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    I’ve been obsessed with the guitar since I was twelve. In many ways my life has been one long conversation about the guitar, interrupted only by the countless hours of

    deep pleasure I have playing the darn things, as well as some less pleasant time spent doing what needs to be done so that I can get back to playing and chatting about them.


  




  —Perry Beekman, jazz guitarist




  First you learn your instrument, then you learn the music, and then you forget all that s**t and just play.




  —Charlie Parker
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    TUNING UP


  




  What Does It Take to Become Musical?




  Are musicians born or made?




  All my life I wanted to become musical, but I always assumed that I never had a chance. My ears are dodgy, my fingers too clumsy. I have no natural sense of rhythm and a lousy sense of pitch. I

  have always loved music but could never sing, let alone play an instrument; in school I came to believe that I was destined to be a spectator, rather than a participant, no matter how hard I

  tried.




  As I grew older, I figured my chances only diminished. Our lives, once we finish school, tend to focus on execution rather than enrichment. Whether we are breadwinners or caretakers, our success

  is measured by outcomes. The work it takes to achieve those outcomes, we are meant to understand, is something that should happen quickly and behind closed doors. If the conventional wisdom is

  right, by the time we are adults it’s too late to learn anything new. Children may be able to learn anything, but if you wanted to learn French, you should have started when you were six.
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  Until recently, science supported this theory. Virtually everybody in developmental psychology was a firm believer in ‘critical periods’ of

  learning. The idea is that there are particular time windows in which complex skills can be learned; if you don’t learn them by the time the window shuts, you never will. Case closed.




  But the evidence for critical periods is surprisingly weak. Consider, for example, the often-cited case of Genie, an unfortunate girl who was locked in a silent room for many years. When Genie

  escaped at the age of thirteen, she was exposed to language for the first time, and she was never able to become fluent. Her vocabulary was good enough to get her started, but her grammar was a

  mess, filled with utterances like ‘Spot chew glove’ and ‘Applesauce buy store’. Does this mean that Genie’s critical period for language had passed? Most people

  interpret her case that way, but another explanation, less often considered, is that Genie’s inability to learn language may have come in part from the emotional trauma (and perhaps

  malnutrition) she had suffered early on. Her case is consistent with the critical period hypothesis, but it certainly doesn’t prove it.




  The more people have actually studied critical periods, the shakier the data have become. Although adults rarely achieve the same level of fluency that children do, the scientific research

  suggests that differences typically pertain more to accent than to grammar. Meanwhile, contrary to popular belief, there’s no magical window that slams shut the moment puberty begins. In

  fact, in recent years scientists have identified a number of people who have managed to learn second languages with near-native fluency, even though they only started as adults.




  If critical periods aren’t quite so firm as people once believed, a world of possibility emerges for the many adults who harbour secret dreams – whether to learn a language, to

  become a pastry chef, or to pilot a small plane. And quests like these, no matter how quixotic they may seem, and whether they succeed in the end or not, could bring unanticipated benefits, not

  just for their ultimate goals but for the journey itself. Exercising our brains helps maintain them, by preserving plasticity (the capacity of the nervous system to learn new

  things), warding off degeneration, and literally keeping the blood flowing. Beyond the potential benefits for our brains, there are benefits for our emotional well-being, too. There may be no

  better way to achieve lasting happiness – as opposed to mere fleeting pleasure – than pursuing a goal that helps us broaden our horizons.
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  Still, from primary school onward, every musical attempt I made ended in failure. The first time I tried to play guitar, a few years ago, my friend Dan Levitin (who had not yet

  finished his book This Is Your Brain on Music) kindly offered to give me a few lessons. When I came back to him after a week or two of practice, he quickly realized what my primary school

  teachers had realized long ago: that I had no sense of rhythm whatsoever. Dan offered me a metronome, and when that didn’t help, he gave me something my teachers couldn’t – a

  diagnosis: congenital arrhythmia.




  And yet I never lost the desire to play. Music hasn’t been studied as systematically as language in terms of critical periods, but there are certainly artists who started late and still

  became first-rate musicians. Tom Morello – guitarist of Rage Against the Machine and Rolling Stone magazine’s twenty-sixth-greatest guitarist of all time – didn’t

  start until he was seventeen. Patti Smith scarcely considered becoming a professional singer until she was in her mid-twenties. Then there is the jazz guitar legend Pat Martino, who relearned how

  to play after a brain aneurysm at the age of thirty-five, and the New Orleans keyboard legend Dr John, who switched his primary allegiance from guitar to piano at age twenty-one (after his left

  ring finger was badly injured in a barroom fight) and won the first of his five Grammy Awards at forty-eight.




  Given my arrhythmia, I had no aspiration of reaching such heights, but at thirty-eight, long after I had completed my PhD and become a professor of cognitive psychology, I

  realized that my desire to become musical wasn’t going away. I wanted to know whether I could overcome my intrinsic limits, my age, and my lack of talent. Perhaps few people had less talent

  for music than I did, but few people wanted more badly to be able to play.
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  My first ray of hope came, oddly enough, from a video game, which I bought with the idea that it might improve my rhythm. The game I am referring to is, of course, Guitar

  Hero, perhaps the most mindless yet entertaining game I have ever played. In case you haven’t seen it, the basic premise is that coloured dots fall from the top of the screen, in time

  with music, and as a player your mission consists of nothing more than the pressing of matching coloured buttons on a plastic guitar in time with the falling dots.




  What makes it fun is that the game plays a snippet of music each time the player presses a button at the right moment, yielding the illusion that the player is actually playing a song.




