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The Talent Code



Then [David] took his staff in his hand, chose five smooth
stones from the stream, put them in the pouch of his
shepherd's bag and, with his sling in his hand, approached
Goliath.

—1 Samuel 17:40



Introduction

THE GIRL WHO DID A MONTH'S WORTH
OF PRACTICE IN SIX MINUTES

Every journey begins with questions, and here are three:

How does a penniless Russian tennis club with one indoor
court create more top-twenty women players than the entire
United States?

How does a humble storefront music school in Dallas,
Texas, produce Jessica Simpson, Demi Lovato, and a succes-
sion of pop music phenoms?

How does a poor, scantily educated British family in a
remote village turn out three world-class writers?

Talent hotbeds are mysterious places, and the most myste-
rious thing about them is that they bloom without warning.
The first baseball players from the tiny island of the
Dominican Republic arrived in the major leagues in the 1950s;
they now account for one in nine big-league players. The first
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South Korean woman golfer won a Ladies Professional Golf
Association (LPGA) tournament in 1998; now there are forty-
five on the LP GA Tour, including eight of the top twenty
money winners. In 1991 there was only one Chinese entry in
the Van Cliburn piano competition; the most recent competi-
tion featured eight, a proportional leap reflected in top sym-
phony orchestras around the world.

Media coverage tends to treat each hotbed as a singular
phenomenon, but in truth they are all part of a larger, older
pattern. Consider the composers of nineteenth-century Vienna,
the writers of Shakespearean England, or the artists of the
Italian Renaissance, during which the sleepy city of Florence,
population 70,000, suddenly produced an explosion of genius
that has never been seen before ot since. In each case, the
identical questions echo: Where does this extraordinary talent
come from? How does it grow?

The answer could begin with a remarkable piece of video
showing a freckle-faced thirteen-year-old girl named Clarissa.
Clarissa (not her real name) was part of a study by Australian
music psychologists Gary McPherson and James Renwick
that tracked her progress at the clarinet for several years.
Officially, the video's title is shorterclarissa3.mov, but it should
have been called The Girl Who Did a Month's Worth of Practice
in Sx Minutes.

On screen, Clarissa does not look particularly talented.
She wears a blue hooded sweatshirt, gym shorts, and an ex-
pression of sleepy indifference. In fact, until the six minutes
captured on the video, Clarissa had been classified as a musical
mediocrity. According to McPherson's aptitude tests and the
testimony of her teacher, her parents, and herself, Clarissa
possessed no musical gifts. She lacked a good ear; her sense of
rhythm was average, her motivation subpar. (In the study's
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written section, she marked "because I'm supposed to" as her
strongest reason for practicing.) Nonetheless, Clarissa had
become famous in music-science circles. Because on an aver-
age morning McPherson's camera captured this average kid
doing something distinctly un-average. In five minutes and
fifty-four seconds, she accelerated her learning speed by ten
times, according to McPherson's calculations. What was
more, she didn't even notice.

McPherson sets up the clip for us: It's morning, Clarissa's
customary time for practice, a day after her weekly lesson.
She is working on a new song entitled "Golden Wedding,"
a 1941 tune by jazz clarinetist Woody Herman. She's listened
to the song a few times. She likes it. Now she's going to try to
play it.

Clarissa draws a breath and plays two notes. Then she stops.
She pulls the clarinet from her lips and stares at the paper.
Her eyes narrow. She plays seven notes, the song's opening
phrase. She misses the last note and immediately stops, fairly
jerking the clarinet from her lips. She squints again at the mu-
sic and sings the phrase softly. "Dah dah dum dah," she says.

She starts over and plays the riff from the beginning, mak-
ing it a few notes farther into the song this time, missing the
last note, backtracking, patching in the fix. The opening is be-
ginning to snap together—the notes have verve and feeling.
When she's finished with this phrase, she stops again for six
long seconds, seeming to replay it in her mind, fingering the
clarinet as she thinks. She leans forward, takes a breath, and
starts again.

It sounds pretty bad. It's not music; it's a broken-up, fitful,
slow-motion batch of notes riddled with stops and misses.
Common sense would lead us to believe that Clarissa is fail-
ing. But in this case common sense would be dead wrong.
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"This is amazing stuff," McPherson says. "Every time 1
watch this, I see new things, incredibly subtle, powerful
things. This is how a professional musician would practice on
Wednesday for a Saturday performance."

On screen Clarissa leans into the sheet music, puzzling out
a G-sharp that she's never played before. She looks at her
hand, then at the music, then at her hand again. She hums the
riff. Clarissa's posture is tilted forward; she looks as though
she is walking into a chilly wind; her sweetly freckled face
tightens into a squint. She plays the phrase again and again.
Each time she adds a layer of spirit, rhythm, swing.

"Look at that!" McPherson says. "She's got a blueprint in
her mind she's constantly comparing herself to. She's work-
ing in phrases, complete thoughts. She's not ignoring errors,
she's hearing them, fixing them. She's fitting small parts into
the whole, drawing the lens in and out all the time, scaffolding
herself to a higher level."

This is not ordinary practice. This is something else: a
highly targeted, error-focused process. Something is grow-
ing, being built. The song begins to emerge, and with it, a new
quality within Clarissa.

The video rolls on. After practicing "Golden Wedding,"
Clarissa goes on to work on her next piece, "The Blue Danube."
But this time she plays it in one go, without stopping. Absent
of jarring stops, the tune tumbles out in tuneful, recognizable
form, albeit with the occasional squeak.

McPherson groans."She just plays it, like she's on a mov-
ing sidewalk," he says. "It's completely awful. She's not think-
ing, not learning, not building, just wasting time. She goes
from worse than normal to brilliant and then back again, and
she has no idea she's doing it."

After a few moments McPherson can't take it anymore. He
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rewinds to watch Clarissa practice "Golden Wedding" again.
He wants to watch it for the same reason I do. This is not a
picture of talent created by genes; it's something far more in-
teresting. It is six minutes of an average person entering a
magically productive zone, one where more skill is created
with each passing second.

"Good God," McPherson says wistfully. "If somebody
could bottle this, it'd be worth millions."

This book is about a simple idea: Clarissa and the talent
hotbeds are doing the same thing. They have tapped into a
neurological mechanism in which certain patterns of targeted
practice build skill. Without realizing it, they have entered
a zone of accelerated learning that, while it can't quite be
bottled, can be accessed by those who know how. In short,
they've cracked the talent code.

The talent code is built on revolutionary scientific discov-
eries involving a neural insulator called myelin, which some
neurologists now consider to be the holy grail of acquiring
skill. Here's why. Every human skill, whether it's playing
baseball or playing Bach, is created by chains of nerve fibers
carrying a tiny electrical impulse—basically, a signal travel-
ing through a circuit. Myelin's vital role is to wrap those nerve
fibers the same way that rubber insulation wraps a copper
wire, making the signal stronger and faster by preventing the
electrical impulses from leaking out. When we fire our circuits
in the right way—when we practice swinging that bat or play-
ing that note—our myelin responds by wrapping layers of in-
sulation around that neural circuit, each new layer adding a bit
more skill and speed. The thicker the myelin gets, the better it
insulates, and the faster and more accurate our movements
and thoughts become.
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Myelin is important for several reasons. It's universal:
everyone can grow it, most swiftly during childhood but also
throughout life. It's indiscriminate: its growth enables all
manner of skills, mental and physical. It's imperceptible: we
can't see it or feel it, and we can sense its increase only by its
magical-seeming effects. Most of all, however, myelin is im-
portant because it provides us with a vivid new model for un-
derstanding skill. Skill isa cellular insulation that wraps neural
circuits and that grows in response to certain signals. The more
time and energy you put into the right kind of practice—the
longer you stay in the Clarissa zone, firing the right signals
through your circuits—the more skill you get, or, to put it a
slightly different way, the more myelin you earn. All skill ac-
quisitions, and therefore all talent hotbeds, operate on the
same principles of action, no matter how different they may
appear to us. As Dr. George Bartzokis, a UCLA neurologist
and myelin researcher, put it, "All skills, all language, all mu-
sic, all movements, are made of living circuits, and all circuits
grow according to certain rules."

In the coming pages we'll see those rules in action by visit-
ing the world's best soccer players, bank robbers, violinists,
fighter pilots, artists, and skateboarders. We'll explore some
surprising talent hotbeds that are succeeding for reasons that
even their inhabitants cannot guess. We'll meet an assortment
of scientists, coaches, teachers, and talent researchers who are
discovering new tools for acquiring skill. Above all, we'll ex-
plore specific ways in which these tools can make a difference
in maximizing the potential in our own lives and the lives of
those around us.

The idea that all skills grow by the same cellular mecha-
nism seems strange and surprising because the skills are so
dazzlingly varied. But then again, all of this planet's variety is
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built from shared, adaptive mechanisms; evolution could have
it no other way. Redwoods differ from roses but both grow
through photosynthesis. Elephants differ from amoebas but
both use the same cellular mechanism to convert food into en-
ergy. Tennis players, singers, and painters don't seem to have
much in common but they all get better by gradually improv-
ing timing and speed and accuracy, by honing neural circuitry,
by obeying the rules of the talent code—in short, by growing
more myelin.

This book is divided into three parts—deep practice, igni-
tion, and master coaching—which correspond to the three
basic elements of the talent code. Each element is useful on
its own, but their convergence is the key to creating skill.
Remove one, and the process slows. Combine them, even for
six minutes, and things begin to change.






I.

Deep Practice






Chapter 2
The Sweet Spot

You will become clever through your mistakes.

