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Preface

We make and listen to music for the powerful effect it has on our emotions, 
and we can’t imagine our lives without it. Yet we tend to know nothing about 
the intricate networks that billions of neurons create throughout our brains 
to make music possible. Neuroscientists, however, have been studying 
musicians and the process of making music for the past thirty years and have 
accumulated an overwhelming amount of information about brain pro-
cessing for music. Although many of these neuroscientists are passionately 
interested in music and some are musicians themselves, their interests and 
expertise are in the functioning of the brain. As one neuroscientist told me, 
it will need to be a musician who applies this research to practice and perfor-
mance. Hence this book—​written by a musician for people who love music, 
who make music, and who want to know more about the brain processes that 
not only make it possible but can help all of us to become better students, 
teachers, performers, or listeners.

This book is an exploration of the research relevant to how and when 
music study should begin; how to practice, learn, and perform; and why 
experiencing music together is so fundamental to human lives. It is written 
from the viewpoint of a pianist who has performed a great deal, taught hun-
dreds of students with varying degrees of technical expertise and musicality, 
and delved deeply and with fascination into the interrelationships between 
neuroscience and music. Every topic covered in the book could be, and often 
has been, the subject of tens to hundreds of research articles and sometimes 
a full-​length book or two. I have written earlier about some of these topics on 
my blog, The Musician’s Brain, but these subjects are dealt with here in more 
detail and discussions include more recent research.

The first three chapters lay the groundwork for considering music as a fun-
damental part of who we are as human beings—​biological foundations for 
music. They explore research that shows separate brain areas for language 
and music, look at evidence for music dating back tens of thousands of years, 
and consider the many musical abilities we have at birth.

The next four chapters explore the marvelous improvisational ability of 
our brains to change in response to experience, learning, or injury. This is 
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called neuroplasticity, and it makes it possible to learn an instrument and 
learn music. An injured brain can even create new pathways. Cross-​modal 
neuroplasticity, the extraordinary ability of the brain to repurpose sensory 
processing areas, makes it possible for blind or deaf people to become highly 
skilled musicians. Unfortunately, neuroplasticity can also be maladaptive, 
causing a movement disorder called focal dystonia that makes it impossible 
for a musician to play his instrument. Although neuroplasticity is the cause 
of this disorder, it can sometimes also be a vehicle for recovery because of the 
brain’s ability to adapt.

Two further chapters explore other remarkable brain processes that sup-
port music making: imagery—​especially motor imagery and its significant 
implications for learning music, and mirror neurons—​those astonishing 
brain neurons that fire both when we perform an action and when we see 
that same action being performed, thus having a major impact on learning, 
teaching, and performance. And the last chapter considers the thirty-​year-​
old question, “Does music make you smarter?” While some obvious claims 
can be discounted, there exists a great deal of evidence to demonstrate that 
learning to play a musical instrument does, in fact, have cognitive benefits 
that last a lifetime.

Research has shown us that music was an important part of the lives of our 
prehistoric ancestors tens of thousands of years ago. The fact that our brains 
have evolved to support music-​making, from the most basic level to highly 
skilled performance, tells us how important music is to human life. Making 
music isn’t just something we do; it is part of who we are as human beings.
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1
Music and Musicians—​and 

Why the Brain Matters

. . . music heard so deeply
that it is not heard at all, but you are the music
while the music lasts.

—​T. S. Eliot, The Dry Salvages*

For centuries, poets and philosophers have written about the power of music, 
often suggesting that music is the essence of life itself, that music lives within 
us, that we are music. Scientists have dismissed these writings as flights of 
poetic fancy, or perhaps metaphor or artistic license. They have considered 
music to be a product of culture, and that’s the way musicians have studied 
music as well. But have poets and philosophers perhaps had a better sense of 
the true nature of music? Have they been right all along in suggesting that 
music is life itself?

Most of us feel compelled to engage in music in some way, either by lis-
tening to or making music. According to a 2017 Nielsen poll, the average 
American listens to more than 32 hours of music a week.1 That was up from 
26.5 hours per week in 2016, and no doubt is much higher now following the 
coronavirus pandemic during which people were desperate to hear music, 
and many performers and organizations made performances available via 
streaming. Other than work or sleep, what other activity occupies so much 
of our time?

We listen to music for the emotion it communicates. Music can send 
chills or shivers down our spines. The soundtracks of movies and television 
heighten the emotional drama of the story. Music is an important part of 
every ritual, from commencements to weddings to funerals. We listen to 
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music when we’re jogging, driving, walking, making dinner, and studying. 
And listening isn’t the only way we experience music. Many of us sing in a 
choir or play an instrument in pick-​up bands or community organizations, 
or we studied music as a child and sit down to play the piano or guitar from 
time to time. Some of us have become professional musicians, and music 
literally is our daily life. Our tastes in music vary widely—​from classical 
to jazz, heavy metal, country, folk, rap, reggae, Indian ragas, or African 
drumming. But whatever our taste or level of engagement, music is never 
far from any of us.

All known societies in the world have some sort of cultural practice that 
could be described as music. Our compulsion to be engaged with music 
has ancient roots going back at least 40,000 years. Why is music so im-
portant to us? Although poets may have always written about music as 
part of life, scientists are beginning to change their previously held views 
that music is strictly a product of culture. Over the past thirty years, 
converging lines of inquiry and discovery in multiple scientific disciplines 
have led to a profound change in the way scientists think about music, and 
the evidence increasingly points to music as biological function. We may 
be as hardwired for music as we are for language—​we may be born for 
music. The exploding field of neuroscience has paved the way for many of 
these discoveries.

We hear a lot about neuroscience, but what exactly is it? Neuroscience 
is not a single science; it is a multidisciplinary field that studies the struc-
ture and function of the brain and central nervous system. Neuroscientists 
come from a variety of backgrounds, including biology, medicine, neu-
rology, computer science, chemistry, philosophy, linguistics, mathematics, 
and psychology. Neuroscientists basically study the impact of the brain on 
behavior and cognitive functions, or in other words, how does the brain 
produce the behaviors that we can see? Or, as we’ll explore in this book, 
how does our brain wiring make it possible for us to learn an instrument 
and make music?

There has been an explosion of interest in neuroscience and the brain in 
recent years. It is not unusual to open a magazine and see beautiful colored 
images of the brain lighting up in response to pain, empathy, marijuana, or 
even anger. We see programs on television exploring how the brain encodes 
memories and emotions and how it processes conscious thought. Current 
books relating to neuroscience number in the tens of thousands, many of 
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them becoming bestsellers. Titles tell us that if we change our brains, we can 
change our behavior, grades, love lives, become happier and smarter, and un-
derstand our emotions and habits. Neuroscience is now used to explain po-
litical decisions, marketing, and religion. We have become fascinated with 
the three-​pound organ that sits atop our spinal cord and controls every-
thing we do.

But despite our fascination with the brain, its allure often seems to be in 
the abstract, and we rarely think of it in connection with our personal lives. 
We certainly don’t think about the brain in connection with music, or how 
we engage with music. We still think of music as something we do rather than 
as a part of who we are as human beings.

Music as culture

Musicians, as well as scientists, have traditionally looked at and studied 
music as a cultural product—​an art form. We view works of music as 
stemming from a certain culture in a particular time period. The music of 
George Gershwin, for example, with its influences of jazz, Broadway, and 
Tin Pan Alley, could only have been written in early twentieth-​century 
America. On the other hand, the Japanese drums called taiko were used 
in ancient Japan over 2,000 years ago. Known as the heartbeat of Japanese 
culture, the style of taiko used today was introduced to Japan by the 
Chinese and Koreans in the fifth or sixth century. The djembe, the most 
well-​known African drum, dates from the thirteenth century in West 
Africa, and djembe drumming, with its tradition of multiple overlapping 
rhythmic layers, represents the multiple layers of life in West African cul-
ture. We place particular kinds and pieces of music within a certain time 
frame and a specific culture.

But scientists are now suggesting we look at music as something other 
than as a product of time and place. Very occasionally in the past century 
and a half, a scientist, while thinking of music itself as a cultural product, has 
at least made the connection between making music and the brain. In 1881, 
the German physiologist and physician Emil Du Bois–​Reymond suggested 
that complicated muscle movements, such as those involved in gymnas-
tics, fencing, dancing, and swimming, are controlled by the central nervous 
system—​the brain and spinal cord.2
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He wrote that it is inconceivable to think of the great pianists Franz Liszt 
and Anton Rubinstein without considering the “iron muscularity of arm,” 
or to consider violinist Joseph Joachim without considering the force and 
speed of his bow arm. But he went on to say that the secret to the virtuosity of 
these great musicians was located in their central nervous systems, the roots 
of talent were in the gray substance of the brain, not in the hands. That gray 
substance refers to brain cells called neurons, and we’ll see what they have to 
do with making music in Chapter 4.

In 1904, the great Spanish neuroscientist and pathologist Santiago 
Ramón y Cajal also referred to musicians when writing about the brain. 
In his Textura del sistema nervioso del hombre y de los vertebrados (Texture 
of the Nervous System of Man and the Vertebrates), Cajal wrote that a pi-
anist acquires the skill through years of mental and physical practice, and 
this could be understood by acknowledging the strengthening of existing 
pathways in the brain, and the establishment of new ones.3 He was speaking 
of neuroplasticity, or how the brain changes in response to experience and 
learning, even though neuroplasticity wasn’t universally accepted in human 
adults until the 1980s. Neuroplasticity is what makes it possible to develop 
musical skills.

In 1967, a Russian pianist/​teacher who had been living and teaching 
in New York since 1949 published a short, potentially groundbreaking 
book that discussed the role of the brain and spinal cord in making music. 
George Kochevitsky’s The Art of Piano Playing: A Scientific Approach cites 
Du Bois–​Reymond’s work, provides a historical survey of various theories 
of piano technique, and then lays out his argument about the role of the cen-
tral nervous system in piano playing. Kochevitsky writes that “practicing 
at the piano is mainly practicing of the central nervous system, whether we 
are aware of it or not.” And “sooner or later piano pedagogy (as well as the 
pedagogy of any instrument) will have to accept the ideas in this book.”4 
Unfortunately, his book was almost universally ignored.

Kochevitsky’s work may have come nearly a century after that of Du Bois–​
Reymond, but he was still ahead of his time. Today, over fifty years later, 
musicians and music lovers still do not talk about, or even think about, the 
brain in connection with making or listening to music. On the other hand, 
over the past thirty years neuroscientists have thought about music and the 
brain a great deal, and they have found studying musicians and the process 
of making music to be a valuable way to study and learn more about human 
brain function.
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Music as science

There are many cultures that don’t use music notation, a visual system of 
symbols that represents musical sound, a set of visual instructions. But music 
notation is fairly standard in all Western music traditions. And while jazz 
improvisors usually perform without traditional music notation, the lead or 
fake sheets they use are a form of notation that indicates to the player all the 
essential elements of a tune, such as the basic harmonic structure and the 
melody.

Music notation is essentially a second language, and whether one is a be-
ginner, an amateur, or a professional, the brain must process these symbols 
just like any other written language and translate them into motor commands 
in order to make sounds at an instrument or with the voice. At the same time, 
the auditory system is processing and monitoring the notes one is playing or 
singing to see if they correspond to the symbols on the page, and if not, fast 
corrections must be made.

Most instruments, whether keyboards, strings, winds, or percussion, re-
quire each hand to be doing something different, so precise bimanual coor-
dination, also controlled by the brain, is very important. Add in the necessity 
of conveying emotion in the piece, planning the actions needed to play the 
piece, connecting what one sees with the spatial perception of how the body 
needs to move to accomplish all this, and perhaps memorizing and then 
recalling the piece, and it’s no wonder that neuroscientists have found music 
to be such a rich area for study.

Robert Zatorre, cognitive neuroscientist and professor of neurosci-
ence at the Montreal Neurological Institute, has written: “Indeed, from 
a psychologist’s point of view, listening to and producing music involves a 
tantalizing mix of practically every human cognitive function.”5 And he goes 
on to say that even something as simple as humming a tune, which we all 
do, requires complex auditory processing, attention, memory storage and re-
trieval, motor programming, and sensory-​motor integration. So one must 
surely ask, if even listening to or humming a tune is such a complex cognitive 
activity, why are we all able to do it? And how are we able to master the much 
more challenging skill of playing a musical instrument or singing at a profes-
sional level?

Since making music requires the coordination of sensory and motor 
processes and is so cognitively demanding, many neuroscientists have studied 
musicians to learn more about the organization of the human brain. And 
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because long-​term practice of a musical instrument causes both functional 
and structural changes in the brain, they can learn about neuroplasticity in 
all humans by studying musicians. The books that suggest you can change 
your brain in order to change your life are about neuroplasticity, the ability 
of the brain to change in response to experience or learning. Musicians have 
played an important role in helping neuroscientists learn more about how 
neuroplasticity functions in the human brain.

Brain networks for music

There is no single musical center in the brain, no “link” to Beethoven’s “Für 
Elise” or your favorite pop song. Instead, there are multiple networks spread 
throughout the brain that process the different components of music. Over 
the past thirty years, neuroscientists have studied these networks, from 
those supporting the basic processing of pitch, rhythm, and melody, to more 
complex cognitive processes such as perception, sight-​reading, emotion, 
improvisation, and memory. The neural substrates (circuitry) underlying 
some cognitive processes such as perception, memory, or emotion have been 
found to be the same as those used in our lives in general.

But other networks have been found to be used specifically for music. 
Think of “Happy Birthday.” In the first “Happy birthday to you” the interval 
from “day” to “to” is a fourth. As you sing the second “Happy birthday to 
you,” that interval increases to a fifth. And the third time, the interval from 
“Happy” to “birthday” stretches to an octave. Those kinds of pitch intervals, 
and the brain circuits that process them, are not used in language or for any-
thing else in our lives. Language, even tonal languages in which pitch conveys 
meaning, such as Mandarin Chinese, have a very narrow range of pitches 
compared to music. So the brain networks used to process pitch intervals are 
unique to music.

Similarly, the complex rhythmic structures that we find in music have 
no equivalent in language, whether African drumming with its multiple 
rhythmic layers, Eastern European folk music with its alternation of accents 
in 3 and 2, or Paul Desmond’s “Take Five,” accented in groups of five and 
made famous by the Dave Brubeck Quartet. The brain circuits that process 
these complex rhythmic structures are as unique to music as are the circuits 
for pitch intervals. This suggests to researchers that music has functional or 
biological roots. And a great deal of recent research is focusing on the biolog-
ical origins of music.
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Imaging technology and music

Imaging technology, such as functional magnetic resonance imaging (fMRI), 
positron emission tomography (PET), and electroencephalography (EEG), 
has been instrumental in identifying areas in the brain that process musical 
elements such as pitch or rhythm. But it has also made it possible to look at 
questions that were, at one time, subject only to speculation.

In 2005, Lawrence Parsons, then at the University of Texas in San Antonio, 
scanned the brains of pianists in a PET scanner as they played the third move-
ment of the Italian Concerto by J. S. Bach, and as they played major scales, all 
from memory.6 While several brain areas were activated both in the playing 
of Bach and major scales, including the primary motor cortex and auditory 
areas, other areas supported either the concerto performance or the playing 
of scales, but not both.

Different kinds of jazz improvisation also activate different parts of the 
brain. In 2008, Charles Limb and Allen Braun, National Institutes of Health, 
scanned the brains of jazz musicians in an fMRI using a specially designed 
keyboard with no metal parts.7 The jazz musicians improvised both to a C 
major scale and did a free improvisation. Brain scans showed a difference in 
activity in the two kinds of improvisation. Limb and Braun suggest that these 
findings may begin to provide a cognitive context for understanding creative 
activity in the brain. [Limb presents this study in an entertaining TED talk that 
you can link to on the companion website, item 1.1 .]

As we will see later in the book, our brains reflect our own individual au-
ditory experience, so the brain of a classical pianist will look a bit different 
from that of a jazz pianist, a trumpet player, or a singer. The instrument we 
play, the kind of music we play or sing, and the amount of practice we engage 
in all have an impact on our brains. And it’s not just motor and auditory acti-
vation that can be seen on a brain scan. How you process music emotionally 
can also be seen. The neurologist and best-​selling author Oliver Sacks had 
his brain scanned at Columbia University Medical Center in 2009 while lis-
tening to music of Bach, which he said he loved, and Beethoven, which he 
did not. The music of Bach not only activated the many regions of the brain 
that have to do with the processing of the music itself, but also activated the 
amygdala, which is crucial to processing emotions. Beethoven, whose music 
Sacks was adamant about not liking, showed no activity in the amygdala. 
His brain did not react emotionally to Beethoven. Curiously, when an ex-
cerpt was played that Sacks did not know and could not identify as Bach or 
Beethoven, the amygdala in his brain lit up, knowing it was Bach.8 [A video in 
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which Sacks and a researcher discuss this study can be seen on the companion 
website at item 1.2 .]

Lesion studies and music

The oldest scientific technique for studying brain function, used long be-
fore imaging, and a technique still important and used frequently today, is 
to study individuals who suffer from some kind of neurological anomaly—​
brain-​damaged individuals.

Isabelle Peretz, director of the International Laboratory for Brain, Music 
and Sound Research (BRAMS) at the University of Montreal, speaks of 
this patient-​based approach as a kind of reverse engineering.9 In healthy 
subjects, functional and neuroimaging studies have shown involvement of 
networks for processing music in both hemispheres of the brain in the tem-
poral, frontal, parietal, and occipital lobes, and in sub-​cortical networks (see 
Figure 4.3 in Chapter 4).

Studies of patients with lesions or other neural disorders can show more 
clearly which networks are directly related to music processing. Peretz 
suggests one can learn more about a complex system when it malfunctions 
than when it is running smoothly—​reverse engineering. And neuroscientists 
and cognitive psychologists have learned a great deal about the neurobio-
logical basis of music by studying individuals with various kinds of brain 
damage. This damage can be acquired or congenital and often leaves either 
language or music intact, but not both, suggesting that music and language 
are processed in music-​specific or language-​specific networks of the brain. 
Finding these music-​specific networks lends support to the idea that music 
has biological roots.

Aphasia

Aphasia is a language impairment affecting one’s ability to produce or com-
prehend speech, and sometimes the ability to read or write. It is most often 
caused by left-​hemisphere stroke but can also be caused by brain tumors or 
a traumatic brain injury affecting the left hemisphere, primarily Broca’s area, 
related to the production of speech, or Wernicke’s area, responsible for the 
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comprehension of speech. It can range from mild, having difficulty finding 
the names of objects—​to severe, being totally unable to speak.

Aphasia does not affect intelligence, nor does it affect the ability to make 
music. In fact, therapists have known for some time that aphasic individuals 
can often sing sentences which they cannot speak. Neurologic Music 
Therapy uses elements of music such as rhythm, melody, and dynamics to 
treat aphasic individuals.

Neuroscientists often cite the Russian composer Vissarion Shebalin 
(1902–​1963) as an example of an individual who was highly functioning in 
music even after losing his ability to speak. Although today we don’t tend 
to know Shebalin or his music, he was appointed director of the Moscow 
Conservatory in 1942, and his music was well known at the time. In the late 
1940s, Shebalin, Sergei Prokofiev, and Dmitri Shostakovich came under at-
tack by the Communist Party of the Soviet Union for deviating from the 
party line in their training of young composers.

Shostakovich’s and Prokofiev’s struggles with the Soviet government have 
been well-​documented; Shebalin’s have not. But after several years of trying 
to defend his students and colleagues from government attack, Shebalin 
suffered a left-​hemisphere stroke in 1953 that left his right side paralyzed and 
left him aphasic. (The left hemisphere controls the right side of the body; 
right hemisphere controls the left side, so a left-​hemisphere stroke paralyzes 
the right side of the body.)

This was followed by another stroke in 1959. However, he continued to 
compose several works before his death, including two string quartets; 
a trio for piano, violin, and cello; a sonata for violin and viola; and several 
choral works—​writing out all the scores with his left hand. He obviously was 
hearing the music in his mind, or he wouldn’t have been able to notate it. 
Shebalin completed his Fifth Symphony just a few months before his death 
from a third stroke in 1963. Although this work has not become a part of the 
standard repertoire, Shostakovich called it “a brilliant creative work, filled 
with highest emotions, optimistic and full of life.”10

A composer with whom we are more familiar, Maurice Ravel (1875–​
1937), is often cited as suffering from aphasia, but his is a more problematic 
diagnosis. The neurologist R. A. Henson wrote in 1988, and others have 
written more recently, about the difficulty in diagnosing Ravel’s neurolog-
ical issues. Although he had symptoms suggesting aphasia, neurologists 
have suggested frontotemporal dementia, Alzheimer’s disease, and 
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Creutzfeldt-​Jakob disease, and the jury is still out on his exact neurolog-
ical disability. But nonetheless, even after he lost his ability to speak and to 
compose music, he retained his ability for auditory imagery and was able to 
hear music in his mind.11

Amusia

The reverse of aphasia is amusia, sometimes called tone deafness and 
described as an inability to process pitch accurately, whether perceiving or 
producing pitch. But the processing of musical rhythm, timbre, or emotion 
can also be affected. When rhythm is affected, it is called beat deafness, the 
inability to synchronize to a beat. But while music processing is affected, 
amusics can speak and understand speech perfectly well.

Amusia can be either congenital or acquired, usually as a result of stroke. 
In a ten-​year study with a sample of 20,000 congenital amusics, Isabelle 
Peretz found that congenital amusia, present from birth, affects only 1.5 per-
cent of the population and that in 46 percent of those cases, a first-​degree 
relative also has amusia, suggesting a genetic basis. Acquired amusia as a re-
sult of stroke affects one to two thirds of stroke patients. Despite many people 
claiming to be “tone deaf ” or to lack a sense of rhythm, the actual incidence 
of amusia in the general population is extremely small.12

In his book Musicophilia, Oliver Sacks relates his own experience with 
amusia. Sacks writes that while listening to a Chopin ballade on the radio, the 
pitch began to disintegrate and eventually sounded like “toneless banging.” 
Rhythm was not affected, however, and he could still recognize the Ballade 
by the rhythm. A similar experience followed a few weeks later—​this time 
when he was playing a Chopin mazurka on the piano. But this time, it was 
accompanied by zigzag patterns in half of his visual field. He realized he was 
experiencing a migraine aura. This strange reaction to music did not affect 
his speech or the sounds of others’ speech—​only music that he was listening 
to or himself playing.13

And in at least one case, fifth-​grade teacher Margaret Haney developed 
amusia due to a viral encephalitis infection in one tiny portion of her brain. 
Having sung all her life, she found that she was suddenly unable to produce 
pitch accurately while she was trying to sing to her students. [A link to a video 
of her amazing story can be found on the accompanying website, item 1.3 .]
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Brain areas causing amusia are quite different from those that cause 
aphasia, suggesting separate neural networks for language and music. Other 
kinds of brain anomalies also suggest separate wiring for music.

Musical alexia

In the opening chapter of The Mind’s Eye, Oliver Sacks writes about the 
strange neurological condition of pianist Lilian Kallir, described by the pi-
anist Gary Graffman as “one of the most naturally musical people I’ve ever 
known.”14 Kallir was born in Prague in 1931, demonstrated musical talent 
early, and gave her first public performance at the age of four. She was a 
sought-​after performer, both as a soloist and as a duo-​pianist with her hus-
band Claude Frank.

Kallir, who was particularly known for her elegant performances of 
Mozart, had been scheduled to perform the Mozart Concerto No. 19 
in F Major, but a last-​minute program switch had changed it to the 21st 
Concerto in C Major. She had been playing all the Mozart Concerti for 
most of her life, and they were etched in her memory. But since it was a 
last-​minute switch, she opened the score to check on a few things. But 
when she opened the score, it was completely unintelligible. She saw the 
lines, the individual notes, the rhythmic patterns, but nothing made any 
sense to her.

As the months went by, the problem persisted. If she was tired or feeling ill, 
she would be unable to understand musical notation, which she had known 
since the age of four. If she was feeling well-​rested, it was fine. But eventually, 
she was unable to read musical notation at all, even though she continued to 
play beautifully and to teach, drawing from her prodigious memory. Some 
years later, she began to have problems reading words.

Alexia is a reading disorder, in which an individual is unable to read, even 
though an alexic may be able to spell and write. It usually occurs suddenly 
as a result of stroke or other brain injury. But according to Sacks, “Lilian was 
the first person I had encountered whose alexia manifested first with musical 
notation, a musical alexia.”15 Perhaps this is not surprising, since Kallir was 
probably reading music notation before she was reading her native Czech 
language and certainly before learning to read English. Musical notation was 
a native language to her.
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Musical savants

Researchers have also looked at musical savants as evidence of the separa-
tion of music and language processing in the brain and a brain specializa-
tion for music. Savants are often found in autistic individuals. They may have 
extremely high levels of achievement in, say, music or chess, while being 
of below-​average intelligence, with only basic linguistic skills. “Blind Tom” 
(Thomas Wiggins, 1849–​1908) was an African American musical piano 
prodigy. He was one of the best-​known performing pianists in America in 
the nineteenth century. He reportedly knew 7,000 pieces of music and com-
posed some compositions, but he had extremely rudimentary speaking skills.

Derek Paravicini (b. 1979) is a British musical savant living in London. 
Born prematurely at twenty-​five weeks, he grew up blind and with severe au-
tism. But at the age of two, he discovered the piano and began teaching him-
self to play. By age nine, he was playing at the Barbican Hall with the Royal 
Philharmonic Pops Orchestra. Paravicini is a genius at improvisation. He can 
play almost any piece by ear and play it in any key or style. He has his own 
jazz quartet, a YouTube channel, has given a TED talk, has a packed concert 
schedule, and has appeared on CBS’s 60 Minutes. Yet he is linguistically chal-
lenged and has trouble communicating with language, but not with music. 
[A link to his TED talk is found at item 1.4 on the companion website .]

Why musicians should know about neuroscience

We are fascinated by individuals such as autistic savant Derek Paravicini, who 
enjoy a rich musical life despite great odds. We feel sympathy for someone 
like Margaret Haney, a grade-​school teacher who had enjoyed singing all her 
life and suddenly could no longer find the right pitches. But we wonder, what 
does this have to do with us?

We may not be able to relate to those particular instances, but they are a 
part of the larger neurological puzzle of how and why we are able to make 
music. Imaging and lesion studies have demonstrated that there are some 
separate brain areas for music and language. As we will see in the coming 
chapters, other kinds of investigations have uncovered a great deal of in-
formation about why music exists and how and why we are able to make 
music. Two themes run throughout this book: (1) music has biological 
foundations—​humans are hardwired for music just as they are for language; 
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and (2) neuroplasticity, the extraordinary ability of the brain to change in 
response to learning or experience, makes it possible for us to develop to an 
exceptional degree the musical abilities with which we are born.

You may be thinking: “musicians have performed beautifully, often spec-
tacularly, over the past couple of hundred years without knowing anything at 
all about the brain, and they will continue to do so. So why do we now need 
to know about the brain and music?” This may be true, but what is fasci-
nating about neuroscience and music research is that it shows us that music 
is not just “something we do.” Music is fundamental to who we are as human 
beings. Our prehistoric ancestors were making music tens of thousands of 
years ago, and our brains have evolved not only to support music-​making but 
to value it. Researchers have discovered a great deal about the brain and the 
process of making music that can help us learn more efficiently, teach with a 
better understanding of “how musicians learn,” and perform with far greater 
confidence. Learning about the brain adds a fascinating dimension to what 
we already know—​or think we know—​about making music and its place in 
our lives.

Key concepts

	 •	 Music has traditionally been studied as a cultural product.
	 •	 Since making music requires complex auditory processing, memory 

storage and retrieval, motor programming, and sensory-​motor integra-
tion, scientists are increasingly studying music as biology to learn more 
about the structure and function of the human brain.

	 •	 There is no single area in the brain where music is processed. Instead, 
different elements of music are processed in many areas throughout the 
brain and vast neural networks connect these areas.

	 •	 Imaging technology and lesion studies have both been instrumental in 
identifying brain areas that are involved in processing music.

	 •	 Research into conditions such as aphasia, amusia, musical alexia, and 
musical savants suggests that music and language are processed sepa-
rately in the brain.

	 •	 Discoveries in neuroscience, behavioral and cognitive psychology, ar-
chaeology, biology, and other areas are leading researchers to conclude 
that music has biological foundations, and that we are hardwired for 
music as we are for language.
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2
Origins of Music

A key part of being human is being musical.
—​archaeologist Stephen Mithen*

On a balmy May evening several years ago, my husband and I were walking 
along a downtown Montreal street on our way to hear a Montreal Symphony 
concert. Somewhere ahead, we heard the clanging of pitches and rhythms, 
not unlike the sound of tubular bells. Maybe an outdoor concert? But as the 
pitches grew louder, we found that we were approaching what appeared to 
be a building in the process of demolition. We looked up three or four floors 
toward the fragments of melodies we were hearing. The outer side wall of the 
building had been removed, exposing steel support beams and an assortment 
of pipes. Three men were taking a break from their deconstruction work and 
were striking steel beams and pipes as though they were instruments. The 
men were having a great deal of fun using short pieces of pipe and other 
metal tools as mallets to create short tunes. Laughter and shouting along with 
the clanging pitches drifted down to the street below, mixing with the de-
lighted clapping of the crowd that had gathered.

Were they making music? The composer John Cage would certainly have 
thought so. He believed that music is everywhere around us in the ordinary 
moments of life. And that was the point of his most famous (or infamous) 
piece, 4′33″, in which a performer walks onstage and sits silently at a piano 
for 4 minutes and 33 seconds. The goal was to encourage the audience to tune 
into the natural musical sounds around them rather than the structured mu-
sical performance in front of them.

What is music? One of the difficulties in studying the origins of music 
has been the definition of music itself. Every researcher who studies music, 
whether coming from the broad fields of music or science, defines music 
in a slightly different way, considering cultural differences, historical time 
periods, and even emotional differences. I like the definition proposed by 
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composer Anthony Brandt, who defines music as “creative play with sound; 
it arises when sound meets human imagination.”1 That definition would cer-
tainly apply to the sounds created by the construction workers, and it would 
also pertain to the self-​taught percussionists playing on street corners in 
every city during the summer, children beating on whatever pots or pans are 
available, or adults pinging the crystal glassware at the dinner table. “Sound 
meeting imagination” to make music seems to be in our DNA.

Oldest musical instruments

In the summer of 2008, archaeologist Nicholas Conard from the University 
of Tübingen led excavations at Hohle Fels in southwestern Germany that 
unearthed one nearly complete bone flute and fragments of two ivory flutes 
carved from mammoth tusks. The flutes have been radiocarbon-​dated to 
about 40,000 years ago during the Upper Paleolithic Era, which extended 
from about 50,000 to 10,000 years ago.

Our prehistoric ancestors are often portrayed in cartoons or on television 
as being quite primitive, but both the musical sensibilities and the technolog-
ical sophistication of the flute makers 40,000 years ago are astonishing. The 
Hohle Fels bone flute was made from the hollow wing bone of a griffon vul-
ture. The bone had been smoothed by scraping, and V-​shaped notches were 
cut at the top to form the mouthpiece. A series of fine lines perpendicular 
to the length had been marked, either for ornamentation or to measure the 
position of the five finger holes.2 The Hohle Fels flute is shown in Figure 2.1.

An earlier dig at a nearby site at Gießenklösterle, also led by Conard, un-
covered fragments of two smaller three-​holed bone flutes made from the ra-
dius of a whooper swan and fragments of a flute made from mammoth ivory. 
All six flutes, the three from Hohle Fels and three from Gießenklösterle, were 
originally dated to about 35,000 years ago.3 More recent dating in 2012 by 
the Oxford Radiocarbon Laboratory has pushed that date back to between 
39,000 and 43,000 years ago, about the time anatomically modern humans 
were spreading into Central Europe along the Danube River Valley.4

The ivory flutes from both sites demonstrate even more sophisticated tech-
nological thinking than the bone flutes. The flute makers carved a straighter 
tube from the larger curved mammoth tusk, split it, hollowed out the two 
halves, and carved evenly spaced finger holes. Little notches were cut so 
the halves would fit together and some kind of sealant glued the two halves 
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together. The process would have required a significant amount of creativity 
and technological expertise.5

At Isturitz, one of the most important Paleolithic sites in France, over two 
dozen flutes made from the bones of large birds have been found and dated 
to between 20,000 and 35,000 years ago. At several other sites, archaeologists 
have found objects, or parts of them, that are classified as pipes, flutes, or 
whistles. They date to the Upper Paleolithic Era, from 12,000 to 32,000 years 
ago. Iain Morley’s The Prehistory of Music details the more than 140 flutes or 
pipes that have been found at Paleolithic sites.6

Figure 2.1  Archaeologist Nicholas Conard showing the Hohle Fels bone flute, 
dated between 39,000–​43,000 years before the present.
Credit: © AP Photo/​Daniel Maurer
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What is music?

Finding one or two flutes from tens of thousands of years ago would be re-
markable. But finding over 140 of them means that flute playing was not an 
isolated activity. Making music was an important part of the culture. Humans 
obviously come from a long line of music-​makers. Perhaps clanging on pipes 
or pinging on water glasses is part of our biological heritage.

Charles Darwin (1809–​1882), the English naturalist, geologist, and biol-
ogist, was the first scientist to suggest that music was evolutionary in origin, 
that it is part of who we are. In The Descent of Man (1871), Darwin wrote 
that music arouses such great emotions in humans because it once served 
the same function in humans as it does in birds, finding a mate, and sexual 
selection affected likelihood of reproduction and the maintaining of the spe-
cies, even though that function no longer exists. He allowed that “neither 
the perception nor the production of music were faculties of the least use to 
man.”7 Nonetheless, he believed that because music had originated in vocal 
expressions of emotion and it had a function in sexual selection, it evolved as 
a human capacity that was a precursor to the capacity for language.

On the other hand, only twenty years after Darwin wrote about the bio-
logical origins of music, William James (1842–​1910), the father of American 
psychology, wrote in his Principles of Psychology (1890) that “musical sounds 
are without any utility whatever,” and that love of music was “a mere inci-
dental peculiarity of the nervous system.” Rather than evolving from a 
primal response, as Darwin had suggested, James wrote that music “entered 
the mind by the back stairs.”8 In the rare instances when scientists addressed 
music during the next century, it was from the standpoint of one of these 
opposing views: either it was evolutionary, or it was incidental. But begin-
ning in the late 1980s, the theory of evolution began to be considered as a 
potentially valuable way to think about certain aspects of music, and many 
researchers began to study music’s origins.

In 1997, a century after James’s comments about music but extending his 
line of thought, cognitive psychologist Steven Pinker declared music to be 
“auditory cheesecake,” pleasurable, but of no real value. Pinker had been 
asked to give the keynote address at a conference of the Society for Music 
Perception and Cognition (SMPC), held that year at the Massachusetts 
Institute of Technology. Pinker was known at that time for his work in lan-
guage and the mind, and while he considered language to be an evolutionary 
adaptation, he thought music was a by-​product. According to Pinker, we like 
cheesecake, or music, because it activates our pleasure circuits, not because 
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of any intrinsic value—​“empty calories,” so to speak.9 One must wonder 
if music is of no value, why did prehistoric humans spend so much time 
crafting flutes, and why has music persisted for so many tens of thousands 
of years?

Pinker’s comments weren’t addressed to a neutral audience. All the 
researchers in the room had spent years studying various aspects of music, 
and not surprisingly, there was a great deal of anger, disbelief, and conster-
nation among the assembled crowd. Pinker had even stronger words about 
music in his book How the Mind Works, published later that year. “As far as 
biological cause and effect are concerned, music is useless. . . . Music could 
vanish from our species and the rest of our lifestyle would be virtually 
unchanged.”10

Would your lifestyle be unchanged without music? Whether one makes 
music professionally or just enjoys listening to it, life without music is un-
imaginable for most of us. Based on archaeological finds such as the Hohle 
Fels or Gießenklösterle flutes, life has been unimaginable without music for 
at least 40,000 years, and likely for tens of thousands of years before that. If 
music were really of no use, surely it would have vanished from our species 
thousands of years ago.

At the time Pinker made his comments, research in the origins of music 
and its cognitive underpinnings was already ongoing, not only by the 
many assembled at the conference, but by researchers around the world. 
His comments, however, brought new focus and urgency to the work, and 
researchers began to address such questions as: What is music? What does it 
mean? Where did it come from? Why does every human culture have it?

Music vs. musicality

Music and language are universal human traits, and they have always 
been compared when biological origins are discussed. But while language 
has the definite purpose of communicating facts, ideas, attitudes, and ab-
stract thought—​it signifies or means something—​music doesn’t convey 
meaning, facts, or ideas—​it conveys emotion and feeling. So the question for 
researchers has been, Why do we have music? One of the stumbling blocks in 
defining music’s biological foundation has been the term “music” itself and 
how it is defined. While every culture at every period in history has had some 
practice that could be called “music,” what is considered music in one culture 
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may be barely recognizable as such in another. Even though globalization has 
caused a significant cross-​pollination of musical cultures, there are still in-
digenous peoples in various parts of the world who do not recognize what we 
listen to as “music.” In some languages, there is no specific word for music—​
the term encompasses rhythm and dance as well.

Early researchers delving into the origins of music essentially said, 
“Everyone learns language effortlessly, we absorb our native language as we 
grow up, but music requires lots of years of practice and study, so it can’t be 
biologically based.” This compares an average adult’s language capabilities to 
that of the general population but compares the same adult’s musical abilities 
to those of professional musicians and virtuosi—​the proverbial comparison 
of apples to oranges.

Steven Mithen pointed out that a “natural biologically based musicality” 
and actual music are not the same thing.11 Other researchers began to re-
alize that if they were going to talk about music as biology, they needed to 
distinguish between music as a cultural product and a more generalized idea 
of music referring to the brain processes that underlie musical behavior.12 
Music is now used in origins-​of-​music research to refer to the social and 
cultural construct that reflects the time and place in which it was created—​
the actual creative works that we compose, listen to, learn, and perform. The 
term musicality is used to refer to a naturally developing set of traits, the 
brain processes that have evolved over time that underlie musical behavior, 
such as the ability to pick up a beat, to recognize a tune no matter what pitch 
it starts on, and to be able to sing with a group, all of which most adults 
can do.

Unfortunately, this is one of the instances, and there are others, in which 
scientists and musicians use a term in different ways, creating confusion. 
Scientists in various disciplines don’t necessarily even use the same termi-
nology. Researchers studying music as biological have adopted the term mu-
sicality to refer to the brain processes supporting musical behavior, behaviors 
that may have an evolutionary basis. But for a musician, musicality is the 
ill-​defined quality of bringing expressiveness to a performance that is often 
based on a printed page, of creating a beautiful sound, of interpreting a 
composer’s intentions, of being able to communicate the emotional essence 
of the work. A musician recognizes that one can perceive and make music 
without being musical—​having a good command of technique without being 
able to communicate any emotion. Yet to scientists in this field, all people 
possess musicality simply by virtue of being human.
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As Isabelle Peretz and others have pointed out, the average adult who has 
had no musical training still has quite a few musical abilities.13 Nearly eve-
ryone can carry a tune, even without musical training. Most people will join 
in singing “Happy Birthday” or their country’s national anthem—​if they are 
pitched reasonably. Nearly everyone can recognize a familiar melody and can 
recognize if an odd note is inserted into that melody, no matter what pitch it 
begins on. Nearly everyone can keep a beat—​we dance in rhythm, we clap 
in rhythm. A lot of people pick up the ability to play an instrument without 
formal study. Most adults can distinguish the difference in periods of clas-
sical music, even if they don’t know what they are called.14 For example, they 
can recognize Bach’s music from the early eighteenth century as being from a 
much earlier era than the music of Aaron Copland, a twentieth-​century com-
poser. And most will decry today’s pop music as much worse than what they 
listened to growing up, clearly recognizing the difference in style. We take 
those musical abilities for granted.

According to Peretz, “Musical abilities are widely distributed in the pop-
ulation, probably on a continuum of musicianship with poor abilities at 
one extreme and superior abilities at the other. The vast majority lies in the 
middle with a common core of musical knowledge but modest production 
skills.”15 Most people have a basic knowledge of music even if they aren’t 
skilled at making music themselves.

Those musical behaviors are as natural as language. It takes years of prac-
tice and study to become a skilled musician, but almost everyone has basic 
musical skills that allow enjoyment of music and even music-​making at some 
level. Music teachers know it is possible for someone with limited perfor-
mance skills to perform musically, just as it is possible for someone with great 
technique to have little musicality. Everyone may learn his native language 
effortlessly, but it also takes years of practice and study to become a skilled 
writer, public speaker, or actor.

Evolutionary theories of music

In the past twenty to thirty years, there has been an explosion in research 
concerning music perception and performance and their correlates in the 
human brain. Researchers have looked at music to better understand the or-
ganization of the brain, and to find out more about the “functional origin and 
the biological value of music.”16 Remarkable discoveries have been made in 
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the neurosciences, as well as in fields such as neurology, anthropology, ar-
chaeology, behavioral and cognitive psychology, music theory, ethnomusi-
cology, audiology, and linguistics. A consensus has been building that music 
indeed has biological or evolutionary origins.

There are three prominent theories about music as having adaptive or 
evolutionary origins (which are dealt with in more detail later). The first is 
Darwin’s view, that of music’s early function in sexual selection. A second 
theory for music as adaptive or evolutionary concerns mother-​infant com-
munication or bonding. The third theory, which has achieved the most 
consensus among researchers, expands the focus of communication from 
bilateral between mother and infant to communication among members of 
a group. A common thread running throughout the discussion of music as 
biology is the question of language versus music—​which came first? Steven 
Pinker and others who believe music originated as a cultural invention be-
lieve that language evolved first and music was an invention that tapped 
into, or piggybacked on, brain functions supporting language. The several 
theories that support music as evolutionary or adaptive argue that music 
evolved before language.

Language and music

The origins of language have been studied far longer and more extensively 
than the origins of music. The basic question has been, How did the human 
species evolve to become capable of developing this complex system of com-
munication? Most of the research being done today on origins of vocal pro-
duction or sound centers on language, when and how did our prehistoric 
ancestors develop language. But researchers who study the origins of music 
have concluded that a kind of music existed long before language.

While Darwin was the first to suggest that music has biological origins, 
Mithen is perhaps the most well-​known today of the adaptionists, those 
who believe that music has a biological, evolutionary basis. Mithen, cogni-
tive archaeologist at the University of Reading in the UK, has been a strong 
proponent of the belief that the origins of sound or vocal production 
stem from music. In his fascinating book, The Singing Neanderthals: The 
Origins of Music, Language, Mind, and Body, he lays out a compelling case 
for music as fundamental to humanity, encoded in our genome through 
evolution.17
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Mithen believes, as did Darwin, that music was essential for the survival 
of our Stone Age ancestors, and while it is no longer essential for survival, we 
have inherited our compulsion to engage with music, whether by listening 
to or actively making it. He suggests that the roots of music go back to the 
Neanderthals, who lived from about 400,000 years ago to 40,000 years ago in 
Europe as well as southwestern to central Asia. He proposes a proto-​musical 
language based on variations in pitch, rhythm, and timbre that, in addition 
to its importance in sexual selection, was also important for mother-​infant 
bonding and bonding within a group.

The view of Mithen and others who promote the mother-​infant commu-
nication idea is that with the long period of infantile human dependence 
when a mother needed both hands for making food and other tasks, she 
maintained connection to her infant through sound, through the proto-​
musical language.18 Even today, babies respond more strongly to singing 
than to speech.

Most researchers who believe that music has biological origins believe that 
music evolved because it helped to promote group cohesion through emo-
tional contagion.19 Emotional contagion occurs when one person’s actions 
and emotions trigger similar actions and emotions in others. Getting caught 
up in the emotions of those around you at a rock concert or political rally is 
emotional contagion.

Without possessing a spoken language, this early proto-​musical language 
was an important way for early humans to survive—​to communicate about 
hunting for food and developing the capacity for big-​game hunting, to com-
municate emotion, to cope with dramatic environmental changes, and to 
withstand pressures or assaults from other groups.20 This proto-​musical lan-
guage eventually split into language and music, language to express abstract 
thought and communicate ideas and facts, and music carrying emotional 
content more exclusively. It is pitch and rhythm that make emotional con-
tagion and group bonding possible, and neither occurs in speech. We don’t 
synchronize to language, but we do to music. (Chanting at athletic events, 
political rallies, and protests may involve language, but it is also considered 
by many to be a form of music.)

Experiencing music in a group is far more prevalent today than solo 
music-​making, and it still provides a bonding function in the singing of 
church hymns, school songs, national anthems, pop songs, and concerts of 
all kinds where people share an emotional experience through music.
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The first musical instrument—​the voice

Forty-​thousand-​year-​old flutes notwithstanding, researchers uniformly 
believe that the first musical instrument was the voice itself, in whatever 
fashion Neanderthals were using it. It requires nothing external; sound pro-
duction is within the body. Although Mithen’s premise is that Neanderthals 
used a proto-​musical language, he does not cite any direct evidence for 
singing Neanderthals, and with good reason. A major problem determining 
the evolution of vocal production, whether for language or music, is the lack 
of fossil evidence for speaking or singing. Most of the physiology that is re-
sponsible for our ability to make sound is cartilage and soft tissue, and nei-
ther survives for tens of thousands of years. But archaeologists have drawn 
conclusions about how sound production may have worked in Neanderthals 
by examining the bony structures that support sound production, and bones 
have survived in the fossil record.

In 1983, a skeleton was excavated from Kebara Cave in Israel. Called 
Kebara 2 (Kebara 1 was an incomplete infant skeleton), it has been dated 
to about 60,000 years ago, which means it was Neanderthal. The skeleton 
was mostly intact, but what was of particular interest is that the Kebara 
skeleton contained the first intact hyoid bone found in any pre-​modern 
human.21

If you have watched any crime dramas on television, you are probably fa-
miliar with the hyoid bone, since investigators in these dramas often refer 
to a broken hyoid as evidence of strangulation. The hyoid is a small bone at 
the front of the neck, roughly in the shape of a U, that serves as an anchoring 
structure of the tongue and a support for the larynx. It is attached to other 
bones only by soft tissue. Since it supports the tongue, it is crucial for 
speaking and singing.

Not only was the hyoid intact in Kebara 2, but it has also been found to be 
nearly identical in form to that of modern humans. Using 3D X-​ray imaging 
and bone mechanical modeling, an international team of researchers found 
that this Neanderthal hyoid bone not only looked like a modern hyoid but was 
used in a very similar way.22 Other anatomical evidence has demonstrated 
that Neanderthals appeared to have motor control over their tongues and 
breathing that was similar to modern humans, meaning that Neanderthals 
had vocal capabilities equivalent to those of modern humans, although the 
range of sounds was no doubt different.23 There is no fossil evidence to show 
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that Neanderthals sang or spoke, but there is fossil evidence to show that they 
had the physical capacity to do so.

Analysis of bones in the inner ear in other skeletal finds has shown that 
by 300,000 years ago, it was possible that sound perception was equivalent 
to ours today.24 Neanderthals were capable of hearing the same frequencies 
as humans can hear. Mithen suggests that, in order to have survived for hun-
dreds of thousands of years through major climate change, Neanderthals 
must have been able to cooperate to hunt and gather food and to maintain 
social relationships. Some kind of communication would have been neces-
sary, and there is no evidence that language developed that early. Mithen’s 
argument for a proto-​musical language is compelling.

Rhythm and drums

Most people can keep a beat; we synchronize by nodding our heads, 
clapping, tapping our feet, or dancing. There are various theories about 
how that ability evolved. Early man may have responded to his heartbeat, 
the most basic rhythm of all. Several researchers speak to bipedalism as 
the impetus for rhythm.25 We needed to develop an internal rhythmic 
mechanism to be able to walk, and that internal rhythm has been with 
us ever since. Even though we don’t think about it, we walk in a rhythm. 
Researchers have known for some time that people who suffer from 
Parkinson’s and have difficulty in walking respond well to music or even 
to just a rhythmic beat. Their gait improves when they walk to music that 
they like. The external beat provides the rhythm that their internal mech-
anism is not providing.

Some researchers speculate that rhythm may have originated when our 
ancestors were pounding rocks to extract grains and discovered they could 
synchronize, or when they clapped their hands together and discovered 
they could get a louder sound by striking rocks.26 So perhaps it is not a 
stretch to believe that early humans translated those rhythms into striking 
a stone or wood surface—​early drums. Since producing sound of any kind 
involves using the body, whether the voice to sing, the mouth to blow on a 
flute, or arms and hands to drum, making music or a rhythm is embodied. 
Our bodies are producing the sound and we feel the music within our 
bodies.
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Other Paleolithic instruments

There is no way to tell if a specific piece of rock or stone was used for 
drumming, and any drums that may have been fashioned from wood and 
animal skins would have decomposed long ago. But one rather amazing 
Paleolithic percussion instrument does survive.

At the site of a Paleolithic settlement near Mezin, Ukraine, dated to 
20,000 years ago, archaeologists found the remains of a house built from the 
bones of a mammoth. Inside this probably communal hut, several mam-
moth bones were discovered each containing a cut-​out geometrical design 
colored red—​a set of bones. In the same place, they found two ivory rattles, 
a mallet made from a reindeer antler, and a bracelet made of five pieces 
of mammoth tusk ivory, with carved decoration. Nearby they found pure 
yellow and red mineral ochre that had apparently been used for painting the 
bones.27 [A link to photos of these instruments can be found on the companion 
website, item 2.1 .]

The original dig took place between 1954 and 1962, but it wasn’t until 1974 
after several years of study that a team of archaeologists, paleontologists, fo-
rensic scientists, and medical experts concluded that these several bones, the 
mallet, and rattle formed a set of percussion instruments, perhaps the first 
percussion orchestra. The decorated bones included a shoulder blade, thigh 
bone, jaw bones, and skull fragments. The pattern of wear showed that they 
had been struck repeatedly, and each of the bones produced a different pitch. 
The rings of the ivory tusk bracelet made a rattling sound when shaken, like 
a castanet, leading the researchers to conclude that dancing was a part of the 
music-​making.28 Making music was important to these early humans and 
they used what they had at hand, mammoth bones.

Using steel beams and metal pipes to produce pitches and rhythms in 
the early twenty-​first century is not unlike using mammoth bones to create 
pitches and rhythms in 20,000 bce. Both stem from the same musical im-
pulse, to create sound and rhythm using whatever materials are at hand. 
In addition to the voice, early flutes, drums, and an early percussion or-
chestra, other instruments have been identified. Archaeologists have dis-
covered phalangeal whistles, usually made from the first or second bone of 
a reindeer’s foreleg; bullroarers, made from a flat piece of wood, stone, bone, 
antler, or ivory attached through a perforated hole to a cord and spun in a 
circular motion over one’s head, making a whirring sound; rasps, similar to 
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a modern guiro; and rattles, two ivory rattles having been found at the mam-
moth bone orchestra site and speculated to be used in dancing. Even envi-
ronmental surfaces, such as caves, were used to create sound. Prehistoric 
humans were extremely inventive in creating musical instruments. [Links 
to photos of several Paleolithic instruments can be found on the companion 
website, item 2.2 .]

Cave art and music

Bone and ivory flutes, bullroarers, and small figurines have often been 
found in or near Paleolithic caves, and there is probably a reason for that. 
Archaeologists consider the caves themselves to be a musical instrument. 
A cave can be a giant resonator, amplifying footsteps, voices, dripping 
water, or sounds made by water running beneath the cavern. Stalactites and 
stalagmites ring like giant tubular bells when struck, and even water dripping 
onto a stalagmite can “ping.”

Acoustics in a cave can vary a great deal depending on the size of the 
space, but also on the composition of the surfaces, whether limestone, chalk, 
gypsum, or some other kind of rock. Over the past thirty years, studies have 
shown a relationship between cave paintings and the acoustic properties of 
the area of the cavern in which they are found, indicating that early humans 
sought locations for art that were also resonant for sound or music.

Iégor Reznikoff, University of Paris, has a PhD in mathematics and 
describes himself as a specialist in the resonance of buildings and spaces, 
but he has primarily been associated with the resonance of Romanesque 
churches. He is also a pioneer in the field of archaeoacoustics, the archae-
ology of sound. As singers often do, he sings or hums to himself whenever he 
enters a new space to learn about the resonance in that space.

Not surprisingly, in 1983 when he first visited a French cave with pre-
historic art, he sang and hummed in different parts of the cave to test the 
resonance, just as he was accustomed to doing in churches. He discovered 
that the sounds were louder and more resonant when he was in areas with 
painted animals, and he wondered if there might be a connection between 
the amount of resonance and the locations of the paintings in a cave.