  Or not. If one’s timing is bad enough (as mine was initially), you hear a beep instead of the musical snippet, and worse, the crowd begins to boo. Play badly enough, and the crowd boos you

  off the stage. I know this rather too well, because every time I tried to play the opening song – a regrettable piece of 1970s blues rock called ‘Slow Ride’, by Foghat – the

  crowd soon began to boo, louder and louder, until the song stopped midway through, inevitably accompanied by the rather brutal and unimaginative message informing me that I had

  ‘failed’. As the failures piled up, I was brought back to fourth grade – year five – when I had tried to learn to play the recorder (a sort of poor man’s flute that

  was popular in the Baroque era) and was so musically naive I couldn’t get past ‘Mary Had a Little Lamb’. Guitar Hero might be a poor substitute for

  real guitar, but for a musical dunce like me even Guitar Hero seemed out of reach; I soon packed the game away and returned to my ordinary life.




  But then a funny thing happened. My wife, Athena, returned home from a trip to see friends and raved about how much fun she’d had playing a counterpart to Guitar Hero called Rock

  Band.
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  Our copy of Guitar Hero came out of the closet, and thus my new life began. Trying again, but this time with the benefit of Athena’s feedback (telling me when I was

  pressing the buttons too early versus when I was pressing too late), I finally managed to play ‘Slow Ride’ all the way through, with nary a boo. I was so excited I could barely speak.

  My first taste, ever, of quasi-musical success – it was nothing short of intoxicating.




  For weeks, I kept practising, and soon I started getting better and better. I never made it to expert mode, but I eventually got through medium and became obsessed with a different question. I

  didn’t want to while away my later years playing a video game, but if I could make progress with a plastic controller, could I learn to play a real guitar? I began to wonder: Could

  persistence and a lifelong love of music overcome age and a lack of talent? And, for that matter, how did anyone of any age become musical?




  It was time to find out.
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  To an alien scientist, music – and the desire to create it – might be one of the most puzzling aspects of humanity. Any species, for instance, would presumably have

  a metabolism, and any reasonably intelligent species would likely also have a system of communication; eventually we would expect it to develop systems of government and law, too. But would such creatures also revere patterns of sound that vary over time? I wonder, would they have any desire to make their own music?




  Someday, maybe we will find out, but for now, one thing was clear: my own desire to make music was undeniable. I had reached the point where it felt like it was now or never. I began to read up

  on the scientific literature. How did children learn music? Were there any lessons for adults?




  To my surprise, although children had been well studied, there was hardly any systematic research on people my age. Nobody seemed to know much about whether adults could pick up an instrument

  late in life, and it wasn’t just music that we knew little about; the literature on the capacity of adults to learn new skills in general was far sparser than I had imagined. We know

  something about gradual declines in memory, but the only truly firm result I could find with respect to the late learning of music in particular concerned perfect pitch (the ability to identify a

  single note in isolation). For that, one must indeed start early, but lucky for me and anyone else starting late, it is also quite clear that perfect pitch is more luxury than necessity. Duke

  Ellington didn’t have it, and neither did Igor Stravinsky (nor, for that matter, did Joey Ramone).




  Several other studies show some kind of advantage for music learners who began earlier in life over adults who began later, but most of those don’t control for total amount of practice.

  When it came to other aspects of music, such as the ability to improvise or compose, or even to learn a simple melody, there was almost no compelling literature. Although any number of studies have

  shown that the more you practise the better you get, startlingly few have compared what happens when people of different ages get the same amount of practice.




  How could such a basic scientific question remain so unanswered? I wondered about this for months, until Caroline Palmer, a soft-spoken but exceptionally clear-thinking professor of psychology

  at McGill University in Montreal, finally explained the answer to me. The problem wasn’t a lack of scientific interest; it was a lack of subjects. To learn a musical

  instrument, you need to put in a lot of work – ten thousand hours is an oft-mentioned (if somewhat oversold) number – and to do a proper study, you’d need a reasonably large

  sample of participants, which is to say a big group of adult novices with sufficient commitment. Nobody has studied the outcomes of adults who put in ten thousand hours of practice starting at age

  forty-two because most people of that age have lives and responsibilities. Your average forty-two-year-old might go to lessons once or twice a week, but eventually the burdens of a child, a job, or

  an ageing parent often take over; few adult learners of music are prepared to invest the kind of time that a teenager has. No subjects, no science.




  At that point, I decided to become a guinea pig. I couldn’t ethically force other adults to practise for ten thousand hours, but I could experiment on myself. As it happened, I had a

  sabbatical coming up, which would give me more free time than usual, and I decided to see what would happen if I devoted myself to music full-time, for a month or two – or as long as I could

  stand. If someone as tuneless as I could make progress, perhaps there was hope for anyone.
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  At the outset of my journey, one study in particular gave a glimmer of hope.




  For years, the strongest scientific evidence for critical periods came not from humans but from animals. To properly establish the existence of a critical period, one needs to do an experiment

  in which young animals are raised in a carefully controlled environment.




  In the literature on critical periods, one of the most influential experiments came from raising barn owls. Barn owls, as it happens, are a little like bats: they rely heavily on sound to

  navigate. At the same time, however, they can see better than bats typically do, and one of the first things they do after hatching is to calibrate their eyes with their ears,

  lining up what they hear with what they see. This allows them to use sound cues to help them navigate in their dark nocturnal world. But exact mapping between eyes and ears cannot be hardwired at

  birth, because the navigational function of the auditory information depends on the exact distance between the two ears, and that distance changes as an animal grows.




  How do owls manage to calibrate the visual world with the auditory world? The Stanford biologist Eric Knudsen explored this question by raising owls in a kind of virtual reality world, in which

  prisms shifted everything by twenty-three degrees. This disrupted the owl’s normal capacity to see and forced the owl to adjust its internal map of the visual world. The earlier the prisms

  were installed, the better the owls were able to cope with the altered world. Young owls could easily learn to compensate for the distortion, whereas old owls could not.