—German proverb

CHICKEN—WIRE HARVARDS

In December 2006 I began visiting tiny places that produce
Everest-size amounts of talent.* My journey began at a ram-
shackle tennis court in Moscow, and over the next fourteen
months it took me to a soccer field in Sao Paolo, Brazil, a vocal
studio in Dallas, Texas, an inner-city school in San Jose, Cali-
fornia, a run-down music academy in New York's Adirondacks,
a baseball-mad island in the Caribbean, and a handful of other
places so small, humble, and titanically accomplished that a
friend dubbed them "the chicken-wire Hatrvards."

* The word Zalent can be vague and loaded with slippery overtones about potential, par-
ticularly when it comes to young people—tesearch shows that being a prodigy is an un-
reliable indicator of long-term success (see page 223). In the interest of clarity, we'll
define #alent in its strictest sense: the possession of repeatable skills that don't depend on
physical size (sorry, jockeys and NFL linemen).
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Undertaking the journey presented me with a few chal-
lenges, the first of which was to explain it to my wife and four
young kids in as logical (read: un-harebrained) a way as possi-
ble. So I decided to frame it as a Great Expedition, sort of like
those undertaken by nineteenth-century naturalists. I made
straight-faced comparisons between my trip and Charles
Darwin's voyage aboard the Beagle; I sagely expounded how
small, isolated places magnify larger patterns and forces, sort
of like petri dishes. These explanations seemed to work—at
least for a moment.

"Daddy's going on a treasure hunt," I overheard my ten-
year-old daughter Katie patiently explain to her younger sis-
ters. "You know, like at a birthday party."

A treasure hunt, a birthday—actually that wasn't too far
off. The nine hotbeds I visited shared almost nothing except
the happy unlikeliness of their existence. Fach was a statistical
impossibility, a mouse that had not only roared but that had
somehow come to rule the forest. But how?

The first clue arrived in the form of an unexpected pattern.
When I started visiting talent hotbeds, I expected to be daz-
zled. I expected to witness world-class speed, power, and
grace. Those expectations were met and exceeded—about
half the time. For that half of the time, being in a talent
hotbed felt like standing amid a herd of running deer: every-
thing moved faster and more fluently than in everyday life.
(You haven't had your ego truly tested until an eight-year-old
takes pity on you on the tennis court.)

But that was only half of the time. During the other half I
witnessed something very different: moments of slow, fitful
struggle, rather like what I'd seen on the Clarissa video. It was
as if the herd of deer suddenly encountered a hillside coated
with ice. They slammed to a halt; they stopped, looked, and
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thought carefully before taking each step. Making progress
became a matter of small failures, a rhythmic pattern of botches,
as well as something else: a shared facial expression. Their
taut, intense squint caused them to take on (I know this sounds
weird) an unaccountable resemblance to Clint Eastwood.

Meet Brunio. He's eleven years old, working on a new soc-
cer move on a concrete playground in Sao Paolo, Brazil. He
moves slowly, feeling the ball roll beneath the sole of his cheap
sneaker. He is trying to learn the elastico, a ball-handling ma-
neuver in which he nudges the ball with the outside of his
foot, then quickly swings his foot around the ball to flick it the
opposite direction with his instep. Done propetly, the move
gives the viewer the impression that the player has the ball on
a rubber band. The first time we watch Brunio try the move,
he fails, then stops and thinks. He does it again more slowly
and fails again—the ball squirts away. He stops and thinks
again. He does it even more slowly, breaking the move down
to its component parts—this, this, and that. His face is taut; his
eyes are so focused, they look like they're somewhere else.
Then something clicks: he starts nailing the move.

Meet Jennie. She's twenty-four years old, and she's in a
cramped Dallas vocal studio working on the chorus of a pop
song called "Running Out of Time." She is trying to hit the
big finish, in which she turns the word time into a waterfall of
notes. She tries it, screws up, stops, and thinks, then sings it
again at a much slower speed. Each time she misses a note, she
stops and returns to the beginning, or to the spot where she
missed. Jennie sings and stops, sings and stops. Then all of a
sudden, she gets it. The pieces snap into place. The sixth time
through, Jennie sings the measure perfectly.

When we see people practice effectively, we usually de-
scribe it with words like willpower or concentration or focus. But
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those words don't quite fit, because they don't capture the ice-
climbing particularity of the event. The people inside the tal-
ent hotbeds are engaged in an activity that seems, on the face
of it, strange and surprising. They are seeking out the slip-
pery hills. Like Clarissa, they are purposely operating at the
edges of their ability, so they will screw up. And somehow
screwing up is making them better. How?

Trying to describe the collective talent of Brazilian soccer
players is like trying to describe the law of gravity. You can
measure it—the five World Cup victories, the nine hundred
or so young talents signed each year by professional European
clubs. Or you can name it—the procession of transcendent
stars like Pele, Zico, Socrates, Romario, Ronaldo, Juninho,
Robinho, Ronaldinho, Kaka, and others who have deservedly
worn the crown of "world's best player." But in the end you
can't capture the power of Brazilian talent in numbers and
names. It has to be felt. Every day soccer fans around the
world witness the quintessential scene: a group of enemy play-
ers surround a Brazilian, leaving him no options, no space, no
hope. Then there's a dancelike blur of motion—a feint, a
flick, a burst of speed—and suddenly the Brazilian player is in
the clear, moving away from his now-tangled opponents with
the casual aplomb of a person stepping off a crowded bus.
Each day, Brazil accomplishes something extremely difficult
and unlikely: in a game at which the entire world is feverishly
competing, it continues to produce an unusually high percent-
age of the most skilled players.

The conventional way to explain this kind of concentrated
talent is to attribute it to a combination of genes and environ-
ment, a.k.a. nature and nurture. In this way of thinking,
Brazil is great because it possesses a unique confluence of fac-
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tors: a friendly climate, a deep passion for soccer, and a genet-
ically diverse population of 190 million, 40 percent of whom
are desperately poor and long to escape through "the beauti-
ful game." Add up all the factors and—voilal—you have the
ideal factory for soccer greatness.

But there's a slight problem with this explanation: Brazil
wasn't always a great producer of soccer players. In the 1940s
and 1950s, with its trifecta of climate, passion, and poverty
already firmly in place, the ideal factory produced unspectac-
ular results, never winning a World Cup, failing to defeat
then-world-power Hungary in four tries, showing few of the
dazzling improvisational skills for which it would later become
known. It wasn't until 1958 that the Brazil the world now rec-
ognizes truly arrived, in the form of a brilliant team featuring
seventeen-year-old Pele, at the World Cup in Sweden.* If
sometime during the next decade Brazil should shockingly
lose its lofty place in the sport (as Hungary so shockingly
did), then the Brazil-is-unique argument leaves us with no
conceivable response except to shrug and celebrate the new
champion, which undoubtedly will also possess a set of char-
acteristics all its own.

So how does Brazil produce so many great players?

The surprising answer is that Brazil produces great players
because since the 1950s Brazilian players have trained in a par-
ticular way, with a particular tool that improves ball-handling
skill faster than anywhere else in the world. Like a nation
of Clarissas, they have found a way to increase their learning

* Soccer historians trace the moment to the opening three minutes of Brazil's 1958
World Cup semifinal victory against the heavily favored Soviet Union. The Soviets,
who were regarded as the pinnacle of modern technique, were overrun by the ball-
handling skills of Pele, Garrincha, and Vava. As commentator Luis Mendes said, "The
scientific systems of the Soviet Union died a death right there. They put the first man in
space, but they couldn't mark Garrincha."
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velocity—and like her, they are barely aware of it. I call this
kind of training deep practice, and as we'll see, it applies to
more than soccet.

The best way to understand the concept of deep practice is
to do it. Take a few seconds to look at the following lists;
spend the same amount of time on each one.

A B
ocean / breeze bread / b_tter
leaf/ tree music / 1_rics
sweet / sour sh_e / sock
movie / actress phone / bo_k
gasoline / engine chi_s / salsa
high school / college pen_il / paper
turkey / stuffing river / b_at
fruit / vegetable be_r / wine
computer / chip television / rad_o
chair / couch 1 nch / dinner

Now turn the page. Without looking, try to remember as
many of the word pairs as you can. From which column do
you recall more words?

If you're like most people, it won't even be close: you will
remember mote of the words in column B, the ones that con-
tained fragments. Studies show you'll remember three times
as many. It's as if, in those few seconds, your memory skills
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suddenly sharpened. If this had been a test, your column B
score would have been 300 percent higher.

Your IQ did not increase while you looked at column B.
You didn't feel different. You weren't touched by genius (sorry).
But when you encountered the words with blank spaces, some-
thing both imperceptible and profound happened. You stopped.
You stumbled ever so briefly, then figured it out. You experi-
enced a microsecond of struggle, and that microsecond made
all the difference. You didn't practice harder when you looked
at column B. You practiced deeper.

Another example: let's say you're at a party and you're
struggling to remember someone's name. If someone else
gives you that name, the odds of your forgetting it again are
high. But if you manage to retrieve the name on your own—
to fire the signal yourself, as opposed to passively receiving
the information—you'll engrave it into your memory. Not
because that name is somehow more important, or because
your memory improved, but simply because you practiced
deeper.

Or let's say you're on an airplane, and for the umpteenth
time in your life you watch the cabin steward give that clear,
concise one-minute demonstration of how to put on a life
vest. ("Slip the vest over your head," the instructions say,
"and fasten the two black straps to the front of the vest. Inflate
the vest by pulling down on the red tabs.") An hour into the
flight, the plane lurches, and the captain's urgent voice comes
on the intercom telling passengers to put on their life vests.
How quickly could you do it? How do those black straps wrap
around? What do the red tabs do again?

