best in the
no-music condition and worst while listening to their preferred music,
with performance to sedative music being between these extremes.
The authors argued that preferred music may serve to distract when
trying to complete a demanding task, perhaps because fewer cognitive
resources are available when attention is drawn to the lyrics, emotions
and memories that music can evoke. Complex interactive effects on task
performance were reported, suggesting that the effects of music need to
be understood in terms of cognitive processes rather than primarily on
the basis of physiological affective responses to musical stimuli. Another
explanation for the advantage of preferred music is that it is rewarding
(Blood and Zatorre, 2001; Ferreri and Verga, 2016). Reward may be one
additional mechanism underpinning the positive effects of music on
cognition (Ferreri and Verga, 2016).
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Preference for Music of One’s Own Culture

Preference for music is predominantly determined by an individual’s
cultural background. For instance, a preference for Indian classical
music over Western classical music is seen in Indians from an average
socioeconomic background (Schafer et al., 2012). Each individual’s way
of responding to music is influenced by their liking and preference for
that music. For instance, Mohan and Thomas (2020) explored the effect
of background music on the performance of 34 Indian adolescents aged
13 to 14 on their comprehension of words and sentences in English.
Participants with average verbal ability and a preference for the Indian
music comprised the final sample. Two types of music were used: Indian
classical music (Raga Shanmukhapriya)—which is said to induce a
sense of calm and increase concentration—and Mozart’s Symphony No.
35. The findings revealed that playing music in the background resulted
in a significant increase in adolescents’ performance on the reading
comprehension task. The effect was greater when Indian classical music
was played, highlighting the importance of culture. Similarly, Kasiri,
(2015) studied the impact of non-lyrical Iranian traditional music on
the reading comprehension performance of Iranians learning to speak
English. Sixty English-as-a-foreign-language learners completed
two 50-itemed reading comprehension tests in no-music as well as
background-music condition. The results revealed a negative influence
of music on reading comprehension.

The Nature of the Task To Be Completed

In addition to research focusing on different types of music, a variety
of different tasks have been used—for instance, those related to various
different kinds of memory, tasks requiring high levels of attention,
reading comprehension and learning a second language.

Background Music and Memory

In research relating to memorisation, the findings have differed when
music is played concurrently with material which is to be remembered
aurally (Furman, 1978), when the task involves paired associate recall
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(Myers, 1979) or phonological short-term memory (Salame & Baddeley,
1989), or when recall is of written sentences presented visually (Hallam
et al., 2002). Where background music is vocal in nature, it may have a
greater negative impact on reading comprehension and other literacy
tasks (Martin et al., 1988). Some research has focused on visual memory,
where it might be expected that there would be less interference from the
music. For instance, Chraif and colleagues (2014) studied the influence
of relaxing music on an abstract visual short-term memory retrieval task.
Sixty-eight undergraduate students, aged between 19 and 23 years old,
participated. The findings showed that listening to relaxing music had
a significant positive effect in increasing the number of correct abstract
forms recognised.

Nguyen and Grahn (2017) examined the effect of background
music on different types of memory. One hypothesis for the impact of
background music on memory is that it modulates mood and arousal,
creating optimal levels to enhance memory performance. Another
hypothesis is that background music establishes a context that, when
reinstated, cues memory performance. The researchers presented music
during study time only, test only and both. They also assessed how
mood, arousal and context affected performance on recall, recognition
and associative memory tasks. Participants recalled more words when
they listened to low-arousal music than high-arousal music, regardless
of mood or whether context was consistent between study and test. For
recognition memory, participants also recognised more words when
they listened to low-arousal music than high-arousal music, but only
when the music was negative. For associative memory, no significant
effects of mood, arousal or context were found on recognition of
previously studied word pairs. Across all elements of the research,
background music (compared with silence) did not significantly
improve verbal memory performance. While mood and arousal affected
recall and recognition memory, overall background music did not
enhance memory.

Jancke and Sandmann (2010) used musical excerpts which were
specifically composed for the research to ensure that they were unknown
to the participants. They were designed to vary in tempo (fast versus
slow) and consonance (in tune versus out of tune). Noise was used as
a control stimulus. Seventy-five participants were randomly assigned
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to one of five groups and learned verbal material (non-words with
and without semantic connotation, and with and without background
music). Each group was exposed to one of five different background
stimuli: in-tune fast music, in-tune slow, out-of-tune fast, out-of-tune
slow and noise. There was no substantial or consistent influence of
background music on verbal learning. However, there were differences
in EEG measurements after word presentation for the group exposed
to in-tune fast music while they learned the verbal material, and for
the group exposed to out-of-tune fast music after word presentation.
Although there were different cortical activations in response to the
music, these did not relate to behavioural outcomes.

In an unusual study, Liu and colleagues (2012) studied the
recognition processes of Chinese characters in background music. Real
Chinese characters, upright or rotated, were used as target stimuli,
while pseudowords were used as background stimuli. Participants were
required to detect real characters while listening to Mozart’s Sonata K.
448 or in silence. The findings showed that the music mainly served as
a distracter in the recognition processes of real Chinese characters. The
impact was greater for the real than the rotated characters.

Some research has focused on episodic memory for verbal materials.
Generally, the effects of music are positive (Ferreri et al., 2013;2014; 2015)
and tend to be consistent across younger and older adults (Ferreri et al.,
2015). Music facilitates the encoding of printed verbal materials not only
when music is compared to a silent context, but also when compared to
non-musical auditory contexts, such as environmental sounds or noise.
Music has a specific effect rather than a general advantage related to
sound.

Other research has extended the range of tasks explored. For
instance, Fassbender (2012) explored the use of background music on
game technology and its effect on learning. A virtual history lesson was
presented to participants with different background stimuli—music
or no music—to test the effect of music on memory. To test the role
of immersion on memory and its possible relationship to the music,
two different display systems (a three-monitor display system or an
immersive reality centre) were used. Overall, participants remembered
a significantly higher number of facts using the three-monitor display
system, particularly if no background music was played. Similarly,
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Richards and colleagues (2008) studied the benefits of immersive virtual
worlds as a learning environment, and the role that music plays within
these environments. They investigated whether background music of
the genre typically found in computer-based roleplaying games had
an effect on learning in a computer-animated history lesson about the
Macquarie Lighthouse within an immersive virtual world. In the first
experiment, musical stimuli were created from four different computer-
game soundtracks. Seventy-two undergraduate students watched the
presentation and completed a survey including biographical details,
questions on the historical material presented and questions relating to
their perceived level of immersion. While the tempo and pitch of the
music was unrelated to learning, music conditions resulted in a higher
number of accurately remembered facts than the no-music condition. One
soundtrack, in particular, showed a statistically significant improvement
in memorisation of facts over the other music conditions. There was
also an interaction between the levels of perceived immersion and
ability to accurately remember facts. The second experiment involved 48
undergraduate students. The soundtrack that had been most successful
in Experiment One (Oblivion) was used again with a silent condition.
In this experiment, the participants completed the tasks under both
conditions. Only one version of the tempo and pitch manipulations
was used: slow tempo, low pitch. The effect of different display systems
on feelings of immersion was tested. Half the participants watched the
computer-animated history lesson in a cone display system and the other
half was allocated to a three-monitor display system on a computer desk.
There were no statistically significant differences between the music and
no-music conditions. However, the three-monitor display system led to
enhanced memory performance. Similarly, Linek and colleagues (2011)
investigated the influence of background music within an educational
adventure game on motivational and cognitive variables. The results
suggested that the music had a high motivational potential. As neither
positive nor negative effects on learning were detected, background
music may be considered as a motivating design element of educational
games.

Using piped music, Langan and Sachs (2013) explored the impact
of piping music into an information literacy classroom on student
engagement and retention of information literacy concepts. The findings
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from this study indicated positive relationships between background
music and student comfort, confidence and retention. Similarly, Musliu
and colleagues (2017) researched whether music could help in the
memorisation of different materials, for instance, nonsense syllables,
numbers and poems with rhyme. Seventy-four students aged between
17 and 22 years participated. The experiment included four different
tests. The first included 50 nonsense syllables. Following this, students
were separated into three groups, each with similar outcomes on
performance in the first test. The first group took subsequent tests in
silence, the second while listening to music with lyrics and the third
listening to relaxing music. The students were given five minutes to
memorise 50 different nonsense syllables,12 lines from poems and 50
different orders of numbers. They then wrote down what they could
remember. The music was the same during the memorising and writing
phases. There were significant differences in memorising between
students with or without music, in favour of those learning in silence.
Adopting a neuroscientific approach, Ferreri and colleagues (2013)
addressed the debate about the link between music and memory for
words—in particular, whether music specifically benefits the encoding
element of verbal memory tasks by providing a richer context for
encoding and, therefore, less demand on the dorsolateral prefrontal
cortex. Twenty-two healthy young adults were subjected to functional
near-infrared spectroscopy imaging of their bilateral dorsolateral
prefrontal cortex while encoding words in the presence of either
a musical or silent background. Behavioural data confirmed the
facilitating effect of background music during encoding on subsequent
item recognition. Functional near-infrared spectroscopy imaging
results revealed significantly greater activation of the left hemisphere
during encoding and a sustained, bilateral decrease of activity in the
dorsolateral prefrontal cortex in the music condition compared to
silence. These findings suggest that music modulates the role played
by the dorsolateral prefrontal cortex during dorsolateral prefrontal
cortex verbal encoding and opens up the possibility for applications in
clinical populations with prefrontal impairments, such as elderly adults
or Alzheimer’s patients. In a later study, Ferreri and colleagues (2015)
investigated whether verbal episodic memory could be improved by
background instrumental music. Twenty young adults were asked
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to memorise different lists of words presented against a background
of music, environmental sounds or silence. Their episodic memory
performance was then tested in terms of item and source-memory scores.
The findings revealed better memory performance under the music
condition than with environmental sounds or silence in retrieval. These
findings indicate that music can specifically act as a facilitating encoding
context for verbal episodic memory, which may have implications for
music as a rehabilitation tool for episodic memory deficits. Further,
Ferreri and colleagues (2015)—based on functional near-infrared
spectroscopy imaging studies on music, episodic encoding and the
dorsolateral prefrontal cortex—monitored the entire lateral prefrontal
cortex during both encoding and retrieval of verbal material. Nineteen
participants were asked to encode lists of words presented with either
background music or silence, and were subsequently tested during a
free-recall task. Meanwhile, their prefrontal cortex was monitored using
a 48-channel functional near-infrared spectroscopy system. Behavioural
results showed greater chunking of words under the music condition,
suggesting the employment of associative strategies for items encoded
with music. The functional near-infrared spectroscopy results showed
that music provided a less demanding way of modulating both episodic
encoding and retrieval, with general prefrontal decreased activity under
the music versus silence condition. This suggests that music-related
memory processes rely on specific neural mechanisms, and that music
can positively influence both episodic encoding and retrieval of verbal
information.

Background Music and Attention

There has been considerable research on the impact of music on
attention. For instance, Jiang and colleagues (2011) investigated the
influence of mood on attentional networks in a normal population.
Participants performed an attention-network test, which provided
functional measures of alerting, orienting and executive attention.
Positive or negative mood was induced by listening to music with a
positive or negative valence; neutral mood was induced by reading a
collection of basic facts about China. The results revealed that negative
mood led to a significantly higher alerting efficiency relative to other
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moods, while there were no significant mood effects on orienting or
executive attention efficiency. Specifically, the increase in the alerting
function during negative mood states may be due to the modulation
effect of negative mood on the noradrenergic system, and/or to the
survival benefit resulting from an increase in automatic vigilance
towards negative information.

Another strand of work has been concerned with the impact of music
on attentional control—an executive function that allows an individual
to focus attention on a specific stimulus, while inhibiting distractors
from the environment. For instance, Fernandez and colleagues (2020)
reported improved perceptual judgment in young adults on a flanker
task (where individuals have to respond to one letter in a group and
ignore others) when joyful and arousing or sad and tender music was
playing, or they sat in silence. There was no overall effect of background
music on attentional control performance per se. Similarly, Burkhard
and colleagues (2018) studied the influence of background music on
executive functions, particularly inhibitory functions. Participants
completed a standardised go/no go task during three conditions: no
background music or relaxing or exciting background music. EEG was
recorded along with reaction times, omissions and commissions. Event-
related potentials revealed no differences between the three conditions
in reaction times, omissions or commissions. The findings suggested
that background music had no detrimental effects on the performance
of a go/no go task and its neural underpinnings. Using a visuo-spatial
flanker task, Cloutier and colleagues (2020) studied 19 older and 21
younger adults during three auditory conditions: stimulating music,
relaxing music and silence. Participants had to indicate as fast and as
accurately as possible the direction of a central arrow, which was flanked
by congruent or incongruent arrows. As expected, reaction times
were slower for the incongruent compared to congruent trials. This
difference was significantly greater under the relaxing-music condition
compared to other auditory conditions, for both age groups. Focusing
on the impact of mood on attention, Shih and colleagues (2012) studied
102 participants, aged 20 to 24, on concentration and attention with
music, with and without lyrics. The findings revealed that background
music with lyrics had significant negative effects on concentration and
attention. In a later study, Shih and colleagues (2016) studied 75 adults,
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ranging in age from 20 to 24, who completed an attention test and
emotion questionnaire. The findings showed that background music
with lyrics adversely impacted attention performance more than that
without lyrics. The listeners also self-reported feeling loved while music
was playing.

Adopting a neuroscientific approach, using Vivaldi’s Four Seasons,
Leigh (2013) explored the consequence of music exposure on cognitive
event-related potentials. Seventeen participants performed a three-
stimulus visual oddball task, where a set of the same stimuli were
presented with one different stimulus at various points, the oddball,
while event-related potentials were recorded. Participants were required
to differentiate between a rare target stimulus, a rare novel stimulus and
a frequent non-target stimulus. During task performance, participants
listened to the four Vivaldi concertos—Spring’, ‘Summer’, ‘Autumn’ and
‘Winter'—and experienced a silent control condition. The research also
examined the impact of different tempi. The data revealed that ‘Spring’,
particularly the first movement, enhanced mental alertness and brain
measures of attention and memory. Similarly, Du and colleagues (2020)
used event-related potentials to examine the effects of background
music on neural responses during reading comprehension and their
modulation by musical arousal. Thirty-nine postgraduates judged the
correctness of sentences about world knowledge without or with high
or low arousal background music. The results showed that the effect
elicited by world knowledge violations versus correct controls, was
significantly smaller for silence than for high and low arousal-music
backgrounds, with no significant difference between the two musical
backgrounds.

Reading Comprehension

As reading plays such an important role in the lives of many people,
considerable research has used reading comprehension as a task in
studies of the impact of background music. For instance, DeMers
(1996) compared two classes on their reading prior to the onset of the
study to establish equity of performance. The experimental group also
practised prior to the study, with Mozart’s Concerto No. 21 in C Major,
K. 467 playing in the background for several weeks prior to the study to
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familiarise themselves with working to music. Both groups also practiced
undertaking a test prior to the experiment. The findings showed that
the group with background music performed significantly better on
the reading comprehension test. Similarly, Cooper and colleagues
(2008) gave participants three different reading comprehension tests
in three different conditions: no music, classical music and lyrical
music. The results showed slightly better performance on the reading
comprehension test in the no-music condition, but this difference was
not statistically significant. In a similar study, Liapis and colleagues
(2008) tested the impact of lyrical and non-lyrical music on reading
comprehension. Participants in the non-lyrical condition performed
better than the other group, although this difference was not statistically
significant. Drowns (2002) focused on the effect of classical background
music on silent reading comprehension and found an improvement
with music in the background, while Harmon and colleagues (2008)
showed that there was no significant difference among the three groups
who either listened to rock music, Mozart or worked in silence on a
reading comprehension test. Martin and colleagues (1988) carried
out a series of studies, the first of which demonstrated that speech but
not music interfered with reading comprehension, while music had a
greater interfering effect than speech on a music identification task. Two
further experiments showed that the detrimental effect of the speech
background on reading was due to their semantic rather than their
phonological properties.

Adopting a different approach Zhang, and colleagues (2018)
examined how listening to music affected eye movements when college
students read for comprehension. Two studies found that the effects of
music depended on word frequency and musical dynamics. The first
showed that lexical and linguistic features of the text remained highly
robust predictors of looking times, even when listening to music.
However, when exposed to music, readers spent more time rereading,
and gaze duration on words with very low frequency was less predicted
by word length, suggesting disrupted sub-lexical processing. A second
study showed that these effects were exacerbated for a short time as soon
as a new song was played. The results showed that word recognition
was generally unaffected despite music exposure and that extensive
rereading could, to some extent, compensate for any disruption.
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Second-Language Learning

A further area of interest has been second-language learning. Kang
and Williamson (2014) examined the effect of background music on
participants taking a beginners’ course on a CD in either Mandarin
Chinese or Arabic. Groups matched on age, gender, verbal intelligence,
musical training and working memory ability were randomly assigned to
a CD that contained accompanying music or no music. Individuals who
chose to learn Chinese performed better on all outcome tests compared
to those who learned Arabic. Within the Chinese learners, those who
received music CDs performed significantly better on tests of recall and
translation compared to those who received no music CDs. No music
effects were observed in the Arabic learners or on pronunciation ability
in Chinese.

Kiissner and Hillen (2016) investigated individual differences in
the effects of background music on foreign-vocabulary learning. They
predicted that individuals with a high level of cortical arousal should
perform worse when learning with background music compared
to silence, whereas individuals with a low level of cortical arousal
would be unaffected by background music or may even benefit from
it. Participants were tested on a paired associate learning paradigm
consisting of three immediate word recall tasks, as well as a delayed recall
task one week later. Baseline cortical arousal assessed with spontaneous
EEG measurement in silence prior to the learning sessions was used
for the analysis. The findings revealed no interaction between cortical
arousal and the learning condition with background music versus
silence. However, there was a main effect of cortical arousal in the beta
band on recall, indicating that individuals with high beta power learned
more vocabulary than those with low beta power. To substantiate this
finding the study was replicated. A combined analysis of data from both
experiments suggested that beta power predicted the performance in
the word recall task, but that there was no effect of background music
on foreign vocabulary learning.

De Groot and Smedinga (2014) studied participants learning foreign-
language vocabulary by means of the paired associates method in
silence, with vocal music with lyrics in a familiar language playing in the
background, or with vocal music with lyrics in an unfamiliar language
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playing in the background. The vocabulary to be learned varied in
concreteness and phonological typicality of the foreign words. When
tested during and immediately after training, learning outcomes were
poorer in the familiar language music condition than in the unfamiliar
language music and silence conditions. This effect was short-lived, as
shown in a delayed test one week after training. Learning outcomes
were better for concrete words than for abstract words and better for
typical foreign forms than for atypical ones.

Studying the impact of background music on writing rather than
learning a second language, Cho (2015) also took account of the
writer’s-second language proficiency. Twenty-eight students wrote an
argumentative essay in music and non-music conditions respectively.
The findings were analysed in terms of fluency and writing quality, and
showed significant differences in pause frequency between the music
and no music conditions. The comparison of high- and low-proficiency
groups showed a significant group by condition interaction, indicating
marginally different effects of music depending on the writers’
proficiency level.