  If that were the only paper I had read, I would have given up on the guitar right there. But I soon stumbled on a more recent study, less widely known, in which Knudsen discovered that older

  owls weren’t entirely hopeless after all. Although Knudsen’s original results still stand – adults definitely aren’t as flexible as baby owls – adult owls can often

  get to the same place, so long as their job is broken down into smaller bite-size steps. Adult owls couldn’t master twenty-three degrees of distortion all in one go, but they could succeed if

  the job was broken down into smaller chunks: a few weeks at six degrees, another few weeks at eleven degrees, and so on.




  Maybe I didn’t have talent, and maybe I was old (or at least no longer young), but I was willing to take it slow. Could adults like me acquire new skills if we approached them bit by bit,

  owl-style?
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  This book is about how I began to distinguish my musical derriere from my musical elbow, but it’s not just about me: it’s also about the

  psychology and brain science of how anybody, of any age – toddler, teenager, or adult – can learn something as complicated as a musical instrument.




  What does it take to learn to play an instrument? What makes learning new skills so labour-intensive, when learning to talk seems so easy and so natural? Do children really have an advantage?

  Can adults make up for any disparity with directed practice?




  Along the way, I marvel at the wonder that is music and the human desire to create and enjoy it. I take a look at the nature of music itself and how it evolved culturally and biologically. I

  explore what separates true experts from mere amateurs and debunk the myth of a ‘music instinct’ yet show that talent really does exist.




  At the same time, I ask whether learning music makes people smarter and investigate what it takes to be a good teacher. Should parents encourage their children to play real musical instruments,

  or should they relax and let their kids play Guitar Hero instead?




  With a guitar in one hand and a laptop in the other, I set out to understand the limits of human reinvention and how humans, young and old, talented or otherwise, become musical.
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    TAKE ME TO THE RIVER


  




  Forming a Plan




  Between my age and my manifest lack of talent, it was clear that a bite-size approach was in order. Knowing what I do about language from my day job

  as a developmental psychologist, I also strongly suspected that my only realistic hope of learning to play an instrument was to become completely immersed. I figured that I had no more chance of

  becoming musical by playing three minutes every other week than I had of learning to fly. Children who learn second languages in immersion programmes do vastly better than children with more

  occasional exposure, presumably because it takes the human brain a great deal of exposure to learn anything complicated, and we tend to forget the new stuff if we take too long between practice

  sessions to consolidate what we’ve learned. It is no accident that popular music education paradigms like the Suzuki method are based on immersion, and there is no reason to expect that

  adults would be exempt from the need for high doses of regular exposure.




  Why is it that skills like music require such profound dedication?
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  The cognitive psychologist Anders Ericsson, the world’s leading expert on expertise, mentions two vital keys to becoming an expert in any domain. The first is a tonne of

  practice. The oft-quoted figure ‘ten years’ or ‘ten thousand hours’ is based on Ericsson’s research into experts in domains ranging from chess to violin. This is not

  to say that one gets nowhere with five thousand hours, but there can be no doubt that there is a strong correlation between practice and skill.




  But practice alone is not enough. Hundreds of thousands of people took music lessons when they were young and remember little or nothing.




  The second prerequisite of expertise is what Ericsson calls ‘deliberate practice’, a constant sense of self-evaluation, of focusing on one’s weaknesses rather than simply

  fooling around and playing to one’s strengths. Studies show that practice aimed at remedying weaknesses is a better predictor of expertise than raw number of hours; playing for fun and

  repeating what you already know is not necessarily the same as efficiently reaching a new level. Most of the practice that most people do, most of the time, be it in the pursuit of learning the

  guitar or improving their golf game, yields almost no effect. Sooner or later, most learners reach a plateau, repeating what they already know rather than battling their weaknesses, at which point

  progress becomes slow.




  Ericsson’s notion of practising deliberately, not just fooling around but targeting specific weaknesses, bears some relation to an older concept known as the ‘zone of proximal

  development’, the idea that learning works best when the student tackles something that is just beyond his or her current reach, neither too hard nor too easy. In classroom situations, for

  example, one team of researchers estimated that it’s best to arrange things so that children succeed roughly 80 percent of the time; more than that, and children tend to get bored; less, and

  they tend to get frustrated. The same is surely true of adults, too, which is why video game manufacturers have been known to invest millions in play testing to make sure that

  the level of challenge always lies in that sweet spot of neither too easy nor too hard.
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  My own journey began with what we call in my trade a pilot study – a relatively small-scale exploratory study to see whether further investment might plausibly pay off:

  two weeks, at the end of August. My wife’s family owns a lakeside cottage in Canada, which we visit nearly every summer, and I decided that this summer I would devote those two weeks to music

  and nothing else. Fresh from my modest success with Guitar Hero, six months shy of my thirty-ninth birthday, I decided that now was the time.




  To our annual summer retreat I brought nearly every piece of musical equipment I owned. Just because I couldn’t play didn’t mean I couldn’t buy. I had a Casio keyboard, a cheap

  acoustic guitar (an eBay special), and a small pile of books on music, including Play Piano in a Flash! and The Complete Guitar Player, along with a pile of ear-training applications

  on my mobile phone. And I was serious about the immersion: I practised every day, two, three, four, even six hours a day, roughly half on piano, half on guitar. Because I was a complete beginner,

  my goal was simply to become acquainted with some of music’s most basic elements, individual notes and, especially, chords, which are combinations of three or more notes played

  together.1
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  The rudiments of piano came relatively easy; guitar was brutal. On piano, it’s easy to find the notes and form the basic chords. Every twelve keys

  the same fundamental pattern repeats. The white keys play the notes C, D, E, F, G, A, and B before repeating; the black keys in between play the so-called sharps and flats, such as C-sharp and

  B-flat. Place your fingers on C, E, and G, and with those three notes you’ve formed your first chord, the C major triad. With a pair of simple rules it became relatively easy to play any of

  the major and minor chords. One can always form a major chord, for example, by starting with some particular note, known as the root, and then counting four keys (both black and white included) to

  the right, and then heading up three more.