Here's an alternate scenario: same airplane flight, but this
time instead of observing yet another life jacket demonstration,
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you try on the life vest. You pull the yellow plastic over your
head, and you fiddle with the tabs and the straps. An hour later
the plane lurches, and the captain's voice comes over the intet-
com. How much faster would you be?

Deep practice is built on a paradox: struggling in certain
targeted ways—operating at the edges of your ability, where
you make mistakes—makes you smarter. Or to put it a slightly
different way, experiences where you're forced to slow down,
make errors, and correct them—as you would if you were
walking up an ice-covered hill, slipping and stumbling as you
go—end up making you swift and graceful without your real-
1zing it.

"We think of effortless performance as desirable, but it's
really a terrible way to learn," said Robert Bjork, the man who
developed the above examples. Bjork, the chair of psychology
at UCLA, has spent most of his life delving into questions of
memory and learning. He's a cheerful polymath, equally
adept at discussing curves of memory decay or how NBA star
Shaquille O'Neal, who is notoriously terrible at shooting free
throws, should practice them from odd distances -14 feet and
16 feet, instead of the standard 15 feet. (Bjork's diagnosis:
"Shag needs to develop the ability to modulate his motor pro-
grams. Until then he'll keep being awful.")

"Things that appear to be obstacles turn out to be desirable
in the long haul," Bjork said. "One real encounter, even for a
few seconds, is far more useful than several hundred observa-
tions." Bjork cites an experiment by psychologist Henry
Roediger at Washington University of St. Louis, where stu-
dents were divided into two groups to study a natural history
text. Group A studied the paper for four sessions. Group B
studied only once but was tested three times. A week later
both groups were tested, and Group B scored 50 percent
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higher than Group A. They'd studied one-fourth as much yet
learned far more. (Catherine Fritz, one of Bjork's students,
said she applied these ideas to her schoolwork, and raised her
GPA by a full point while studying half as much.)

The reason, Bjork explained, resides in the way our brains
are built. "We tend to think of our memory as a tape recorder,
but that's wrong," he said. "It's a living structure, a scaffold
of nearly infinite size. The more we generate impulses, en-
countering and overcoming difficulties, the more scaffolding
we build. The more scaffolding we build, the faster we learn."

When you're practicing deeply, the world's usual rules are
suspended. You use time more efficiently. Your small efforts
produce big, lasting results. You have positioned yourself at a
place of leverage where you can capture failure and turn it
into skill. The trick is to choose a goal just beyond your pres-
ent abilities; to target the struggle. Thrashing blindly doesn't
help. Reaching does.

"It's all about finding the sweet spot," Bjork said. "There's
an optimal gap between what you know and what you're try-
ing to do. When you find that sweet spot, learning takes off."*

Deep practice is a strange concept for two reasons. The
first reason is that it cuts against our intuition about talent.
Our intuition tells us that practice relates to talent in the same
way that a whetstone relates to a knife: it's vital but useless
without a solid blade of so-called natural ability. Deep prac-
tice raises an intriguing possibility: that practice might be the
way to forge the blade itself.

* Good advertising operates by the same principles of deep practice, increasing learning
by placing viewers in the sweet spot at the edge of their capabilities. This is why many
successful ads involve some degtee of cognitive work, such as the whiskey ad that fea-
tured the tag line "... ingle ells, ... ingle ells ... The holidays aren't the same without
J&B."
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The second reason deep practice is a strange concept is
that it takes events that we normally strive to avoid—namely,
mistakes—and turns them into skills. To understand how deep
practice works, then, it's first useful to consider the unexpected
but crucial importance of errors to the learning process. In
fact, let's consider an extreme example, which arrives in the
form of a question: how do you get good at something when
making a mistake has a decent chance of killing you?

EDWIN LINK'S UNUSUAL DEVICE

In the winter of 1934 President Franklin Roosevelt had a
problem. Pilots in the U.S. Army Air Corps—by all accounts
the military's most skilled, combat-ready airmen—were dy-
ing in crashes. On February 23 a pilot drowned when he
landed off the New Jersey coast; another was killed when his
plane cartwheeled into a Texas ditch. On March 9 four more
pilots died when their planes crashed in Florida, Ohio, and
Wyoming. The carnage was not caused by a war. The pilots
were simply trying to fly through winter storms, delivering
the U.S. mail.

The crashes could be traced to a corporate scandal. A re-
cent Senate investigation had exposed a multimillion-dollar
price-fixing scheme among the commercial airlines contracted
to carry the U.S. mail. President Roosevelt had swiftly re-
sponded by canceling the contracts. To take over mail deliv-
ery, the president called upon the Air Corps, whose generals
were eager to demonstrate their pilots' willingness and brav-
ery. (They also wanted to show Roosevelt that the Air Corps
deserved the status of a full military branch, equal to the
Army and Navy.) Those generals were mostly right about Air
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Corps pilots: they were willing, and they were brave. But in
the harsh winter storms of 1934, Air Corps pilots kept crash-
ing. Early on the morning of March 10, after the ninth pilot
died in twenty days, FDR summoned General Benjamin
Foulois, commander of the Air Corps, to the White House.
"General," the president said fiercely, "when are these airmail
killings going to stop?"

It was a good question, one that Roosevelt might have di-
rected at the whole enterprise of pilot training. Early pilot
training was built on the bedrock belief that good pilots are
born, not made. Most programs followed an identical proce-
dure: the instructor would take the prospective student up in
the plane and execute a series of loops and rolls. If the student
did not get sick, he was deemed to have the capability to be-
come a pilot and, after several weeks of ground school, was
gradually allowed to handle the controls. Trainees learned by
taxiing, or "penguin-hopping" in stubby-winged crafts, or
they flew and hoped. (Lucky Lindy's nickname was well
earned.) The system didn't work too well. Early fatality rates
at some Army aviation schools approached 25 percent; in 1912
eight of the fourteen U.S. Army pilots died in crashes. By
1934 techniques and technology had been refined but training
remained primitive. The Airmail Fiasco, as Roosevelt's prob-
lem swiftly became known, raised the question pointedly: was
there a better way to learn to fly?

The answer came from an unlikely source: Edwin Albert
Link, Jr., the son of a piano and organ maker from Bingham-
ton, New York, who grew up working at his father's factory.
Skinny, beak-nosed, and epically stubborn, Link was a tin-
kerer by nature. When he was sixteen, he fell in love with fly-
ing and took a $50 lesson from Sydney Chaplin (half brother
of the movie star). "For the better part of that hour we did



22 The Talent Code

loops and spins and buzzed everything in sight," Link later re-
called. "Thank heaven I didn't get sick, but when we got
down, I hadn't touched the controls at all. I thought, "That's a
hell of a way to teach someone to fly."

Link's fascination grew. He started hanging around local
barnstormers, cadging lessons. Link's father didn't appreciate
his interest in flying—he briefly fired young Edwin from his
job at the organ factory when he found out about it. But Link
kept at it, eventually purchasing a four-seat Cessna. All the
while his tinkerer's mind kept circling the notion of improv-
ing pilot training. In 1927, seven years after his initial lesson
with Chaplin, Link went to work. Borrowing bellows and
pneumatic pumps from the organ factory, he built a device
that compressed the key elements of a plane into a space
slightly roomier than a bathtub. It featured stubby prehensile
wings, a tiny tail, an instrument panel, and an electric motor
that made the device roll, pitch, and yaw in response to the pi-
lot controls. A small light on the nose lit up when the pilot
made an error. Link christened it the Link Aviation Trainer
and put up an advertisement: he would teach regular flying
and instrument flying—that is, the ability to fly blind through
fog and storms while relying on gauges alone. He would teach
pilots to fly in half the time of regular training and at a frac-
tion of the cost.

To say that the world overlooked Link's trainer wouldn't
be accurate. The truth was, the world looked at it and issued a
resounding and conclusive no. No one he approached seemed
interested in Link's device—not the military academies, not
private flying schools, not even barnstormers. After all, how
could you learn to fly in a child's toy? No less an authority
than the U.S. Patent Office declared Link's trainer a "novel,
profitable amusement device." And so it seemed destined to
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become. While Link sold fifty trainers to amusement parks
and penny arcades, only two reached actual training facilities:
one he sold to a Navy airfield in Pensacola, Florida, and an-
other he loaned to the New Jersey National Guard unit in
Newark. By the early 1930s Link was reduced to hauling one
of his trainers on a flatbed truck to county fairgrounds, charg-
ing twenty-five cents a ride.

When the Airmail Fiasco hit in the winter of 1934, how-
ever, a group of Air Corps brass grew desperate. Casey Jones,
a veteran pilot who had trained many of the Army pilots, re-
called Link's trainer and persuaded a group of Air Corps offi-
cers to take a second look. In early March, Link was summoned
to fly from his home in Cortland, New York, to Newark to
demonstrate the trainer he'd loaned to the National Guard.
The appointed day was cloudy, with zero visibility, nasty
winds, and driving rain. The Air Corps commanders, by now
familiar with the possible outcomes of such hazards, surmised
that no pilot, no matter how brave or skilled, could possibly
fly in such weather. They were just leaving the field when they
heard a telltale drone overhead in the clouds, steadily de-
scending. Link's plane appeared as a ghost, materializing only
a few feet above the runway, kissed down with a perfect land-
ing, and taxied up to the surprised generals. The skinny fellow
did not look like Lindbergh, but he flew like him—and on in-
struments, no less. Link proceeded to demonstrate his trainer,
and in one of the first recorded instances of nerd power
trumping military tradition, the officers understood its poten-
tial. The generals ordered the first shipment of Link trainers.
Seven years later, World War II began, and with it the need
to transform thousands of unskilled youth into pilots as
quickly and safely as possible. That need was answered by ten
thousand Link trainers; by the end of the war, a half-million
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airmen had logged millions of hours in what they fondly
called "The Blue Box."* In 1947 the Air Corps became the
U.S. Air Force, and Link went on to build simulators for jets,
bombers, and the lunar module for the Apollo mission.

