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      Everyone knows the appeal of music. Very few know the science behind it.


      Music is not magic. Music, like language, is the product of our brain and exists in all human societies. Given this, are we all musicians since time immemorial and living today in denial of our true musical nature?


      Yes, all human beings are born musical. Music is not a mystery accessible only to the initiated. Music knowledge is shared by all. But for the majority, this knowledge is intuitive. It is not taught. It is acquired automatically, by simple exposure to music, from birth. Isn’t it strange?


      From the time they are born, humans respond to music. This engagement is anchored in the brain’s organization. Humans have a musical brain that allows them to absorb all the musics of the world. In addition, as we will see, listening to favorite music releases dopamine into the brain, the reward chemical essential to all forms of learning. If so pleasurable, why do so few of us learn to play music or continue to practice in late adulthood?


      According to the latest research, children who engage in musical activity stand out academically and are more altruistic. To achieve this, does the child need to have a musical ear? What if he sings out-of-tune? What about the adult who decides to start music training later in life, when retiring? Can they learn to make music? Educators and politicians wonder and ask experts for their recommendations.


      We will see here to what extent this popular enthusiasm for music education has a scientific basis. In this book, I expose how music modifies the brain. I consider the innate bases of musicality, covering the critical period to learn, individual differences, heredity, absolute pitch, musical prodigies and their opposites, individuals with tone-deafness. Then, I talk about social musical skills, like singing and dancing. Finally, I discuss the foundations of music learning and conclude with the potential applications of this scientific knowledge in music education.


      Each brief chapter is organized around a rigorous scientific fact enlightened by my scientist’s intuitions, and each can be read independently of the others.


      This book does not contain recipes to play music. Rather the book aims at considering music differently, as part of our biology. It also aims at those who are fond of (real) scientific facts. Indeed, I am convinced that everyone can have access to scientific knowledge and marvel at it.


    


  









  


  CHAPTER 1


  Musical pleasure


  

    Why practice music for hours? Why spend time listening to music and spend so much money on it? The answer is simple: music brings unparalleled pleasure. Music provides enhanced well-being in a non-invasive and easily accessible package.


    The idea is not new. Yet it is only recently that research has been able to demonstrate the link between the euphoria generated by music and specific brain activity.
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    Robert Zatorre of McGill University and his team made this remarkable breakthrough. They show that the chills induced by music are associated with the secretion of the neurotransmitter dopamine in the nucleus accumbens, a brain structure long known as the seat of pleasure.


    The phenomenon is not limited to our favorite music but also applies to new music that we like enough to purchase after a single listening. This was demonstrated in a clever study (2). The experiment took place in a magnetic resonance scanner in which each participant paid between $0 and $2 (out of their own pocket) to acquire songs recommended by software according to their musical preferences. The brain images showed a clear link between the amount paid and the activity observed in the nucleus accumbens. The higher the stake, the more the buyer wanted to own that particular song, and the more the pleasure network was activated.


    This network of pleasure, called the reward network, includes not only the nucleus accumbens housed in the limbic system, the oldest part of the brain, but also the auditory cortex located in the upper part of the temporal lobe as well as the orbito-frontal cortex. These last two cortical regions (the auditory and orbito-frontal cortices) are more developed in the human brain than in animals and are essential to music.
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    We now understand the mechanisms by which music can evoke highs, described to be as powerful and exhilarating as those caused by drugs, hence the expression: “Sex, drugs and rock & roll”. In fact, if you ask students to say what gives them the most pleasure in life, they choose music just after sex and sun, and well before food and sleep (3).


    Music could act on the brain in a similar way to direct electrical stimulation of the nucleus accumbens in rats (4). When a rat can choose to electrically stimulate its own nucleus accumbens by pressing a lever connected to this deep structure of the brain, it does this compulsively and even loses all desire to feed itself. This discovery, also made in Montréal, is now a classic in neuroscience. Note that humans seem able to measure their pleasure when it comes to music. We don’t know of any cases of music abuse!


    Seeking out the pleasure associated with music is probably one of the strongest motivators to learn to play it. By making learning pleasant, memory for the music and the skills required to perform it, as well as motivation to repeat the experience, are encrypted in the brain, in part by the action of dopamine.
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CHAPTER 2

Born musical


Did you know that the newborn’s brain responds to music with discernment? All of the large bundles of brain connections are in place, and some specialized networks aimed at organizing the pitches (melody and harmony) and durations (beat and meter) of sounds are already active.

Research carried out in Milan on the brains of newborns from 1 to 3 days old by Daniela Perani’s team reveals a remarkable sophistication of the auditory cortex of the right cerebral hemisphere in response to music (1). Newborns are swaddled, fitted with headphones and placed in a basket in a magnetic resonance scanner. Most of them sleep while classical music excerpts (from Bach, Mozart, or Schubert) are presented in their original form or in a modified version. The modification is quite subtle and consists of either a sudden change of key (thus destabilizing the organization of the pitches, the harmony) or a displacement of the melodic line from the accompaniment (thereby creating dissonance). Sudden violations of the rules of harmony or incongruous additions of dissonance activate the right auditory cortex of the newborn more than the left.