To test his idea, Reznikoff visited more than ten painted caves in France 
with art ranging from 15,000 to 25,000 years old, including Niaux and Le 
Portel in Ariège and Arcy-​sur-​Cure in Burgundy, singing as he explored. He 
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found that more than 90 percent of the paintings were located in the most 
resonant parts of a cave where echoes would reverberate for some time. The 
density of paintings in a location was proportional to the intensity of res-
onance. In areas such as narrow passages where painting would have been 
difficult, but the acoustics were still good, there were often markings of red 
dots.29

More recent studies confirm these findings. In 2013, Rupert Till, an 
acoustic archaeologist at the University of Huddersfield, UK, and a group 
of researchers explored five of the Cantabrian Caves in Spain.30 They used a 
laptop and speaker to sweep a sine wave tone through all audio frequencies 
to get an acoustic fingerprint of each space in the caves.31 They found that 
the smaller, less acoustically resonant spaces contain the older paintings, up 
to 40,000 years old, and these images tend to be simple dots or handprints. 
The larger, more resonant spaces contain paintings of animals—​deer, 
bison, horses, mammoths—​and these date from 15,000 to 25,000 years 
ago. The spaces with the animals are large enough for groups of people to 
have gathered for rituals. When hearing someone play a reconstruction of 
a 40,000-​year-​old bone flute in complete darkness, Till remarked that “the 
music seemed to bring the environment to life.”32

Both Till and Reznikoff believe the correlation of cave paintings with 
the most resonant chambers in a cave suggests a ritualistic or religious 
reason for the paintings. Reznikoff says, “Indeed rituals and celebrations 
are mainly based on singing and music, and why would the Paleolithic 
tribes choose preferable resonant locations for painting if it were not for 
making sounds and singing in some kind of ritual celebrations related with 
the pictures?”33 [On the companion website, you will find a link at item 2.3 
to a website that Till and his colleagues created attempting to reconstruct 
what it may have looked, sounded, and felt like to be in a cave in prehistoric 
times. You can hear clips of Reznikoff singing in the cave of Arcy-​sur-​Cure at 
item 2.4 .]

Before 40,000-​year-​old flutes

Early humans didn’t arrive in Europe 40,000 years ago and suddenly have the 
expertise to make complex flutes with sophisticated tuning systems. To not 
only possess the technological knowledge to construct bone or ivory flutes 
but also to have a somewhat sophisticated concept of pitch implies a period 
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of long evolutionary development and previous experience with music and 
flute-​making.

Flutist and biologist Jelle Atema, who has made reconstructions of sev-
eral Stone Age flutes, describes a possible series of developmental stages in 
flute construction that begins with a hollow tube (reed or bamboo) capable 
of one pitch, eventual addition of tubes of varying lengths to produce several 
pitches (pan pipes), adding finger holes to the pipe to produce more pitches, 
and eventually leading to the transverse flute we know today.34 This would 
have happened over a period of thousands to tens of thousands of years. The 
flutes found at Paleolithic sites in Germany and France were already well 
along his proposed developmental timeline of historical flute technology.

These innovations in flute making would have been driven by both techno-
logical and musical curiosity. How could one create more pitches, extend the 
range, make a bigger sound, make the flute sound softer or brighter, convey 
emotion more clearly? Innovations would only have happened if music had 
been extremely important in the lives of these early humans.

A flute has been discovered that is considerably older than the Paleolithic 
flutes, but it is shrouded in controversy. The Divje Babe flute was found in a 
Slovenian cave in 1995. This was a Neanderthal site, and the flute has been 
dated to between 50,000 and 60,000 years ago.35 The flute, made from the 
femur of a one-​-​to-​two-​year-​old cave bear, is about 4 ¾ in. long with a U-​
shaped notch at one end and has two complete round finger holes and one 
broken hole. The Divje Babe flute is shown in Figure 2.2.

The find is controversial because it has been a long-​held belief that 
Neanderthals did not have the capability of abstract or symbolic thought. So 
how could they have produced an instrument?

The scientists who contend that it could not be a musical instrument be-
lieve the holes were made by scavengers such as hyenas or wolves looking 
for bone marrow. However, zoologists contend that scavengers would have 
crushed the bone, not made three neat holes in a row, holes that perfectly fit 
human fingers.36

Science is rarely without controversy. For a theory to become recognized 
as fact, years of research to confirm or refute existing and newly accumulated 
evidence is required. Newer technology is constantly being developed that 
may evaluate previous evidence in a new light. At one time, it seemed that 
Neanderthals were cognitively far less advanced than the early humans who 
arrived in Europe about 45,000 years ago. This theory was based on lack of 
evidence of Neanderthal fossils, objects, or artifacts. But as scientists say, 
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“Absence of evidence is not evidence of absence”: just because evidence hasn’t 
been found does not mean it doesn’t exist.

Over the past twenty years, several finds have shown that Neanderthals 
were far more sophisticated than we thought. They knew how to make 
twisted fiber or cord 50,000 years ago. They produced cave art in Spain 
over 64,000 years ago, which is much earlier than the earliest Homo sa-
piens cave art of 32,000 years ago. They made bead shells that have been 
dated to 115,000 years ago. And they made a birch bar tar for use as an ad-
hesive 200,000 years ago.37 By the time flute makers were using a sealant 
to glue together the two halves of a mammoth ivory flute 40,000 years ago, 
sealant or glue had been around for tens of thousands of years, developed by 
Neanderthals.

All these discoveries, and there will no doubt be more, show that 
Neanderthals were far more cognitively advanced than previously supposed. 
It seems reasonable to conclude that if they were capable of the objects and 
discoveries just discussed, they could also have made a flute. Flute makers 
at Hohle Fels and Gießenklösterle didn’t suddenly have the knowledge to 
make flutes out of bird bone and mammoth ivory without a long history of 
experimentation that had to have happened somewhere. Whether or not the 

Figure 2.2  The flute from Divje Babe, 60,000 years before the present
Credit: © National Museum of Slovenia, photo Tomaž Lauko
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Divje Babe artifact itself falls in that timeline may be open to question, but 
Neanderthals appear to have been technically advanced enough to make one. 
[A short film including a performance on a replica of the Divje Babe flute can be 
heard on the companion website at item 2.5 .]

How did early musical instruments sound?

We don’t know how our prehistoric ancestors used their voices, nor do we 
know what kinds of rhythms they may have made while drumming. We do 
have an idea about how their flutes sounded because it has been possible 
to make replicas. Experimental archaeology is a sub-​field of archaeolog-
ical research in which archaeologists try to understand prehistoric people 
by replicating objects that have been found at archaeological sites using the 
same tools used to make them originally. Wulf Hein is an experimental ar-
chaeologist who specializes in the reconstruction of various kinds of pre-
historic finds, from making the tools themselves to carving small figures or 
constructing replicas of prehistoric flutes. He speaks about and plays the rep-
lica he made of the Hohle Fels flute in Werner Herzog’s 2010 documentary, 
Cave of Forgotten Dreams, about France’s Chauvet Cave (although the flute 
was not found there).38 [A clip can be found on the companion website, item 
2.6; Two other performances on reconstructions of the Gießenklösterle bone 
flute and mammoth ivory flute can be heard on the accompanying website, item 
2.7 and item 2.8 .]

Archaeologist Hein says that reconstructing prehistoric cultural artifacts 
has taught him something important about the culture.39 Using the same 
techniques and kinds of tools that prehistoric sculptors would have used, 
Hein recreated a figure called the Lion Man, a 40,000-​year-​old ivory sculp-
ture, initial fragments of which were discovered in 1939 in the Hohlenstein-​
Stadel, a Paleolithic cave in southwestern Germany. Additional fragments 
were found in the 1960s and early 1970s and pieced together in 1982. The 
figure is about 12 inches tall and a little over 2 inches around. As he worked 
on the replica, Hein counted his work hours.

He stopped counting after 400 hours, so it took longer to complete the 
figure. But while sculpting, he realized something significant about that 
early culture. Life in prehistoric societies revolved around the work of pro-
viding food and shelter; community members spent their days hunting, 
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fishing, or gathering edible roots and berries. Hein suggests that someone 
was freed from those tasks to use the time to fashion this incredible ivory 
figure. Similarly, others would have been given time off from the work of 
the community to make the bone or ivory flutes. Constructing finger holes 
on a flute demonstrates knowledge of pitch, and constructing flutes of dif-
ferent materials shows a consideration of sound qualities because bone and 
ivory flutes have different timbres, so there must have been a tradition of 
individuals learning about the properties of flutes by making them. The 
amount of time, creativity, and technological expertise necessary to create 
art or flutes shows that art and music were important in this early culture.

Why should we care about our prehistoric  
ancestors making music?

In his book Descartes’ Error (1994), neuroscientist Antonio Damasio 
argues for the importance of emotions in rational thinking and decision 
making.40 Mithen suggests that “being emotional is essential to being intel-
ligent, making effective decisions, and being a successful member of a social 
group.”41 Without language to express thoughts and ideas, communicating 
emotion was necessary for survival, and the earliest humans communicated 
emotion by using a proto-​musical language, with variations in pitch, rhythm, 
and timbre. We have inherited the need for language to express our thoughts 
and ideas. We have inherited the need for music to express or to feel emotion. 
Yet, many people, such as Steven Pinker, dismiss music as being a frill—​“au-
ditory cheesecake.” Why should we dismiss the music portion of our biolog-
ical inheritance as any less valid than language?

Archaeological discoveries provide ample evidence that music in some 
form has been a part of the human experience for tens of thousands of years. 
Our prehistoric ancestors could not have survived without music, and nei-
ther can we. The changes in our brains, both structural and functional (as 
we’ll see in Chapter 4), that result from making music have a positive im-
pact on many areas of our lives, whether we study for two years or the many 
years required to become a professional musician. We enter the world with 
biological predispositions to music and with musical abilities. Why not de-
velop these musical abilities the same way we develop our language abilities, 
to make us more fully human?
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Key Concepts

	 •	 Earliest evidence of music-​making goes back at least 40,000 years ago to 
the Upper Paleolithic Era when humans were first arriving in Europe.

	 •	 Two conflicting ideas about the origins of music point to music either as 
an “invention,” something that piggybacked onto other brain functions, 
or as biological or evolutionary in origin. The various theories about 
music as evolutionary suggest a proto-​musical language for commu-
nication that was important in mother-​infant bonding and in group 
bonding.

	 •	 The early proto-​musical language eventually split into language to com-
municate facts and ideas and music to communicate emotion.

	 •	 Researchers in the origins of music refer to “music” as cultural product, 
and to “musicality” as the set of cognitive and biological traits that make 
it possible to make music. This definition of “musicality” is different 
from the way in which musicians use the term—​to refer to bringing ex-
pressiveness to musical performance and to being able to communicate 
the emotional essence of the work.

	 •	 The voice was no doubt the first musical instrument, followed closely by, 
or perhaps simultaneously with, drumming either on the body or other 
available surfaces. Instruments followed, as did awareness of the reso-
nant qualities of caves.

	 •	 We can’t know exactly how early humans played the flute, but it is pos-
sible to know from replicas how 40,000-​year-​old flutes sounded.
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3
Born for Music

We grown-​up people think that we appreciate music, but if we 
realized the sense that an infant has brought with it of appreciating 
sound and rhythm, we would never boast of knowing music. The in-
fant is music itself.

—​Sufi master Hazrat Inayat Khan (1882–​1927)

Most adults can instinctively find the downbeat in music, the accented first 
beat of a bar of music, even without musical training. We tap our feet to 
music, nod our heads, snap our fingers, and sometimes we dance. The ability 
to detect a beat in music is known as beat induction, and that’s what makes it 
possible for us to entrain, or synchronize to a beat—​to clap together, to dance 
to music, to play with others in an orchestra, or sing in a choir. We never 
think about how we are able to find the downbeat, we just do.

The musical abilities of babies

Astonishingly, newborns also recognize the downbeat. Babies move to music 
as soon as they can move their limbs. It doesn’t matter what kind of music, 
it could be rock, blues, classical, a drumbeat, or hip-​hop. Babies are indis-
criminate in their tastes. If there is a beat, they move, and it’s a whole-​body 
experience for them. They move their arms, legs, torso, and head. They aren’t 
synchronizing to the beat because they don’t yet have the muscle control to 
do so, but they are hearing, and recognizing, the downbeat.
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Rhythm

Researchers used to believe that the ability to perceive a beat was acquired 
during the first year of life by parents rocking their infants to music, but 
they have now found that two-​to-​three-​day-​old babies can detect when the 
downbeat is missing in a rock rhythm.1 In a study exploring the perceptual 
capabilities with which infants are born, babies first heard a simple two-​
measure, four-​beat rock rhythm pattern with snare drum, bass drum, and 
hi-​hat played through couplers on their ears. They then heard variants in 
which the downbeat, the second, or the fourth beat in a four-​beat pattern 
were missing. The researchers measured brain response with EEG (electro-
encephalogram) through electrodes placed on the babies’ scalps (Figure 3.1). 
The babies didn’t respond to an omission of the second or fourth pulse, but 
there was a brain activity response when the babies expected to hear a down-
beat but did not.

Figure 3.1  Sleeping newborn infant undergoing EEG recording at the hospital 
ward of the First Department of Obstetrics and Gynecology, Semmelweis 
University, Budapest, Hungary.
Credit: Gabor Stefanics, PhD.
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After hearing the original rhythm, the brains of two-​day-​old babies al-
ready knew when to expect the downbeat and knew when it wasn’t there. 
This is rather astonishing, and it isn’t important just in terms of music pro-
cessing. The auditory abilities that underlie beat induction also allow an in-
fant to adapt to the rhythm of speech and therefore are important in speech 
processing as well.2

This remarkable ability of newborns to recognize when a downbeat is 
missing suggests that either beat induction is learned in utero or humans are 
hardwired to detect the musical beat. Given that every baby has a different 
in utero experience in terms of hearing music, with some being exposed to 
very little, being hardwired to detect the musical beat seems far more likely. 
And this is one of the skills that researchers say is necessary for the evolution 
of music.

Those who study the origins of music agree that there are two musical skills 
that are fundamental to the evolution of music. They are primary examples of 
cognitive traits that are biological or hardwired. One skill is beat induction, 
being able to pick up a beat. The second is being able to recognize a melody 
no matter what pitch it starts on, referred to by scientists as relative pitch.3 To 
most adults, these skills seem trivial because nearly everyone has them. But 
they are not trivial, and infants have both skills. Newborns’ brains are already 
prepared to make and enjoy music.

An aside: in the last chapter, it was noted that scientists and musicians do 
not use the term musicality in the same way. The same is true of relative pitch. 
For the researcher, relative pitch is recognizing a melody no matter what 
pitch it begins on, for example, recognizing “Happy Birthday” in any key. For 
a musician, relative pitch means that, given a reference note, you can iden-
tify or re-​create another pitch and identify the interval between them. This 
contrasts with absolute pitch, more commonly called perfect pitch, which is 
the ability to identify a specific pitch or create a pitch without hearing a ref-
erence tone.

Moving to a beat depends on a strong connection between two systems, 
auditory and motor. The auditory system becomes functional at about 
twenty-​five weeks’ gestation and the period from then until about five or 
six months of age is the most critical to its development. Motor control lags 
further behind, so a newborn cannot move to music until some control has 
been gained over motor movement. In a study designed to look at infants’ 
movements to music, 120 infants aged five to twenty-​four months listened to 
excerpts from the last movement of Mozart’s Eine kleine Nachtmusik in two 
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versions, the original string instrumental version and in a rhythm-​only ver-
sion; to the finale of Saint-​Saëns’s Carnival of the Animals in an instrumental 
and a rhythm-​only version; to a children’s song; to drumming in a regular 
beat; and to a fluctuating rhythm pattern. In addition, half of the infants 
listened to adult-​directed speech, and the other half to infant-​directed speech 
(IDS, also known as “baby talk” or “motherese”).4

While the children were listening, they were held by a parent who was 
wearing headphones through which the parent heard spoken speech, so as 
not to inadvertently influence the child’s movements. The infants’ rhythmic 
movements were monitored by observers looking at videotapes of the ses-
sions, but they were also measured using 3D motion-​capture technology, 
which maps movement time onto musical time.

The results confirmed what every parent or caregiver knows—​babies love 
to move to music, but not speech. They moved to the instrumental versions 
of the musical works, they moved to the rhythmic versions of the works. 
But they did not move to speech—​with one exception. The five-​to-​seven-​
month-​olds in one part of the experiment moved as much to infant-​directed 
speech as to the musical or rhythmic excerpts. This is perhaps not surprising, 
since IDS or “baby talk” is more musical, with exaggerated pitch contours 
(higher and lower), slower rate of speaking, longer vowels, and a larger dy-
namic range.

Infants between five and twenty-​four months were unable to synchro-
nize exactly with the beat because they didn’t yet have the muscle control to 
do so, but the faster the music, the faster they moved their limbs, as though 
they were trying to synchronize. And the closer they came to synchronizing, 
the more they smiled. Moving to music makes infants happy, as it does most 
adults.

Synchronization

It has generally been thought that children are not able to synchronize to a 
beat until the age of four or five. But with the increasing belief that music 
originated as a group social activity (see Chapter 2), researchers wondered if 
children might be able to synchronize at an earlier age if they were in a social 
situation. A study was designed in the form of a game for children in three 
age groups: two and a half, three and a half, and four and a half years of age. 
The name of the study was Drum King.5

 



Born for Music  37

A researcher played the role of the Big Drum King, and the child was the 
Small Drum King. The child was first asked to drum along to a radio-​like mp3 
player. The child was next asked to drum along with a video of a drumming 
machine. Then the Big Drum King asked Small Drum King to play along 
with him. Although this may have been a fun game for children, researchers 
discovered significant information. Children as young as two and a half years 
of age spontaneously adjusted their drumming tempo to match the beat, 
but only when they were playing with Big Drum King, not the recording or 
drum machine. This was earlier than had been thought possible, and all the 
children, regardless of age, synchronized better when drumming with Big 
Drum King.

This is not surprising because children learn by imitation. A great deal 
of visual information, as well as movement information, is conveyed when 
watching someone perform actions that we want to perform, as we will 
see in Chapter 9. Some children as young as three are capable of very in-
tricate synchronization—​when they learn by observation. Three-​year-​old 
Kazuma plays taiko. He didn’t learn in isolation. Beginning at the age of 
two, he watched and imitated a taiko master and played with his father. 
He learned to synchronize to a beat and drum intricate patterns at such a 
young age because he was watching and playing with experienced adults. 
[You can see a video of Kazuma playing taiko at item 3.1 on the companion 
website .]

Embodied cognition

We listen to music with our muscles.
—​philosopher Friedrich Nietzsche

Infants may detect the downbeat in their brains, but they feel music in their 
bodies. When six-​to-​seven-​month-​old infants were bounced either on 
every second or every third beat in a repeating six-​beat pattern, they later 
preferred listening to the auditory version of the pattern to which they had 
been bounced. The infants who had been bounced on every second beat pre-
ferred that auditory version and listened longer to it (one testing method for 
young infants relies on how long they listen to a particular stimulus). Infants 
bounced on every third beat listened longer to that version. They preferred 
the version they had internalized in their bodies.6
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With the infants blindfolded, the results were the same. They still pre-
ferred the version to which they had been bounced. But when they watched a 
researcher bouncing on every second or third beat without bouncing them-
selves, they had no preference. They had to move to the beat themselves 
in order to internalize the beat, to feel the beat within their bodies. This is 
embodied cognition.

Mind/​body dualism, as proposed by French philosopher René Descartes 
(1596–​1650), held that the mind and body, or mental and physical, were en-
tirely separate, and that the mind could affect the body, but the body couldn’t 
affect the mind. Dualists today don’t believe the mind and body are entirely 
separate, but they also don’t believe the body influences the mind. Embodied 
cognition, on the other hand, holds that cognition is strongly influenced by 
the body as well as by the mind. Because human bodies have sensorimotor 
capabilities that interact with the environment, the body feeds information 
to the mind both through movement and via the senses, and this feedback 
influences cognition just as the mind influences the body. Over the past few 
decades, embodied cognition has become an increasingly important area of 
research in cognitive psychology, neuroscience, and even the field of robotics.

The study of embodied cognition began to extend to music at the begin-
ning of the twenty-​first century as a research area within musicology. Music 
is given meaning through movement—​both in perception and performance. 
We see that in the above study when infants preferred an auditory version of 
a rhythm to which they had been bounced, preferring what they had physi-
cally experienced.

Performers have always known that how we use our bodies affects not only 
the music we make, but how we think and feel about that music. As Duke 
Ellington said, “It don’t mean a thing if it ain’t got that swing.” If you can’t feel 
the music, you can’t give meaning to the sound. Many music educators have 
advocated moving to music before learning notation. When I took a class in 
Baroque music, we were taught to dance the allemande and the courante, 
typical dance movements found in instrumental suites during the Baroque 
era. There proved no better way to learn how to perform those dances on 
an instrument than to feel them in your body—​knowing with the body. 
Frequently, I have had students dance to a rhythm that is giving them trouble 
at the keyboard. Once they feel it, without fail they can play it.

Someone may say, “I simply cannot move to a beat. I can’t feel it,” and there 
are a few people who are beat-​deaf, people unable to synchronize their bodies 
to rhythms they hear. We looked earlier at amusia, being “tone-​deaf ” and 
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unable to distinguish between musical pitches despite musical training. Beat 
deafness is considered a form of amusia, though it is extremely rare. Most 
people who believe they can’t move to a beat simply didn’t have enough ex-
perience in childhood. Infants instinctively move to music. As they become 
toddlers, then preschoolers, and then enter elementary school, they should 
be encouraged to continue to feel music in their bodies and move to it.

Recognition of complex rhythms

People dance, sing, and clap to music in every culture, but various cultures do 
not value or use the same rhythmic patterns. Music in the Western European 
tradition, including American popular music, jazz, and rock, is, for the most 
part, in a simple 2 +​ 2 rhythm. And though we may not hear them often, al-
most everyone recognizes that a waltz has a pattern of 3. But music in other 
parts of the world is organized with different rhythmic patterns. For ex-
ample, Eastern European music, although sometimes in a simple meter, is 
frequently in a complex or asymmetrical meter. Five beats in a measure may 
be arranged in groups of 3 +​ 2 or 2 +​ 3. Seven beats in a measure will be found 
in groups of 2 +​ 2 +​ 3 or 2 +​ 3 +​ 2. The music of Hungarian composer Béla 
Bartók often uses asymmetrical meters, as shown in Figure 3.2.

Researchers compared the reactions of babies and adults to variations 
on simple and complex rhythms to see if the music of one’s native culture 
influenced the ability to process rhythms.7 Using three groups of subjects—​
Canadian and American college students, first-​ or second-​generation 
Bulgarian and Macedonian immigrants, and six-​ and seven-​month-​old 
infants—​they played for each group four folk dance tunes from Serbia and 
Bulgaria. Two were in a simple meter similar to what North Americans are 

Figure 3.2  Béla Bartók, Six Dances in Bulgarian Rhythm, No. 6, from 
Mikrokosmos, Vol. 6
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accustomed to hearing (2 +​ 2 +​ 2 +​ 2), and two were in a complex meter (2 +​ 
2 +​ 3), quite common in Eastern European folk music.

The groups then listened to variants of each of the songs. The variants all 
added an eighth-​note beat so that nine eighth notes instead of eight were now 
in the simple-​meter tunes; eight eighth-​note beats instead of seven were in 
the complex meter tunes. The students could identify when the simple meter 
tunes changed but could not discern when the complex meter was altered. 
The Eastern European subjects could identify all the changes because they 
were accustomed to hearing music in both simple and complex meters. And 
surprisingly, the infants could identify all the changes as well. The infants 
were able to distinguish—​at six months!—​all the variants in both the simple 
and the complex meters, a remarkable skill.

But the real surprise came when the experiment was repeated with dif-
ferent infants who were twelve months old.8 These babies were no longer 
able to distinguish the variants in the complex meters. By the time infants 
were a year old, they had become enculturated to the music of their native 
country—​in this case, the 2 +​ 2 simple meters heard in most American and 
Canadian households. However, after a two-​week training period of listening 
to the complex meters every day, the infants could again distinguish the 
variants in both simple and complex meters. A similar training period didn’t 
seem to help the college students. The old cliché appears to be true: use it or 
lose it.

Researchers have shown that all newborns have the capacity to learn any 
language and the ability to distinguish speech sounds in any language. But 
by the time children are a year old and have been hearing only their native 
language, the window has narrowed, and they are responsive to a much 
narrower range of speech distinctions.9 Pathways in the brain that are not 
being used have been pruned. That explains why learning a second language 
becomes more difficult with age. The same appears to be true for music. An 
ability to distinguish complex meters at the age of six months is lost by twelve 
months, and even though the infants were able, with training, to again dis-
tinguish the variants in the complex meters, college students, with the same 
amount of training, could not.

Because of what they hear every day, children in other cultures grow up 
understanding, and feeling in their bodies, the complex rhythms of their 
native musical traditions. For example, a child growing up in Sub-​Saharan 
Africa will be accustomed to layers of rhythm and three beats in the time of 
two. The interlocking rhythmic layers of the gamelan will be second nature 
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to an Indonesian child. The kinds of varied-​beat rhythmic cycles found in 
Indian classical music will be familiar to a child raised there. But as learned 
in the previous cited study, before children become locked into the music of 
their own cultures, they have the ability to comprehend the rhythms of any 
culture. [You can see a video on the companion website of five-​year-​old Isaiah 
playing complex Malian rhythms on the djembe, item 3.2. .]

Melody and emotion

Infants’ response to rhythm in music is physical; they want to move. Their 
response to melody is emotional. Throughout the world, adults sing soothing 
melodies to calm or comfort their babies or sing upbeat happy songs for fun 
and play. Singing is sharing emotions: the emotion of the melody is the mes-
sage. This is also true for IDS, or infant-​directed speech, also used world-
wide. Called “motherese” or “parentese” by researchers, IDS is commonly 
known as “baby talk.”

IDS is a style of speech that most people slip into quite naturally when 
speaking to a baby. Vocal pitch goes up, a much wider pitch range is used 
(highs to lows) along with a sing-​song inflection, vowels are elongated, 
timbre (tone color) changes, and emotional tone is exaggerated and more 
highly charged. People speak more slowly to babies, use shorter, simpler 
sentences, and make up words that resemble the ones they are substituted 
for, such as “da-​da” for daddy, or “wa-​wa” for water. Infant-​directed speech 
is used by parents everywhere and most people use it quite naturally. It has 
been used for generations, and researchers, including Steven Mithen, point 
to the proto-​musical language used by our prehistoric ancestors as a pre-
cursor to modern IDS.10 As previously noted, the proto-​musical language, 
with its variations in pitch, rhythm, and timbre, was an important tool used 
by mothers to bond with infants prior to the development of language. IDS is 
still one way caregivers bond with babies and share emotions. Infants prefer 
IDS to adult speech; they prefer singing to IDS.

Newborns also have musical preferences. Two-​day-​old babies who were 
presented with audio recordings of adult and infant-​directed speech listened 
longer to the IDS.11 What seems to appeal to them are the pitch variations and 
emotionally charged tone. IDS captures their attention and their emotions. 
Even when a song is sung to an infant in both an adult way and an infant-​
directed way, the infant prefers the infant-​directed version. They respond to 
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the emotional calming content as well as to the often happy-​sounding quality 
of IDS and play songs.12

Singing keeps infants calm longer than speech, even IDS. Researchers 
at the University of Montreal and University of Toronto compared how 
long IDS, adult speech, and singing kept an infant engaged. Seven-​to-​ten-​
month-​old infants from French-​speaking households in Montreal listened to 
recordings of baby talk and adult speech in an unfamiliar language, Turkish, 
followed by recordings of play songs, also in Turkish. The music or speech 
continued until the infants showed what is termed “cry face,” the universal 
expression for an unhappy or distressed baby when the baby’s face puckers 
up just before crying begins. When listening to Turkish play songs, the babies 
in the study remained calm an average of nine minutes before showing “cry 
face” but only four minutes when hearing Turkish IDS or adult speech.13

A different group of infants listened to recorded IDS, adult speech, and 
play songs in their native French with the same results, staying calm longer to 
the French play songs than to French IDS or adult speech, although this time 
they listened for only six minutes to the play songs. The shorter time infants 
listened to French songs as opposed to Turkish songs may have to do with 
what has been learned about novelty preference in infants. Very young babies 
are comforted by hearing something familiar, but as they become older, they 
prefer something new to the familiar. Two-​month-​olds prefer a familiar 
melody; by six or seven months they want to hear new tunes. Turkish was less 
familiar to them than French, so they listened longer. Infants appear to be so-
phisticated listeners.

Why do babies prefer singing? For the same reason that they prefer IDS 
speech over adult speech—​because it carries emotion. Infants are particu-
larly attuned to the emotions of singing or IDS speech. They respond to the 
prosody, the rhythm, stress, and intonation that give meaning, the emotion. 
For adults, prosody often gives clues about meaning. For example, “Well 
done” said with a certain emphasis can be genuine praise; with a different 
tone of voice, it can ridicule.

For infants, the melody is the message, and they particularly like it either 
happy or calming. Infants as young as five months can pick out a happy song 
from among a group of sad songs. By nine months, they can do the opposite, 
pick out a sorrowful song from among a group of happy tunes.14 Infants are 
attuned to the emotional content long before the factual or verbal content of 
the message. This is another argument for the idea that music originated be-
fore language.15
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Musical memory

A good memory for music is another ability in the catalog of infant abilities. 
Two-​month-​olds can remember a short melody after hearing it several 
times and can distinguish it from a similar but unfamiliar melody.16 Four-​
month-​olds can remember a tune heard in utero. In a Finnish study of 
twenty-​four women conducted during the final trimester of pregnancy, half 
of the women played “Twinkle, Twinkle Little Star” to their fetuses five days 
a week for the last few weeks of their pregnancies, half did not. The brains 
of the babies who had heard “Twinkle” in utero reacted more strongly than 
the control group to the melody up to four months after birth, as measured 
by EEG.17

Seven-​month-​olds have a good memory for Mozart. In a study at the 
University of Wisconsin, Madison, seven-​month-​old infants listened once 
a day for two weeks to slow movements from two Mozart piano sonatas (K 
281 in B-​flat Major and K 282 in E-​flat Major). For the next two weeks they 
heard no Mozart. They were then tested on excerpts from the middle of the 
movements they had previously heard, as well as excerpts from two other 
Mozart sonatas they had not heard (K 280 in F Major and K 283 in G Major). 
They preferred the sonatas they hadn’t heard in the first part of the study.18 
They recognized the excerpts from the slow movements they had heard for 
two weeks, and since they were well acquainted with these excerpts, they pre-
ferred the new Mozart excerpts (novelty preference). Not only do babies have 
a memory for music, they are highly selective listeners.

Sound processing

Any sound that reaches the human ear, whether music or speech, consists of 
the acoustical elements of pitch, timing, and timbre.19 Infants are attentive 
to all three of these elements. They prefer IDS or singing to normal speech 
because the pitch tends to be higher, so they are aware of pitch differences. 
Synchronizing to a beat is a matter of timing, and we have seen that they can 
do that by the age of two and a half. Timbre (or tone color) is that difficult-​
to-​define quality that makes voices sound different, raspy vs. breathy, for 
example. Mothers shift the timbre of their voices when speaking to infants, 
using one “voice” when speaking to adults and a different one for infants.20 
Infants respond to the timbre shift.

 

 



44  The Musical Brain

In the Auditory Development Lab at McMaster University, Director 
Laurel Trainor and her colleagues had two groups of four-​month-​old infants 
listen to CDs of children’s songs for twenty minutes a day for a week. One 
group heard all the songs played on a guitar timbre; the other group heard a 
marimba timbre. After a week, they recorded the infants’ brain activity using 
EEG while the babies listened to pitches in both timbres—​pitches not in the 
previous week’s songs. The babies who had heard guitar timbre displayed 
larger brain responses to the pitches in guitar timbre, and the babies who 
had heard the marimba timbre had larger brain responses to the marimba 
timbre, even though the pitches heard were different from those on the CD. 
In that short amount of time, not only had the babies learned to recognize the 
difference in timbre, their brain responses had changed based on the sounds 
they had been hearing.21

Musicians spend years fine-​tuning responses to these elements of sound—​
pitch, timing, and timbre—​and become very good at playing “in tune”; being 
“in time” with another musician, the conductor, or the beat; and recognizing, 
and producing, fine gradations in timbre vocally or on an instrument. But 
infants at birth already have some sophisticated responses to these elements.

Other musical abilities

At eight to nine months, infants can recognize a transposed melody, such as 
“Happy Birthday” begun on any pitch, if the relationship between the pitches 
remains the same.22 Infants at five to ten months also recognize a melody 
when the tempo changes.23 They can recognize a familiar lullaby or play song 
in any key and at any tempo. Most adults can sing along to familiar tunes in 
any key and at different speeds, but these are rather amazing skills for infants.

Early research concluded that infants preferred consonance over dis-
sonance, suggesting an innate preference based on how brains are wired. 
But just as Western babies can detect variations in asymmetrical rhythms 
used in Eastern European music, young infants have the capacity to make 
distinctions and value the music of any culture. Croatian infants find the 
close seconds used by native folk singers (what Westerners would call disso-
nance) just as unremarkable and enjoyable as Western babies find the conso-
nant harmonies in the music they hear.

A recent study in Canada confirmed that six-​month-​olds don’t prefer 
consonance over dissonance. They prefer whichever they have heard most 
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recently.24 What is true of one-​year-​olds in terms of preference for familiar 
native rhythms is true for preference for consonance and dissonance as well. 
At six months, infants are open to rhythms and harmonies of all cultures. 
By the time infants are a year old, however, they appear to have become 
enculturated to the rhythms and harmonies of their own culture.

Language vs. music

Infants have an astonishing range of musical abilities in the areas of rhythm, 
pitch, melody, timbre, harmony, and memory. What happens between those 
early months and the age of five or six when many children begin music 
lessons? Why aren’t children as fluent musically by first grade as they are 
verbally? The short answer is that language has cultural primacy because it 
transmits concrete facts and ideas. Music, which communicates emotion and 
feelings in less concrete ways, is relegated to secondary status. As a society we 
believe it is important to make conversation with children, but we don’t at-
tach that same importance to making music with children.

Anthony Brandt and colleagues argue, however, that “without the ability 
to hear musically, we would be unable to learn language.”25 They maintain 
that infants’ abilities in speech perception are dependent on being able to dis-
criminate the sounds of language, and those sounds are musical. An infant’s 
introduction to communication is through a caregiver’s IDS and singing, 
both of which are inherently musical with more pitch, rhythm, and timbre 
variations than speech itself. It is an “infant’s attention to all of the musical 
features of speech [that] provide a richer context for language induction.”26 
Music is what makes language possible, and music is what infants hear first.

How children learn language and music

We all grow up hearing language, sometimes for several hours a day. By 
first grade, children can speak in complete sentences and express complete 
thoughts. They have a vocabulary of 5,000 words or more. We can under-
stand them well, and they have a reasonable command of language by ear 
without knowing any rules of syntax and grammar and without knowing 
how to read or write. By the time they are introduced to letters and words, 
they already have a template in their brains for the sound of language, for 
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phrases, for words, for meaning of sounds—​a template on which they can 
attach the spelling of a particular word. No one would ever consider trying to 
teach a child to read if he doesn’t know how to speak.

Contrast that with music. Infants clearly prefer baby talk (IDS), which is 
musical. They prefer singing, which has more pitch variance than IDS. Most 
parents speak baby talk and sing to their infants for the first few months of 
life. By the time the infant becomes a toddler, adult speech begins to be used 
and singing all but disappears. A child entering school has heard language 
and interacted with parents and language since birth. Music was heard in 
the first few months but then probably not again in any regular interactive 
manner (just listening to music doesn’t count). We often try to teach music 
to children who are five or six years old by teaching music notation, but they 
don’t have the sound of music in their minds because they haven’t been con-
sistently hearing it. Is it any wonder they have difficulty with music?

Annie Jessy Curwen was an Irish piano teacher who taught in Dublin in 
the late nineteenth and early twentieth centuries. She published multiple 
music books and essays under the name of Mrs. J. Spencer Curwen, in-
cluding a Pianoforte Method in 1886 that eventually ran to twenty editions. 
In an 1898 article for The Parents’ Review, she wrote that a child’s musical ed-
ucation has two stages, one which we think about and one which we do not. 
Formal teaching begins about age six, and we think about it because we are 
usually paying for it. But the more important stage is the informal learning 
that happens from birth to age six, and that stage is likely to be ignored.27 [A 
link to this article is found on the companion website, item 3.3 .]

Curwen also comments that we tend to sing to infants to get them to go to 
sleep, but once they learn to sleep without singing, we quit. And that hasn’t 
changed since 1898. We still sing and use IDS until children are one or two, 
and then we switch to adult speech, which they continue to hear and use 
daily. By the time they enter school, having had little to no interaction with 
music for years, their music abilities are woefully underdeveloped and lag be-
hind their language abilities.

Learning aurally before learning notation

Bach, Beethoven, and Mozart all learned music aurally. They heard music 
and singing from very young ages and the sounds of music were internalized 
in their minds. There were no method books. Musical passages were learned 
by ear, student imitating the teacher, or the student reconstructing music 
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on a keyboard or violin after hearing it multiple times. Later, notation was 
easily attached to the sound templates in the student’s brain. In fact, Mozart 
often said he heard complete compositions in his mind before ever writing 
them down.

Prior to the mid-​nineteenth century, students practiced scales and 
arpeggios as a means of learning a musical vocabulary and not as an end in 
themselves, as is usually done today. As students became more advanced, 
the teacher would encourage them to invent their own music and to impro-
vise. But the advent of commercially viable printing in the mid-​nineteenth 
century changed that. Method books could be mass-​produced, and chil-
dren were given music books that emphasized the proportionality of note 
values—​whole notes divide into two half notes, half notes into two quarters, 
etc. Students began learning pitches according to where they were positioned 
on the staff rather than what they sounded like. They learned fingering ac-
cording to printed notation, not sound.28

Books of exercises, such as Carl Czerny’s numerous études for piano, or 
Rodolphe Kreutzer’s studies for violin, became common, and studying a mu-
sical instrument changed. Students no longer developed skills in improvisa-
tion, composition, and interpretation. They instead began to practice endless 
hours of technical exercises, and studying music became about reproducing 
what was notated, about technique and virtuosity.

The tradition of learning music aurally disappeared, even though promi-
nent teachers throughout history have advocated learning by ear rather than 
from notation. It’s ironic that no one has ever suggested that, just because 
printed texts are available, children should learn to read before they have 
any sound of language in their ear. Adults would never think of learning a 
second language from textbooks rather than by listening, yet that happens all 
the time with music. Learning music by learning notation first is the equiva-
lent of learning a foreign language by studying how words look without ever 
having heard them. It simply doesn’t make any sense. And yet, there remains 
an ongoing debate about whether notation or understanding by ear should 
come first in music education.

Sound before sign

Today, listening and singing prior to learning notation is often called “sound 
before sign” (sometimes “sound before symbol”), and it is sometimes 
promoted as though it’s a new way of learning music when in fact, every 
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musician in the seventeenth and eighteenth centuries first learned music by 
ear. During the twentieth century, learning “by ear” began to be disparaged 
and it remains so today as if inferior to learning notation first. The opposite 
is true. You can’t make music if you can’t hear it in your mind, and that is 
the essence of learning by ear. Music educator Edwin Gordon used the term 
audiation, the ability to hear and comprehend, or assign meaning to, sounds 
that exist in our minds, whether performing from notation, composing, 
improvising, playing “by ear,” or even listening to music. We perceive sound, 
but audiation is a cognitive process by which the brain gives meaning to mu-
sical sounds.29 Audiation has to do with giving meaning to, or coming to un-
derstand, all aspects of musical sound: pitch, rhythm, meter, timbre, volume, 
style, and tonality. Audiation gives meaning to musical sounds in the same 
way that we give meaning to the sounds of words in language. Infants have 
abilities in pitch, rhythm, and timbre from which a sophisticated sound tem-
plate can be built.

Well-​known teachers throughout history, even without having today’s 
understanding of the brain, have known that ear learning must come first. 
Lowell Mason, America’s first public school music teacher (1792–​1872), 
advocated for children to experience music before attempting to learn nota-
tion. Austrian composer and educator Émile Jaques-​Dalcroze (1865–​1950) 
promoted “good flow” through music and movement. Feeling music through 
movement, embodied music cognition, has been shown to exist in babies 
when at a very early age they are able to respond rhythmically to music. 
Adults shouldn’t need to be retaught, as Dalcroze Eurhythmics does, to learn 
to feel music in their bodies.

Zoltán Kodály (1882–​1967), Hungarian composer, ethnomusicologist, 
and pedagogue, created a philosophy of music education that introduces 
children to musical concepts through listening, singing, or movement, and 
after becoming familiar with the concept, the child then learns how to no-
tate it. His Kodály Method is not unlike how children learned music in the 
seventeenth and early eighteenth centuries. The German composer and ed-
ucator Carl Orff (1895–​1982) developed his educational ideas in the “Orff 
Schulwerk” (Schoolwork), a collection of elementary pieces that combine 
movement, singing, playing, and improvisation. He treated music like lan-
guage, believing children can learn without formal instruction through ex-
perience and with a sense of play. Composer and writer Anthony Brandt 
refers to music as “creative play with sound.”30 This is how children should be 
learning music.
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The name Shin’ichi Suzuki is familiar to many for his Suzuki Method, 
developed after World War II. Children learn to play by ear, notation is 
added later, and the method relies on parental involvement. Suzuki created 
his method after struggling to learn German. He noticed that all children 
achieve some proficiency in their native language prior to entering school, so 
why shouldn’t the same be true for music if they hear it and are involved in it 
with parents from an early age?

The American Edwin Gordon (1927–​2015) was the first music educator 
to engage in systematic research and field testing to see how children learn 
music. He concluded that “music is as basic as language to human develop-
ment and existence.”31 He advocated for singing first, notation second. His 
Learning Sequences in Music is a comprehensive look at how music is learned, 
what skills are possible at different ages, and what we need to recognize about 
how children learn in order to teach music effectively. Like all the educators 
profiled here, he emphasized movement and singing in a play-​like atmos-
phere.32 Consider the loss of human potential when young children do not 
regularly have interactive exposure to music.

Music lessons for infants?

Since infants have such a range of musical abilities, how do we ensure that 
those abilities are not only maintained, but expanded and improved between 
the ages of infancy and when they enter school? Should infants have music 
lessons? Laurel Trainor and her colleagues at the Auditory Development Lab 
at McMaster University have studied many aspects of musical development 
in infants and children. One study was designed to see what effect music 
classes had on infants’ enculturation to Western music. In other words, did 
music classes for infants have an effect on their sensitivity to the pitch and 
rhythms in Western traditional music?33 Six-​month-​old infants and their 
parents were randomly assigned to one of two music classes. The “active” 
class was based on Suzuki Early Childhood Education classes. The infants 
and parents learned lullabies, nursery rhymes, action songs, movement ac-
tivities, and played little percussion instruments, as shown in Figure 3.3. 
Parents participated fully in all the music activities. CDs from the classes 
allowed them to repeat the activities daily at home.

Infants in the “passive” classes listened to music from the Baby Einstein 
CDs while they were playing with their parents at play stations with various 
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blocks, balls, and books. Parents used the CDs at home while repeating the 
activities each day. At the end of six months of classes, infants who had been 
making music interactively with their parents demonstrated earlier sensi-
tivity to tonal pitch structure. They preferred a version of a Thomas Atwood 
(1765–​1838) sonatina that was played as written versus one that had extra 
accidentals added and strayed from tonality. They were already becoming 
enculturated to the tonal organizations and structures of Western music. 
Brain imaging of the infants, as shown in Figure 3.4, showed earlier or larger 
responses to musical tones.34 Their brains had changed because of the inter-
active music making with parents. One’s brain changes as a result of practice, 
and this can begin even with infants a few months old.

Perhaps in a more surprising discovery, infants in the interactive classes 
displayed better early communication skills. They smiled more, had lower 
distress levels in unfamiliar situations, and were easier to soothe when upset 
than the infants in the passive classes. Though infants in both the active 

Figure 3.3  Infant and dad in participatory music class
Credit: Auditory Development Lab, McMaster University
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and passive classes listened to music, listening wasn’t the important thing, 
it was the interactive participation with a parent, making music together 
as infants do when they interact with parents with language. The quality of 
the singing or playing doesn’t matter. Just as infants don’t have the muscle 
control to synchronize, they also don’t have the muscle control to play an 
instrument accurately or to produce pitch accurately. We don’t expect a two-​
year-​old to sound like an adult when using language. Neither, at that age, will 
their music-​making sound very much like what we consider music. But they 
will be absorbing sounds and creating a “sound to meaning” connection for 
music in their minds. They will be learning to audiate. When I was a child, 
an aunt spent a good deal of time at our house, always at the piano, playing 
and teaching us songs. Our babysitter also taught us a lot of fun, nonsense 
songs, many of which I remember to this day. When I began piano lessons 
at age five, learning notation was never an issue because it was easy to attach 

Figure 3.4  Infant’s brain responses to musical tones being measured with EEG
Credit: Auditory Development Lab, McMaster University
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the notated symbols to the sounds I already had in my mind. I had already 
learned to audiate at a simple level. The ability to audiate more complex mu-
sical sounds and structures increases as one’s skill level increases.

Sensitive period for learning music

Sarah Watts is a specialist in early childhood music education at Penn 
State University. She teaches her graduate students how to work musically 
with infants and toddlers. The infants and toddlers are eager participants, 
toddling over to the guitar and trying to help Dr. Watts play as she sits on the 
floor, attempting to shake rattles in time to the music, and even trying to find 
the coordination to throw scarves into the air in time with the music.

Researchers have generally said there is no sensitive period (what used to 
be called critical period) for learning music as there is for learning language 
(to age five), but studies such as the one above from the McMaster Lab indi-
cate otherwise, as do the eager toddlers in Watts’s music classes. Musicians 
are vividly aware that early exposure to music makes a difference. Pianist-​
conductor Daniel Barenboim speaks about growing up in a household with 
two parents who taught piano. Everyone he met played the piano or another 
musical instrument and everyone who came to the house made music.35 
Playing the piano was a natural part of his life as a child and a natural form of 
human expression. Music was simply in the air. He grew up hearing music, 
began piano lessons with his mother when he was five, and by the time he 
was eleven, was playing with the Berlin Philharmonic.

Pianist Ann Schein, who has had a concert life spanning more than sixty 
years and who was on the faculty of the Peabody Institute for twenty years, 
says that she was a toddler during World War II. The family lived in Evanston, 
Illinois, and patriotic music was played on the radio twenty-​four hours a day. 
At the age of three, she played the Marine Hymn—​with both hands—​at the 
piano. After hearing it repeatedly on the radio, she could hear it in her mind, 
and she found a way to pick it out at the piano. Her parents decided that if she 
could play that well by ear, she should have a teacher.36 She made her debut 
in Mexico City at the age of seventeen, performing both the Rachmaninoff 
Third Concerto and the Tchaikovsky B-​flat Concerto.

Learning music is different from learning to play an instrument. Very 
young children lack the motor control necessary to play an instrument well, 
although YouTube videos provide evidence of younger and younger children 
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performing on everything from the piano to a drum kit. Nor do they have the 
motor control to be able to control pitch, so they usually can’t sing in tune. 
But that doesn’t mean they can’t have fun with music. Children before the 
ages of five or six can learn to sing songs (to the best of their ability), move to 
rhythms, play little percussion instruments, and enjoy music as play. Some 
early childhood teachers put a large staff and cut-​out notes on the floor. The 
preschoolers hear and sing simple songs while notating them on the floor, 
and then they move along the appropriate lines and spaces as they sing. They 
are feeling the movement, connecting movement with sound, and sound 
with notation. Learning music becomes a whole-​body experience—​and it’s 
fun as well.

Children need to have a template for music, for pitch and rhythm, in their 
brains as they have for the sounds of language before they can understand 
and attach notation. Not every child can become a professional musician, 
but learning to enjoy and participate in music before the age of five will mean 
more people are comfortable with the language of music, and with being able 
to express themselves in that language.

You don’t need a particular method to use with children. Infants are born 
wanting to move to music. Keep that love of moving to music alive. Infants 
are also born responding to singing more readily than to speech. Capitalize 
on that by singing to and with children so they learn to internalize melodies 
in their minds. Just as we interact continually with infants and young chil-
dren with language, we need to do the same with music so they can develop 
the musical abilities with which they are born.

Key Concepts

	 •	 Infants are born with remarkable abilities in rhythm, pitch, melody, mu-
sical memory, and emotional response to music, suggesting biological 
foundations for music.

	 •	 Any sound that reaches the ear, whether music or speech, consists of the 
acoustical elements of pitch, timing, and timbre. Infants have rather so-
phisticated responses to all three.

	 •	 Being able to hear musically is what makes learning language pos-
sible. An infant is introduced to communication through a parent’s or 
caregiver’s singing and infant-​directed speech, both of which are mu-
sical, with variations in pitch, rhythm, and timbre.
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	 •	 Children have a template in their minds for the sound of language be-
fore they begin to learn the alphabet or words. Similarly, they need a 
template in their minds for the sound of music before they can begin to 
learn notation.

	 •	 There is a sensitive period for learning music as there is for language—​
the first five to six years of a child’s life.

	 •	 Singing, playing rhythm games, and moving to music with children pro-
vide a foundation for later music learning.
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4
Learn an Instrument—​Change Your Brain

Your brain—​every brain—​is a work in progress. It is “plastic.” From 
the day we’re born to the day we die, it continuously revises and 
remodels, improving or slowly declining, as a function of how we 
use it.

—​neuroscientist Michael Merzenich*

We hear a lot about skilled athletic performance, about the demands on the 
body of being an athlete at a professional level, about peak conditioning. 
Music performance doesn’t receive the same kind of attention; it is assumed to 
be not as demanding. Yet musicians are expected to perform on instruments, 
the voice included, with power, speed, virtuosity, endurance, and coordina-
tion over much longer periods of time than most athletes. In the Olympics, 
the long program for a figure skater is four minutes, the floor exercise routine 
for a gymnast is ninety seconds. Baseball players sit on the bench for signifi-
cant periods of time when they aren’t on the field, so their actual playing time 
is far shorter than the average length of a three-​hour baseball game.

In contrast, a violinist playing in the orchestra for Wagner’s opera Die 
Meistersinger von Nürnberg (The Mastersingers of Nuremberg) plays almost 
continually for four and a half hours—​over five if the opera is done in an 
uncut version—​usually with two intermissions; a baritone singing the role 
of Hans Sachs in the opera will be onstage singing for much of the opera. 
A drummer in a club plays continually for at least two or more hours with 
only short breaks. A pianist or violinist playing a solo concert performs for 
two or more hours with one intermission.

In addition to having to be in peak physical condition and capable of 
impressive athleticism over a longer period of time than most athletes, 
musicians’ athleticism must be connected to sound, and the resulting sound 
must convey emotion. Neuroscientists often say that making music is the 
most complex cognitive activity in which a human engages. Before exploring 
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that complexity in more depth and seeing how the brain changes as we learn 
an instrument, let’s look at some basic information about the brain.

Brain 101—​an overview

Everyone’s brain looks basically the same. Each has a central nervous system 
consisting of the brain and spinal cord. The mushroom-​shaped mass of nerve 
tissue that is called the brain weighs about three pounds and serves as the 
control center for the entire body. Figure 4.1 shows the three main parts of 
the brain: the cerebrum, cerebellum, and brainstem.

From an evolutionary standpoint, the brainstem is the oldest part of the 
brain. Located at the base of the brain, it connects the cerebrum to the spinal 
cord and cerebellum. All information relayed from the body to the cerebrum 
or vice versa must go through the brainstem. Because it is the oldest part 
of the brain, it controls many of the automatic functions present at birth, 
including breathing, heart rate, blood pressure, body temperature, and 
swallowing. But it also plays a significant role in how music and speech are 
processed (see Chapter 10). The cerebellum in the back of the brain coor-
dinates and fine-​tunes muscle movements and helps maintain posture and 

Cerebrum

Cerebellum

Brainstem

Figure 4.1  Three parts of the brain

 



Learn an Instrument  57

balance. It is important for motor control and the motor skill learning neces-
sary in playing an instrument.