Edwin Link's trainer worked so well for the same reason
you scored 300 percent better on Bjork's blank-letter test.
Link's trainer permitted pilots to practice more deeply, to
stop, struggle, make errors, and learn from them. During a
few hours in a Link trainer, a pilot could "take off " and "land"
a dozen times on instruments. He could dive, stall, and recover,
spending hours inhabiting the sweet spot at the edge of his ca-
pabilities in ways he could never risk in an actual plane. The
Air Corps pilots who trained in Links were no braver or smarter
than the ones who crashed. They simply had the opportunity
to practice more deeply.

This idea of deep practice makes perfect sense in train-
ing for dangerous jobs like those of fighter pilots and astro-
nauts. It gets interesting, however, when we apply it to other
kinds of skills. Like, for instance, those of Brazil's soccer
players.

BRAZIL'S SECRET WEAPON

Like many sports fans around the world, soccer coach Simon
Clifford was fascinated by the supernatural skills of Brazilian
soccer players. Unlike most fans, however, he decided to go to
Brazil to see if he could find out how they developed those

* The military's regard for the efficacy of Link's trainers apparently went only so far.
Link was permitted to sell hundreds of his devices to Japan, Germany, and the USSR in
the years leading up to World War II, creating a situation where both sides in many dog-
fights were, training-wise, evenly matched.
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skills. This was an unusually ambitious initiative on Clifford's
part, considering that he had gained all his coaching experi-
ence at a Catholic elementary school in the soccer non-hotbed
of Leeds, England. Then again, Clifford is not what you'd call
usual. He's tall and dashingly handsome and radiates the sort
of charismatic, bulletproof confidence one usually associates
with missionaries and emperors. (In his early twenties Clifford
was severely injured in a freak soccer accident—suffering in-
ternal organ damage, kidney removal-—and perhaps as a re-
sult he approaches each day with immoderate zeal.) In the
summer of 1997, when he was twenty-six, Clifford borrowed
$8,000 from his teachers' union and set out for Brazil toting a
backpack, a video camera, and a notebook full of phone num-
bers he'd cajoled from a Brazilian player he'd met.

Once there, Clifford spent most of his time exploring the
thronging expanse of Sao Paolo, sleeping in roach-infested
dormitories by night, scribbling notes by day. He saw many
things he'd expected to find: the passion, the tradition, the
highly organized training centers, the long practice sessions.
(Teenage players at Brazilian soccer academies log twenty
hours per week, compared with five hours per week for their
British counterparts.) He saw the towering poverty of the
favelas, and the desperation in the players' eyes.

But Clifford also saw something he didn't expect: a strange
game. It resembled soccer, if soccer were played inside a
phone booth and dosed with amphetamines. The ball was half
the size but weighed twice as much; it hardly bounced at all.
The players trained, not on a vast expanse of grass field, but
on basketball-court-size patches of concrete, wooden floor,
and dirt. Each side, instead of having eleven players, had
five or six. In its thythm and blinding speed, the game resem-
bled basketball or hockey more than soccer: it consisted of an
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intricate series of quick, controlled passes and nonstop end-
to-end action. The game was called futebol de salao,
Portuguese for "soccer in the room." Its modern incarnation
was called futsal.

"It was clear to me that this was where Brazilian skills were
born," Clifford said. "It was like finding the missing link."

Futsal had been invented in 1930 as a rainy-day training
option by a Uruguayan coach. Brazilians quickly seized upon
it and codified the first rules in 19306. Since then the game had
spread like a virus, especially in Brazil's crowded cities, and it
quickly came to occupy a unique place in Brazilian sporting cul-
ture. Other nations played futsal, but Brazil became uniquely
obsessed with it, in part because the game could be played
anywhere (no small advantage in a nation where grass fields
are rare). Futsal grew to command the passions of Brazilian
kids in the same way that pickup basketball commands the
passions of inner-city American kids. Brazil dominates the
sport's organized version, winning 35 of 38 international
competitions, according to Vicente Figueiredo, author of
History of Futebol de Salao. But that number only suggests the
time, effort, and energy that Brazil pours into this strange
homemade game. As Alex Bellos, author of Futebol: Soccer,
the Brazilian Way, wrote, futsal "is regarded as the incubator
of the Brazilian soul."

The incubation is reflected in players' biographies. From
Pele onward virtually every great Brazilian player played fut-
sal as a kid, first in the neighborhood and later at Brazil's soc-
cer academies, where from ages seven to around twelve they
typically devoted three days a week to futsal. A top Brazilian
player spends thousands of hours at the game. The great
Juninho, for instance, said he never kicked a full-size ball on
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grass until he was fourteen. Until he was twelve, Robinho
spent half his training time playing futsal.*

Like a vintner identifying a lovely strain of grape, a
cognoscente like Dr. Emilio Miranda, professor of soccer at
the University of Sao Paolo, can identify the futsal wiring
within famous Brazilian soccer tricks. That elastico move that
Ronaldinho popularized, drawing the ball in and out like a yo-
yor It originated in futsal. The toe-poke goal that Ronaldo
scored in the 2002 World Cup? Again, futsal. Moves like the
d'espero, € barret, and vaselina? All came from futsal. When 1
told Miranda that I'd imagined Brazilians built skills by play-
ing soccer on the beach, he laughed. "Journalists fly here, go
to the beach, they take pictures and write stories. But great
players don't come from the beach. They come from the fut-
sal court."

One reason lies in the math. Futsal players touch the ball
far more often than soccer players—six times more often per
minute, according to a Liverpool University study. The smaller,
heavier ball demands and rewards more precise handling—as
coaches point out, you can't get out of a tight spot simply by
booting the ball downfield. Sharp passing is paramount: the
game is all about looking for angles and spaces and working
quick combinations with other players. Ball control and vi-
sion are crucial, so that when futsal players play the full-size
game, they feel as if they have acres of free space in which to
operate. When I watched professional outdoor games in Sao
Paolo sitting with Dr. Miranda, he would point out players
who had played futsal: he could tell by the way they held the

* For a vivid demonstration of futsal's role in developing the skills of two-time wotld
player of the year Ronaldinho, see www.youtube.com/watch?v=6180cMhkWJA.
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ball. They didn't care how close their opponent came. As Dr.
Miranda summed up, "No time plus no space equals better
skills. Futsal is our national laboratory of improvisation."

In other words, Brazilian soccer is different from the rest
of the world's because Brazil employs the sporting equivalent
of a Link trainer. Futsal compresses soccer's essential skills
into a small box; it places players inside the deep practice
zone, making and correcting errors, constantly generating
solutions to vivid problems. Players touching the ball 600
percent more often learn far faster, without realizing it, than
they would in the vast, bouncy expanse of the outdoor game
(where, at least in my mind, players run along to the sound-
track of Clarissa tootling away on ""The Blue Danube").
To be clear: futsal is not the only reason Brazilian soccer is
great. The other factors so often cited—climate, passion, and
poverty—really do matter. But futsal is the lever through
which those other factors transfer their force.

When Simon Clifford saw futsal, he got excited. He re-
turned home, quit his teaching job, and founded the
International Confederation of Futebol de Saldo in a spare room
of his house, developing a soccer program for elementary-
and high-school-age kids that he called the Brazilian Soccer
School. He constructed an elaborate series of drills based on
futsal moves. His players, who mostly hailed from a rough,
impoverished area of Leeds, started imitating the Zicos and
Ronaldinhos. To create the proper ambience, Clifford played
samba music on a boom box.

Let's step back a moment and take an objective look at
what Clifford was doing. He was running an experiment to
see whether Brazil's million-footed talent factory could be
grafted to an utterly foreign land via this small, silly game. He
was betting that the act of playing futsal would cause some
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glowing kernel of Brazilian magic to take root in sooty, chilly
Leeds.

When the citizens of Leeds heard of Clifford's plan, they
were mildly entertained. When they actually witnessed his
school in action, they were in grave danger of laughing them-
selves to death at the spectacle: dozens of pale, pink-cheeked,
thick-necked Yorkshire kids kicking around small, too-heavy
balls, learning fancy tricks to the tune of samba music. It was
a laugh, except for one detail—Clifford was right.

Four years later Clifford's team of under-fourteens de-
feated the Scottish national team of the same age; it went on to
beat the Irish national team as well. One of his Leeds kids, a
defender named Micah Richards, now plays for the English
national team. Clifford's Brazilian Soccer School has expanded
to a dozen countries around the world. More stars, Clifford
says, are on the way.



Chapter 2

The Deep Practice Cell

| have always maintained that excepting fools,
men did not differ much in intellect, only in
zeal and hard work.

—Charles Darwin

INSTALLING NATURAL BROADBAND

Deep practice is a powerful idea because it seems magical.
Clarissa begins as an average musician and, in six minutes, ac-
complishes a month's worth of work. A dangerously un-
skilled pilot climbs into a Link trainer and, within a few hours,
emerges with new abilities. The fact that a targeted effort can
increase learning velocity tenfold sounds like a fairy tale in
which a handful of tiny seeds grows into an enchanted vine.
But strangely, the enchanted vine turns out to be something
close to neurological fact.

Early in my travels I was introduced to a microscopic sub-
stance called myelin.* Here is what it looks like.