  C major, for example, is formed by starting with C, heading to E, and ending with G.
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  Following the same rule but starting from D, one counts up to F-sharp and A, yielding the three notes in the chord of D major: D, F-sharp, and A. It seemed so simple.




  As straightforward and mathematical as piano is, I knew it wasn’t the instrument for me. I had spent enough of my life at a keyboard already. Something about the physical intimacy of

  plucking guitar strings called to me. The guitar was obviously going to be harder to break into, but within a week or two I was convinced that it was the instrument I really wanted to play.
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  At first, I regretted my decision. Everything, even something as simple as playing a single note all by itself, seemed harder on the guitar. Whereas playing an isolated note on

  a piano requires nothing more than striking a key, playing a single note on the guitar (unless it’s a so-called open string) generally requires two actions, one from each hand, coordinated in

  synchrony.




  For a right-hander such as myself, the left hand does the job known as fretting, which means holding down the right set of strings at the right time at the right place along the neck of the

  guitar. Frets are the thin metal wires that run across the narrow width of a guitar’s neck. The left hand’s mission is to clamp the strings down, close to the upper side of a given fret

  – not halfway between frets, as a beginner might imagine – so as to minimize extraneous vibrations. Meanwhile, the other hand (right for a right-hander) has the job of plucking or

  strumming the strings. (At first this all seems backwards, since the weaker hand has to contort itself into all sorts of rapid shapes; it’s only when you start fantasizing about playing

  flamenco that you see how hard the job of the right hand can become.)




  Playing a chord is even more complicated, in part because you can play only one note on any given string at any one time; forming a chord requires you to form weird left-hand shapes that span

  across several strings. Even if you know the four-up/three-up mathematics of how to form a major chord on a piano, it’s often not at all immediately obvious where to find the requisite notes

  on the guitar; instead, the beginner has little choice but to memorize an obscure series of shapes. And even once one memorizes where one’s fingers are supposed to go, there is the by no

  means trivial matter of holding them all down at the same time, each perfectly aligned, without creating a foul noise known as fret buzz. For the first several weeks, that challenge alone seemed

  almost insurmountable; the idea of shifting my hand from one chord to the next in time with a song seemed almost comical.




  Yet somehow I remained undeterred. The weather by the lake was nice, and much to the amusement of my in-laws, I kept at it, practising every day – rarely appearing as if I had the

  slightest idea what I was doing.
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  My first real breakthrough came a couple weeks later, when, on a road trip to a family reunion in a small town in Vermont, I stopped in a music store and poked through its

  section of beginning guitar books. And it was there that I discovered David Mead’s Crash Course: Acoustic Guitar.




  For the next seven days, Mead’s book became my bible; I worked through it exercise by exercise. Mead had no magic bullets; the contortions of the hand that the guitar required remained

  difficult, but his ‘crash course’ broke guitar down into just the sort of bite-size morsels that an old owl like me could easily digest. It gave me a better sense of the basics of

  rhythm and helped me move beyond simple chords and isolated notes to grasp the significance of larger units, such as scales.




  Scales are ascending (or descending) sets of notes that fit together naturally, conveying a particular mood or feel, such as the happy major scale or the sadder minor scale. The most famous

  scale is the C major scale, represented by the white notes on a piano keyboard: C, D, E, F, G, A, B, and back to C (think do-re-mi-fa-sol-la-ti-do). As I was to discover later, different scales

  elicit different moods, in part because of the different relationships between notes and in part because each scale has its own set of strong cultural associations with different scales. The song

  ‘Happy Birthday’, for example, is an arrangement of notes from the major scale, while the haunting melody of the Rolling Stones’ ‘Paint It Black’ is an arrangement of

  a scale known as the harmonic minor.




  Among the scales a beginner might learn, one of the simplest is the bluesy minor pentatonic, which consists of just five notes. The minor pentatonic, I soon found out, is a

  mainstay of rock and roll and the blues, used in countless guitar solos, from Jimi Hendrix’s ‘Hey Joe’ to Dire Straits’ ‘Money for Nothing’. Soon it became a

  staple of my musical life – and a first hint that I might someday be able to make up my own music. Once I began to be comfortable with my first scales, my fumblings started to become faintly

  musical. My mother-in-law looked up. When she listened to my playing for the first time, even if it was only for a few seconds, I felt I was finally on to something.
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  Thus encouraged, I set aside all the books I was reading, stopped watching television, and devoted myself full-time to the pursuit of music. I committed myself to practising

  every day, even buying a travel guitar so that I could keep practising when I was on the road to give lectures, trundling it through train stations and airports from New Zealand to Abu Dhabi.




  And loved every minute of it.




  Learning about music soon became, for all intents and purposes, an addiction. Each new note, each new chord, each new scale, and each new rhythm brought me closer to something that I desperately

  longed for: the capacity to make my own music. Even basic observations like ‘the snare drum usually comes on the two and four’ came as revelations. When I read some new neuroimaging

  studies that suggested that new knowledge can bring the same sort of surge of dopamine one might get by ingesting crack cocaine, I could only nod my head in agreement. Pressing plastic buttons in

  time with someone else’s song was one thing; creating my own music another, an adventure that seemed to bring me into a new place altogether: meditative, beautiful, intoxicating.
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  Along with all that beauty came something else: a first step in what was to be a long process of rewiring my own brain.




  One of the first studies to examine the effects of musical practice on the brain came when a team of neuropsychologists led by the German neuroscientist Thomas Elbert combined an array of

  different brain-imaging techniques together in order to investigate what happens to the brain’s representation of fingers as a person learns to play an instrument.