The cerebrum forms the major part of the brain and is divided into left 
and right hemispheres, seen in Figure 4.2. They are linked by a band of nerve 
fibers called the corpus callosum, which carries information between the 
two hemispheres. The right hemisphere receives sensory input and controls 
movement on the left side of the body, and the left hemisphere receives sen-
sory input and controls movement on the right side of the body.

The cerebrum is covered by a thin, wrinkly layer called the cerebral cortex, 
or neocortex, where most of the brain’s neurons are located. Each hemisphere 
in the cerebrum is divided into four lobes: frontal, temporal, parietal, and oc-
cipital, seen in Figure 4.3. The frontal lobes are directly behind the forehead 
and are the largest of the four major lobes. They are considered the control 
center for behavior and emotions as well as the home of personality. Frontal 
lobes are important for language and for controlling higher-​level cogni-
tive skills such as working memory, judgment, planning, problem solving, 
decision making, attention, and impulse control—​known collectively as 

Figure 4.2  Right and left hemispheres of the brain
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executive functions. The motor cortices, at the rear of the frontal lobes, con-
trol voluntary muscle movement, the movements with which an instrument 
is played.

The parietal lobes are located toward the back and top of the head. They 
contain the somatosensory cortices, which process sensory information, such 
as touch, temperature, and pain. The parietal lobes also have a role in pro-
cessing information about how our body moves as we play an instrument 
or sing. The occipital lobes at the back of the head are primarily responsible 
for vision. The temporal lobes, basically behind our ears, process auditory in-
formation. They are also involved with encoding memory and have a role in 
processing emotions, language, and some aspects of visual perception.

Neuroplasticity

Although everyone has the same brain areas described above, the brains of a 
musician and an athlete, for example, will display differences. We are what we 
do—​what we study, learn, or experience. Brains develop in a particular way 

Frontal lobe

Motor cortex
Somatosensory cortex

Parietal lobe

Occipital lobe

Temporal lobe

Figure 4.3  Four lobes of the brain
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in response to how they are used every day. The specific brain areas that are 
developed and strengthened in acquiring, practicing, and maintaining the 
skills of a professional musician are quite different from those of a profes-
sional athlete, or for that matter, a simultaneous interpreter or neurosurgeon. 
Days spent learning different things and engaged in different experiences 
and activities that require processing by different brain areas change indi-
vidual brains in significant ways. The brain constantly rewires itself in re-
sponse to the amount and kind of sensory stimulation reaching it. This 
ongoing rewiring of the brain is called neuroplasticity.

The term plasticity itself was first proposed in the 1880s by the American 
philosopher and psychologist William James. He argued that neuronal 
pathways in the brain become deeper, wider, and stronger the more they are 
used, just as pathways in a country road become deeper and more permanent 
the more they are traveled. In a short treatise titled Habit, written in 1887 
and reprinted as a chapter in his highly influential 1890 textbook called The 
Principles of Psychology, James explained that if we repeat an action or be-
havior enough times, it tends to perpetuate itself and will eventually be done 
automatically. It becomes a habit because the brain changes.1

Research by other scientists over the next few years appeared to confirm 
the idea of plasticity. But Santiago Ramón y Cajal, who initially supported 
the idea of neuroplasticity, changed his mind, and the view he expressed in 
his 1913 textbook Degeneration and Regeneration of the Nervous System—​
that nerve paths were fixed and unchangeable in adults—​became accepted 
dogma.2 Given Cajal’s esteemed reputation, his view became widely accepted 
and remained established doctrine for the next several decades.

Scientists came to believe that, although the young brain was highly 
plastic, the adult brain was not. Neurons could die, but would not be replaced 
by new ones, nor could they reorganize, strengthen, or create new pathways 
in different ways. How, then, to explain the fact that adults were able to learn 
a new language or learn a musical instrument? Scientists agreed that new 
learning could happen in adult brains, but assumed it happened using ex-
isting brain connections. They were convinced the brain could not change 
functionally or structurally.

When I was a young piano student, the consensus among my fellow 
students was that you must develop all the technique you will ever need by 
your late teens—​after that, it’s too late. Music pedagogy basically mirrored 
what the scientific world believed. The brain is hardwired by the time you 
were in your late teens, an idea that, unfortunately, still surfaces today. That 
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belief didn’t make sense, considering our plans to attend graduate school to 
become better performers, with graduate school extending into our mid-​
twenties or beyond. It also wasn’t consistent with reviews of well-​known 
older performers that noted the refinement of technique and increasing 
depth of musicianship from early years to later performances. Obviously, 
these artists were changing for the better over time, but there was no basis 
for drawing a relationship between brain activity and playing a musical in-
strument. As far as we were concerned, technique was all about muscles. 
George Kochevitsky’s book (see Chapter 1) talked about practicing with the 
brain, but it was the only pedagogical text to mention the brain and it was not 
well known.

The idea that the brain is unchanging in adults also had serious nega-
tive ramifications for patients suffering strokes or traumatic brain injuries 
because very little was done for them in the way of therapy. The medical 
community recognized that some patients recovered from strokes, but it 
was assumed recovery was relative to the seriousness of the stroke. In gen-
eral, rehabilitation programs were short, and patients were sent home or for 
institutional care because there was no expectation of recovery (more in 
Chapter 7).

Maps in the brain

A Canadian neuroscientist named Wilder Penfield conducted some in-
genious work in the 1930s that eventually served as a foundation for many 
later studies of neuroplasticity. Penfield, the founder and first director of the 
Montreal Neurological Institute, spent his career doing groundbreaking re-
search in several areas including hallucinations and illusions. During the 
1930s and 1940s, he was particularly interested in epilepsy. At that time, 
there was no medication available that was effective in preventing seizures; 
the only remedy was surgery. Penfield conducted hundreds of surgeries on 
epileptic patients, excising the scar tissue (often the result of a brain injury) 
where the seizures originated.

To avoid cutting into either the somatosensory cortex or the motor cortex, 
in which case patients would lose their sense of touch or motor function, 
Penfield would first stimulate the brain with electrodes while the patient was 
fully conscious to discover what areas he should avoid. A local anesthetic 
had been used while a portion of the patient’s skull was removed. The brain 
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doesn’t have pain receptors, and a patient needed to be awake to tell Penfield 
what he experienced while Penfield probed his brain.

Over the course of hundreds of surgeries during the next fifteen to twenty 
years, as Penfield probed brains, patients would report feeling a tingling on 
the right hand or left knee or lips or elsewhere on the body. Perhaps a patient’s 
knee would jerk, or a finger would move. Penfield would mark the spot in the 
brain with a small, numbered note and an assistant would record the results. 
The procedure was not unlike a recent Verizon commercial, “Can you hear 
me now? Can you hear me now?,” as the cellphone user moves to different 
areas. In Penfield’s operations, it was “Where do you feel this now?” “Where 
do you feel this now?” as he probed different areas of the brain.

Over time, Penfield discovered that the somatosensory cortex and the 
motor cortex each has a map that is a neural representation of all our body 
parts. He named this map the “homunculus,” a mid-​seventeenth century 
Latin diminutive for “man.” He published his findings in a 1950 book, The 
Cerebral Cortex of Man.3 Illustrations represented the two maps, sensory 
and motor, and those originals have been redrawn and used many times 
since then.

As the illustration in Figure 4.4 shows, not all parts of the body occupy 
equal amounts of brain space. In the somatosensory cortex, the amount of 
dedicated brain area is relative to where we need the greatest touch sensitivity 
in the body. Fingers, which are primary touch receptors, occupy far more 
brain area than toes, which don’t have such an important sensory function. 
Each finger has a separate brain area. Sensory sensitivity is also extremely 
important in the tongue and lips, which occupy relatively larger brain areas 
than, for example, the nose.

In the motor cortex, the distribution of brain area is relative to which 
areas of the body are used in the most highly coordinated ways, such as in 
making music or sculpting a work of art. Again, hands and fingers have 
more brain area than knees or ankles. Individual fingers have separate brain 
areas because they function independently. Interesting new research shows 
that people who paint with their toes have toe maps in the brain similar to 
those of the fingers in people who have full use of their hands, a result of how 
neuroplasticity works.4

Initially, Penfield’s maps seemed to confirm the belief that adult brains were 
fixed and unable to change because very precise cortical areas were assigned 
to specific anatomic structures. But by the 1970s and 1980s, Penfield’s maps 
were being used to help prove the opposite—​that the adult brain could 
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change in response to learning or experience. In musicians, many of these 
brain areas change as a result of practice.

Neuroplasticity—​not just for kids

Neuroscientist Michael Merzenich believed, as had William James back in 
the 1880s, that the adult brain could change, that plasticity did not just occur 
in children. Over a period of twenty years in the 1970s and 1980s, Merzenich 
conducted a series of experiments with owl monkeys that proved conclu-
sively that neuroplasticity could occur in adults of the species.5 The next step 
was to prove that adult human brains could change.

In 1993, a young scientist named Alvaro Pascual-​Leone showed that 
the right forefinger of people who read Braille was represented by a larger 
brain area in the somatosensory cortex than either the left forefinger or the 
right forefinger in a control group. This was a sure sign that more sensory 
input from the right finger resulted in an expansion of the brain area that 
represented that finger—​neuroplasticity in the brains of adult humans.6

To measure the brain areas, Pascual-​Leone used a technology called 
transcranial magnetic stimulation, or TMS. TMS is a noninvasive procedure 
using magnetic fields to stimulate nerve cells in the brain. It has been used 
to diagnose and treat clinical conditions including migraine headaches and 
depression. It is also used for the pre-​surgical mapping of motor functions. 
Pascual-​Leone essentially used it as a more sophisticated version of what 
Penfield was doing in the 1930s and 1940s.

Pascual-​Leone was a strong believer in the neuroplasticity of the adult 
brain. He was also a sports fan who played both soccer and tennis. He expe-
rienced the improvement of his own skills the more he played, so he decided 
to explore how the motor areas of the brain changed over time with physical 
practice. But he didn’t use athletic practice; he used practice on a musical 
instrument. He devised an experiment using right-​handed adults who had 
never played a musical instrument and who had never typed with all fingers. 
Using a Yamaha electronic piano keyboard interfaced with a Mac IIci com-
puter (this was 1994), each participant practiced a five-​finger exercise: C D 
E F G F E D C using fingers 1 2 3 4 5 4 3 2 1. The participants learned to play 
this exercise as fluently as possible at a metronome marking of sixty beats 
per minute, the beats corresponding to fingers 1 and 5 (thumb and little 
finger).7
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Before the first day of practice, a baseline measurement was taken with 
TMS of the area in the left motor cortex corresponding with the muscles 
controlling the fingers in the right hand, the long finger flexor and extensor 
muscles (the left hemisphere controls the right side of the body). Because of 
Penfield’s study, that area in the motor cortex was known. Then the subjects 
in the study practiced for two hours a day for five days. Anyone who has 
played an instrument knows how tedious this would have been. The subjects 
were told to try to play fluently, without pauses, and to play the notes as 
evenly as possible. They were tested at the end of each two-​hour session to see 
if they could do twenty repetitions of the five-​finger exercise without errors. 
Twenty to thirty minutes after each practice session, the subjects again had 
TMS mapping of the finger areas.

As one would expect, playing skill improved over the five days. The 
subjects were able to play more evenly and fluently, with fewer mistakes. 
That’s what practice is supposed to do. But in a significant confirmation 
of neuroplasticity in adult humans, the cortical map corresponding to the 
fingers of the right hand steadily increased in size each day. Practicing the 
piano literally changed the size of the motor cortex corresponding to the fin-
gers of the right hand. Pascual-​Leone suggests there are two ways this re-
organization of the motor cortex can happen. One is the establishment of 
new connections, and the second is the unmasking of previously existing 
connections. Since the motor maps changed in such a short period of time, 
he suggested it was probably the latter, that it was due to the unmasking of 
connections already in existence. The initial changes were short-​lived, and 
the subjects’ brains returned to baseline after a weekend. But this study 
demonstrated a basis for longer-​term structural changes in the motor cortex 
as the skill becomes more automatic.8

There were two control groups. Group 1 did not practice at all, and there 
was no change in the finger maps of those individuals. Group 2 practiced for 
two hours each day, but those individuals were told to play randomly, one 
finger at a time and play anything they wanted. There was a slight increase 
in the finger maps of subjects in Group 2, but nothing significant. Practicing 
the piano, or any musical instrument, changes your brain. An aspect of this 
study that is extremely important to musicians is that intentional practice of 
a specific pattern is what led to changes in the brain’s finger maps. Randomly 
practicing any notes, although it changed the maps slightly, didn’t have the 
same significant effect. Intentional practice is important for the development 
of specific skills, as we will explore further in Chapter 6.
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Brain areas involved in making music

The motor cortex that figured prominently in Pascual-​Leone’s study is just 
one of many brain areas that are necessary for making music. As you read the 
following sections, you may be overwhelmed by the large number of brain 
areas involved, but on the other hand, it is fascinating to think about how 
much of the human brain has evolved to support music. What is described 
in the following pages is actually a rather pared-​down account. The reality 
is more complex, as neuroscientists will tell you, and researchers continue 
to discover more intricate ways in which music-​making is supported by our 
brains. Certain areas will be explored in a bit more detail as they relate to a 
particular aspect of making music, for example, in the discussion of learning 
and memory in Chapter 5, imagery in Chapter 8, and the auditory system in 
Chapter 10.

The auditory-​motor connection

The connection between sound and movement may be the oldest and most 
important connection supporting music-​making in the brain. The brain-
stem, in addition to regulating functions including breathing, heartbeat, 
body temperature, and equilibrium, also controls reflexive actions, such as 
jumping when startled by a sudden loud sound. Even babies reflexively turn 
toward loud sounds because that reaction to sound is hardwired in the brain. 
Some researchers say that, from an evolutionary perspective, the connection 
between sound and movement developed to keep our primitive ancestors 
from danger: hear an unexpected noise and respond quickly by moving in 
the opposite direction to avoid becoming a lion’s dinner or being crushed 
by a falling rock. Early humans who paused to think about it didn’t survive. 
Those who reacted instantaneously were alive to pass on their genes to the 
next generation, so the link between sound and movement was wired into 
the human brain a long time ago.

The processing of sound goes well beyond reflex reactions, however. We 
voluntarily link sound to movement in far more sophisticated and some-
times spontaneous ways: dancing to music, clapping to a beat, chanting in 
rhythm at athletic events, singing “Happy Birthday,” detecting the beat in 
music and intuitively moving to it. Our prehistoric ancestors were using that 
sound-​movement connection when they were making music 40,000 years 
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ago. For musicians, that sound-​movement connection becomes especially 
strong because of the years spent refining and strengthening it through con-
tinual practice.

Figure 4.5 shows the auditory-​motor interaction as one plays an instru-
ment.9 Play a note on a violin or strike a drumhead with a stick and the string 
or drumhead vibrates, causing the molecules in the air around it to vibrate. 
The resulting wave of sound enters the ear causing the eardrum to vibrate. 
The eardrum transmits the sound vibrations to the cochlea, a snail-​shaped 
structure in the inner ear that turns the mechanical energy of the wave into 
electrical impulses. The auditory nerve transmits these electrical impulses 

Motor cortex Premotor cortex
(dorsal)

Premotor cortex
(ventral)

Superior temporal
gyrus/auditory
cortex

Frontal cortex

Ear

Sound

Figure 4.5  Auditory-​motor interactions during musical performance
Credit: Figure reprinted by permission from: Springer Nature, Nature Reviews Neuroscience 8, 
“When the Brain Plays Music: auditory-​motor interactions in music perception and production,” 
R. J. Zatorre et al.© Nature Publishing Group 2007.
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via the brainstem to the auditory cortex of the brain. At various points along 
the auditory pathway, the signal is decoded for duration, frequency and in-
tensity. When it reaches the auditory cortex, the signal is perceived as one of 
thousands of sounds to which we have learned to attach meaning—​music, 
speech, or perhaps the doorbell (explored in greater detail in Chapter 10).

After processing in the auditory cortex, neural signals are sent to the sup-
plementary and premotor cortices, responsible for the planning, preparation, 
and guidance of movement in response to the sound we just heard—​whether 
and how to move the bow arm or strike the drumhead. These cortices 
then send electrical signals to the primary motor cortex, which converts 
those plans for movement into signals that are sent along neural pathways 
down the spinal cord and to the muscles in our arms and hands to initiate 
the movements to create more sound—​and the sound-​movement loop 
continues. The muscles can’t act on their own until the motor cortex in the 
brain initiates motion. Practicing happens in the brain, not the muscles. The 
auditory-​motor loop is nearly instantaneous, and it allows us to make music. 
If it were necessary to think about connecting each sound to a movement as 
we do when first learning an instrument, performances of great music would 
never happen.

When learning a musical instrument, sound and the movement necessary 
to create it become represented jointly in the brain.10 Researchers have found 
that when pianists listened to piano music that they themselves had played, 
there was increased activity in the motor cortex even though they were just 
listening and not playing. These findings support the idea that there is a close 
connection between perception (listening) and execution (playing) in the 
brain.11 Many musicians experience this when they find their fingers moving 
while listening to someone else play a piece they have also played.

Conversely, the auditory cortex can be active when you are playing si-
lently. Amateur and professional violinists were scanned using fMRI as they 
silently fingered the first sixteen bars of the Mozart Violin Concerto in G 
Major (KV216). The brains of all the violinists showed activity in the motor 
cortex because they were fingering the music. But the professional violinists 
additionally displayed significant activity in the auditory cortex because 
the auditory-​motor connection had been strengthened through years of 
practice.12

This connection between auditory and motor areas of the brain is estab-
lished quickly. In a 2003 study in which adult non-​musicians were taught 
to play a melody on a keyboard with the right hand, activity between the 
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auditory and sensorimotor areas of the brain showed up within the first 
few minutes. After five weeks of practice, that connection was firmly estab-
lished.13 That does not necessarily mean the piece of music was learned in 
five weeks. It simply means that those two brain areas were already working 
together. The more practice, the stronger that auditory-​motor connection 
becomes. It forms the basis for the more complex auditory-​motor skills pro-
fessional musicians develop over a period of years. This is neuroplasticity, the 
brain changing in response to learning.

Ohad (Udi) Bar-​David, cellist with the Philadelphia Orchestra, is the 
founder of Intercultural Journeys, a nonprofit organization that works to 
provide opportunities for musical dialogue among musicians of various cul-
tural traditions. Bar-​David often plays music outside the Western classical 
tradition in which he was trained. He says that when he first began playing 
with Arab musician Simon Shaheen, it was difficult to play the microtones 
that are prevalent in Arab music. “But,” he says, “when you start hearing it, 
your fingers just take you there.”14 If you hear the sound in your mind, the 
connection between brain and fingers makes it happen.

Other brain areas for making music

The auditory-​motor connection may be the oldest brain connection for 
music-​making, but it is far from the only one. Just as the ear is structured to 
turn incoming sound waves into electrical impulses, the eye is structured to 
turn incoming light waves into electrical signals that are carried by the optic 
nerve to the visual cortex in the brain where the information is decoded, 
whether that information has to do with notation, your instrument, the con-
ductor, or musician colleagues. The brain areas discussed in this section can 
all be seen in Figure 4.6.

Touch receptors in the skin of the fingers and hands gather information 
and turn it into electrical impulses. Those electrical signals are sent along 
nerves to the spinal cord and then up the spinal cord to the somatosensory 
cortex in the brain. Different pressures or touches that result in different 
qualities of sound send different signals to the brain. That information must 
be processed in sensory areas of the brain and then sent to premotor areas 
that assist in integrating sensory and motor information, and supplemen-
tary motor areas that plan complex movements. The neural signals then go to 
the primary motor cortex that initiates the movements necessary to produce 
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those particular kinds of sounds. All sensory information enters the brain as 
electrical patterns. We’ll see why this is so important in Chapter 7.

Most instruments require two hands, doing different things simultane-
ously, so bimanual coordination is important. Many brain areas are involved 
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Figure 4.6  Brain areas involved in processing music



70  The Musical Brain

in making your two hands (plus two feet for organists) work together. The 
cerebellum coordinates and regulates muscular activity and is involved in the 
timing and accuracy of movements. Motor areas are involved in planning 
and executing movements. Each hemisphere controls the opposite side of the 
body, so coordinating two hands requires a lot of information to travel from 
one hemisphere to the other via the corpus callosum.

Emotion is important in communicating music. The limbic system 
includes the amygdala, the area of the brain that processes emotion and 
attaches emotional content to our memories, including memory for music. 
It also includes the hippocampus, important in the formation of memory. 
The limbic system interacts with the basal ganglia, a group of structures deep 
within the brain that are connected to the motor and sensory cortices. The 
basal ganglia are involved in the automation of skilled movements and in 
storing fast and automated movement programs, playing a key role in the 
formation of procedural memory, the memory for playing an instrument, 
as we will see in the next chapter. The basal ganglia are also involved in the 
reward system, and we make music because we find it rewarding, or pleas-
urable.15 The prefrontal cortex controls executive function skills needed in 
learning an instrument or a piece of music, such as working memory, pla-
nning, problem solving, decision making, and attention.

Then there are the elements of music itself that the brain must process, 
such as pitch, rhythm, melody, and harmony. These are processed in dif-
ferent areas of the brain: basic elements such as intervals and rhythms, for 
example, are processed in the left hemisphere; more holistic elements such as 
meter and melodic contour are processed in the right hemisphere.16 Rhythm 
and timing are particularly interesting, not just because of their impact on 
making music, but because they also have an impact on speech processing 
(see Chapter 10).

Whether we are actively producing a rhythmic beat or just listening to one, 
premotor and supplementary motor areas, cerebellum, and basal ganglia are 
all involved. The basal ganglia may, in fact, play a role in “feeling the beat.”17 
We talk about being “moved” by music, and perhaps that is because so many 
brain areas involved in movement are necessary for processing rhythm.

Timing, being able to be “in sync” with someone or with the beat, is 
processed in many of the same brain areas as rhythm: pre-​motor and sup-
plementary motor areas, cerebellum, and basal ganglia. But two other 
very important structures are the parietal cortex, which has a crucial role 



Learn an Instrument  71

in estimating duration of time, and the prefrontal cortex, involved in the 
perception of time.18 Musicians use “timing” to refer to keeping a beat and 
synchronizing with another performer or ensemble. We also use it to refer to 
“expressive timing,” or the liberties we take with the placement or duration 
of note to achieve expressive effects, such as those frequently referred to as 
“rubato.”

Reading notation

Finally, what about reading music notation? Certainly not all musicians use 
scores. Jazz players use charts (sketches or notes) or they improvise out-
right, and in many cultures, music is passed down from generation to gen-
eration by ear and no musical notation exists. In Western classical music, 
scores use symbols to convey the music. Scores contain information about 
pitch, rhythm, duration of notes, dynamics, articulation, tempo, and more. 
Reading musical notation is far more complicated than reading text. With 
some exceptions (including Arabic, Hebrew, Chinese, and other Asian lan-
guages), reading text moves horizontally from left to right. Musical nota-
tion is not only horizontal for a simple melody, but also simultaneously 
vertical when reading chords, accompaniments, or full orchestral scores in-
cluding lines of notation for each instrument. Text has no rhythm or tempo 
instructions; the reader sets the speed. Music notation specifies rhythm and 
tempo. Reading music notation involves decoding this spatial arrangement 
of pitch and rhythms over time. Despite the complexity of reading musical 
notation, relatively little research has been done to determine how it happens.

When reading a musical score, the brain must translate visual informa-
tion in the form of symbols into a motor program that specifies patterns for 
pitches, timing, and positioning of movements.19 Translating spatial infor-
mation from a score into complicated motor commands has been found to 
happen in a part of the brain called the superior parietal cortex, which as we 
just saw, plays a crucial role in timing.20 Not surprisingly, that area of the 
brain is also critical for working memory, which allows one to retain the spa-
tial information from a score long enough for the brain to create the motor 
commands necessary to play the notes and rhythms.21 Areas important for 
pitch, rhythm, and the reading of symbols have been found in the occipital, 
parietal, and temporal lobes, seen in Figure 4.3.22
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Connection of neural networks

For all the brain areas just discussed to work together to make music, they 
must be connected. The job of brain neurons is to connect these areas and 
to process and transmit information throughout the brain, spinal cord, and 
peripheral nerves to the body. The brain is made up of 86 billion nerve cells, 
or neurons, and about an equal number of glial cells.23 Neurons transmit in-
formation, while the job of the glial cells is to provide nourishment, support, 
and protection for neurons. Both are essential.

Each neuron consists of a cell body, multiple dendrites, and a single axon, 
seen in Figure 4.7. Dendrites bring information to the cell body in the form 

Dendrites

Presynaptic cell

Postsynaptic cell

Cell body

SynapseSynapse
Signal direction

Signal direction

Nucleus

Myelin sheath

Axon terminal

Axon

Figure 4.7  Two neurons connecting at a synapse
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of electrical signals. The cell body contains genetic information that directs 
the activity of the cell. A single axon extends away from the cell body and its 
job is to carry information to other neurons. An axon has multiple endings 
or terminals. When electrical impulses reach these terminals, chemical 
neurotransmitters are released across a gap called the synapse to transmit 
the message to a dendrite of the next cell in the pathway. This electrochem-
ical process continues from cell to cell until a neural pathway is formed 
extending from one area of the brain to another. Larger networks are formed 
connecting multiple areas of the brain, such as sensory, auditory, and motor 
areas. Transmission among all these areas occurs within microseconds.

The 86 billion neurons in the brain can combine in an infinite variety of 
ways and make networks connecting all the parts of the brain that control 
thought, behavior, action—​and music. See an example of neural networks in 
Figure 4.8. Some of those connections are formed during the development 
of the fetus, such as those for life functions like breathing, the beating of our 
hearts, or the movements of a fetus in the womb. We have seen that some 
neural circuits for music are already present at birth, such as those for com-
plex rhythms or pitch structures. Other neural pathways are created through 
experience, learning, or injury—​for example, riding a bike, learning a foreign 
language, learning to play a musical instrument, or recovering from a trau-
matic brain injury.

Figure 4.8  Neural networks



74  The Musical Brain

How we learn

In 1949, Canadian psychologist Donald Hebb introduced the theory that 
the more often one neuron fires consecutively to the next along a particular 
pathway, the more the synapse between them is strengthened, and the more 
likely it is that the neurons will continue to fire consecutively. This is what 
happens when we practice and our skill improves. This is synaptic plasticity, 
or plasticity at the level of a single cell. There are three synaptic processes 
that enable learning: (1) the synapses strengthen or weaken over time in re-
sponse to increases or decreases in use—​how much or how little we practice; 
(2) more neurons are recruited as we add more information during our prac-
tice, resulting in an increased number of synapses connecting neurons; and 
(3) a substance called myelin is wrapped around the axon as it is used. Myelin 
could be compared to the rubber or plastic covering on electrical wire. It 
provides insulation for the axon and speeds transmission. The more often a 
signal is carried by the axon, the more myelin is wrapped around it and the 
faster the speed of transmission. All these synaptic processes are important 
in the process of learning and memory.

The theory Hebb introduced, called Hebb’s Law, Hebbian theory, or 
Hebbian learning, is usually stated as “neurons that fire together, wire to-
gether.”24 Practice facilitates repeated firing of the synapses and wiring to-
gether of neurons. When learning a musical instrument, people often say, 
“Practice makes perfect” but the repeated firing of the synapses ensures 
permanence, not perfection. The brain doesn’t distinguish between correct 
and incorrect information during practice, there is no flashing signal that 
warns of incorrect rhythms or wrong notes. Wrong information becomes 
wired just as readily as the correct information. Since synapses strengthen 
with use and weaken when they are not used, mistakes, once discovered, are 
corrected by not repeating them so the synapses weaken, and by establishing 
a new pathway with the correct information, making it stronger through re-
peated use.

Musicians are models of neuroplasticity

Wilder Penfield showed that specific areas in the motor and somatosensory 
cortices represented specific areas of the body, and thousands of researchers 
have shown that various brain areas show neuroplastic changes depending 
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on the activity involved. The cerebellum of speed skaters is larger in the right 
hemisphere because of their highly developed skills of balance and coordina-
tion. Golfers show increased gray matter volume in brain areas having to do 
with spatial information processing. London cab drivers are well known for 
the increased size of the hippocampus, reflecting their encyclopedic spatial 
memory of the city of London.25 While GPS may have made a dent, London 
cabbies still say that the knowledge in their minds is far more comprehensive, 
they don’t have to consult a screen, and if suddenly in a traffic jam, they can 
instantly devise a better route. They can also give you information about sites 
along the way—​restaurants, museums, parks, schools, and pretty much any-
thing else a rider may want to know.

Because making music is a multisensory as well as a motor experience, 
because musicians have usually begin studying early in life, and because, in 
highly skilled or professional musicians, nearly all the brain areas that are in-
volved in making music show functional or structural (anatomical) changes, 
musicians have proved to be of particular interest to researchers studying 
neuroplasticity.26 Over the past twenty-​five years, musicians’ brains have 
come to be considered models of neuroplasticity.

Functional neuroplasticity

Functional neuroplasticity refers to the brain’s ability to change how neurons 
function. This can either happen as a result of learning, as in learning a 
musical instrument, or to compensate for damage to a part of the brain. 
Functional neuroplasticity that occurs because of a sensory deficit, as in con-
genital blindness, is called cross-​modal neuroplasticity and will be discussed 
in detail in Chapter 7.

During many hours of instrumental or vocal practice, the synapses 
along the neural pathways become stronger and transmission becomes 
faster. The behavior of the neurons in those pathways changes. They be-
come “better” at what they do. For example, musicians outperform non-​
musicians in perception of pitch, timing, and timbre. They also process 
auditory, motor, and visual information faster and more efficiently.27 They 
have superior working memory and are better at musical tasks involving 
pitch discrimination.28 Conductors are much better at determining the 
location of a certain sound source than either other musicians or non-​
musicians, which is not surprising since conductors must be able to 
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distinguish the sound of adjacent instruments at the back of the orchestra 
as well as at the front.29

You may be thinking, “of course musicians are better at pitch, rhythm, 
memory, etc. It’s natural that years of practice would result in better abilities 
in those areas.” That’s exactly the point! Musicians themselves have tended 
to think about practice mainly in terms of muscles. But the areas of the brain 
involved in making music change as they practice, neural pathways become 
stronger, and the enhanced capacity of those brain areas leads to the develop-
ment of stronger musical skills. Those enhanced brain areas can also have an 
effect on other cognitive areas (see Chapter 10).

Structural neuroplasticity

Structural neuroplasticity refers to the brain’s ability to change its struc-
ture as a result of musical training. One of the first studies of structural 
neuroplasticity compared a group of string players who had played for an 
average of eleven years with a control group of individuals who had no mu-
sical experience. Using magnetoencephalography (MEG), which measures 
brain activity in milliseconds, they found that the area of the somatosensory 
cortex corresponding with the fingers of the left hand, used extensively for 
fingering, was larger in the string players than either their right hands, used 
to hold the bow, or the control group of non-​musicians. The difference was 
more pronounced in string players who had begun training at an early age.30 
Professional pianists show something called the “omega sign” in the motor 
cortex of both hemispheres, indicating a larger hand area; violinists show 
it only in the right hemisphere that controls the left, fingering hand.31 The 
brain areas corresponding to the right hand holding the bow don’t change.

Studies of neuroplasticity have usually focused on gray matter plasticity. 
Gray matter refers to the cell body, synapses, and glial cells that support the 
neuron, all of which look somewhat gray under a microscope. As synapses 
connect to more neurons and additional neurons are added to the task, there 
is an increase in gray matter density; this is structural neuroplasticity. In au-
ditory, motor, and visuospatial areas of the brain, professional pianists have 
more gray matter volume than amateur pianists, who, in turn, have more 
than non-​musicians.32 Visuospatial cognition refers to the ability to shift spa-
tial attention, hold items in visual memory, and detect patterns, all of which 
are used when sight-​reading, which involves high demands on a musician’s 
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ability to process complex visual input and connect it with motor output, in 
real time.

Orchestral musicians have been found to have enhanced gray matter 
volume in Broca’s area, usually linked with speech production but also 
known to have a role in supporting sight-​reading.33 Musicians have higher 
gray matter volume in the cerebellum, important for motor learning and 
cognitive function, with the amount of gray matter correlated to the intensity 
of practice.34 They also have more gray matter volume in the hippocampus, 
important for visuospatial memory.35 The brain activation pattern for singers 
is different from other musicians because singers produce and amplify sound 
entirely within their bodies. Researchers have found that opera singers have 
increased activation of the primary somatosensory cortex in both the right 
and left hemispheres representing articulators—​tongue, soft palate, lips—​
and the larynx, all necessary for the production of singing.36

White matter, or myelinated axons, also undergoes neuroplastic changes. 
The corpus callosum, the largest white matter structure in the brain, is larger 
in musicians than in non-​musicians, and larger in musicians who began 
study before the age of seven than in those who began later.37 Comparing 
a group of professional pianists in Sweden with non-​musicians, researchers 
found that increased amounts of practice time in childhood led to greater 
myelination (white matter plasticity) of axons in the corpus callosum and in 
the frontal lobe.38

In the early years of research, some researchers wondered if some 
individuals already had larger brain areas that would predispose them to 
do well studying the piano or another instrument. The answer turned out to 
be no. Multiple studies monitoring children studying an instrument over a 
period of years have shown that the structural differences in brain area are 
clearly a result of practice.39 And the comparisons we previously looked at 
showing professional musicians vs. amateur musicians show that the brain 
changes with practice.

Sometimes brain areas decrease in size

When engaged in various kinds of hand-​tapping exercises, professional 
pianists show far less activity in motor areas than do non-​musicians. 
Extensive training leads to greater efficiency, so not as many neurons are 
needed to perform routine hand tasks.40 Structures in the striatum, part of 
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the basal ganglia, assume a kind of executive management oversight, in-
cluding planning and executing movement and procedural learning (motor 
skill learning). When first learning an instrument, visual, proprioceptive, 
and auditory feedback are required, and the striatum has a role in that. But as 
skill is gained, less feedback is necessary because motor movements become 
more automated. Fewer neurons are recruited for the same movements, not 
as much “management” is needed, and the striatal areas decrease in size.41

Why does making music drive   
neuroplasticity in the brain?

Different brain areas show neuroplastic changes in different populations, 
depending on their activities, as we saw with taxi drivers, golfers, and speed 
skaters. But it is the intersection of cognitive, sensorimotor, and reward sys-
tems that particularly drives neuroplasticity in people who study music.42 
Visual, auditory, and kinesthetic senses combine with motor abilities to 
allow us to make music—​our sensorimotor systems. Many cognitive processes 
are also employed in the study of music: thinking, attention, percep-
tion, memory, learning, and reasoning. Music activates the reward circuits 
in our brain, and whenever the reward system is activated, it causes us to 
want more, so we continue making music, driving neuroplasticity. But the 
neuroplasticity resulting from studying music doesn’t just make us better 
musicians; it has other cognitive benefits as well, as we will see in Chapter 10.

Key Concepts

	 •	 Multiple brain areas are involved in the processing of music, including 
regions in both hemispheres, all four lobes, the brainstem, and the 
cerebellum.

	 •	 The brain changes in response to learning and experience; these changes 
are called neuroplasticity. Each person’s brain develops in a particular 
way in response to how it is used every day. A musician’s brain will de-
velop in a different way from that of an athlete.

	 •	 Because music is a multisensory as well as a motor experience, because 
musicians have usually begun studying early in life, and because nearly 
all the brain areas involved in making music show neuroplastic changes, 

 

 



Learn an Instrument  79

musicians are of particular interest to researchers, and musicians’ brains 
have come to be considered models of neuroplasticity, changing in both 
structure and function as a result of years of practice.

	 •	 All sensory information enters the brain as electrical impulses, and all 
communication within the brain occurs via electricity and chemicals.

	 •	 As we learn music, one neuron connects with another, forming 
pathways and networks connecting the many areas in the brain involved 
in making music.

	 •	 The intersection of cognitive, sensorimotor, and reward systems partic-
ularly drives neuroplasticity in people who study music.
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5
Learning and Memory—​Two Sides of the 

Same Coin

The memory is sometimes so retentive, so serviceable, so obedient—​  
at others, so bewildered and so weak—​and at others again, so 
tyrannic, so beyond controul!

—​English novelist Jane Austen, Mansfield Park*

I have many memories connected to my piano lessons at the age of five. 
I remember the four blocks I walked to the lesson, the placement of the 
piano next to an L-​shaped stairway in the music teacher’s studio, and 
the very large dog that chased me one sunny Saturday morning. But I 
have no memories of the lessons themselves, no memories of learning to 
match symbols on the page to keys, learning to coordinate my two hands, 
or learning how to use the pedal when my legs were finally long enough 
to reach the floor. It feels as though I have always known how to play the 
piano. Although this may seem strange, it is actually quite normal. I also 
have no memory of the steps involved in learning to tie my shoes, ride a bi-
cycle, or drive a car; few people do.

Once the “how” of a complicated motor skill is learned, it becomes auto-
matic, and we have no memory of not being able to do it. This is called proce-
dural memory, the kind of long-​term memory for knowing how to do things, 
for learned motor skills. Once one has learned to play an instrument, no 
one thinks about the steps involved, nor are they forgotten. But procedural 
memory is only one of many kinds of memory that are a part of learning to 
play an instrument and learning music.
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Kinds of memory

The brain has so often been compared to a computer that we tend to think 
of memory for a piece of music as residing in a particular location, like an 
mp3 file on a computer desktop. Pull it up, click play, and the piece unfolds. 
But memory isn’t found in one place in the brain. There are many kinds of 
memory; as shown in Figure 5.1, there are several stages in the learning and 
memory process, and memory is distributed throughout the brain.

Sensory, short-​term, and working memory

We perceive the world through our senses. All memory begins as information 
entering the brain through one of our six senses: taste, smell, vision, hearing, 
touch, and proprioception (the awareness of the position or movement of the 
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Figure 5.1  Kinds of memory
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body). This is sensory memory (SM). Whether learning a new piece of music 
or learning to play an instrument, one sees the notation or the instrument, 
hears what the notes or instrument sounds like, feels the kind of touch on 
the keys or strings or notices what it feels like to sing a certain pitch, and is 
aware of where fingers, arms, and body are in space while playing or singing 
the notes. There is no storage capacity in the brain for sensory memory, so in 
less than a second, the information that one notices or has paid attention to is 
sent to short-​term memory (STM). When learning a new piece of music, it is 
important to pay attention to as many details in the score as possible because 
anything you don’t specifically notice will not be sent to short-​term memory, 
and that’s the first step toward long-​term memory.

Close your eyes for a moment and concentrate on all the sounds you can 
hear. I can hear the grandfather clock chime in another room, traffic sounds 
on the highway a couple of blocks away, and some kind of power equipment 
being used by my next-​door neighbor. I hear these sounds when I am paying 
attention. But when I concentrate on thinking about and typing these words, 
I don’t hear any of those sounds. They aren’t relevant to what I’m doing so 
they aren’t sent to short-​term memory. There is a large intake capacity for 
sensory memory, the brain can absorb a great deal of sensory information at 
any one time, but there is no storage capacity. So whatever is not immediately 
sent to short-​term memory disappears.

Short-​term memory (STM) is the capacity to hold a limited amount of 
information for a short period of time, sometimes referred to as a kind of 
“scratch pad” for temporary recall. Classic examples of short-​term memory 
are recalling a phone number long enough to punch it into the phone or 
remembering the beginning of this sentence long enough to relate it to what 
follows. Short-​term memory is sometimes used synonymously with working 
memory (WM), although some researchers still differentiate the terms—​
STM referring only to short-​term storage and WM to holding information in 
your mind so that it can be mentally worked with or manipulated.

Short-​term and working memory rely on the prefrontal cortex, the 
“thinking” area of the brain where executive functions are regulated.

Thinking about sight-​reading is a good way to contrast the different kinds 
of memory. As you sight-​read a new score, you are always scanning a bit 
ahead of what you are playing, noticing notes, rhythms, patterns, dynamic 
markings, etc. Your brain is taking in information via sensory memory. 
What you have specifically noticed passes from sensory memory to short-​
term memory. Meanwhile, working memory keeps that information in mind 
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long enough for your brain to map out how to play it. That involves relating 
patterns you see to patterns you already know that are in your long-​term 
memory—​making them easier to play. If you sight-​read frequently, you will 
be better at it because a lot of patterns you encounter will already be in long-​
term memory.

Short-​term memory has a small storage capacity and a short duration, 
less than a minute. The capacity for short-​term memory is usually thought 
to be seven items of information, plus or minus two. But the capacity of 
short-​term memory (or working memory) can be increased by “chunking” 
or grouping smaller individual pieces of information into larger patterns, ba-
sically recoding the information in the brain. For example, the eight digits in 
the number 10061975 are near the limit of what the brain can hold in STM. 
But if thought of in 3 chunks—​month, day, year (10-​06-​1975)—​rather than 
eight individual digits, it is easier to remember all eight digits, and some STM 
space has been freed up for more numbers. Similarly, one might think of G, 
B, D, F as one chunk, a dominant seventh chord on G, rather than four indi-
vidual pitches, leaving room for five or six additional chunks of information 
in short-​term memory.

Chunking is based on information already known and stored in long-​term 
memory. One must know that dates can be expressed as 2 +​ 2 +​ 4 digits to 
chunk eight digits as a date, and one must have some knowledge of music 
theory to be aware that the pitches G, B, D, F are a dominant seventh chord. 
The more knowledge one has about a subject, the more readily informa-
tion can be chunked, which is why those who sight-​read a great deal are so 
good at it. They are accustomed to seeing patterns and chunking musical 
information.

To retain short-​term memory, we must do something to facilitate its 
transfer to long-​term memory, and for musicians, that means practice. Do 
nothing and short-​term memory disappears.

Long-​term memory

All memory other than sensory, short-​term, and working memory falls under 
the category of long-​term memory, and that is the goal when learning music. 
But long-​term memory isn’t a single entity. There are two long-​term memory 
systems, and they rely on different brain networks. Procedural memory, 
sometimes called implicit or non-​declarative memory, is concerned with 
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forms of memory that are not dependent on conscious processes, like riding 
a bike. Declarative memory, also called explicit memory, is concerned with 
conscious memory or memory that can be verbally stated as facts or ideas. 
Memory for a specific piece of music is declarative memory.

Procedural or implicit memory
Procedural memory is the memory for a motor skill such as tying shoes, 
driving a car, or playing a musical instrument. It is acquired through repe-
tition, through trial and error, and once learned, is so deeply embedded that 
it is not forgotten. Procedural memories are difficult to explain, much easier 
to demonstrate. Most men, if asked how to tie a tie, would find it difficult to 
explain and would prefer to show you. We teach children to tie their shoes 
by demonstrating, not by explanation. We do the same thing when teaching 
music. It is easier to show someone proper bow placement on the cello than 
to explain, easier to demonstrate hand position at the keyboard than to give 
directions. Procedural memory is a kind of implicit memory. Other kinds of 
implicit memory include habits, conditioning, and preferences, all of which 
are unconscious, like procedural memory, but they have their origin in our 
past experiences or activities and were acquired without our noticing or 
thinking about them. We usually are unaware as to how we acquired certain 
habits. They haven’t been practiced and are not accessed through conscious 
thought. Implicit memories are part of who we are, and they influence our 
behavior.

In order to learn to play a musical instrument, the brain must acquire 
and implement what neurologist Alvaro Pascual-​Leone calls a “transla-
tion mechanism” to convert knowledge into action.1 Many people who 
begin lessons have seen someone play an instrument and have fallen in love 
with it. They may have a general knowledge of how the instrument sounds, 
how it is held, how one sits at it. But when one begins to learn the instru-
ment, movements are tentative and slow. Each movement has to be thought 
through very carefully. Although bimanual coordination is used for every-
thing we do, coordination of both hands somehow seems very difficult when 
we begin to learn many instruments. This is because the two hands will no 
doubt each be performing different movements, and the brain prefers limbs 
to perform synchronous, symmetrical movements like walking, riding a bi-
cycle, or swimming, not different movements in each hand.2 Everyone is fa-
miliar with the classic “coordination teaser” of rubbing your stomach while 
patting your head. Here’s another: lift your right foot and do clockwise circles 
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in the air. While doing that, draw a number 6 in the air with your right hand. 
You may suddenly find your right foot going counterclockwise to match the 
counterclockwise movement of the right hand. The brain would prefer that 
both right hand and right foot go in the same direction.

Overcoming the brain’s preference for symmetrical movement is neces-
sary to do the teasers—​or to play a musical instrument. Think about a vi-
olinist drawing a bow across the strings laterally with the right hand while 
the fingers on the left hand, which is held out in front of the violinist, must 
move up and down on the fingerboard while at the same time moving back 
and forth to find the exact placement for a specific pitch. Playing a string in-
strument may be the ultimate coordination challenge, but playing any other 
instrument presents its own coordination challenges.

The motor cortex is involved in movement, but several other areas of the 
brain are involved as well in the bimanual coordination necessary for playing 
an instrument. These include the cerebellum, the supplementary and pre-
motor areas, the cingulate motor cortex, the corpus callosum, which carries 
information between the two hemispheres, and the basal ganglia, which 
not only facilitates voluntary movement but helps to inhibit competing 
movements.3 Each has a specific role in coordinating and integrating both 
of our limbs into a sequence of muscle movements while suppressing mirror 
movements. As we practice, we imprint new patterns and suppress the brain’s 
natural inclinations for symmetry, and neuroplasticity strengthens these 
movement patterns and makes it possible to use each of our limbs in the dif-
ferent ways required for our instrument.

Musicians learn to coordinate what is seen on a page of notation with the 
movements necessary to make the sounds the notation represents. Sensory 
memory takes in information as we match movement to sound, transfers that 
to short-​term memory, and eventually, over time, the skill enters long-​term 
procedural memory. Our brains translate what is known about playing the 
instrument into being able to do it—​knowledge into action, Pascual-​Leone’s 
“translation mechanism.” After an instrument is learned, the struggles to 
master the coordination problems tend to be forgotten.

As skill level increases, practice is no longer about learning to coordinate 
our limbs enough to play the instrument and match sound to movement, but 
about learning the specific technical and movement challenges that arise in 
each new piece of music. Learning how to play the instrument has entered 
procedural memory, the memory for how to do something (although singers 
say theirs is a constantly evolving instrument and one continues to be aware 
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of the coordination necessary throughout the body). The two brain areas in-
volved in procedural memory are the basal ganglia and the cerebellum.

The basal ganglia, lying deep within the brain, are involved in the forma-
tion of motor programs, in packaging smaller movements into larger ones, 
and in coordinating sequences of motor patterns used to play an instrument 
so they don’t constantly have to be relearned each time they are encountered. 
The movements become routine, part of procedural memory.

The cerebellum is important for the timing, execution, and coordination 
of the movements. It’s important for the fine motor control needed to play an 
instrument. Another structure, the amygdala, can also be involved, as we will 
see later.

Declarative or explicit memory
When we use the general term “memory,” we’re usually referring to declar-
ative memory, the conscious recollection of facts, previous experiences, 
and concepts, also called explicit memory because these memories can be 
verbalized. When we worry about memory before a performance, it’s not 
procedural memory that we are worried about—​no one forgets how to play 
an instrument or sing. The concern is about forgetting some detail of the 
music: chord changes, how the theme is different the second time, or the text 
for a song. That’s declarative memory, and there are two kinds: semantic and 
episodic.

Semantic memory refers to factual knowledge, to knowing. When we first 
learn an instrument, we concentrate on pitches and rhythm. As our skills 
and knowledge become more advanced, we add theoretical, historical, and 
musical information to the complex framework that constitutes our se-
mantic memory. That is what we draw upon as we learn a new piece of music. 
Semantic memory is knowing facts and details about a piece of music—​being 
able to name notes, talk about key relationships, cite information about the 
composer, describe the structure. A singer needs to be able to recite the text; 
in an opera, a singer must know the translations not only for her own role, 
but the roles of the other singers as well, and stage directions must also be 
memorized, all of which is semantic memory. Semantic memory is also in-
volved in being able to transfer concepts from one piece of music to another, 
building knowledge over time.

Episodic memory is remembering events or experiences. We remember im-
portant occasions such as commencements or weddings. We may remember 
our first recital, our piano lessons with our college professor, a performance 
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that went stunningly well, or one that we thought was a disaster. We re-
member where these events took place, the time of day, and how we felt. 
When we reminisce about events in the past, we are using episodic memory. 
Episodic memory provides us with a sense of our own personal history.

The hippocampus is the area of the brain responsible for converting short-​
term memory for a piece of music into long-​term memory, and this happens 
over time with practice. After the memory is consolidated, the hippocampus 
sends the various elements of the memory back to the cortex where they were 
first processed—​visual, auditory, somatosensory, and motor—​and that’s 
where they are stored. The hippocampus is also important for processing and 
storage of spatial memory. For example, a pianist must know exactly how far 
to stretch a hand to play an octave. A string player must know exactly where 
first position is on the fingerboard. These skills require spatial memory and 
that is stored in the hippocampus. Brain areas where explicit and implicit 
memory are stored can be seen in Figure 5.2.

Prefrontal cortex

Explicit Memory Storage

Implicit Memory Storage

Amygdala Cerebellum

Auditory cortex

Motor cortex Somatosensory
cortex

Hippocampus

Basal ganglia

Visual cortex

Figure 5.2  Explicit and implicit memory storage
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While semantic memory is more important for memorizing all the details 
about the piece, episodic memory also has a significant impact because it 
links emotions with memory, and a structure called the amygdala has a role 
in that, as we will see later.

Procedural (implicit) memory is used to play our instrument.
Declarative (explicit) memory is used to play a specific piece of music.

Stages of learning and memory

Many neuroscientists say that learning and memory are two sides of the 
same coin. Learning is the process by which new information is encoded in 
the brain, and memory is the encoding of the information itself. It is no sur-
prise that how well a piece of music is learned determines how easily it will be 
recalled from memory. Still, the two processes tend to be dissociated. Many 
students talk about “learning” a score and then “memorizing” it, as though 
memory is an add-​on. Memory, however, is inextricably intertwined with the 
learning process. There are five stages of memory that are important to know 
when learning music.

Encoding

Encoding is the first step in learning or memorizing music. When sight-​
reading a new piece of music, a great deal of sensory information is 
encountered—​rhythmic or pitch details seen in the score, the sound of the 
melody, how it feels when the keys or strings are touched. A meaningful 
neural representation of the piece is formed in the brain by neural pathways 
connecting sensory areas as well as the motor areas necessary to make 
the movements to produce the sound. This memory trace contains those 
elements of the piece that we noticed, paid attention to, and entered short-​
term memory. This is encoding—​the initial representation of the piece. If the 
piece is abandoned and not practiced, this memory trace will fade and disap-
pear. For a piece to become part of long-​term memory, the memory trace or 
neural representation of the piece must be consolidated. This happens with 
practice.
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Consolidation

As we practice, the brain consolidates the initial memory traces or neural 
pathways—​strengthening, reorganizing, stabilizing, adding meaning, filling 
in blank spots, making connections to previous knowledge. Information is 
added that we hadn’t noticed when we first sight-​read the piece. More prac-
tice means paying more attention. Incorrect rhythms or pitches are fixed; we 
notice rhythmic, melodic, and harmonic patterns; we figure out the best fin-
gering or bowing, learn the structure, solve technical problems, and think 
about various interpretations.

Many people think of this simply as practicing, not aware that it is a bio-
logical process in the brain. Neural pathways become stronger as we prac-
tice the music. Connections at the synapses are strengthened, more neurons 
are recruited as new information is added. New neural pathways are formed, 
and some are re-​routed. Transmission of the information becomes faster 
as more myelin is wrapped around the axons. “Cells that fire together, wire 
together.” As one practices and continues to adjust and refine, the neural 
pathways are reinforced, and the consolidation of memory becomes stronger. 
Consolidation also occurs during sleep, as we will see in the next chapter.

Storage

Perhaps the idea that there is a specific place in the brain where a particular 
memory is stored stems from the term itself. We tend to associate the word 
“storage” with a place to put things, whether an attic, basement, storage fa-
cility, or an external hard drive for a computer. But the two kinds of long-​term 
memory, procedural and declarative, are stored in different areas in the brain, 
as we have seen. Declarative memory itself is stored in multiple brain areas.