* 1 first encountered myelin while working on an article on talent hotbeds for Play:
The New York Times Sports Magaline and stumbled across a footnote to a 2005 study en-
titled "Extensive Piano Practicing Has Regionally Specific Effects on White Matter
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THE STUFF OF TALENT: A cross-section of two nerve fibers being
wrapped in myelin. This image was taken eatly in the process; on some fibers,
the myelin insulation grows fifty layers deep. (Courtesy of R. Douglas Fields
and Louis Dye, National Institutes of Health.)

One of myelin's side effects is to cause sober-minded
neurologists to smile and stammer like explorers who've just
stepped ashore on a vast and promising new continent. They
don't want to behave like this—they do their best to stay setious
and appropriately neurologist-like. But myelin won't let them.
Knowing about myelin changes the way they see the world.

Development." I contacted myelin researchers, and within the first ten seconds of the
first conversation, I heard a neurologist describe myelin as "an epiphany."
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"It's, wow—it's big," said Dr. Douglas Fields, director of
the Laboratory of Developmental Neurobiology at the National
Institutes of Health in Bethesda, Maryland. "It's early, but
this could be huge."

"Revolutionary," Dr. George Bartzokis, professor of neu-
rology at UCLA, told me. Myelin is "the key to talking, read-
ing, learning skills, being human."

Like most people, I was under the impression that the key
to learning skills and being human resided in our brain's
neurons, that flickering web of interconnected nerve fibers
and the famous synapses through which they link and com-
municate. But Fields, Bartzokis, and others informed me that
while they still consider neurons and synapses to be vitally
important, the traditional neuron-centric worldview is being
fundamentally altered by a Copernican-size revolution. This
humble-looking insulation, it turns out, plays a key role in the
way our brains function, particularly when it comes to acquir-
ing skills.

The revolution is built on three simple facts. (1) Every
human movement, thought, or feeling is a precisely timed
electric signal traveling through a chain of neurons—a circuit
of nerve fibers. (2) Myelin is the insulation that wraps these
nerve fibers and increases signal strength, speed, and accu-
racy. (3) The more we fire a particular circuit, the more
myelin optimizes that circuit, and the stronger, faster, and
more fluent our movements and thoughts become.

"Everything neurons do, they do pretty quickly. It hap-
pens with the flick of a switch," Fields said, referring to
synapses. "But flicking switches is not how we learn a lot of
things. Getting good at piano or chess or baseball takes a lot of
time, and that's what myelin is good at."

"What do good athletes do when they train?" Bartzokis
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said. "They send precise impulses along wires that give the
signal to myelinate that wire. They end up, after all the train-
ing, with a super-duper wire—Ilots of bandwidth, a high-
speed T-3 line. That's what makes them different from the
rest of us."

I asked Fields if myelin might have something to do with
the phenomenon of talent hotbeds.

He didn't hesitate. "I would predict that South Korean
women golfers have more myelin, on average, than players
from other countries," he said. "They've got more in the right
parts of the brain and for the right muscle groups, and that's
what allows them to optimize their circuitry. The same would
be true for any group like that."

"Tiger Woods?" I asked.

"Definitely Tiger Woods," Fields said. "That guy's got a
lot of myelin."

Researchers like Fields are attracted to myelin because it
promises to provide insights into the biological roots of learn-
ing and of cognitive disorders. For our purposes, however,
the workings of myelin link the various talent hotbeds to each
other and to the rest of us. Myelination bears the same rela-
tionship to human skill as plate tectonics does to geology, or as
natural selection does to evolution. It explains the world's
complexity with a simple, elegant mechanism. S&é// is myelin in-
sulation that wraps neural circuits and that grows according to cer-
tain signals. The story of skill and talent is the story of myelin.

Clarissa couldn't feel it, but when she was deep-practicing
"Golden Wedding," she was firing and optimizing a neural
circuit—and growing myelin.

When Air Corps pilots deep-practiced inside Edwin Link's
trainer, they were firing and optimizing neural circuits—and
growing myelin.
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When Ronaldinho and Ronaldo played futsal, they were
firing and optimizing their circuits more often and more pre-
cisely than when they played the outdoor game. They were
growing more myelin.

Like any decent epiphany, the recognition of the impor-
tance of myelin jolts old perceptions. After I visited Fields
and the other myelin scientists, I felt as if I had donned X-ray
glasses that showed me a new way of seeing the world. I saw
myelin's principles operating not just in the talent hotbeds but
also in my kids' piano practicing, in my wife's new hockey ob-
session, and in my questionable forays into karaoke.* It was
an unambiguously good feeling, a happy buzz of replacing
guesswork and voodoo with a clear, understandable mecha-
nism. Hazy questions snapped into focus.

Q: Why is targeted, mistake-focused practice so effec-
tive?

A: Because the best way to build a good circuit is to fire
it, attend to mistakes, then fire it again, over and over.
Struggle is not an option: it's a biological requirement.

Q: Why are passion and persistence key ingredients of
talent?

A: Because wrapping myelin around a big circuit re-
quires immense energy and time. If you don't love it,
you'll never work hard enough to be great.

* Also in the skills of a certain Tour de France cyclist. For a previous book, I had spent a
year following Lance Armstrong as he prepared for what is widely considered to be the
world's toughest race. While the physical demands were unique, there's no question
that Armstrong's mental approach—the maniacal focus on errors, the desire to optimize
every dimension of the race, the restless eagerness to operate at the edges of his (and
everyone else's) abilities—added up to a one-man clinic on the power of deep practice.
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Q: What's the best way to get to Carnegie Hall?
A: Go straight down Myelin Street.

My journey down Myelin Street began with a visit to an in-
cubator at the Laboratory of Developmental Neurobiology at
the National Institutes of Health. The incubatot, about the
size of a small refrigerator, held shiny wire racks on which
sat several rows of petri dishes containing a pink-Gatorade-
looking liquid. Inside the pink liquid were platinum electrodes
sending tiny bursts of current to mouse neurons covered with
a pearlescent white substance.

"That's it," said Dr. Fields. "That's the stuff."

Fields, fifty-four, is a sinewy, energetic man with a broad
smile and a jaunty gait. A former biological oceanographer, he
oversees a six-person, seven-room lab that is outfitted with hiss-
ing canisters, buzzing electrical boxes, and tidy bundles of wires
and hoses, and that resembles nothing so much as a tidy, efficient
ship. In addition, Fields has the sea captain's habit of making
extremely exciting moments sound matter-of-fact. The more
exciting something is, the more boring he makes it seem. For
instance, he was telling me about a six-day climb of Yosemite's
3,500-foot El Capitan that he made two summers back, and I
asked what it felt like to sleep while hanging from a rope thou-
sands of feet above the ground. "It's actually not that differ-
ent," Fields said, his expression so unchanging that he might
have been discussing a trip to the grocery store. "You adapt."

Now Fields reaches into the incubator, extracts one of the
pink petri dishes, and slides it beneath a microscope. His voice
is quiet. "Have a peek," he says.

I'lean in, expecting to see something sci-fi and magical-
looking. Instead I see a tangled bunch of spaghettilike threads,
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which Fields informs me are nerve fibers. The myelin is harder
to see, a faintly undulating fringe on the edge of the neurons.
I blink, refocus, and struggle to imagine how this stuff may be
the common link between Mozart and Michael Jordan, or at
the very least the key to improving my golf game.

Fortunately Dr. Fields is a good teacher, and in our con-
versations over the previous days he has explained the two
principles that underpin an understanding of myelin and skill.
Talking to him, as to many neurologists, feels something like
mountain-climbing itself: it involves a bit of sweat, but you're
rewarded with a new and lofty perspective.

For starters, there’s Useful Brain Science Insight Number 1:
All actions are really the result of electrical impulses sent
along chains of nerve fibers. Basically, our brains are bundles
of wires—100 billion wires called neurons, connected to each
other by synapses. Whenever you do something, your brain
sends a signal through those chains of nerve fibers to your
muscles. Each time you practice anything—sing a tune, swing
a club, read this sentence—a different highly specific circuit
lights up in your mind, sort of like a string of Christmas lights.
The simplest skill—say, a tennis backhand—involves a circuit
made up of hundreds of thousands of fibers and synapses.

Fundamentally, every one of those circuits looks like this:

INPUT PATHS OUTPUT PATHS
(sensory info, decisions) (muscle movements)
_ processing —_— .

7 N
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The input is all the stuff that happens before we perform
an action: seeing the ball, feeling the racquet's position in our
hand, deciding to swing. The output is the performance itself:
the signals that move the muscles with the right timing and
force to take a step, turn the hips, the shoulders, the arm.

When you hit that backhand (or play an A-minor chord,
or make a chess move), an impulse travels down those fibers,
like voltage through a cord, triggering the other fibers to
fire. The point is that these circuits, not our obedient, mind-
less muscles, are the true control center of every human
movement, thought, and skill. In a profound way the circuit
zs the movement: it dictates the precise strength and timing
of each muscle contraction, the shape and content of each
thought. A sluggish, unreliable circuit means a sluggish, unre-
liable movement; on the other hand, a fast, synchronous cir-
cuit means a fast, synchronous movement. When a coach uses
the phrase "muscle memory," he is actually talking about cit-
cuits; by themselves, our muscles are as useful as a puppet
without strings. As Dr. Fields puts it, our skills are all in our
wires.

Then there's Useful Brain Science Insight Number 2: The
more we develop a skill circuit, the less we're aware that we're
using it. We're built to make skills automatic, to stash them in
our unconscious mind. This process, which is called automa-
ticity, exists for powerful evolutionary reasons. (The more pro-
cessing we can do in our unconscious minds, the better our
chances of noticing that saber-toothed tiger lurking in the
brush.) It also creates a powerfully convincing illusion: a skill,
once gained, feels utterly natural, as if it's something we've al-
ways possessed.