Background Music and English as a Second Language

In Iran, Khaghaninejad and colleagues (2016) evaluated the effect
of classical music (a Mozart sonata) on the reading comprehension
performance of Iranian students having had four months of tuition in a
private college teaching English. The participants were required to learn
reading passages and then take two tests of reading comprehension,
either in a music (Mozart) condition or a no-music quiet condition.
The music group outperformed those with no background music.
Also in Iran, Rashidi and Faham, (2011) studied the effect of classical
music on students” reading comprehension. A standardised text was
used and students answered 20 multiple-choice items. Two groups of
students, 60 in total, over a period of three months, were taught reading
comprehension with a music background or no music. The group
taught with a music background outperformed those taught with no
music. Similarly, Sahebdel and Khodadust (2014) studied the effect of
background music on reading comprehension in Iranian English for
foreign-language learners. The participants were 57 Iranian learners
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between the ages of 14 and 16 in two third-grade high-school classes
at pre-intermediate proficiency level. Before the research, experimental
and control groups took a reading comprehension. The researchers
played Mozart sonatas as background music to the experimental group
and asked them to read the passage silently and then answer the reading
comprehension questions. The procedure was the same for the control
group but with no music. After ten sessions, the students of both groups
were asked to take a parallel form of the same reading comprehension
test. The findings showed that the experimental group outperformed
the control group in reading comprehension. Listening to background
music while reading silently had a significantly positive effect on the
reading comprehension of Iranian learners for whom English was a
foreign language.

Individual Differences

Research taking account of individual differences has taken account of
personality, musical expertise, gender and metacognition.

Musical Expertise

Some research has considered whether having musical expertise
makes a difference to the possible enhancing or detrimental effects of
music. For instance, Darrow and colleagues (2006) explored whether
music compromised selective attention differently in those who were
majoring in music to non-music majors. Eighty-seven undergraduate
and graduate students participated. They were required to bring to the
study music that they typically listened to while driving, studying or
engaged in other activities. The music brought represented all musical
periods and styles. Participants completed a test of attention under
alternating music and no music conditions. There were no significant
effects for non-music majors; however, music majors who heard the
music first completed significantly fewer total items in the following
non-music condition, and music majors who listened to instrumental
music completed significantly more total items than those who listened
to music with vocals. Overall, the findings showed that participants
processed significantly more items under the music condition, and music
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majors processed significantly more items than non-music majors. There
were no significant differences based on music or no music in relation
to the number of errors made, the number of items processed minus
errors, or concentration performance. However, there were differences
for the three measures based on musical training. Music majors made
significantly fewer errors than the non-music majors, processed
significantly more items correctly and their concentration performance
scores were significantly higher than the non-music majors’ scores.

Similarly, Yang and colleagues (2016) investigated how background
music with different instruments affected trained musicians’
performance on cognitive tasks. Participants completed three sets of
cognitively demanding intelligence tests in a design where each group
listened to a different piece of music, involving their own and other
musical instruments. The results showed that musicians’ performance
on cognitive tasks was more impaired when listening to music featuring
their own instruments than when listening to other instruments.

Patston and Tippett (2011) administered a language comprehension
task and a visuospatial search task to 36 expert musicians and 36
matched non-musicians in conditions of silence and piano music
played correctly or incorrectly. Musicians performed more poorly on
the language comprehension task in the presence of background music
compared to silence, but there was no effect of background music on
the musicians’ performance on the visuospatial task. In contrast, the
performance of the non-musicians was not affected by music on either
task. Additionally, the musicians outperformed the non-musicians on
both tasks, reflecting either a general cognitive advantage in musicians
or enhancement of more specific cognitive abilities (such as processing
speed or executive functioning). Similarly, Haning (2016) studied
whether background music impaired language comprehension scores
in musicians but not in non-musicians. Thirty-five participants with
musical training and 15 without musical training completed a 30-item
reading comprehension test. Participants completed the test instrument
in silence or in the presence of background music. The findings indicated
that there was no significant main effect for either music training or the
presence of background music, and no significant interaction between
the two conditions.

Gold and colleagues (2013) studied dopamine release in the ventral
striatum, as this plays a major role in the rewarding aspect of music
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listening. Striatal dopamine also influences reinforcement learning, such
that people with greater dopamine efficacy better learn to approach
rewards, while those with lesser dopamine efficacy better learn to
avoid punishments. This research explored the practical implications of
musical pleasure through its ability to facilitate reinforcement learning
via non-pharmacological dopamine elicitation. Participants from a wide
variety of musical backgrounds chose a pleasurable and a neutral piece
of music from an experimenter-compiled database, and then listened
to one or both of these pieces according to pseudo-random group
assignment as they performed a reinforcement learning task dependent
on dopamine transmission. Participants’ musical backgrounds, as well
as typical listening patterns, were assessed. Behaviour for the training
and test phases of the learning task was assessed separately. Participants
with more musical experience trained better with neutral music and
tested better with pleasurable music, while those with less musical
experience exhibited the opposite effect. Assessment of results regarding
listening behaviours and subjective music ratings indicated that these
effects arose from different listening styles: namely, more affective
listening in non-musicians and more analytical listening in musicians.
In conclusion, musical pleasure was able to influence task performance,
and the shape of this effect depended on group and individual factors.

Gender

Palmieroand colleagues (2016) studied gender differencesin visuospatial
and navigational working memory when background music which was
designed to induce positive or negative moods was playing. The findings
showed that the positive music group scored significantly higher than
other groups and that male participants outperformed females on one
task when negative background music was playing.

Personality

Personality factors are implicated in creating optimal arousal levels for
completing cognitive tasks. Introverts have higher resting levels of arousal
than extroverts and are more susceptible to over-arousal, which impacts
on their task performance when there are certain types of background
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music (Cassidy and MacDonald, 2007). Furnham and colleagues
(1999) examined the effects of vocal and instrumental music upon the
performance of introverts and extroverts on three cognitive tasks. One
hundred and forty-four sixth-form pupils—introverts and extroverts—
completed a reading comprehension task, a logic problem and a coding
task. An interaction was predicted such that instrumental music would
impair and enhance the test performance of introverts and extroverts
respectively, and that these effects would be magnified in the vocal music
condition. No significant interactions were found, although there was a
trend for the introverts to be impaired by the introduction of music to
the environment, and extroverts to be enhanced by it, particularly on the
reading and coding tasks. A main effect of extroversion was found in the
reading comprehension task. There was a condition effect on the logic
task, with participants doing best in the presence of instrumental music.
Similarly, MacDonald (2013) examined the relationship between music
preference and extroversion on complex task performance in a sample
of 34 college students. The students were separated into two groups of
high and low extroversion. Each participant experienced three different
music conditions (preferred, preset and silence) while performing a
complex reading comprehension task. The results revealed a significant
interaction effect between level of extroversion and music condition.
Individuals with higher levels of extroversion performed significantly
better listening to preferred music during the complex task compared
to silence and a preset music selection. There were no other statistically
significant outcomes. Avila and colleagues (2011) investigated the effect
of familiar musical distractors on the cognitive performance of introverts
and extroverts. Participants completed a verbal, numerical and logic test
in three music conditions: vocal music, instrumental music and silence.
The findings showed that, during the verbal test, overall performance
for all participants was significantly better in silence, suggesting that
lyrics interfere with the processing of verbal information. However, no
significant music and personality interactions were found.

Dobbs and colleagues (2011) studied the cognitive test performance
of introverts and extroverts in the presence of silence, UK garage music
and background noise. One hundred and eighteen female secondary-
school students carried out three cognitive tests. It was predicted that
introverts would perform more badly on all of the tasks than extroverts
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in the presence of music and noise but, in silence, performance would be
the same. A significant interaction was found for all three tasks. It was
also predicted that there would be a main effect of background sound.
Performance would be worse in the presence of music and noise than
silence. The findings confirmed this prediction with one exception.

Furnham and Strbac (2002) extended previous work by examining
whether background noise would be as distracting as music. In the
presence of silence, background garage music and office noise, 38
introverts and 38 extroverts carried out a reading comprehension task, a
prose-recall task and a mental arithmetic task. It was predicted that there
would be an interaction between personality and background sound on
all three tasks. Introverts would do more badly on all of the tasks than
extroverts in the presence of music and noise but, in silence, performance
would be the same. A significant interaction was found on the reading
comprehension task only, although a trend for this effect was clearly
present on the other two tasks. It was also predicted that there would
be a main effect for background sound. Performance would be worse
in the presence of music and noise than silence. The results confirmed
this prediction. These findings support the hypothesis that there is a
difference in optimum cortical arousal in introverts and extroverts.
Adopting a different approach, Doyle and Furnham (2012) explored the
distracting effects of music on the reading comprehension of creative
and non-creative individuals. In the presence of musical distraction and
silence, 54 individuals participated. No significant interactions were
found, although trends indicated that creative individuals performed
better than non-creative individuals in the music distraction condition.
The creative individuals tended to listen to more music while studying
and reported lower distraction levels.

Background Music and Metacognition

The extent to which learners are used to working with music playing
in the background may be important in the extent to which it disrupts
or enhances their task performance. For instance, Etaugh and Michal,
(1975) gave 16 male and 16 female college students tests of reading
comprehension which they completed in quiet surroundings or while
listening to preferred music. The more frequently students reported
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studying with music, the less the music impaired their performance.
Similarly, Suand Wang (2010) studied the relationship between cognitive
memory and background music. According to whether or not the testees
were used to listening to background music, the author divided them
into two groups. When the participants were exposed to three different
music scenes, the impact of different background music on testees’
cognitive memory differed. The results showed that pure pop music
disturbed both groups and pure soft music improved the performance
of those who were used to background music but hindered those who
were not. There were no statistically significant differences between
groups under no music conditions. Also taking account of familiarity
of working with background music, Crawford and Strapp (1994) used
three timed visuospatial and verbal tests undertaken while vocal or
instrumental music was playing. Vocal music disrupted performance
significantly more than instrumental music on maze-tracing speed
and logical reasoning tests. Both vocal music and instrumental music
disturbed performance more than no music on an object-number test
which assessed associative learning and long-term memory but this was
moderated by studying preference. On this test, those who typically did
not study with music showed deterioration across conditions from no
music, through instrumental music to vocal music, while those who
typically studied with music performed no better in the no-music
condition than either music condition. Although extroversion was not
a significant covariate of performance, those who typically studied with
music were more extroverted and reported greater skills in focusing
attention during distracting situations and reported less sensitivity to
noise in general on a test of noise sensitivity.

Some students may be able to control their responses to music better
than others. For instance, Christopher and Shelton (2017) explored
whether existing differences in working memory might impact on
the outcomes of research looking at the effect of music on working-
memory performance. Undergraduate students worked on reading
comprehension and mathematics tasks under music and silence
conditions, before completing a battery of working-memory capacity
assessments. Although music led to a significant decline in performance
overall, working-memory capacity moderated this effect in the reading
comprehension tasks. This suggests that individuals who are better able
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to control their attention, as indicated by working-memory capacity, may
be protected from music-related distraction when completing certain
kinds of academically relevant tasks. In addition to this, performance
may be influenced by metacognition (the extent to which participants
are aware that the music is interfering with task performance and
consciously adopt strategies to prevent this). Kotsopoulou and Hallam
(2010) administered rating-scale questionnaires to 600 students in three
age groups—12 to 13, 15 to 16 and 20 to 21—from Japan, the UK, Greece
and the USA. The questionnaires explored the extent of playing music
while studying, the kinds of tasks undertaken when music was played,
the perceived effects of music on studying, the characteristics and types
of music played, and the factors that influenced the decision to play
music. Statistical analysis revealed both commonality and differences
in playing music while studying, related to both age and culture. Some
tasks were more frequently accompanied by music than others, while
students reported being able to make decisions about the impact of
background music on their performance on various tasks and taking
action to arrange music to support their learning. Competence in
managing the use of music so it did not interfere with task performance
increased with age.

The Impact of Background Music on Children’s
Behaviour and Task Performance

Historically, research on background music in educational contexts has
explored theimpact on children at different ages, with special educational
needs and undertaking a range of different tasks. For instance, in young
children there is evidence that arousing music increases activity. For
instance, Rieber (1965) studied the activity of five- and six-year-old
children in a specially designed playroom under conditions of silence
and two types of music (fast and slow). Activity rates were higher
during the intervals when music was played, with fast music having
the more marked effect. Music did not affect the variability of activity,
which showed a steady decline during the time spent in the room.
There is also evidence that the type of play may change. For instance,
Gunsberg (1991) found that there was an increase in interactive play
when arousing music was playing. Ziv and Goshen (2006) explored
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the effect of sad and happy background music on the interpretation
of a story in five- to six-year-old children. The children heard a story
with a background of happy, sad or no melody. The findings showed
that background music affected children’s interpretation of the story.
Happy background music led to positive interpretations, whereas sad
background music led to more negative interpretations. The effect of the
happy music was stronger than that of sad music.

Koolidge and Holmes (2018) explored the effects of background
music on puzzle-assembly task performance in young children.
Participants were 87 primarily European-American children aged four
to five years old enrolled in early childhood classes. Children were
given one minute to complete a 12-piece puzzle task in one of three
background music conditions: music with lyrics, music without lyrics
and no music. The music selection was “Youre Welcome’ from the
Disney movie Moana. The findings revealed that children who heard
the music without lyrics completed more puzzle pieces than children in
either the music-with-lyrics or no-music condition. Background music
without distracting lyrics may be beneficial and superior to background
music with lyrics for young children’s cognitive performance, even
when they are engaged independently in a non-verbal task. Focusing
on drawing, Gur (2009) investigated the effect of classical music on the
cognitive content of children’s drawings. The sample consisted of 84 six-
year-old children from private kindergartens in higher socioeconomic
status areas in Ankara in Turkey. The sample was divided into three
groups. The first engaged in free drawing while listening to classical
music, the second engaged in free drawing with no music and the third
group acted as a control. The results showed that there was a positive
effect of classical music on the cognitive content of the drawings.

Background Music and Primary-School Children

Mitchell (1949) was interested in the effect of radio programmes on
the silent reading achievement of 91 sixth-grade students. At the time
of the study, radio had become an integral part of American culture.
It seemed pertinent, therefore, to determine whether radio broadcasts
had any effect on the ability of pupils to concentrate sufficiently on their
studies in order to acquire knowledge and information. Ninety-one
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students carried out silent reading tests with either a music or a variety
radio programme playing in the background, or they worked in silence.
Overall, the variety programme disrupted performance more strongly
for the boys than the girls. Performance during listening to the music
programme was unaffected. In fact, the boys performed slightly better
with the music playing. Working in Taiwan, Su and colleagues (2017)
tested whether the Mozart Sonata for Two Pianos (K. 448) playing
in the background impacted on the learning anxiety, reading rates
and reading comprehension of students reading e-books. Sixty-two
elementary students participated. The findings showed that, when
compared with reading without music, the music had a positive effect
in reducing learning anxiety and improved the students’ reading rates,
reading comprehension and direct process performance. However, the
music had a negative effect on the students’ attention when they had to
interpret what they had read. This was explained in terms of the music
taking up attentional resources which were required for the task.

Working in a school setting, Ivanov and Geake (2003) found some
evidence of an impact related to playing Mozart in the background with
upper-primary-school-aged children. Scores on a paper-folding task
for a class which listened to Mozart during testing were significantly
higher than the scores of a control class. A similar result was obtained
for another class which listened to Bach during testing. The musical
educational experience of the children did not significantly contribute
to the variance in scores.

Koppelman and Scott (1995) explored the impact of different kinds
of music on children’s writing content. Nineteen students from a second-
grade class participated in ten 15-minute writing sessions, accompanied
in each session by one type of background music: classical, jazz, popular,
country or silence. The writing was analysed for tone, consistency and
number of words. The findings showed that students wrote more words
under the classical music condition and there were fewer inconsistencies
in writing when listening to jazz. Popular music from the top 40 had
a significant negative effect on writing, perhaps because the students
were familiar with it. Hallam and Godwin (2015) explored the impact
of music on creative writing in primary-school children. Children aged
ten to eleven were asked to write an exciting story while listening to
arousing, calming or no music. They then completed a questionnaire
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to establish their awareness of the music and its effects. The music
appeared to have little effect on basic literacy skills in the children
but stories were rated as more exciting when the calming music was
playing. The children had little conception of the detrimental effects of
the exciting music on their writing.

Mowsesian and Heyer (1973) studied whether music would
distract performance in a testing situation. Four groups of participants
were randomly assigned to one of four music conditions. The control
group experienced optimal testing conditions as defined by accepted
standards. Results on arithmetic, spelling and self-concept measures
indicated no differences in mean test scores across groups, regardless of
the test condition. The authors suggested that, since a variety of noises is
anormal part of the environment, music as a distractor was not an issue.
Hallam and colleagues (2002), working with primary-school children
aged ten to twelve, undertook two studies exploring the effects of music
perceived to be calming and relaxing on performance in arithmetic and
onamemory task. They found that calming musicled to an improvement
in children’s performance on memory and mathematics tasks, compared
with a no-music condition. Music perceived as arousing, aggressive
and unpleasant disrupted performance on the memory task and led
to a lower level of reported altruistic behaviour by the children. This
suggests that the effects of music on task performance are mediated by
arousal and mood rather than directly affecting cognition. Also in the
UK, Bloor (2009) administered four tests to three classes in different
primary schools, two with music and two with silence, to see if the music
had an impact on the behaviour and attainment of the children during
testing. The results were then cross-referenced with the children’s self-
evaluation of their own musicality, to ascertain if those children who
experienced disruption of attainment and behaviour were musicians. The
findings suggested that the music may have supported performance on
reading tests but conversely disrupted mathematics tests. Batur (2016)
formed experimental and control groups of students in the fifth and
sixth grades on the basis of scores on Turkish language exams. Overall,
80 students participated (40 from each grade), with half participating
in the intervention and half acting as controls. The students were given
20 minutes to write about any subject that they wished. Those in the
intervention groups worked with background music playing, while the
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others worked in silence. The findings showed that those who wrote
with music in the background used more words in their essays than the
control group and wrote more fluently.

Focusing on task behaviour, Davidson and colleagues (1986)
determined the effect of background music on 26 pupils in a fifth-
grade science class. The children were observed for 42 class sessions
over a period of four months. Observational data were recorded every
three minutes. Time series analyses were performed to determine the
effects. There was a significant increase in task performance for the male
students and for the total class when music was playing, although there
was a ceiling effect for females.

Background Music and Older Students

There has been considerable research with high-school students, as this
is the age when music is often played while homework is completed.
Kiger (1989) studied the effects of music information load on a reading
comprehension task. Twenty-seven male and 27 female high-school
students read a passage of literature in the presence of silence, or low-
or high-information-load music. Comprehension was best in the low-
information-load music condition and worst when the high-information-
load music was playing. Similarly, Fogelson (1973) explored whether
music acted as a distracter on reading. Playing popular instrumental
music during a test proved to be distracting and lowered the reading
test performance of 14 eighth-grade students. The less able students
were more adversely affected than those who were of higher levels of
competence.

Hall (1952) studied the effect of background music on the reading
comprehension of 278 eighth- and ninth-grade students in study-hall
conditions. Almost 58 percent of the 245 students tested, exclusive
of the control group, showed an increase in score when the test was
administered with background music. The difference in means showed
a substantial gain with background music during the first lesson in
the morning and during the first and second afternoon lessons. Over
67 percent of the students in these periods showed an increase in
score with music background. Also studying reading comprehension,
Anderson and Fuller (2010) investigated the effect of lyrical music on
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the performance of adolescents. A reading comprehension test was
administered to 334 seventh- and eighth-grade students in a non-music
environment or with accompanying music comprising top hit singles
from 2006. Following the music portion of the test, students completed
a survey to assess their preference for or against listening to music while
studying. The findings showed that performance declined significantly
when background music was playing. For students exhibiting a strong
preference for listening to music while studying, there was a pronounced
detrimental effect on comprehension.