We can’t directly control where the hippocampus sends information for 
storage. What can be controlled, however, is what we pay attention to during 
practice because that determines what information, and how much infor-
mation, is encoded and how securely it becomes consolidated and stored in 
long-​term memory. Anything visual that we have paid attention to will be 
stored in the visual cortex, auditory in the auditory cortex, etc. Information 
won’t be stored if it hasn’t been focused on during the encoding and consoli-
dation process.
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Retrieval

Retrieval is the stage of the memory process that is relied upon in perfor-
mance. During retrieval, the brain reconstructs the various elements of the 
piece—​visual, auditory, kinesthetic, motor—​stored throughout the brain and 
linked by neural networks. Playing a piece of music from memory requires 
revisiting the neural pathways that were formed when the brain encoded and 
consolidated the memory, and how readily the piece is remembered depends 
on the strength of those pathways.

Reconsolidation

Memories do not remain the same over time. The very act of retrieving the 
memory of a piece changes it and this is called reconsolidation. Neuroscientist 
Joseph LeDoux comments that “the brain that does the remembering is not 
the brain that formed the initial memory. For the old memory to make sense 
in the current brain, the memory must be updated.”4 Each time a partic-
ular piece is performed from memory, additional information is brought to 
it that has been learned since the initial memory was formed. A musician 
rarely plays a piece of music the same way twice. Arthur Rubinstein once 
commented that he was fond of changing a fingering during performance. 
Most musicians wouldn’t suddenly change fingerings or bowings in per-
formance, but the longer a piece is known and performed, the deeper one’s 
understanding of the piece becomes, and the conception of the piece may 
change. Dynamics may change, more liberties may be taken with tempo, 
more emotional depth may be developed, one may practice new fingerings or 
bowings, technique becomes more secure, and as more experience is gained 
in front of an audience, one’s comfort level grows. The memory itself changes, 
and as it does, it reconsolidates and is again stored. So while it may feel as 
though it’s the same piece being recalled, the memory has changed based on 
the new information, however subtle, that is brought to it.

When emotion meets memory

The two memory systems, one involving the hippocampus and supporting 
declarative memory, and the other, involving the basal ganglia and cerebellum 

 

 

 



Learning and Memory  91

and supporting procedural memory, are independent, though they act to-
gether when emotion meets memory. The brain structure common to both 
kinds of memory is the amygdala.

The amygdala, part of the limbic system, is involved in the processing of 
emotions. It is essential not only to our ability to feel emotions but to per-
ceive them in other people. The amygdala is involved in the consolidation 
of declarative memories that have strong emotions, whether that emotion 
is positive or negative. Attention is important for the initial encoding of a 
memory, and emotion captures attention, whether it is positive or neg-
ative.5 Music teachers have always noticed that students will learn a piece 
much more quickly when they feel an emotional connection to that piece. 
Emotional experiences are “tagged” by the amygdala as important and that 
facilitates consolidation by the hippocampus. In This Is Your Brain on Music, 
neuroscientist Daniel Levitin points out that the teen years are very emotion-
ally charged, and music experienced in those years tends to be remembered 
because the amygdala has “tagged” the memories associated with that music 
as important.6 Other emotionally charged times in our lives—​weddings, 
funerals, commencements, or performances that we deemed disasters—​are 
similarly “tagged” by the amygdala and become unforgettable.

The amygdala is particularly known for its role in the processing of fear, 
for triggering a heightened fear response usually referred to as the “fight or 
flight” response. Although the fight or flight response evolved in our prehis-
toric ancestors to protect them from the danger of wild animals or enemies, 
today it is more likely to be a response to heightened stress or anxiety such 
as that precipitated by a performance. I mentioned earlier being chased by 
a large dog at the age of five. I have a conscious, declarative memory of the 
event itself, of the large dog in front of me, exactly where I was, and the color 
of the dog. I remember the fear, although I don’t experience the fear now 
when recalling the memory. This is declarative memory, and I remember the 
event because my amygdala tagged it as important at the time.

On the other hand, I have carried my childhood fear of dogs into adult-
hood. The fight or flight response that was triggered at the time became part 
of my implicit memory of dogs. It’s not conscious and I can’t will it away. You 
may recall that implicit memory does not just include procedural memory 
for playing an instrument, it also includes conditioning. My dog experience 
conditioned me to fear dogs. The same thing happens with performance. 
If something upsetting happens during a performance, such as a memory 
lapse, the negative emotions experienced at the time are incorporated both 
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into declarative memory and implicit memory. When recalling the event (de-
clarative memory), the memory lapse or mangled technique looms large. The 
same feeling of devastation isn’t experienced with the recollection, it is simply 
remembered. At the same time, those negative emotions were reconsolidated 
into implicit memory of performance, or of that particular piece, raising the 
specter of performance anxiety about the same thing happening again.

However, just because a performance is recalled as being calamitous 
doesn’t mean the memory is accurate, just as my memory of size of the dog 
or how menacing he was may be inaccurate.7 The vividness of negative 
emotions about an event often overrides accurate details of the event itself. 
One minor memory lapse in an otherwise wonderful performance can color 
the overriding experiential memory as a negative one.

Is there a solution? Yes, and it involves the prefrontal cortex, the thinking 
part of the brain, which is also involved in performance and memory, but 
becomes overridden by the emotional part of the memory. There are various 
current research investigations looking at how the prefrontal cortex can in-
hibit the emotional reaction of the amygdala to reverse fear conditioning. 
But there are also practical mind-​body techniques to break the cycle of one 
bad performance leading to another due to performance anxiety. Two excel-
lent books that address anxiety in performance from the perspective of the 
mind and body are Julie Jaffee Nagel’s Managing Stage Fright and Vanessa 
Cornett’s The Mindful Musician.8 It is important to remember, however, that 
addressing performance anxiety is a matter of rewiring the neural circuits 
that have attached fear to the memory of performance. It takes time and mul-
tiple repetitions of positive performance experiences to rewire the brain. That 
often begins with small, less threatening performances, perhaps for friends, 
and gradually working up to more significant performances, replacing the 
emotion of fear attached to memory of performance with more positive 
emotions.

What happens when we walk onstage to perform?

When a performer walks out onstage ready to perform, two memory systems 
are at work in the brain, the procedural system for playing our instrument or 
singing, and the declarative system to remember the piece of music. Daniel 
Levitin says that when one sits down to play a piece of music, the brain must 
execute what is known as a “motor-​action plan.”9 When a piece is initially 
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learned, smaller elements of motor movements are first learned that then 
combine to form larger sequences of movements, facilitated by the basal 
ganglia—​movements for motives lead to phrases, and then to sections, etc. 
The sequence of movements must happen in a particular order for a partic-
ular piece of music—​motor movement following motor movement, pattern 
following pattern, becoming the motor-​action plan for the piece. The brain 
is directing movement patterns, not individual muscles. With practice, the 
neural pathways are strengthened. Fingers eventually seem to move on their 
own, but the signals are coming from the brain. Once a piece is learned, the 
motor-​action plan becomes part of procedural memory, the “how” of playing 
a particular piece of music.

A few years ago, I was introduced to domino art, and there are interesting 
parallels between domino art and a “motor-​action plan.” For those unfa-
miliar with this art form, it is the construction of elaborate arrangements of 
thousands of colored domino tiles that the artists then knock down in ar-
tistic chain reactions. Many of these artists have their own YouTube channels 
where the building and the knock-​down are documented. The creations may 
be abstract, a portrait, company logo, or replicas of iconic paintings. [My per-
sonal favorite, seen on the companion website as item 5.1, is a re-​creation of 
Van Gogh’s “Starry Night” by Canadian domino artist Flippy Cat .]

You might imagine that with tens, sometimes hundreds of thousands of 
dominoes, there could be occasional problems with the knock-​down, and 
in fact, there are. Flippy Cat says that the chain reaction doesn’t always go 
as planned. A crucial domino may be inadvertently left out or incorrectly 
placed, something may fall from an overhead fixture or camera filming the 
event, and the chain reaction stops midstream.10 This is not unlike an unex-
pected event occurring during a performance that causes our motor-​action 
plan to be derailed. A distraction, perhaps a noise in the hall, a chord that is 
reached for and missed, the mind flashing to mistakes we may make, and 
suddenly, what comes next is forgotten and the motor-​action plan stops.

Many people studying music have been told that muscle memory or 
motor memory is unreliable and that it is the first to fail in a stressful situ-
ation. That’s not the case. The motor-​action plan may stop, along with the 
performance, but it isn’t the motor memory for the piece that has failed. 
No one forgets how to play or sing the piece. The brain knows the sequence 
of motor movements in the serial order that determines the piece, and if 
shown the score, the performer can continue. I once heard a well-​known 
pianist in recital come to a complete stop in the middle of the first page 
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of a Beethoven sonata. He started again from the beginning, came to the 
same place and stopped again. Finally, he got up, left the hall, and after a 
few minutes returned with the score. He set it on the rack, began again and 
played the sonata exquisitely without once turning a page of music. His 
motor memory, or motor-​action plan for the piece, was completely intact. 
What he had forgotten was some detail of declarative memory that would 
have allowed him to re-​enter the motor action plan at some point other than 
the beginning of the piece. That is true for everyone. It may sound as though 
the motor memory or procedural memory has failed because of a stumble or 
stop, but it’s some detail of declarative memory that is blocked or forgotten, 
stopping the performance.

Unless gifted with an eidetic, or photographic memory, most musicians 
are not able to begin on any note in a piece. But multiple points of entry 
to the motor-​action plan, other than the beginning of the piece, are essen-
tial. Learning these points of entry or retrieval cues is part of the encoding 
and consolidation phase of memory, and part of successful practice (see 
Chapter 6).

What constitutes successful practice?

Cognitive psychologist Roger Chaffin studies musicians and memory. He 
has tracked several professional musicians from the time they first begin 
practicing a new work until they perform it. His interest has been in the 
psychological processes involved and the musical judgments made by the 
musicians while practicing that ultimately shape the performance. He has 
studied a pianist, a singer and conductor, a jazz pianist, and in the most ex-
tensive study, a cellist whom he followed through the process of learning J. S. 
Bach’s Suite No. 6 for Solo Cello and continued to follow for a period of three 
years and ten public performances of the work.11

He found that professional musicians playing from memory rely on the 
same principles as those used by experts who rely on memory in other 
disciplines: (1) meaningful encoding of the musical material; (2) use of a 
well-​learned retrieval structure to access the material; and (3) practice to en-
sure rapid retrieval from long-​term memory.12

What is “meaningful encoding of the musical material?” When practicing, 
motor movements necessary to play the piece are encoded and consolidated 
and a motor-​action plan is learned, leading to procedural memory. One may 
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draw on chunks of musical expertise already in long-​term memory, such as 
scales, chords, and patterns. But if one practices only motor movements, the 
piece hasn’t really been learned. All the musical facts about the piece need to 
be encoded as well. What is the structure? Where are the key changes? What 
are the notes in a series of complex chords? Where do rhythmic changes 
occur? Where is an unusual fingering needed? This is declarative memory—​
the facts and details about the piece, and the more facts, the more secure the 
memory will be.

Chaffin’s second principle is the “use of a well-​learned retrieval structure 
to access the material.” What happens if a performer has a memory slip in 
performance? Start again from the beginning? If so, what happens when the 
same place is approached the second time? If the performer’s only access 
point is the beginning, then there isn’t enough encoded information—​there 
is no retrieval scheme. Remember, once the technical difficulties of a piece 
are mastered, you have a motor-​action plan, but it can be derailed when some 
detail of the music is forgotten. Multiple points of entry are required to be able 
to access the motor-​action plan. The structure of a piece provides a ready-​
made retrieval scheme. One can pay attention to and encode into long-​term 
memory the beginnings of the exposition, development, and recapitulation 
in a sonata, or one can encode into long-​term memory how the ABA sections 
begin in a piece, or how the coda begins. With complex new music, one can 
encode the structural sections of the work. Knowing the structure of a piece 
provides access to chunks of information in long-​term memory, allowing 
one to get back on track when something unexpected happens.

While the structure of a piece remains the same for everyone, other re-
trieval cues may vary. One person may use texture changes as retrieval cues, 
another may use difficult fingering patterns, chord progressions, technical 
difficulties, melodic or rhythmic patterns, or phrasing. Use what makes the 
most sense, or perhaps what has been the most difficult to learn. But have 
multiple retrieval cues (sometimes called performance cues or landmarks) to 
provide access to the motor-​action plan for the piece.

The retrieval cues may vary, but what is crucial is Chaffin’s third point: prac-
tice to ensure rapid retrieval from long-​term memory. What often happens 
in a memory slip is the inability to access declarative memory quickly 
enough to realize where you are and to get back on track. Motor memory is 
moving faster than declarative memory, or fingers are moving faster than the 
mind. The performance flounders until some landmark in the piece can be 
remembered.
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One needs to be able to access retrieval cues as fast as one is playing the 
piece in order to feel secure about memory. That means identifying a set of 
cues or markers in the piece that are meaningful, practicing starting at each 
of these places, and then practicing accessing each one at the same speed 
as one is playing, so that when, not if, the unexpected happens, you always 
know where you are (see Chapter 6).

This doesn’t diminish what some people refer to as the “flow state,” that 
state of being totally immersed in the music during performance. In fact, 
having ready access to the declarative memory of the piece makes the flow 
state more possible, because encoding and consolidating factual details in 
memory simultaneously with auditory and motor memory gives a great deal 
more freedom in performance.

Some say that if you really focus and know the piece, you won’t lose your 
train of thought and have a memory slip. But life isn’t predictable. Playing 
or singing in a large performance space is not the same as playing or singing 
in your living room or in your teacher’s studio. A door may slam, someone 
coughs, a cell phone rings. A friend of mine experienced a power outage and 
blackout, but he continued playing the Beethoven sonata to the end of the 
movement. A dog once wandered onstage while I was performing (yes, me 
and dogs). Anything can occur to startle a performer into losing focus or 
train of thought, and anyone can be startled. That is not a failing, it’s a part of 
being human. But if one has instant access to declarative memory through 
retrieval cues, the motor-​action plan can be restarted—​usually without an 
audience being aware that anything has happened.

The goal during practice is not the same as the goal in performance. One 
practices to learn the material; one performs, with or without a score, to 
communicate with an audience. Sergei Rachmaninoff once said that in every 
piece we choose to learn, there is something—​a chord sequence, a haunting 
melody, a harmonic progression—​that we fall in love with on first read-​
through or first hearing. And that is the reason we choose to learn that piece. 
He went on to say that the trick in performance is to play it as though you 
are discovering that chord, melody, or progression for the first time. This is 
difficult because so many hours are spent rehearsing a piece that we may lose 
sight of why we wanted to learn it in the first place. But with the right kind of 
practice, the mechanics of performance can become so automatic that there 
is freedom to concentrate on the emotional expressiveness, on the “redis-
covery” of the reasons one loves this particular piece of music and chose to 
learn it.
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Key Concepts

	 •	 Learning and memory are two sides of the same coin: learning is the 
process by which new information is encoded in the brain; memory is 
the encoding of the information itself.

	 •	 The three categories of memory are sensory, short-​term memory (in-
cluding working memory), and long-​term memory. All are used in 
learning our instrument and learning and memorizing music.

	 •	 The two kinds of long-​term memory are declarative and procedural. 
Procedural memory is necessary for playing our instrument. Declarative 
memory is used to play a piece of music.

	 •	 The five stages of memory are encoding, consolidation, storage, retrieval, 
and reconsolidation, and all are vital in learning and memorizing music.

	 •	 When one has a memory slip, it is not procedural memory, or motor 
memory, that is lost; it is declarative memory, the facts and details of 
the piece.

	 •	 Successful practice includes meaningful encoding of the musical ma-
terial, use of a retrieval structure to access the material, and practice to 
ensure rapid retrieval from long-​term memory.
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6
Practice—​It’s All about Quality

The good practicer tastes the vitality of adventure and the dramatic 
rewards of risk-​taking.

—​pianist William Westney*

Musicians worry a lot about memory—​about memory slips in perfor-
mance, or why a particular piece of music is so difficult to memorize, or why 
something learned in middle school is easier to remember than something 
memorized last month. If learning and memory are two sides of the same 
coin, as we saw in the previous chapter, what kind of practice, or learning, 
will ensure secure memory of the musical material so that performance feels 
more comfortable?

Why forgetting improves memory

No one wants to forget the music in the middle of a performance but 
forgetting while in the process of learning is actually beneficial, according 
to psychologists Robert Bjork and Elizabeth Ligon Bjork. The Bjorks have 
studied learning and memory for over thirty years, and they have proposed 
that forgetting is a necessary part of the learning process. In fact, their re-
search lab at the University of California, Los Angeles, is called the Learning 
and Forgetting Lab. There are several principles that the Bjorks identify in 
their work that have particular relevance to learning and memorizing music.1

Storage strength is different from retrieval strength

The brain has unlimited capacity for storage of memory, but very limited ca-
pacity for retrieval. Storage strength, which accumulates as we practice, refers 
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to how well the details for a piece of music are encoded and consolidated. 
How many details have been committed to memory? How many ways has 
the material been learned? The more senses we use to encode and consol-
idate information—​visual, auditory, kinesthetic, proprioceptive—​the more 
storage will accumulate. As facts and details are encoded and consolidated, 
neurons are added to the network, and the connection at the synapses be-
tween neurons along the neural pathways is strengthened. Having a great 
deal of storage strength, however, does not necessarily mean that a memory 
is effortlessly retrievable. That is dependent on retrieval strength.

Retrieval strength refers to how accessible that piece of music is right now. 
After endless repetitions in the practice room, can we play it from memory 
in a teacher’s studio or onstage? Have retrieval cues been learned and how 
quickly can they be accessed? In the middle of a memory slip, how quickly 
can the motor-​action plan (discussed in previous chapter) be accessed? With 
multiple ways to access the piece, multiple places to start “cold” without 
looking at the score, retrieval strength is strong. If the motor-​action plan can 
be retrieved at the same speed one is playing the piece, retrieval strength is 
strong.

Theory of disuse

Memory for a piece of music doesn’t disappear over time—​it just becomes 
inaccessible. Since the brain has an unlimited capacity for memory storage, 
there is likely to be a great deal of music stored in your brain if you have 
studied for a long time. However, it isn’t easily accessible because of the lim-
ited capacity for retrieval. Pieces one learned for grade school recitals are still 
there but inaccessible, and a look at the score would quickly return them to 
accessible memory. But no one needs childhood pieces to be accessible, as 
they would take up too much of the limited retrieval space that one needs for 
current music. Music you don’t currently need is forgotten and, according to 
the Bjorks, this is the theory of disuse. Only the most relevant information is 
available, not everything one ever learned.

The role of forgetting

Forgetting doesn’t undo learning, it creates the opportunity for more 
learning. If retrieval strength of a memory is high, room isn’t available for 
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further learning. Being able to access a piece by memory from multiple 
places in the score requires high retrieval strength and lowers the possibility 
of adding new details. Forgetting, however, creates space and opportunity to 
add new information, strengthen retrieval cues, reinforce encoded pathways, 
and increase storage.

Desirable difficulties

The Bjorks call a learning strategy that requires effort a desirable difficulty.2 
The more work required to retrieve a memory, the stronger it becomes—​both 
storage and retrieval strength are increased. Certain kinds of practice present 
desirable difficulties, forcing learning to slow down, creating the opportu-
nity to add relevant information, and presenting more opportunities for the 
neural pathways to be strengthened. Thus, long-​term retention becomes 
stronger. It may seem counterintuitive, but it will become clearer when we 
explore the practice strategies in this chapter.

Most people tend to think that if the way they are studying or practicing 
feels good, they must be learning a lot. The opposite is true. The kinds of prac-
tice that lead to secure learning don’t feel good. They can be frustrating, slow, 
and often leave the impression that one isn’t accomplishing very much. But is 
the purpose of practice to feel good or to learn the music securely? There is a 
difference between practicing to learn motor skills and practicing for perfor-
mance. Practicing motor skills takes a lot of repetition as one perfects tech-
nique and creates motor action plans. Practicing for performance requires a 
different kind of practice, the practice of declarative memory.

The myth of repetition

Cognitive and educational psychologists have been studying learning for 
over 100 years—​what is effective and what isn’t. A few years ago, a group 
of researchers from several universities reviewed more than 700 scien-
tific articles about the ten most common learning techniques to determine 
which were most effective.3 While most of those studies looked at academic 
learning, the principles apply to music as well. The clear loser in this review 
of learning techniques was repetition.
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Perhaps because instruments are learned through repetition, there is 
a tendency to think that a piece of music should be learned the same way. 
Many people are convinced that repetition, or what researchers call massed 
practice, is the best way to learn new information, whether it’s the conju-
gation of French verbs, the important battles of World War II, or a Chopin 
prelude. Studies looking at student music practice have shown that the tech-
nique used most often is repetition.4 Many teachers at all levels encourage 
students to repeat a passage or excerpt until they get it right. I had a teacher 
when I was eight or nine who wanted a section of a piece played “five times 
perfectly” before moving on. The assumption was that the section was then 
learned. Not true, as it turns out.

In sports, continuous repetition is called blocked practice and it refers to 
practicing a particular skill over and over, and then another. A tennis player 
may do a “block” of repetitions of backhands, then move on to a block 
of serves, then on to follow-​throughs. But whether it is called massed or 
blocked practice or simply repetition, it doesn’t work. One research study 
after another has found that it is the least productive way to practice. Yet 
even if one is made aware of this, repetitive practice maintains a strong al-
lure because it feels as though progress is being made. Spend a couple of 
hours on a short excerpt of music and, in all likelihood, it will sound much 
better at the end of that time. Motor skills will have improved, fluency has 
increased, and that is often equated with “learning.” But actual learning of 
the musical material, the details of the piece, will not have improved be-
cause with each repetition, the material is being recalled from short-​term 
memory. It’s no different from repeating a phone number over and over 
until it is used a minute or two later, and then promptly forgotten. We learn 
rapidly through repetition, but we also forget rapidly. We don’t really know 
how well we know a piece of music until hours or days later when it must be 
retrieved from long-​term memory.

Obviously, it is necessary to spend tens to hundreds of hours on a piece—​
that’s how the motor skills necessary to play it are acquired. But having the 
motor skills to play a piece is quite different from the kind of memory nec-
essary to perform the piece. What is mastered through repetition is proce-
dural memory—​the “how to” of the motor skills. But for performance, we 
also need declarative memory, the memory for facts and details. And there 
are far better ways to practice solidifying declarative memory than endless 
repetition.
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The two best strategies for learning and memory

There were two clear winners in the study mentioned earlier to determine 
best learning techniques: Practice testing and distributed practice.

Practice testing

Practice testing is about practicing retrieval from long-​term memory. We 
don’t usually test memory until close to a performance, wanting to have the 
piece solidly memorized before trying it out for anyone. The problem is, 
there is no way to know how good your memory is until you add the stress of 
playing for someone. Practice testing does two things: (1) when you retrieve 
a memory for a piece of music by playing it, the memory is strengthened 
through reconsolidation; and (2) practice testing is diagnostic, revealing 
what you don’t know. The earlier the learning process is given a test run, the 
sooner gaps in knowledge become apparent and can be corrected. When 
learning a new piece, it is a good idea to attempt to play it from memory as 
soon as a short section is learned. As soon as retrieval cues are identified, 
begin from memory at each of those cues.

Even children can do this on a small scale. Before they learn that memory 
is supposed to be difficult, they will consider it a game to be able to begin 
at multiple points in the piece. Mistakes are good because they force one to 
think about and fix the mistake—​the role of forgetting. Unexpected problems 
sometimes come up in performance that never happened in rehearsal, and 
we say, “Wow! I never would have expected to run into trouble in that spot.” 
But if memory is tested often, all those potential problem spots will be found, 
and they can be addressed before a performance. The brain will have to make 
the distinction between what is correct and what isn’t, and the correct infor-
mation becomes encoded more securely. Retrieval strengthens the memory.

Practicing memory retrieval so early in the learning process will be 
frustrating, but that’s the concept of desirable difficulties. The more one 
struggles during initial attempts to play from memory, the more one learns 
about what isn’t known. As notes and rhythms that were previously uncer-
tain now become consolidated, the neural circuits become stronger.

An effective way to do practice testing is to number the retrieval cues for a 
particular piece of music and write the numbers on small slips of paper, or if 
retrieval cues are sections of a piece, label them as exposition, development, 

 

 

 



Practice  103

or whatever the sections are in a particular piece. Place the labeled slips of 
paper in a box and pull out one at a time. If you can’t instantly begin the piece 
at that cue, you probably don’t know the piece as well as you thought. Or 
frequently go back to something you were practicing fifteen minutes ago, or 
an hour ago, or a day ago, and see if you can play it memorized. First thing 
in the morning, try to play from memory something you worked on the day 
before. A friend says that she developed absolute pitch (perfect pitch, see 
Chapter 3) because at the age of five, her piano teacher told her to think or 
sing a pitch each morning and then go to the piano and see if she was right. 
She was developing pitch memory, which is what absolute pitch is. Trying out 
a piece first thing in the morning does the same thing for memory of a piece 
of music.

There are many ways to do practice testing of memory, and you will think 
of many once you begin the process. Singers can speak the words faster 
than the tempo of the piece. They can write out the words they remember, 
leave a blank where they can’t remember a word or phrase, then go back 
later to check for the correct words and solidify the memory. Various kinds 
of practice testing may seem like mechanistic and unmusical ways to prac-
tice. However, learning the material so well with memory testing gives you 
a sense of freedom in performance and allows deeper concentration on 
communicating the music’s emotional content.

Distributed or spaced practice

Spaced or distributed practice has been studied more than any other kind 
of learning, so you would think that it would be very familiar by now, but it’s 
not. Hermann Ebbinghaus wrote about the spacing effect (distributed prac-
tice) in 1885.5 He studied lists of nonsense syllables and tested what he could 
remember. He discovered that more information entered long-​term memory 
when the study sessions were spaced out, rather than trying to cram learning 
into one session. Nearly 100 years later in 1978, Alan Baddeley confirmed the 
Ebbinghaus theory. Baddeley compared massed learning (repetition) with 
spaced learning with groups of postmen learning to type alphanumeric code 
material and found that, although the material seemed to be learned faster in 
massed practice, it was retained longer when learned over a period of days.6

Spaced or distributed practice presents another kind of desirable diffi-
culty. The more study sessions are spaced apart, the more effort is required 
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for remembering, and that leads to better long-​term memory. Yes, musicians 
already space out practice over days, weeks, even months to learn a difficult 
work, but the concept of spaced or distributed practice is a bit different. This 
idea suggests practicing a piece or excerpt for a shorter amount of time than 
usual, and then leave it to do something else. Come back to it later—​initially 
maybe thirty minutes later, adding time to the spacing effect until not re-
turning to that excerpt for a day or two.

There are a couple of reasons that this works. The first is that the brain 
likes novelty and pays attention to what is new. The more an excerpt is re-
peated during practice, the less novelty it has. The brain stops paying at-
tention and all those repetitions really don’t do any good. Spaced practice 
means spending a shorter amount of time practicing a particular excerpt and 
stopping before it feels as though the practice is finished. After a half hour 
of doing something else, the excerpt will feel fresh again, the brain will pay 
more attention, and it will notice more information to encode in the neural 
network.

The second reason spaced practice works is that, like practice testing, it 
is difficult and feels as though it isn’t working. But spaced practice makes 
the brain work harder. The more effort is expended, the more successful 
learning becomes—​desirable difficulties. If a particular piece of information 
can’t be recalled—​whether the interval is a fifth or an octave, whether the 
melody begins on the second or third beat—​it must be looked up and the 
brain adds and consolidates more information, filling in blank spots, making 
the synapses in the neural pathway stronger. With spaced practice, the brain 
makes stronger connections.

Other excellent practice strategies

Interleaved practice

Interleaving is related to spaced practice, but instead of having a cup of coffee 
during the spacing interval, you practice different music. Interleaving means 
practicing multiple pieces of music concurrently and alternating among 
them. Mix up, or interleave, pieces or excerpts of pieces with different tech-
nical or musical challenges. This creates what is called the contextual in-
terference effect (CI). The interference created by switching from one piece 
to another leads to poorer performance in the short term but produces far 
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superior retention compared with repetitive practice.7 As with spaced prac-
tice, practice each excerpt or piece for a short amount of time, leave it before 
fully accomplishing the task intended, and go on to something else offering 
a different musical or technical challenge. It feels counterintuitive and not 
productive, but it demonstrates the difference between learning and perfor-
mance. With repetitive practice, performance may be great in the short term, 
but real learning hasn’t happened because there is no retention. On the other 
hand, with interleaved practice, performance in the short term won’t sound 
very good, but it benefits the learning of skills that will be long-​term.

The CI effect, or interleaving, was first noted in word-​pair learning during 
the 1960s.8 It became a major focus of research on motor skills, including a 
wide range of sports such as badminton, golf, snowboarding, and tennis.9 In 
addition to being more effective than repetition for learning motor skills, it 
has also been found to be good for cognitive tasks, improving math learning, 
the study of physiology, and foreign-​language learning.10 In every case, im-
provement for the subjects using interleaved practice in these studies was 
substantially higher than for those using repetition.

Although research on interleaved study in music is limited, a 2016 study 
showed greater improvement in a group of advanced clarinetists after 
interleaved practice than after blocked practice.11 Yet, even though most 
participants in the study found the interleaved schedule to be more useful, 
they still preferred the blocked schedule. That feeling of fluency that comes 
from repetition has a powerful impact on how we practice, even when we 
have evidence that repetition doesn’t lead to long-​term retention of learning.

There are two hypotheses about why the contextual interference effect, or 
interleaving, works. The first suggests that the two or three different tasks 
being practiced together are both in working memory. Working memory 
must then compare and contrast, which leads to stronger and more distinc-
tive encoding for each task.12 The second hypothesis suggests a very different 
scenario: switching from one task to another prompts the forgetting of the 
first task’s action plan. When you return to it, you must reconstruct it, and 
that leads to stronger encoding in the brain.13 There is also speculation that 
both hypotheses may work in some kind of combination. Joseph LeDoux 
puts it another way: interleaved learning prevents new information from in-
terfering with old memories.14 With interleaved learning, the representation 
of the new learning is built up slowly over time and repetitions, adding to the 
knowledge base rather than interfering with previous memories. Whatever 
the brain process is, interleaving works.
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Use of all the senses

The idea that we learn best when information is presented in one’s preferred 
learning style has been around for a long time. Learning style theory may 
be presented in terms of sensory information (visual, auditory, or kines-
thetic), or it may refer to mental activity (analytical, reflective, experiential, 
imagining), or dozens of other classifications. However, there have been 
multiple studies since the early 2000s that demonstrate there is no evidence 
to support the efficacy of any kind of learning style theory.15 It is true that 
most people have a preferred way of taking in information. Many musicians 
learn by listening, using their auditory sense. But some are more tactile and 
learn by how the music feels as they play the instrument. One may absorb 
information more quickly through one particular sense, but evidence shows 
that the information is also forgotten more quickly.

When I was in college I learned by ear, and it wouldn’t take too many 
times of playing through a piece before it was “memorized.” I would sit in my 
dorm room and play through recitals in my mind before I played them on-
stage. Initially, I had no problems, nor had I had memory problems in high 
school. But a friend said, “One day, you are going to crash and burn onstage 
because you just don’t memorize right.” I didn’t know what he was talking 
about because I had never experienced any difficulties. But because he had 
planted the thought, I began to stress about something happening, and sure 
enough, it did. Slips in memory began to occur, and I discovered that my 
rapid learning of the music left some holes. I wasn’t hearing the music in my 
mind as completely as I had thought. Yes, I was hearing most of a musical 
score, but I was sometimes a bit fuzzy on some of the internal voices. I had 
been fortunate for most of my life, up to mid-​college years, that I hadn’t had 
problems onstage. But that was sheer luck. As soon as I began to stress about 
my memory, instances would come up in performance when I wasn’t sure 
about a particular chord or an internal line, or something would distract me, 
and I would flounder. Yes, you should hear the music in your mind, but you 
must hear everything, and you must have retrieval cues so you always know 
where you are.

It is important to also concentrate on the senses that we don’t tend to 
use as “fallbacks.” If you can’t hear the music in your mind clearly, practice 
hearing one voice at a time, or a few bars at a time, until you can hear eve-
rything. Nadia Boulanger, the great French music teacher, reportedly had 
students sing one voice of a Bach fugue while they played the other three 
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(or more) from memory, alternating until they had sung all four voices. If 
you have trouble visualizing, practice writing out a small portion of the score 
from memory. See if you can visualize how complex chords look on the staff. 
Pianist Rebecca Shockley has written a wonderful book, Mapping Music: For 
Faster Learning and Secure Memory, that demonstrates how to diagram the 
main features of a piece and use it as a visual aid, or map, for learning music. 
It’s a helpful tool for younger children, but also a good aid for experienced 
musicians.16

A voice professor colleague recounted an experience with a student who 
had great difficulty memorizing a particular aria. My colleague asked her to 
draw the music and then posted her drawings near the ceiling around the 
studio. Once the student had those visual prompts in her mind, she had no 
further difficulty with memory. It was another way of encoding information 
about the piece in her brain. Recent research has shown that drawing pictures 
or images of information that needs to be remembered is a more reliable 
strategy than mere repetition.17 Opera singers say that thinking about the 
staging sometimes helps them remember the words—​another visual prompt. 
The more ways in which information is encoded, the better the recall.

The “feel” of a piece in the muscles—​embodied cognition—​also needs to 
be encoded. The end of the second movement of the Schumann Fantasie in C 
major, Op. 17, is notoriously difficult for pianists (see Figure 6.1). The move-
ment is marked “energetic throughout,” with the last section marked “much 
more agitated.” In the last twenty-​eight bars, both hands play wide leaps in 

Figure 6.1  Excerpt from Schumann Fantasie in C major, Op. 17, second 
movement
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a dotted rhythm. A pianist has neither time nor capability of seeing where 
both hands are at the same time. This section requires physical stamina and 
unerring marksmanship. One well-​known pianist spoke of a performance in 
which, after missing the first leap, he went on to miss most of the nearly 100 
leaps to the end of the movement. That’s not an experience one would want to 
repeat, but when stressed, muscles can tense up, and that changes one’s spatial 
perception. When I first learned that movement, a fellow pianist suggested 
that I either practice with my eyes closed or with the lights off so I would 
learn to use my kinesthetic sense—​to feel the distance my arms had to move 
to be accurate. The kinesthetic sense is greatly developed in blind pianists 
because they must be able to “feel” distances in their bodies—​embodied cog-
nition. But we all need to make developing our kinesthetic sense a part of our 
practice routine.

String players need spatial memory and a good kinesthetic memory when 
they shift positions. A violinist going from a B in first position on the A string 
to a D in third position must know both what it sounds like and what it feels 
like. The hand is shifted as a unit, sliding lightly along the string, but there is 
no fret on the fingerboard to indicate where that D in third position is. The 
hand must remember the amount of space between positions and what it 
feels like to move to that position. A timpanist cannot be looking at all four 
timpani at once and must know/​feel the amount of space between them, nor 
can a mallet percussionist see the entire range of the xylophone or marimba 
at once. It must be felt in her body. A trombone has seven positions, and they 
must be learned by feel. Developing spatial awareness and a strong kines-
thetic memory is important for many instrumentalists. [On the companion 
website, there is a link at item 6.1 to an article about embodied practicing by 
flutist Lea Pearson .]

Extremely slow practice

Many of us were told and continue to believe that to perform very fast 
passages, we must practice slowly and build up speed. Slow practice is good, 
but not for building up speed. Influential piano pedagogue Abby Whiteside 
declared that “Slow practice can establish habits that are completely un-
related to the coordination demanded for speed.”18 Whiteside may have 
known the work of Karl Lashley, a psychologist specializing in learning and 
memory, who observed that fast movements don’t allow for planning each 
component, and that to play fast sequences, there must be a single motor 
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plan encompassing the entire passage.19 That is confirmed by neuroscien-
tist Eckart Altenmüller, director of the Institute of Music Physiology and 
Musicians’ Medicine in Hannover, Germany. Altenmüller suggests that 
different brain areas are responsible for slow and fast movements. Slow 
movements are “under steady sensory control,” while fast movements “have 
to be performed without online sensory feedback,” meaning that no one can 
monitor the notes as fast as he can play them.20

A slow movement pattern is established very consciously, movement by 
movement, under control of the frontal cortex. As soon as the movements 
begin to be automatic, they are transferred to the basal ganglia, and 
Altenmüller refers to the storage of these movements in the basal ganglia as 
a kind of zip file. The movements are packaged together, the brain grouping 
small movements into larger sequences; when played at a fast tempo, there is 
no time to think of each individual movement. The transfer from slow move-
ment to fast movement is not continuous, just as the transition from walking 
to running is not continuous. It involves a different movement pattern. Fast 
movements are organized differently in terms of patterns and in terms of 
gravity. So, practicing at a slow tempo may hamper playing the passage at a 
fast tempo. One must practice fast to play fast.21

Whiteside, Lashley, and Altenmüller were talking about motor skills. 
Although slow practice may not be beneficial for motor skills, it is extremely 
helpful in terms of solidifying declarative long-​term memory. It’s a kind 
of testing strategy. Can you play a piece you know well from memory at a 
quarter of the tempo? If a quarter note is M.M. 60, try playing it at sixteenth 
note equals M.M. 60. The extremely slow tempo forces one to think about 
what comes next. There is no way to play it automatically, no using muscle 
memory or the movement patterns used when playing fast. Every single 
note, chord, rhythm, articulation must be considered—​something not pos-
sible at a fast tempo. Perhaps the rhythm has slight alterations from the first 
theme to the second. Or maybe a double stop is added in the second theme. 
If you play excruciatingly slowly, you must think about those differences. If 
you can’t remember, look it up, take note of the information, and the neural 
pathways become more securely consolidated.

Change the context

Psychologists have known for some time that people have better memory 
recall when tested in the same environment in which they studied. If you 
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have studied with music playing in the background, you will test better if that 
same music is playing at the time of the test. People will test better in the same 
room. Music, lighting, paint color on the walls, the kind of chair one is sitting 
on, all provide contextual cues, both conscious and unconscious.

Many studies have tested this theory and most of them have to do with 
recalling words under different conditions. Recalling words isn’t the same 
as recalling music, but both are about recall of information. A 1985 study 
found that students who listened to music while studying a list of words were 
able to recall more words when they were tested while listening to the same 
music.22 Another study demonstrated that students who smoked either real 
marijuana or a placebo joint (looked and smelled real but no drug) scored 
significantly higher on a test of word recall when their brain was in the same 
state during testing as during study. In other words, whether they smoked a 
real joint or a placebo, they scored higher on the test when they smoked the 
same thing at test time.23

Another study from the 1970s has particular relevance for musicians, 
again involving word lists. Two groups of students studied a list of forty 
words in two ten-​minute sessions that were a few hours apart. The first study 
session for all the participants was in a small, cluttered, windowless base-
ment room (like most practice rooms). During the second study session, half 
of the participants studied in a comfortable room with windows overlooking 
a courtyard. Three hours later, they were all asked to write down as many 
words in ten minutes as they could remember from their previous study ses-
sions. This time they were all in a classroom that was quite different from 
either of the study session rooms.24

The second group, that had studied in two different environments, recalled 
40 percent more words than the group that had studied in a single room. This 
is significant. Researchers don’t know exactly why, but the brain may encode 
some words in one environment and others in a different environment, or 
more contextual cues may be added by studying in more than one place.

Musicians rarely perform in the same room as where they practice. 
They practice in a practice room, or perhaps a living room or home studio. 
Ensembles frequently practice in rehearsal rooms. In their usual practice 
space, musicians tend to concentrate on technical issues, memory, and in-
terpretation, and all of that is encoded in the context of that space. When 
they enter a hall or performance space, there is suddenly a different envi-
ronment with different acoustics and lighting; if you are a pianist, a different 
instrument. The musicians must learn how they sound in that space and how 



Practice  111

to project in a larger space. Singers are suddenly faced with totally different 
visual cues. Soprano Lynn Eustis has pointed out, “there’s no way to forget 
that you are singing at Carnegie Hall when you face that audience and open 
your mouth.”25 If the acoustics are lively, a pianist or string player must con-
sider pedaling or bowing differently. Different issues with the music must be 
confronted in the context of a different space and all of that must be added 
to the information already known about the music one is performing. More 
contextual cues are added to the neural circuitry that already exists.

Of course, this isn’t a conscious process; contextual information is always 
added when information is encoded in the brain. That’s why smells some-
times trigger memories because the smell has been encoded along with the 
memory. So obviously the more venues one has practiced in (and, for pianists, 
the more instruments played), the more contextual cues there are—​which 
aids recall. Mood is one of those contextual cues. Practice usually happens 
when one is in a calm mood, stress kicks in at performance time. Therefore, 
it is a good idea to simulate “performance” events that will raise stress level. 
Self-​recording always adds a layer of stress. Play or sing for friends but treat 
it as an actual performance. Perform in the hall if possible. Even with no one 
there, set the lighting as it will be for the performance and walk on and off 
stage to create as much of the performance mood as possible. Bow to the im-
aginary audience. All of those added contextual cues help at the time of the 
actual performance.

Imagery

Imagery is such a powerful tool for learning that it will be discussed sepa-
rately in Chapter 8.

And finally, practice meets sleep

It is a common experience that a problem difficult at night is resolved in the 
morning after the committee of sleep has worked on it.

—​author John Steinbeck26

We tend to think of learning music as being synonymous with physical 
activity—​that to learn a piece of music, you must physically practice it. But 
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learning and memory formation continue long after physical practice ends, 
and we don’t pay attention to this part because we aren’t aware it is hap-
pening. “Let me sleep on it” usually refers to delaying a decision and gaining 
time to mull it over. But in the case of learning and memory, adequate sleep is 
necessary (1) to prepare the brain for encoding new material; (2) to consoli-
date memory more strongly; and (3) to ensure access to memory when under 
stress (as is common during a performance).

As long ago as the 1920s, researchers found that memory retention was 
better after a night of sleep than after an equivalent amount of time awake. 
They thought this was because the brain wasn’t receiving any sensory input 
during sleep that would interfere with what had been learned earlier. That 
the brain might be actively doing something during sleep wasn’t even 
considered.27 But with the discovery in the 1950s of rapid eye movement 
(REM) sleep and non-​rapid eye movement (NREM) sleep, researchers 
discovered that sleep isn’t a single state. While we sleep, our body cycles 
through several stages of both REM sleep, which is when we dream, and 
NREM sleep. NREM ranges from the lightest stage of sleep, N1, to the 
deepest stage, N4. N3 and N4 are known as deep sleep or slow wave sleep 
(SWS) and characterized by delta waves, the slowest brain waves. Over the 
past twenty-​five years, researchers have learned a great deal about the role 
of specific stages of sleep and how each may contribute in a unique way to 
memory processing.

Matthew Walker, leading researcher on sleep and author of Why We 
Sleep: Unlocking the Power of Sleep and Dreams, comments that given the 
number of stages in memory, the multiple kinds of memory, and the sev-
eral stages of sleep, “one is faced with a truly staggering number of pos-
sible ways that sleep might affect memory consolidation.”28 Nonetheless, 
there are a few findings concerning the role of sleep in facilitating encoding 
and consolidation of memory that are of particular interest to musicians. 
According to Walker, consolidation begins while we are practicing and 
continues from a period of a few minutes up to six hours after practice 
while one is awake. This period is called consolidation-​based stabiliza-
tion. The memory is stabilized and maintained at the same level as when 
practice ended. It does not improve. On the other hand, that memory is 
enhanced after a night of sleep—​additional learning takes place without 
any additional practice, and Walker calls this period consolidation-​based 
enhancement.29
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Sleep and consolidation of memory

Sleep after learning is important for memory consolidation, for making 
memory stronger and more stable. There is substantial evidence to indicate 
that both SWS and REM sleep contribute to the consolidation of declarative 
memory, with differences depending on the difficulty of the task and whether 
the memory is of facts or events.30 Consolidation of procedural memory is 
correlated with the amount of stage 2 NREM sleep, particularly in the last 
quarter of the night. Several studies have shown that motor sequence tasks 
improve in speed and accuracy after a night of sleep.31 One of the most inter-
esting studies of the effect of sleep on motor skills was done in 2013 by Sarah 
Allen, then at the University of Texas, now at Southern Methodist University. 
Allen used sixty undergraduate and graduate music majors divided into four 
groups in her study. They were majoring in other instruments but had ru-
dimentary piano skills. They all learned one or both of two melodies on the 
piano in an evening practice session where they were monitored for speed 
and accuracy. They then went home to sleep.32

The students who had learned one melody, melody A, showed over 11 per-
cent improvement in speed and accuracy when tested the next morning—​
without any additional practice. Those who learned two melodies, A and B, 
showed no improvement in either one. Learning a second melody seemed 
to cancel out the gains in the first. Group 3 had learned both melodies but 
reviewed the first melody before going home to sleep, and they showed 
about the same amount of improvement as the first group—​11 percent. The 
last group, who learned A at night, B in the morning, and were then tested, 
showed no improvement. In a much earlier study from 1994, subjects who 
were deprived of stage 2 NREM sleep showed pronounced deficits in motor 
performance.33 The value of sleep for consolidating memory of motor skills 
seems clear, but sleep is also important for encoding memory.

Sleep and encoding of memory

Sleep is important prior to learning for the brain to be prepared to prop-
erly encode declarative information. Sleep deprivation impairs encoding 
of memory. Several studies by Sean Drummond and colleagues found that 
sleep deprivation prior to verbal learning caused changes in how the brain 
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encodes information, with the medial temporal lobe (hippocampus) not en-
gaging normally and prefrontal areas of the brain (short-​term and working 
memory) and parietal lobes (episodic memory) overcompensating.34 If areas 
of the brain involved in encoding memory are not functioning normally, 
encoding will not be as efficient or secure. It’s somewhat like painting a wall 
with your non-​dominant hand. You may get the job done, but there will likely 
be some missed spots or messy places. The brain needs to be functioning at 
full capacity when trying to encode new musical material. If material isn’t 
encoded, it can’t be consolidated, and you won’t be able to retrieve it at per-
formance time.

Sleep and anxiety

Anxiety and stress are often associated with performance, but consistent 
deep sleep reduces anxiety. A study at the University of California, Berkeley, 
showed that a sleepless night can raise anxiety levels by up to 30 percent, and 
that is multiplied after several sleepless nights.35 The part of the sleep cycle 
that is important for “resetting” the brain and reducing anxiety is slow-​wave 
sleep, the deepest part of the non-​REM cycle.

Nearly all stages of sleep are important for the encoding and consolidation 
of both declarative and procedural memory. Swedish researchers studied 
both procedural and declarative memory under sleep deprivation. They 
found that with only four hours of sleep, both kinds of memory were fine. 
Theoretically, performing on four hours of sleep should be okay. But that was 
without stress. When the participants were subjected to stress as well as sleep 
deprivation, procedural memory remained intact, but there was significant 
impairment of declarative memory.36 Add stress from lack of sleep to the 
stress of performing, and chances are that performance will suffer. You won’t 
forget how to play your instrument, but there is a very good chance you will 
forget the music. Few of us perform without some degree of stress, so it’s a 
good idea to counter that with plenty of sleep. Even a sixty-​to-​ninety-​minute 
nap significantly enhances procedural memory consolidation.37

Forming lasting memory for a piece of music depends on brain plasticity, 
on lasting functional and/​or structural changes in response to practice, and 
on neural networks becoming stronger as the synapses become stronger. 
These changes occur not only when actively practicing, but also while asleep. 
Sleep could well be the most important part of the memory process.
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How much practice is necessary?

The idea that it takes 10,000 hours or ten years of practice to achieve expert 
performance in any field has been floating around for almost thirty years. It 
was popularized by Malcolm Gladwell in his 2008 book Outliers: The Story of 
Success, but the idea wasn’t Gladwell’s, nor did any researcher ever claim that 
“ten thousand hours is the magic number of greatness,” as Gladwell claimed.38 
The 10,000 hours idea came from psychologist K. Anders Ericsson in a 1993 
study of student and professional violinists in Germany.39 Music professors 
at the Music Academy of West Berlin had nominated fourteen violin students 
with the potential to become international soloists to be participants in the 
study. Professional violinists from the Berlin Philharmonic and the Radio 
Symphony Orchestra also participated. They were all interviewed about the 
age at which they began violin study, the number of hours of deliberate prac-
tice per week, the number of hours spent in other musical activities, partici-
pation in competitions, and more.

Ericsson found that by the age of twenty, both professionals and students 
in the professional track had accumulated an average of 10,000 hours of de-
liberate practice. This compared to 7,500 hours for students who had been 
identified as “good” rather than professional, and 5,000 hours for student 
violinists who were in the music education department and not intending 
to be performers. Gladwell picked up on the 10,000 hours idea but didn’t in-
clude the idea of deliberate practice.

There is no question that becoming a top-​level performer is dependent 
on thousands of hours of practice—​there are no shortcuts. Even for 
someone without professional aspirations, learning to play an instru-
ment or sing well requires a lot of practice. There is also no question that 
the kind of practice matters—​one must be attentive to details, focused, 
analytical, and willing to make challenging choices about how to spend 
one’s practice time to achieve long-​term gain. At some point in my stu-
dent life, I played in a master class taught by renowned pianist György 
Sebők. After the class, Sebők sat and chatted with those of us who had 
performed, and the subject of the conversation eventually turned to prac-
tice. He commented that he didn’t think it was possible to focus and pay 
the kind of attention needed for quality practice for more than three hours 
a day. He went on to say that every minute of those three hours needed to 
be focused on the music, on details, on analysis, on how to communicate 
the essence of the work—​deliberate practice, not simple repetition. That 
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kind of practice may be hard work, but it doesn’t need to mean devoid of 
pleasure.

Find the joy

I was extremely fortunate to study with pianist Ann Schein while I was 
working on my doctorate at the Peabody Institute. Lessons with her were 
always an adventure in discovery, whether the current work being studied 
was Scriabin, Mozart, or Rachmaninoff. When I brought the Ligeti Études 
to a lesson, she was fascinated by these pieces she had never heard, and she 
discovered many interesting details on first hearing. Performances by this 
much-​loved pianist have been described as intimate, powerful, elegant—​and 
radiating joy all the way to the back row. In fact, the concept of joy infuses 
her whole approach to the piano, including practicing. Schein studied with 
Arthur Rubinstein and still speaks about “getting a lesson from Arthur” 
when she listens to one of his Chopin recordings. When learning that she 
had less than a month to learn the Mozart Concerto in E-​flat Major, K. 449, 
she spoke about accepting the challenge “with great joy.” She went on to say 
that she discovered “a revelation a measure,” that she felt as though Mozart 
was teaching her something in every measure, some small or new detail that 
was instructive and fascinating.40 Finding that kind of pleasure and magic 
in music you are studying makes it less about “deliberate practice,” and more 
about stimulating discovery, about what there is in a piece that is compelling 
at this particular moment in life, about absorbing every marvelous detail of 
the music in order to communicate its unique qualities to others. In Schein’s 
philosophy, learning a new piece of music becomes a joyful challenge.

Key Concepts

	 •	 Forgetting is an important part of the learning process—​it creates space 
to add more facts and details to the memory.

	 •	 Storage strength refers to how well a piece of music is encoded; retrieval 
strength refers to how accessible that information is.

	 •	 The brain has unlimited storage capacity, but the theory of disuse says 
people forget what they don’t use. The memory isn’t lost, just currently 
inaccessible.
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	 •	 The harder the work to retrieve a memory, the stronger it becomes. 
Therefore, practice strategies that require work, that present desirable 
difficulties, are needed.

	 •	 The two best strategies for learning and memory are practice testing and 
distributed practice.

	 •	 Other good practice strategies are interleaved practice, incorporating 
information from all the senses, extremely slow practice, and varying 
the context in which one practices.

	 •	 Sleep may be the most important part of the memory process.
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7
Neuroplasticity—​Awe-​Inspiring 
to Debilitating and Back Again

I’m not a deaf musician. I’m a musician who happens to be deaf.
—​percussionist Evelyn Glennie

Passion drives neuroplasticity. The more we love making music, the more 
motivated we are to learn, and the more readily neuroplasticity happens 
in our brains. Neuroplasticity makes it possible to learn an instrument, re-
fine our technical skills, learn and memorize music, and if we practice long 
enough, become skilled performers. But neuroplasticity, driven by passion, 
can do much more. Neuroplasticity makes it possible for a blind pianist to 
develop an international career, including playing with orchestras, even 
though he can’t see the conductor, the keyboard, or read a printed score. 
Neuroplasticity makes it possible for a percussionist to become the most 
famous drummer in the world, even though she has been profoundly deaf 
since the age of twelve. And for an award-​winning drummer who suffered 
a traumatic brain injury and couldn’t remember how to play the drums, 
neuroplasticity made recovery and a return to performance possible. These 
are a few of the awe-​inspiring positive stories of neuroplasticity.