These two insights—skills as brain circuits and auto-
maticity—create a paradoxical combination: we're forever
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MYELIN

NERVE FIBER

(llustration by Jim Gallagher)

building vast, intricate circuits, and we're simultaneously for-
getting that we built them. Which is where myelin comes in.

To say that myelin looks boring is to flatter it. Myelin does
not look merely boring. It looks fantastically, unrelentingly,
stupendously dull. If the brain is a Blade Runner cityscape
of dazzling neuronal structures, flashing lights, and whizzing
impulses, then myelin plays the humble role of the asphalt.
It's the uniform, seemingly inert infrastructure. It's composed
of a mundanity known as phospholipid membrane, a dense fat
that wraps like electrical tape around a nerve fiber, preventing
the electrical impulses from leaking out. It arrives in a series of
long, rounded shapes that more than one neurologist unpoet-
ically describes as "sausagey."

Given the seemingly obvious supremacy of neurons, the first
brain researchers confidently named their new science neurol-
ogy, even though myelin and its supporter cells, known as white
matter, account for more than half of the brain's mass. For a
century researchers have focused their attention on neurons
and synapses rather than on their seemingly inert insulation,
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which they studied mostly in relation to multiple sclerosis and
other myelin-destroying autoimmune diseases. As it turned
out, researchers were mostly correct—neurons and synapses
can indeed explain almost every class of mental phenomena:
memoty, emotion, muscle control, sensory perception, and so
on. But there's a key question that neurons can't explain: why
does it take people so long to learn complex skills?

One of the first clues to myelin's role was uncovered in the
mid-1980s by an experiment involving rats and Tonka toy
dump trucks. Bill Greenough at the University of Illinois
raised three groups of rats in varying ways. In the first group
individual rats were isolated from other rats, each one in a
large plastic shoebox. The rats in the second group were
raised with other rats but also in shoeboxes. The rats in the
third group, however, were raised in an enriched environ-
ment, surrounded by other rats and a pile of toys that they in-
stinctively played with, even to the point of figuring out how
to work the lever on the dump truck.

When Greenough autopsied the animals' brains after two
months, he found that the number of synapses in the enriched-
environment group had increased by 25 percent compared
with the other two groups. Greenough's work was well received,
helping establish the idea of brain plasticity, in particular the
notion that the brain has critical developmental windows, dur-
ing which its growth responds to its environment. But buried
in Greenough's study was a secondary finding that was largely
ignored by the scientific community. Something else had also
grown by 25 percent in the enriched-environment group: white
matter—myelin.

"We'd been ignoring myelin; everybody thought it was a
bystander," Greenough said. "But then it became clear that
big things were happening there."
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Still, neurons and synapses continued to get the lion's
share of research attention until around 2000, when a power-
ful new technology called diffusion tensor imaging allowed
neurologists to measure and map myelin inside living sub-
jects. Suddenly researchers began to link structural deficien-
cies in myelin to a variety of disorders, including dyslexia,
autism, attention deficit disorder, post-traumatic stress syn-
drome, and even pathological lying. While many researchers
focused on myelin's link to disease, another group became
interested in the role it might play in normal, even high-
functioning, individuals.

More studies followed. In 2005 Fredrik Ullen scanned
the brains of concert pianists and found a directly propor-
tional relationship between hours of practice and white mat-
ter. In 2000 Torkel Klingberg linked reading skill to white
matter increases, and in 2006 Jesus Pujol did the same for vo-
cabulary development. In 2005 the Cincinnati Children's
Hospital study of 47 normal children aged 5 to 18 correlated
increased IQ with increased organization and density of white
matter.

Other researchers, like Dr. Fields, uncovered the mecha-
nism by which these myelin increases happened. As he de-
scribed in a 2006 paper in the journal Neuron, supporter cells
called oligodendrocytes and astrocytes sense the nerve firing
and respond by wrapping more myelin on the fiber that fires.
The more the nerve fires, the more myelin wraps around it.
The more myelin wraps around it, the faster the signals travel,
increasing velocities up to one hundred times over signals sent
through an uninsulated fiber.

The studies piled up, gradually coalescing into a new pic-
ture. Myelin is infrastructure all right, but with a powerful
twist: within the vast metropolis of the brain, myelin quietly
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transforms narrow alleys into broad, lightning-fast super-
highways. Neural traffic that once trundled along at two miles
an hour can, with myelin's help, accelerate to two hundred
miles an hour. The refractory time (the wait required between
one signal and the next) decreases by a factor of 30. The in-
creased speed and decreased refractory time combine to boost
overall information-processing capability by 3,000 times—
broadband indeed.

What's more, myelin has the capacity to regulate velocity,
speeding or occasionally even slowing signals so they hit
synapses at the optimal time.Timing is vital because neurons
are binary: either they fire or they don't, no gray area. Whether
they fire depends solely on whether the incoming impulse is
big enough to exceed their threshold of activation. To explain
the implications, Fields had me imagine a skill circuit where
two neurons have to combine their impulses to make a third
high-threshold neuron fire—for, say, a golf swing. But here's
the catch: in order to combine properly, those two incoming
impulses must arrive at neatly exactly the same time—sort of
like two small people running at a heavy door to push it open.
That required time window turns out to be about 4 milli-
seconds, or about half the time it takes a bee to flap its wings
once. If the first two signals arrive more than 4 milliseconds
apart, the door stays shut, the crucial third neuron doesn't fire,
and the golf ball soars into the rough. "Your brain has so
many connections and possibilities that your genes can't code
the neurons to time things so precisely,”" Fields said. "But you
can build myelin to do it."

While the precise mechanism of optimization remains a
mystery for now—~Fields theorizes that a feedback loop is at
work, monitoring, comparing, and integrating outputs—the
overall picture adds up to a process elegant enough to please
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This is the learning moment, when the circuits fire and the oligos reach out
and start wrapping the nerve fiber with myelin. This is skill being born. (From
R. Douglas Fields, "White Matter Matters," Scientific American (2008), p. 46.)

Darwin himself: nerve firings grow myelin, myelin controls
impulse speed, and impulse speed is skill. Myelin doesn't make
synapses unimportant—to the contrary, Fields and other neu-
rologists emphasize that synaptical changes remain key to
learning. But myelin plays a massive role in how that learning
manifests itself. As Fields put it, "Signals have to travel at the
right speed, arrive at the right time, and myelination is the
brain's way of controlling that speed.”

Myelin theory, as seen through the eyes of Dr. Fields, is
impressive. But what stayed with me was what he showed me
next: a glimpse into a deep-practicing brain. We walked down
the narrow hall to a colleague's office and saw what looked
like an undersea image out of Jules Verne: glowing green
squidlike shapes against a field of black, their tentacles reach-
ing for slender fibers. The squids, Fields informed me, are
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oligodendrocytes—oligos, in lab lingo, the cells that produce
the myelin. When a nerve fiber fires, the oligo senses it, grabs
hold, and starts wrapping. Each tentacle curls and extends as
the oligo squeezes cytoplasm out of itself until only a cello-
phanelike sheet of myelin remains. That myelin, still attached
to the oligo, proceeds to wrap over and over the nerve fiber
with unworldly precision, spiraling down on each end to cre-
ate the distinctive sausage shape, tightening itself like a
threaded nut along the fiber.

"It's one of the most intricate and exquisite cell-to-cell
processes there is," Fields said. "And it's slow. Each one of
these wraps can go around the nerve fiber forty or fifty times,
and that can take days or weeks. Imagine doing that to an en-
tire neuron, then an entire circuit with thousands of nerves. It
would be like insulating a transatlantic cable."*

So there's the picture in a nutshell: each time we deeply
practice a nine-iron swing or a guitar chord or a chess open-
ing, we are slowly installing broadband in our circuitry. We
are firing a signal that those tiny green tentacles sense; they
react by reaching toward the nerve fibers. They grasp, they
squish, and they make another wrap, thickening the sheath.
They build a little more insulation along the wire, which adds
a bit more bandwidth and precision to the skill circuit, which
translates into an infinitesimal bit more skill and speed. Struggle
is not optional—it's neurologically required: in order to get
your skill circuit to fire optimally, you must by definition fire
the circuit suboptimally; you must make mistakes and pay

* A darker, more vivid way to appreciate myelin's role in skill development is to con-
sider diseases that attack myelin. British cellist Jacqueline du Pre mysteriously lost her
ability to perform at age twenty-eight and was diagnosed with multiple sclerosis eight
months later. Such diseases are quite literally the opposite of acquiring skill, as they de-
stroy myelin while leaving the connections between neurons mostly intact.
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attention to those mistakes; you must slowly teach your cir-
cuit. You must also keep firing that circuit—i.e., practicing—
in order to keep myelin functioning properly. After all, myelin

is living tissue.

To sum up: it's time to rewrite the maxim that practice
makes perfect. The truth is, practice makes myelin, and myelin
makes perfect. And myelin operates by a few fundamental

principles.

1.

The firing of the circuit is paramount. Myelin is
not built to respond to fond wishes or vague ideas or
information that washes over us like a warm bath.
The mechanism is built to respond to actions: the lit-
eral electrical impulses traveling down nerve fibers. It
responds to urgent repetition. In a few chapters we'll
discuss the likely evolutionary reasons, but for now
we'll simply note that deep practice is assisted by the
attainment of a primal state, one where we are atten-
tive, hungty, and focused, even desperate.

Myelin is universal. One size fits all skills. Our
myelin doesn't "know" whether it's being used for
playing shortstop or playing Schubert: regardless of
its use, it grows according to the same rules. Myelin is
meritocratic: circuits that fire get insulated. If you
moved to China, your myelin would wrap fibers that
help you conjugate Mandarin verbs. To put it another
way, myelin doesn't care who you are—it cares what
you do.