The hierarchical organization of pitches, which refers to tonality, scales and harmony, is a system of rules difficult to summarize in a few words. Since these rules have been unconsciously assimilated, the reader without music theory vocabulary will wonder what language is spoken here. Let us continue this analogy with language. In a sentence, some words are more important than others. Knowledge of the language even makes it possible to guess the words that the other has not yet said. The same goes for music. Some notes, like the tonic, which defines the key in which the piece is played, are more important than others, and all the other notes used in the piece must be related to the tonic in some way; we speak of hierarchy. The tonic is often repeated and usually ends the piece, giving a sense of stability. The brain thus constructs a hierarchical organization of notes and chords, a kind of interpretation, about the correct relationships between different notes and chords without these notes (or chords) necessarily following each other in the piece.

Sudden violations of this hierarchical pitch structure are easily detected by adults, whether or not they have musical training. This type of violation sounds like a flagrant error. In the baby who has not yet been exposed to much music, the response of her auditory cortex to these violations of harmony is surprising. This discovery indicates that the human brain is pre-wired to organize sounds into a hierarchy.

The sophistication of the newborn brain response is not limited to the pitch structure of music, but extends to the perception of its beat. Indeed, from birth, the newborn’s brain reacts to the omission of a strong beat in a rhythmic percussion sequence (2). To infer that a beat is strong or weak, one must be able to track the musical pulse and build a hierarchy, called meter. Think of the ticking of the clock whose sounds have the same intensity and are regular. You might perceive the tick as stronger than the tock. However, nothing in the physics of sound leads you to perceive this. It’s your brain that interprets the tick-tock that way. The same is true for music: the pulsation is not always marked physically and yet you perceive a pulse. It is thought that the brain functions as an oscillator (or rather a series of oscillators) that aligns (or synchronizes) to sounds’ regularity.

[image: Illustration]

In the newborn, the tonal and metric interpretations of music derive not only from pre-wiring of the brain, but probably also from prior experience in utero. The fetus perceives the sound environment during the last trimester of gestation. The fetus will memorize the song “Twinkle, twinkle, little star” when it is presented repeatedly during the last trimester of pregnancy and will remember it for at least four months after the birth, and probably for life (3). Nevertheless, the fetus is much more exposed to its mother’s voice, heartbeat and digestion sounds than to music, even if its mother is a professional musician. Thus, the preparation of the brain to organize (and memorize) music seems innate, that is, dictated by genes.

[image: Illustration]

While the human brain is pre-wired for music, it is born immature in many ways. This rather long period of immaturity, relative to other animal species, may result from evolutionary pressure to allow the extremely complex human brain to transform itself through experience. The baby is indeed a prodigious learning machine.

 

Actually, the infant’s brain is not born to respond only to Western tonal music, let alone classical music. No, the baby is born with a brain that allows him or her to absorb all the music in the world.

 

Early musical abilities make it possible to extract the almost universal properties of music, such as: a small number of pitches (from 5 to 7 notes) in a piece, small unequal intervals between notes, and a limited number of durations marking regular times and grouping (4). These characteristics promote hierarchical organization, by giving certain sounds greater weight, and this is reinforced by repetition. The repetition of a motif, a melody or an accompaniment is widely used in music. This is not the case in other areas of cognition and is avoided in written prose. These universals facilitate the assimilation of all kinds of music. They reflect what the human brain can learn from music.

For example, American babies exposed to simple rhythms (4/4) will be more comfortable with these rhythms, unlike Turkish babies who are exposed to more complex rhythms (5/4). Nevertheless, the latter will prefer regular rhythms to artificially made irregular rhythms that do not exist in any culture (5). Similarly, infants will have difficulty detecting changes in scales in which intervals between successive notes have been made artificially equal, and which thus do not exist in any music (6). In short, the brain very early on shows a sensitivity to the structure of the surrounding music. This music is in turn constrained by the brain structure that generates it and delimits which music will be assimilable.

During the first six years of life, children learn the structure of the music of their culture, just as they learn the language, by exposure. This learning takes place spontaneously and without any special instruction, just like speech. Around the age of 6-7, at school age, they have developed musical intuitions that are comparable to those of an adult non-musician of the same culture.

The 6-year-old child, like the adult non-musician, therefore has intuitions about the hierarchical organization of pitches and durations, such that s/he “knows” when a note is wrong or off-beat. Nevertheless, the study of this unconscious knowledge is not easy in children. The researcher needs to use subterfuge, such as having puppets perform music.

At 5 years of age, a child is able to judge which puppet has the best song or follows the rhythm better (1,2). In doing so, s/he shows assimilation of the conventions that govern the structure of Western music. S/he “knows” that a note is wrong and doesn’t fit the scale in which the piece is written (melody) or that a chord sounds wrong (harmony). However, a 4-year-old is unable to choose the best puppet, yet the recording of his or her brain activity clearly signals the assimilation of these rules. The 4-year-old’s brain responds as clearly as the 5-year-old’s brain to violations of these rules. In short, the 4-year-old child is already a musical expert, without knowing it and without “making it known”.

In general, there is a gap between perception and production. Perception seems to be controlled earlier than expression. For example, young children will move to the rhythm of the music, but their synchronization with the beat is not precise and limited to relatively fast music. Similarly, the accuracy of singing will improve during childhood to reach that of adults around the age of 10 years. The development of motor skills is slower than that of the cognitive systems which guide perception and memory. In short, understanding the musical structure largely precedes being able to produce the same structure.

It is probably at this level, through dance and singing and playing instruments, that musical education takes on its full importance. Music education can lead children to better express their musical intuitions, by guiding precision in music production through stimulation and imitation.
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