Yet neuroplasticity has a potential dark side for musicians—​focal dys-
tonia, a condition in which neuroplasticity becomes maladaptive, creating 
involuntary movements that make it impossible to continue playing. One 
to two percent of all musicians develop focal dystonia, and although there 
are various treatments and medications, doctors usually say there is no cure, 
and one will be unable to continue performing. Some musicians suffering 
from dystonia reinvent themselves to make music in other ways. A few leave 
the music world entirely. But some who develop the condition say, “Not so 
fast. Music is my life, and I am determined to find a way through this.” They 

 

 



Neuroplasticity  119

use their passion for making music—​and their patience, to “relearn” how 
to play, bypassing the maladaptive brain pathways and using the power of 
neuroplasticity to create new neural networks, thus being able to return to 
their careers. Neuroplasticity plus passion for making music is a powerful 
combination.

Steve Mitchell—​a drummer and traumatic brain injury

Steve Mitchell was a popular West Coast studio drummer for nearly three 
decades. He had arrived in San Francisco in 1967 with the Skyliners, a band 
from Pittsburgh. His skill as a drummer quickly came to the attention of 
the television industry, and he played for programs such as Garfield the Cat, 
Sesame Street, Nova, the last twelve Charlie Brown TV specials, thousands 
of commercials, and was even a featured soloist for eight years with the 
Joffrey Ballet. Steve was recognized by the San Francisco chapter of NARAS 
(National Academy of Recording Arts and Sciences, now the Recording 
Academy and the Grammy Awards) as the “Best West Coast Studio Musician 
in 1975.” (The story that follows is based on my conversations with Steve 
Mitchell between 2012 and 2019.)

Steve had a formidable technique, but there was also a spiritual side to his 
drumming. He believed that music stemmed from the human heartbeat and 
was therefore necessary to life. He often remarked that the primary reason 
he played was because drumming fed his soul, and he saw drumming as a 
way to put people in touch with a deeply spiritual experience. His life was all 
about music.

Steve grew up in a Quaker family on a dairy farm in North Central 
Pennsylvania. At some point in the mid-​1990s, Steve moved back to that 
area, he thought temporarily. But one day, an accident involving a rather 
large woodpile in the forested area where he was living left him with a shat-
tered right shoulder and a traumatic brain injury. In an instant, the unthink-
able had happened. Steve spent the next nine weeks hospitalized in a coma, 
and when he slowly awoke, he could no longer walk, feed himself, talk, or, to 
his alarm, play the drums. He spent several months in rehabilitation, begin-
ning the slow process of relearning how to talk, eat, walk—​all the basic ac-
tivities required for independent living. Still, what concerned him the most 
was making music, because his ability to do that seemed to have disappeared.
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I met Steve and we became good friends a few years after that accident. He 
was a bear of a man with an infectious laugh, large beard, and hair that flew 
in every direction, but when he spoke about the accident, it was with a soft, 
reflective voice. He spoke about how he had not known whether he would 
ever be able to play again, about his muscles not remembering how to make 
the basic motions involved in playing a drum, about hearing music in his 
mind that he wanted to play but not being able to connect those sounds to 
the physical motions necessary to play them. Making music had been Steve’s 
entire life, and he was devastated by the possibility he may never be able to 
play the drums again.

Steve couldn’t remember the motions necessary to play the drums be-
cause, as we have seen, practicing and making music doesn’t happen in the 
muscles. Practice happens in the brain, whether you are an athlete or a mu-
sician. Unlike athletes, however, the motor movements involved in musical 
practice must also be connected to sound, and the sound-​motor connection 
in Steve’s brain was no longer functioning. The brain must be able to connect 
a sound with the motion necessary to make it, or one won’t be able to play the 
drums, the piano, or any other instrument.

Although the injuries were to his right shoulder and right side of his head, 
Steve didn’t have the use of either hand. The right hemisphere controls the 
left side of the body, so the damage to the right side of his brain affected the 
sound-​motor connection on the left side. The shattered right shoulder also 
meant that motor movements and sound were no longer coordinating on the 
right side of his body, controlled by the left side of his brain. Steve’s shattered 
shoulder could be repaired, but that wasn’t going to restore the sound-​motor 
connection in his brain. Was repairing that connection even possible?

By the mid-​1990s, many researchers had shown that some brain areas 
changed in response to practice (see Chapter 4). But the connection between 
the brain’s ability to change and applying that knowledge in a clinical set-
ting had not yet been made. In fact, as late as 2010, two researchers from 
the McKnight Brain Institute published an article that pointed out that be-
cause of medical advances, increasing numbers of people were surviving 
brain injury, but neurorehabilitation hadn’t kept up.1 If people in the reha-
bilitation field were still writing in 2010 about the problem of connecting 
neuroscience research to clinical settings, it is all the more remarkable that 
in the late 1990s, a physical therapist in a small-​town rehab center in rural 
Pennsylvania devised a treatment that proved to be exactly what was needed 
to restore Steve’s playing ability.
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Steve’s recovery

Steve’s imaginative physical therapist not only asked a lot of questions about 
drumming to understand what was involved, but also watched drumming 
videos to see for herself what range of motion Steve would need depending on 
the kind of sound he wanted to make. She created exercises that encouraged 
his brain to use the same neurobiological processes it used when he first 
learned to play the drums, matching specific sounds to specific movements 
for every drum and cymbal in his kit. At one point, she even asked, “don’t you 
have a cymbal way over there?” pointing to his far right, and then designed 
an exercise that would help him move his arm in that direction and connect 
with the sound of that cymbal.

And Steve began to practice. At first, he could physically manage only five 
minutes a day, but little by little, he added time. Just as when he had first 
learned to play drums as a child, he was again having to match specific 
sounds with the movements to make those sounds and match sounds to dif-
ferent touches on the drum made by his fingers, hands, or sticks. But when 
children learn to play an instrument, they don’t have sophisticated musical 
models in their minds to guide them. They are building from the ground 
up—​both the ability to hear music in their minds and the ability to match 
sound to movement. Steve had decades of sound experience in his mind. He 
knew exactly what kind of sound he wanted. His brain just needed to create 
new neural pathways to connect the sounds he heard in his mind to the 
movement necessary to create those sounds, to reconnect sound and motor 
programs. The damaged pathways between the auditory and motor regions 
of his brain could not be reconstructed or reused, so he was creating new 
pathways through the exercises.

Since Steve had always thought of drumming in spiritual terms, his 
exercises became a form of meditation to connect him with that spiritual ele-
ment. It took about a year for him to feel comfortable playing again in public, 
and then he began to add performance gigs, a few at first and then increas-
ingly more and longer ones. He had created, and continued to create, new 
pathways connecting the auditory and motor areas of his brain, bypassing 
the damaged areas—​neuroplasticity at work.

In the process of relearning to play and rebuilding his formidable tech-
nique, Steve looked at the essence of his musicality and realized that “less 
is more.” He thought about the silence he experienced in Quaker meetings 
as a child and realized during his year of meditative practicing that he 
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could do more with his playing by not making it all about technique. With 
less emphasis on technique and more on feeling, his playing became more 
emotionally communicative. His focus changed. Music in his life became 
about building community. Steve is seen in Figure 7.1 several years after the 
accident.

Steve had received a bachelor’s degree in music education from Duquesne 
University prior to moving to San Francisco. Since he now had no interest 
in returning to the frantic life of a studio musician, he began teaching again, 
spending a year at a Friends school teaching the students to communicate 
through drumming. He began teaching private students, some of whom 
went on to music schools and conservatories. He played with professional 
groups, but also with local groups, always with the emphasis on emotional 
communication, not technique. Building community was important to him, 

Figure 7.1  Steve Mitchell, drummer
Credit: Jeff Solomon Photo
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and he continued to lead drum circles for that purpose until shortly before 
his death in 2019.

Few musicians suffer the kind of brain damage that Steve did, but his re-
covery shows the power of neuroplasticity to reshape brains, as well as lives. 
Learn an instrument, change your brain. This happens not only when origi-
nally learning but also when forced by circumstances to relearn.

Cross-​modal neuroplasticity

Steve had to learn to reconnect motor and sound programs, but his senses 
had remained intact. He could still see his drums and hear music live or in his 
imagination. But what happens in the blind or deaf—​if the optic or auditory 
nerve is damaged or non-​functional and cannot relay sensory information 
to the visual or auditory cortex for processing? Hearing-​ or vision-​impaired 
individuals can still become extraordinary musicians because brain 
neuroplasticity makes it possible for one sense to substitute for another. This 
is cross-​modal plasticity in which hearing or touch serve as a blind person’s 
eyes; touch or vibrational sensations serve as a deaf person’s ears. Cross-​
modal neuroplasticity is a kind of functional neuroplasticity (see Chapter 4) 
because a sensory area changes function, repurposing itself to process signals 
from a different sensory input—​the visual cortex processing touch signals, 
for example.

We identify certain brain areas with specific functions. The theory of local-
ization of brain function began with Pierre Paul Broca’s discovery in 1861 of 
the area of the brain responsible for language. By the beginning of the twen-
tieth century, many other brain areas had been identified: the motor cortex, 
somatosensory cortex, visual cortex, and auditory cortex, among others. 
Wilder Penfield’s experiments that mapped the motor cortex and the so-
matosensory cortex (the homunculi) seemed to confirm that different areas 
of the brain were responsible for different functions, such as vision or hand 
movement (see Chapter 4). In localization theory, for example, if the visual 
cortex was unable to receive sensory input from the eyes, it would cease to 
function.

But a neuroscientist named Paul Bach-​y-​Rita had a different idea. He 
believed that since all sensory information enters the brain as patterns via 
nerve fibers, any of the specialized areas should be able to process neural 
signals coming from any of our sense organs—​eyes, ears, nose, tongue, and 
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skin. Those patterns are, in some way, all equivalent. In the late 1960s, he 
introduced the idea of sensory substitution, stimulating one sense to take the 
place of another. If one sensory area in the brain is damaged, such as the au-
ditory cortex, another could substitute for it and take its place.

Over a period of years, he built a series of devices that would allow blind 
people to see, or those with damaged vestibular systems to regain their bal-
ance and live more normal lives, one sense substituting for another—​sensory 
substitution. These devices, which collect data from the outside world and 
transform it into electrical signals that the brain can interpret, are known as 
sensory substitution devices, or SSDs.2

The basis of sensory substitution is a kind of neuroplasticity called cross-​
modal reassignment in which the brain reorganizes itself so that a sensory 
area that has been deprived of its main inputs receives inputs from another 
sensory source. The SSDs that Bach-​y-​Rita and others built provide an ex-
ternal assist for neuroplasticity. But individuals who are congenitally blind 
or deaf, or who lose those abilities at an early age, often develop cross-​modal 
neuroplasticity to an extraordinary degree without assistive devices, learning 
to use touch to “hear,” for example, or enhanced hearing or spatial navigation 
to “see.”

In previous decades, it was common to speak of someone who lacked sight 
or hearing as disabled, even impoverished. It was thought that being without 
one sense would lead to overall cognitive impairment. Although a blind or 
deaf individual may not experience the world in quite the same way as a 
sighted or hearing person, it has been clear for some time that their brains 
make amazing accommodations allowing them to function well without 
sight or hearing. Researchers have found these changes involve enhanced 
processing in the remaining sensory areas of the brain. Additionally, the 
areas that would normally process the missing sense repurpose themselves to 
process a different sense—​cross-​modal neuroplasticity. These neuroplastic 
changes sometimes translate into behavioral skills that are equal to or even 
superior to those of individuals who haven’t lost those senses.3

Visual loss

There have been many famous blind jazz, blues, and popular musicians. 
George Shearing, jazz pianist; Ray Charles, soul music pioneer; Lennie 
Tristano, jazz pianist and composer; and Art Tatum, perhaps the greatest 
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jazz pianist of all time—​were all marvelous musicians and had outstanding 
performing careers. Stevie Wonder, who became blind shortly after birth, is 
considered a genius who has influenced the genres of rhythm and blues, soul, 
and jazz. Marcus Roberts, who lost his sight by the age of five, is a highly 
acclaimed pianist and composer, his music influenced by jazz greats while 
blending in elements of classical traditions. Although the lack of sight in all 
these musicians is occasionally talked about, it seems to be casually accepted 
in the world of jazz or blues. Blindness has rarely, if ever, been much of a topic 
in reviews of their performances. Critics comment on the music and how 
they play, not that they are blind. The classical world is another story.

The first blind classical musician to medal in a major international compe-
tition was Japanese pianist Nobuyuki Tsujii, seen in Figure 7.2, who shared 
the gold medal with Chinese pianist Haochen Zhang at the 2009 Van Cliburn 
International Piano Competition. The general response in the classical music 
world was “how can a blind pianist play so flawlessly and beautifully?” Some 
jurors at the Cliburn Competition spoke of being so moved by Tsujii’s per-
formance, they left the room in tears. Critics who have reviewed his concerts 
and conductors with whom he has played have spoken about his expressive 
musicianship, his unfailing assurance, the sincerity in his playing, and how 

Figure 7.2  Nobuyuki Tsujii, pianist
Credit: Stephanie Black for WQXR and The Greene Space
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miraculous it is that he plays so divinely despite being blind. Reviews always 
speak of his blindness, which rarely happens with blind jazz musicians. How 
is Tsujii able to learn repertoire without being able to see the score, play with 
an orchestra when he can’t see the conductor, and make the huge leaps found 
in some piano works without being able to see the keyboard? [A link to Tsujii’s 
performance at the Van Cliburn Competition of the first four Etudes, Op. 10 by 
Chopin can be found on the companion website at item 7.1 .]

Individuals who are blind have been shown to have a finer sense of touch, 
to have superior and more efficient auditory-​pitch discrimination skills, 
better discrimination at localizing sound in space (how near or far away is 
the sound), and are superior in spatial navigation. Finger areas in the somat-
osensory and motor cortices are expanded and reorganized in blind Braille 
readers due to increased use, just as those finger areas have been found to 
be expanded in pianists and violinists. The auditory cortex is also expanded 
in blind individuals. Existing sensory areas take on an increased role in the 
blind and become expanded and reorganized with increased use.4

But the visual cortex has also been found to process hearing and touch 
signals, and this is cross-​modal neuroplasticity. In 2008 at the Center for 
Noninvasive Brain Stimulation at Harvard, researchers scanned the brain of 
a congenitally blind painter to try to find out more about neuroplasticity.5 
The lead researcher was Alvaro Pascual-​Leone, the same neuroscientist who 
demonstrated in the early 1990s that the adult brain could change as the re-
sult of practicing a five-​finger exercise on a keyboard (see Chapter 4). Now 
Pascual-​Leone was looking at the brain of Eşref Armağan, a Turkish painter 
who has been blind since birth. Armağan paints with his fingers. He paints 
extremely realistic landscapes and portraits that show perspective, color, and 
detail, and his paintings hang in galleries and museums around the world. 
One of the researchers in the study had already demonstrated that in blind 
individuals the sense of touch recruited visual areas to produce a representa-
tion of an object in the brain.6 [Examples of Armağan’s paintings can be seen 
on the companion website at item 7.2 .]

Armağan’s brain was scanned while he lay in an fMRI scanner drawing 
small objects that he touched and handled before beginning to draw. To 
the surprise of the researchers, his visual cortex lit up as though he were 
sighted in exactly the same way as if it had been receiving signals from the 
optic nerve, though his was non-​functional. Touch was triggering his visual 
cortex—​cross-​modal neuroplasticity. In blind individuals who have a dam-
aged optic nerve or some disorder of the eye itself, there are no visual signals 
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for the visual cortex to respond to, so it repurposes itself to respond to touch 
and auditory input instead. Researchers have found that when blind subjects 
are reading Braille, their brains are showing activity in the same part of 
the visual cortex as sighted people who are reading, so the visual cortex is 
responding to touch.7

Comments made by Tsujii in many interviews and documentaries make it 
clear that his sense of hearing is heightened. No doubt the auditory cortex it-
self has taken on an enhanced role. It is also likely that, just as a blind painter’s 
visual cortex would repurpose itself to respond to touch, a blind pianist’s 
visual cortex would repurpose itself to respond to hearing. Tsujii learned 
Braille notation at the age of six, but quickly discovered that little repertoire 
was available in Braille, and it was a slow way to learn music. He could learn 
faster by ear.8 Now when he learns a new piece, a team of assistants records the 
score in small sections of a few bars each, each hand separately, with verbal 
comments about the composer’s markings and instructions. Tsujii learns the 
piece by listening to these recordings. He calls these recordings “music sheets 
for ears.”9 He learns each hand separately, then together, adding his own in-
terpretation. The method seems daunting, but Tsujii does it easily.

In a 2017 interview with the Australian Broadcasting Corporation after 
performing the Chopin Second Concerto with the Sydney Symphony 
Orchestra, Tsujii was asked how he stays in time with an orchestra when 
he can’t see the conductor. His reply, “By listening to the conductor’s breath 
and also sensing what’s happening around me.”10 Being able to hear the con-
ductor breathing from several feet away in the middle of a concerto perfor-
mance reflects a very heightened sense of hearing, as do Tsujii’s comments 
that he “accounts for timing changes based on how the sound echoes in the 
hall.”11

For a blind pianist, spatial orientation is extremely important. He must be 
able to make large leaps and move over the keyboard quickly. Tsujii orients 
himself spatially at the piano by feeling the highest and lowest registers be-
fore he begins, and then plays with his torso relatively still so that his spatial 
orientation does not change.12 He always knows where he is in relationship 
to the keyboard. While most pianists look before they leap on the keyboard, 
that’s a concept that he doesn’t seem to understand. “People always ask me 
about leaps, but they are not difficult. For me the piano is an extension of my 
own body, so I know exactly where everything is.”13 This is embodied cogni-
tion, knowing with the body. Tsujii not only feels the music with his body, but 
the piano has become an extension of his body as well.
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Not unexpectedly, Tsujii also has a heightened sense of touch and feeling. 
The inspirational documentary Touching the Sound by Peter Rosen shows 
Nobu (Tsujii’s popular nickname) touching flowers, snow, a lobster, sand, 
water.14 He learns about his world through touch and sound. He “feels the 
vibrations from the applause” and says that he feels the energy level of the 
audience and he listens for their enjoyment.15 Cross-​modal neuroplasticity 
makes it possible for Nobu to play the piano technically at an exceptional 
level, but ultimately, it’s about connecting with the audience, and that seems 
to be Nobu’s greatest joy.

Hearing loss

With the deaf, as with the blind, other senses are heightened. Deaf 
individuals have been shown to have greater tactile sensitivity to vibrations, 
enhanced peripheral vision, and heightened sensitivity to emotional expres-
sion in others.16 These reflect enhancements in the sensory cortices that are 
functioning, such as visual and sensory. And in cross-​modal neuroplasticity, 
auditory cortical areas, even though they are not receiving information from 
the ear, process signals from Braille reading (touch), sign language (visual), 
and vibrations.17

In research with students at the National Technical Institute for the Deaf 
in Rochester, NY, Dean Shibata found that, when feeling vibrations, both 
hearing students and deaf students showed brain activity in the part of the 
brain that normally would process vibrations, the somatosensory cortex, 
but deaf students also showed brain activity in the auditory cortex that the 
hearing students did not. Musical productions are apparently an impor-
tant part of the culture at the school. Audience members are given balloons 
to hold during the performance so they can “feel” the musical vibrations. 
Vibrations carry the same information as sound waves, so they substitute 
for the sound waves that would normally be transmitted to the brain via the 
inner ear.18

No one better demonstrates hearing-​through-​touch than percussionist 
Evelyn Glennie, seen in Figure 7.3. Deaf since the age of twelve, she has spent 
her professional life on a mission to teach the world to listen. Because she has 
learned to hear in a different way, by being extremely attentive to touching 
and feeling, she wants others to experience sound more fully as well. In her 
2015 Hearing Essay, she says that “hearing is basically a specialized form of 
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touch.” She writes that sound is vibrating air that the ear converts to electrical 
signals that are sent to the brain and interpreted. But vibrations can do the 
same thing.19 Glennie experiences every day what researchers have learned 
in labs about cross-​modal neuroplasticity. [A link to Glennie’s “Hearing Essay” 
is found on the companion website at item 7.3 .]

Glennie has had an extraordinary career filled with “firsts:” she is the first 
person in history to successfully create and sustain a full-​time career as a solo 
percussionist; she has commissioned more than 200 new works for percus-
sion; she is a double Grammy Award winner and BAFTA nominee; she has 
recorded more than forty CDs; she gives more than 100 performances a year 
plus master classes; she has composed music for film, television, and theater; 
and she led 1,000 drummers in the opening ceremonies of the 2012 Olympic 
Games in London.

And yet, even though she is living a career that for a hearing person would 
prompt a totally different set of questions, interviewers most frequently ask 
her some version of “How can you be a musician if you can’t hear?” The an-
swer, of course, is that she does hear. She wouldn’t have been able to have the 
career she has had if she could not hear. She just hears in a different way due 
to cross-​modal neuroplasticity.

Figure 7.3  Evelyn Glennie on Marimba in Harrogate
Credit: James Wilson/​The Evelyn Glennie Collection
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Glennie grew up on a farm in northeast Scotland. She had what she 
describes in her autobiography Good Vibrations as a very ordinary child-
hood, playing outdoors, attending church where her mother played the 
organ, helping care for farm animals, going to school. Glennie began to play 
the piano at age seven and added the clarinet two years later. Meanwhile, she 
had begun to lose her hearing due to nerve deterioration, and by the age of 
twelve, she was profoundly deaf. She decided she wanted to learn percus-
sion after being introduced to the xylophone at a school assembly. She wasn’t 
thinking about becoming a professional percussionist—​she just loved the 
instruments.20

She was extremely fortunate to have had a school music teacher, Ron 
Forbes, who encouraged her to expand how she heard sound. “He would 
say to me ‘Evelyn, create the sound of the sun radiating on your face’ and 
I wondered—​how was I to do that? What he was really asking me to do was 
to express the feeling of sound.”21 In a 2003 TED talk titled “How to Truly 
Listen,” Glennie demonstrates that listening involves much more than your 
ear.22 She talks about her music teacher helping her learn to feel vibrations 
throughout her body by holding her hands against the wall as increasingly 
narrow intervals were played and feeling those vibrations in her body. That, 
in fact, is how Glennie hears, through her fingers, her arms, her face, her 
tummy. She plays barefoot, so she can feel the vibrations better through her 
feet. It is clear from her descriptions that her sense of touch and her feeling 
of vibrations have taken the place of her ear. In fact, she speaks of her body 
as a huge ear. [A link to the blog post “I Have Seen and Touched the Sound” is 
found on the companion website at item 7.4; a link to Glennie’s TED talk, “How 
to Truly Listen,” is found at item 7.5 .]

Since Glennie didn’t become deaf until after she had learned to play the 
piano, she can remember the sounds of music from before she lost her 
hearing. That means that when she looks at a score, she can hear it all in her 
mind. She had already learned to speak before she lost her hearing, so she 
speaks with the inflections of a hearing person, unlike those deaf from birth, 
and she lip-​reads. Her auditory cortex is activated by vibrations, just as blind 
painter Eşref Armağan’s visual cortex is activated by touch, and blind pianist 
Nobuyuku Tsujii’s visual cortex is triggered by both touch and auditory sig-
nals. She has written and spoken extensively about how she hears, and how 
everyone should open themselves to “feeling” sound, not just using their ears. 
Glennie says, “I know how music sounds by what I feel and see. I can sense 
musical sound throughout my whole body. I can identify different pitches 
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in isolation according to which part of my body feels the vibrations and for 
how long.”23 [See link on the companion website to Glennie’s “Deaf, Sound and 
Music Questions,” item 7.6 .]

The documentary about blind pianist Nobuyuki Tsujii is titled Touching 
the Sound. Ironically, a documentary about Glennie is titled Touch the 
Sound.24 The similar titles reflect the importance of touch to both musicians.

Focal dystonia

Neuroplasticity is the brain’s great ability to improvise, to make the 
connections necessary for us to be able to learn to make music, to find new 
ways to make those connections when existing networks are damaged, and 
to repurpose a sensory cortex when one of our senses is missing. But that 
great improvisational ability of the brain sometimes goes awry. That’s the 
case with focal dystonia.

Dystonia is a general term for a large group of movement disorders that 
are characterized by uncontrolled movements and involuntary muscle con-
tractions. “Focal” means the dystonia affects a specific part of the body, in 
musicians, usually the hand or embouchure. It is called task-​specific focal 
dystonia because it occurs only while a musician is playing his instrument 
and usually has no impact on any other activities. It affects between 1 and 
2 percent of professional musicians and it can have a devastating impact on 
a musical career. Pianists, guitarists, and violinists develop hand dystonia, 
which causes loss of fine-​motor control in the hand. It affects the right hand 
in pianists and guitarists, the left in violinists—​the hand in each instru-
ment that has the higher workload.25 Brass and wind players are at double 
risk. They can develop hand dystonia, but they can also develop embou-
chure dystonia, which affects the muscles of the face, mouth, tongue, and 
jaw, preventing them from forming an embouchure. Singers can also de-
velop focal dystonia which remains confined only to singing, not speaking, 
and occurs only during specific tasks. It has been studied far less than other 
musicians’ dystonias because it is often attributed to problems of vocal 
technique.26

Hand dystonia begins with a feeling that one’s fingers just aren’t working 
quite right, a finger or two may feel weak, passage work gets a bit sloppy, there 
may be tightness in the arm, and eventually one or more fingers cramp and 
curl under, making it impossible to play. Embouchure dystonia often begins 
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with a feeling of not being able to control one’s embouchure, entrances aren’t 
clean, pitches aren’t centered, and eventually it can lead to jaw clenching, se-
vere lip tremors, and loss of control of the tongue, again making it impossible 
to play. Because it is task-​specific, occurring only when you are playing your 
instrument, and because it is painless, most musicians mistake the early sig-
nals and assume the problems must be from too little practice, leading them 
to practice more diligently—​which makes the issues worse. In the process of 
trying to discipline recalcitrant fingers, many individuals overuse or overex-
tend other fingers, change the position of hands or wrist, sometimes devel-
oping tendinitis or other conditions that cause pain and make the symptoms 
more severe. With embouchure problems, the player may press the mouth-
piece harder into the lips, try to “shape” the embouchure, and end up creating 
more tension. Patterns of dystonic posture can be seen in Figure 7.4.

Although the conditions that came to be known as dystonia were described 
in the medical literature in the mid-​1800s, the causes of focal dystonia 
remained elusive, with one branch of science believing it could be traced 
to changes in the nervous system and another, following in the footsteps of 
Sigmund Freud, believing emotional distress caused the physical symptoms 

Figure 7.4  Typical patterns of dystonic posture in a pianist, a violinist, a flutist, 
and a trombone player
Credit: Photo used by permission of Eckart Altenmüller
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of dystonia.27 For much of the twentieth century, researchers and medical 
doctors didn’t really understand the cause of, or the treatment for, patients 
who suffered from any of the multiple kinds of dystonia. It was often classi-
fied as a psychological rather than a neurological disorder.

Pianist Leon Fleisher had the misfortune to develop focal dystonia at 
a time when it was still thought by many to have psychological roots. On 
his way to becoming one of the most important pianists of his generation, 
Fleisher lost the ability to use his right hand at the age of thirty-​six when 
his fourth and fifth fingers began to inexplicably curl under, and he couldn’t 
control them at the keyboard. Fleisher, who died in 2020 at the age of ninety-​
two, was the most recognizable name in the piano world for decades, in part 
due to a career interrupted by the tragic loss of the use of his right hand, but 
perhaps more important, because he reinvented himself multiple times in 
order to follow his passion for making music. The title of his memoir says it 
all: My Nine Lives, a Memoir of Many Careers in Music.28 It recounts the many 
reconfigurations of his career, from child prodigy to brilliant performer and 
award-​winning pianist; from sinking to the depths of despair after devel-
oping a movement disorder in his right hand to becoming a virtuosic inter-
preter of left-​hand repertoire, the most sought-​after teacher in the country, 
a conductor who explored contemporary repertoire as well as the classics, 
artistic director of the Tanglewood Music Center, and finally returning to 
the concert stage as a two-​handed pianist. Fleisher is seen in Figure 7.5 at the 
Music Teachers National Association Conference in Baltimore in 2017.

At the age of twenty-​four, Fleisher became the first American to win 
the Queen Elisabeth Piano Competition in Brussels in 1952. In 1954, he 
collaborated with conductor George Szell on recording all the Brahms and 
Beethoven piano concertos, recordings that are still considered by many to 
be the finest recordings ever made of these works. In 1959, he accepted a po-
sition at the Peabody Conservatory, adding teaching to a heavy performing 
and recording schedule. But in the early 1960s, Fleisher began to notice 
that his fingers weren’t responding quite right. “It seemed as if one or an-
other finger was a little bit lazy.”29 His response was to practice even more, 
but eventually, the fourth and fifth fingers of his right hand began to cramp 
and curl towards his palm, and he couldn’t control them in performance. He 
was scheduled to go on tour in 1965 to the Soviet Union with Szell and the 
Cleveland Orchestra but was forced to withdraw.

Focal dystonia was not understood well enough to be the first diag-
nosis on anyone’s mind. The many doctors Fleisher consulted had no idea 
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what was causing the problem, although numerous diagnoses, including 
that it was psychological, were suggested. Fleisher’s memoir and the many 
interviews he gave on the subject recount his despair, as well as the endless 
attempts to find a cure: hypnosis, traction, lidocaine injections, cortisone, 
rehabilitation therapy, acupuncture, carpal tunnel surgery, biofeedback, 
and more. He resisted playing the left-​hand-​only repertoire, much of 
which had been written for the pianist Paul Wittgenstein, who had lost his 
right arm during World War I. Fleisher didn’t want to be known as a left-​
handed pianist any more than Evelyn Glennie wants to be known as a deaf 
musician.

But he eventually decided that making music was more important than 
playing the piano with two hands. He delved into the repertoire written 
for left hand alone, the Ravel Concerto for the Left Hand became his 
calling card, and several composers wrote new left-​hand works for him. He 
increased his teaching load at the Peabody Institute. With composer and pi-
anist Dina Kosten, he started the Theater Chamber Players in Washington, 

Figure 7.5  Leon Fleisher, pianist
Credit: © 2017 Harry Butler, Nashville
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DC, conducting and playing both contemporary and classical works. He 
became an increasingly well respected conductor, was a frequent guest con-
ductor around the country, and in 1973, became associate conductor of the 
Baltimore Symphony Orchestra. But in the midst of all this activity, he con-
tinued to try to solve the mystery of his right hand.

Meanwhile in the research world, neurologist C. David Marsden discov-
ered disturbances in agonist-​antagonist muscle interaction in individuals 
with focal dystonia, the muscles often called flexors-​extensors, indicating 
that focal dystonia was not psychological but had a physical cause.30 In the 
early 1990s, Nancy Byl, a physical therapist who worked with musicians at 
the University of California in San Francisco, and Michael Merzenich, the 
neuroscientist who had shown in the 1980s that neuroplasticity could occur 
in the brains of adult owl monkeys, collaborated on a study that showed 
that excessive repetitive movement led to reorganization of the somatosen-
sory cortex in monkeys’ brains. Later, research at Johns Hopkins University 
demonstrated the same kind of abnormal somatosensory representations of 
the hands in human patients with dystonia.31 Instead of separate finger areas 
in the somatosensory cortex, those areas overlap in musicians with hand dys-
tonia.32 Later, the representation of the lips in the somatosensory cortex was 
found to be altered in patients suffering from embouchure dystonia.33 Focal 
dystonia was clearly not a psychological condition.

Focal dystonia and maladaptive neuroplasticity

Studies of musicians with focal hand or embouchure dystonia have found 
abnormalities, or maladaptive neuroplasticity, in one or more of three brain 
areas: reduced inhibition in motor areas, altered sensory perception, and im-
paired sensory-​motor integration. Inhibition refers to the balance that is nec-
essary in the nervous system between muscles that are firing and those that 
are not, allowing for smooth movement. When we speak of flexor and ex-
tensor muscles (for example, triceps and biceps), we’re referring to activation 
of one muscle while the other is resting. This is called reciprocal inhibition—​
the process by which one set of a muscle pair is blocked so that the other can 
move freely. If playing something fast at the piano or on an oboe, while one 
finger moves, the others are inhibited, and the change between firing and in-
hibition must happen extremely quickly for all your fingers to be able to move 
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independently. In dystonia, the muscle pairs try to work at the same time, 
one muscle does not get the signal to deactivate, so both are contracting. This 
results in a loss of control.34 The same occurs in the muscles controlling the 
embouchure in embouchure dystonia.

A second abnormality is altered sensory perception. Musicians with focal 
hand or embouchure dystonia are unable to perceive two stimuli as spatially 
or temporally separate. Flutist Andrée Martin, diagnosed with focal dys-
tonia, recounts her great surprise when a physical therapist asked her to close 
her eyes while the PT traced outlines of letters on the fingertips of both hands 
with a paper clip. Martin recalls that she had no difficulty whatsoever being 
able to tell what the letter was on her right fingers, but she was shocked to dis-
cover she couldn’t identify the letters drawn on the fingers of her left hand.35 
When researchers have used brain imaging to look at the somatosensory 
cortex in musicians with dystonia, they have found that individual fingers 
overlap in musicians with focal dystonia and lip areas are altered in patients 
suffering from embouchure dystonia.36 In Chapter 4, we saw that finger areas 
are enlarged in the somatosensory and motor cortices in skilled musicians 
as a result of practice (neuroplasticity). Increased sensory perception and 
motor control corresponds with becoming more skilled as a musician. But 
when neuroplasticity becomes maladaptive, those areas begin to overlap, and 
as with Martin, each finger loses its tactile ability.

Sensory-​motor integration, the third possible area of abnormality, is 
the relationship between the sensory and motor system in our brains. As 
we learn an instrument, the brain learns to organize the various sensory 
inputs from fingers or embouchure and integrate them with the proper 
motor movement to create a certain kind or quality of sound. Performance 
improves as the sensory-​motor integration becomes more efficient. But with 
focal dystonia, that integration can become impaired and sensory informa-
tion no longer becomes connected to the appropriate motor area.37 Eckart 
Altenmüller, director of the Institute of Physiology and Musicians’ Medicine 
in Hannover, Germany, has researched and written extensively about dys-
tonia in musicians. He has said that the newest theories point to focal dys-
tonia as a larger network disorder. Not only can there be disturbances in the 
sensory and motor areas, but there can also be dysfunctions in connections 
between the basal ganglia, cerebellum, and premotor cortex (all have impor-
tant roles in motor control). A person suffering from focal dystonia may have 
a disorder in any one or more of these areas, though not necessarily in all of 
them.38
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Risk factors

There is no single cause for focal dystonia, but there are several factors that 
contribute to developing it. Males are affected four times more often than 
females, and focal dystonia usually appears in one’s mid-​thirties to forties, al-
though it can begin as early as eighteen or as late as the mid-​sixties. Musicians 
who develop dystonia have, on average, not begun music study until the age 
of ten, and musicians who have begun study when they are older than thir-
teen have five times higher risk of developing dystonia. Musicians who have 
begun study around the age of seven are at less risk because, when begun 
early, sensory-​motor programs develop better and create a stable scaffold on 
which to build over a lifetime.39

Classical musicians are at greater risk than jazz musicians because in the 
process of learning a piece, they practice the same figurations repeatedly, 
trying to play perfectly what is in the score. Repetition, overuse, muscular 
tension, high motor demands, and the sometimes acute psychological stress 
related to fear of being judged when performing put classical musicians at 
greater risk for focal dystonia. Jazz musicians are less at risk because, al-
though they may practice a significant amount, they are improvising so their 
practice routines are varied and with much less intense repetition and fewer 
constraints.

Still, only 1 to 2 percent of classical musicians develop focal dystonia de-
spite repetitive practice, and there is increasing evidence that genetics may 
play a role. In about a third of cases, a family member also suffers from some 
form of dystonia, indicating a genetic predisposition, and researchers are in-
creasingly looking into the genetics involved.40

Treatments

Dystonia symptoms rarely go away completely, and treatment is a chal-
lenge, but many musicians have been able to return to performing. The va-
riety of treatments include oral medications—​primarily trihexyphenidyl, 
injections with botulinum toxin, and rehabilitation or retraining techniques. 
Trihexyphenidyl blocks the chemical acetylcholine in the basal ganglia of the 
brain, a structure where automated movement patterns are stored, and thus 
allows movements to be corrected by conscious motor planning. In a study 
of sixty-​nine patients, about a third showed significant improvement, but 
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side effects were severe enough to make continuation of the treatment not 
possible.41

Botulinum toxin injected into the dystonic muscles has been successful 
in treating the symptoms of dystonia. It is incredibly toxic, but when used in 
tiny doses it can relax excessive muscle contraction. There is evidence that 
if patients injected with Botox practice while the muscles are in a relaxed 
state, that motion is stored in motor memory and, in some patients, can over-
write the memories of the excessive muscle contraction.42 A ten-​year study 
of its use for focal dystonia patients found that it was safe and effective after 
a decade of treatment. Injections of Botox are given as needed, not sooner 
than three months and usually between three and six months. Professional 
musicians in the study usually timed treatments to obtain the best effect 
around scheduled performances.43 Altenmüller has found it to be safe and 
effective for up to twenty-​seven years of treatment (as of this writing) in some 
patients.44

Leon Fleisher was able to return to performing with both hands after treat-
ment with botulinum toxin and Rolfing, a kind of bodywork that manipulates 
and reorganizes the fascia, or connective tissue, that supports bones and 
muscles. Fleisher was not the first to turn to alternative treatments for dys-
tonia. 150 years before Fleisher, another well-​known pianist was trying to 
find a cure for dystonia, although the condition did not yet have a name.

Robert Schumann’s (1810–​1856) hand issues are well known. Because 
of problems with the middle finger of his right hand, he was forced to give 
up his plans to become a concert pianist and instead turned to composing. 
Although that was heartbreaking for Schumann, it was fortunate for the 
world of music. Altenmüller has diagnosed Schumann’s hand problems as 
focal dystonia. Looking specifically at entries in Schumann’s diaries, let-
ters, and physician reports during the years 1829–​1833 when Schumann 
was developing hand problems, Altenmüller matched symptoms that were 
discussed to those of focal dystonia. Schumann tried various remedies, in-
cluding adopting a different technique and using a stretching device, which 
unfortunately caused further problems. Altenmüller points to the well-​
known Toccata in C major, Op. 7, which can be played entirely without the 
middle finger, as evidence that Schumann was trying to adapt to playing 
without that finger.45

The third treatment for focal dystonia is rehabilitation or retraining 
techniques. Focal dystonia is not a degenerative disorder. It is a disorder 
of how nerve cells and connections function. And because maladaptive 
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neuroplasticity is the root of that dysfunction, retraining to create new neural 
connections has been found to be effective. A pilot program of four patients 
in which fine motor control exercises were used away from the instrument 
resulted in improvement for all, with two of the patients being able to return 
to pre-​dystonia performance levels.46

Musicians and coping with focal dystonia

Neurologist Frank Wilson, who celebrates the importance of the human 
hand in his best-​selling book The Hand, reinterpreted Glenn Gould’s pro-
fessional and medical history and concluded that he also suffered from focal 
dystonia. Based on Gould’s medical history, the print and film record, and 
Gould’s unpublished 1977–​1978 diary, Wilson argues that “in biomechanical 
terms Gould may have been almost completely unsuited for a career at the 
piano. Indeed, there is persuasive evidence that for virtually his entire career 
Gould struggled against and adroitly finessed critical limitations in upper 
body, forearm, and hand movements.”47 Wilson outlines comments made 
by Gould, the workarounds he made in order to be able to play, the phys-
ical crises that caused departures from the stage on two different occasions, 
and Wilson’s own observations about what one can see visually in film clips, 
to make a persuasive argument for Gould’s focal dystonia. While Schumann 
tried an external device and numerous other treatments, Gould appeared to 
have tried various workarounds at the keyboard to be able to continue to play.

Ironically, Wilson was the neurologist who diagnosed composer/​pianist 
Jake Heggie’s focal dystonia when Heggie began to develop the condition in 
the late 1980s. Heggie was in his mid-​twenties at the time, which is early for 
developing focal dystonia. He had finished a degree in piano performance 
and composition at UCLA and had begun graduate studies in composition. 
He noticed that his right hand was cramping, and the right middle finger 
would pull under. He compensated by pulling up with the index finger, 
which caused the thumb to pull in. He was playing a great deal, making his 
living playing for soloists and choruses, and was beginning to make a lot 
of mistakes, so the cramping of his hand was of great concern.48 A friend 
introduced Heggie to Wilson, who diagnosed early-​stage focal dystonia 
and sent him to pianist Nina Skolnik at the University of California, Irvine. 
Skolnik had retrained many pianists with various kinds of injuries, including 
focal dystonia. She uses a combination of approaches including Taubman 
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technique, Alexander technique, yoga, and other somatic (body) approaches. 
She works with the pianist on better alignment and balance, strategies to im-
prove coordination, cooperative movement, and developing somatic aware-
ness. Above all, she stresses that improvement can only occur when there is a 
change in the mindset or beliefs about the strategies or technical motivations 
that set the stage for dystonia to occur.49

For Heggie, that may have been the very curved finger position that he 
had learned, using his fingers precisely, rather than naturally. He worked 
with Skolnik for two and a half years, reworking his technique, going back to 
basics, learning to use rotation and the natural weight of his body rather than 
forcing, relaxing his finger position, and regaining facility at the piano. At that 
point, he moved to San Francisco and got a job with the San Francisco Opera 
writing press releases. He also began playing for singers. That’s where the 
story begins that many people know. He showed one of his songs to mezzo-​
soprano Frederica von Stade, she loved it, and soon many other singers were 
asking Heggie to write songs. He was named composer-​in-​residence to the 
San Francisco Opera, asked to write an opera with the playwright Terrence 
McNally, and the result was Dead Man Walking, a powerful opera that, at 
the time of this writing, has had more than seventy productions. Many other 
operas, stage works, songs, song cycles, chamber works, choral works, and 
works for orchestra have followed.

Heggie considers himself fortunate to have “fallen into the hands of the 
right people right away” instead of having to spend years trying to get a diag-
nosis and treatment. Nonetheless, he says, “Your whole identity is wrapped 
up in the instrument you have studied your entire life. The desire to be a 
performer was still in there, so it was psychologically very challenging.” But 
he thinks he wouldn’t have had the same career had the focal dystonia not 
happened at that particular time.50 Although he is best known as an opera 
and song composer, Heggie, shown in Figure 7.6, also frequently performs 
as a pianist with singers such as Frederica von Stade, Jamie Barton, Joyce 
DiDonato, Joshua Hopkins, and others.

Heggie was guided through a rehabilitation program by someone who 
had experience working with pianists with injuries. Other musicians have 
developed their own strategies for dealing with the disorder. Pianist James 
Litzelman, shown in Figure 7.7, didn’t begin studying the piano formally 
until the age of sixteen, although he had taught himself how to play and 
arrived at his first piano lesson having written out several pages of George 
Gershwin’s Rhapsody in Blue from listening to it multiple times. He had also 
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drawn the manuscript paper. He developed focal dystonia just fifteen years 
after beginning lessons, while he was finishing his doctoral degree at the 
Catholic University of America. Litzelman tried acupuncture and he tried 
Rolfing, neither of which helped, and then he discovered symmetrical inver-
sion, which was his pathway to returning to performance.51

The human brain prefers symmetrical movement, as we saw in Chapter 5, 
with both hands playing in mirror image so the same muscle groups in each 
hand are contracting synchronously. These movements tend to be more 

Figure 7.6  Jake Heggie, composer/​pianist
Credit: © James Niebuhr
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stable, but that’s not the way any instrument works. Usually, each hand 
performs totally different movements. We must suppress the brain’s pref-
erence for symmetry through practice of asymmetrical movements. 
Symmetrical inversion is applicable only to keyboards, so discussion here 
will be brief.

Basically, it involves playing an excerpt of music in one hand with the 
symmetrical inversion of that excerpt in the other. The keyboard is symmet-
rical from two places: D and A-​flat. If you begin with both hands on D and 
play an ascending D-​major scale in the right hand and mirror it in the left, 
following exactly the same pattern of half and whole steps, you will have a 
descending G natural minor scale in the left, beginning and ending on the 
fifth degree of the scale. Different tonality, but same pattern of intervals. An 
excerpt of music for the right or left hand can be played in symmetrical in-
version by the other hand. [Demonstration videos by Litzelman of symmet-
rical inversion, including the example above, can be seen on the companion 
website at item 7.7; pianist Graham Fitch gives a master class on symmetrical 
inversion at item 7.8 .]

Figure 7.7  James Litzelman, pianist
Credit: John DeGrazia



Neuroplasticity  143

There are two reasons that this strange strategy works. The first has to 
do with the brain’s preference for symmetry and mirror movement. The 
second is something called neural crosstalk (also called interlimb skill 
transfer), which basically means that when performing mirror or sym-
metrical movements with both hands, motor commands issued in one 
hemisphere spill over to the other via the corpus callosum.52 One hand is 
teaching the other, or one hemisphere of the brain is teaching the other hem-
isphere. Interestingly, a 2014 study combined mirror hand movements with 
transcranial direct current stimulation (tDCS), which inhibited the part of 
the sensory motor cortex related to the dystonic movements while activating 
the healthy part of the motor cortex on the other side. This is basically 
copying the healthy motor program with the help of electrical stimulation to 
the hemisphere demonstrating dystonia.53 Even without the electrical stim-
ulation, Litzelman has been able to overwrite the dystonic movements with 
healthy movements by incorporating symmetrical inversion into his practice 
every day, and he has been able to return to an active performance schedule. 
Altenmüller cautions, however, that this is probably a very individual situ-
ation, as are many of these recovery programs that various musicians have 
tried. What works well for one musician with focal dystonia may not neces-
sarily work for another.

Researchers are still learning a lot about focal dystonia. It has been only 
twenty-​five years since it was discovered that maladaptive neuroplasticity 
plays a role. The role of genetics and network disorder is much more recent. 
But since there are so many contributing factors, each individual’s experi-
ence and road to recovery or acceptance is different. However, a common 
experience recounted by everyone who has received a diagnosis of focal 
dystonia is a profound sense of loss, often accompanied by deep depres-
sion. When you have spent the majority of your life, and all your adult life, 
consumed with making music, facing the thought of not doing so feels as 
though you have lost your identity, you have lost who you are. Many re-
count a period of despair before they begin looking for answers. They try 
numerous medications and therapies and consult practitioners of alterna-
tive therapies until they find what works for them. As trombonist David 
Vining has said, “don’t wait for someone to present you with a magic bullet. 
Rarely is there a therapy template for recovery. Question traditional ped-
agogy and look at your recovery process as a unique cocktail of therapies. 
It’s up to you to pull them together in various ways until you find a way that 
works for you.”54
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And that’s what Vining did. Most doctors and researchers say that em-
bouchure dystonia cannot be effectively treated, but Vining, shown in 
Figure 7.8, has shown that this is not the case. Shortly after beginning a new 
position at the University of Cincinnati College-​Conservatory of Music, 
he began to develop dystonia symptoms. In an essay titled “Why Don’t You 
Just Play the Saxophone?” (which is what one doctor said to him), Vining 
talks about the many doctors he consulted, the importance of being your 
own advocate, and the importance of cultivating a sense of global aware-
ness so that you are looking at your entire body, not just the dystonia. 
Understanding that his problem was caused by faulty neuroplasticity, he de-
cided to use neuroplasticity to create new pathways in his brain, even though 
he was told that couldn’t be done. He describes how he used the concept of 
neuroplasticity to guide his recovery, establishing new pathways for control 
of his embouchure in his brain by building from the bottom up—​relearning 

Figure 7.8  David Vining, trombonist
Credit: Photo used by permission of David Vining
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how to move air through his instrument instead of concentrating on his em-
bouchure. His essay is contained in Notes of Hope, a compilation of several 
stories by musicians who have recovered from various injuries.55 [A link to 
Vining’s essay can be found on the companion website at item 7.9 .]

Alex Klein is another musician who devised his own recovery. Klein, seen 
in Figure 7.9, began playing the oboe at the age of nine in his native Brazil. 
He progressed quickly, and after earning a bachelor’s degree and artist di-
ploma from Oberlin, he won several competitions and joined the Chicago 

Figure 7.9  Alex Klein, oboist
Credit: Todd Rosemberg
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Symphony Orchestra (CSO) in 1995 at the age of thirty. He won a Grammy 
in 2002 for his recording of the Richard Strauss Oboe Concerto with con-
ductor Daniel Barenboim and the CSO. He was in a job he loved, had a lot 
of performing opportunities, and was seemingly at the height of his career. 
But he noticed in the late 1990s that the third and fourth fingers on his left 
hand weren’t working quite right. By 2001, it had become bad enough that 
he consulted several doctors, including Alice Brandfonbrener, the founder 
and director of the Medical Program for Performing Artists in Chicago and 
one of the founding members of the field of arts medicine. She diagnosed his 
problem as focal dystonia and told him he would probably have to leave the 
orchestra within three years.56

And in fact, that’s what happened. But not before he had tried chiropractic, 
acupuncture, physical therapy, the Alexander technique, and hand massage. 
He had a new, lighter oboe made. He tried Botox, levodopa, finger weights. 
The changes he made in his playing to try to accommodate the dystonia led 
to painful tendinitis. By 2004, he asked to resign from the CSO because he 
wasn’t able to play at the level he thought the orchestra deserved. He moved 
back to Brazil suffering from extreme depression. But eventually, as Leon 
Fleisher had done, he found other means of musical expression. He took up 
conducting, founded a major music festival, and started a Brazilian orchestra 
for at-​risk schoolchildren inspired by the El Sistema program in Venezuela.57 
But he didn’t give up his dream of playing with a major orchestra. He learned 
how long he could practice before encountering problems.

Since focal dystonia is task-​specific, it affected only his oboe playing. He 
could still play oboe d’amore, English horn, or baroque oboe. So he tried 
what is known as a “sensory trick.” He glued a small Brazilian coin over the 
G-​key of his oboe, providing an extension for his fourth finger. That meant 
his hand was playing in a slightly different position, which his brain didn’t 
recognize so it didn’t cause his finger to cramp.58 He changed his technique 
somewhat to rely more on his right hand, and when he plays with his left, in-
stead of extending his fingers fully to reach the keys, he rotates his arm.59 The 
oboe Klein is holding in Figure 7.9 was specially made for him by the F. Lorée 
company. It has an extended G-​key, with other tone holes and keys adapted 
so they can reach out toward his hand.60

Klein found a way to approach playing that worked for him. He is now 
principal oboe with the Calgary Philharmonic Orchestra in Canada, teaches 



Neuroplasticity  147

at DePaul University in Chicago and at the Aspen Festival, and in 2020 
released a highly acclaimed CD on Cedille Records of Twentieth Century 
Oboe Sonatas with pianist Phillip Bush.

Not every musician who develops focal dystonia is able to return to the 
performance level at which he previously played. But as David Vining has 
said, creativity is key. For the musicians who are willing to explore alterna-
tive options, to throw out everything they thought they knew about playing 
their instrument, who are willing to take chances, a return to playing is often 
possible. Some things may be better. Vining reports a new ease in playing, as 
does Jim Litzelman. But the focal dystonia never totally goes away. Litzelman 
says that performance anxiety can cause some symptoms to return; Klein has 
said that playing too long brings on symptoms, so he has to limit his playing 
time. Heggie says that if he looks at music that he used to play pre-​dystonia, 
he begins to feel his hand changing. Still, as these several musicians show, a 
return to performance is possible for some musicians.

Nina Skolnik says that very often, a pianist with dystonia “confesses to 
‘perfectionism,’ a ‘mind over body’ ethic with the underlying affirmation ‘I 
have enough will to conquer this.’ ” But recovering from focal dystonia isn’t 
done with will. “Pushing through it” is not an option. Changing one’s mindset 
is crucial to recovery.61 Eckart Altenmüller has commented that “if you are 
extremely driven to recover and if you are extremely focused on just getting 
rid of the symptoms of dystonia, you will not be successful. You must change 
something about your life, the overuse, too much practice. People who are 
successful in retraining changed this kind of abuse of themselves.”62

In an article Klein wrote for the journal The Double Reed, he gives advice to 
those encountering focal dystonia.63 [A link to the full article can be found on 
the companion website at item 7.10 .]