At college level, Taylor and Rowe (2010) focused on assessment
in mathematics, specifically trigonometry. During six major tests of
trigonometry, 69 students were played music by Mozart. The results
were compared to the performance of 59 students who took the same
tests with no background music. The results indicated that the students
performed significantly better when Mozart was being played as
background music during the assessment.

Research with Children with Emotional
and Behavioural Difficulties, ADHD and
Developmental Difficulties

Calming music has a positive impact on the behaviour of children
with emotional and behavioural difficulties, reducing their stress and
anxiety in a variety of settings, although for some children with learning
difficulties—for instance with Attention Deficit Disorder (ADD) or
Attention Deficit Hyperactivity Disorder (ADHD)—stimulating music
is more effective in improving their behaviour, replacing the children’s
need for activity and self-stimulation. These differences in response
mean that music interventions aimed at changing behaviour need to be
tailored to the requirements of specific groups of children.

Children with Attention Deficit Hyperactivity Disorder
and Attention Deficit Disorder

Music has been used to help reduce hyperactivity in children with
Attention Deficit Disorder (ADD) or Attention Deficit Hyperactivity
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Disorder (ADHD) (Scott, 1970). Cripe (1986) proposed that rock music
could be used as an adjunctive therapy to other more conventional
treatments—rock music has the advantage that it can be ‘administered’
without the need for training staff. It was hypothesised that rock music
would decrease activity level in children with ADD and increase their
attention span. Eight males with ADD, aged six to eight years old,
were introduced to rock music in a playroom. Activity level, number
of activities, attention span and length of time attending to one task
were assessed. The results indicated a statistically significant reduction
in the number of motor activities during the music periods within the
test sessions, although there were no significant differences regarding
attention span.

Pelham and colleagues (2011) examined the effects of music and
video on the classroom behaviour, and performance of boys with and
without ADHD, as well as the effects of the drug methylphenidate.
Forty-one boys with ADHD and 26 controls worked in the presence of
no distraction, music or video. Video produced significant distraction,
particularly for the boys with ADHD, while music improved their
performance. There were individual differences in response to the
music such that some boys were adversely affected and others benefited
relative to no distractor. In a second study, music and methylphenidate
were assessed in an additional 86 boys with ADHD to further examine
the music results. In the presence or absence of music, methylphenidate
improved performance relative to placebo. Similar individual
differences were found as in the first experiment. Similarly, Abikoff
and colleagues (1996) evaluated the impact of extra task stimulation
on the academic performance of children with ADHD. Twenty boys
with ADHD and 20 boys without ADHD worked on an arithmetic
task during high stimulation, music, low stimulation, speech, and no
stimulation (silence). The music distractors were individualised for
each child, and the arithmetic problems were set at each child’s ability
level. The non-ADHD young people performed similarly under all three
auditory conditions, while the children with ADHD did significantly
better under the music condition than speech or silence conditions.
However, arithmetic performance was enhanced only for those children
with ADHD who were exposed to music as the first condition. Maloy
and Peterson (2014) undertook a meta-analysis of the effectiveness
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of music interventions for children and adolescents with ADHD. The
analysis revealed that music interventions were minimally effective as
an intervention for increasing task performance.

Emotional and Behavioural Difficulties

Savan (1989; 1999) observed children with behavioural difficulties
during science lessons. She suggested that the behaviour of pupils with
special educational needs was, in part, resulting from frustration due to
lack of physical coordination and the consequent inability to perform
manual tasks effectively and efficiently. She investigated the possibility
that specific properties of certain Mozart orchestral compositions
might, in combination, improve the coordination skills of pupils with
emotional and behavioural difficulties. Audio tapes of Mozart orchestral
compositions provided a sound stimulus for ten boys aged twelve and
over, identified as having special educational needs and emotional and
behavioural difficulties. The tapes were then edited in an attempt to
establish which musical qualities produced the effects. Measurements of
blood pressure, body temperature and pulse rate were taken to establish
which sound stimulus had an effect on the physiology and metabolism
of the participants. In each case, an improvement in coordination was
observed, accompanied by a corresponding drop in physiological
measures and an observed improvement in behaviour. Improvements
were also observed in cooperation, aggression was reduced during the
lessons immediately following the science lessons.

Hallam and Price (1998) studied the effects of providing background
music in the classroom on the behaviour and performance on
mathematical tasks of ten children aged nine to ten attending a school
for children with emotional and behavioural difficulties, who exhibited
a high frequency of disruptive behaviour. The music consisted of
songs from children’s films and other music which was popular and
well known to the children—the music had been previously identified
by other children in the school as calming and relaxing. There was a
significant improvement in behaviour and mathematics performance for
all of the children. The effects were particularly marked for those whose
problems were related to constant stimulus-seeking and overactivity.

Reardon and Bell (1970) tested three predictions of the effects of
musical stimulation on the activity level of 11 six- to seventeen-year-old
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institutionalised boys with severe developmental delay. Participants’
activity scores during sedative and stimulating music were compared
with levels during silent baseline and non-musical, spoken recording
conditions. Fourteen behavioural categories were rated by trained
observers during eight hours of observations under each of the
four conditions. Activity level varied significantly on the day of the
experimental work, suggesting that the novelty of the recordings was
a significant factor. Differences in activity due to the conditions tended
to confirm the prediction of lower activity levels during the more
stimulating music.

Older Adults and those with Cognitive Impairment

There has been increasing interest in the ways in which actively making
music and listening to it may help older people, and particularly those
with dementia. This section focuses on issues related to background
music and learning. For instance, Foster and Valentine (2001) studied
elderly individuals with mild to moderate, high-ability or moderate low-
ability dementia who answered autobiographical memory questions
drawn from three life eras (remote, medium-remote and recent) with
backgrounds of familiar music, novel music, cafeteria noise or quiet.
Recall was significantly better in the high-ability than the low-ability
group, in sound than in quiet, and in music than in noise. Recall was
significantly related to life era, declining from remote to recent memory.
The superiority of recall with music compared with noise was apparent
for recall from remote and medium-remote but not recent eras. The
findings may be interpreted in terms of enhanced arousal or attention
deployment, and a possible subsidiary role for associative facilitation
from the particular music.

Thompson and colleagues (2005) investigated the effect of listening
to an excerpt of Vivaldi’s Four Seasons on category fluency in healthy
older-adult controls and Alzheimer’s disease patients. Participants
completed two one-minute category-fluency tasks whilst listening
to an excerpt of Vivaldi and two one-minute category-fluency tasks
without music. The findings showed a positive effect of music on
category fluency, with performance in the music condition exceeding
performance without music in both the healthy older-adult control



11. Music and Studying 305

participants and the Alzheimer’s disease patients. The findings
suggested that music enhanced attentional processes in healthy adults
and those with Alzheimer’s disease. Irish and colleagues (2006) studied
the enhancing effect of music on autobiographical memory recall in
ten individuals with mild Alzheimer’s disease and ten healthy elderly
matched individuals. Each participant was assessed on two occasions:
once in the music condition (listening to ‘Spring” from Vivaldi’s “The
Four Seasons’) and once in silence. Considerable improvement was
found for Alzheimer individuals’ recall on an autobiographical memory
in the music condition. There were no differences in terms of overall
arousal using galvanic skin response recordings or attentional errors
during a sustained attention to response task. A significant reduction in
state anxiety was found in the music condition, suggesting that anxiety
reduction may be a potential mechanism underlying the enhancing
effect of music on autobiographical memory recall. Also using Vivaldi’s
‘Four Seasons’, Mammarella and colleagues (2007) examined whether
listening to music had a positive effect on older adults’ cognitive
performance on two working-memory tasks. Participants were presented
with the forward version of the digit-span task and phonemic-fluency
tests accompanied by classical music, white noise or no music. The
classical music significantly increased working-memory performance
compared with the no-music condition. The effect did not occur with
white noise.

It is particularly important to study the effect of background music in
olderadults, since attentional control can be impaired innormal cognitive
ageing. Older adults tend to be more sensitive to distractions in the
environment (Darowski et al., 2008), although they also tend to be more
accurate in cognitive tasks than their younger counterparts, but slower
(Hsieh and Lin, 2014). Reaves and colleagues (2016) investigated the
impact of background music on a concurrent paired-associate learning
task in healthy young and older adults. Young and older adults listened
to music or sat in silence while simultaneously studying face-name
pairs. Participants’ memory for the pairs was then tested while listening
to either the same or different music. Participants also made subjective
ratings about how distracting they found each song to be. Despite the
fact that all participants rated music as more distracting than silence,
only older adults’ associative memory performance was impaired by
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music. These findings are consistent with theories that older adults may
fail to inhibit the processing of distracting task-irrelevant information.

Alain and Woods (1999) and Andrés and colleagues (2006)
demonstrated that adding irrelevant sounds to a visual discrimination
task impaired the reaction times of older adults more than young
adults, as well as the amplitude of the event-related potential linked
to the processing of distraction. Fernandez and colleagues (2020)
demonstrated that, compared to silence or sad and tender music,
joyful and highly arousing background music enhanced perceptual
judgements in a flanker task in both older and young adults, although
no background music effect was found on older adults’ attentional
control performance. However, this study used a modified version of
the flanker task, which measured several components of attention and
included cues before the trials. A more challenging task measuring
attentional control specifically might have produced different results.

Music has also been found to have an impact on arousal in older
people. For instance, Hirokawa (2004) examined the effects of
participants’ preferred music and relaxation instructions on older adults’
arousal and working memory. Fifteen female older adults participated
in ten minutes of three experimental conditions: participant preferred
music, relaxation instructions and silence. Four subcategories of arousal
level,—energy, tiredness, tension and calmness—were measured
before and after the experimental treatment. After each condition,
participants completed a working-memory test. The findings indicated
that music increased participants’ energy levels, while relaxation and
silence significantly decreased energy levels, and increased tiredness
and calmness. All experimental conditions decreased tension. Scores
on the working-memory test were not significantly different among the
conditions. There were no clear relationships between the four arousal
levels and working-memory scores. Overall, the findings indicated that
preferred music had the potential to increase older adults” energetic
arousal and reduce tension.

The literature on episodic memory suggests that background
music may have positive effects on younger and healthy older adults
(Bottiroli et al., 2014; Ferreri et al., 2015), although it may be particularly
beneficial among older adults with cognitive impairment, contributing
to arousal, mood and reward systems. Music may also recruit brain
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areas spared after degeneration, and elicit compensatory mechanisms
(Ferreri and Verga, 2016) which are not activated in healthy participants
under the same music stimulation. Alternatively, music may reduce
task-related anxiety, which is expected to be higher in cognitively
impaired participants. For instance, Ferreri and colleagues (2014)
investigated whether music could improve episodic memory in older
adults while decreasing prefrontal cortex activity. Sixteen healthy
older adults aged 64 to 65 encoded lists of words presented with or
without a musical background, while dorsolateral prefrontal cortex
activity was monitored using an eight-channel continuous wave near
infrared spectroscopy system. Behavioural results indicated a better
source-memory performance for words encoded with music compared
to words encoded with silence. There was a bilateral decrease of
oxyhaemoglobin values in the music-encoding condition compared to
the silence condition, suggesting that music modulated the activity of
the dorsolateral prefrontal cortex during encoding in a less demanding
direction. Overall, the results indicated that music can help older adults
in memory performance by decreasing their prefrontal cortex activity.

Reviews and Meta-Analyses

The number of reviews and meta-analyses on the impact of background
music on cognitive tasks is relatively limited compared with other
areas of research. In a review of studies adopting a priming condition
before performance on a cognitive task, Pietschnig and colleagues
(2010) observed that the Mozart effect (as first researched by Rauscher
and colleagues (1993)) had been difficult to replicate, leading to an
abundance of conflicting results. They conducted a meta-analysis of
nearly 40 studies involving over 3000 participants, and found a small
overall estimated effect for samples exposed to the Mozart sonata K.
448 and samples that had been exposed to a non-musical stimulus or no
stimulus at all preceding spatial-task performance. Calculation of effect
sizes for samples exposed to other musical stimuli and samples exposed
to non-musical stimuli or no stimuli at all yielded effects similar in
strength. There was also evidence for confounding publication bias,
requiring downward correction of effects. Overall, Pietschnig and
colleagues concluded that there were noticeably higher overall effects
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in studies performed by Rauscher and colleagues than in studies
performed by other researchers. Overall, they found little evidence for a
specific, performance-enhancing Mozart effect.

In a meta-analysis undertaken by Kampfe and colleagues (2011),
the overall effect of listening to background music was established as
null. Further examination led the authors to the conclusion that this
finding was most likely caused by the averaging-out of specific effects,
such as improved arousal positively influencing achievement in sports,
or detrimental effects on reading or memory. Not all of the reviews have
come to quite such negative conclusions, in part because their focus was
different. For instance, Schwartz and colleagues (2017) undertook a
systematic literature review and identified 20 studies between 1970 and
2014 focusing on the role of contingent and noncontingent background
music to facilitate task engagement, enhance performance and alter
behaviour. They concluded that, although the research addressing
background music had mixed results, there was evidence suggesting
that this could be an effective strategy for increasing task engagement
and performance, and decreasing stimulatory behaviour for individuals
with developmental disabilities. As providing musical stimuli is
relatively inexpensive and may be less intrusive in comparison to other
strategies, they argued that its use merited additional study to explore
how and to what extent music could affect behaviour. Similarly, Peck and
colleagues (2016) reviewed existing anecdotal and empirical evidence
related to the enhancing effects of music exposure on cognitive function
and provided a discussion of the potential underlying mechanisms that
might explain music’s effects. Specifically, they outlined the potential
role of the dopaminergic system, the autonomic nervous system and
the default network in explaining how music may enhance memory
functions in persons with Alzheimer’s disease.

De la Mora Velasco and Hirumi (2020) synthesised the findings from
30 studies that examined the effects of background music on learning
from 2008 to 2018. Frequencies and percentages were used to describe
background music’s effects on learning across studies, the methods
used and the background music characteristics manipulated. They
concluded that the results were inconclusive and the findings from the
research were inconsistent. Drawing similar conclusions, Ferreri and
Verga (2016) reviewed the evidence for the role of background music
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on verbal learning and memory. They argued that the existing research
provided conflicting findings. Although several studies had shown a
positive effect of music on the encoding and retrieval of verbal stimuli,
music had also been suggested to hinder mnemonic performance by
dividing attention. They argued that the extent to which music boosted
cognitive functions relied on the relative complexity of the musical and
verbal stimuli employed. Overall, background music has been found to
have beneficial, detrimental or no effect on a variety of behavioural and
psychological outcome measures. The reasons why this might be the
case are discussed below.

Explaining the Impact of Background Music on
Cognitive Performance

There are several theories which have attempted to explain how listening
to music prior to undertaking a cognitive task may enhance performance.
The first is a neural priming effect, associated specifically with spatial-
temporal reasoning. The second is the arousal and mood hypothesis
(Thompson et al., 2001), which suggests that music enhances arousal
and promotes a positive mood, consequently affecting and benefiting
attentional processes (Husain et al., 2002). This theory postulates that
introducing a preferred auditory background prior to a task makes the
task increasingly interesting, thereby enhancing the learner’s levels of
arousal, and that this level of heightened and increased arousal leads to
an increase in attention, thus enhancing performance.

The explanations of the effects of background musicin terms of arousal
and mood also apply to music played in the background. Research has
demonstrated this effect when music is presented simultaneously with a
variety of executive tasks, such as cognitive flexibility, working memory
and attentional control (Fernandez et al., 2020; Jiang et al., 2011; Shih
et al., 2016; Thompson et al., 2005). However, not all of the available
research findings fit well within this theoretical relationship between
music and cognitive performance. For example, some research suggests
that highly pleasant music requires more attentional resources and thus
may impair cognitive performance in the context of attentional tasks
(Nemati et al., 2019). For instance, music can positively affect working
memory (Revelle and Loftus, 1989) which results in more material being
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processed by the learner consecutively, enhancing their performance,
while mood improvement enhances cognitive performance through
increased dopamine levels in the brain (Ashby et al., 1999). Explanations
relating to arousal also need to take account of anxiety, as some studies
have shown that high anxiety is associated with lower task efficiency
(Tanaka et al., 2006). Byrne and Eysenck (1995) also found that the
task efficiency of participants with high anxiety was lower than that of
low-anxiety participants. Where individuals select background music
themselves, there may be a rewarding effect in terms of the enjoyment it
may bring (Arnett, 1995).

Music may also interfere with cognitive processes. Concentrated
listening to music requires cognitive effort for processing, analysis and
extracting meaning (Berlyne, 1971). Listening to complex, arousal-
evoking music may therefore reduce the attentional space available
for task performance. When individuals play music while carrying
out a cognitive task, they do not attend to both the music and the task
simultaneously; attention switches between the two (Madsen, 1987).
Depending on their interest, their focus may be greater on the task or
the music.

Another explanation for the impact of music comes from its ability
to provide rewards. Salimpoor and colleagues (2013) point out that
listening to music is amongst the most rewarding experiences for humans.
Music has no functional resemblance to other rewarding stimuli, and
has no demonstrated biological value, yet individuals continue listening
to music for pleasure. It has been suggested that the pleasurable aspects
of music listening are related to changes in emotional arousal, although
this link has not been directly investigated. Salimpoor and colleagues
(2013), using methods of high temporal sensitivity, investigated
whether there was a systematic relationship between dynamic increases
in pleasure states and physiological indicators of emotional arousal,
including changes in heart rate, respiration, electrodermal activity, body
temperature and blood volume pulse. Twenty-six participants listened
to self-selected intensely pleasurable music and neutral music that
was individually selected for them based on low pleasure ratings they
provided based on other participants” music. The ‘chills phenomenon’
was used to index intensely pleasurable responses to music. During music
listening, continuous real-time recordings of subjective pleasure states
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and simultaneous recordings of sympathetic nervous system activity,
an objective measure of emotional arousal, were obtained. The findings
revealed a strong positive correlation between ratings of pleasure
and emotional arousal. Importantly, a dissociation was revealed, as
individuals who did not experience pleasure also showed no significant
increases in emotional arousal. There are broader implications for these
findings in that strongly felt emotions can be rewarding in the absence
of a physically tangible reward or specific functional goal.
Neuroscientific studies have established a relationship between
music, emotion and changed brain activity. For instance, Blood and
colleagues (1999) used positron emission tomography to examine
cerebral blood-flow changes related to affective responses to music.
Ten volunteers were scanned while listening to six versions of a novel
musical passage varying systematically in degree of dissonance.
Reciprocal cerebral blood-flow covariations were observed in several
distinct paralimbic and neocortical regions as a function of dissonance
and of perceived pleasantness versus unpleasantness. The findings
suggested that music may recruit neural mechanisms similar to those
previously associated with pleasant or unpleasant emotional states,
but different from those underlying other components of music
perception, and other emotions such as fear. In a later study, Blood and
Zatorre (2001) showed that intensely pleasurable responses to music
correlated with activity in the brain regions implicated in reward and
emotion. Positron emission tomography was used to study neural
mechanisms underlying intensely pleasant emotional responses to
music in ten university students aged between 20 and 30, each with
at least eight years of music training. Each participant selected one
piece of music that consistently elicited intensely pleasant emotional
responses, including chills. The music was all in the classical genre,
and included pieces such as Rachmaninov’s ‘Piano Concerto No. 3 in
D Minor’, ‘Opus 30" and ‘Intermezzo Adagio” and Barber’s ‘Adagio
for Strings’. These are instrumental works with no lyrics. Participants
reported that their emotional responses were intrinsic to the music
itself, producing minimal personal associations or memories. Cerebral
blood-flow changes were measured in response to participant-selected
music that elicited the highly pleasurable experience of shivers down
the spine or chills. Subjective reports of chills were accompanied by



312 The Power of Music

changes in heart rate, electromyogram measures and respiration.
As intensity of chills increased, cerebral blood flow increases and
decreases were observed in brain regions thought to be involved in
reward and motivation, emotion, and arousal, including the ventral
striatum, midbrain, amygdala, orbitofrontal cortex and ventral medial
prefrontal cortex. These brain structures are known to be active in
response to other euphoria-inducing stimuli, such as food, sex and
recreational drugs. This finding links music with biologically relevant,
survival-related stimuli via their common recruitment of brain
circuitry involved in pleasure and reward. Activity in these regions in
relation to reward processes is known to involve dopamine and opioid
systems, as well as other neurotransmitters. Dopaminergic activity
appears to be the common mechanism underlying reward response
to all naturally rewarding stimuli. Support for involvement of opioid
systems specifically in response to music comes from a preliminary
study that demonstrated that blocking opioid receptors with naloxone
decreased or inhibited the chills response in some participants. The
possibility of a direct functional interaction between the hippocampus
amygdala and midbrain is supported by the exactly opposite correlation
of dorsomedial midbrain and left hippocampus amygdala with
chills intensity. Thus, activation of the reward system by music may
maximise pleasure, not only by activating the reward system but also
by simultaneously decreasing activity in brain structures associated
with negative emotions. The amygdala and hippocampus both receive
inhibitory presynaptic input from cholinergic neurons, suggesting
a possible mechanism for decreased activity in these regions as a
consequence of activity increases in ventral striatum. Brain structures
correlating with intensely pleasant emotion differed considerably
from those observed during unpleasant or pleasant responses to
musical dissonance or consonance in an earlier study (Blood, 1999).
In particular, right parahippocampal activity—previously observed to
correlate with unpleasant responses to dissonance—did not correlate
with chills intensity, supporting the notion that parahippocampal
activity may be specifically related to negative emotion. In addition,
regions associated with reward-motivation circuitry, such as the ventral
striatum, dorsomedial midbrain, amygdala and hippocampus, were
found to correlate with chills intensity but not with the more mildly
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pleasant emotion associated with consonance. These discrepancies
provide further evidence that different emotions are associated with
activity in different groups of brain structures.