. Myelin wraps it doesn't unwrap. Like a highway-

paving machine, myelination happens in one di-
rection. Once a skill circuit is insulated, you can't
un-insulate it (except through age or disease). That's
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why habits are hard to break. The only way to
change them is to build new habits by repeating new
behaviors—by myelinating new circuits.

4. Age matters. In children, myelin arrives in a series
of waves, some of them determined by genes, some
dependent on activity. The waves last into our thir-
ties, creating critical periods during which time the
brain is extraordinarily receptive to learning new
skills. Thereafter we continue to experience a net
gain of myelin until around the age of fifty, when the
balance tips toward loss. We retain the ability to
myelinate throughout life—thankfully, 5 percent of
our oligos remain immature, always ready to answer
the call. But anyone who has tried to learn a language
or a musical instrument later in life can testify that it
takes a lot more time and sweat to build the requisite
circuitry. This is why the vast majority of world-
class experts start young. Their genes do not change
as they grow older, but their ability to build myelin
does.

On one level, the study of myelin sounds like an exotic
new neuroscience. But on another level, myelin is similar to
another evolution-built mechanism you use every day: mus-
cles. If you use your muscles a certain way—by trying hard
to lift things you can barely lift—those muscles will respond
by getting stronger. If you fire your skill circuits the right
way—Dby trying hard to do things you can barely do, in deep
practice—then your skill circuits will respond by getting
faster and more fluent.

Views about our use of muscles have changed. Until the 1970s
relatively few people ran marathons or pursued bodybuilding;
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those who did and excelled were considered to possess a spe-
cial gift. That worldview flipped when we learned how the
human cardiovascular system actually works: that we can im-
prove it by targeting our aerobic or anaerobic systems, that
we can strengthen our heart and muscles by pushing ourselves
to operate at the outer edges of our ability—lifting a slightly
heavier weight, or trying to run a slightly farther distance. It
turned out that regular people could become bodybuilders or
marathoners gradually, by tapping into the power of the
mechanism.

Thinking about skill as a muscle requires a big adjustment—
you might say that we have to build a new circuit of under-
standing. For the last century and a half, we've understood
talent through a Darwin-inspired model of genes and envi-
ronment, a.k.a. nature and nurture. We've grown up belieing
that genes impart unique gifts, and that environment offers
unique opportunities for expressing those gifts. We've in-
stinctively chalked up the kind of success we see in remote,
impoverished hotbeds like Brazil's soccer fields to the vague
notion that underdogs try harder and want it more. (Never
mind that the world is brimming with millions of desperately
poor people who try desperately hard to succeed at soccer.)
But the myelin model shows that certain hotbeds succeed not
only because people there are trying harder but also because
they are trying harder in the right way—practicing more
deeply and earning more skill. When we look more closely,
those hotbeds aren't really underdogs at all. Like David, they
have found the right leverage against Goliath.
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ANDERS ERICSSON'S BIG ADVENTURE

Myelin science is still in its early days. As one neurologist told
me, until a few years ago all the world's myelin researchers
could have fit into a single restaurant. "When it comes to
myelin, we know perhaps two percent of what we know about
synapses," Fields said. "We're on the frontier."

This doesn't mean the scientists who are studying myelin
fail to see its massive potential, or that the new model doesn't
influence the way they see the world. (When Fields and 1
played pool at his house, he commented that he "hasn't mye-
linated his pool-playing circuits that much.") But it does mean
that they harbor a deep yearning for a major, broad-based
study to investigate myelin's relationship to human skill and
learning.

This is no small wish. The ideal myelin study would be
biblical in scope. It would examine all types of skill, in all con-
ceivable environments. It would be a project worthy of Noah,
requiring someone obsessed enough to track and measure
each species of skill, then to metaphorically march a miles-
long procession of ballplayers, artists, singers, chess players,
and physicists into a single massive inquiry. To myelin re-
searchers, now busily probing petri dishes, the notion of such
a grand study is romantic, irresistible, and utterly outlandish.
What kind of person—what kind of maniacally energetic
Noah—would take on such a project?

This is where Anders Ericsson enters our story. Ericsson
was born in 1947 in a northern subutb of Stockholm, Sweden.
As a boy, Ericsson idolized famous explorers, in particular
Sven Anders Hedin, Scandinavia's turn-of-the-century ver-
sion of Indiana Jones. Hedin was an irresistible character: a
supremely talented linguist, archaeologist, paleontologist, artist,
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and geographer who had explored the far reaches of Mongolia,
Tibet, and the Himalayas, routinely cheating death and writ-
ing highly regarded books. From within the confines of his
small suburban bedroom, Ericsson studied Hedin's works, en-
visioning his own worlds to discover and explore.

As he grew older, however, Ericsson's dreams encoun-
tered difficulties. Most of the world's frontiers appeared to
have been explored, the blank spots on the map filled in. And
unlike Hedin, Ericsson appeared to be mostly without talent.
While he was decent at math, he was fairly hopeless at soccer
and basketball, languages, biology, and music. When he was
fifteen, Ericsson discovered he was good at chess, regularly
winning lunchtime matches against his fellow students. It
seemed he'd discovered his talent—for a few weeks. Then
one of the boys—one of the worst players in the group, in
fact—suddenly improved and started trouncing Ericsson
every time. Ericsson was mad.

He was also curious. "I really thought about this a lot," he
said. "What had just happened? Why could that boy, whom I
had beaten so easily, now beat me just as easily? I knew he was
studying, going to a chess club, but what had happened, really,
underneath? From that point on I deliberately tried to avoid
getting really good at something. I gradually became more
obsessed with studying experts than with being one."

In the mid-1970s Ericsson was studying psychology at the
Royal Institute of Technology. At the time the field of psy-
chology was in an awkward state of transition, stretched be-
tween two divergent schools of thought: on one hand, Sigmund
Freud and his ghostly closetful of unconscious urges; on
the other, B. F. Skinner and a steely-eyed behaviorist move-
ment that treated humans as little more than collections
of mathematical inputs and outputs. But the world was chang-
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ing. In universities in England and the States, a movement
called the cognitive revolution was beginning. This new the-
ory, founded by a diverse group of psychologists, artificial-
intelligence experts, and neuroscientists, held that the human
mind operated like a computer that had been designed by evo-
lution, and that it obeyed certain universal rules. As fate
would have it, Sweden itself was enjoying a golden age of
success in art and sport: a skinny unknown named Bjorn Borg
was winning Wimbledon, Ingmar Bergman ruled world cin-
ema, Ingemar Stenmark dominated skiing, and ABBA was
conquering pop music. In Ericsson's mind, all of these dis-
parate data mingled, giving him what he'd been looking for:
fresh territory to explore. What was talent? What made suc-
cessful people different from the rest of us? Where does
greatness come from?

"I was looking for an area that gave me freedom," Ericsson
said. "I was interested in how people accomplish great things,
and at the time, that was viewed as outside the normal scope
of inquiry."

Ericsson wrote his 1976 dissertation on the usefulness of
verbal reports—people's accounts of their own mental states—
as a tool for understanding their performance. His work
caught the attention of psychologist-economist Herbert Simon,
a pioneer of the cognitive revolution who would shortly collect
a Nobel Prize in economics for his work on decision-making,.
Simon recruited Ericsson to come to America, and by 1977
Ericsson was working alongside Simon at Carnegie Mellon
University in Pittsburgh, investigating basic questions of hu-
man problem-solving.

Characteristically, Ericsson's first project was to explore
one of psychology's most sacred tenets: the belief that short-
term memotry is an innate, fixed quality. A famed 1956 paper
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by psychologist George Miller, called "The Magical Number
Seven, Plus or Minus Two," established the rule that human
short-term memory was limited to seven pieces of indepen-
dent information (and gave Bell Telephone reason to settle on
seven-digit phone numbers). The limit was called "channel
capacity," and the capacity was believed to be as fixed as
height or shoe size.

Ericsson set out to test Millet's theory in the simplest pos-
sible way: by training student volunteers to increase their
capacity for memorizing strings of digits, as a new digit arrived
once per second. To the scientific establishment, Ericsson's ex-
periment seemed eccentric if not downright nuts, the equiva-
lent of attempting to train people to increase their shoe size.
Short-term memory was hardware. Seven digits was the limit;
it didn't change.

When one of Ericsson's student volunteers memorized an
eighty-digit number, the scientific establishment wasn't sure
what to think. When the second volunteer surpassed one hun-
dred digits, Miller's number seven seemed to have been re-
placed by a magic of a different sort. "People were blown
away," Ericsson remembered. ""They couldn't believe that
there wasn't a universal limit. But it was true."

Ericsson showed that the existing model of short-term
memory was wrong. Memory wasn't like shoe size—it could
be improved through training. And this was when Ericsson
had an insight: a glimpse of an unexplored territory worthy of
his hero Hedin. If short-term memory wasn't limited, then
what was? Every skill was a form of memory. When a cham-
pion skier flew down a hill, she was using structures of mem-
ory, telling her muscles what to do and when. When a master
cellist played, he too was using structures of memory. Why
wouldn't they all be subject to the same sort of training effect?
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"Traditional theory said that hardware was a limit,"
Ericsson said. "But if people are able to transform the mecha-
nism that mediates performance by training, then we're in an
entirely new space. This is a biological system, not a com-
puter. It can construct itself."

So began Ericsson's thirty-year odyssey through the king-
dom of talent. Ericsson explored all dimensions of skilled
performance, studying nurses, gymnasts, violinists, and dart
players; Scrabble players, typists, and S.W.A.T. officers. He
did not measure their myelin. (He's a psychologist, not a neu-
rologist, and besides, diffusion tensor imaging hadn't been in-
vented yet.) Instead he studied the talent process from an
equally vital angle: he measured practice. Specifically, he mea-
sured the time and characteristics of practice.