Take the curve on the road and accept it. The plans, dreams and expecta-
tions you had for the previous direction on the road are now lost, forever. 
Accept it. Open your hearts to the new challenges, which promise to be 
every bit as interesting as the older ones, if not more. It might just happen 
that by accepting the unacceptable you will place your mind at ease enough 
to find solutions you would never have considered had you maintained 
your mind set on your past. And it might just be that some of that past will 
return to you on a silver platter, as a new beginning.
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Key Concepts

	 •	 Passion drives neuroplasticity. The more motivated one is to learn, the 
more readily neuroplasticity occurs.

	 •	 Neuroplasticity makes it possible, in some cases, for a brain-​damaged 
musician to return to performing by creating new neural pathways in 
the brain.

	 •	 Blind or hearing-​impaired individuals can become superb musicians 
due to cross-​modal neuroplasticity, in which the visual cortex responds 
to signals from touch or hearing, and the auditory cortex responds to 
touch signals.

	 •	 Neuroplasticity sometimes goes awry, as in focal dystonia, a large 
group of movement disorders that are characterized by uncontrolled 
movements and involuntary muscle contractions. It is a network dis-
order that can involve abnormalities in any one of several brain areas.

	 •	 Although musicians suffering from focal dystonia are often told by 
doctors that they will never play again, many have used a mix of crea-
tivity, perseverance, and an openness to all possibilities to devise their 
own therapies or mix of therapies—​ultimately regaining playing ability 
and a successful return to performance.
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8
Imagery—​Music in the Mind’s   

Eye, Ear, Body

Keep searching for that sound you hear in your head until it becomes 
a reality.

—​jazz pianist Bill Evans

Fei-​Ping Hsu’s story

It takes years of practice every day to become a world-​class musician. So how 
does one explain a young Chinese piano prodigy who at the age of fourteen 
was prevented from practicing for ten years, yet went on to have an inter-
national career? Fei-​Ping Hsu was one of the first student musicians to be 
allowed out of China to study in the West following the end of the Cultural 
Revolution. He played exquisitely, which was baffling to anyone who discov-
ered that he had not been able to practice during the entirety of that period—​
from 1966 to 1976. I met Fei-​Ping at the Eastman School of Music and heard 
him perform several times during the year he was in residence there. He had 
a brilliant technique, but also a lush sound filled with emotion, nuance, and 
sensitivity. I was increasingly astonished as I learned more about his recent 
past. It was difficult to believe that he could play at all, let alone perform so 
beautifully. At that time there seemed to be no accounting for this feat. But 
discoveries about the brain in the 1990s do provide an explanation for his 
remarkable story, which is worth telling in some detail. (The account in this 
chapter is based on my conversations with Hsu during 1979 and 1980, with 
his brother Fei-​hsing Hsu and niece Hsing-​ay Hsu in 2015 and 2021, and 
from In Memory of Fei-​Ping Hsu: A World Classic Pianist, edited by Yiwan 
Peng;1 text in Mandarin Chinese, personal translations by Anne Pusey.)

Hsu was born in 1952 on the beautiful island of Gulangyu, a tourist des-
tination in southern China known for its beaches. It is often called “Piano 
Island” or “Music Island” because the Christian missionaries who were there 
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in the early 1900s not only introduced Western music to Gulangyu but left 
behind a significant number of pianos on the island. Hsu’s family had con-
verted to Christianity and the hymns his grandmother and mother played in 
church were his introduction to Western music.

His older brother Fei-​hsing Hsu, also a pianist, recalls that at the age of 
six, Fei-​Ping filled in for his mother at church, playing the hymns by ear. The 
family recognized his talent and arranged for him to study with a well-​known 
singer who lived on the island. But when the head of the piano department 
at the Shanghai Conservatory, Ji-​sen Fan, visited the island and heard Fei-​
Ping, he was so impressed he took him as a student. Fei-​Ping was then eight 
years old, the youngest student ever to study at the conservatory. Fei-​Ping 
had exceptional facility and musical depth, and by the time he was eleven, 
he was playing all twenty-​four of the Chopin études, a difficult feat even for 
far older pianists. At twelve, he performed for Queen Elisabeth of Belgium 
when she visited China. She was so captivated with his talent that she invited 
him to come to Europe to study and offered to help him get governmental 
permission.

Russian visitors to Shanghai were also impressed because he played in a 
Russian style, with a big, emotional sound, not the cooler sound usually as-
sociated with Chinese musicians. This was perhaps not surprising since his 
teacher at the conservatory had studied with Russian pianists. These inter-
national connections might have moved Fei-​Ping’s career in an exciting di-
rection, but this was 1966 and one beautiful day when the fourteen-​year-​old 
arrived at the Shanghai Conservatory as he did every day to practice, study, 
and take classes, he and his fellow students found the pianos missing from 
the practice rooms. The instruments were in the dining hall dumped in a 
heap. The teachers were gone, the valuable scores and recordings destroyed. 
China’s Cultural Revolution had begun.

Communist Party Chairman Mao Zedong (Mao Tse-​tung) set the Cultural 
Revolution in motion to purge capitalist elements from Chinese society and 
get rid of the “Four Olds”: old customs, old culture, old habits, and old ideas. 
That meant attacking and destroying cultural institutions and treasures, 
books, music, and art. Western music and art were considered part of the old 
culture and therefore an “enemy of the people.” Many teachers and scientists 
were persecuted and killed; students were expected to denounce their former 
teachers, something Fei-​Ping refused to do. He continued to revere his 
teacher, Ji-​sen Fan, and regularly visited him, even though it was dangerous 
to do so. Practicing was forbidden, and even listening to Western music was 
banned.
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All young people of student age were sent to the country to work in the rice 
fields. The exceptions were some musicians, such as Fei-​Ping’s older brother, 
who were required to perform revolutionary songs in factories and at polit-
ical meetings. The “Down to the Countryside Movement” was Mao Zedong’s 
policy to send what he considered privileged urban students to learn from 
the rural peasants—​“revolutionary education.” Kneeling over and picking 
kernels of rice in the cold water was very hard on Fei-​Ping’s hands and fin-
gers, and the young student workers were given little to eat other than rice. 
After a time, Fei-​Ping was sent to a factory where he carried heavy metal 
machinery parts on his back. He thought about trying to escape—​but where 
could he go? All of China was suffering from the same conditions. The years 
were going by and all he could think about was music. He saw his musical fu-
ture disappearing.

While Fei-​Ping didn’t talk a great deal about the Cultural Revolution during 
his year at Eastman, he did say that during all those bleak years, he would 
listen in secret at night to Russian recordings of Horowitz and Rachmaninoff. 
This was illegal and he would have been severely punished had he been 
caught, but he was desperate and somehow managed to escape detection. 
He would imagine himself playing the works he was hearing, feeling in his 
shoulders, arms, and hands what it would be like to play the music.

Around 1969, Fei-​Ping had a bit of a reprieve when someone remembered 
his prodigious talent, and he was called to Beijing to be the back-​up pi-
anist for the Yellow River Piano Concerto with the Central Philharmonic 
Orchestra Association in Beijing. The concerto was based on the Yellow 
River Cantata, written in 1939 and based on traditional folk melodies and 
the image of the Yellow River. One of the longest in China, the Yellow River 
was revered as a symbol of the courage of the Chinese people. The concerto 
combines elements of Chinese folk music with traditional European classical 
music (somewhat ironic, since Western music had been banned in China). 
It has a virtuosic solo part and has become the most popular piano concerto 
in China.

The first pianist of the orchestra was a member of the Communist Party. 
Fei-​Ping did not belong to the party so, as second pianist, he had to be on call 
to play at the last moment whenever the first pianist was not available. He was 
still not allowed to practice. The Yellow River Piano Concerto is fiendishly 
difficult for the pianist, and pianists who perform it today, such as Lang Lang 
or Yuja Wang, would never consider playing it with no practice, but Fei-​Ping 
had no choice. Playing difficult repertoire in concert without practice over a 
period of years takes a tremendous physical toll on the body. After two years 
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of being on call to play the concerto at a moment’s notice, Fei-​Ping had de-
veloped what was probably a stress injury, and he asked for time off to go to 
Shanghai for hand therapy. The Communist Party allowed him six months. 
At the end of that period, he was called back to Beijing on one day’s notice to 
again play the concerto—​having had hand therapy, but no practice during 
the interim.

He played one performance and was then out of a job, and he struggled 
until the end of the Cultural Revolution in 1976. Fei-​Ping was fourteen when 
the Cultural Revolution began, twenty-​four when it ended. These are forma-
tive years for a young artist, when technique is developed and the foundation 
laid for the rest of one’s performing life. Even after the end of the Cultural 
Revolution, there were no teachers, and the only pianos were in the dorms at 
the Shanghai Conservatory. They were in poor condition, but Fei-​Ping was 
able to do some practicing there. However, his primary method of engaging 
with music during those years, as it had been during the entire Cultural 
Revolution, was in his mind.

Luckily for Fei-​Ping, well-​known Chinese bass-​baritone Yi-​Kwei Sze vis-
ited Shanghai in 1978. Sze had left China in 1947 to pursue a career in the 
United States, had a highly successful concert and operatic career, and was 
on the voice faculty at the Eastman School of Music. Sze had gone back to 
China to visit friends and family as soon as international relations began to 
thaw. While Sze was teaching at the reopened Conservatory, Fei-​Ping came 
to his attention. Sze arranged for Fei-​Ping and two other students to study at 
Eastman.

I wasn’t alone in wondering how Fei-​Ping could perform with such sen-
sitivity, grace, and power. Everyone who heard him was astonished at this 
slight man who performed with such emotional intensity. But discoveries in 
neuroscience in the 1990s began to shed light on Fei-​Ping’s remarkable suc-
cess. It became clear, in light of new research on motor imagery, that making 
music in the mind, with the “mind’s muscles,” as Fei-​Ping had been doing 
when he listened to recordings of Horowitz and Rachmaninoff, was indeed 
practicing.

What is imagery?

If asked to imagine a favorite vacation spot, most people will have no diffi-
culty doing so. You may visualize lying on a beach or hiking your favorite 
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forest trail. You can see those images in your mind, and they are a welcome 
escape when you’re feeling burned out. You may also mentally hear the waves 
crashing on the shore or the wind in the trees, but you probably won’t feel the 
sand between your toes or feel what it’s like to walk on a trail covered with 
pine needles. If you do, you’re in the minority. As you read this, you may try 
feeling sand under your feet and say “Sure, I can do this,” but it doesn’t tend 
to come as fast or as easily as auditory or visual imagery. (There is a very 
rare condition called aphantasia, either acquired or congenital, in which an 
individual is unable to form mental images. Some people who suffer from 
aphantasia are also unable to imagine sounds.)

Imagery is the subjective experience of seeing, hearing, or feeling in one’s 
mind without any actual sensory stimulation. Although “image” is synon-
ymous with “picture,” imagery does not refer only to the visual. Imagery 
accurately refers to any of the senses and includes physical sensations and 
emotions as well. Musicians tend to use visual and auditory imagery fre-
quently. Even lacking an eidetic (photographic) memory, many musicians 
see the score in some form in the mind, perhaps where the page breaks are or 
where on the page one section ends and another begins. A musician might 
visualize the keyboard layout, keys on a woodwind instrument, or a string 
instrument’s fingerboard. One can visualize the performance space, walking 
onstage, and even seeing an imaginary audience. (One of the tricks that 
has been used for years to alleviate performance anxiety is to imagine the 
members of the audience without clothes.)

Musicians are also accustomed to using auditory imagery, hearing 
music in the “mind’s ear.” Sometimes a piece of music being practiced 
will lodge itself in the mind and continue playing endless repetitions 
throughout the day—​that’s called an earworm. Although musicians talk 
about and use auditory and visual imagery, they are far less likely to use 
motor imagery—​imagining or feeling movements in the mind. Just as 
people don’t tend to imagine how their bodies feel in the salty water at the 
ocean, musicians don’t spend much time imagining how their bodies feel 
when playing a particular piece of music. Singers are more likely to im-
agine how their bodies feel, because bodily sensations are so closely tied 
to technique.

Feeling in the mind’s body is motor imagery, imagining motor movements 
without physically making them. There are five commonly acknowledged 
senses: vision, hearing, touch, taste, and smell. Proprioception, as we saw in 
Chapter 4, is considered the sixth sense. But there is another sense, and that 
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is kinesthesia, the sense that delivers information to the brain about effort, 
movement, position, and weight delivery (we talked about developing one’s 
kinesthetic sense in Chapter 6). It is basically the ability to sense the mo-
tion of a joint or limb. Most people don’t pay attention to their movements—​
limbs and body are expected to move, unless one is recovering from a broken 
bone or other accident. But we do have the ability to pay attention to our 
motor movements and that is kinesthesia.

Kinesthesia is sometimes used interchangeably with proprioception, but 
they are not the same, and they are referred to by some as the sixth and sev-
enth senses. Proprioception is about one’s sense of self, an inherent sense of 
one’s position and motion in space. If you hold your arm above your head or 
behind your back, you can’t see it, but you know exactly where it is. That’s pro-
prioception. Kinesthesia, on the other hand, is knowing how it feels to move 
your arm above your head or behind your back. Kinesthesia is the sense we 
use when we practice motor imagery, imagining a physical movement in our 
minds without executing it. The term motor imagery is sometimes used in-
terchangeably with kinesthetic imagery. When we imagine, or try to feel in 
our body, arms, and fingers what it is like to play a piece of music—​just as 
Fei-​Ping Hsu did—​that’s motor imagery.

Composers, performers, and imagery

Many composers have spoken about the use of imagery, or before that word 
was in use, of composing or hearing “in the mind.” In the late eighteenth cen-
tury, Mozart wrote, “the whole, though it be long, stands almost complete 
and finished in my mind, so that I can survey it, like a fine picture or a beau-
tiful statue, at a glance. Nor do I hear in my imagination the parts successively, 
but I hear them, as it were, all at once. . . . For this reason, the committing to 
paper is done quickly enough, for everything is, as I said, already finished, 
and it rarely differs on paper from what it was in my imagination.”2

The great works of Beethoven’s last ten years, including the final piano 
sonatas and string quartets, the Ninth Symphony, the Missa solemnis, and 
the Diabelli Variations were written when he was profoundly deaf, hearing 
these works only in his mind. Beethoven told his first biographer, Johann 
Schlosser, “The working out in breadth, length, height, and depth begins 
in my head, and since I am conscious of what I want, the basic idea never 
leaves me.”3
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Robert Schumann (1810–​1856), pianist, music critic, and one of the 
greatest composers of the nineteenth century, wrote often about imagery in 
his Advice to Young Musicians in 1850. The translations below come from 
cellist Steven Isserlis’s wonderful volume in which Isserlis adds his own com-
mentary to each of Schumann’s gems:4

It is not only your fingers that should know your pieces; you should also be 
able to hum them away from your instrument. Sharpen your imagination 
to the extent that you remember not only the melody of a composition, but 
also the harmony that belongs to it.

It has been said that a perfect musician must be able to visualize even a 
complicated piece of orchestral music on first hearing as if it were lying be-
fore him in full score. This is indeed the greatest achievement that can be 
imagined.

American composer Henry Cowell wrote: “the most perfect instrument in 
the world is the composer’s mind. Every conceivable tone-​quality and beauty 
of nuance, every harmony and disharmony, or any number of simultaneous 
melodies can be heard at will by the trained composer.” Hearing in his mind 
didn’t come easily for Cowell and he spoke about having to practice hearing 
sounds in his mind. But he relates that he practiced until he could hear music 
in his mind with ease.5

Composer Jake Heggie, who has been called “arguably the world’s most 
popular 21st century opera and art song composer” by the Wall Street 
Journal,6 uses both visual and auditory imagery when he composes, but 
visual is primary. Heggie says, “when I know what I am writing about, I vis-
ualize the person I am writing for, the situation they will be in, whether it is a 
character or it is a singer I know who will play that character, and then I start 
to hear it, and it starts to come to life for me.”7 For a composer who has had 
over seventy national and international productions of his opera Dead Man 
Walking, and more than twelve productions of the opera Moby Dick, per-
haps it’s not surprising that the visual would play such a prominent role in his 
compositional process.

Performers have often used imagery as a tool for learning. Walter 
Gieseking (1895–​1956), well-​known pianist and teacher, taught visual im-
agery as part of his teaching technique to aid memorization, to better un-
derstand the structure of the piece, but chiefly to “train the ear.”8 Gieseking 
was well known for memorizing while traveling by train or plane. Rosina 
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Lhévinne, inspirational pianist and teaching legend at the Juilliard School, 
would tell her students, “You imagine the sound you wish to produce, and 
then you produce it.”9 Pianist Glenn Gould calculated that “at the age of 
twenty-​seven . . . he had played the fifth Bach Partita roughly five hundred 
times, mostly while driving or walking around town.”10

It’s not only pianists and composers who use imagery; so do singers. 
Soprano Lynn Eustis, who has sung over thirty operatic roles and soloed in 
numerous oratorios and other choral works, says she audiates an entire re-
cital, in real time, before singing it, and encourages her students at Boston 
University to do the same. For Eustis, this means not only hearing the music 
in her mind, but also hearing the text in her mind (including foreign lan-
guages and the translation), imagining the tone she wants to produce and the 
placement of that tone, and hearing the piano or orchestra with which she is 
performing. If she’s singing an opera, she hears every other role in her mind 
as well.11

Athletes and imagery

Athletes have been using imagery or visualization at least since the 1950s. 
Pancho Gonzalez, legendary American tennis player in the 1960s, was said to 
have visualized every match he played. By the time he went on court, he had 
already won the match in his mind. Billie Jean King, another tennis great and 
winner of thirty-​nine Grand Slam titles in the 1960s and 1970s, always used 
visualization before a match, thinking of everything that could go wrong and 
imagining how she would handle it, whether the situation was rain, wind, or 
how the ball might be coming at her. She even pictured where she wanted the 
ball to go as she hit it on the court.12

In the mid-​1980s, researchers in Canada decided to look seriously at 
the importance of mental training, and who better to study than Olympic 
athletes. They interviewed or sent questionnaires to 235 athletes who had 
participated in the 1984 Sarajevo Winter Olympic Games and Los Angeles 
Summer Games. The athletes were questioned about their physical, tech-
nical, and mental readiness, their background in mental training, the role of 
coaches and sports psychology consultants, and more. The sample included 
thirteen Olympic gold medal winners, three silver, one bronze, and three 
world champions. The subjects were forthright about the kinds of mental 
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training they engaged in. A diver commented, “I did my dives in my head 
all the time.” A pistol shooter: “I actually shoot in imagery. . . . I can feel the 
initial pressure of the trigger.” A figure skater: “My imagery is more just feel. 
When I’m actually doing it I get the same feeling inside. You have to experi-
ence it, and once you do, then you know what you are going after.”13

The athletes spoke about perfecting imagery through daily practice: “It 
took me a long time to control my images and perfect my imagery, maybe a 
year, doing it every day.” Many athletes expressed the belief that they could 
have reached the top much earlier if they had strengthened their mental 
skills—​their technique was the same the second time at the Olympics, but 
the mental training took them over the top. Ninety-​nine percent of the 235 
athletes in the study reported using mental imagery. They used it at least 
once a day, four days a week, for at least twelve minutes and up to two to 
three hours right before the actual Olympic event. These athletes said it 
was important to “feel” in imagery as they did when they performed, and 
the ease with which they could control the imagery correlated with suc-
cessful Olympic performances. The study had looked at three major factors 
impacting performance: mental, physical, and technical. Mental readi-
ness was the only one that had a statistically significant link with their final 
Olympic rating.

Olympic athletes today still use imagery extensively, but they think of it 
as multisensory—​using all their senses and prefer “imagery” to “visualiza-
tion.” Emily Cook, the American aerialist who competed in the 2006, 2010, 
and 2014 Olympics, says, “You have to smell it. You have to hear it. You have 
to feel it, everything.”14 Cook began using imagery in 2002 after she suffered 
broken bones in both feet when she crashed during a training jump in Lake 
Placid, New York. Her injuries kept her from skiing for more than two years, 
but during that time, she and her coach used imagery. They created scripts 
that Cook would record and play back, scripts that engaged all her senses—​
hearing and seeing the crowd, feeling the wind on her neck, engaging her 
core, going through and feeling in her body every step of the jump. While lis-
tening to the imagery scripts, she would feel her muscles firing in response.15 
She was engaging in visual, auditory, and motor imagery. She went on to be 
a six-​time US National Champion in Aerial Skiing, as well as competing in 
three Olympics. What’s important here is that Cook wasn’t just mentally 
“seeing” every facet of the jump; her body was “feeling” it, just as the athletes 
from the 1984 Olympics spoke about “feeling” in their bodies.
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Terminology matters

With both athletes and musicians, the terms “imagery” and “imagination” 
are often replaced by “mental practice,” which is far less specific. The terms 
“mental practice,” “mental training,” “mental rehearsal,” “visualization,” and 
“imagery” are often used interchangeably, with no clear indication of what 
is implied. Scientists sometimes use mental practice to refer to auditory im-
agery, sometimes to motor imagery, and sometimes to both. Musicians may 
use mental practice to refer to the techniques used to manage performance-​
related stress and anxiety, to developing skills to maintain concentration and 
focus, and to handling the mental challenges that may be associated with 
injuries. Mental practice is also used to refer to silently analyzing a score, 
listening to recordings of pieces you are working on, visualizing walking 
onstage and performing, relaxation techniques, and hearing the music in 
your mind.

Imagery, whether auditory, visual, or motor, is a brain process. Areas of 
the brain have been identified that are involved in processing each of these 
kinds of imagery. Mental practice doesn’t refer to a brain process; it refers to 
a cognitive process that may or may not include imagery. Mental practice as 
used for relaxation techniques, setting goals, techniques to focus attention, 
and similar strategies is extremely important, but unless it is being used to 
refer to imagery, it does not change the areas of the brain that have to do with 
playing an actual piece of music on your instrument. This chapter deals specif-
ically with imagery, the brain areas that process imagery, and the impact of 
imagery on learning and performance.

Visual imagery—​“seeing with the mind’s eye”

Many people advocate visualizing a successful performance because, they say, 
the brain doesn’t distinguish between what is real and what is imagined. The 
concept is that the more frequently successful performances are imagined, 
the more the brain will think they actually happened. But unless you are 
hallucinating, the brain does, in fact, know the difference between real and 
imagined visual experience. Visual perception is the brain’s ability to make 
sense of the information coming through the eye. Visual imagery is based on 
memory of things one has seen. During imagery, one either experiences a 
version of the original perception from memory or creates in the imagination 
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new versions of visual scenes based on familiar circumstances. A concert hall 
that doesn’t exist can be visualized or imagined based on elements known 
to be in a hall: the stage, the seating areas and balconies, backstage, exit 
doors, etc.

Although the brain knows the difference, imagery and perception do share 
processing areas in the brain. They share a large overlap in neural processing 
in the visual, parietal, and frontal cortices.16 Some researchers suggest 
that visual imagery functions as if it were a weak form of visual percep-
tion.17 There is also an overlap between visual imagery and visual working 
memory.18 Working memory is used to recall and recombine images from 
memory when engaging in visual imagery. Set design, mechanical engi-
neering, photography, and graphic design all rely on good visual imagery 
and visual working memory.

Visual imagery has many advantages. Many teachers advocate imagining 
the hall in which a performance will take place as well as the entire routine 
leading up to performance. Because visual perception and imagery share so 
many processing areas, this will indeed make you feel as though you have 
done this before, as many Olympic athletes have stated. The more vivid the 
imagery has been, the more real it will seem. Although your brain knows the 
difference, you develop a comfort level with the performance, which has a 
positive effect.

But visual imagery can also have a negative impact if one worries about 
and visualizes negative outcomes. Studies show that visual imagery plays a 
pivotal role in clinical disorders such as anxiety.19 Jacqueline Hernandez, an 
American Olympian in snowboard cross, related trying to conquer images of 
crashing that would pop into her mind. Nicole Detling, a sports psychologist 
who worked with the US Freestyle Aerials Ski Team at the Sochi 2014 Winter 
Olympics, says that “In images, it’s absolutely crucial that you don’t fail. . . . So 
one of the things I’ll do is if they [the skiers] fail in an image, we stop, rewind 
and we replay again and again and again.”20 Emily Cook, the aerialist, relates 
using imagery to break a cycle of negativity. Whenever fear surfaced, she 
would imagine herself pricking a big red balloon with a pin, and that would 
snap her out of the negativity.

In addition to using visual imagery to imagine performances, one 
can, as Gieseking did, also use visual imagery to study scores. What 
one sees is transferred into working memory. All or parts of the score 
can be visualized. The more practiced one becomes at visualization, the 
more detail one is able to visualize in the score. Musicians who learn by 
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visualizing the score will also be using auditory imagery to hear the music 
in their minds.

What visual imagery or visualization by itself cannot do is make any differ-
ence in the motor movements necessary to perform the piece. Visual imagery 
accesses visual processing areas. It has nothing to do with the movement of 
muscles or motor processing areas of the brain—​unless one is also imagining 
the movement, and that is motor imagery.

Auditory imagery—​“hearing in the mind’s ear”

Most musicians regularly use auditory imagery. When not at an instrument, 
a musician will often hear the music in his mind that he is currently studying. 
Silently reading musical scores and hearing them in the mind is notational 
audiation. When sight-​reading, one imagines the sound of the music at 
the same time as it is being played. Edwin Gordon (1927–​2015), American 
music educator, researcher, author, and teacher, spent his career advocating 
for hearing “in the mind’s ear.” He coined the term audiation in 1975 to refer 
to internal comprehension of music, to hearing or feeling sound when it is 
not physically present. As you read these words, you are no doubt hearing 
them in your mind and giving them meaning. Gordon said the same is true 
with music. Audiation is not just about hearing music in the mind, but about 
giving it meaning and understanding.21 We think of the ideal sound we want 
in performance and try to achieve that as we are playing. Barry Green wrote 
in The Inner Game of Music, “Effectively, you are playing a duet between the 
music in your head and the music you are performing.”22

Some researchers use the term audiation, some refer to auditory imagery. 
Most research in auditory imagery focuses on the details of sound, such as 
pitch, timing, and timbre, not on the totality of a musical piece as musicians 
experience it. But researchers have found that, just as activity can occur in 
the visual cortex in the absence of seeing an actual image, neural activity can 
happen in the auditory cortex in the absence of sound. Pitch, timing, and 
timbre are processed similarly in the brain whether we are hearing the music 
or imagining it.23 Emotional responses to music are processed similarly in 
the brain, whether the music is heard live or imagined.24

Many brain areas are involved in auditory perception and imagery in-
cluding the auditory cortex, parietal and pre-​frontal cortices, pre-​motor and 
supplementary motor areas, and the cerebellum.25 As with visual imagery, 
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working memory is involved in auditory imagery, and there are interactions 
between the pre-​frontal cortex (working memory) and the auditory cortex.26 
With auditory imagery, we recall music that we have heard, we hear music in 
our mind that we see on a page of music notation (notational audiation), or 
we create new music in our minds based on either intuitive or learned knowl-
edge of melody, rhythm, and harmony.

Why are motor areas active when you are hearing music in your mind? 
Two theories have been proposed: (1) you may be thinking in terms of playing 
your instrument, but if that’s the case, then you are also using motor imagery; 
and (2) you may be “subvocalizing” or humming internally. In either event, 
there is less motor area involvement than when using motor imagery.

In the world of brain and music research, singers haven’t been studied 
as often as pianists or other instrumentalists because singing involves text 
and text includes brain processing areas for language in addition to music. 
But one interesting study involving singers was done in Germany in 2007. 
Sixteen classically trained singers, eight professional opera singers and eight 
students, had their brains scanned via fMRI while they sang and imagined 
singing excerpts from the well-​known aria by Tommaso Giordani, “Caro 
mio ben.” When the researchers compared brain activity from the actual 
and imagined singing, they found a lot of overlap in areas related to motor 
processing and auditory processing. During imagined singing they found 
increased involvement of fronto-​parietal areas, which have to do with 
working memory. Interestingly, they also found more involvement of emo-
tion processing areas during imagined singing than during actual singing, 
which means the singers were able to use emotion more freely when they 
imagined singing the aria.27

In 2017, soprano Renée Fleming partnered with the Kennedy Center 
and the National Institutes of Health to explore what was going on in her 
brain while she was singing, speaking, and imagining singing. She sang 
several times an excerpt from the folk song, “The Water Is Wide,” while 
the researchers looked at her brain activity. Her brain showed more ac-
tivity during imagining singing than either during singing or speaking, 
and Fleming commented that actual singing was easier. Imagining singing 
took more effort—​more focus and intention.28 [A link to a clip of Fleming 
discussing this study can be found on the companion website at item 8.1 .]

Auditory imagery or audiation is an acquired skill. While Mozart seemed 
to have had a natural ability for hearing his compositions in his mind before 
writing them down, he also lived at a time, as did Beethoven, when music was 
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learned by ear rather than by reading musical notation. Other composers, in-
cluding Henry Cowell, had to work at hearing music in their minds. Cowell 
was eventually able to do so. But being able to imagine music in the mind is 
not just a handy tool for composers or performers, it is necessary to be a good 
musician, as countless performers, composers, and music educators have 
indicated. Renowned pianist and teacher Leon Fleisher often commented, 
“You have to hear it before you can play it.” Without an internal image of 
how we want a piece to sound, we won’t be able to achieve that sound. Or as 
American jazz pianist and composer Bill Evans said in the quote at the top 
of the chapter: “Keep searching for that sound you hear in your head until it 
becomes a reality.”

Learning to audiate or hear and understand music in our minds begins 
with singing and listening to music as a child. Gordon’s Learning Sequences 
in Music is an excellent resource to help in understanding audiation; an in-
troduction to learning sequences in pitch, rhythm, and patterns; and a 
guide to age-​appropriate musical activities that lead a child toward musical 
understanding.29

Motor imagery—​“feeling in the mind’s body”

Motor imagery uses the sense of kinesthesia, the sense of position and move-
ment. During motor imagery, we imagine, without moving, all the physical 
movements and sensations necessary to perform a piece. In fact, moving fin-
gers, lips, or arms while engaging in motor imagery defeats the purpose be-
cause that activates different muscles, not the ones used in performance. All 
movements involving the motions used in a piece must be in the imagination.

We previously looked at a study in which right-​handed adults who did 
not play a musical instrument practiced a five-​finger exercise for two hours a 
day for five days (see Chapter 4). A baseline measurement of the right-​hand 
finger area in the brain was taken using transcranial magnetic stimulation 
(TMS), then measured again after each two-​hour practice session. In a con-
firmation of neuroplasticity, the cortical map corresponding to the fingers of 
the right hand increased in size each day.

Alvaro Pascual-​Leone, the author of that study, began to wonder what 
would happen if the subjects practiced using only motor imagery. He de-
cided to repeat the experiment, but this time the participants would replace 
physical practice with motor imagery, imagining the movements necessary 
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to play the five-​finger exercise. A different group of participants was assigned 
to one of three groups: a physical practice group, a mental practice group, or 
a control group.

The physical practice group practiced the five-​finger exercise two hours 
daily for five days, just as in the first study—​C D E F G F E D C—​at a metro-
nome marking of 60 corresponding to the C and G (thumb and little finger). 
The mental practice group imagined the movements necessary to play the 
pattern for two hours daily—​and were monitored to see that they did not 
actually move their fingers. The control group didn’t practice. As in the first 
study, the area of the motor cortex corresponding to the finger area of the 
right hand was mapped using TMS (transcranial magnetic stimulation) each 
day thirty minutes after practice.30

After five days, there was of course no improvement in the control group 
that hadn’t practiced. The group practicing motor imagery, however, showed 
significant improvement in performance of the five-​finger pattern, although 
not quite as much as the physical practice group. But the most interesting 
finding was that the motor imagery group showed the same plastic changes 
in the motor system in the brain as was shown by the subjects who had done 
physical practice, even though their performances were not quite at the same 
standard. And after a single two-​hour physical practice by the mental prac-
tice group, their performances surpassed those of the physical practice group.

The same brain areas are involved in motor imagery as in actual physical 
practice, with the single exception of the primary motor cortex, which sends 
signals to the muscles to initiate movement. According to Pascual-​Leone, 
when we imagine the movements necessary to play a piece, the prefrontal 
and supplementary motor areas (planning areas), basal ganglia, and cere-
bellum are activated. Only the primary motor cortex is not.

Since that time, studies with pianists, string players, trombonists, jazz 
students, and others have all shown that motor imagery has almost the same 
effect in the brain as actual physical practice, and the combination of mental 
and physical practice leads to greater performance improvement than phys-
ical practice alone.31 Skill level at an instrument doesn’t necessarily mean one 
will be better at motor imagery. Imagery requires practice. But the more tech-
nique and musicianship are at one’s disposal, the more tools one has available 
to use in motor imagery. This is not to say that beginners aren’t able to use 
motor imagery. Even a child can imagine how it feels to play a five-​note tune. 
As with many other things, it can be made into a game with children—​they 
love practicing away from the instrument by imagining it.
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It’s quite possible to imagine a variety of motor movements that don’t in-
volve sound. One can imagine climbing a ladder or walking along the street. 
But motor imagery for music cannot exist without auditory imagery as well. 
Movement is used to create sound; the two are inextricably linked.

Not only is imagery difficult to research, but it is also difficult to teach be-
cause the researcher or the teacher cannot know what the subject or student 
is thinking. The efficacy or legitimacy is in the results. Researchers have ways 
to design studies that will reliably prove, if the same brain areas are activated, 
that the subject must have been imagining the particular task. For a musi-
cian, whether someone is using motor imagery shows up in the results—​can 
the piece be played or sung after spending time using imagery? Several years 
ago, I worked with a neuroscience major who was an extremely musical pi-
anist. Over two summers, she had research internships at Harvard. There was 
no piano available to her except in a student lounge, not the best place to 
try to practice. The second summer we decided she would try using motor 
imagery to learn some repertoire, and she chose Gershwin. All summer, 
she practiced using only motor imagery. When she returned to campus, we 
had agreed that she would spend only ten minutes at the piano before her 
first lesson. When she played the Gershwin for me, the music was all there, 
right notes and rhythms, emotional expression, dynamics, phrasing. It was 
no different than had she physically practiced the piece. She wouldn’t have 
been able to learn Debussy études because they were beyond her technical 
capabilities. But having the necessary technique to be able to play a particular 
piece should mean that it can be learned using motor imagery.

Imagine playing the Satie excerpt in Figure 8.1. If you play the piano, 
imagine playing it as written. Or imagine a line you could play on your in-
strument, the melody if you are a singer. Effective motor imagery involves 
embodied cognition. What does your body have to do to make the cre-
scendo? What is the difference in movement if you are playing piano or forte? 
How does your body/​arm/​hand feel moving from one note or chord to the 
next? Can you imagine what fingerings or bowings you are using? Can you 
imagine different articulations if you are a wind or brass player? Are there 
places where you change your embouchure? Where in the phrase will you 
breathe? [Lea Pearson’s article “Navigating Embodied Practicing” includes a 
section on imagined practice. It can be found as item 8.2 on the companion 
website .]

Motor imagery is valuable not only for practicing away from an instru-
ment. It is also an invaluable technique to use if injured. In addition to being 
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able to learn the motor movements of a piece through imagery, researchers 
have found that mental imagery exercises help preserve arm strength when 
an arm is immobilized. In a study in which the subjects wore a rigid cast 
extending from just below the elbow past the fingers, the half who regu-
larly imagined they were intensely contracting their wrist for five seconds 
and then resting for five seconds lost 50 percent less strength than those who 
did not do the imagery exercises. That can be quite significant for someone 
immobilized for several weeks who doesn’t want to lose strength.32

A note of caution, however: focal dystonia and other movement disorders 
are often caused by playing with too much tension or with faulty hand or 
embouchure position. Imagining that same amount of tension or same 
faulty position when engaged in motor imagery will exacerbate the problem, 
not help. Movements in the mind must be without any stress or tension. 
Fortunately, stress-​free and tension-​less movement is easier to imagine than 
it can be to physically achieve.

Back to Fei-​Ping . . .

When Fei-​Ping was listening to Rachmaninoff and Horowitz and imagining 
himself playing, or when he imagined playing as he was picking rice kernels 
or carrying heavy equipment, he was, in fact, practicing. All areas of the 
brain involved in making music were activated, with the exception of the 

Figure 8.1  Erik Satie, Gymnopédie, No. 1
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motor cortex. Motor imagery, unfortunately, did not prevent Fei-​Ping from 
developing a hand injury due to the forced heavy labor as well as the stress 
of performing without practice. But medical treatment after the Cultural 
Revolution addressed the hand injury, and the ten years of practicing in his 
mind enabled him to again return to playing the piano and developing a ca-
reer. His experience is unique, but practicing motor imagery can be helpful 
to anyone who plays a musical instrument. Practice is with the brain, not the 
muscles. If you can play a piece in your mind using motor imagery, you will 
be able to play it at your instrument.

After the year spent at the Eastman School, Fei-​Ping, shown in Figure 
8.2, transferred to Juilliard. He lived on 92nd Street on the Upper West 
Side in New York with his brother, Fei-​hsing Hsu. During the early 1980s, 
he was entering and winning several competitions. He was named the 1983 
gold medal winner in the Arthur Rubinstein International Piano Master 
Competition, received second place in the 1983 Gina Bachauer International 
Piano Competition, and was named the prizewinner for best performance of 
the commissioned contemporary piece in the 1982 University of Maryland 
International Competition (later named the William Kapell International 
Piano Competition). The competition commissioned a new work each year 
and the pianists had three months to learn it. The commissioned work in 
1982 was Richard Faith’s Fantasy No. 2.

His brother expressed surprise that Fei-​Ping had won the prize for the 
best performance of the contemporary work because he had never heard 
him practice it. He didn’t even know it was in the competition. Fei-​Ping’s re-
sponse: “I practiced playing it in my mind every day when I walked from our 
apartment to Juilliard.” That was about a thirty-​minute walk, and that daily 
walk was the only time during which he practiced the piece. Fei-​Ping made 
his debut at Alice Tully Hall in 1983 and performed throughout the United 
States, Europe, and China for several years before he was tragically killed in a 
car crash in China in 2001 while on tour.

Motor imagery made it possible for Fei-​Ping to continue developing his 
musical skills during the ten years that he was deprived of regular practice. 
But it was his personal experiences and attitudes about life that influenced 
his emotional connection to the music and his ability to communicate that 
emotion to an audience. His niece Hsing-​ay Hsu, herself a Steinway artist 
and winner of the silver medal in the 1996 William Kapell International 
Piano Competition, recalls studying with him during her four years in high 
school. He impressed on her that playing the piano was a very personal act, 
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that you must put every bit of your emotional experience into the music, that 
music was an “expression of life.” [Links to a clip of Fei-​Ping Hsu performing 
the Chopin Nocturne, Op. 62, No. 1 can be heard on the companion website at 
item 8.3 .]

Key Concepts

	 •	 Musicians tend to know about, and use, visual and auditory imagery but 
are less familiar with motor imagery.

	 •	 Kinesthesia, our sixth sense, delivers information to the brain about ef-
fort, movement, position, and weight delivery; it is the sense used when 
practicing with motor imagery.

	 •	 We can learn about the power of motor imagery through the story of 
Chinese pianist Fei-​Ping Hsu, who was able to return to playing and 

Figure 8.2  Fei-​Ping Hsu, pianist
Credit: Photo used by permission of the Hsu family

 



168  The Musical Brain

develop an international reputation after not being allowed to practice 
for ten years during the Chinese Revolution.

	 •	 Terminology matters: the generic term “mental practice” refers to far 
too many kinds of mental processes. Visual, auditory, and motor im-
agery refer to specific brain processes that are helpful in practicing.

	 •	 Visual perception and imagery share processing areas in the brain, as do 
auditory perception and imagery.

	 •	 In motor imagery, all the areas of the brain involved in music processing 
are active, with the single exception of the motor cortex which sends sig-
nals to the muscles to move.

	 •	 Motor imagery has been shown in multiple studies to be the only kind of 
imagery that causes neuroplastic changes in the brain in a nearly iden-
tical way to physical practice.
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Seeing Sound, Hearing Movement—​  

Music and Mirror Neurons

It is unlikely that any other artist, excepting only Paganini, has the 
power to lift, carry and deposit an audience in such high degree. . . . 
In a matter of seconds we have been exposed to tenderness, daring, 
fragrance and madness. The instrument glows and sparkles under 
the hands of its master. . . . It simply has to be heard—​and seen. If 
Liszt were to play behind the scenes a considerable portion of poetry 
would be lost.

—​Robert Schumann, review of a Franz   
Liszt concert, Dresden, 1840*

The composer Robert Schumann didn’t live at a time when he could hear dis-
embodied music as one does today, in cars, living rooms, through earbuds, 
in elevators and shopping malls. The only way he could experience music 
was live, seeing the performer’s movements as he listened. Yet he understood 
that the visual—​seeing the performer—​was an important part of the experi-
ence. Today, far more time is devoted to listening to music than watching live 
performances. We have become accustomed to music disconnected from 
the actual performance and don’t think about the human movement that is 
creating the sound. Yet, when people do attend live performances, they intu-
itively know there is something about the experience that reaches them in a 
different way. There is a different kind of excitement and energy.

Several years ago, I heard the St. Paul Chamber Orchestra in a concert that 
included the Beethoven “Eroica” Symphony. I went to the concert wishing 
they were playing something else because I had heard the “Eroica” so many 
times. But that evening’s performance was a completely different experience. 
The thirty-​six musicians played without conductor, and the performance 
was electrifying. They took slightly faster tempos than usual—​playing with a 
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great deal of flexibility and with such clarity that I heard interior voices I was 
not accustomed to hearing.

I usually like to sit in the balcony, but that night I was sitting near the front 
of the orchestra section, so I had a close-​up view of the performers, their fa-
cial expressions and body language. It was like watching musicians in a string 
quartet: lots of eye contact, slight head or body cues among the players, an 
emotional intensity often missing when an ensemble has played a particular 
work countless times.

Power of the visual

Chia-​Jung Tsay is a pianist who made her Carnegie Hall debut at the age of 
sixteen and earned degrees from the Juilliard School and Peabody Institute. 
At a time in her life when she was entering multiple piano competitions, 
she noticed that how she fared in competitions varied depending on 
whether the elimination rounds involved submitted audio recordings or live 
performances.

Later, as a Harvard PhD student in organizational behavior and psy-
chology (she also received a PhD in music from Harvard), she decided to 
test her intuition about the impact of the visual on the decision-​making 
process, whether the decisions had to do with how she fared in her piano 
competitions, decisions people made about others, or consumer decisions. 
Since her curiosity stemmed from her own experience in music competitions, 
she designed a study using high-​profile music competitions. Over a series of 
seven experiments, 1,164 participants were given excerpts from the top three 
finalists in each of ten prestigious international competitions. The excerpts 
were in three formats: sound only, video only, or sound and video together. 
Each participant was given one of the three formats and asked to identify 
the winners of the competitions. Results were then compared to the actual 
winners selected by the competition judges.1

The first group of participants in the study were novices who had no mu-
sical training. Tsay later repeated the study with professionals who had either 
performed in or judged an international competition, or both. She gave the 
participants a pre-​study questionnaire that asked what the most important 
factor would be in determining the winner. Both novices and professionals 
overwhelmingly indicated that they would make their decisions based on 
sound—​not surprising, since these were music competitions.
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But when the results were tallied, Tsay was in for a surprise. Both novices 
and professionals who listened to the sound-​only excerpts picked the 
winners of the actual competition at a rate less than the rate of chance. Had 
they randomly chosen, they would have done better. On the other hand, the 
participants who received the visual-​only component scored significantly 
above chance in identifying the winners. That result might have been ex-
pected with novices who had no musical training, but it was a shock with 
the professional participants. This astonishing finding suggests that, not only 
does the visual have an impact on our perception of the performance, but 
visual information overrides auditory information. Tsay conducted later 
studies with chamber ensembles and orchestras. The results were the same. 
Visual information appeared to take precedence over auditory information.2

The reaction of instrumentalists when learning of Tsay’s research is to say 
this is their worst nightmare. “We spend our lives concentrating on sound, 
only to find that people are paying more attention to how we look. Members 
of the audience are watching and not really listening.” Singers, on the other 
hand, say, “of course! We know how important the visual is because we’re 
trained to act out the music. We have a text that is about something, and 
when we’re singing opera, we’re acting. Even when singing lieder, we use body 
movement and facial expressions to help convey the meaning of the song.”

Since the participants who had the silent video excerpts matched the 
decisions of the competition judges, it would seem that the professional 
musicians judging the competitions were also influenced by the visual in the 
performances. Although individual jurors at a competition reach different 
conclusions about contestants, and the winner is the contestant who receives 
the highest rating overall, it remains the case that the individual selected by 
the various competition juries was also the individual most often selected by 
the participants in the study who saw the visual-​only format.

The participants who watched silent videos were asked what visual cues 
led to their choices. They cited the performer’s passion, intensity, move-
ment, energy, involvement, enjoyment, confidence, and style, among other 
descriptors, some of the same things I had noticed in the St. Paul Chamber 
Orchestra performance. At this level of competition performance, everyone 
plays extremely well, so the differences in technical expertise are minimal. 
But what varies is how movement is used to create sound, how the body is 
used by performers to generate their technique, how involved the performer 
is in the music, and how intensely the performer communicates. These are all 
conveyed more clearly by sight than sound.
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Tsay suggests that emotional contagion may play a role in the results of 
her studies. Emotional contagion is the tendency to have one’s emotions trig-
gered by those around you. People surrounded by depressed people much 
of the time are likely to become depressed. On the other hand, crowd noise 
will create contagious excitement for the winning team at a football game. 
Tsay suggests that perhaps emotions exhibited visually through a performer’s 
body language in a live-​music situation come to be shared unconsciously by 
members of the audience.

How do we come to share the emotions of performers we see? Why are we 
influenced, as Schumann was by Liszt’s visual presence, or as the participants 
in the Tsay study were by the facial expressions and body language of the 
performers in the video clips? The answer may lie in mirror neurons, one of 
the most exciting discoveries in neuroscience of the past thirty years. These 
amazing brain cells provide the neurological basis for sharing the emotions 
or understanding the body language of others, and they provide the neu-
rological mechanism for emotional contagion.3

What are mirror neurons?

The human is indissolubly linked with imitation: a human being only 
becomes human at all by imitating other human beings.

—​philosopher Theodor Adorno4

Mirror neurons are fascinating brain cells that allow us to understand 
the actions, intentions, and emotions of others through unconscious 
“mirroring” or imitation in our own brains. These neurons are active when 
we are learning an instrument and imitating a teacher, they are active when 
hearing music and imitating the sound. But perhaps most surprising, 
these mirror neurons are active when we are listening to a live perfor-
mance, and they influence how the performance is heard, as the Tsay study 
demonstrated.

We experience the world through our senses. Perception of sound happens 
in the auditory cortex, sight in the visual cortex, and touch in the somatosen-
sory cortex. Acting on the information we have perceived through our senses 
requires neurons in the motor cortex to initiate movement. Neurons in the 
motor cortex do not interpret information from our senses, and neurons in 
the auditory and visual cortices do not plan and make motor movements. 
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They operate independently. At least researchers thought they did until the 
discovery of mirror neurons.

The discovery of mirror neurons showed that a motor neuron could have a 
dual function—​it could function as a motor neuron and a sensory neuron. It 
could be an action neuron as well as a perception neuron. Mirror neurons are 
a small subset of motor neurons, perhaps 20 percent.5 But they are activated 
when we perform an action ourselves, when we see someone else perform 
that same action, when we hear the sound of the action, and even when we 
see the word or phrase describing the action.

When we see a friend in tears, when we see a couple embrace on television 
or at the opera, when we see someone erupt in anger, when we see someone 
passionately involved in making music onstage, we don’t react just to the 
visual information and cognitively process it. Some of the cells that are ac-
tivated in our brain are the same cells that are activated when we feel any of 
those emotions ourselves.

Mirror neurons are imitation neurons, although we obviously don’t carry 
out every action or express every emotion that we see. There are other brain 
cells that prevent us from imitating everything, but unconscious imitation 
by mirror neurons is a primary catalyst for learning. They are active within 
minutes of a child being born. In a now-​classic experiment conducted in the 
mid-​1970s by Andrew Meltzoff, infants between twelve and twenty-​one days 
of age were shown on videotape to be imitating facial gestures.6 This was be-
fore the discovery of mirror neurons but is a perfect demonstration of them.

Toddlers learn by imitation. There is no thought process involved, just 
imitation—​of each other and of parents. As children mature, they begin to in-
corporate deliberative cognitive processes into learning, but mirror neurons 
are still being activated every time an action is observed, and learning is 
still facilitated by imitation through the mirror neuron network, whether it 
involves learning a musical instrument, learning to play tennis, or learning 
baking techniques with mom, as seen in Figure 9.1.

The discovery of mirror neurons

In the late 1980s, a research team in Parma, Italy, led by neurophysiologist 
Giacomo Rizzolatti was studying macaque monkeys to determine the brain 
networks involved in grasping and manipulating objects such as food. The 
brains of monkeys are smaller than those of humans, but similar in structure, 
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so researchers often use monkeys when initially researching something 
they will later explore in humans. The researchers were interested in under-
standing more about motor control of the hand. The hands are used more 
than any other part of the body, and losing hand function as a result of stroke 
or traumatic brain injury is devastating. If they could learn more about the 
brain mechanisms behind the use of the hand in monkeys, that knowledge 
could potentially lead to an understanding of how humans who have lost 
hand function due to certain kinds of brain damage might recover the use of 
the non-​functioning hand.

Electrodes were inserted into the premotor cortex of the macaques, the 
part of the brain that is known for planning and carrying out movements. 
When the monkey picked up an object, neurons in the brain would fire, the 
sound was amplified, and researchers would hear it over a monitor in the 
lab. One day during a break in experiments, one of the researchers picked 
up a peanut (various stories differ on whether it was a peanut or an ice cream 
cone), and he heard a burst of sound from the monitor, signaling activity in 
the monkey’s brain. But the monkey was sitting quietly, doing nothing—​he 
had only seen the researcher pick up the peanut. The monkey had not picked 
up anything himself.

Figure 9.1  Young girl mirroring mother
Credit: iStock.com/​aabyss
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The research team didn’t realize the significance of this burst of brain 
activity at the time, but after a few years and dozens of experiments in the 
Parma lab and elsewhere, what had happened on that day, and continued to 
happen in further experiments, became clear. There was a subset of cells in 
the premotor cortex and parietal area of the monkey’s brain that linked ac-
tion and perception.

These neurons fired when the monkey picked up a peanut, but also when 
he saw someone else pick up a peanut. A different set of neurons fired when 
the monkey broke open the peanut or saw someone else break open the 
peanut, and other neurons fired when the monkey put the peanut in his 
mouth or saw the experimenter do so. Some responded to the sound of the 
peanut shell being broken.7 Some of these neurons were found to code for 
intentions. When a peanut is picked up, is it intended to be put in the mouth 
or placed on the table?8 Different cells fired for different actions, and a system 
had been found in the monkey’s frontal and parietal lobes that made it pos-
sible to understand actions and intentions.9

The neurons were initially referred to as “monkey see, monkey do” 
neurons, but eventually named mirror neurons. Because the purpose of the 
original studies had been to understand hand actions in monkeys as a way to 
potentially learn more about human hand actions, researchers began to look 
for similar neurons in the human brain.

Mirror neuron systems in humans

Electrodes implanted into a macaque’s brain could detect a single mirror 
neuron, but most humans are not willing to have electrodes implanted in 
their brains for the sake of research. So in the first study of humans, Rizzolatti 
and colleagues used transcranial magnetic stimulation (TMS), the same 
technology that was used in the first study of neuroplasticity in adult humans 
(see Chapter 4).