Nemati and colleagues (2019) also investigated the neural correlates
of pleasure induced by listening to highly pleasant and neutral musical
excerpts, using electroencephalography. Power-spectrum analysis of the
data showed a distinct gradual change in the power of low-frequency
oscillations in response to highly pleasant, but not neutral, musical
excerpts. Specifically, listening to highly pleasant music was associated
with relatively higher oscillatory activity in the theta band over the
frontocentral area and in the alpha band over the parieto-occipital area,
and a gradual increase in the oscillatory power over time. Correlation
analysis between behavioural and electrophysiological data revealed
that theta power over the frontocentral electrodes was correlated
with subjective assessment of pleasantness while listening to music.
To study the link between attention and positive valence, volunteers
performed a delayed match-to-sample memory task while listening to
the musical excerpts. Their performances were significantly lower under
highly pleasant conditions compared to neutral conditions. Listening
to pleasant music requires higher degrees of attention, leading to the
observed decline in memory performance. Gradual development of
low-frequency oscillations in the frontal and posterior areas may be (at
least partly) due to gradual recruitment of higher levels of attention
over time in response to pleasurable music.

As demonstrated in the earlier sections of this chapter, any single
research project generally has a limited focus, and cannot take account
of the complexity underlying the impact of background music on task
performance. There are also methodological issues relating to the
types of task considered. These have included reading comprehension,
the completion of mathematical tasks, a range of memory tasks and
those relating to attention. There is also an issue relating to how
the impact on performance of those tasks is assessed—for instance,
physiologically, neurologically, by task performance, observation
or rating scales. This is particularly important, as the relationships
between these different measures are frequently inconsistent. There
are challenges in systematically categorising the nature of the music
used in terms of its potential to arouse or generate different moods
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and the extent to which it is liked or disliked. The music can vary in
genre, tempo, timbre, intensity, type (instrumental or vocal), and use
of consonance versus dissonance. The relationships between these are
complex (Salimpoor et al., 2009), although generally music influences
physiological arousal in the expected direction: that is, exciting music
leads to increased arousal, calming music the reverse (Abeles and
Chung, 1996). These responses are based on pre-wired connections
related to the primitive elements of music—for example, loudness,
timbre, pitch, and tempo (Peretz, 2010). Favourite music, whether
stimulating or relaxing, tends to lower the experience of tension,
although not necessarily having a similar impact on physiological
responses (Iwanaga and Moroki, 1999). It may also act as a distraction
to completion of the task. Finally, there are the subjective aspects of
music perception. Individuals respond to the same music in very
different ways depending on their musical preferences and their
individual characteristics. The structural features of the music (tempo,
modality, instrumentation, genre), cultural factors (aspects of the
environment including tonality and the way that musical associations
are culturally shaped and learned) and associative factors (for example,
the personal and subjective meanings placed on a particular piece of
music depending on musical experiences) all play a part in responses
to music. Where associative factors come into play, the structural
and cultural aspects of the music are superseded by personal and
associative aspects (see Figure 11.1). Preference may therefore render
very different types of music as functionally equivalent. For example,
the music which young people may choose to play while studying
may differ widely but lead to similar physiological effects. Music may
be linked with particular experiences in an individual’s life, evoking
pleasant or distressing memories (Robazza etal., 1994). It is also related
to identity (MacDonald et al., 2009). Quite different music can thus
change mood in the same direction (Field et al., 1998). Formal music
training, perhaps because of its impact on identity, affects responses
but there are no clear patterns relating to gender, age or social class
(Abeles and Chung, 1996). The complex and interacting nature of the
factors which influence responses mean that it is difficult to predict the
exact effects of any particular piece of music on any individual.



11. Music and Studying 315

Structural

Effect

Music Cultural

Associative

1B

Figure 11.1

There are, of course, interactions between these various factors.
In relation to the undertaking of cognitive tasks, a key one is the
relationship between the difficulty of the task and the optimal level
of arousal needed to undertake it. The Yerkes—Dodson law provides
one explanation, stating that arousal levels increase performance up
to an optimal level, beyond which overarousal leads to deterioration.
Arousal is known to act according to an inverted U shape, where both
extremely low and extremely high arousal damages performance, while
moderate levels benefit it. This occurs more quickly when the task to
be performed is complex or underlearned. Completing a simple task
requires a higher level of arousal for concentration to be maintained,
while complex tasks require lower arousal levels. Evidence of the way
that loud and fast music disrupts reading comprehension (a complex
task) supports this explanation (Thompson et al., 2012). Personality
factors are also implicated in optimal arousal levels. Introverts have
higher resting levels of arousal than extroverts, and are more susceptible
to overarousal, which impacts on their task performance when there is
background music (Cassidy and MacDonald, 2007; Dobbs et al., 2011).
Related to this is the attention drainage effect, which describes attention
as a reservoir of mental energy from which resources are drawn to meet
situational attentional demands for task processing (Kahneman, 1973;
Chou, 2010). Music may, in some circumstances, draw attention away
from the task, as it is only possible to pay attention to one thing at a
time (Madsen, 1987). For instance, music with lyrics is more likely to
interfere with a reading comprehension task than instrumental music
if the music is played concurrently with task completion, but this may
not apply if the music is used to prime the activity. Music with lyrics
may not interfere with task completion if the task is non-verbal. In
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general, shared attentional resources are involved when processing
stimuli from different modalities, including music, and this can lead to
impairment in the processing of one or both modalities. Recently, there
has been particular interest in the impact of music on the elderly. This
has shown that different factors may come into play for this age group,
particularly if they are experiencing cognitive impairment. Music
played concurrently may distract from task completion, while music
played prior to the task may act to enhance motivation and arousal, thus
enhancing task performance. Addressing some of these issues, Gonzalez
and Aiello (2019) considered the interactions between music-based,
task-based, and performer-based characteristics. They hypothesised that
music, along with its complexity and volume, would facilitate simple
task performance and impair complex task performance, and that an
individual’s preference for external stimulation (a dimension of boredom
proneness) would moderate these effects. To test this, participants
completed cognitive tasks either in silence or with music of varying
complexity and volume. The findings showed that music generally
impaired complex task performance, complex music facilitated simple
task performance, and preference for external stimulation moderated
these effects.

An Explanatory Framework

Hallam and MacDonald (2016) discussed the subjective aspects of
music perception and how individuals benefited from music or not.
They considered how this varied and could even fluctuate within the
same listener, because individuals respond differently to the same music
depending on the features of the music itself, the individual’s cultural
context and additional experience-driven, associative aspects. Individual
preferences and ways of responding to music determine whether music
influences mood, level of arousal and the capacity to perform better
because of these physiological effects. Overall, the impact of background
music on performance on any particular task depends on many
interacting factors. Figure 11.2 sets out a model of possible contributory
factors including the nature of the music itself: its genre, whether it is
stimulating or relaxing, its complexity, whether it is familiar, liked, vocal
or instrumental, and has been selected by the individual listening to it or
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imposed on them by others. The model suggests that the effects of music
are mediated by the characteristics of the individual: their age, ability,
personality, metacognitive skills, musical expertise, familiarity with
the music being played and the frequency with which they normally
listen to music when they are studying. The current emotional arousal
and mood state of the individual may also be influenced by individual
characteristics and recent life events. Individual characteristics also
have a direct effect on learning outcomes, and a further indirect effect
through metacognitive activity. The environment within which the
activity is taking place may also be important—for instance, whether
the individual is alone or in a familiar place, and whether there are other
distractions. The characteristics of the task (for instance, the nature of
the processing required, its difficulty, and whether it is perceived as
interesting or boring) will also play a part. Currently, little research
takes account of all of these factors. Individuals need to be aware of the
impact of music on their task performance and adjust their behaviour
accordingly. As a general rule, background music which creates high
levels of arousal will disrupt work on complex tasks, although it may
prevent boredom if a task is repetitive or boring. Working in silence
or with relaxing music may enhance performance on a difficult task.
Preferred music is likely to have advantages over disliked music. Music
with lyrics may be disruptive, particularly if the task is verbal in nature
(see Figure 11.2).

Overview

It is clear that understanding how music can affect task performance
is complex and requires many factors to be taken into account. Each
individual needs to assess their own situation and the task facing them
at any given time, and make a decision as to whether music will assist or
disrupt their performance, then act accordingly. In the classroom, unless
calming music is used to simply lessen general exuberant behaviour,
working in silence is likely to be most beneficial to the majority of
students, unless they have particular behavioural difficulties or problems
with attention (for instance, ADHD or ADD).
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12. Re-Engagement
and Motivation

Active engagement with music has been shown to support the positive
development of young people who are from areas of high deprivation
and may be at risk of disaffection, not fully engaged with education,
exhibiting poor behaviour or involved in the criminal justice system.
Music has also been found to help with the rehabilitation of prisoners
and their successful reintegration into society. This chapter begins
by setting out the various influences on an individual’s motivation,
followed by an exploration of evidence as to how active engagement
with music may contribute to bringing about change.

Motivation

Lack of motivation is a problem in formal education across much of
the developed world. There is concern about high levels of student
boredom and disaffection, high dropout rates, poor attendance and poor
behaviour leading to exclusions from school, particularly in urban areas.
Some students report viewing school as boring, or as a game where they
try to do as well as they can with as little effort as possible. Disaffection
increases as students progress through school, particularly in the final
years of compulsory education. These issues are particularly acute in
boys, some ethnic minorities and those with special educational needs.
Young people from lower socioeconomic groups are underrepresented
in higher education, and those who take up opportunities to participate
in formal education as mature adults tend to be those who have already
been relatively successful. There is a substantial group of individuals
whose motivation is insufficient to sustain engagement with formal
learning in the short-, medium- and long-term.

© 2022 S. Hallam & E. Himonides, CC BY-NC-ND 4.0 https://doi.org/10.11647/OBP.0292.12
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The complex interactions which occur between the environment
and the individual which influence self-development, motivation and
ultimately behaviour are set out in Figure 12.1. An individual’s identity
or self-concept represents the way he or she thinks about him or herself
and his or her relationships with others (Mead, 1934; Rogers, 1961;
Sullivan, 1964). Identity is developed in response to feedback received
from the environment. The desire for social approval, particularly from
those we admire and respect, leads us to behave in particular ways. Over
time, values and beliefs leading to behaviour associated with praise
are internalised. Positive feedback from others raises self-esteem and
enhances confidence. Identity develops as a result of these processes.
The family has a crucial role to play in this process in the early years
but as the child’s social contacts broaden, others (including teachers
and peers) become important. Individuals set themselves goals, which
determine their behaviour. Goals are influenced by identity, ideal and
possible selves, as well as environmental factors. Behaviour is the end
link in the chain, but at the time of enactment, it too can be influenced
and changed by environmental factors. There is interaction between the
environment and the individual at every level in the long- and short-
term. Individuals can also act upon the environment to change it or seek
out new environments more conducive to their needs.

Behaviour is influenced by the individual’s interpretation of
situations and events, their expectations and the goals that they have,
which mediate and regulate behaviour (Mischel, 1973). While each
individual has needs and desires, these are tempered by consideration
of the consequences of actions prior to attempts to satisfy them.
Cognition plays a role in the ways in which we attempt to enhance our
self-esteem, leading us to attribute our success or failure to causes which
will allow us to maintain a consistent view of ourselves. When a learner
has completed a learning task successfully, this will have an impact on
self-esteem and motivation which will be carried forward to subsequent
learning tasks. Conversely, when learning outcomes are negative,
motivation is usually (but not always) impaired.

There are complex interactions between learning and motivation.
The more successful and enjoyable our learning in a domain, the more
likely we are to be motivated to continue engaging with it. At the same
time, the more interested and motivated we are in a domain, the more
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likely we are to persist when we fail or face difficulties, particularly if we
believe that, ultimately, we can be successful. If early engagement with
learning in a particular domain is enjoyable and positively rewarded, self-
efficacy beliefs are supported and learning continues. This brings further
rewards and a positive possible self develops in that domain-enhancing
motivation and increasing persistence for the future. Motivation to learn
is related to identity and the goals individuals set for themselves in the
short-, medium- and long-term. The value attached to learning tasks is
related to the extent to which they support this developing identity and
the goals derived from it. Throughout life, an individual will engage
with learning across several domains and it is inevitable that they will
be more successful and interested in some domains than others, and that
some will be more closely linked with their personal goals. From time
to time, personal goals may be in conflict and individuals may have to
make choices based on their relative importance. The difficulty during
the years of compulsory schooling, and on occasion after that (when
individuals may be required to undertake further training), is that in
these circumstances the individual’s freedom to choose what and how
to learn is removed. If there is little relationship between personal goals
and those determined by the educational system and teachers working
within it, then motivation is likely to be poor and learners are likely
to become disaffected. The more closely the goals of learners, teachers
and educational systems are matched, the more likely that effective
learning will occur. Motivation is crucial in how well children perform
at school and is closely linked to self-perceptions of ability, self-efficacy
and aspirations (Hallam, 2005). Actively engaging with music can
help enhance motivation and change behaviour through changing self-
beliefs and aspirations, and through the transferable skills that it can
develop. A study by the Norwegian Research Council for Science and
Humanities supported this, finding a connection between having musical
competence and high motivation, which led to a greater likelihood of
success in school (Lillemyr, 1983). There were high correlations between
positive self-perception, cognitive competence, self-esteem, and interest
and involvement in school music.
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Motivation Developed through
Engagement with Music

The process of learning to play an instrument or sing frequently requires
hours of practice, typically in solitude, and a commitment to music even
when there are competing curricular and extracurricular activities. This
may foster motivation-related characteristics (Evans, 2015; Evans and
Liu, 2019). Students who learn that repeated music practice can lead to
the mastery of complex skills and the achievement of desired outcomes
(such as positive examination outcomes or successful performances)
develop a mastery-focused learning approach (Degé and Schwarzer,
2017). This may lead to the internalisation of a sense of self-efficacy,
which may then be applied to learning in non-musical domains.

Bandura (2005) suggests that efficacy beliefs are multifaceted,
although they may covary across distinct domains of functioning.
Self-efficacy developed in one area of learning may generalise to other
areas. For instance, self-efficacy developed through learning in music
may generalise to other areas of learning, particularly when similar
subskills are involved. Similarly, self-regulation acquired through
music may generalise to other areas. Such transfer of self-efficacy or
other motivation-related characteristics is plausible given the parallels
between music education and traditional academic subjects. Instruction
and feedback are required for both, and there are tangible outcomes
in relation to examinations or performance. Self-efficacy is associated
with achievement (Caprara et al., 2011), while mastery-learning and
self-efficacy develop in an iterative, mutually reinforcing manner
(McPherson and Renwich, 2011). Some research has demonstrated
how recognition for achievement in music, leading to high levels of self-
efficacy, can enhance self-efficacy and self-esteem, which then transfers
to motivation for other schoolwork. For instance, McPherson and O’'Neill
(2010) found that students who were engaged in learning music reported
higher competence beliefs and values and lower task difficulty across all
school subjects in comparison with those not engaged in making music.
Overall, having experience of learning to play an instrument or sing
enhanced motivation for other school subjects.

Burnard (2008) explored the attempts of three secondary-school
music teachers to re-engage disaffected young people through music
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lessons. They reported that they democratised music-learning,
emphasised creative projects and used digital resources. Similarly, the
Musical Futures project was designed to devise new ways of engaging
young people (aged 11 to 19) in music activities. Initially, this entailed
young people working in small groups, learning to copy recordings of
popular music by ear. A large-scale evaluation of the project showed
that the music teachers perceived students to be more motivated, better
behaved and demonstrating higher levels of participation, greater focus,
enhanced musical skills, more confidence, improved small-group and
independent-learning skills, and enhanced leadership skills. Those who
benefited the most were lower- and middle-ability students (Hallam et
al., 2017). The pupils themselves reported improved listening skills and
an impact on other schoolwork, including less reliance on the teacher,
enhanced concentration and using music to help with other subjects
(for instance, making up songs to help with remembering facts). Team-
working skills also transferred to other lessons (Hallam et al., 2018). Non-
music staff in the participating schools also reported that the Musical
Futures approach had had a positive impact on student motivation,
wellbeing, self-esteem, concentration, organisation, attitudes towards
learning, progression and team-working (Hallam et al., 2016).

Similarly, students randomly assigned to weekly piano lessons over
the course of three years demonstrated gains in self-esteem, particularly
its academic dimension, whereas a control group showed no such
gains (Costa-Giomi, 2004). A quasi-experimental study revealed that
students who received a higher number of music lessons over several
years reported gains in academic self-concept that were unmatched by
those in a comparison group (Rickard et al., 2013). Positive relationships
have also been reported between the number of music lessons taken
and academic self-concept (Degé et al., 2014) and higher levels of
musical engagement (Degé et al., 2014; Degé and Schwarzer, 2017).
The experiences of students in musical groups may also contribute to a
general sense of accomplishment and collaboration, which may support
enhanced interactions in school, leading to a more positive school
climate, greater academic achievement and decreased disaffection
(Rumberger and Lim, 2008).
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Children and Young People Facing Challenging Life
Circumstances

Children born into areas of high deprivation face considerable life
challenges. Typically, they only acquire low-level skills and qualifications,
and in adulthood they are less likely to be employed and more likely to
have lower earnings than those from more affluent areas (Blanden et al.,
2008). Other long-term consequences include those relating to health
(mental and physical) and involvement in criminal activity (Feinstein
and Sabates, 2006). Parental involvement in their child’s education,
lack of cultural and social capital, negative experiences at school, low
aspirations and exposure to multiple risk factors are all implicated in
the relationship between deprivation and poor educational outcomes.
In relation to music, there is some evidence that children from deprived
areas are less likely to have played a musical instrument (Scharff, 2015)
and are more likely to have negative experiences with instrumental
teachers, interpreting this as their own failure and feeling less
comfortable and confident learning classical music (Bull, 2015).