  If you have taken a class in psychology or neuroscience, you may recall a famous picture that looks like this:2
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  The point of the illustration is twofold. First, the picture makes clear the fact that each part of the body has a specific piece of neural tissue assigned to it in the

  area of the brain known as the primary motor cortex; second, it also illustrates the fact that the exact amount of cortical real estate allocated varies from one body part to the next, with more

  sensitive areas getting more brain tissue. Fingers and lips get a lot, the back of the knee hardly any. (You can confirm this with the aid of a pin and a trusted friend. Close your eyes as the

  friend gently pokes you with the pin. In areas with heavy cortical representation, you will be able to easily discriminate closely spaced pinpricks; in areas with light cortical representation, you

  will sometimes be unable to distinguish two pinpricks that are close together but not identical.)




  Earlier work by Michael Merzenich and others had shown that the boundaries between these areas aren’t entirely fixed; a monkey that lost its middle finger, for example, might reallocate

  some of the primary cortex that was assigned to its middle finger to an adjacent finger. Similarly, in people who are born congenitally blind, the brain sometimes winds up taking some of the neural

  tissue that would normally be used for vision and using it for hearing. Could music practice similarly rewire the brain?




  Indeed it could. Focusing on nine string players (six cellists, two violinists, and a guitarist), Elbert and his team discovered that string players dedicated an unusually large amount of

  cortical representation to the fingers of their note-selecting left hands, likely yielding two benefits. First, it gives string players greater control of their fingers, and second, it may make

  them more sensitive to the feedback that their fingers receive, allowing them a more precise mental picture of where their fingers are, and even of how taut a given string is – vital for

  playing with the correct touch.




  Since then, dozens of studies have furthered Elbert’s basic conclusion, that the brains of musicians differ from those of nonmusicians, and not just in the sensorimotor cortex but also in

  other brain areas such as the planum temporale (an area just behind the auditory cortex that is implicated in pitch perception), the cerebellum (implicated in rhythm), and the

  anterior (frontward) part of the corpus callosum, the thick set of fibres that connects the two sides of the brain, perhaps because of its role in coordinating the left and the right hands.




  In keeping with these physical differences, the brains of musicians respond more sensitively to slight deviations in musically relevant parameters such as pitch, rhythm, and timbre (the sonic

  properties differentiating one instrument from the next, such as the sound of a violin versus the sound of a flute). The differences between musicians and nonmusicians depend in part on a

  musician’s instrument of choice; the brains of violinists are especially sensitive to the sounds of violins, and the brains of trumpeters appear to be specialized for trumpet. Opera singers

  show specializations in the part of the primary somatosensory cortex that represents vocal articulators and the larynx. (One can only wonder about Prince, who has been known to play guitar,

  keyboards, bass, drums, saxophone, and harmonica.)
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  These studies all raise an important question, especially salient for a beginner like me: Are musicians’ brains different because they are born that way or because of all

  the hours they put into practising? With respect to initial differences (which could represent a physiological basis for what is colloquially known as talent), nobody yet knows for sure, but one

  recent study made it very clear that practice does indeed at least contribute to neural differences.




  A team led by the Harvard neuroscientist Gottfried Schlaug tracked two groups of children for two years, starting at the age of five, half of whom were taking lessons in a musical instrument

  (piano or violin) and half of whom weren’t. At the outset, there were no apparent differences between the children who took lessons and those who didn’t. Just

  fifteen months later, there were already clear neural changes: children who took lessons – especially those who had practised extensively – showed greater growth in the brain regions

  that control hand movements, in the corpus callosum, and in a right primary auditory area known as Heschl’s gyrus. Practice might not make perfect, but it definitely has an effect on the

  brain.




  Of course, evidence for practice is not evidence against inborn talent. Schlaug might have the best evidence for the importance of practice, but he still leaves room for talent, too. When I

  asked him about his own children, he didn’t hesitate. Practice matters, he said, but it was still important that each child find a musical instrument that was a good fit to his or her innate

  talents. In all likelihood, the brains of musicians differ from those of less musical counterparts for two reasons, not one: both practice and talent.




  Brain studies have, of course, reflections in behaviour. It’s not just that musicians have thicker corpora callosa; it’s that their brains are better at comprehending music, in

  processes such as detecting differences in pitch and slight variations in rhythm. In the brain-imaging study of five- to seven-year-olds, the magnitude of children’s brain changes correlated

  with the size of behavioural changes. In tests of motor skills and melodic and rhythmic discrimination, children who took music lessons quickly overtook children who didn’t, and the children

  who showed the most improvement on these tasks were the ones whose brains changed the most.
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  All told, aspiring musicians must master at least three distinct sets of skills. They must develop their ears and brains so that they can recognize melodies (the basic tunes

  that serve as a song’s foreground) and harmonies (which serve as accompaniment). They must master time, tempo, and rhythm. And they must harmonize their muscles, coordinating their two hands together at a rate that on a piano can approach eighteen hundred notes in a minute (in complex chords, wherein every digit of both hands works full-time).

  The kicker is that ultimately all of these skills must be so well integrated that they can all be performed simultaneously, and continuously, throughout the course of any individual piece of

  music.




  Engineers might call this taxonomy a task analysis; I’d call it a gigantic challenge. The sheer amount of brain rewiring that must be done is almost overwhelming. I wished desperately that

  there were shortcuts to all that neural rewiring, but as a cognitive psychologist I knew better. Playing smoothly would entail rewiring my whole brain, from my temporal lobes to my prefrontal

  cortex, and there was no way around that. It was time to get cracking.
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    LEARNING TO CRAWL


  




  Is Music Built into the Brain?