They measured human subjects while they were observing a researcher 
looking at objects, grasping those objects, and tracing geometrical figures 
in the air with his arm. TMS could not detect activity at the level of a single 
cell in human brains, but it did detect a network of neurons that were in 
the same brain areas as the individual mirror neurons in macaques and 
seemed to serve the same function. They called this a mirror neuron system 
(MNS).10
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Later studies using magnetoencephalography (MEG) or functional mag-
netic resonance imaging (fMRI) confirmed that humans have a mirror 
neuron system in the premotor cortex. It is active when performing actions 
as well as when observing them, when hearing the actions or when hearing 
those actions described, and it is involved in imitation. And as with monkeys, 
the mirror neuron system in humans is instrumental in understanding 
intentions. Based on the context of the situation, is someone about to begin a 
bicycle ride, or has he just finished?11

Research expanded into other areas, and emotions were explored in con-
nection with the mirror neuron system.12 Researchers found that the mirror 
neuron system was connected to the limbic system, which is instrumental 
for emotional processing and behavior. Although we think of emotions as 
internal, they are communicated by the voice as well as by facial expressions 
and body movements that can be seen, and these are controlled by motor 
processes. Our brains have the motor templates for emotions and when we 
see emotions in others, whether on a film screen or watching a performer at 
a music concert, we understand those emotions through our mirror neuron 
system.

Other studies followed, confirming that these mirror mechanisms are 
at the heart of understanding the emotions of others. Some referred to this 
link of emotions between the observer and the observed as embodied simu-
lation.13 Embodied cognition, as earlier described, refers to understanding 
through the body rather than through the mind. The way one moves one’s 
body, the way one sits or stands, and what one touches can all influence how 
one thinks about a situation. Embodied musical cognition refers to feeling 
and understanding music through one’s body—​moving to a beat, for ex-
ample. Embodied simulation means that by way of the mirror neuron system 
the observer is experiencing the same way of knowing through the body as 
the person being watched. When Dr. Tsay suggests that embodied cognition 
may be behind the results of her study, mirror neuron researchers would sug-
gest that mirror neurons are the basis of embodied cognition/​simulation.

The theater world immediately understood the significance of mirror 
neurons, and a great deal has been written about mirror neurons and 
acting. In a story attributed to an Israeli actor, the actor noted that “while 
neuroscientists found this property extraordinary, they should have asked 
‘us actors,’ who have known—​or better, ‘felt’—​all along that they must have 
something like these cells in their brains. When I see someone with a painful 
facial expression, said the actor, I feel her pain inside me.”14 Peter Brook, the 
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legendary English film and theater director, has spoken often about mirror 
neurons and their importance in the theater world, commenting that neu-
roscience has provided a biological explanation for the sharing between 
actor and spectator, and that is the basis on which the theater evolves—​and 
revolves.15

Mirror neurons were quickly embraced by the scientific community and 
researchers began to think that these cells might play a role in any number 
of areas. Research expanded into the role of mirror neurons in empathy, 
learning, the evolution of language, the neural foundation of autism, and 
theory of mind (recognizing one’s own mental states and realizing that other 
people have mental states different from one’s own). Not surprisingly with a 
scientific discovery that claims to do so much, there has been somewhat of 
a backlash. For many scientists, one of the problems with mirror neurons 
was the leap made to humans from the original experiments with monkeys. 
Some scientists questioned how it was possible that a cell in the motor cortex 
of a monkey could provide a neural basis in humans for language, empathy, 
autism, and more.

But in 2009 for the first time, single-​cell mirror neurons were also detected 
in humans. A team at UCLA was able to piggyback onto surgical procedures 
for seizures being performed on twenty-​one patients with epilepsy (with the 
patients’ consent). The patients had already been implanted with electrodes 
to identify areas for surgical treatment, somewhat in the manner of the early 
work by Wilder Penfield (see Chapter 4). The placement of the electrodes was 
based on the medical data of each particular patient, so the location of the 
electrodes was not necessarily in the areas known for mirror neuron activity 
in monkeys.

Researchers found that there were indeed individual neurons that fired 
both when a patient performed a task and when he observed the same task. 
Interestingly, the mirror neuron activity was found in two areas that had not 
previously been recorded, either as single-​cell activity in monkeys or systems 
activity in humans. These areas were associated with movement selection 
and with memory.16

This study provided evidence that mirror neurons exist in humans, and be-
cause this activity was found in areas that had not previously been associated 
with mirror neurons either in monkeys or in humans, researchers suggest 
that mirror neurons may be found in more areas of the brain than previously 
thought. While there may be some disagreement about the role of mirror 
neurons in autism, language, or theory of mind, there is no disagreement 
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among researchers about the important role of mirror neurons in observa-
tion and imitation.

Studies of mirror neurons in musicians

Many musicians discover their fingers moving when listening to a piece that 
they play, as though they are themselves playing. In the late 1990s, researchers 
decided to explore what was happening in the motor cortex of pianists lis-
tening to music they knew but were not playing. Is there something in the 
brain that connects our perception and our production of music? German 
researchers designed an experiment using magnetoencephalography (MEG) 
to compare the motor cortex in pianists and non-​pianists while they listened 
to piano pieces.17 They found activity in the motor cortex of pianists while 
listening, but not in the motor cortex of non-​pianists—​a connection between 
listening and motor activity (see Chapter 4).

Another study asked professional and amateur violinists to tap out the first 
sixteen bars of Mozart’s G Major Violin Concerto—​without producing any 
sound.18 The professional violinists showed significant activity in the audi-
tory cortex even though there was no sound, the amateurs did not. These 
studies showed a connection between auditory and motor areas in the 
musician’s brain that goes both directions—​motor to auditory and auditory 
to motor.

At about the same time, researchers also explored a pianist’s brain ac-
tivity when just watching someone play the piano. Using fMRI, researchers 
compared professional pianists to non-​musicians while they observed piano 
playing without sound. The pianists showed significant activation in their 
motor cortex watching the piano being played, while there was less acti-
vation in the motor cortex of non-​musicians. There was also activation in 
the auditory area of the brain of the musicians, even without sound, but not 
the non-​musicians. The researchers suggested a musical “language” linking 
visual, auditory, and motor areas of the brain acquired by observation and 
imitation.19

These early music studies weren’t studying mirror neurons; they had other 
objectives. But they showed motor activity in the brain as a consequence of 
listening to or observing music-​making, and that’s what mirror neurons have 
been shown to do. Researchers began to recognize an extended neuronal net-
work in musicians that corresponded to a mirror neuron network.20
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What do mirror neurons mean for teaching and learning?

When watching someone perform a motor activity, whether sports, playing a 
musical instrument, or dancing, mirror neurons in the brain are activated. If 
it is an activity in which we ourselves engage, our mirror neurons are strongly 
activated. Even if we do not engage in that activity, mirror neurons will still 
be activated to some extent because we are mirroring general movement 
patterns.

Observing

The great pianist Vladimir Horowitz referred to imitation as caricature. 
Perhaps it is, but can you imagine learning to play tennis if you have never 
seen anyone play? Imagine a coach giving you verbal instruction only—​
telling you how to hold the racket, explaining a serve, describing a backhand. 
The difficulties in learning would be enormous. On the other hand, watching 
someone’s backhand or serve facilitates the learning process because of the 
imitation system in the brain that maps what we see onto our motor system. 
Yes, cognition also plays a role. We analyze why we are making a certain 
movement, and what we need to do to make it more efficiently. But when we 
observe motor activity that we currently cannot do that has some relation-
ship to a move we are able to do, we are primed to be able to learn the more 
complicated skill because our mirror neuron system provides a template.

Any new motor pattern is learned by rearranging already known elemen-
tary motor acts into a new pattern. A beginning piano student learns the 
most basic patterns of hand position by watching the teacher and practicing, 
and because imitation happens so readily, it’s extremely important that the 
teacher model a healthy technique. As the student observes the teacher or 
someone else play more complicated patterns, that visual signal is processed 
and mapped onto the motor counterpart by the mirror neuron system—​
building on the actions the student already knows how to do.21 That doesn’t 
mean the more complicated movements will instantly be learned. That’s the 
purpose of practice, but mirror neurons provide a template for learning the 
more complicated pattern.

A figure skater learns to do a salchow jump before a toe loop, a lutz be-
fore an axel. A pianist must learn basic five-​finger patterns before playing 
a scale, but watching someone demonstrate how the thumb goes under the 
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palm when playing a scale makes it much easier than having a teacher simply 
describe how to do it. (See a young pianist mirroring in Figure 9.2.) A begin-
ning violinist must learn how to hold the bow before learning any bowing 
techniques, and both are easier to learn if someone is demonstrating. There 
is a progression in learning, and we always have to build on what we know. 
What wasn’t clear until the discovery of mirror neurons is the importance of 
observation in learning new techniques.

Listening

Mirror neurons are also auditory, so what about listening? I studied with a 
wonderful pianist in undergraduate school, and he taught me a great deal 
about communication and musicality. But he was adamant about not lis-
tening to recordings of pieces that I was working on for a performance. He 
didn’t want me to copy someone else’s interpretation but to develop my own. 
I understand his reasoning, but had he known about mirror neurons, he may 
have thought differently.

Suppose you are learning a Beethoven piano sonata or an Ives violin so-
nata. You know the piece quite well and have a fairly clear idea about the 
interpretation you want. You listen to two or three recordings of the work 
by pianists or violinists you admire, and you also hear a live performance. In 
those three or four performances, you will hear a variety of interpretations, 
each one involving different motor execution. Tempi will be different in 
places, ritardandi and accelerandi will vary, dynamics and phrasing will 

Figure 9.2  Young pianist mirroring hand position
Credit: Dana Olsen
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differ. Because of mirror neurons, the motor areas of your brain are acti-
vated, as though you yourself are playing with each different interpretation 
you hear.

Cognitively, you will think about the different interpretations, perhaps try 
some ideas and discard others. But strictly on an unconscious level, the motor 
areas of your brain have been activated and have planned the movements 
necessary to create the different interpretations that you have heard. Does 
that mean you would instantly be able to imitate someone else’s interpreta-
tion? Of course not, that takes practice. But because your motor areas have 
been activated in response to hearing different interpretations, you will be 
primed to learn them, and you can build on that should you choose to do so. 
Many teachers direct their students to listen to several recordings of pieces 
they are working on. It is important that students be directed to quality 
performances because they may not know what performers to listen to and 
they will be mirroring whatever they hear—​musical or not.

Singers often say that if they listen to a singer with tension in the voice 
performing repertoire they themselves sing, they experience tension in their 
own vocal folds. They are mirroring what they hear. Researchers refer to 
this as subvocalization in singers and suggest that this may point to vocal 
resonance or empathy in a singer’s perception. But it also points to mirror 
neurons.22

Several years ago, I met a sixteen-​year-​old student named Sue when she 
began her studies at a major music school. She had lots of fingers, as pianists 
say, but little sense of style. But by the time she was finishing her four-​year de-
gree, members of the piano faculty all spoke about her amazing sense of per-
formance style and how wonderfully she communicated the essence of the 
music. She practiced several hours each day, but she also attended virtually 
every solo, chamber, and orchestral performance during the four years she 
was in residence. If there was an admission fee, she would usher so she could 
attend for free. By the end of four years, she had heard an amazing amount of 
repertoire in a variety of styles, interpretations, and genres. She also listened 
to a lot of recordings.

Of course, she was studying with a piano professor who would have been 
giving her extensive coaching. She no doubt discussed the concerts with her 
friends, compared performances, spoke about what worked and what didn’t. 
She would have thought a great deal about the music she was hearing and 
done a lot of cognitive processing. But her auditory and audiovisual mirror 
neuron systems were also constantly being activated by what she heard and 
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saw—​activated strongly if she heard music she herself was playing but also 
activated to some extent listening to music she didn’t know, because many of 
the sound patterns and movement patterns were already familiar to her from 
studying other music. She became a spectacular pianist in part due to uncon-
scious learning through her mirror neuron system.

Musicians, mirror neurons, body language, and emotions

Music has been regarded for centuries as the “language of emotions,” but 
whose emotions? The composer’s, the performer’s, or the listener’s? There is 
no direct line from what the composer may intend to what the listener hears. 
A composer manipulates elements of music such as pitch, rhythm, articu-
lation, dynamics, timbre, and choice of instrument or ensemble to convey 
emotion. He conveys his intentions through a musical score, an approxima-
tion at best of what he is hearing in his own mind. The performer recreates 
and interprets that score in a way that may or may not be in line with the 
composer’s intentions, and the resulting music reaches the listener, who 
brings his own emotional mindset to the music being performed.

Some composers have no intent to convey emotion. In speaking about ex-
pression in music, Igor Stravinsky said, “I consider that music is, by its very 
nature, essentially powerless to express anything at all.”23 Yet one cannot 
listen to Stravinsky’s The Rite of Spring or The Symphony of Psalms and not 
feel some kind of emotion, whether Stravinsky intended it or not.

Whether one is watching and hearing a conductor and orchestra per-
form The Rite of Spring, a pianist perform a Chopin ballade, or a violinist 
perform a Bach partita, one sees the body movements of the performers 
creating the sound. So as researchers had done with initial mirror neuron 
research, they began to look at the role of mirror neurons in conveying emo-
tion in musicians. They looked at the relationship between performers’ body 
movements and facial expressions on listeners’ perception of emotion and 
at the role of the visual in coordination in ensembles. One study after an-
other confirmed a mirror neuron system involvement in conveying emotion 
in music.24

Studies discussed earlier in this chapter showed that the connection of 
the mirror neuron system and limbic system was at the heart of under-
standing emotions in others. This was also confirmed by researchers 
studying how emotion is conveyed in music. They concluded that this 
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connection between the mirror neuron system and the limbic system 
allows people to understand complex musical signals and their emotional 
response to them.25 One study concluded that “Imitation, synchroni-
zation, and shared experience may be key aspects of human musical be-
havior.”26 Listeners share the experience, including the emotions, with the 
performers they are hearing. The same neurons are firing whether watching 
a performance or performing.

Actors embrace the idea of mirror neurons; they understand the power 
of the visual. Singers do also, but most instrumentalists really haven’t given 
it much thought, and are concentrating on communicating the sound. But 
if, as Peter Brook suggests, mirror neurons are a biological explanation for 
the sharing between actor and spectator, then they are also the biological ex-
planation for the communication between performer and audience, between 
teacher and student, between conductor and orchestra, and among players in 
an ensemble.

What you see is what you hear

Music is the emotional life of most people.
—​Leonard Cohen

Several years ago, I read a review of concerts by two pianists that provided 
a perfect illustration of mirror neurons. The concerts were held at the 
International Keyboard Institute and Festival, then at Mannes College in 
New York City, now held at Hunter College. One pianist was a young Russian 
who had just won the Franz Liszt Competition. The other was a more sea-
soned American, older by a few decades. They played similar repertoire, in-
cluding Liszt and either Debussy or Ravel.

Anthony Tommasini, music critic for the New York Times, wrote about the 
young Russian’s prodigious technique, myriad shadings, and demonic fervor, 
but concluded that he appeared to be miserable, and didn’t seem to enjoy 
playing the piano. In contrast, he spoke of the older American’s avuncular 
charm, his eagerness to talk about the music. He wrote that the American 
lacked some virtuosic dazzle and sonic power and mangled some octaves, 
and may not have technique to burn, but Tommasini ends the review with 
this statement: “Still, he played all three works with musical authority and pi-
anistic flair. During each performance I kept thinking about how astonishing 
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these pieces are. If a pianist can convey this, he is a master in the ways that 
matter most.”27

What matters most is communication. The performances weren’t simply 
about technique, they were about communicating to the audience the 
emotional content of the music. Musical communication—​emotion—​is 
conveyed not only through the music itself, but through the facial expressions 
and body movements of the performer. Gestures and movement reflect the 
physicality that produces the sound, tone colors, dynamics, expression, and 
sometimes the harmonic movement of the music itself. That physicality is 
better conveyed through the visual than through sound.

It is relatively recent in our evolutionary history that we have divided our-
selves into listeners and performers. In the more distant past, music was a so-
cial activity, and everyone made music. This is still the case in many cultures 
today. Whether drumming, singing, or playing a flute, making music involves 
movement. The mirror neuron system provides for a sharing of that motor 
activity, of that musical communication. I feel your movement and therefore 
your emotions because of mirror neurons.28

Nadia Boulanger, the great French composer, conductor, and teacher, once 
said, “Music can never be more or less than who you are as a human being.” 
Emotions, passion about making music, and commitment to communicating 
what is in the score are internal feelings, but they are seen externally through 
facial expressions and body language and mirrored by others. How musicians 
use their bodies to create the sound and expressiveness they want is also a re-
flection of who they are as people and as musicians, and that is mirrored by 
others.

Or as American bandleader Ray Conniff put it, “If you believe in your art 
and you love what you do, that energy will go out and people will respond.” 
That energy is communicated through mirror neurons, and these miracu-
lous little cells are what make it possible for us not only to learn a musical 
instrument, but to enjoy the communicative power of music.

Key Concepts

	 •	 Mirror neurons, brain cells that are activated for both action and per-
ception, may be one of the most important discoveries in neuroscience 
in the past thirty years.
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	 •	 People mirror others, and are mirrored themselves, whether aware of it 
or not.

	 •	 Because imitation via mirror neurons is a primary way of learning, visual 
and auditory demonstration and imitation are crucial for teaching and 
learning.

	 •	 When teaching any motor skill, whether tennis or the piano, model a 
healthy technique because what you do will be mirrored.

	 •	 If teaching music, direct students to high-​quality performances for lis-
tening; their mirror neurons will mirror what they hear.

	 •	 Be aware of the power of the visual when listening to live performances, 
whether classical, rock, or jazz. Are you responding more to the visual 
than to the sound?

	 •	 When you play your instrument, generate the sound in the most 
healthy, authentic way possible because your listeners are simulating—​
mirroring—​your movement and your emotions.
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10
Does Music Really Make You Smarter?

The theory of relativity occurred to me by intuition,
and music is the driving force behind this intuition.
My new discovery is the result of musical perception.

—​Albert Einstein, 1921 Nobel Prize in Physics*

Many people in politics, science, medicine, and other professions have 
attributed their success to their study of music. What is it about music that 
promotes success in other areas, or is that just a myth? The question has been 
raging for nearly thirty years, precipitated quite unintentionally by a young 
researcher in California. In October 1993, Frances Rauscher and colleagues 
published a single-​page paper in the journal Nature titled “Music and 
Spatial Task Performance.”1 Rauscher was a psychologist at the University 
of California at Irvine and had been a cello performance major in college. 
She was interested in research going back to the 1970s that suggested a con-
nection between music, mathematics, and spatial reasoning. In the Nature 
paper, she described a study in which thirty-​six college students were given 
three sets of standard IQ spatial-​temporal reasoning tasks after ten minutes 
of listening either to Mozart’s Sonata for two pianos in D major, K488, lis-
tening to a relaxation tape, or silence.

Rauscher found that the students’ spatial IQ scores were eight to nine 
points higher after listening to Mozart as opposed to either the relaxation 
tape or silence. Rauscher made it very clear that (1) the effect didn’t last 
for more than ten to fifteen minutes; (2) the results applied only to spatial-​
temporal reasoning skills; (3) effects were unknown with other composers 
since Mozart was the only composer used; and (4) she suggested that lis-
tening times could be varied to see if any other measures of general intel-
ligence, such as verbal reasoning, quantitative reasoning, or short-​term 
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memory, might also be facilitated. The study made absolutely no claims about 
general IQ because it wasn’t measured.

Rauscher thought that the findings in this study were rather “neat,” but 
didn’t think anyone else would be particularly interested. Much to her sur-
prise, the Associated Press called her before she even knew the paper had 
been published. News outlets from the New York Times to the BBC picked up 
the story with headlines that proclaimed, “Listening to Mozart Makes You 
Smarter,” or “Music Makes You Smart.” An enterprising journalist named 
it the “Mozart Effect,” and the public was hooked. The idea that one could 
derive some cognitive benefit just by listening to the music of a particular 
composer was intriguing. The term has been in use ever since to suggest that 
listening to Mozart, or classical music in general, makes you smarter, some-
thing that Rauscher never suggested or even contemplated.

In the nearly thirty years since Rauscher’s study was published, thousands 
of research studies have looked at the effect that studying music has on cog-
nitive development. While there is no evidence whatsoever that listening 
to music makes you smarter, a great deal of evidence has accumulated that 
learning to play a musical instrument and making music gives you a lifelong 
cognitive advantage in many other areas. The idea that training or developing 
skills in one area or domain might have an effect on other domains is called 
transfer. Near transfer occurs when there is a close relationship between the 
training domain and the transfer domain. For example, people who have 
studied a musical instrument are better at pitch and rhythm discrimination 
and have faster finger-​sequencing abilities (tapping sequences such as 51324 
or 14235), skills closely associated with playing an instrument.

In far transfer effects, there is a transfer of skills, knowledge, or cognitive 
processes gained from one domain to another that has no apparent connec-
tion. Researchers have demonstrated the positive effects of musical training 
in the areas of language, math, speech perception and processing, memory, 
emotional control, executive function, and more—​areas that do not have a 
close relationship to music. This is far transfer. Many of the scientists doing 
work in these areas argue enthusiastically for the inclusion of music in the K–​
12 curriculum because they see firsthand what learning an instrument can 
do for a child—​or an adult. Three areas of far transfer are particularly inter-
esting: the impact of the study of music on math, on executive functions, and 
on speech processing and language.
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Music and math

Just as music comes alive in the performance of it, the same is true of math-
ematics. The symbols on the page have no more to do with mathematics 
than the notes on a page of music. They simply represent the experience.

—​mathematician Keith Devlin2

There has always been an interest in the relationship between music and 
math. Pythagoras, who died around 500 bc, is considered by some to be 
the founder of both math and music—​famous for his theorem on triangles 
in mathematics, but also for developing the concept of intervals in music. 
There are currently thousands of books on the relationship between music 
and math, ranging from historical perspectives to explorations of acous-
tical, theoretical, physical, or analytical relationships. The American 
Mathematical Society has a webpage devoted to the connection be-
tween math and music, with links to several podcasts and videos in which 
musicians and mathematicians explain music in terms of geometry, algebra, 
calculus, differential equations, harmonics, fractals, the patterns of sym-
metry found in both, and more. Teachers have often noticed that students 
who are good at math are either studying or have studied music. Until some-
what recently, it has always been assumed that the correlation existed be-
cause a student who has the discipline to study music will also be disciplined 
in other academic areas. But many studies point to a connection other than 
shared discipline in studying. [See the accompanying website, item 10.1, for 
a link to the “Mathematics and Music” page on the American Mathematical 
Society website  .]

Research funded by the NAMM Foundation (National Association of 
Music Merchants) found that elementary students in top-​quality school 
music programs scored 20 percent higher on mathematics tests than chil-
dren in schools without a music program.3 A 2006 study from the Center 
for Arts Education Research at Columbia University tracked students in five 
elementary schools who were studying the violin. Over a period of six years, 
those students consistently showed greater improvements in standardized 
test scores in mathematics than did control groups at the same grade level.4 
Data from the College Board showed that students who took four years of 
high school arts and music classes scored an average of 92 points higher on 
the Critical Reading and Mathematics portions of the SAT than students 
who had taken only a half-​year or less.5
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Critics point out that many of the studies comparing math and music are 
correlational, not causal, that control groups of students who were equally 
matched and tested prior to the study were not used to prove that it was 
actually the music study that made the difference in mathematics achieve-
ment. An oft-​cited report by Kenneth Elpus says that there is no link between 
participation in music courses in high school and higher standardized test 
scores, that the higher scores are due to pre-​existing differences between 
students who elect music courses and those who do not.6

Martin Bergee, professor of music education at the University of Kansas, 
deliberately set out to disprove the link between musical and mathematical 
achievement. He was suspicious of the many studies that showed a rela-
tionship between music and math and thought that if you controlled for all 
the variables, that relationship would go away. To his surprise, the complex 
study of over 1,000 middle school students from seven Midwestern school 
districts showed the opposite.7 He designed two models, one for the rela-
tionship of music achievement to reading achievement, and one for the re-
lationship of music achievement to math achievement. He accounted for 
background variables such as grade level, gender, educational attainment of 
parents/​guardians, socioeconomic status, ethnicity, and urbanicity. He also 
accounted for variables in district achievement, district behavior, available 
funds, and local revenue. Although he expected to disprove the possibility of 
correlation, he found a very strong relationship between music achievement 
and reading/​math achievement. While most previous studies have looked at 
participation in music as related to math achievement, Bergee’s study looked 
at achievement in music as related to math achievement, a significant differ-
ence because it suggests that the more skilled you become at your musical 
instrument, the more transfer there is to better math and reading skills.

Martin Guhn and colleagues at the University of British Columbia studied 
the school records of more than 112,000 students in British Columbia who 
had finished the last three years of high school and who had taken at least 
one standardized exam for math, science, or English.8 Thirteen percent of 
those students had participated in at least one music course in grades ten, 
eleven, or twelve. The researchers found that students who participated in 
music had higher exam scores in all three of those areas, and the higher their 
achievement in music, the higher the exam grades. Again, this study looked 
at achievement, not just participation. In an astonishing finding, students 
who had begun playing a musical instrument in elementary school and were 
now playing in high school band or orchestra were about one academic year 
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ahead of their peers in their English, math, and science skills, as measured 
by the exam grades. As in the Bergee study, Guhn controlled for gender, 
ethnicity, and socioeconomic background. It is difficult to refute the results 
when every possible variable has been considered and the study looks at 
progress measured over time.

Why is there a relationship between music and math?

The most basic relationships between math and music are easy to see. 
Elements of music, such as pitch, rhythm, tempo, form, and meter, can all 
be related to measurement of time and frequency, which are mathematical 
concepts. For example, Pythagoras discovered that musical intervals are 
mathematical ratios: an octave is in the frequency ratio of 2/​1, the perfect fifth 
is 3/​2, and the perfect fourth is 4/​3. Meter signatures are written as fractions, 
such as 4/​4 or 6/​8 or 3/​2. Whole notes can be divided into four quarter notes, 
eight eighth notes, etc. Rhythms are subdivisions of a basic pulse. Pitch is 
primarily a function of frequency, which is the number of cycles per second 
of a vibrating string (violin) or a column of air (flute), and all musicians 
are familiar with the concept of A =​ 440 Hz (the A above middle C on the 
piano corresponds to the frequency of 440 Hertz). This is all related to arith-
metic, but as one mathematician put it, arithmetic is simple calculation while 
mathematics is cognition; arithmetic is about numbers, mathematics about 
theory.

At the cognitive level, both music and mathematics use symbols to repre-
sent meaning. Neither can be expressed in a written language such as English. 
Music notation uses symbols to give us information about pitch, rhythm, 
meter, and dynamics, and as we read those symbols, we translate them into 
sounds, either in our minds or on an instrument. We hear the representa-
tion of those symbols when we listen to or make music. Mathematics has a 
symbolic language of its own that expresses thoughts, facts, operations, or 
relationships. In both fields, symbols have meaning. [Examples of both music 
and mathematics symbols can be seen on the companion website, item 10.2 .]

Gottfried Schlaug, professor of neurology and director of the Music and 
Neuroimaging Laboratory at Beth Israel Deaconess Medical Center and 
Harvard Medical School, suggests that neuroplasticity that occurs in brain 
regions involved in musical processing “may have an effect on mathemat-
ical performance because of shared neural resources involved in the meaning 
of symbols and the mental manipulation of symbolic representation.”9 The 
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manipulation of symbols and what they represent, whether in math or music, 
is called spatial-​temporal reasoning, exactly what Frances Rauscher was 
measuring in her 1993 study.

Spatial-​temporal reasoning

Spatial reasoning or spatial cognition refers to the ability to think about 
objects in three dimensions. Spatial-​temporal reasoning not only requires 
spatial imagery or the ability to conceptualize objects in three-​dimensional 
space, but the ability to mentally manipulate them over a period of time. 
People who are good at spatial-​temporal reasoning (also called ST reasoning) 
are good at seeing how things fit together and how they can be manipulated. 
You are using spatial-​temporal reasoning in your daily life when you merge 
into ongoing traffic, judging where the other vehicles are and what your 
speed needs to be to merge into the traffic without hitting someone. You are 
using spatial-​temporal reasoning when you look at a map and visualize sev-
eral routes to get to your destination. And you are using spatial-​temporal 
reasoning when you fit various-​sized items into a suitcase, the car trunk, or 
a box—​without resorting to repeated trial and error. (During one long-​ago 
move, a composer friend would look at a space in the U-​Haul truck, scan the 
various-​sized boxes or objects in the driveway and pick one that fit perfectly, 
as though it had been measured for that spot—​great spatial-​temporal ability.)

Spatial-​temporal tasks on an IQ test involve such tasks as looking at an 
object and determining which of several choices is a rotation of that object 
or seeing an unfolded cube with a different design on each side and having 
to determine which of several versions of the folded cube corresponds with 
the unfolded one shown. These are the kinds of tasks the participants in the 
Rauscher study were asked to do after listening to Mozart, a relaxation tape, 
or silence. [A link to examples of spatial-​temporal tasks can be seen on the 
accompanying website at item 10.3 .]

Without being aware of it, musicians use spatial-​temporal reasoning all 
the time. Time and space are inextricably combined in music. Rhythm and 
melody move left to right in space on a notated page and are a function of 
time. Pitch, or frequency, is notated on a vertical dimension (the musical 
staff), is heard as low to high, and is a function of space. Patterns in music are 
transposed or inverted in time and space. Scales or arpeggios can be played 
in any key—​the same pattern of whole steps and half steps, but at a different 
pitch, meaning higher or lower in pitch space.
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One thinks about communicating the music when performing, not about 
the space-​time relationship. But nonetheless, spatial-​temporal thinking is al-
ways involved. It’s there in the transposition or inversion of a Bach fugue sub-
ject. It is employed to understand meter signatures, subdivisions of a beat, the 
concept of a piece unfolding over a defined period of time. Composers create 
scores for any number of instruments, visualizing and hearing in their minds 
how all the parts fit together, and conductors do the same when learning a 
score. Music exists within time and space, and musicians learn to manipulate 
the spatial information concerning pitches in relationship to the time infor-
mation of note values, rhythm, and meter.

Spatial-​temporal processing is also crucial in STEM fields (science, tech-
nology, engineering, mathematics), in architecture, and in chess. It is im-
portant for conceptualizing solutions to the multi-​step problems found in 
all those areas. Engineers and architects must visualize how the parts of a 
building or a bridge will fit together, and how each construction element 
builds on another. Chess players must be able to visualize several moves 
ahead—​both their own and their opponents’. Many math educators advocate 
the teaching of music because of shared spatial reasoning.

Rauscher realized immediately after her 1993 study that it wasn’t lis-
tening to music that would strengthen spatial-​temporal reasoning but 
learning to play and studying a musical instrument. Since that time, many 
studies by Rauscher and others have shown that studying music enhances 
spatial-​temporal reasoning. An analysis in 2000 of over two dozen studies 
involving children between the ages of three and fifteen who studied a variety 
of instruments for periods of weeks to several years and including evenly 
matched control groups that did not study music, showed that studying 
music improves spatial-​temporal reasoning, a skill that is necessary for un-
derstanding mathematics.10

Music and executive functions

The arts train a person in discipline, independent action, thinking, and 
in the need for attention to detail without becoming a prisoner of that de-
tail. . . .

I wish I could still be a bassoonist—​it was a lot harder than being a 
scientist.

—​Thomas Südhof, 2013 Nobel Prize in Physiology or Medicine11

 

 

.
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A full-​size orchestra is made up of 80 to 100 highly skilled individuals, 
each on a particular instrument, each instrument having a different role or 
voice within the orchestra. Someone needs to develop an interpretation of 
the piece, unify the tempo, shape the sound of the orchestra, make sure that 
players have good cues to follow so they play together, and communicate 
phrasing and dynamics. That is the role of the conductor. Just like individual 
players in an orchestra, human brains have multiple networks or areas that 
have different functions. The set of skills referred to as executive functions 
(EFs) serves as the brain’s conductor, allowing people to set goals, plan 
and organize, and follow through to get things accomplished and achieve 
objectives.

What are EFs?

Many skills are referred to as executive function skills, but the three key areas 
of executive function are inhibition or inhibitory control, working memory 
(also called updating), and cognitive flexibility (also called switching/​shifting). 
The higher-​level cognitive functions of reasoning, problem-​solving, and pla-
nning are built on the three core areas—​as is creativity. These skills are used 
every day in jobs, in personal relationships, and in managing daily lives.

Inhibitory control, sometimes called self-​regulation or impulse control, 
means the ability to control attention, focus on goals, control behavior and 
emotions, and prioritize and stay on task despite distractions. Good in-
hibitory control means choosing how to act rather than being at the mercy 
of emotions or impulses. A person with poor inhibitory control reacts re-
flexively or impulsively, striking back at everyone and everything without 
thinking about consequences, flitting from one idea or task to another 
without prioritizing and without focus.

Working memory (WM) holds information in the mind so that it can be 
used or mentally manipulated. It has traditionally been thought to consist 
of two systems, verbal and visuo-​spatial. Verbal working memory is needed 
to make sense of a lecture or a story or even a long sentence—​remembering 
what came first to relate it to what comes later. Nonverbal working memory 
is visual and refers to holding images in one’s mind. Looking at a map and 
keeping the image in mind while you drive to a specific location involves 
visuospatial working memory. Working memory is important for mentally 
seeing the relationship between ideas, for reasoning and critical thinking. 
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Various arguments or ideas are kept in mind as they are sifted through and 
decisions are made. It is important for seeing the connections between seem-
ingly unrelated things, which is crucial for creativity.

Cognitive flexibility is the ability to think “outside the box,” to look at an 
argument or idea from different perspectives, to see an image differently by 
shifting it in your mind. It is the ability to adapt to new circumstances, such 
as moving to a new city for a job even if the location isn’t appealing. It is 
the ability to accept being wrong, to take advantage of new opportunities, to 
adapt when situations change.

EFs have been found to be a better predictor of school readiness and suc-
cess throughout school than IQ,12 and EFs account for more than twice as 
much variation in final grades than IQ, even in college.13 Adele Diamond, 
neuroscientist at the University of British Columbia, says EF skills are crit-
ical for success in a career, in quality of life, as well as in mental and physical 
health. Poor EF skills have been shown to lead to social problems, including 
crime, reckless behavior, emotional outbursts, and violence.14 EFs have tra-
ditionally been associated with the prefrontal cortex, the “thinking” area of 
the brain, but there is growing evidence that other areas of the cortex, sub-​
cortical areas, the brainstem, and the cerebellum are also involved. EFs de-
velop over the course of our lives and can be improved at any time—​even as 
adults. Evidence is mounting that studying a musical instrument improves 
executive function skills.

How does studying a musical instrument improve EF?

A look at the three core EF areas—​inhibitory control, working memory, and 
cognitive flexibility—​shows that musicians use all three. Inhibitory control 
is used when deciding to practice rather than party, to focus on a section 
of a piece rather than just play it through, to allocate practice time in the 
best way to prepare for an upcoming performance. Musicians use inhibitory 
control when they don’t insist on their own interpretation but stay open to 
colleagues’ ideas.

The second of EF’s core areas, working memory, is used when sight-​reading 
a new score. Short-​term memory holds excerpts of music in memory, but 
working memory is necessary for the brain to plan the movements needed 
to play what we just read. Working memory is used when trying different 
interpretations to see which we prefer or to keep in mind what a conductor 
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or teacher has said and be able to incorporate it into our interpretation of 
the piece.

The third core EF, cognitive flexibility, is necessary to be able to adjust 
quickly if a conductor or colleague suddenly takes a faster tempo. A musician 
adjusts for each new hall, a pianist for each new instrument played. Ensemble 
performers must be flexible in taking each colleague’s ideas into account and 
must be able to shift their focus among the voices of the different instruments. 
Musicians problem-​solve each time they learn a new piece—​what fingering 
to use, how to play 4 in the time of 5, how to pedal for greater clarity, how to 
bow a passage for best effect. A musician self-​monitors—​measuring current 
performance against how he wants it to sound.

Musicians can relate to needing every executive function skill. And sure 
enough, researchers have found that not only do musicians have stronger ex-
ecutive function than do non-​musicians, but studying a musical instrument 
improves executive function. Becoming better at EF skills requires practice, 
and with music practice, EF skills are strengthened as well.

In 2014, Dr. Nadine Gaab and her research team at Boston Children’s 
Hospital found that adults who were musicians had better working memory 
and enhanced performance in cognitive flexibility and verbal fluency than 
adult non-​musicians.15 Children between the ages of nine and twelve who 
had studied music for at least two years showed better verbal fluency and 
faster processing speeds than children who had not studied music. Processing 
speed refers to the pace at which one takes in, makes sense of, and then acts 
on information. The speed itself is not an executive function skill, but slow 
processing speed hinders the effectiveness of EFs. Since this was not a longi-
tudinal study in which the children and adults were analyzed both before and 
after training, the question arises: might individuals with already strong EF 
skills have gravitated toward the study of music?

That question was answered by research conducted by James Hudziak, 
director of the Vermont Center for Children, Youth and Families at the 
University of Vermont Medical Center. He found that it wasn’t a matter of 
individuals with strong EF skills gravitating toward music; playing a mu-
sical instrument accelerated cortical organization in EF skills. Using a da-
tabase compiled by the National Institutes of Health between 2001 and 
2007, Hudziak analyzed brain scans of 232 children between the ages of six 
and eighteen who had studied a musical instrument (average of two years). 
Brain scans taken over a period of years showed that not only did the cortex 
change in thickness in motor and auditory areas of the brain (as we saw in 
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Chapter 4), but studying a musical instrument also correlated with changes 
in the behavior-​regulating areas of the brain—​areas related to EF: attention 
control, emotional control, working memory, inhibitory control, and organ-
ization and planning.16

Jazz and EF

A study with middle schoolers demonstrated something important about 
executive function, but also about jazz. Martin Norgaard conducted a 
study with 155 seventh and eighth grade students in a suburban Atlanta 
school.17 Norgaard and his colleagues conducted a pre-​test that measured 
two EF tasks, one having to do with cognitive flexibility, and one with in-
hibitory control. The students, who were members of the concert band, 
were then divided into two groups, each group including both seventh 
and eighth graders. Both groups had two months of instruction in jazz 
phrasing, scales, and vocabulary, but only one group, the “experimental” 
group, was additionally taught to improvise. When they were given tests 
of EF following the two months of study, the eighth graders in the exper-
imental group had improved significantly in cognitive flexibility, but not 
inhibitory control. With the seventh graders in the experimental group, it 
was the reverse. They saw an improvement in inhibitory control, but not 
cognitive flexibility.

Why the difference? Jazz players all say that in order to be creative, you 
have to let go of judgments, of preexisting ideas of what and how you should 
play. The seventh graders had to first learn to inhibit their preexisting ideas 
about notated music before they could learn to be creative, so they made 
gains in inhibitory control. Norgaard suggests a couple of reasons why eighth 
graders improved in cognitive flexibility but not inhibitory control: (1) eighth 
graders simply had better technique from playing the instrument longer so 
were better able to engage with the technical demands of improvisation; or 
(2) as students become more advanced in playing notated music, they tend to 
be more hesitant at trying improvisation. So for these students, it was more 
about giving themselves permission to be creative—​to be flexible, and cogni-
tive flexibility is where they made gains during the study.

As Bix Beiderbecke, the great American jazz cornetist, pianist, and com-
poser, once said: One thing I like about jazz, kid, is that I don’t know what’s 
going to happen next. Do you? That’s cognitive flexibility.
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Music and sound processing

Music can change the world because it can change people.
—​singer-​songwriter Bono

The study of music has a significant effect on the study of mathematics and on 
the development of executive functions. But music influences something that 
is even more fundamental to one’s ability to succeed, and that is sound pro-
cessing. According to Nina Kraus, auditory neuroscientist and the director 
of the Auditory Neuroscience Laboratory (Brainvolts) at Northwestern 
University, making sense of sound is one of the most computationally com-
plex tasks we ask our brains to do. Not only is there a staggering amount of 
information to process, something on the order of 9 million bits of data per 
second, it must be processed in microseconds to make a response if one is 
necessary.18 Making sense of sound isn’t all about hearing, as one might as-
sume. A person may have normal hearing and still have trouble processing 
sound. Auditory processing refers to the listening skills that make it possible 
for us to make meaning from sound, to understand what is being said in the 
classroom or meeting room, to understand anger or elation in the tone of 
someone’s voice, to be able to pick out and understand a familiar voice in 
the middle of a crowded room, say, a teacher’s voice in a noisy classroom.19 
A child unable to make sense of what is being heard will not do well in school.

Kraus and her colleagues study the neurobiology underlying speech and 
music perception, and they have found that our auditory system changes in 
response to the sounds we hear every day. No one hears the world in quite 
the same way because each of us has different sound experiences, a different 
acoustic “footprint.”20 Sometimes the neuroplastic changes in our auditory 
system are negative, as caused by hearing loss, aging, concussion, or living in 
poverty (more on that later). But neuroplastic changes can also be extremely 
positive, as is the case for bilinguals and for people who study and make 
music. Research done by the Kraus lab on various age groups from toddlers 
to the elderly has shown that people who study music are better at pro-
cessing sound, and the refinements that people gain in auditory processing 
from studying music transfer to other auditory domains, such as speech pro-
cessing, and then on to language and reading, skills children and adults need 
to succeed.

In addition to the work that Kraus and her colleagues have conducted in 
the lab, their research has extended into classrooms and community music 
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programs, real-​world studies that demonstrate the benefits of a music edu-
cation. The lab has also done groundbreaking work with concussion, bilin-
gualism, autism, and aging, but the importance of music-​making and music 
education have figured prominently in Kraus’s research, and because of what 
she has learned, she is a passionate advocate for music education in schools.

Studying music has a positive impact on speech processing

We saw in Chapter 2 that researchers believe our prehistoric ancestors used a 
proto-​musical language with variations in pitch, rhythm, and timbre to com-
municate and to bond. That proto-​musical language eventually evolved into 
music and speech, and both rely on the crucial acoustical elements of pitch, 
timing (including rhythm), and timbre to convey information.

Pitch
Any note sung or played on a musical instrument is a combination of the fun-
damental frequency of that note and a series of other, much softer frequencies 
called overtones or harmonics, but what one hears and perceives as pitch is 
the fundamental frequency. The higher the pitch or frequency, the shorter 
the wavelength of the sound waves. Humans can hear pitches in the fre-
quency range of roughly 20 Hz (Hertz) to 20,000 Hz, although the top range 
decreases with age. Musicians are all familiar with the concept of A440, the 
A above middle C on the piano that corresponds to the frequency of 440 Hz. 
This is the pitch or frequency that orchestras tune to and is known as concert 
pitch. The range of frequencies produced by musical instruments is roughly 
20 Hz to 5,000 Hz. The range of frequencies used by musical instruments 
is given the letter names of A to G. The lowest note on the piano is A =​ 27.5 
Hz; the highest note on the piano is C =​ 4,186 Hz, also the highest note of 
the piccolo. These are the fundamental frequencies. Harmonics, which are 
part of the sound, extend that range further, up to about 10,000Hz. Speaking-​
voice frequencies range from about 100 Hz for an adult male to 400 Hz for a 
small child, so making music involves listening to a far wider range of pitch 
or frequencies than does listening to speech.

Musicians learn to be increasingly sensitive to pitch as they practice. String, 
wind, and brass players focus on slight gradations of pitch to be sure they are 
“in tune” not only with themselves but with colleagues. Singers pay close at-
tention to intonation (or accuracy) of pitch. Pianists play an instrument with 
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a fixed pitch, but they need to be able to tell when the instrument is out of 
tune, and if they are playing with other instruments or singers, they learn to 
hear when that person is not in tune with the piano.

In speech, pitch indicates whether we are hearing a statement or a ques-
tion, it helps us distinguish one speaker from another, and it gives us infor-
mation about the emotional content of what is being said. In tonal languages 
such as Mandarin, variations in pitch can totally change the meaning of a 
given word. Since the frequency of pitches in music is much greater than that 
used in speaking, and since musicians must pay such close attention to pitch, 
individuals who have studied music have a greater sensitivity to variations 
in pitch, and several studies have shown that musicians are better at second-​
language learning than non-​musicians.21

Timing and Rhythm
Timing refers to the onset and offset of the sound, the point at which one can 
perceive the sound and when the sound ends. But when exactly does sound 
begin? Singers are the only musicians who regularly use the term “onset.” 
For singers, onset refers to the moment that the vibration of the vocal folds 
begins, and they use different onsets to create different kinds of sound. An 
onset can be aspirate (soft or breathy), glottal (hard), or easy (gentle, bal-
anced). Saying “he” is an example of an aspirate onset. Holding your breath 
and then releasing fast while you say “ah” shows you a glottal onset. But if you 
say a gentle “ah” without first holding your breath, that’s an example of a bal-
anced or easy onset.

Instrumentalists often refer to onset as when the instrument “speaks.” 
Different instruments have different types of onsets, depending on how the 
instrument is made and how the sound is produced. Onsets are often called 
soft or hard. The piano has a hard onset, and one has no control of the onset. 
When a piano key is pressed, a hammer strikes the strings. On wind and brass 
instruments, a player has more latitude in how air is initiated to produce the 
sound, similar to singers. A wind or brass player can use air and his embou-
chure (use of lips, tongue, facial muscles, and teeth) to create a hard attack or 
onset, or a soft attack or onset. On string instruments, the onset will be dif-
ferent depending on whether the string is plucked or bowed and on which of 
the many kinds of bow strokes are used, such as legato, a smooth, connected 
bow stroke, or spiccato, detached notes played with a bouncing bow.

Playing with other musicians involves becoming acutely aware of dif-
ferent onset times. In an ensemble with a piano, violin, cello, clarinet, and 
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soprano, for example, no one consciously thinks about each instrument and 
voice having a different onset time—​after all, it is probably a difference in 
microseconds. But musicians learn with practice and experience that the 
sound of each voice or instrument isn’t produced at exactly the same time, 
and they pay attention to subtle cues including (and especially) breathing for 
information about how to be “in sync.” Singers report that nothing is more 
detrimental to breathing than a pianist who lags just a bit behind. Musicians 
unconsciously make minuscule adjustments, and as they do so, their audi-
tory systems become more finely tuned.

In speech, each individual sound, syllable, word, and phrase has different 
timing characteristics or offsets and onsets. A child must be able to rapidly 
decipher the timing characteristics of each in order to understand what is 
being said. Hard consonant sounds, such as “ba,” “da,” or “ga,” each have a 
different onset and are easily confused without accurate speech processing.22 
Timing is also important for hearing when one syllable ends (offset) and an-
other begins. Timing, in addition to onset and offset, also refers to the ability 
to synchronize with the beat or with a particular rhythm. Rhythm is the 
placement of sounds in time and refers to a pattern of strong and weak beats. 
Being able to keep time to a beat is a fundamental skill for music perfor-
mance, but it is also fundamental for speech processing.

Timbre
It is sometimes said that timbre is what is left of the sound that isn’t pitch or 
loudness. Also called tone color or tone quality, timbre refers to the char-
acteristics of sound that make one voice sound different from another or 
one instrument sound different from another. One can tell the difference 
between a clarinet and a violin playing the same pitch because each has a 
different timbre. Timbre is determined primarily by the harmonic content 
of a sound. All pitches have the same harmonic series, but the different de-
sign of each instrument means that the frequencies in the harmonic series 
are balanced in a different way, so the sound color or timbre of the instru-
ment varies. A singer’s instrument is the body, and the body parts involved in 
singing—​the lungs, windpipe, larynx, tongue, lips, and mouth cavities—​are 
all unique to that person and create a particular timbre. The harmonics at 
the beginning of a note, the attack or onset, are particularly important for 
timbre. It is easier to identify differences in timbre between two instruments 
or voices if the articulation of the sound is clearly heard than if only a long, 
smooth sound of the pitch is heard without the initial attack.
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Musicians learn to distinguish the timbre of one instrument or voice from 
another in an ensemble, even if they are playing or singing the same pitch. 
And each instrumentalist or singer learns techniques to change the timbre of 
the sounds he is producing. For example, string players learn the difference 
between the timbre of the pitch of an open string or fingered string, and the 
difference in timbre when the pressure or speed of the bow is changed. Brass 
and string players produce different timbres by muting the instrument. A pi-
anist can use the una corda, damper, and sostenuto pedals to change timbre. 
Singers learn to change timbre to make the voice lighter or darker, breathier, 
more mellow, or warmer by changing the shape of the vocal tract.

In speech, timbre gives us information about the speaker. Just as with mu-
sical instruments, two voices may be speaking at relatively the same pitch, but 
the timbre tells you immediately if the voice belongs to your best friend or to 
your cousin. An individual speaking voice can also change timbre slightly, 
as does the singing voice. You may remember from Chapter 3 that mothers 
throughout the world tend to shift the timbre of their voice when they speak 
to their babies. One mother may shift to a breathier tone, another may be 
slightly more nasal, but it is a specific timbre for her baby, and the babies rec-
ognize the shift from a normal speaking voice to their personalized timbre.

Timbre also gives us info about phonemes, the individual sounds that 
make up words, such as p, b, d, t, k, etc.23 As one speaks, the shape of the vocal 
tract changes slightly as the articulators (lips, teeth, tongue, jaw, palate) form 
different phonemes. As with instruments or singers, that changes the balance 
of the harmonics, and the timbre changes slightly between letter sounds or 
phonemes. Children need to be able to distinguish the minute differences be-
tween these sounds, such as the “b” or “p” in “bat” or “pat,” or the “d” or “t” in 
“bad” or “bat,” to support early literacy and language development.

Timing and timbre have to do with the verbal message itself, with what a 
speaker is saying. Pitch has to do with the intent of the message and the emo-
tional content.24 Although sensitivity to pitch, timing, and timbre constantly 
improve the longer one studies music, even a beginner, especially in a group 
setting, learns to be sensitive to these elements. He must learn to play in time 
with the group, follow a conductor, learn to tune to other instruments, learn 
the difference between the sounds of a clarinet and a saxophone. Even a be-
ginner learns how to make a simple tune sound happy or sad. Sensitivity to 
pitch, timing, and timbre begins early in a music education. Brain imaging 
showed earlier or larger responses to musical tones in twelve-​month-​olds 
who had just had six months of interactive music lessons with their parents. 
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Their brains were already showing neuroplastic changes in response to inter-
active music play with parents (see Chapter 3).

We saw in Chapter 4 that when cognitive, sensorimotor, and reward sys-
tems in the brain are all engaged at the same time, neuroplasticity occurs 
more readily, and all three are engaged when making music.25 Sensorimotor 
networks in the brain are activated when sounds connect with the motor 
actions necessary to make those sounds. Cognitive networks are activated 
when attention is focused on the elements of pitch, timing, and timbre, 
and when working memory is used in sight-​reading or incorporating new 
ideas into what has already been learned. Cognitive networks are also used 
when sound is connected to meaning—​when one learns, for example, that a 
dominant-​seventh chord has a certain unstable sound and wants to resolve to 
a more stable chord, or a minor key sounds sad or melancholy compared to a 
major key. Making music causes feelings of happiness or pleasure, activating 
the reward system in the brain. Whenever the reward system is activated, we 
want to repeat that activity, thus driving neuroplasticity.

Making music involves all three systems and has been found to be a par-
ticularly strong driver of neuroplasticity. Because music and speech share 
the same auditory pathways, and because music requires finer auditory 
distinctions for pitch, timing, and timbre, the enhancements gained in the 
auditory system through music-​making transfer to the neural processing 
abilities necessary for speech, then to listening and language skills.26

Psychologist Aniruddh Patel has proposed a slightly different framework 
to explain why musical training can enhance speech processing.27 Called the 
“OPERA” hypothesis (easy for musicians to remember), his theory suggests 
that studying music can benefit speech processing when all five of the fol-
lowing conditions are met: music and speech processing overlap in the brain 
circuits; music places higher demands or precision on these shared networks; 
music elicits emotion, which drives neuroplasticity; practice includes much 
repetition, which also drives neuroplasticity; and practice requires close 
attention.

How auditory processing is measured in the brain

Until recently, the usual description of the auditory pathway has been 
as a one-​way path from ear to brain, as it was described in Chapter 4. But 
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according to Kraus’s research, auditory processing isn’t a one-​way path, it is 
an interactive ear-​to-​brain and brain-​to-​ear system.28 At every point along 
the path from ear to brain, the auditory signal is met by signals coming from 
the cerebral cortex, signals having to do with attention, working memory, and 
sound-​to-​meaning connections—​the brain-​to-​ear system—​and that shapes 
what we ultimately hear. Over time, our response to any incoming sound 
becomes fundamentally altered due to previous experiences with sound, 
our memories for familiar or previously heard sounds, and the meanings we 
assigned to certain sounds—​in other words, how we hear is influenced by 
our lives in sound.