Group music-making offers the opportunity to engage in wider
cultural experiences, explore new ideas, places and perspectives, and
support social cohesion through broadening experience (Israel, 2012).
This not only benefits participants but also increases parents’ attendance
at cultural events and their exposure to culture more generally (Creech
et al., 2016). A range of musical projects have focused on the role that
music can play in enhancing the lives of vulnerable children, providing
them with a range of transferable skills. Some of these programmes will
be discussed here, while others will be addressed in detail in Chapter 16,
which addresses issues of social inclusion (for instance, the inclusion of
refugee children), while Chapter 14 considers programmes supporting
the psychological wellbeing of children from war zones.

Music can be a vehicle for re-engaging young people in education and
supporting those who are at risk in making changes in their lives. The
context within which projects operate is important for their success, as
are the musical genres adopted and the quality of the musical facilitators.
Deane and colleagues (2011) found that, whilst music-making acted
as a hook in terms of initial project engagement, it was frequently the
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building of a trusting and a non-judgemental relationship between a
young person and their mentor that supported change.

El Sistema and Sistema-inspired Programmes

Internationally, the largest group of programmes supporting children
living in deprived areas and at risk of disaffection are EI Sistema
programmes and those inspired by EI Sistema. El Sistema was founded in
1975 as social action for music by Jean Antonio Abreu. It was premised
on a utopian dream in which an orchestra represented the ideal society—
and the idea was that, if a child was nurtured in that environment, it
would be better for society. El Sistema has survived through many
different administrations and has a large network of youth and children’s
orchestras. In addition, there are many programmes around the world
which have been inspired by El Sisterma and share its values. The goal of EI
Sistema is to use music for the protection of childhood through training,
rehabilitation and the prevention of criminal behaviour. Evaluations of
El Sistema or Sistema-inspired programmes show that they offer a safe
and structured environment which ensures that children are occupied
and at reduced risk of participating in less desirable activities (Creech
et al., 2013; 2016). Evaluations of individual programmes report that
children’s sense of individual and group identity is enhanced and that
children take pride in their accomplishments. They show increased
determination and persistence, and become better able to cope with
anger and express their emotions more effectively (Creech et al., 2013;
2016).

Raised Aspirations and Motivation for Learning

In England, Lewis and colleagues (2011) showed that participants in
a Sistema-inspired programme, In Harmony, exhibited more positive
attitudes and improved behaviour. Parents and teachers indicated that
the pupils had a greater sense of purpose and self-confidence, and their
aspirations were raised. This was, in part, attributed to contact with role
models in the form of the In Harmony teachers and other visiting artists
(Lewis etal., 2011). A prominent theme reported in the evaluation of Big
Noise, Scotland (GCPH, 2015) was the raised aspirations of participants.
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The researchers reported qualitative evidence demonstrating enhanced
motivation, determination, willingness to be challenged, and the ability
to imagine and achieve goals, particularly amongst the secondary-
school participants. In particular, the aspirations of the 15- to 16-year-
olds were raised (GCPH, 2015). Qualitative interviews with 35 parents
of children involved in Big Noise, Scotland (Gen, 2011a) provided strong
evidence that they considered the programme to have enriched their
children’s lives. Twenty-nine parents took part in a quantitative survey,
which revealed a positive impact attributed to Big Noise with regard to
confidence, friendships, hope for the future, happiness, concentration
and behaviour.

Not all of the research on Sistema-inspired projects has been positive.
For instance, Rimmer (2018) explored children’s reflections on the value
of their participation in the English programme, In Harmony. Interviews
were undertaken with 111 primary-school children aged six to eleven,
from three programmes in Newcastle, Telford and Norwich. Parents,
siblings and the school environment were all important in the way
participating children viewed the programme. The value of engaging
with music in the family was particularly important in influencing
the children. Challenges in handling or holding instruments—and
perceptions of the sounds created as somehow lacking in desirable
qualities—emerged. The absence within the programme of some of the
valued visual, representational and kinetic aspects of popular music
emerged in many accounts. The compulsory nature of In Harmony
participation contrasted with the valued dimensions of popular music-
related activities which were associated with freedom, choice, self-
directedness and play.

Raised aspirations were noted by Uy (2010) in the Chicago ntcleo of
Chacao, where all of the students were enrolled in high school, university
or conservatoires, with 40 percent of those studying music while
others pursued careers in engineering, medicine or other subjects. In
comparison with other underprivileged communities, Uy described this
asastounding. Other programmes reported similar raised aspirations and
self-beliefs, including The Boston Conservatory Lab Charter School (2012),
El Sistema Colorado (2013), In Harmony Stockton, Kalamazoo Kids in Tune,
KidZNotes, OrchKids, The San Diego Community Opus Project, YOLA, The
People’s Music School Youth Orchestras and El Sistema Chicago. Numerous



328 The Power of Music

USA programmes have included measures in their evaluations which
demonstrate the successes they have achieved in realising motivational
goals (Case, 2013; Duckworth, 2013; In Harmony Stockton, 2013;
Orchestrating Diversity, 2013; Silk et al., 2008; and Smith, 2013—for a
review, see Creech et al., 2013; 2016). Other programmes report similar
findings. For instance, Devroop (2009) explored the effects of music
tuition on the career plans of disadvantaged South-African youth and
found positive outcomes, while Galarce and colleagues (2012) reported
that academic aspirations had improved as a result of engagement in
the programme and that students were less likely to procrastinate in
their schoolwork. Similarly, Cuesta (2008) found that 63 percent of
participants achieved better outcomes in school compared with 50
percent of non-participants, while Wald (2011) researched two Sisterna-
inspired programmes in Argentina and found evidence of enhanced
motivation and commitment. Programmes in Scotland and Ireland also
showed enhanced aspirations, engagement with learning and improved
behaviour (Kenny and Moore, 2011). In their review, overall, Creech
and colleagues (2013; 2016) concluded that raised aspirations were one
of the most frequently cited positive outcomes of El Sisterna and Sisterna-
inspired programmes.

In some programmes (for instance, In Harmony Liverpool) changes
in aspirations were not restricted to the children participating in the
programme but extended across the community. Burns (2016) showed
progressinacademicattainmentatage11,enhanced musical attainment,
and enhanced perceptions of children’s social and emotional wellbeing.
Parents and carers noted changes in musical ability, communication,
confidence, focus, concentration and behaviour. As families engaged
with the musical activities and the children took home new skills and
shared them with other family members, there was a direct impact
on family life. Individual aspiration and community pride changed,
creating a virtuous cycle of change. In what was perceived as a
severely deprived area, residents now saw some hope. Also working
in Liverpool, Robinson (2015) found that parents participating in the
research were actively supporting their children and felt that their
lives had been transformed, as their children developed new skills and
had greater opportunities, experiences of other places and a greater
appreciation of music.
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In an evaluation of all of the English Sistema-inspired programmes,
Lord and colleagues (2013) collected evidence through pupil surveys,
including a matched-comparison sample drawn from schools not
participating in In Harmony, as well as case study interviews. The
findings showed improvements in pupils’ attitudes to learning, self-
confidence, self-esteem, wellbeing and aspirations to improve. This was
borne out by the national inspection agency for schools, Ofsted, whose
reports highlighted pupils” social, emotional and spiritual wellbeing.
They attributed this (at least in part) to participation in In Harmony.
These positive wellbeing outcomes were thought to be influenced by
the group work ethic which involved discipline, focus and teamwork.
Comparison between the well-established In Harmony programmes
in England (Liverpool and Lambeth) with more recently established
programmes revealed statistically significant differences with regard to
children’s application of self to learning and their view of their future
prospects. Children from the more established In Harmony schools
who had participated in the programme for longer had more positive
scores, suggesting that the programme had had a positive impact with
regards to dispositions towards learning and future aspirations. When
the established In Harmony schools were compared with matched-
comparison schools not accessing In Harmony, statistically significant
differences were also found in relation to application of self to learning
and children’s views of their future prospects, as well as self-assurance,
security and happiness. It seemed that, over time, the programme
impacted on children’s wellbeing, leading them to become young,
confident learners with clear future aspirations.

An evaluation of a summer residential orchestral programme also
demonstrated the impact on personal wellbeing amongst participants
(NPC, 2012; Hay, 2013). Thirty-five young people aged nine to eighteen,
including some with special educational needs, completed a survey of
wellbeing before and after the course. While caution must be exercised
in interpreting the data—as the sample size was small—there were
indications of enhancement in self-esteem, emotional wellbeing,
resilience and life satisfaction. A large effect size was reported for each
of these measures, although the girls seemed to benefit more than the
boys. Compared with national baseline scores for these measures, boys’
post course scores for self-esteem and resilience were in the top quartile
of what might be expected in a national sample.
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Uy (2010) carried out a cross-cultural comparison of EI Sistema
in Venezuela and the USA, and reported consistency with regard to
positive outcomes relating to personal development. Overall, parents
and students from both contexts reported improvements in focus and
discipline, time management, relaxation and coping, communication,
ability to work with others, academic performance and aspirations,
creative thinking, and self-esteem. In South America, considering the
impact of the Batuta, Colombia programmes, which offer strategies for
social, educational and cultural development, and support the national
system of youth orchestras in Colombia, Cuéllar (2010) drew on key
findings from the CreCe report (Matijasevic et al., 2008). Qualitative
data provided examples of personal development similar to those
reported elsewhere. Students reported positive changes in respect,
tolerance, honesty, solidarity, teamwork, sense of responsibility and
emotional regulation which helped control aggressiveness, intolerance
and impatience. Self-esteem was enhanced, particularly self-efficacy,
through feeling competent. Students also reported greater self-care,
resilience, happiness and enhanced aspirations. Their social networks
were greater and there were enhanced family interactions.

Many USA programmes identified elevated aspirations and goals
as key to bringing about change. They included in their evaluations
measures to assess these, which demonstrated their success (Case,
2013; Conservatory Lab Charter school, 2012; Duckworth, 2013; In
Harmony Stockton, 2013; Orchestrating Diversity, 2013; Renaissance
Arts Academy, 2012a; 2012b; 2013; Silk et al., 2008; Smith, 2013; The
People’s Music School Youth Orchestras - El Sistema Chicago, 2013). For
instance, the Renaissance Arts Academy in Los Angeles demonstrated
elevated academic and professional aspirations in their students as a
result of participating in an academically and musically rigorous intense
programme. Their high graduation rate of 100 percent, coupled with the
percentage of students who continued their education at university, 95
percent exemplified the huge transformations that occurred, in terms
of not only what students believed they could accomplish, but also the
goals and expectations that they set for themselves as a result of this
realisation. Accomplishments in music and the arts transferred to their
beliefs about their academic capabilities, and their elevated goals and
achievements in both these areas showed the shifts that can take place
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in possibilities as a result. Many other programmes have measured and
reported raised aspirations and greater self-esteem amongst students.
In the Caribbean, OASIS—a Sistema-inspired orchestral programme
established for youth at risk—showed that, after a six-month period of
participation, students were significantly less likely to be provoked to
anger and display aggressive behaviours including teasing, shoving,
hitting, kicking or fighting, or to be involved with delinquent peers. They
also had higher educational aspirations. After 18 months, the findings
showed positive overall outcomes (Galarce et al., 2012). In terms of
academic aspirations, 62 percent of the OASIS group, as compared with
41 percent of a control group, expressed hopes to be able to obtain a
doctoral degree. Increases in self-regulation were also seen. Seven
percent of the OASIS group, as compared to 21 percent of the non-
OASIS students, reported speaking inappropriately to others. They were
also less likely to report that pleasurable activities prevented them from
achieving their work goals and were less likely to procrastinate in their
schoolwork, be involved in fights, or use alcohol or marijuana. After the
six-month stage, the results from the Haitian programme were similar
to those of Jamaica, with OASIS students being significantly less likely to
be angered easily, less likely to be involved in aggressive behaviours and
to have delinquent peer relationships. Within 18 months, the results for
Haitian OASIS students mirrored those of Jamaica in terms of academic
aspirations, with 80 percent as opposed to 61 percent hoping to attain a
doctoral degree. They were also less likely to have disagreements with
parents or caregivers, and were more likely to be involved in sports.

Self-Beliefs

Positive self-beliefs regarding what can be achieved (self-efficacy) and
what is possible (possible selves) are crucial to motivation. El Sistema
and Sistema-inspired programmes have prioritised the personal and
social development of participants, and many evaluations point to
the positive impact of the programme on self-beliefs (Esquaea Torres,
2001; 2004; Galarce et al., 2012; Israel, 2012; Uy, 2010). Participation in
two Argentinean Sisterma-inspired orchestras was explored by Wald
(2011b) who found that students, parents, coordinators and directors
perceived participation in the orchestras as being related to self-esteem,



332 The Power of Music

self-worth, self-confidence, and pride about achievements, motivation
and commitment. Frequent opportunities for performance helped
to raise aspirations (Billaux, 2011) and created safe opportunities for
risk-taking (Uy, 2012) which allowed children to experience success on
many occasions, enhancing their self-efficacy and self-esteem.

School Attendance and Positive Attitudes
towards School

Creech and colleagues (2013; 2016), in their review of El Sistema and
Sistema-inspired programmes, showed that a major area of focus for
many American programmes was the impact on students’ rates of
attendance and punctuality at school. Several programmes documented
positive evidence regarding school attendance, including Austin
Soundwaves (2011-2012), In Harmony Stockton (2013), Kalamazoo Kids in
Tune (2013), KidZNotes (2012), OrchKids (Potter, 2013), The Renaissance
Arts Academy (2012a;2012b; 2013), The San Diego Community Opus Project
(Smith, 2013), and the YOURS programme (2013). Evaluation findings
in America showed that Sistema participants generally increased their
attendance at school. The B Sharp Programme (Schurgin, 2012) reported
a decrease in absenteeism between 2012 and 2013, from an average of 6.5
days to 4.5 days per child. Many Sisterma participants attended schools
where the majority of students qualified for free or reduced-price school
meals. Attendance rates at schools attended by Sistema students had
higher than state or local average evaluation results in the USA, and
showed that Sistema students generally had improved attendance at a
higher rate than the average for their schools.

In England, the primary school at which In Harmony Liverpool is
based saw a drop in absence from almost eight percent in 2009 to six
percent in 2012 (Burns and Bewick, 2012). This compared with a sector
average of five percent. Although absenteeism rose in 2010, an analysis
of attendance rates between 2009 and 2013 showed an overall significant
improvement, with a school average rate of absence of 6.5 percent by
2013 (Burns and Bewick, 2013). In contrast, in Scotland there was no
evidence showing that involvement in Big Noise improved attendance
(Gen, 2011a), although qualitative data did suggest that the programme
was making a difference in this regard. More recently, the 2015 report
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suggested that the programme was associated with improved school
attendance. In Raploch, school attendance was 93 percent among Big
Noise participants, four percent higher than the eligible population.
Govanhill school data showed attendance among Big Noise participants
to be almost 93 percent—nearly two percent higher than the eligible
population (Glasgow Centre for Population Health, 2015). In Canada,
Morin (2014) found no improvements in school attendance, although
in New Zealand, Wilson and colleagues (2012)—reporting on Sistema
Aorearoa—indicated that there was a reasonable improvement in overall
attainment, engagement and social skills in school, but insufficient
data to comment on attendance. Overall, although the data relating to
attendance is mixed, there is some evidence of enhanced achievement.

Emotional and Behavioural Difficulties

Alemén and colleagues (2017) assessed the effects of a Sistema-inspired
music programme on children’s developmental functioning in the
context of high rates of exposure to violence. The trial was conducted
in 16 music centres during 2012 and 2013. In total, 2,914 children aged
six to fourteen participated, with approximately half receiving an
offer of admission to the programme in September 2012 and half in
September 2013. The children in the treatment group participated for
one semester more than the control-group children. After one year,
there was evidence of improved self-control and reduced behavioural
difficulties. The effects were larger among boys and children with less
educated mothers, especially those exposed to violence. Following
participation in the programme this group exhibited lower levels of
aggressive behaviour. The programme improved self-control and
reduced behavioural difficulties, with the effects concentrated among
subgroups of vulnerable children. In Columbia, Castaneda-Castaneda
(2009) explored the impact of intensive guitar workshops offered
as part of a rehabilitation programme on young people in a youth
detention centre. The findings showed improvements in musical and
citizenship skills.
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Transferable Skills

Parents and teachers of children participating in some of the EI Sistema
or Sistema-inspired programmes referred to the way that the programme
developed transferable skills, including concentration (Hallam and
Burns. 2018). One parent commented:

‘The impact on the kids is enormous, the concentration. I've got nephews
in other schools and the difference is huge. Our kids can sit there in a
massive big place listening to classical music without coughing or
fidgeting and sit there and be well behaved for that length of time. There’s
not many primary kids who can do that. We’ve got special education
kids as well and they can do that.’

Another parent emphasised the impact on learning more generally.
“These children are dedicated to this. Other areas of her learning have come on
in leaps and bounds because of this. Without a doubt it is the music.’

Some parents recognised the impact on confidence. “Their confidence has
gone up sky high. She says she’s really nervous but she seems calm.” Another
parent commented: ‘The music brought my daughter out of her shell into a
confident young lady.” Some of the older students were able to self-reflect
on the wider benefits of participation:

“You learn things from it that you don’t learn at school. You learn lots
of skills for life and you make links with people, like being able to talk
to new people, like being able to work on things, so like, team work,
listening to others. So even if you don’t want to do music for a career, in
five years’ time you’'ll have those skills and you’ll be able to say I learnt
this in orchestra and it will have paid off.”

The young people were also able to develop leadership skills from the
mentoring that they were engaged with. This was recognised by staff
and parents.

Music Interventions Unrelated to El Sistema

There are several music interventions in addition to El Sistema or
Sistema-inspired programmes which have been designed to support
disadvantaged children. For instance, Pasiali and Clark (2018) worked
with 20 children aged five to eleven years old on a programme that
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consisted of eight 50-minute music sessions, where teaching social skills
through song lyrics and improvisation were central. Social competence,
antisocial behaviour and academic competence were assessed, and the
outcomes showed that the number of low-performance, high-risk skills
decreased significantly, while teacher assessment indicated significant
improvement in communication and a decrease in hyperactivity, autistic
behavioural tendencies, overall problem behaviours and internalisation.
Parent ratings generally mirrored those of teachers. Similarly, Millar
and colleagues (2020) reported positive outcomes for the COOL project,
a 12-month intervention which involved 16 sessions of participatory
music-making with 32 hard-to-reach young people aged 12 to 17. The
programme aimed to increase confidence and self-esteem, and improve
social skills through music that resonated with the young people’s lived
experience.

One study examined the impact of a singing programme, Sing Up,
on 48 children and young people (Hampshire and Matthijsse, 2010).
The findings indicated that participants’ self-confidence and aspirations
were enhanced, and that they developed new friendships and better
connections with parents. However, Hampshire and Matthijsse
cautioned that children and young people from privileged backgrounds
benefited more than those from disadvantaged backgrounds, as the
latter risked rejection by their existing friends due to the programme
being perceived as cheesy or gay. This emphasises the importance of any
musical intervention being seen as relevant to the participants.