  Even before a baby first sees the light of day, he or she is likely to have been surrounded by music for months. To be sure, the sound quality is

  kind of dismal. Bass sounds are relatively audible, but most of the treble gets lost in the amniotic fluid that surrounds the growing foetus; it is almost as if the baby were listening to music

  from the bottom of a swimming pool. Still, lo-fi is better than no-fi. The process of learning about sound and music starts long before the baby begins to breathe on its own. Even putting aside

  whatever filtered sounds pass through from the outside world, there’s plenty to listen to: heartbeats, breathing, and the regular modulations of the expecting mother’s voice, which

  travels on the inside in part through bone conduction. And by the end of the final trimester, the growing foetus begins to take in at least some of what comes through.




  Whether as a product of genes or early experience, or (more likely) both, some of the precursors of human musicality emerge very early in life. But how much of music is wired into our genomes?

  And how much of our musicality is hard-won, through lessons, practice, and listening?
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  It is very popular these days to talk about humans as if we were born with a ‘music instinct’, akin to the language instinct that Noam Chomsky and Steven Pinker

  suggest we are born with.




  But what is popular is not always true. At first glance, the notion that we might be born with a music instinct seems pretty plausible. In one study, for example, the Hungarian neuroscientist

  István Winkler showed that the brains of sleeping newborns could make a first step toward recognizing so-called relative pitch, in which music is understood not in terms of exact frequencies

  but in terms of the gaps between notes. When infants heard large musical leaps amid a series of smaller leaps, their brains displayed a common measure of surprise.




  In another study, Winkler and his associates showed that the brains of awake newborns responded differently to the sudden absence of bass kick drum in an otherwise repetitive four-beat-long drum

  pattern. In a third study, they found that infants’ brains appear to recognize changes in timbre, or when a single pitch is played by more than one instrument. We also know newborns can

  distinguish consonance (in which the notes of a chord blend together smoothly) from dissonance (in which the notes of a chord clash). But these rudiments aren’t the same as a genuine

  understanding of music, which unfolds more slowly, over the weeks, months, and years that are yet to come.




  Another early milestone arrives by about the age of two months, a first aesthetic preference: by then, infants have begun to prefer listening to consonance rather than dissonance, and not

  just to distinguish between the two. (Intriguingly, one study suggests that infant chimpanzees, too, may prefer consonance to dissonance, even though their overall interest level in music is low,

  perhaps suggesting that the difference between consonance and dissonance has more to do with the dynamics of how primate brains work than with anything intrinsic to music per

  se.)




  By around six or seven months, infants start to become sensitive to the shapes of melodies. Given enough exposure, they can detect when a note has changed, recognize a short melody even when it

  has been transposed upwards or downwards in pitch, and sometimes remember melodies for weeks.




  In some ways, young infants can even find themselves ahead of adults, especially in making fine auditory distinctions. One study, for instance, suggests that ten-month-olds are better able than

  adults to notice deviations in rhythms that aren’t common in their own culture, a finding that has a direct parallel in language, where young infants are sensitive to some linguistic

  distinctions that adults in their cultures can’t recognize. Young Japanese children, for example, might distinguish the sounds of l versus r where their parents can’t.




  A few researchers have even argued that babies are born with perfect or absolute pitch, that is, the capacity to recognize the exact frequency of any given note, at least in relatively unmusical

  sequences of notes. But such observations are controversial, and babies certainly don’t have absolute pitch in the sense that some trained musicians do. Trained adults with absolute pitch can

  not only recognize a note but name it; no infant can do the same. (And of course many infants grow up to be tone-deaf or rhythmically impaired, perhaps because of a confluence of genes and

  inadequate musical experience – whereas virtually all normal children manage to master their native language.)
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  Where does all of this leave the idea of a music instinct? Although for most children, most of the time, the rudiments of both rhythm and pitch are in place by the end of the

  first year of life, a small initial sensitivity to rhythm and pitch does not a symphony make. When it comes to the notion of humans being born with a ‘music

  instinct’, there are in fact several reasons for scepticism.




  First and foremost is the fact that no matter which rudiments of music might be inborn, for most people it is a long, hard slog from there to anything recognizable as systematic music. Even if

  it takes your average baby only a few months to recognize some of the basic rhythms of his or her own culture’s music, most children don’t really work out the fact that there are

  discrete notes until they are at least two – if then. Notwithstanding the occasional five-year-old prodigy who possesses the rare phenomenon of perfect pitch and manages to learn to play

  piano by ear, most children struggle early on.




  When it comes to singing, for example, toddlers often warble between notes without landing in any particular spot, yielding a kind of out-of-tuneness that sounds a bit like a beginning

  violinist. Eventually, most (but not all) children start to grasp the general contours of songs, such as when a song starts high and ends low, but even then most children often miss many of the

  individual notes. (In my own case, pitch was a complete mystery; I remembered songs by their lyrics, but I was largely oblivious to the tune.)




  It also takes our ears years to develop. Even basics, like recognizing that major chords tend to sound happier and minor chords sound sad, can take many children until the end of the nursery

  years. More subtle capacities, like detecting chords that are merely unexpected rather than blatantly out of key, develop at an even slower pace. Children also have trouble paying attention to a

  background harmony that looms behind a foreground melody and may not even notice if the background harmony is dissonant.