The thin gray arrows in Figure 10.1 show the auditory pathway from the 
inner ear to the brainstem and continuing to the auditory cortex. Signals from 
cognitive areas of the brain having to do with attention, working memory, 
and sound-​to-​meaning connections that interact with the incoming signal 
are shown in thicker black lines. Kraus uses an analogy of a mixing board and 
its ability to fine-​tune certain auditory signals to describe what happens in 
the auditory brainstem.29 In a sound studio, an audio engineer mixes audio 
signals from two or more sources (e.g., multiple microphones recording dif-
ferent instruments or voices). He may boost or cut certain frequencies to im-
prove the sound, minimize unwanted sounds, and regulate volume levels and 
sound quality to produce a good output signal that is broadcast, recorded, or 
amplified through a sound system.

At the brainstem, the incoming signal from the ear may be good quality, 
or it may be degraded due to hearing loss, autism, noisy environments, or 
concussion, just as an incoming signal to a mixing board may vary in quality. 
The signals from cognitive areas of the brain basically tell the brainstem what 
to pay attention to, augmenting some sounds, excluding irrelevant informa-
tion, controlling for context—​what has just been heard that has a bearing on 
what is now being heard (working memory). Those signals, which are like 
the audio engineer at a mixing console, will be different in each individual 
based on experience, and they also vary in quality. Children who grow up in 
poverty, for example, have a severely compromised incoming sound signal 
as well as inefficient signals from cognitive areas of the brain (more on that 
later).

Musicians, on the other hand, have very finely tuned brain-​to-​ear sig-
nals. They are better at picking out the most meaningful parts of the sound. 
People who have studied music are accustomed to separating out one voice 
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from many, to paying attention to gradations of pitch, timing, and timbre, 
to keeping notes or rhythms in working memory, and to the subtleties of 
expressing emotion, so those circuits are enhanced in musicians and thus 
have a positive effect on the incoming speech signal. The musician’s brain 
is better at picking out the relevant portions of the sound, as a skilled engi-
neer can do at a mixing board. And they will be better at making sound-​to-​
meaning connections because everything they do when studying music is 
about attaching meaning or significance to the sounds they make and hear. 
For example, they learn what a major key sounds like as opposed to a minor 
key, what makes consonance and dissonance sound different, that stretching 
a few beats (rubato) can add emotion to a musical excerpt, or that playing 
faster adds excitement. Meaning, or significance, is attached to musical 
sound. The infant depicted in Figure 10.1 has already learned to connect the 
sound of a certain kind of melody with happiness.

Musicians themselves will have different strengths. A conductor has 
better spatial auditory processing than a pianist because he is accustomed 
to separating out streams of sound across the expanse of the orchestra.30 
Musicians who are improvisors or aural learners have faster neural pro-
cessing than non-​improvisors.31

Attention

Working Memory

Acquired
Signi�cance

Adapted from Kraus and Chandrasekaran (2010) Nature Reviews Neuroscience

Figure 10.1  The human auditory system
Credit: Reprinted by permission. D. Strait and N. Kraus, “Playing Music for a Smarter Ear: cognitive, 
perceptual and neurobiological evidence,” Music Perception 29, no. 2 (2011), University of 
California Press.
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Kraus’s lab devised a way to measure neural responses at the brainstem 
by attaching electrodes to the forehead and scalp of the subject to record 
neural responses to speech and music, as seen in Figure 10.2. Although 
the response is measured at the brainstem, it is influenced by the vast in-
teractive ear-​to-​brain, brain-​to-​ear circuitry. The recorded response is an 
objective marker of auditory function, and it gives the researchers infor-
mation about how details of sound are transcribed in the brain and how 
an individual’s brain is processing sound. These electrical responses can be 
read by a computer as a waveform that provides information about pitch 
(frequency), timbre (harmonics), and timing, as seen in Figure 10.3. The 
waveform also gives information about the consistency of the response and 
about the amount of neural noise (brain neurons firing spontaneously even 
when there is no sound). The less neural noise, the better the sound quality. 
Amazingly, if the electrical response recorded at the brainstem is played as a 
sound file, it sounds eerily like the original sound source [See the companion 
website at item 10.4 for a link to a video “Our Biological Approach,” by the 
Brainvolts Lab. The brainstem response played as a sound file is within this 
video .]

Figure 10.2  Brain responses are captured by sensors placed on the head; sound 
is delivered via earbuds
Credit: Auditory Neuroscience Lab, Northwestern University
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Positive effects of studying music on sound processing

The Kraus Lab has done a great deal of research concerning the positive effect 
of studying music on sound processing. Following are a few highlights:

Brainstem responses to pitch, timing, timbre
Musicians have stronger brainstem responses to both speech and music 
than do non-​musicians, and the strength of the response correlates with the 
number of years of practice. Musicians show super-​accurate pitch encoding 
as well as enhanced transcription of both timbre and timing cues necessary 
for both speech and music.32

Connection between rhythm skills and reading
Preschoolers between the ages of three and four who can sync to a beat 
have more accurate brainstem processing of speech than those children 
who cannot synchronize. They also test higher on tests of early language 
skills, such as auditory short-​term memory and rapid naming of visual 
symbols, skills related to language and reading.33 The results of this study 

Figure 10.3  Electrical activity in the brain in response to sound can be 
visualized
Credit: Auditory Neuroscience Lab, Northwestern University
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with preschoolers suggest that we should be playing rhythm games with 
preschoolers, helping them with beat synchronization to prepare them to be 
better readers, as well as better musicians.

Preschoolers aren’t the only age group to develop better reading skills 
through beat synchronization; teenagers do also. Teenagers who are better 
able to sync to a rhythmic beat have more consistent brain responses to speech. 
This means that they will have stronger sound-​to-​meaning associations that 
are crucial to reading ability. To distinguish speech sounds, a listener must be 
able to detect extremely small differences in timing—​onset times. Practicing 
syncing to a beat leads to more stable representation of sound in the brain, 
leading to better linguistic and reading skills.34 Interactive drumming, drum 
ensembles, or drum circles are all enjoyable opportunities for teenagers to 
improve their brain responses to speech and thus improve reading ability. 
(We will see in the Epilogue that syncing together through music also leads 
to more pro-​social behavior.)

Hearing speech in noise
Although this may come as a surprise to many musicians who are bothered 
by noise in a crowded restaurant, researchers in the Kraus lab have found 
that musicians process speech sounds in a noisy environment better than 
non-​musicians.35 This is important for children in noisy classrooms, or for 
adults in noisy meetings or restaurants. Musicians, even at an elementary 
level, learn to pick out one sound out of many, to hear the melody embedded 
in the harmony, to hear how their own part fits into the ensemble. And be-
cause of that experience, musicians have more finely tuned signals from the 
cortex telling the auditory signal at the brainstem what part of the sound to 
pay attention to and what to filter out. Working memory tells the signal at the 
brainstem what we just heard that provides context. Musicians have stronger 
encoding of speech harmonics, the timbral part of speech, and that helps to 
identify specific voices in a noisy environment and separate one voice from 
another. Studying music can strengthen the very same processes that are im-
paired in children with dyslexia or other learning disorders who often have 
difficulty hearing in a noisy environment.36

Hearing emotion in sound
Musicians have enhanced processing of emotion in sound, and the ability 
is related to the number of years of experience of the musician and the age 
at which study began. Musicians are not only more sensitive to the complex 
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part of the sound that has the most to do with the emotional content (such 
as a baby’s cry), they also de-​emphasize the simpler or less emotional com-
ponent of the sound.37 Musicians are not aware of doing this, but since they 
practice using subtle changes in timing, volume, or timbre to convey emo-
tion in a piece of music, that sensitivity carries over into auditory processing 
ability in other situations as well. Being able to identify emotion in speech 
is a skill that is useful in our personal relationships, in classrooms, business 
settings, and everyday encounters with people.

Dana Strait, primary author of the study, suggests that musical training 
might promote better emotion processing in individuals with autism or 
Asperger’s, and in fact, later studies show this to be the case.38 The Kraus Lab 
has found that the aspects of sound that tend to be diminished in individuals 
with hearing disorders, autism, dyslexia, concussion, or living in poverty, are 
the same parts of the sound that are enhanced by music training.

Effect of studying music on aging
Studying music early in life has benefits as we age. Musicians aged forty-​five 
to sixty-​five who had played an instrument since they were nine or earlier 
were better than non-​musicians at hearing speech in noisy environments 
and had better auditory working memory. This means that studying music 
may reduce the impact of auditory decline as one ages.39 And even though 
they had not studied for forty years, adults aged fifty-​five to seventy-​six who 
had studied music for four to fourteen years as children had faster responses 
to speech sounds than did those without training.40 So even a little music 
training early in life has lifelong advantages.

Sound processing and living in poverty

Researchers have known for some time that living in poverty has a negative 
effect on a child’s brain development, learning, and academic performance. 
Children in poverty often have inadequate nutrition, insufficient language 
stimulation, and little to no attention or emotional support. A study from 
the University of California at Berkeley shows that parents experiencing fi-
nancial insecurity talk less to their children, so those children just don’t grow 
up hearing very much vocabulary. The study concludes: “if you are worried 
about putting food on the table tonight, or scraping together money for that 
medical bill, or figuring out where to enroll your child in school now that you 
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have been evicted from your neighborhood, you may be less likely to narrate 
the color of the sky to your child as you ride together on the bus.”41

Poverty is often compounded with neglect because one or both parents 
are working more than one job and don’t have the time or emotional re-
sources to deal with their children. Impoverished, neglected children often 
show cognitive deficits that include impaired executive function, attention, 
processing speed, language, memory, and social skills.42 In addition, these 
children often live in areas where there is environmental or noise pollution, 
and prenatal environmental pollution has been found to have a negative 
academic effect on children by the time they are adolescents, with these 
children demonstrating poor skills in spelling, reading comprehension, 
and math.43

Kraus and her team have found that children who grow up in low socioec-
onomic areas (i.e., in poverty) have more “neural noise” in their brains than 
their classmates, even when no external sound is present. Neural noise refers 
to brain neurons firing spontaneously in the absence of sound—​and this 
slows auditory growth. Neural response is erratic, with lower fidelity to the 
incoming sound. Kraus says neural noise is like static on a radio—​with the 
announcer’s voice coming in faintly. These children’s performance on tests of 
reading and working memory is poorer than that of their peers who do not 
live in poverty.44

Poverty is far too prevalent in America. The Annie E. Casey Foundation 
reported in December 2020 that one in seven families with children (14%) 
reported that they had not had enough food in the previous week, and one 
in five households with children (18%) didn’t think they would be able to 
meet their next mortgage payment. Those numbers are significantly higher 
for Black, Latino, and mixed-​race households. These children are at a signifi-
cant disadvantage before they even begin school.45

Kraus wondered if opportunities for music education might offset the bi-
ological impact of poverty. Two research studies conducted in real-​world 
situations, one in the Chicago Public Schools, and one concerning Harmony 
Project, a community music program in gang-​reduction zones in Los 
Angeles, provided the answer. She calls these studies her neuroeducation 
work and considers them to be cornerstones of her research. Kraus says that 
she wanted to study the effects of musical experience on the nervous system 
in a real music program, not one that was created by scientists. She wanted to 
know “what is the effect of something that real musicians do in a real school, 
in music programs that have a history of working for a decade or so.”46
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Neuroeducation

Chicago Public Schools study
Kraus and her colleagues designed a study involving at-​risk kids from low-​
income neighborhoods in Chicago. They wanted to see what would happen 
if music training were begun as late as high school. Would it still have a ben-
eficial effect on sound processing? They followed two groups of high school 
students from Chicago schools in low-​income neighborhoods for three 
years. One group was enrolled in band classes that met for two to three hours 
a week of instrumental instruction, including instruction on technique, 
sight-​reading, performing in an ensemble, and regular assessments of prog-
ress. The other group was enrolled in Junior Officer Reserve Training Corps 
(JROTC), which involved classroom instruction, fitness-​based training, and 
included a performance component. Both groups met for the same amount 
of time each week and were educated in the same classrooms.

Participants were tested before entering high school for neural processing 
and language abilities. They were tested again three years later just before en-
tering their senior year of high school. The results showed that even if music 
training is begun as late as high school, it has a positive effect on the brain’s 
response to sound and can therefore have benefits for language skills. The 
same was not true for the JROTC students.47 Kraus points out that, although 
both groups were involved in what are known as enrichment activities, it 
wasn’t just any enrichment activities that increased brain development—​it 
was specifically music study.

Harmony Project
There are an increasing number of nonprofit music organizations in the 
United States that provide music lessons, instruments, ensemble experience, 
and performance opportunities for children from low-​income families and 
underserved neighborhoods. The organizations have missions that range 
from empowerment of students to community development, increasing 
access to higher education, and fulfilling a need for students who desper-
ately want to make music but do not have the financial means to do so. 
Consistently, these organizations report that students who spend several 
years studying music tend to do well academically and most go on to col-
lege [See item 10.5 on the companion website for links to Harmony Project, 
discussed here, as well as to several other successful community music organi-
zations .]
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One of the most successful community music programs is Harmony 
Project, founded in 2001 in Los Angeles by Dr. Margaret Martin. It’s also the 
first program to work with neuroscientists to determine what is happening in 
the brains of these disadvantaged students that leads them to excel academ-
ically as they study music. Harmony Project demonstrates the impact one 
person can have on the lives of thousands of children.

One day in the late 1990s, Martin was at the Hollywood Farmers’ Market 
with her five-​and-​a-​half-​year-​old son Max. Max was a violin prodigy who 
had taken out his violin and was playing Brahms, and as happens with street 
musicians, listeners were dropping money in his violin case. Precocious Max, 
according to his mother, liked to make money.48 Martin nervously watched 
as a group of tattooed gang members walked up to him and stopped in front 
of his open violin case full of money. Were they going to take money from 
a five-​and-​a-​half-​year-​old? They listened attentively for a while, and then 
pulled money out of their own pockets to carefully put in his violin case. 
She wished at that moment that she could have given those gang members 
other opportunities to create better lives for themselves. Perhaps they might 
also be playing the violin. Eighteen months later, Martin, whose graduate 
degrees are in public health, founded Harmony Project, a nonprofit organ-
ization that provides instruments, lessons, orchestras for the students, field 
trips, concerts, and college scholarships for children from underserved 
neighborhoods.

Harmony Project quickly grew in popularity, not just because students 
thrived musically, but because they thrived academically as well, and the 
waiting list to get into the program grew. Martin noticed that Harmony 
Project students were graduating at the top of their classes, and most were 
going on to college where they excelled. She suspected that something was 
going on in their brains that primed them for academic excellence but didn’t 
know how to prove it. She cold-​called the head of Child Health and Human 
Development at the National Institutes of Health, who just happened to have 
recently heard Nina Kraus speak at a conference and knew that Kraus’s re-
search interests dovetailed with what Martin was trying to find out about the 
brains of the Harmony Project students.

In the summer of 2011, four researchers from the Kraus lab flew to Los 
Angeles to begin their research study of Harmony Project students. Their 
subjects were seventy-​five second graders who wanted to enroll in Harmony 
Project. The researchers conducted an extensive series of tests to determine 
hearing abilities, memory, attention, language, and the neural responses to 
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speech using their method of recording responses at the brainstem. Kraus 
and Martin had determined that half of the students would immediately 
begin instrumental lessons. The other half would participate in general 
music classes for a year, listening to music and learning basic note reading 
and music history. After a year, the researchers returned to Los Angeles in 
summer 2012 and repeated the tests. As they had expected, they found no 
changes in cognition, language, or brain function in the students who had 
taken the general music classes with no instrumental instruction. But to their 
surprise, they also found no changes in the children who had been studying 
an instrument for a year.

Martin was undeterred by the test results and suggested they come back 
the following year, and they returned in the summer of 2013. At that point, 
the children who had studied musical instruments for two years showed sig-
nificant increases in neural sound processing. Their language and listening 
skills were above those of their peers, and the degree of improvement was 
related to how engaged they had been in the program, whether they had 
attended all the lessons and rehearsals. This is not unlike the results of the 
Bergee and Guhn math studies that showed that it was achievement in music 
that predicted math success, not just participation. Here, it was the degree of 
engagement—​and achievement—​in the activities of Harmony Project that 
determined improvement in sound processing. As we have seen with Kraus’s 
previous work in the lab, speech processing and language skills improved 
in children studying music, but this time it was in a real-​life, community 
setting.49

Further proof that studying music improves 
academic outcomes

With the children at Harmony Project and the teenagers in the Chicago 
Public Schools, Kraus and her colleagues demonstrated that studying music 
improves neural encoding for speech for at-​risk students, and improved 
neural encoding sharpens their hearing and language skills.

Further proof comes from the students themselves. One hundred per-
cent of the Harmony Project students are in a Title 1 school (federal funds 
provided to schools with high percentages of low-​income students) and/​or 
are enrolled in the National School Lunch Program. The vast majority (over 
95%) are African American, Latino, Asian/​Pacific Islander, or biracial. These 
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two factors alone make them high-​risk [These statistics and those that follow 
are from the Harmony Project 2020 Annual Report, which contains other inter-
esting information as well. See item 10.6 on the companion website .]

But at Harmony Project, students are given an instrument to use at home, 
and they spend between four to ten hours a week in lessons and ensembles, 
provided they remain enrolled in school. Graduating students have spent 
an average of seven and a half years in Harmony Project. The LA Chief of 
Police selected the Los Angeles program sites, and they are in gang-​reduction 
zones, high-​crime areas.50 The dropout rates in the high-​crime areas where 
the students live are 50 percent or higher, yet more than 90 percent of high 
school seniors who have been in Harmony Project for at least three years 
have gone to college, and there is a 97 percent college acceptance rate. 
Seventy-​seven percent of these students are first-​generation college students, 
and 54 percent of Harmony Project alumni have earned a bachelor’s degree 
by the age of twenty-​four, compared to the national average of 12 percent 
and 13 percent for African American and Latino students. Harmony Project 
students are being accepted by, and attending, schools such as Harvard, 
Princeton, Georgetown, Dartmouth, NYU, Stanford, UC Berkeley, UCLA, 
and others. Two students have received Fulbrights, one has received the pres-
tigious Gates Millennial Scholarship, and many go on to receive graduate 
degrees. Perhaps not surprisingly, almost half of them go into STEM fields, 
the same fields that extensively use spatial-​temporal reasoning, which, as has 
been demonstrated earlier, is enhanced in individuals who study music. For a 
program that is only twenty years old, the level of success is remarkable.

The achievements of Harmony Project have not gone unnoticed. In 
2009, founder Margaret Martin received the Coming Up Taller award from 
First Lady Michelle Obama at the White House. The award recognizes 
programs targeting children who traditionally lack access to the arts and 
humanities. Two years later, Martin went back to the White House to receive 
the Presidential Citizens Medal from President Barack Obama. This is the 
second highest civilian honor the US government bestows. In 2015, the US 
Department of Education designated Harmony Project a “2015 Bright Spot 
in Hispanic Education.”

While awards may be external validation, it is the success of the students 
that makes Martin proud of, and passionate about, the program she founded. 
There are currently sixteen sites in Los Angeles County and southern 
California and eight affiliates in other states, and Martin is committed to 
expanding the program to every low-​income area in the country. Every 
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child is born with musical abilities, and all children deserve access to a music 
education.

The power of music to increase human potential

The Harmony Project students demonstrate that speech processing and lan-
guage are enhanced by studying music. Since so many of them enter STEM 
fields, it would also suggest that the spatial-​temporal abilities they have 
gained through studying music transfer to math, and executive function skills 
that are improved through the study of music lead to academic success in 
many areas. And in fact, a recent study by researchers from Los Angeles and 
the University of Vermont looked at academic improvement of 1,080 second 
grade children enrolled in Harmony Project in five elementary schools in 
the Long Beach Unified School District in California (LBUSD). Harmony 
Project at LBUSD was founded in 2014, and like the original Los Angeles 
program, is located in high-​poverty elementary schools in high crime areas. 
Over a two-​year period, students who had enrolled in Harmony Project and 
participated in four hours of instruction per week had higher Achievement 
Rating scores in math, reading, writing, and speaking than their classmates 
who were not enrolled in Harmony project. The greatest improvement in the 
reading and math scores was seen in students who had the lowest achieve-
ment scores prior to enrolling in the program. The authors of the study point 
specifically to the achievement in speaking ability as being “critical to student 
agency, resilience, and success.”51 Students from Harmony Project LBUSD 
can be seen in Figure 10.4.

The impact that studying music has been shown to have on literacy skills 
is substantial. Yet opportunities to study music within the public school cur-
riculum are rapidly diminishing, especially in low-​income communities. 
According to the National Endowment for the Arts, between 1982 and 2008 
the percentage of African American young adults who received arts educa-
tion in childhood dropped from 51 percent to 26 percent. For Hispanics, it 
was 47 percent to 28 percent, for Whites, 59 percent to 58 percent. By 2010, 
the most recent year statistics were available, only 23 percent of high school 
seniors participated in music or the performing arts.52 Budget cuts across the 
country have made that number drop every year as more schools cut music 
programs.
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The question shouldn’t be “Does music make you smarter?” but “How 
can we ensure that every child has access to studying music?” The Sounds 
Academy in Phoenix, a nonprofit music education organization, points 
out: “The zip code of a child should not dictate their access to a music educa-
tion.” Our prehistoric ancestors were making music tens of thousands of years 
ago and our brains have evolved to support—​and to value—​music-​making. 
Music is a basic part of our humanity, and every child should have the oppor-
tunity to study music, not because it may give him cognitive advantages in 
another academic area, but because the ability to engage with music, as with 
language, makes us more fully human.

Key Concepts

	 •	 There is no evidence that listening to music makes one smarter, but there 
is considerable evidence that learning to play a musical instrument and 
making music gives lifelong cognitive advantages in many areas.

	 •	 The idea that training or developing neural resources in one area or do-
main influences other domains is called transfer. Studying music has 
both a near transfer (closely related to music) and a far transfer (non-​
music related) effect on other areas of study.

	 •	 Studying music has a far transfer effect on the study of mathematics. 
Music and mathematics have shared neural resources having to do with 

Figure 10.4  Harmony Project students from Long Beach elementary schools
Credit: LBUSD Harmony Project
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the meaning of symbols and the mental manipulation of those symbols, 
in other words, spatial-​temporal thinking.

	 •	 The study of music has a far transfer effect on executive function 
skills: inhibitory control, working memory, and cognitive flexibility. 
Good executive function skills are important in classrooms, jobs, and 
personal lives.

	 •	 The human auditory system changes in response to the sounds heard 
in daily life, and studying music has a far transfer effect on sound pro-
cessing abilities.

	 •	 Musicians have heightened responses to the acoustic details of speech 
(pitch, timing, timbre). Because the same auditory pathway is used for 
both music and speech, the enhancements from studying music transfer 
to speech processing and language.

	 •	 Musicians have faster responses to sound, are better at hearing speech in 
noise, and are more sensitive to the emotional content of speech.

	 •	 Community or in-​school music classes can improve the neural encoding 
of speech for at-​risk children, leading to better language development 
and reading, and thus to academic success.
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Epilogue
Thoughts on Music and Society

The Philadelphia Orchestra had planned to begin a major celebration in 
March 2020 in honor of Beethoven’s 250th birthday. The first concert was 
scheduled for March 12, all nine symphonies to be performed over a four-​
week period with the cycle repeated later at Carnegie Hall. But on March 11, 
the World Health Organization declared COVID-​19 a global pandemic and 
performing arts organizations throughout the world closed their doors. In 
response, the following evening the orchestra performed Beethoven’s Fifth 
and Sixth Symphonies to an empty hall, reaching more than half a million 
people through livestreaming and airing on public radio. It was an emotional 
experience for orchestra and listeners alike because no one knew what would 
happen in the next few weeks or when the orchestra might be able to return 
to performing for live audiences.

A week later, Music Director Yannick Nézet-​Séguin spoke with Terry 
Gross on Fresh Air, her National Public Radio program. Gross asked Nézet-​
Séguin how he felt about reports that people listening in their homes had 
been texting each other during the concert. Nézet-​Séguin’s answer was per-
haps surprising to many. He didn’t lament the fact that people were texting, 
instead he commented that performing music live is about building commu-
nity and sharing the music. That usually happens in the concert hall, but if 
that’s impossible, then the need to share in the event can be accomplished by 
texting with others listening to the same performance. He supported the fact 
that audience members sitting in isolation at home would reach out to friends 
who were also listening and share the emotional experience of hearing these 
great works by Beethoven.1 [A link to this interview is found on the companion 
website, item E.1 .]

Learning to sing or play an instrument is an individual experience. This 
book has considered the brain processes that not only make that possible 
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but also make it possible for individuals to become superb performers. 
However, music is also a shared social glue, and perhaps nothing has 
demonstrated this so vividly on such a wide scale as the coronavirus 
pandemic. The need to share music and feel connected to others was ev-
ident everywhere. In the early weeks of the pandemic, the Italians sang 
together from separate balconies. Five BBC radio stations simultane-
ously broadcast the same program, so people throughout the UK could 
sing along and know that they were sharing the experience with others. 
The Acapella app, although available for several years, suddenly became 
widely popular with small groups who used it to record parts separately 
and appear together on screen in a grid. Cellist Yo-​Yo Ma created a com-
munity through #songsofcomfort, posting a video of music that gave him 
comfort and asking others to do the same. In response, people of all ages 
and abilities uploaded and shared performances. As the pandemic dragged 
on and 2020–​2021 concert seasons were canceled, performing arts organ-
izations found creative ways to make music in small groups, share those 
experiences, and thus build community. There was an explosion of online 
musical content. Making and/​or experiencing music together, no matter 
the level of expertise, was important to combat pandemic isolation, helping 
people to feel comforted and connected.

Why is music a social glue?

Why do we need music to feel connected? Our prehistoric ancestors needed 
their proto-​musical language to survive, to build trust and cohesion, to co-
operate in the tasks necessary for daily living. But they also made flutes that 
were undoubtedly played as they gathered to celebrate a hunt or for ceremo-
nial or religious purposes. Our brains have evolved not only to support but 
to value music-​making as a group. Playing music or singing together leads 
to people feeling closer to one another, to increasing sense of community, 
to being more cooperative and helpful to others, and to strengthening so-
cial bonds.

The brain is an electrochemical organ, the billions of neurons 
communicating via electrical signals and chemicals. Researchers have 
looked at neurochemistry in the brain and at electrical activity in the form of 
brain waves to explore the link between music and social bonding. They have 
also looked at the implications for social behavior when people physically 
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sync their movements, which happens when making or listening to music 
together.

Neurochemistry

Oxytocin is a hormone usually associated with childbirth and breastfeeding 
but also with empathy, trust, relationship-​building—​and singing. Researchers 
have known for some time that group singing promotes trust and cooper-
ation among members of the group.2 They now know the increased trust 
and cooperation is due to oxytocin being released during singing. Oxytocin 
levels have been shown to increase in both professional and amateur singers 
after a thirty-​minute singing lesson, and group singing has also been found 
to increase levels of oxytocin in group members.3 As oxytocin is released 
in individuals who sing together, they become more trusting and coop-
erate more with others in the group, whether or not they have anything in 
common. If those same individuals are chatting, there is no increase in oxy-
tocin levels and therefore no impact on relationships.4

Dopamine is the “feel good” neurotransmitter and is released with biolog-
ical rewards like food and sex, and with addictive drugs like cocaine, making 
us want to seek these things out again. But dopamine, part of the brain’s re-
ward system, is also released when making or listening to music we like as 
well as during social interactions. So when we listen to or make music with 
others, dopamine is released both in response to the music itself and to the 
social aspect of listening with others, triggering the brain’s reward system 
and making us want to share the experience of listening to music with others 
again.5

Cortisol is known as the body’s stress hormone, and levels of cortisol in-
crease to boost our energy to help us deal with the stress. For our prehistoric 
ancestors, that may have meant increased energy to escape wild animals. 
Today, extra cortisol is likely to be released when we experience a work-​ or 
family-​related crisis or when we experience the stress of performing—​
performance anxiety, with symptoms of shaky fingers, increased heart rate, 
the “fight or flight” response. On the other hand, cortisol levels decrease when 
one is listening to music. Volunteers who listened to a live concert of choral 
music experienced significant reductions in cortisol levels.6 One becomes 
more relaxed, which is why so many people wanted to listen to music during 
the pandemic.
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Electrical signals and brain waves

When billions of neurons communicate with each other via electrical 
impulses, those impulses synchronize; the synchronized electrical activity 
is called a brain wave. Brain waves are detected by EEG (electroencephalo-
gram) by placing electrodes on certain places on the scalp to record electrical 
impulses in the brain. They are measured in cycles per second, or hertz (Hz), 
the same designation used for pitch (see Chapter 10). And just as different 
frequencies, or Hz, are associated with different pitches, they are also asso-
ciated with different brain waves. Gamma waves are the fastest, 39–​42 Hz, 
and indicative of peak concentration. Beta waves (13–​38 Hz) are associated 
with mental alertness, having an active conversation, or being engaged in 
your work. Alpha waves are slower (8–​12 Hz) and are associated with relaxa-
tion. Theta waves (4–​7 Hz) are associated with daydreaming, and delta waves 
(1–​3 Hz) are associated with sleep. We saw in Chapter 6 that consolidation 
of declarative memory is associated with slow wave sleep, characterized by 
delta waves.

Making music together affects the repetitive patterns of neural activity 
in the brain, seen as brain waves. When two musicians play together, their 
brain waves synchronize, even if they have not played together previously. 
While one might think this is logical because musicians try to be in sync 
when they play together, the syncing of the brain waves begins even be-
fore they begin to play. Surprisingly, the brain waves that sync are the 
low-​frequency theta and delta waves, slow waves associated with deep 
meditation and sleep, below the level of consciousness. These brain waves 
have also been found to be involved in social interactions, from mother-​
infant bonding to “theory of mind,” or the ability to understand the be-
havior of others.7

It’s not just the brain waves of performers that sync together. Brain waves 
of listeners synchronize to each other when they listen to music as part of a 
group. Listeners’ brain waves sync more when they listen to live performers 
than to a recorded video of the same concert, and the more in sync listeners’ 
brain waves are, the more connected they feel to the performer and the more 
they enjoy the performance.8

Brain waves also sync between performer and audience—​in areas of the 
left hemisphere having to do with empathy and in areas of the right hemi-
sphere having to do with recognizing musical structure and pattern. In the 
right hemisphere, they are also found in areas involved in interpersonal 
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understanding. Perhaps not surprising, these are also the areas where mirror 
neurons are found, the brain cells that help us understand the actions and 
emotions of others (see Chapter 9). The more the audience members re-
ported enjoying a particular work, the more the brain activity was found to 
be synchronized with that of the performer.9

Synchronization of movement

Both neurochemicals and brain waves have been implicated in the con-
nection between music and social bonding. That connection has also been 
shown in synchronization studies. An area within the basal ganglia called the 
caudate has been found to be involved in the processing of synchronization, 
our ability to synchronize both with another person or with an external beat. 
The caudate also plays an important role in facilitating pro-​social behavior. 
Perhaps not surprising, then, participants who synchronized with a partner 
while drumming were later more helpful in a helping task, and the amount 
of activity in the caudate correlated with how helpful they were. The effects 
were stronger in the participants who were able to synchronize more easily.10

Students who sang in unison reported stronger feelings of being on the 
same team than students who were singing but not in sync, and when they 
played an economics game that they didn’t know was related to the study, 
synchronizing singers made greater contributions to an account benefiting 
the group at a direct cost to themselves, so singing in sync directly led to be-
havior benefiting the group rather than the individual.11

Social behavior related to syncing begins at a very early age. The passive 
versus active listening study described in Chapter 3 demonstrated that six-​
month-​olds participating in interactive music classes with their parents 
showed better early communication skills than did infants who had only 
listened to music. At that age, they were unable to sync, but there was some-
thing about trying to make music together that made these infants happier 
and more communicative.

In another study, a group of four-​year-​olds were randomly assigned to ei-
ther a music group or a no-​music group. The music group interacted with 
each other and an adult in the context of singing, dancing, and playing mu-
sical instruments to an easy-​to-​learn children’s song. The no-​music group 
interacted with each other and an adult while listening to a story. After these 
activities, all the children played two games, a “Cooperation” game and a 
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“Helping” game. The children who had been making music together were 
significantly more cooperative and helpful.12

Moving together to music seems to encourage everyone to be more 
helpful—​even toddlers. In a study at McMaster University, fourteen-​month-​
old infants who were bounced in synchronization to “Twist and Shout” with 
a researcher facing them were more likely later to help that researcher.13 One 
researcher held a baby in a forward-​facing baby carrier and stood facing a 
second researcher. When the music began, both researchers began to bounce 
up and down, one holding the baby. Some of the babies were bounced in sync 
with the music and others were bounced out of sync.

When the music stopped, the researcher who had been facing the baby 
began a task in which she pinned dishcloths on a clothesline and “acciden-
tally” dropped a clothespin. The babies who had been bounced in time with 
the researcher facing them were far more likely to toddle over to the dropped 
object, pick it up, and hand it to the researcher. The babies who had been 
bounced out of sync weren’t interested in helping and walked away. This 
wasn’t a single instance; there were thirty toddlers in the study. Being helpful 
after bouncing in sync to music was the norm. [A video excerpt from this 
study provided by the Auditory Development Lab at McMaster University can 
be seen as item E.2 .]

Multiple research studies involving neurochemistry and electrical activity 
have shown what happens in the brain when we make music together; behav-
ioral studies show how behavior is affected after syncing with others to music. 
But as has been the case throughout this book, the stories about real people 
are perhaps the best demonstration of, or confirmation of, the research.

The importance of music for creating community

Stranded in the Antarctic

The story of Ernest Shackleton is quite well known. He was the leader of the 
1914 expedition to cross the Antarctic by way of the South Pole. His ship, 
the Endurance, became trapped in an ice pack, and the men eventually had 
to abandon it and strike out across the ice on foot, dragging their lifeboats 
behind them with ropes. Shackleton ordered that only the bare necessities 
could be taken; they each had a two-​pound personal allowance. They left 
behind money and jewels, clothing, books, and even scientific instruments 
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because they would no longer be able to gather data. They took along med-
ical supplies, photographs, diaries—​and Leonard Hussey’s five-​string banjo. 
Hussey was the meteorologist on the crew, and he had played his banjo fre-
quently on board. The banjo weighed twelve pounds, well over the two-​
pound limit, but Shackleton ordered that the banjo be taken along. He called 
it “vital mental medicine,” and knew it would be important to help with the 
depression the crew would face. And he was right. Many of the men kept 
diaries and wrote, often with humor, about the positive effect of the banjo on 
their mental state.14

It’s unclear how or why Shackleton knew the banjo and music-​making 
would be of such great importance to his men, but his decision was wise. The 
men were in daily danger not only of being unable to find food, but also of 
losing their lives. There was a tremendous sense of isolation as they looked in 
every direction and saw nothing but ice. The music they sang together with 
the banjo created a sense of community that helped them complete their 346-​
mile hike across the ice. All the men—​and the banjo—​survived.

Making music together built trust and cooperation among our prehis-
toric ancestors, and it facilitated trust and the building of community among 
Shackleton’s crew, enabling them to survive. But sometimes survival isn’t 
strictly physical, it’s emotional as well.

The Dallas Street Choir

The homeless are a particularly vulnerable population. Homeless individuals 
feel a profound sense of isolation and hopelessness; survival is a daily con-
cern. Many consider it a victory when they wake up in the morning and are 
still alive. Unfortunately, homelessness is on the rise everywhere in the United 
States. Organizations in several cities have developed music programs for the 
homeless, usually involving choirs since no instruments are needed, only 
voices. These organizations are aware that singing together creates bonds, 
eases the sense of isolation, and encourages a sense of community. The Dallas 
Street Choir has become one of the most visible.

Jonathan Palant conducts two choirs at the University of Texas, Dallas, as 
well as a church choir and a community choir. In 2014, a friend of his sent 
him a choral work called the Street Requiem, written in memory of people 
who had died while living on the streets. She wondered if he might like to 
perform it with Credo, his 150-​member community choir. Palant thought 
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it seemed a bit disingenuous to perform a work about street people with no 
homeless people involved. He had already been conducting an ad hoc choir 
for the homeless two or three times a year in connection with the Stewpot, a 
day shelter for the homeless in Dallas. He put up some signs, nine homeless 
individuals turned up at the first rehearsal, and the Dallas Street Choir was 
born. Before long, eighty to ninety individuals were coming to weekly re-
hearsal. Over 2,000 individuals have attended rehearsals since the founding 
of the choir.15

The Dallas Street Choir seeks to change the way society views the homeless 
through public performances at a variety of venues in the Dallas–​Ft. Worth 
area. The fact that Palant thinks big has elevated not only the choir’s visibility, 
but the visibility of the homeless. A longtime admirer of mezzo-​soprano 
Frederica von Stade, he approached her about singing the soprano role in 
the premiere of the Street Requiem, the choral work by composers Kathleen 
McGuire, Andy Payne, and Jonathon Welch that spawned the idea of a choir 
for the homeless. To his surprise, she said yes, and she has been a supporter 
of the choir ever since. When in town performing with the Dallas Opera, she 
comes to rehearsals and works with the singers, and she has performed with 
them at Carnegie Hall. Yes, Carnegie Hall. Palant contacted Carnegie Hall 
to see if they had ever considered having a homeless choir perform, and in 
2017, members of the Dallas Street Choir performed there, along with von 
Stade, soprano Harolyn Blackwell, and composers Jake Heggie and Stephen 
Schwartz.

Performing as a choir gives these homeless people a voice, and positive 
audience reactions build self-​esteem. Performing in Carnegie Hall raised the 
profile of that voice. The singers felt a part of the larger world. The mantra 
of the Dallas Street Choir is “homeless, not voiceless,” and members of 
the group want people to know that being homeless isn’t a disability. Most 
members of the choir have high school diplomas, and many have college ex-
perience. Most had careers until something unexpected happened. Without 
families or estranged from them, they found themselves without a safety net 
and ended up on the street. They lost the sense of identity that comes with 
having a job. Many went from making important daily work decisions to 
facing basic questions of survival: “where will I sleep?” and “what will I eat?”

The Dallas Street Choir creates a safety net, a kind of “safe haven” for 
its homeless singers, a place they go once a week that provides consist-
ency, structure, and accountability. They speak of the choir as family; they 
feel accepted and even valued; they share experiences (see Figure E.1 for a 
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portrait of the ensemble). Some believe that singing in the choir opens new 
possibilities and helps them develop a capacity for change; others see the 
choir as a way to develop self-​confidence, as a healing experience, a way to 
calm depression, and feel that music-​making is an outlet to express emotions 
that can’t be expressed on the street.16 When people sync together musically, 
they are more likely to put the good of the group ahead of their own goals. 
One member of the choir commented: “I know I can do the little diva things 
sometimes, but then I realized, this is a group effort. It’s not about me . . . it’s 
about the choir working together in unity.”17

After the performance at Carnegie Hall and a subsequent performance in 
Washington, DC, the choir returned to Dallas and the homeless members 
returned either to the streets or to shelters. Making music doesn’t neces-
sarily move adult homeless off the streets, but it gives participants a sense of 
community, self-​esteem, and sometimes the self-​confidence to explore new 
options. They may have lost hope today, but singing with the choir can give 
them hope for the future. [Links to the Dallas Street Choir as well as other 
homeless choirs are found on the companion website at item E.3 .]

Back at Harmony Project

We saw in Chapter 10 that students in Harmony Project showed brain 
changes positively affecting speech processing and language after studying 

Figure E.1  The Dallas Street Choir
Credit: Photo used by permission of Jonathan Palant
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an instrument for two years. But making music as part of a group also leads 
to pro-​social behavior—​trust of, and working together with, people who are 
different from you.

All kids need to feel connection with a group, and in the neighborhoods 
where Harmony Project kids live, gangs have typically provided that affilia-
tion. But according to founder, Margaret Martin, Harmony Project creates 
a different kind of gang, an organization built on harmony and community 
rather than on crime and violence—​a functional as opposed to a dysfunc-
tional group. Harmony Project is primarily a mentoring program, and music 
is the vehicle to help kids learn to be responsible, accountable, competent, 
pro-​social individuals. The children are in rehearsals or lessons for sev-
eral hours a week, working with artist teachers/​mentors but also with peer 
mentors, students like themselves who have been in the program longer and 
can offer guidance. During training to be a peer mentor, one young man said 
that when he learned he had been recommended by his Harmony Project 
teacher to be a peer mentor, he knew in that moment he would need to dis-
tance himself from his cousins who were members of a gang. If he was going 
to be a role model for other kids, he couldn’t continue to affiliate with gang 
members.18

Harmony Project students come into the program with what Martin refers 
to as “the tyranny of low expectations.” They may want to learn to play the in-
strument they have been given, but they don’t really believe they will be able 
to do so. No one has ever believed in them before, not parents, teachers, or 
siblings. But the artist-​teachers not only have expectations, they also believe 
the children can live up to those expectations. The young students surprise 
themselves by actually learning to play the instrument and making music. 
They develop self-​confidence, as well as autonomy, accountability, self-​
reliance. Harmony Project becomes their refuge, a second family, and a sanc-
tuary. It’s a place they can go where all the other kids are there because they 
want to be—​and they are all making music.

Bridging Differences

Martin relates that in Los Angeles, the parents of the kids in Harmony Project 
often come from rival gangs, gangs that kill each other. But the parents come 
together, sit in the audience, and applaud for all the kids. As they play in an 
orchestra, the students are all working together to perform a piece of music. 
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They come to understand that every part matters, including theirs. No matter 
what instrument has the melody, the complete piece doesn’t exist without 
all the other instruments. Making music and sharing a common goal lead to 
better understanding of others as well as more confidence in oneself.

Jonathan Palant also speaks about bridging differences: “It doesn’t matter 
if you are white, brown, black, it doesn’t matter if you’re Jewish, Christian, 
or Muslim, gay, straight, or trans. In the choral rehearsal, everybody’s on an 
equal playing field and everybody’s important in the rehearsal room. I think 
there’s a huge sense of community because there is no hierarchy of any kind. 
Even though you are singing individually, everybody is singing the same 
thing: Do-​mi-​sol-​mi-​do. And for that reason, the community is really quite 
strong.”19

Martin sees the kind of music-​making that Harmony Project engages 
in as a way to heal our very divided nation. Others see music as a vehicle 
for bridging other kinds of divides. The West-​Eastern Divan Orchestra 
was founded by Edward Said, Palestinian author and scholar, and pianist/​
conductor Daniel Barenboim as an alternative way to address the Israeli-​
Palestinian conflict. The base of the orchestra comprises an equal number 
of young Arab and Israeli musicians with additional members from Turkey, 
Iran, and Spain. In a 2005 speech after the orchestra played in Ramallah, 
Barenboim said, “Great music is the result of concentrated listening. Every 
musician listens intently to the voice of the composer and to each other. 
Harmony in personal or international relations can also only exist through 
listening, each party opening its ears to the other’s narrative or point of 
view.”20

The ancients knew that music builds community, as did Ernest Shackleford 
a hundred years ago. And we see it today everywhere—​if we look. People 
need music in their lives. It is a way to express emotions and feel emotion-
ally connected to others. It is a way to bridge divisions, share common goals, 
and create something together. Music provides a mechanism to under-
stand others who are perceived as different. It is a crucial part of our deepest 
humanity.
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3-​D motion capture  A process of recording the movement of objects and people that 
is used in video game design, animation, robotics, and movement sciences. In music 
research, it can be used to map movement time onto musical time, showing how a mu-
sician moves at his instrument, for example.

Absolute pitch  The ability to identify a pitch or to produce a pitch designated by name 
without first hearing a reference tone, commonly called “perfect pitch.”

Alexander technique  A century-​old mind-​body practice developed by Frederick 
Matthias Alexander. The technique teaches awareness of the functioning of one’s 
nervous, muscular, and skeletal systems to alleviate habitual patterns of tension, 
allowing one to rediscover the body’s natural balance.

Amusia  Sometimes referred to as “tone deafness,” amusia is the inability to produce or 
perceive pitch accurately and can either be congenital or the result of brain damage. 
Affecting about 4 percent of the population, it can also extend to impairments in pro-
cessing timbre, emotion, musical memory, and the ability to tap in time to music, 
known as beat deafness. Amusics are still able to speak and understand speech.

Aphantasia  The inability to form mental images in one’s mind, estimated to affect 1–​
4 percent of the population.

Audiation  A term coined by music educator Edwin Gordon to refer to the ability to hear 
and comprehend music internally when no sound is physically present. It is a cognitive 
process by which the brain gives meaning to musical sounds, and Gordon suggested 
that audiation is to music what thought is to language.

Beat deafness  The inability to distinguish musical rhythm or sync to a beat. It is 
considered a form of congenital amusia.

Beat induction  The ability to detect the beat in music. It is already functional right 
after birth.

Consonance and dissonance  Subjective qualities that are assigned to music intervals. 
Generally, consonant intervals have been considered as sounding “pleasant,” and stable, 
with no sense of motion; dissonant intervals as “unpleasant” or unstable and needing to 
resolve. But what is considered dissonant in one culture may be considered consonant 
in another. Even within the Western tradition, parallel ninth or seventh chords, which 
would at one time have been considered dissonant, are now seen as a color or texture 
device in Debussy’s music.

Contextual interference effect  An effect that occurs in learning when one practices dif-
ferent skills or different kinds of music at the same time and alternates between them. 
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The interference that results slows down learning—​resulting in poorer performance in 
the short term, but in superior retention over the long term.

Desirable difficulty  A learning strategy that requires considerable effort, slowing down 
the learning process, but leading to the opportunity to add more relevant information 
and strengthening long-​term retention. Introduced by Robert Bjork and Elizabeth 
Ligon Bjork in the early 1990s.

Electroencephalography, EEG  A non-​invasive technique that can detect and record 
changes in electrical activity in the brain through electrodes placed on the scalp. It 
produces a chart that shows brain wave activity. It is used to diagnose brain disorders 
such as epilepsy and is also used in cognitive development research.

Embodied cognition  Knowing with the body. As opposed to traditional theories that see 
cognition as confined to the brain, embodied cognition sees motor and sensory systems 
as integrated with cognitive processing.

Embodied music cognition  Perceiving and understanding music through the body; 
giving meaning to music through movement.

Embodied simulation  The possibility that we understand movement behavior of 
someone we are observing by simulation in our own body. It has been proposed that 
mirror neurons provide the mechanism for embodied simulation, for us to understand 
the behavior or actions of others, by mapping that behavior or actions onto our own 
motor system.

Emotional contagion  Spontaneous spread of emotions or behaviors from one person to 
another or within a group—​helps synchronize our emotions with others and is linked 
to empathy. Getting caught up in the emotions of those around you at a concert is emo-
tional contagion, as is becoming depressed if you are surrounded by others who are 
depressed.

Entrain  The ability to synchronize to a beat, clap together, or dance to music. Entrainment 
depends on beat induction, the ability to detect the beat in music.

Frequency  In music, the number of cycles per second of the sound wave, measured in 
Hertz (Hz) and perceived as pitch. The more cycles per second, the higher the pitch. The 
A just below middle C on the keyboard is A =​ 220 Hz, the A above middle C is 440 Hz. 
Brain waves are also measured by number of cycles per second, from the slowest delta 
waves, at 1–​3 Hz, indicating sleep, to the fastest gamma waves, above 30 Hz, indicating 
high-​level information processing.

Functional magnetic resonance imaging, fMRI  Measures brain activity by detecting 
changes in blood oxygenation and flow in response to neural activity. It is used in neu-
roscience research to see what parts of the brain are functioning when a subject is per-
forming different tasks such as listening to music, singing, or playing an instrument.

Harmonics  The frequencies other than the fundamental that are part of any pitch 
generated on an instrument or with the voice. They are not heard because they are much 
softer, but they contribute to the richness of the sound. The A below middle C on the 
keyboard has a frequency of 220 Hz, but it is also vibrating at 440 Hz, 660 Hz, 880 Hz, 
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and higher. Those frequencies are harmonics. Harmonic frequencies have a mathemat-
ical relationship to the fundamental. An octave is in a relationship of 2:1 (interval be-
tween second and first harmonics), a fifth is 3:2 (the interval between third and second 
harmonics), and a fourth is 4:3 (the interval between the fourth and third harmonics).

Homunculus  Refers to the neural representation of all our body parts in both the sen-
sory cortex and the motor cortex, each part occupying an area of the sensory or motor 
cortex relative to where we need the most sensitivity (sensory cortex) or the amount of 
use (motor cortex). Fingers and hands occupy more area in both the sensory and motor 
cortices than do feet or toes because we use them much more extensively. The neural 
representation was named “homunculus,” a seventeenth-​century diminutive for “man,” 
by Wilder Penfield, who discovered the representations in the 1930s and 1940s.

Infant-​directed speech, or IDS  Sometimes called “baby talk,” “motherese,” or 
“parentese.” A more musical form of speech used with babies, with exaggerated highs 
and lows, a slower rate of speaking, long vowels, a larger dynamic range, and made-​up 
words resembling the actual word, such as “da-​da” for daddy, or “wa-​wa” for water. It is 
preferred by babies to adult speech.

Kinesthesia  The awareness of the position and movement of parts of the body. 
Kinesthesia is the sense that delivers information to the brain about effort, movement, 
position, and weight delivery, and is used in motor imagery.

Magnetoencephalography, MEG  A neuroimaging technique that measures the mag-
netic fields produced by the brain’s electrical currents. It can be used to locate the source 
of epileptic seizures and is also used in research settings to map motor and sensory 
areas, language, vision, and other functions.

Microtones  An interval in music smaller than the semitone or half-​step found in the 
Western tuning system of twelve equal intervals per octave. Music of other cultures, 
such as Indonesian, Middle Eastern, and South Asian, regularly uses microtones of 
varying sizes.

Musicality  Term adopted by origin-​of-​music researchers to refer to the evolutionary 
brain processes that support musical behavior, such as being able to pick up a beat or 
recognize a tune no matter what pitch it begins on. For musicians, musicality is the 
ability to communicate the emotional essence of a work and to bring expressiveness to 
performance.

Neural crosstalk  Also called interlimb skill transfer. Learning a motor skill in one limb 
can transfer to the opposite limb via the corpus callosum; one hemisphere of the brain is 
teaching the other hemisphere.

Notational audiation  The ability to silently read a musical score, hear it in one’s mind, 
and give musical meaning to the notation.

Novelty preference  In general, very young infants prefer the familiar, whether sounds or 
faces. But as the infant becomes older, after seeing or hearing the familiar, he will turn 
to something new.
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Positron emission tomography, PET  A type of imaging scan that uses small amounts 
of radioactive materials called “tracers” to evaluate organ and tissue functions. PET is 
commonly used to detect cancer and to evaluate cancer treatment. It is also a research 
tool to learn more about the functioning of the human brain.

Proprioception  Your awareness of your body’s position in space. Often used inter-
changeably with kinesthesia, but they are not the same. Proprioception is more cogni-
tive, focusing on awareness of body’s position; kinesthesia is more behavioral, focusing 
on movement or weight delivery.

Proto-​musical language  Researchers have proposed that this form of communication 
varying in pitch, timing, and timbre was probably used by our prehistoric ancestors to 
bond—​mothers with infants, and members of a group with one another. It was used as 
a means of communication about daily tasks of survival or withstanding assaults from 
rival groups. It eventually split into language to express facts and ideas and music to ex-
press emotion.

Relative pitch  The ability, given a reference pitch, to identify or re-​create another pitch 
and identify the interval between them.

Sound before sign  Also called “sound before symbol.” The theory that one should be able 
to hear music in one’s mind, to “think in sound,” before learning music notation. It is 
equivalent to understanding and speaking a language before learning to read.

Taubman technique  A technique developed by pianist Dorothy Taubman whose aim 
was to solve physiological problems of piano interpretation through an understanding 
of the underlying principles of biomechanics and anatomy. The technique is used to 
treat repetitive strain injuries and other injuries of pianists, as well as to foster a healthy 
approach to the instrument to avoid injury.

Transcranial direct current stimulation, tDCS  A non-​invasive, painless treatment that 
uses direct electrical currents to stimulate specific parts of the brain, used to treat a va-
riety of conditions, including Parkinson’s disease, traumatic brain injury, and stroke. 
Has also been used to treat movement disorders, as in focal dystonia.

Transcranial magnetic stimulation, TMS  A noninvasive procedure that uses magnetic 
fields to stimulate nerve cells in the brain. It has been used as a treatment for depres-
sion and anxiety but has also been used in research to learn more about how the brain 
controls behavior and how the brain is organized.
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