School music lessons themselves can be therapeutic. For instance,
in a case study of a general music class in a Spanish public secondary
school, undertaken with disaffected learners who had received a total
of 130 reprimands throughout the school year for poor behaviour and
systematically rejecting school rules, Rusinek (2008) established that
they enjoyed their music lessons. This may have been because the music
teacher generated enthusiasm through an inclusive pedagogy in which
the principle of ‘music for all’ was adopted. Arrangements for percussion
instruments, in four to twelve parts, of pop, classical and film music
were played by each class. The goal of performance was shared by the
children and the teacher, and was widely accepted as an important part
of school culture. Similarly, an Australian study showed that a group
of boys who were identified with behavioural issues who engaged in a
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proactive music-making activity showed notable improvements in both
classroom cooperation and self-esteem. The drumming exercises in the
programme were among the most popular and connected closely to the
participants” sense of maleness. The activities were fun and provided
opportunities for students to enhance positive values such as group
cohesion and self-esteem, along with their behavioural and social
competence (Smith, 2001).

Drumming seems to be a particularly effective form of musical
intervention when children are disaffected. It can support anger
management, team-building and substance-abuse recovery, leading
to an increase in self-esteem and the development of leadership skills
(Mikenas, 2003). Group drumming can foster a sense of cohesion, as
it teaches coordination and teamwork, with participants having to
assume different roles and work together (Drake, 2003). Faulkner and
colleagues (2012) developed a drumming programme as a way of
engaging at risk youth, while simultaneously incorporating themes and
discussions relating to healthy relationships with others. The evaluation
of the programme with a sample of 60 participants in Western
Australia’s wheatbelt region used quantitative and qualitative methods,
including informal discussions with staff and participants, observation,
participant and teacher questionnaires, and school attendance and
behavioural incident records. The findings showed an increase in scores
on a range of social indicators that demonstrated increased connection
with the school community. Also in Australia, O’Brien and Donelan
(2007) reported on the effectiveness of the creative arts as a diversionary
intervention for young people at risk. In this three-year government-
funded study, ten arts programmes were conducted across urban and
rural areas. The findings demonstrated that arts programmes could
have a significant and positive impact on marginalised young people,
offering opportunities for skill development and social inclusion, while
in Canada, Wright (2012) argued that music education in schools could
lead to social transformation

Research on the impact of music-making on children living in care
(looked-after children) in the UK has shown that engagement in high-
quality music-making projects can support the development of resilience
in dealing with challenges. Salmon and Rickaby (2014) researched how
developing a musical play could facilitate skills development, improve
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mental health and strengthen resilience in young people in care.
Participants were able to develop new skills, confidence and resilience,
and felt more socially connected. In a review, Dillon (2010) showed
that music-making could contribute to improved negotiation skills and
cooperative working; learning to trust peers; developing the capacity
for self-expression and a stronger sense of self-awareness; increased
self-discipline and responsibility; a sense of achievement; feelings of
belonging and shared identity; and the opportunity to make friends
and develop positive relationships with adults. Music-making provided
respite from problems and opportunities to have fun. In addition, there
was evidence of increased confidence and the acquisition of a wide
range of skills. In Norway, Waaktaar and colleagues (2004), in a study of
young people who had experienced serious and or multiple life stresses
leading to behaviour difficulties, found that a music programme was
able to enhance resilience. Positive peer relationships and self-efficacy
also improved when the young men demonstrated coherence and
creativity as they produced a music video for public viewing. Zanders
(2015) also showed how music therapy could support young people in
foster care, helping to create stability and find resources and meaning
in their lives to promote healing, addressing the displacements, abuse,
grief and loss that many had experienced. In England, the evaluation
of the Youth Music mentoring programme, which included a total
of 419 mentees, showed that participants were aware of the musical
opportunities available to them and had increased their agency (as
assessed by feeling respected, capable and in control). Mentees indicated
enhanced ability to work with others, express themselves, respect other
people’s views and be punctual (Lonie, 2011). Similarly, Brown and
Nicklin (2019) explored the impact of a global youth-work project that
aimed to engage young people in social issues through the medium of
hip hop. Most participants—who were from a range of British ethnic
backgrounds—were not in education, employment or training, or were
otherwise identified as marginalised, due to having a criminal record
or being excluded from mainstream education. The project aimed to
challenge the exclusion implied by labels such as ‘marginalised’, and
value participants’ experiences, aiming to engage them with global and
social issues. The sessions ran over three years and considered financial
independence, political identity and mental health, with an overarching
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focus on money, power and respect. Activities were creative, including
lyric-writing, art, interviews and developing tracks to build self-
esteem. The outcomes showed that the project built self-esteem and
positive attitudes to learning. Participant perceptions suggested that the
programme provided them with positive experiences of learning and
skills development, thus enhancing self-esteem and reducing risk factors
for antisocial behaviour. Hip hop was used to connect young people to
social issues and engage them in learning, developing their transferable
skills and building confidence, as well as increasing their employability,
prosocial behaviour and engagement with social issues. Sessions were
interactive, facilitating dialogue and providing peer mentoring. Studio
facilities with recording equipment were available. Data included
project reports, interviews, field notes, session plans and feedback. The
findings suggested that opening informal spaces with opportunities for
creative experiential learning (such as hip hop) had positive outcomes
for young people and facilitated engagement with prosocial behaviours.

A review of 15 projects funded by Youth Music (Qa Research, 2012)
showed a range of positive outcomes associated with engaging those
not in education, employment or training, or those at risk, in music-
making activity. Outcomes included increased motivation to engage
in education, employment or voluntary activity, including gaining
qualifications, heightened aspirations and a more positive attitude
towards learning. Participants also developed a range of transferable
skills, including basic academic skills, listening, reasoning and decision-
making, concentration, focus, team-working, time-keeping, goal-setting
and meeting deadlines. There was also evidence of enhanced wellbeing
including increased self-esteem, self-respect, pride, empowerment, sense
of achievement and confidence, and an expansion of friendships, trust
and improved relationships with adults. Aggression, hyperactivity and
impulsivity decreased as participants learned to control their emotions.
The projects also broadened horizons, including increased awareness of
different cultures and traditions.

An evaluation of the European Social Fund project, Engaging
Disaffected Young People (Lancashire Learning Skills Council, 2003),
found that music and sport activities could encourage participants back
into learning by changing negative attitudes and perceptions towards
education. Following completion of the project, 85 percent of the 173
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project participants were working towards a qualification. Alvaro and
colleagues (2010) evaluated the pilot phase of the European Union’s
E-motion project, which was designed to utilise youth-friendly music
software in order to engage 14- to 17-year-olds who had dropped out
of school, or who were at risk of dropping out. Three experimental pilot
programmes were delivered to groups containing between 19 and 26
students in single schools in three different countries: Italy, Romania and
the UK. Teachers completed a scorecard for each student at the beginning
and end of each programme. Overall, there were improvements in a
range of basic academic skills and personal skills including listening,
speaking and alcohol avoidance. Interviews also indicated a reduction
in offending, antisocial behaviour and substance abuse and, for some
participants, enhanced interest in schoolwork, improved school
attendance, attention, self-confidence, self-belief, motivation, cultural
awareness and communication skills.

School Attendance and Attitudes towards School

Taetle (1999) investigated the relationship between daily school
attendance and enrolment in fine arts electives. Three secondary schools
participated. Students were divided into three groups according to
their elective participation: fine arts courses only, non-fine arts courses
only, and a combination of fine arts and non-fine arts courses. Students
were then stratified according to grade point average (low or at risk,
medium and high). Attendance rates were computed as a percentage
of days absent. The findings showed that students with lower absence
rates had a higher grade point average, students not enrolled in fine
arts electives had significantly higher absence rates than those students
with at least one fine arts elective, and students with a low grade
point average (at risk) who were not enrolled in fine arts electives had
significantly higher absence rates than those students who were enrolled
in at least one fine arts elective. Similarly, Oreck and colleagues (1999)
reported that participants in an arts-based programme stated that their
involvement enabled them to make friends, establish support networks,
and feel accepted and valued. Davalos and colleagues (1999) examined
extracurricular activity, perception of school, ethnic identification, and
the association with school retention rates among Mexican American
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and white non-Hispanics. Participants engaging in extracurricular
activities were considerably more likely to be enrolled in school than
were those not participating. Similarly, Lashua (2005) and Lashua
and Fox (2007) studied a recreation project that taught young people
aged 14 to 20, mainly from Aboriginal backgrounds, to make their own
music using computers and studio production software. They showed
how participants with literacy problems were able to create complex,
spontaneous rhymes through the medium of rap. The participants
reported that the programme was meaningful and made school more
enjoyable, helping them to stay out of trouble. Activities such as rap
battles provided an acceptable outlet for aggression and enabled
participants to demonstrate their skills, gain respect and learn humility.

The Integration of Young People with Special
Educational Needs into Mainstream Education

Increasingly in Europe, young people with social, emotional and
behavioural difficulties are taught in mainstream schools. This
presents particular challenges for teachers. Many of these children
have difficulties in learning, which may or may not be related to their
behaviour. As a result, a prominent area of work in music therapy has
become the integration of children with special educational needs. This is
particularly the case in Germany and Italy, where government strategies
have focused on the integration of children with special educational
needs into mainstream schools. In Germany, Hippel and Laabs (2006),
Kartz (2000), Koch-Temming (1999), Kok (2006), Mahns (2002), Neels
and colleagues (1998) and Palmowski (1979) have explored how music
therapy could help children with special educational needs integrate
into mainstream classrooms. Similarly, in Italy, Pecoraro (2006) reviewed
how music therapy could help young children, some with special
educational needs, to learn in mainstream classes, while D’Ulisse and
colleagues (2001) also considered how music therapy could be applied
in schools. In the UK, some student music therapists have focused on the
role of music therapy in supporting children with special educational
needs in mainstream schools (Carson, 2007; Crookes, 2012; Hitch, 2010).

Historically, improvisation with individuals has been the principal
method adopted in music therapy (Darnley-Smith and Patey, 2003)
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but increasingly music therapists work in a range of different contexts,
including in child and adolescent mental health services, with social
services, and in educational settings. Working in schools is a developing
area. Carr (2008) undertook a review of 57 relevant papers, 12 of
which included outcomes. Although successive governments in the
UK have been concerned with the wellbeing of children, in schools
music therapy has played a limited role. In a review, Carr and Wigram
(2009) found only ten papers which specifically addressed work
within mainstream schools. The main recipients were children with
mild emotional, behavioural or social problems. Different therapeutic
approaches were adopted. For instance, Jenkins (2006) advocated a
flexible approach, while Strange (1999; 2012) adopted client-centred
music therapy for emotionally disturbed teenagers who had moderate
language disabilities. Butterton (1993) used music in the pastoral care of
emotionally disturbed children aged 13 to 18 using psychotherapy with
music improvisation and drawing, while Nocker-Ribaupierre and Wolfl
(2010) described a preventative approach, introducing music therapy
into two secondary boarding schools in Germany with the aim of
helping students to express their emotional state and release aggressive
tension. The project proved particularly successful in classes with
migrant students from diverse cultures, who were able to communicate
effectively through shared improvisation.

Pethybridge and Robertson (2010) suggested that music lessons
in schools should consist of improvisation, which they believed had
the potential to guide the student into areas of learning as a result of
experiences acquired through musical interaction. Students from a
language and communication unit attached to a mainstream school
participated in their study, which involved child-led creative music-
making and structured activities to enhance social skills. The findings
showed that working in small groups led to greater ability to address
educational objectives, both musical and non-musical. Further,
Pethybridge (2013) evaluated ways in which music therapists might
support teachers to offer interactive group music-making to children
with additional support needs. Working with a nursery teacher,
Pethybridge planned and delivered an 11-week intervention for three
children on the autistic spectrum. The findings showed that experiential
music therapy groups offered some level of transferable learning for
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teaching and support staff, and the potential for developing more
indirect approaches. Derrington, in a series of papers (2004; 2005;
2010; 2011, 2012; Derrington and Neale, 2012) also argued for the need
to offer music therapy in mainstream schools and pupil referral units
to disaffected young people, with an emphasis on creative activities
including song-writing, while McFerran (2020) reviewed the research
literature in education, mental health and community music, suggesting
that grouping knowledge in this way offered new perspectives on the
types of programmes offered and the way that they were evaluated.

School-Based Music Therapy Interventions for
Children with Emotional and Behavioural Difficulties

There are examples of the use of music therapy with young children. For
instance, Brackley (2012) describes the increasingly common need for
music therapy work in behavioural support programmes in pupil referral
units for children aged between five and nine, who have been excluded
from mainstream education. She referred to music therapy’s potential
to recreate the conditions of the early mother-infant relationship,
allowing the music therapist to revisit problematic stages of the pupil’s
early development and aid their ego development. Similarly, De Silva
(2006) also illustrated how music therapy could bring about radical
transformation in the behaviour and emotional interaction of younger
children, while Thomas (2014) undertook a qualitative case study of
two primary-school children with social, emotional and behavioural
difficulties, one who exhibited withdrawn behaviour, the other poor
behaviour. Music lesson interventions over a period of one year benefited
the children in terms of personal competence, self-regulation, self-
confidence and self-esteem; task competence, enjoyment, engagement,
motivation, social competence, collaboration and social connectedness.

Montello and Coon (1999) also studied the impact of active and
passive group music therapy with pre-adolescents with emotional,
learning and behavioural disorders. Teachers were asked to rate and
confirm changes in the students’ attention and motivation. After a period
of four months, there were significant changes in aggression, brought
about by the facilitation of self-expression, which provided a channel
for frustration, anger and aggression. Similarly, Horton (2005) showed
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that group music therapy with female adolescents in an educational
treatment centre—involving stepping, a series of body percussive
movements such as foot-stamping and hand-clapping, and chanting
or singing—significantly increased group cohesion. The participating
adolescents were identified as being at risk of dropping out of school,
and were engaged in violent and risky sexual behaviours. The stepping
procedure promoted positive social behaviour.

Gold and colleagues (2001) assessed the benefits of music therapy
for those with emotional and behavioural difficulties, and showed
that children’s needs for relationships and opportunities for emotional
expression were met by the therapy. In a review, Gold and colleagues
(2004) analysed music therapy studies, comprising a total of 188
children and adolescents, and found that the benefits were greater
for those who had behavioural problems. Similarly, McIntyre (2007)
showed that nine weeks of music therapy with adolescent boys with
behavioural and or emotional disorders helped them to develop new
skills, enjoy music, experience group cohesion and increase self-esteem.
Hirst and Robertshaw (2003) investigated the impact of the Otherwise
Creative project, an intervention which involved a wide range of arts
activities (including music production and song-writing), targeting
young people in pupil referral units with a range of emotional and
behavioural difficulties. Following engagement in the project, the
participants demonstrated growth in confidence and self-esteem, and
an enhanced ability to communicate with staff and to resist negative
peer pressure. Chong and Kim (2010) examined how an after-school
education-oriented music therapy programme impacted on students.
The intervention lasted for 16 weeks and used musical activities
to promote academic, social and emotional skills. A rating system
completed by teachers assessed change and showed that social skills
and problem behaviour improved significantly, although there were no
improvements in academic competency.

Using drumming to promote self-expression, Ho and colleagues
(2011) compared the effects of 12 weeks of school-counsellor-led
drumming on social and emotional behaviour in two fifth-grade
intervention classes, with two standard control classes. The children in
the intervention classes improved significantly compared with controls
on multiple areas of social and emotional behaviour, as assessed by their
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teachers. Thompson and Tawell (2017) studied the effects of an arts-
based intervention on young people deemed at risk of school exclusion
because of social, emotional and behavioural difficulties. Eleven young
people aged 11 to 16 were studied using observations and interviews.
The interventions offered to the young people provided alternatives
to their personal, cultural and historical ways of experiencing the
world. Experimenting with different arts media and trying out ideas
enabled them to develop a new identity for themselves. The findings
suggested that imagination, invoked through the intervention, helped
the disengaged young people to change their perceptions of their future.

Sausser and Waller (2006) showed that, with proper planning
of musical activities, students could benefit from a music therapy
programme structured for the success of each individual. They reviewed
how music therapy had been used with students with emotional and
behavioural difficulties, and proposed a model of music therapy for
students in a psychoeducational setting. The model was designed to
combine the music therapy process with the nine-week grading period
of the school setting. It suggested ways for music therapy and other
therapeutic modalities to work collaboratively with students with
emotional and behavioural difficulties.

Kriiger (2000) set up work in a contemporary secondary school in
Norway as part of a new strategy for helping secondary-aged students
with emotional and behavioural problems. The students had been
labelled as the ‘bad guys’ and were living up to this name. By gaining
attention because of their challenging behaviour, they were able to
maintain this role within the school. Kriiger found the computer to
be a source of new meaning for those who had not learned to play an
instrument. Technology led to broad possibilities of exploring, mastering,
arranging, creating and improvising music. Participants quickly became
confident at using it and being in control. Kriiger showed how one child
who had threatened other pupils, had very low respect for authority
and was difficult to talk to was able to engage in the therapy. Through
the shared use of information technology, the process of developing a
trusting and communicative relationship was enabled. Kriiger reported
how he encouraged the boy to master recording techniques but also
allowed the child to express anger and shout at him to show that he
would always be there. This helped to create a bond and the opportunity
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to talk about what was wrong in the child’s life. Ultimately, the process
of using information technology led to a product, and the child became
very involved in music-making, burning CDs and creating covers for
the CD cases, selling his work and even publishing his music on school
radio.

Some research has focused on interventions with children exhibiting
highly aggressive behaviour. For instance, Choi and colleagues (2010)
investigated 48 such children, who were allocated to either a music
intervention or a control group. The music intervention group engaged
in 50 minutes of musical activities twice weekly for 15 consecutive weeks.
After 15 weeks, the music intervention group showed a significant
reduction in aggression and improvement in self-esteem compared with
the control group. These findings suggested that music could reduce
aggressive behaviour and improve self-esteem in children with highly
aggressive behaviours. Similarly, Hashemian and colleagues (2015)
studied whether 12 90-minute music therapy sessions could reduce
aggression in visually impaired Iranian adolescents compared with
a control group matched in relation to age, socioeconomic status and
the education level of parents. Two behaviour questionnaires showed
a significant decline in aggression in the intervention group. Ye and
colleagues (2021) carried out a meta-analysis of research, exploring
whether music therapy could reduce aggressive behaviour in children
and adolescents. Ten studies were included. The research showed a
significant decrease in aggressive behaviour and a significant increase
in self-control compared with control groups, whereas there were no
differences in a music medicine group and the control group. Music
interventions with durations of less than 12 weeks and more sessions
per week were more efficient in reducing aggressive behaviour.

Some work has been undertaken with refugee students. For instance,
Baker and Jones (2005; 2006) studied the effects of a music therapy
programme in stabilising the behaviours of newly arrived refugee
students. The research examined the effects of a short-term music
therapy programme on changes to behaviour of 31 refugee youths
attending an English-language reception centre in Brisbane. Two five-
week intervention periods were employed, with group music therapy
sessions conducted once or twice a week. The findings indicated that
music therapy led to a significant decrease in externalising behaviours,
with particular reference to hyperactivity and aggression.
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One of the main aims of music therapy for children with emotional
and behavioural difficulties is to address behaviour within the
classroom. This is particularly prevalent in research in the USA. For
instance, Eidson (1989) studied the effect of behavioural music therapy
on the generalisation of interpersonal skills from therapy sessions to
the classroom by middle-school students with emotional difficulties.
Also in the USA, Haines (1989) studied the effects of music therapy on
the self-esteem of emotionally disturbed adolescents and showed that
music therapy enhanced group cohesion and cooperation. Krout and
Mason (1988,) using computers and electronic music resources, worked
with behaviourally disordered students aged 12 to 18, either in a self-
contained or integrated classroom. Students had the option of enrolling
in a music elective class which met three times each week, or of receiving
individual music therapy services that focused on learning a musical
instrument. Both programmes emphasised targeted social behaviours
or skills while learning about music. Kivland (1986) noted the effect
of individual music therapy sessions on self-esteem in an adolescent
boy with a diagnosis of conduct disorder. Self-esteem was measured
by frequency of both positive and negative self-statements, and by his
ability to accept positive comments appropriately. By the twelfth week
of therapy, he was able to list independently what he had done well
at each session, and was able to accept positive comments from others
appropriately. In addition, his ability to list what he had done well and
what he needed to improve transferred to other disciplines. In Canada,
Buchanan (2000), working in mainstream services, studied the effects of
music therapy interventions with adolescents aged 15 to 19 who were
designated as ‘at risk’. The intervention gave them an opportunity for
self-expression in a group setting. Similarly, Cheong-Clinch (2009)
studied the use of music as a tool to engage young people with English
as a second language in a high school and a residential care facility, in
particular newly arrived immigrant and refugee students.