  Rhythm is no easier, as anyone who’s ever been to a nursery school performance can attest. Although babies can bop along to music by the time they’re seven months old, they

  can’t bop in time to music until a few years later. In the final analysis, children’s first efforts to sing, which is often their first attempt at producing

  music, are often admirable but rarely especially musical. Even when children reach primary school, about half still understand only the broad contours of songs, rather than seeing songs as

  collections of specific pitches; a precise sense of melody comes late, in primary school for many children (and much later, if ever, for people less gifted). Mastering the ability to stay in key

  often takes years. In the polite but damning words of one academic article, ‘children enter school with a clear disposition towards learning the words of songs [that] is not matched by an

  ability to learn and reproduce the melodic components of [those] songs’. And for some of us, these struggles persist well into adulthood. When I started this whole project, my wife described

  my efforts at singing as ‘cute but tuneless’. (As I later discovered, I was not alone: at least 10 to 15 percent of the population never learn to sing in key.)
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  Compared with some other creatures, such as songbirds like the zebra finch, human beings just aren’t that impressive in their early years. By the time a young zebra finch

  reaches the age of ninety days, it has learned to sing its own song, styled on one it hears from a tutor, with a solid sense of rhythm and pitch – and the young zebra finch manages all of

  this without any obvious correction or feedback. Few humans can say the same. Whereas nearly every three-year-old masters his or her native language, there are plenty of thirty-three-year-olds who

  can’t sing their way out of a paper bag. There is also some evidence, for example, that birds have a better sense of pitch than most humans. At the same time, humans can lead perfectly normal

  lives without being musical. Theodore Roosevelt, twenty-sixth president of the United States, is said to have been amusical, and Sigmund Freud may have been, too. A male zebra finch that was unable

  to sing would be hard-pressed to find a mate.




  All of this is a bit bad for the hypothesis that we are born with a music instinct. Even worse is the enormous challenge that most of us face in our efforts to master

  musical instruments. Although there are legions of six-year-olds trying to play violin, the vast majority don’t sound that good to anyone but their blood relatives. Drummers typically take

  years to learn to move their limbs independently, and guitarists (as I was starting to realize) take many moons to learn to change chords smoothly. Humans clearly have much more innate interest in

  music than do chimpanzees or monkeys, but compared with your average starling or mockingbird, human children are nowhere near the front of the class.




  Where we excel is later; if we humans set our minds to it, we can do almost anything intellectual better than our animal kin. Drawing on our gifts of language, culture, teaching, and leisure

  time, we can get really good at something if we work hard at it; no songbird will ever compose the symphonies of Bach or Beethoven. But saying that the most talented among us can produce great

  works of art if they devote their lives to that pursuit is not the same thing as saying that the average Joe is genuinely born with a gift for music. A good analogy might be skiing: human beings

  can surely learn to zip down bumpy snow-covered hills at high speeds – if they put the practice in – but that doesn’t mean we are born knowing how to carve around moguls.
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  In hindsight, the idea that the conventions of music are largely learned rather than hardwired shouldn’t entirely come as a surprise. In linguistics, there are many

  candidates for detailed and specific aspects of language that might be cross-culturally universal, like parts of speech. In music, by contrast, universals are few and far between – and often

  very weak. Most music may, for example, revolve around some sort of central sound, but the Western notion of ‘tonality’ is hardly typical. Scales generally contain no more than six or

  seven notes (possibly as a function of human memory limitations), but the common chromatic scale has twelve, and some composers have experimented with dividing the scale into

  nineteen equal divisions. Most music is organized around rhythms, but recitatives are not. Even something as seemingly basic as a melody in which notes change from one pitch to another over the

  course of a song is not common to all forms of music; some music is based almost entirely around rhythm, with pitch at most an afterthought. Indeed, some of the things that modern listeners take

  for granted – like major and minor chords, and the whole notion of harmony – are absent in many of the world’s musical systems. There’s a case to be made for a strong

  universal grammar, but there may be little that is specifically innate about music.
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  If music is something that we learn, rather than something that falls directly out of a hardwired instinct, that still doesn’t mean that babies must start their musical

  voyages from scratch. Among all the species on our planet, humans are special in many ways; we may not be the strongest or the fastest, but we are exceptionally good at repurposing old bits of

  brain tissue towards new tasks. Reading, for example, is not innate, and was not directly selected for over the course of our evolution; it’s only about five thousand years old, and our

  species has a history that goes back millions of years. But reading draws on a set of circuits that predate reading itself, like circuits for detecting the sounds of words, recognizing fine

  visual detail, and drawing connections between different senses.




  When we listen to music, we start with circuits in the temporal cortex of the brain (more or less behind the ear) that we share with virtually all other primates, ranging from monkeys to

  chimpanzees. Whether you are predator or prey, a good sense of pitch and of how sounds change over time can help you navigate and identify danger. Consistent with this notion of our brain

  repurposing old circuitry for music is the fact that the brain’s tools for acoustic differentiation are far more precise than would be necessary for music alone. The

  upshot is that even if we aren’t born to listen to music, we are well stocked with tools that can help make that job manageable.




  In all probability, humans’ capacity for acquiring music probably derives not just from good ears but also from a trio of other talents. The first is a general ability to soak up knowledge

  through culture and teaching, accompanied by a sometimes leisurely lifestyle that allows us the time to master new skills – from making stone tools (as our ancestors did) to playing Tetris to

  driving cars with a manual transmission. The second is a neural architecture, shared with other mammals, that inherently seeks links between different types of sensory information, such as sound

  and motion. Babies, for instance, can recognize when a vowel that they listen to matches (or fails to match) the mouth movements of an accompanying face.




  The third? Our gift for language.




  Language, like music, depends heavily on rhythm, and also on the ability to compensate for differences in pitch. We need to recognize words, for example, at whatever pitch they are uttered,

  whether in a low baritone (think Darth Vader) or in a Mickey Mouse falsetto. Our ability to transpose music – to recognize a melody sung in two different keys – could well be a

  by-product of our inborn capacity to recognize speech, rather than a direct product of some sort of musical evolution. The same may turn out to be true for rhythm and pitch.
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  A logical question, then, is about which comes first in the lifetime of an individual child, does language precede music or the other way around?




  Surprisingly, only two studies have directly asked this question. The first showed that, given a choice, infants prefer their mother’s voice to instrumental music. The only other study

  comes from my own lab and equally attests to children’s chief attraction being to speech rather than to music. In our experiments, we had an ongoing project studying

  seven-month-old infants and how they come to recognize abstract patterns, such as the abb pattern that is present in a string of syllables like la ta ta. When it comes to speech,

  infants are quick learners: after just two minutes of hearing a la ta ta, ga na na soundtrack, they can easily distinguish wo fe fe (same old abb story) from wo fe wo

  (new aba structure).