Carr and Wigram (2009) identified existing research and clinical
activity utilising music therapy with mainstream children, as well as
a potential need for music therapy with this group of children. They
undertook a systematic review relating to work with children in
mainstream schools. Sixty papers were identified, 12 of which were
outcome studies. There was evidence that music therapy was used with
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children in mainstream schools, both in the UK and abroad. They showed
that the literature at the time of the review suggested that music therapy
was effective in addressing the needs of mainstream schoolchildren—
several therapists had documented the benefits of music therapy as a
way to increase student’s self-esteem, address challenging behaviour,
motivate learning and help develop interpersonal relationships
(Procter, 2006), although more evidence was needed. Derrington (2012)
studied whether music therapy could improve the emotional wellbeing
of adolescents who were at risk of exclusion or underachievement. The
research took place in a mainstream secondary school and its federated
special school for students with emotional and behavioural difficulties.
Over 19 months, the intervention group received 20 weekly individual
music sessions, while a waiting-list comparison group received the
same treatment later. Quantitative data were collected four times
during the research from students, teaching staff and school records,
while the students were also interviewed. Very few pupils dropped out
and the majority of teachers reported improvement in students’ social
development and overall attitude.

The Role of Rap and Hip Hop in Therapy
in School Contexts

The cultural significance of music for youth populations has long been
recognised, both in terms of the performance and production of music
itself, and the stylised identities surrounding its consumption. Perhaps
it is not surprising, therefore, that music-based interventions have been
particularly effective at positively impacting the mental health and
wellbeing of young people. The kind of music which adolescents prefer
is related to their experience of emotional and behavioural difficulties
(Took and Weiss, 1994), including expressions of anger (Epstein et
al., 1990). Armstrong and Ricard (2016) suggest that rap, hip hop,
and rhythm and blues provide a cultural lens, through which many
urban adolescents forge identity and express themselves. The music
therefore has the potential to combat emotional and interpersonal
distress. Creative techniques that incorporate these genres of music can
be used to help adolescents understand and regulate coping responses
to difficult and emotionally sensitive situations. Schwartz and Fouts
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(2003), studying 164 adolescents who preferred light or heavy qualities
in music or had eclectic preferences, found that each of the three music
preference groups was inclined to demonstrate a unique profile of
personality dimensions and developmental issues. Those preferring
heavy or light music qualities indicated at least moderate difficulty in
negotiating some aspects of personality and/or developmental issues,
while those with more eclectic music preferences did not indicate
similar difficulties. Despite this, when Gardstrom (1999) examined
offenders’ perceptions of the relationship between exposure to music
and their criminal behaviour, only four percent perceived a connection
between their musical preferences and their deviant behaviour,
although 72 percent did believe that the music influenced the way that
they felt at least some of the time. Most believed that music mirrored
their lives rather than being a causative factor in their behaviour. Music
was perceived by some as being cathartic, and by some as only harmful
when applied to pre-existing states of negative arousal.

In 2000, Elligan introduced rap therapy as a psychotherapeutic
intervention for working with at-risk youths, primarily African-
American males whose identities were highly influenced by rap music.
Rap is able to engage a population of youth who often enter counselling
apprehensively (Elligan, 2000; 2004; Allen, 2005). Gonzalez and Grant
Hayes (2009) reviewed rap culture, its relationship to inner city youth
and the benefits of Elligan’s rap therapy with at-risk youth. Kobin
and Tyson (2006) also used rap lyrics as the impetus for therapeutic
dialogue and the facilitation of empathic connections between clients
and therapists. This aided in breaking the ice, encouraging participants
to engage in projective narration, and helped the therapist to establish
relevant, client-centred treatment goals. In Australia, de Roeper and
Savelsberg (2009) showed that taking part in a community-based hip-
hop culture project helped at-risk young people to develop confidence,
skills, ambition and a stronger sense of identity, although they urged
caution in interpreting the findings, as the data were limited.

Cobbett (2007) illustrated an integrative approach to working
therapeutically with individual children experiencing emotional and
behavioural difficulties, which combined music therapy with other
creative therapies, particularly play therapy and drama therapy. In 2009,
Cobbett developed the approach, suggesting that such interventions
would be more effective if they were available in schools and utilised
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materials which were relevant to the young people concerned (e.g. rap
music or electronic music). In 2016, Cobbett compared 52 young people
receiving arts therapy—including music, drama or visual arts—and a
control sample of 29 young people on a waiting list over a year-long
period in two schools for children with emotional and behavioural
difficulties. Two outcome measures were used: a staff-rated Goodman’s
Strengths and Difficulties Questionnaire and a self-rated scoring
system. The Strengths and Difficulties Questionnaire outcomes showed
a significant difference in improvement for those in the therapy group
compared to the control group for all measures related to emotional
and conduct difficulties. The effect sizes were large. Three out of four
self-rated categories also showed significant differences in improvement
between the groups. Interviews with six young participants suggested
that the young people felt that the arts brought benefits that augmented
verbal interventions. Examples from the interviews are set out in Box
12.1. In a further paper (2016b), Cobbett outlined a systemic approach
which would further support young people.

Box 12.1: Teenagers’ comments about music therapy (derived from
Cobbett, 2016)

4 N
It helped me find music and I like music a lot now and I can play some

instruments. It made me discover a lot of stuff and things I was able to do.

It (music therapy) was easy because I know how to use Fruity Loops (a
music software programme) and I can make stick beats.

Sometimes the music helped me get stuff out of my head but sometimes it
was just calm too, it helped me cool down. Get myself away from the rest
of the world for a bit.

It was a good session because you wouldn’t only get to speak about any
problems you had in the day. You could also put it into some music.

It made me realize what I wanted to do and then I had to focus more on
my future.

If it was just blatant therapy it would put me off, like you need to speak
about things that you don’t want to talk about maybe, but when you're
doing music or something you just feel yourself, it’s just expression of
yourself.

When we're jamming away, while we’re doing it, we could speak about
what’s kind of bothering me or whatever and it kind of leads on from that.
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Parker and colleagues (2018) undertook a small-scale, qualitative
interview study in a secondary school over ten weeks with marginalised
and at-risk children. The programme was delivered by a team of young
people aged 18 to 25, the majority of whom had previous experience of
the criminal justice system. They facilitated a single, two-hour music
session once a week for approximately 15 pupils. All sessions took place
during the course of the normal school day and consisted of a series
of activities which involved lyric-writing, usually rap and composing
beats, mostly using Logic Pro software on Mac computers, although
those pupils who could play musical instruments also did so. The music
they composed was recorded and performed. The 32 students aged
13 to 16 were selected to participate because their general behaviour
had been disruptive and they had demonstrated defiant, angry,
aggressive behaviour towards other pupils and teachers. To remain
on the programme, they had to maintain positive interactions with
other students and teachers. Some were considered ‘at risk” because of
previous involvement with the criminal justice system or involvement
with gangs. The students revealed in the interviews that music-making
increased their confidence, improved their attitudes towards teachers
and peers, induced feelings of calm, and improved their communication
skills. Parker and colleagues concluded that music-making activities
could provide significant psychosocial benefits for young people,
particularly when combined with mentoring support.

In a series of papers, Uhlig (2011a; 2011b; 2013; 2015) considered
how the voice could be used as a primary therapeutic instrument.
Initially, Uhlig worked with children with special educational needs in
a public-school setting in New York. She showed that at-risk children
demonstrated honesty in expressing their most personal desires and
fears through vocal music therapy. Cursing, shouting, singing, rapping,
chanting and song-writing helped them to survive their personal and
familiar environments, and increased their learning potential. Together
with the therapeutic relationship based on sharing rap, behavioural
changes occurred. In later research, Uhlig and colleagues (2013)
carried out a systematic review and reported that many studies had
demonstrated the effects of music on emotion and emotionally evoked
processes. In 2015, Uhlig and colleagues investigated the performance of
rap-music therapy in a non-clinical, school-based programme to support
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the development of self-regulative abilities to promote wellbeing and to
reduce the risk of low academic performance attributable to troubled
mental health. All adolescents in Grade 8 of a public school were invited
to participate, and randomly assigned to either rap-music therapy or
to regular classes. The rap-music classes took place once a week over a
period of four months. Measures of change were taken at four monthly
intervals. Primary outcome data included measures of psychological
wellbeing, emotion regulation, self-esteem, self-description, language
development and executive functioning. Secondary outcome data
consisted of the subjective experiences of participants collected in
follow-up interviews with members of the experimental group. In 2016,
Uhlig and colleagues carried out a survey in the Netherlands of the use of
rap and singing by 336 qualified music therapists. The results indicated
that rapping and singing applications in music therapy could enhance
self-regulative skills during the process of emotional expression. Rapping
occurred considerably less frequently than singing but was considered
to decrease aggressive behaviour. Singing was applied daily and was
associated with the support of deeper emotional involvement. However,
the findings suggested the need for more consistent descriptions of
therapeutic interventions using rap styles in music therapy practice,
and the development of specialised protocols for research studying
its effects. In 2018, Uhlig and colleagues investigated ‘rap and sing’
music therapy in a school-based programme designed to support self-
regulative abilities. One-hundred and ninety adolescents in Grade 8 of a
public school in the Netherlands were randomly assigned to participate
or act as a control group. The intervention took place once a week over
a period of four months. Significant differences between groups were
found on the teacher Strength and Difficulties Questionnaire, indicating
stabilisation in the ‘rap and sing’ music group as opposed to increased
problems in the control group.

Porter (2012) also planned a trial to determine if improvised
music therapy could lead to clinically significant improvement in
communication and interaction skills in young people experiencing
social, emotional or behavioural problems. In 2017, Porter and
colleagues studied 251 children aged eight to sixteen with social,
emotional, behavioural and developmental difficulties from six child
and adolescent mental health service community-care facilities in
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Northern Ireland. The children were randomly allocated to 12 weekly
sessions of music therapy in addition to their usual care, or acted as a
control group. Follow-up occurred at 13 and 26 weeks. For participants
aged 13 and over in the intervention group, communication was
significantly improved, although this was not the case for their carers.
Overall, self-esteem was significantly improved and depression scores
were significantly lower at Week 13, although there was no significant
difference in family or social functioning at this time point. While the
findings provided some evidence for the benefits of the integration of
music therapy into clinical practice, differences between subgroups and
secondary outcomes indicated that further research was needed.

Olson-McBride and Page (2012) described the implementation of a
specialised poetry therapy intervention, which incorporated hip-hop
and rap music, with high-risk youths. The programme supported the
young people’s use of self-disclosure. The intervention involved creative
writing and the use of popular music, primarily from the rap and
rhythm and blues genres, during the receptive prescriptive component
of the session. In some sessions, the facilitator chose the music, but in
others group members did so. Group members created a collaborative
poem, a structured individual poem or an unstructured individual
poem. The symbolic ceremonial component of the session involved
group members reading the poems created during the session aloud
to the group and soliciting appropriate feedback. Each poetry-therapy
group intervention was ten sessions in length, lasting 45 to 60 minutes.
Three interventions were conducted with participants selected from
two facilities—an alternative school and a transitional living program
designed to meet the needs of individuals between the ages of 12 and
21 who were deemed ‘at risk” due to problems such as family poverty,
family instability, academic problems and behaviour problems. The
majority of group participants had histories of serious externalising
behaviour problems. Some participants were in state custody as a result
of involvement with the juvenile justice system. Data were collected
for each group session via video camera. Overall, the intervention
fostered a group environment in which guarded, difficult-to-engage,
at-risk adolescents felt comfortable and connected enough to engage in
surprisingly honest and bold self-disclosure, an initial step in addressing
their problems.
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Zarobe and Bungay (2017) undertook a rapid review exploring the
role of arts activities in promoting the mental wellbeing and resilience
of children and young people aged between 11 and 18. Only studies
related to activities that took place within community settings, and
those related to extracurricular activities based within schools, were
included. Eight papers covering a wide range of interventions were
included. It was found that participating in arts activities could have a
positive effect on self-confidence, self-esteem, relationships and sense of
belonging: qualities which are associated with resilience.

Music Programmes for Young Offenders

Adolescents who are in secure residential accommodation are frequently
angry, detached, frustrated and in conflict with their peers. They may
have experienced trauma, abuse, drug or alcohol use, peer pressure, or
gang-related activities. They often lack a structured home environment
and may also have learning difficulties or mental health problems. This
presents challenges to those attempting to rehabilitate them. Music has
been suggested as one possible means of engaging them. McKay (1956)
argued that music could benefit young people in juvenile institutions,
helping with teamwork and providing a means of letting off steam.
In South Africa, Lotter (2006) developed a music programme for
adolescents who had been referred by the courts as a means of social
rehabilitation. The programme was based on the Circle of Courage
which includes four components: belonging, mastery, independence
and generosity. The research explored how the Circle of Courage might
be integrated into music therapy. Thompson (2016) studied the role of
rap music composition in the experience of the incarceration of African-
American youth, while Nelson (1997) focused on high-risk adolescent
males’ self-efficacy in relation to choral performance. A systematic
review of research on the impact of active music-making on young
people at risk within the criminal justice system in the UK, Australia, the
USA, Canada and South Africa—undertaken by Daykin and colleagues
(2011)—showed that music offered the potential for improvement in self-
efficacy, self-esteem and self-concept. Overall, the review concluded that
music projects could help in positive-identity construction, providing a
safe means for young offenders to express difficult emotions and anger,
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although very short projects where participants were unable to meet
their goals could lead to frustration (de Roeper and Savelsberg, 2009).

Fouché and Torrance (2005), in South Africa, successfully worked
with rival gang members. The young people were brought to the venue
by police escort, having volunteered to join the project which met each
week. The participants shared their stories and improvised music
together. Within the gangs, music was perceived as a cool activity, and
rap and hip-hop culture made any musicians heroes. This supported
the process. Rapp-Paglicci and colleagues (2012) evaluated the Prodigy
cultural arts programme, an early prevention programme for at-risk
young people aged five to eighteen. The programme used visual and
performing arts to help young people develop life skills including
communication, leadership, problem-solving, anger management,
career aspirations and goal-setting. Each class was conducted by a
professional artist who served as teacher and mentor. Through art, the
young people built confidence, learned how to showrcase their skills and
developed lifelong habits for future success. Over 95 percent of those
enrolled did not have contact with law enforcement, and those who
did only committed minor offences. Over 89 percent did not reoffend.
Prodigy students showed improvement in their ability to control
behaviour, affective responsiveness and academic self-efficacy. There was
a significant decrease in anger, depression, anxiety, suicidal thoughts,
somatic problems, risk behaviours and mental health symptoms, and
improved behavioural regulation in addition to increases in academic
performance.

Yun (2014) investigated how a music therapy programme was
experienced by violent juvenile offenders. Six adolescents participated
in 12 consecutive weeks of group music therapy sessions, and were
interviewed individually based on open-ended questions which
addressed their autonomy, competence and relatedness. The analysis
also investigated how the change brought about through the music
therapy transferred to their everyday life. Autonomy was promoted by
making choices about songs and instruments, deciding how to play,
and expressing opinions about music. Competence was associated with
developing skills on musical instruments, creating their own music,
concentrating on their own project and demonstrating their abilities,
while relatedness concerned collaborating, exchanging opinions and
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playing a part in musical projects. In addition, participants’ behaviour
changed. They became more self-aware and there was greater mutual
exchange and group support. Changes were evident in their school life.

In the UK, De Viggiani and colleagues (2013; 2014) reported on a
three-year music project with 118 young people from 19 youth justice
programmes. Each music programme had up to ten participants and
ran for six half-days, each lasting from one-and-a-half to three hours.
The approach was active and participatory including singing, word
association, lyrics, artwork, instrumental work, music composition,
and the production of a CD or the giving of a live performance. Most
participants identified the music as being familiar and safe. For some
it brought credibility and celebrity success with peers, but also the
expression of criminal identity, genres associated with drugs, guns,
gangs and misogyny. There were a great many challenges for the
tutors in implementing the programme, including the highly varied
demographics of participants, their transience, drop-outs, lack of
opportunities for follow-up, dependence on gatekeepers, difficult group
dynamics, a lack of decision-making skills in participants, and passivity
or resistance as a self-preservation strategy. Despite this, the programme
showed the potential to support young people in coping with difficult
circumstances and, for some, delivering life-changing benefits. Also in
the UK, Anderson and Overy (2010) examined whether music and art
classes could engage young offenders in ongoing education. Fourteen
young offenders in Scotland voluntarily participated in the ten-week
study. Participants were divided into three groups: music, art and a
control education group. They completed pre- and post-interviews
and measures that examined their emotions, self-esteem, self-control
and literacy skills. Behavioural reports and enrolment in education
courses were reviewed for three months before and after the project.
The findings indicated increased engagement with education during
and after the project for individuals in the music and art groups but,
overall, the findings were mixed. There were increases in self-esteem
for the music intervention and control groups, but not for the art group.
All participants felt that they had less control over their behaviour
following the project, although emotion scores showed improvement in
the music and art groups, but not in the control group. Those in the
music and art group indicated that they found the sessions engaging



356 The Power of Music

and meaningful. There was a decrease in behaviour-related incidents—
for instance, breaking prison rules for the music group—as well as
increased engagement with education during and after the project for
the music and art groups, with the largest increase in the music group.

In South Africa, Mathiti (2002) and Woodward and colleagues (2008)
evaluated a programme that provided instruction in African marimba
and djembe ensemble performance on the behaviour of young juvenile
offenders. The programme integrated music-teaching, mentoring
and intercultural exchanges aimed at the acquisition of musical skills
that offered opportunities for diversion from crime and successful
reintegration into society. Participants were matched with mentors and
reported enjoying the sessions, stating that music-making helped them
to stay away from crime, providing them with a sense of purpose and
alternative ways to spend their time. Having someone listen to them and
to confide in was also important. The programme allowed participants
to take on new identities as a result of sharing their skills with others
and having them respond positively. The researchers observed that
music-making had a therapeutic effect on participants by triggering
positive emotions and by giving them a chance for self-expression. In
turn, learning a new skill gave mentees a sense of achievement and
increased their self-esteem. Interviews with parents revealed that family
relationships improved and that the students were more cooperative
and helpful, demonstrating respect and acting responsibly. There
were also positive outcomes in terms of attitudes towards school. The
reoffending rate for the pilot group in the six months post-programme
was nine percent, while in the second six months, this dropped to zero,
with no repeat offences committed. The programme was successful in
aiding the young people to connect with their families, communities
and culture.

In the USA, Kennedy (1998) assessed the effects of music activities on
the self-esteem and self-efficacy of 45 participants in two homes for at-risk
youth and a juvenile detention centre. Musical performance, supported
by instrumental coaching, was compared with other interventions,
including cognitive behaviour strategies and vicarious experience
in the form of observation of videotaped performance by others. The
self-efficacy scores, for those involved in musical performance alone
and for those with whom this was combined with cognitive behaviour
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interventions, were significantly higher than for those receiving
cognitive behaviour interventions alone or vicarious experience alone.
The self-esteem scores for those involved in musical performance
also improved significantly following the intervention, although the
results did not differ significantly when compared with alternative
interventions. Those involved in either the vicarious experience or
cognitive intervention alone scored lower than the control group with
no intervention, suggesting that these two intervention groups were
better without treatment. Some participants showed improvements in
mood, reduced anger, increased motivation and improved behaviour.
Similarly, Baker and Homan (2007) studied the implementation of a
music programme including piano, guitar, rapping, computer-based
music sequencing and composition for a group of predominantly black
youths within a detention centre, offering a highly practical and direct
means of allowing youth offenders to express a particular form of
creativity in connection with their existing music and cultural interests.
The treatment centre where the programme was based dealt primarily
with anger-management and substance-abuse problems. Young people
remained in the facility for an average of 90 days, and only those with
good behaviour were allowed to participate in the musical activities.
Lessons were conducted with individuals or in small groups. While
there were many benefits of the programme, there were also considerable
challenges, including time pressure, access to lessons which depended
on the accumulation of privileges, lack of opportunities for practice and
lack of opportunities for continuation on release. The process of writing
music can help young people to redefine themselves, especially where
projects promote positive expression and seek to challenge lyrics that
glorify criminal lifestyles or contain profane, sexist or discriminatory
language. The findings showed that such censorship was often met
with resistance from young people, who felt that this served to diminish
the truth of their feelings and experiences. Lyric-writing allowed those
in custody to explore and express thoughts and emotions which may
otherwise be repressed—for instance, forgiveness, healing, overcoming
and regret.

Also in the USA, Tyson (2002) studied the effects of hip-hop therapy
on self-concept and peer relations in a residential setting for at-risk
youth. The programme comprised hip hop, bibliotherapy and music
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therapy that involved discussion of rap lyrics, emphasising positive
themes including positive racial identity, group identity, peace and
unity. Participants spoke highly of the project, although there were no
statistically significant changes in quantitative measures of outcomes.
Similar findings were reported by Gann (2010), who assessed the effects
of rap therapy on self-concept and peer support in a small sample of
13 at-risk pupils from two urban schools. The results were mixed,
with anticipated improvements in self-concept and social support not
confirmed in statistical analysis.

Bittman and colleagues (2009) evaluated the effectiveness of a
novel creative musical expression protocol with young people in
the juvenile justice system. Participants were randomly assigned to
participate in an adolescent health RHYTHMS drumming protocol and
normal structured routines that included therapeutic and educational
programmes focusing on current events, independent living, housing,
social skills, grief and loss, health, drug and alcohol use, employment,
sexual abuse, sexuality, anger management and conflict resolution.
Instruments included hand drums, a variety of auxiliary percussion
instruments, bells, maracas, a clavinova and a computerised electronic
keyboard. The first session began with a brief welcome, a discussion
of expectations and an overview, followed immediately by a five- to
ten-minute nonstructured jam session. A total of 52 African-American,
Asian, Caucasian and Puerto-Rican participants, ranging in age from
12 to 18, participated. Statistically significant differences between
intervention versus control groups emerged, with improvements in
schoolwork, role performance, depression, negative self-evaluations and
anger. In addition, extended impact was characterised by statistically
significant improvements six weeks after completion of the protocol.
Other reported benefits included improved social skills, attention
span, stress management, anger management, emotional expression,
anxiety, depression, coping skills and self-esteem in young people and
adults, with a reduction in rates of reoffending. Skills development
and employment were further supported by employing people from
marginalised groups, such as ex-offenders, to deliver the arts activities
to the groups.

Clennon (2013) examined music workshops mainly consisting of
group composition through the process of learning to play in a rock
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band, bass, keys, guitar, vocals, drums and electronic composition,
using the software Logic. The transformative effect of participating
in community music sessions on young people’s attitudes towards
offending behaviour was assessed. The results suggested that there was
a small but measurable improvement in the attitudes towards offending
that the young people who participated in the music workshops had,
especially relating to their perceptions of their life problems and how
these problems could contribute to potential offending behaviour.
Similarly, Hickey (2018) undertook a long-term qualitative study
to assess the impact of a music composition programme at an urban
youth detention centre. Over a period of five years, more than 700
youths participated in the programme and created primarily rap-music
compositions. Comments from their feedback, as well as interviews,
showed that they enjoyed the programme; it gave them positive feelings
and a sense of competence. Creativity emerged as a key element in
enhancing competence and autonomy.

Chong and Yun (2020) introduced a music therapy project for
young offenders through community collaboration. The project was
carried out with collaboration between the educational institution, the
district prosecutor’s office and a corporate sponsor, forming a tripartite
networking system. Project implementation was evaluated with 178
adolescents involved with the juvenile justice system. The music therapy
programme was developed with 15 sessions of music-making and
song-writing. Three scales, self-concept, resilience and stress coping
skills were used, and there was improvement on all following the
music intervention. On the basis of 20 interviews, the intervention was
reported as helpful in gaining new perspectives, providing courage to
challenge and persevere, and self-knowledge.

Ezell and Levy (2003) evaluated the impact of a programme of
integrated arts therapy on young female delinquents who experienced
emotional and behavioural problems in a correctional institution. The
intervention was introduced as part of a curriculum involving art
therapy, drama therapy, music therapy and dance movement therapy
sessions that were facilitated twice a week during a five-week period.
Participants aged 14 to 17 either participated in the intervention or
acted as controls. Self-report questionnaires were administered prior
to and after the intervention to screen for conduct, emotional and peer
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problems, hyperactivity, and prosocial behaviour—and to investigate the
frequencies of aggressive, withdrawn and prosocial behaviour. There
were statistically significant reductions in three of the five emotional
and behavioural problems measured by the Strengths and Difficulties
Questionnaire including conduct and emotional problems, an increase
in prosocial behaviour, and significant differences in the frequency of
aggressive behaviour.

Rio and Tenney (2002) developed a programme for juvenile offenders
in a residential treatment setting. Many of the clients had difficulty
establishing positive relationships, having had severely dysfunctional
relationships throughout their lives. The music therapy process was
designed to improve social interaction and relatedness, increase
self-expression and self-esteem, and decrease hostile and disruptive
behaviour. The programme also emphasised the development of
empathy and appropriate channels for energy release. The client groups
evolved somewhat differently, illustrating how individual personalities
and abilities affected the group dynamic and relationships between
group members and therapists. In Australia, Barrett and Baker (2012),
along with the Australian Children’s Music Foundation, implemented a
number of music programmes in juvenile detention centres as a means
to assist young people to develop their sense of self-worth, build skills
in self-discipline and communication, foster resilience, and re-engage
with life and the community. In a qualitative case study, participants’
perceptions of the learning outcomes were sought—musical and extra-
musical—that emerged from participation, the learning and teaching
practices, and contextual factors that supported the outcomes. Findings
indicated that the programme generated significant musical and extra-
musical learning outcomes: in particular, a learning identity.

Skaggs (1997) reported on a music-centred creative arts therapy
programme in a residential treatment programme for male juvenile
sex offenders, while in Seoul, Korea, the district attorney provided arts
programmes instead of social labour hours for youths with conditional
suspension. After one year, it was reported that the recidivism rate
decreased from 54 percent to 14 percent (Ewha Music Wellness Research
Center, 2015).
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Music Programmes for Adult Offenders

Music education in prisons has existed since the mid-nineteenth
century, but research in the field has been sparse (Lee, 2010). However,
recently there has been a surge in activity. Positive outcomes for music
interventions have been reported with adult offenders. Participants
enhanced their communication and social skills, increased their
confidence, became better able to reflect on their situation, and believed
that they could change and attain their goals. Early studies were
undertaken by Baron (1955) and Benedict (1953). There is evidence that,
after participation in such projects, prisoners sought out opportunities
for further education and training (Daykin et al., 2012). A number of
Master’s and doctoral theses have explored these issues—for instance,
Apicella (1952)—aimed to establish which music activities were used
as part of correctional education in prisons. Similarly, Hodson (1951)
carried out a survey of music education programmes in state prisons,
as did Littell (1961). Sporny (1941) explored the value of music in
correctional settings, while Hess (1956) appraised the music programme
in a single institution. In a retrospective study, Richmiller (1992) studied
the residual effects of the music education experiences of being in a
prison choir 29 years after participation in it. In a doctoral thesis, Cohen
(2007) studied choral singing in prison contexts, while Elliot (1981)
studied a way of teaching instrumental music to adult offenders. Cohen
and Duncan (2015) explored the relationship between restorative and
transformative justice and music education in prison and other contexts,
while Cohen and Henley (2018) examined music-making in USA and
UK prison contexts, pointing out the wide variations in practice and
how inmates’ opportunities for self-expression could be restricted.
However, community music approaches within prisons have improved
self-esteem, social support and a sense of accomplishment, and reduced
reoffending. The complex power dynamics of prison contexts have
emphasised the importance of the welcome and hospitality offered by
community music.
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Choirs

Many of the interventions and evaluations in prison have focused on
choirs. For instance, in the USA Weber (2018) evaluated the Voice of
Hope women’s prison choir, while Cohen (2007), in Australia, explored
inmate and volunteer experiences of singing in a prison-based choir.
Similarly, Cohen (2009) carried out two experiments, the first with a
choir of ten inmates which only performed within the prison, the second
with a larger choir of 48, which included inmates and volunteers and
performed externally. There were no significant differences in wellbeing
between the two groups overall, but the group who were able to perform
externally scored higher on measures of emotional stability, sociability,
happiness and joviality. Later, Cohen and Trachsel (2010) discussed
voice as the intersection between music and language in the context of
the writing component of a prison choir, while Cohen (2010) considered
music programmes and restorative practices in prisons across the USA
and the UK.

Cohen and Wilson (2017) examined pedagogical strategies for
facilitating and developing song-writing skills with 17 males incarcerated
in a USA medium-security prison. They investigated the participants’
sense of self-worth, purpose and social adjustment related to their
participation in a songwriters’” workshop. The song-writing sessions
spanned two 13-week, 60-minute workshops and one 9-week 90-minute
workshop, totalling 35 weeks. The researchers analysed 42 sets of original
lyrics, written reflections from three instructors, transcriptions of four
workshop sessions and narrative data from participants. The findings
showed that the collaborative and social nature of the song-writing
workshops provided a supportive atmosphere where participants
generated new songs for enjoyment and expression. They wrote about
struggles and hardships, especially relationship problems, and the data
suggested that the discussions about song topics helped them cope with
their incarceration. Cohen (2019) showed that choral singing in prisons
could help incarcerated individuals identify as returning citizens
instead of felons. Maruna (2010) argued that, while many legal and
penal rituals exist to convince individuals to identify as offenders, few
such rituals are in place to reconnect formerly incarcerated people to
identify as community members outside of prison. Maruna described
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successful reintegration rituals as symbolic and emotive, repetitive,
community-based, and infused with challenge and achievement, while
choral singing models are positive reintegration rituals that promote
prosocial connections between returning citizens and the societies to
which they are restored.

Messerschmidt (2017) explored the effects of singing with
incarcerated choir members and the effects of listening to a live prison
choir perform on non-incarcerated people—in particular, their attitudes
towards prisoners. Forty-one singers from four choirs who sang with
prison choirs, a control group of 19 who had no experience of prison
choirs, and 78 audience members at a prison choir concert completed an
attitude-towards-prisoners scale and answered open-ended questions.
The findings showed that it was possible for people to change their
attitudes towards prisoners through experiences with a prison choir.
Almost 70 percent of those volunteering said that their attitudes
towards prisoners were more positive since joining the choir. Audience
members were also more positive after attending a concert. Roma (2010)
examined a men’s prison chorus in a high-security Ohio prison. The
research aimed to understand how a men’s prison choral community
impacted on inmate self-perception, intragroup relationships and
external connections. The CD recordings made of the choir were sold
and the sales benefited charities of the inmates’” choosing. This helped
the prisoners connect with the larger society outside prison. The
researchers explored how musical performance, especially of inmate-
composed choral repertoire, affected the choir as a community.

Projects Using Gamelan

Several programmes have used gamelan for prison interventions, as
they do not have affiliations that may alienate anyone and they are
generally easy to learn, requiring no previous experience. Groups can
learn quickly: in one two-hour session, players can master a composition.
There is no leader or conductor and players can swap instruments,
and changes in dynamics or tempo are decided as a group. The Good
Vibrations programme was set up with the aim of trying out gamelan
workshops in prisons. Eastburn (2003) evaluated a gamelan Indonesian
percussion programme in a prison setting. Data were collected on the
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participants’ self-esteem, basic and key skills. There were questionnaires
for prison contacts and workshop leaders. One hundred and twenty-
four prisoners participated in taster sessions and 64 completed in-depth
workshops. The project helped prisoners to develop basic and key skills,
and enhanced their self-esteem. At the start of the programme, about a
quarter of the prisoners had very low literacy and numeracy skills. Half
had never engaged in any musical activity and nearly 40 percent had
never participated in any kind of prison workshop. Prison education
staff rated the taster sessions as providing good opportunities for people
to deploy basic and key skills including teamwork, communication,
listening, concentrating, numeracy and motor skills. They agreed that
prisoner self-confidence had grown, as had their teamwork skills. Most
agreed that the programme was more effective than other short arts
projects. Eighty-nine percent of participants indicated that they felt better
about themselves, and had a sense of achievement, pride and increased
confidence, while 57 percent of adult respondents and 71 percent of
young offenders spontaneously mentioned enjoying and learning from
the experience of working in a team. Two prison education managers
reported improved behaviour or performance in education, and one
reported participants signing up for further prison education activities.

Henley and colleagues (2012) investigated the short-, medium- and
long-term impact of a gamelan project and found that participation in a
Good Vibrations project acted as a catalyst for positive change. The research
found that, not only did participants feel more able to communicate
with other offenders within the project, they found confidence in their
own voice so as to continue to develop their communication and coping
skills within prison and as ex-offenders in the community. Furthermore,
the project contributed to the development of anger management skills
and provided an outlet for self-expression, leading to a feeling of being
normal. Henley (2015) investigated the learning processes occurring
within a Javanese gamelan project in a young offenders’ institution and
highlighted the parallels between musical learning processes and the
development of certain attributes linked to desistance from crime. The
desistance paradigm centres on changing a criminal identity through
the development of social and personal attributes. This resonates with
recent research on the transformative effects of music and how musical
identity can be changed positively through active and successful
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music-making. The research was carried out in a UK Young Offender’s
Institution and involved 19 young people between the ages of 18 and 24
over a period of eight weeks. Observation revealed how personal and
social development occurred through participation. Mendonga (2010)
also focused on the Good Vibrations programme, examining the approach
from the perspectives of prisoners, administrators and teachers.

Assorted Music Therapies

Wilson and colleagues (2009) argued that there was growing awareness
amongst policymakers and those working in the criminal justice system
of the contribution that could be made by the arts in prisons—in
particular, by innovative projects that offer participants a creative outlet
and have a positive impact on offenders, not least by encouraging them
to engage with further learning and education. Tuastad and O’Grady
(2013) explored the concept of music as a freedom practice in and
outside prisons in two studies. Most of the prisoners and ex-prisoners
participating reported that music helped them to feel momentarily free
from the harsh realities of both prison life and the world outside. The
findings described how, through music, prisoners found a free space
in an authoritative, suppressing and institutionalised environment, and
how music activities helped them in building ties to the world outside
prison while connecting to personal emotions and becoming humanised
in a dehumanising setting.

Chen and colleagues (2015) investigated the effects of group music
therapy on improving anxiety, depression and self-esteem in Chinese
prisoners. Two-hundred male prisoners were randomly assigned to
music therapy or standard care. The music therapy consisted of 20
sessions of group therapy compared with standard care. Anxiety,
depression and self-esteem were measured by standardised scales at
baseline, mid- and post-programme. Anxiety and depression in the
music therapy condition decreased significantly at mid- and post-
test; self-esteem improved significantly at mid-test and at post-test.
Improvements were greater in younger participants and in those with
a lower level of education. Overall, group music therapy was effective
in improving anxiety, depression and self-esteem, particularly for
younger and lower educated prisoners. Some programmes employed
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people from marginalised groups, such as ex-offenders, to deliver the
activities, thus supporting skills development and employment. Other
reported benefits included improved social skills, attention span, stress
management, anger management, emotional expression, anxiety,
depression, coping skills and self-esteem, and a reduction in rates of
re-offending. Gold and colleagues (2014) also showed how music
therapy reduced mental health problems and could be beneficial in
the rehabilitation of prisoners. They compared group music therapy
with standard care for prisoners in a randomised controlled trial that
started with the establishment of music therapy services in a prison
near Bergen in Norway in 2008. One hundred and thirteen prisoners
agreed to participate. Anxiety, depression and social relationships were
assessed at baseline and every two weeks in the intervention group, and
after one, three and six months in the control group, then at release. No
restrictions were placed on the frequency, duration or contents of the
music therapy. Duration of stay in the institution was short, typically
less than one month. Only a minority of participants reached clinical
cutoffs for anxiety and depression at baseline, but music therapy was
well accepted and attractive for prisoners, and there was a reduction
in anxiety after two weeks of music therapy. Positive outcomes for
music interventions have also been reported in relation to self-harm
among women prisoners (Digard et al., 2007). Participants enhanced
their communication and social skills, increased their confidence, were
better able to reflect on their situation, and believed that they could
change and attain their goals. Hakvoort and colleagues (2015) studied
the effect of music therapy on anger management, coping skills and
dysfunctional behaviour. A pre- and post-test design was used with
random assignment of fourteen patients to either treatment or control
conditions. All participants received treatment as usual, while nine
received a standardised music therapy anger management programme.
Five controls received an unplanned aggression management
programme. The findings suggested that anger management skills
improved for all participants. The improvement of positive coping skills
and the diminishing of avoidance as a coping skill were measured, and
showed greater changes in music therapy participants. When controlling
for the exact number of treatment hours, the outcomes suggested that
music therapy might accelerate the process of behavioural change.
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Maruna (2010) showed how music teaching, rehearsing,
recording, performance, improvisation and composition could aid
the rehabilitation of prisoners and ex-prisoners. Participants almost
uniformly expressed passionate support for the organisation providing
the music intervention, and many insisted that music had changed their
lives. The changing tunes logic model developed a sense of collective
ownership, responsibility, emotional energy, increased confidence and
therapeutic alliance with the facilitator, and led to the management
of depression. The programme also led participants to find their
own voice and developed creativity, group bonding, mutual support,
anger management and an identity separate from being an offender.
It provided a way for participants to test their limits, a drug-free way
of escape or coping with imprisonment and increased employability.
Public performance and acknowledgement led to a calmer prison
environment, and praise fostered a sense of achievement. Participants
reported that the programme provided them with a form of escape from
the cycle of punishment, shame, anger and defiance that prisoners and
ex-prisoners found themselves trapped in. Maruna (2010) discovered
that increased confidence was the most commonly cited long-term
benefit of participation in the Changing Tunes project. As a result, many
participants felt more optimistic about their futures. A small number of
participants reported that taking part in music sessions had improved
their symptoms of depression and Post-Traumatic Stress Disorder.
Respondents often spoke of the respectful way that they were treated
by project leaders and the humanising effect that this had. Participation
in arts