  But after a series of studies looking at speech, we tried music and, somewhat to our own surprise, discovered that babies weren’t nearly as good at detecting comparable patterns in music.

  Sequences of musical notes like C, D, D thoroughly engaged the infants, but nonetheless infants couldn’t grasp the patterns when they consisted of musical notes, unless they’d had a

  chance to hear the speech syllables first. Speech, not music, appears to be the sound that holds the greatest initial interest for infants.




  If there is one part of music that might be pre-wired and specifically tied to music, it would probably be the connection between rhythm and motion. When we hear music, our bodies want to dance,

  and that’s true even for some of the youngest children anybody’s studied. In one fascinating study, the developmental psychologist Laurel Trainor bounced seven-month-old babies at

  regular rhythmic intervals and discovered that they paid more attention to rhythmical patterns that coincided with patterns of bouncing than to rhythmical patterns that didn’t coincide with

  the bouncing. But even here, it’s not clear that what’s going on is genuinely special to music, as opposed to being part of a more general tendency that I alluded to before, known as

  cross-modal matching: no matter what the stimulus, babies like it when information in any two senses goes together (such as when a set of sounds click in synchrony with a set of flashing lights).

  The coupling between music and motion may just be one more specific instantiation of this broader tendency, rather than a reflection of any sort of special-purpose hardware for music.
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  The proof lies in the pudding of the human brain. If humans really were born with a specific instinct for music, we might expect to find a specific hunk of brain tissue to be

  tuned to music and nothing else, much as a spot near the bottom of the brain known as the fusiform gyrus responds more to faces than to any other kinds of stimuli.




  Instead, the many brain-imaging studies of music done in the last decade all point to a rather different direction: not toward a single specialized music area, but toward a vast mélange

  of brain regions – the prefrontal cortex, a portion of the temporal lobe known as the superior temporal gyrus, Broca’s area, the planum temporale, the amygdala – not one of which

  appears to be dedicated full-time to music. Instead, virtually everything that plays a role in music has a separate ‘day job’; when the brain listens to music, it moonlights in a second

  career for which it did not originally evolve.




  Broca’s area, for example, is a key player in music, but if that area has a principal function, it’s as a centre for language. Ditto for the planum temporale, which lies within

  Wernicke’s area. The superior temporal gyrus is indispensable in music, but it is essential for all kinds of auditory analyses, whether we are listening to speech or music or the blips and

  bangs of a video game. The cerebellum clearly plays a role in musical rhythm, but it’s been known for years that the cerebellum is a key player in all kinds of movements, musical or

  otherwise. The amygdala matters for the perception of musical emotion, but you don’t need to have music to have an amygdala; the amygdala is implicated in everything from fear to lust and

  anxiety, in a vast range of (mostly nonmusical) species. Unexpected chords might trigger the amygdala, but so will electric shocks. In no way is the amygdala, or any of the other regions I just

  discussed, specifically tailored to music; if there is a music-specific region in the brain, nobody has yet been able to identify it. Every brain area that I have mentioned

  – the amygdala, the superior temporal gyrus, the planum temporale – evolved long before human beings did and is found in many nonmusical species.




  The same kind of argument can be made if you look at the development of the brain, rather than its anatomy. People develop more grey matter when they develop skill in music, for example, but

  grey matter has also been shown to increase as people learn to juggle or learn to type. Grey-matter increase is a diagnostic of learning in general, not a specific sign of learning music in

  particular. The brain can certainly acquire a facility for music, but that doesn’t mean it specifically evolved for that purpose.
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  The bottom line is that some parts of our biology are all but inevitable, like the branching part of our lungs and the fact that we have two eyes. But the musical mind is not. A

  musical mind develops only if we put in years of hard work, or at least active listening, in which parts of the brain that evolved for other purposes such as language, skill learning, and auditory

  analysis are gradually co-opted into doing something new.




  To the degree that we ultimately become musical, it is because we have the capacity to slowly and laboriously tune broad ensembles of neural circuitry over time, through deliberate practice, and

  not because the circuitry of music is all there from the outset.
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    IT DON’T COME EASY


  




  The Trouble with the Human Brain




  Music, as we have seen, is more like a lifelong journey than a few weeks’ project, more chess than draughts. Although many of the rudiments of

  music fit naturally with the human mind, mastering the detail is an ongoing project. As I soon discovered, every new chord and every new scale took significant amounts of practice; I also started

  talking to professional musicians and discovered that they too see mastering music as an ongoing pursuit. Virtually every musician I met professes to still be learning; not one claimed to have

  fully mastered his or her craft. Pat Metheny, for instance, is one of the most accomplished musicians I had the pleasure of meeting; he is widely acknowledged to be one of the world’s leading

  jazz guitarists, yet even after four decades, he has no doubt that he is continuing to develop his craft. For all his accomplishments (eighteen Grammy Awards as of this writing), he still keeps

  studying; every time Metheny plays, for instance, he keeps a diary – typically six to eight pages long – analysing what worked, and what didn’t, in order to make subsequent shows

  (and recordings) even better.




  In a later chapter we’ll delve more deeply into what it is that experts know that beginners don’t, but before we can even consider what it takes to be a true

  master, it’s important to understand the challenges that confront the musical novice.
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  One of the first things I struggled with was the aggravating musical alphabet, which I like to think of as the Tyranny of Twelve Against Seven. Every octave is, in Western

  music, divided into exactly twelve notes, but the Western musical alphabet contains just seven basic letters, C, D, E, F, G, A, and B. That fundamental – but nearly inescapable –

  juxtaposition poses one of the first challenges for any aspiring musician, and it’s monstrous.
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