Along with his colleagues in this field, Ericsson established
a remarkable foundation of work (documented in several
books and most recently in the appropriately Bible-size
Cambridge Handbook of Expertise and Expert Performance). Its
central tenet is a Gibraltar-like statistic: every expert in every
tield is the result of around ten thousand hours of committed
practice. Ericsson called this process "deliberate practice” and
defined it as working on technique, seeking constant critical
feedback, and focusing ruthlessly on shoring up weaknesses.
(For practical purposes, we can consider "deliberate practice"
and "deep practice” to be basically the same thing—though
since he's a psychologist, Ericsson's term refers to the mental
state, not to myelin. For the record, he is attracted to the idea.
"I find the correlation [between myelin and skill] very inter-
esting," he told me.)

Along with researchers like Herbert Simon and Bill Chase,
Ericsson validated hallmarks like the Ten-Year Rule, an in-
triguing finding dating to 1899, which says that world-class
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expertise in every domain (violin, math, chess, and so on) re-
quires roughly a decade of committed practice. (Even the as-
tonishing chess prodigy Bobby Fischer put in nine hard years
before achieving his grandmaster status at age seventeen).
This rule is often used to determine the ideal start of training:
for example, in tennis girls peak physically at seventeen, so
they ought to start at seven; boys peak later, so nine is okay.
But the Ten-Year, Ten-Thousand-Hour Rule has more uni-
versal implications. It implies that all skills are built using the
same fundamental mechanism, and further that the mecha-
nism involves physiological limits from which no one is ex-
empt.

In most minds, Ericsson's work inspires a singular and in-
stinctive objection: What about geniuses? What about young
Mozart's famous ability to transcribe entire scores on a single
hearing? What about savants who saunter up to a piano or a
Rubik's Cube and are instantly, magically brilliant? Ericsson
and his colleagues reply with cool, irrefutable stacks of num-
bers. In Genius Explained, Dr. Michael Howe of Exeter
University estimates that Mozart, by his sixth birthday, had
studied 3,500 hours of music with his instructor-father, a fact
that places his musical memory in the realm of impressive but
obtainable skill. Savants tend to excel within narrow domains
that feature clear, logical rules (piano and math—as opposed
to, say, improvisational comedy or fiction writing). Further-
more, savants typically accumulate massive amounts of prior
exposure to those domains, through such means as listening to
music in the home. The true expertise of these geniuses, the
research suggests, resides in their ability to deep-practice ob-
sessively, even when it doesn't necessarily look like they're
practicing. As Ericsson succinctly put it, "There's no cell type
that geniuses have that the rest of us don't." That's not to say
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that a minuscule percentage of people don't possess an innate,
obsessive desire to improve—what psychologist Ellen Winner
calls "the rage to master." But these sorts of self-driven deep
practicers are rare and are blazingly self-evident. (A rule of
thumb: if you have to ask whether your child possesses the
rage to master, he doesn't. )

If we overlay Ericsson's research with the new myelin sci-
ence, we get something approaching a universal theory of
skill that can be summed up in a temptingly concise equation:
deep practice 10,000 hours = world-class skill. But the truth
is, life's more complicated than that. The truth is, it's better to
use the information as a lens through which we can illuminate
how the talent code works, to uncover hidden connections be-
tween distant worlds, to ask strange questions, like: what do
the Bronte sisters have in common with skateboarders?



Chapter 3
The Brontes, the Z-Boys,

and the Renaissance

Excellenceis a habit.

—Aristotle

THE GIRLS FROM NOWHERE

In the vast river of narratives that make up Western culture,
most stories about talent are strikingly similar. They go like
this: without warning, in the midst of ordinary, everyday life,
a Kid from Nowhere appears. The Kid possesses a mysterious
natural gift for painting/math/baseball/physics, and through
the power of that gift, he changes his life and the lives of those
around him.*

* This narrative of the divinely inspired artist is so tightly woven into our culture that
it's easy to forget that there was a time when it didn't exisi. Prior to the Italian
Renaissance, skill at painting and sculpting was regarded as a useful craft, equivalent to
masonty or weaving. Then, however, a painter named Giorgio Vasari invented the idea
of the Heroic Artist. For his 1550 book Lives of the Artists, he told the stoty of a wandet-
ing shepherd boy named Giotto who was discovered in a field drawing marvelous
sketches with a sharpened piece of stone, and who went on to become the first great
artist of the Renaissance. Never mind that the story is historically unsubstantiated, or
that, more to myelin's point, Giotto also spent years apprenticing to the master painter
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Of all the compelling stories of youthful talent, the story
of the Bronte sisters is tough to beat. Its essential arc was es-
tablished by Elizabeth Gaskell in her 1857 Life of Charlotte
Bronté. It went like this: far off in the remote moors of
Haworth, West Yorkshire, within a drafty parsonage ruled by
their icy, tyrannical father, three motherless sisters named
Charlotte, Emily, and Anne wrote marvelous books before
dying at a young age. In Gaskell's telling, the Brontes' story
was a tragic fable, and the most magical part was that the chil-
dren produced several of the greatest works of English litera-
ture: Jane Eyre, Wuthering Heights, Agnes Grey, and The
Tenant of Wildfell Hall. The proof of their divine gift,
Gaskell wrote, was the series of tiny books the Brontes cre-
ated as children, books that wove fantastical stories of imagi-
nary kingdoms called Glasstown, Angtia, and Gondal.

As Gaskell related, "I have had a curious packet confided
to me, containing an immense amount of manuscript, in an in-
conceivably small space; tales, dramas, poems, romances,
written principally by Chatlotte, in a hand which is almost im-
possible to decipher without the aid of a magnifying glass ...
When she gives way to her powers of creation, her fancy and
her language alike run riot, sometimes to the very borders of
apparent delirium."

Tiny books, delirium, supernaturally gifted children—it's
high-octane stuff. Gaskell's book established a sturdy tem-
plate into which most subsequent Bronte biographies have
faithfully slid, in part due to the scarcity of original docu-
ments. Gaskell's narrative has been employed for a film, a
stage play, and a morality tale. There's just one problem with

Cimabue. Vasari's irresistible notion of the divinely inspired lowborn child (which, af-
ter all, is not without its useful resonances) made for a marvelously captivating story
and has proved durable and adaptable to many other fields.
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Gaskell's narrative: it isn't true. To put it more precisely, the
real story of the Brontes is even better.

The real story of the Brontes was uncovered by Juliet
Barker, an Oxford-trained historian who spent six years as cu-
rator of the Bronte Parsonage Museum in Haworth. Scouring
sources locally as well as across Europe, Barker assembled a
trove of material that had gone mostly unexamined. In 1994
she systematically demolished Gaskell's myth with a 1,003-
page firehose of scholarship called The Brontes.

In Barker's work, a fresh picture comes into focus. The
town of Haworth was not a remote outpost but a moderately
busy crossroads of politics and commerce. The Bronte home
was a far more stimulating place than Gaskell portrayed, re-
plete with books, current magazines, and toys, overseen by a
benign, tolerant father. But the myth Barker upends most
completely is the assertion that the Brontés were natural-born
novelists. The first little books weren't just amateurish—a
given, since their authors were so young—they lacked any
signs of incipient genius. Far from original creations, they
were bald imitations of magazine articles and books of the
day, in which the three sisters and their brother Branwell
copied themes of exotic adventure and melodramatic ro-
mance, mimicking the voices of famous authors and cribbing
characters wholesale.

Barker's work conclusively establishes two facts about the
Brontes' little books. First, they wrote a great deal in a variety
of forms—twenty-two little books averaging eighty pages
each in one fifteen-month period—and second, their writ-
ing, while complicated and fantastical, wasn't very good.* As

* Here's an early sample: "an Immense and terreble monster his head touched the clouds
was encircled with a red and fiery Halo his nostrils flashed forth flames and smo smoke
and he was enveloped in dim misty and indefinable robe." And so on. Reading their
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Barker put it, "Their slap-dash writing, appalling spelling,
and non-existent punctuation well into their late teenage years
is usually glossed over [by Bronte biographers], as is the fre-
quent immaturity of thought and characterization. These ele-
ments in the juvenilia do not detract from the Brontes'
achievement in producing such a volume of literature at so
early an age, but they do extensively undermine the view that
they were born novelists."

Deep practice and myelin give us a better way to look
at the Brontes. The unskilled quality of their early writing
isn't a contradiction of the literary heights they eventually
achieved—it's a prerequisite to it. They became great writers
not in spite of the fact that they started out immature and imi-
tative but because they were willing to spend vast amounts of
time and energy being immature and imitative, building
myelin in the confined, safe space of their little books. Their
childhood writings were collaborative deep practice, where
they developed storytelling muscles. As Michael Howe wrote
of the Brontes in Genius Explained, ""The fact that the creative
activity of writing about an invented world was a joint exercise
contributed enormously to the authors' enjoyment. It was a
marvelous game, in which each participant eagerly ingested
and responded to their sibling's latest installment."

To write a book, even a tiny one, is to play a particular kind
of game. Rules must be formed and obeyed. Characters must
be conceived and constructed. Landscapes must be described.
Lines of narrative must be puzzled out and followed. Each of
these can be thought of as a distinct action, the firing of a cir-
cuit that's linked to other circuits. Written far from parental

little books makes you realize that, for the Brontes, the act of writing was profoundly
social, sort of like playing Dungeons and Dragons. Except, of course, that the Brontes
had the challenge and privilege of inventing the whole thing.
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eyes, removed from any formal pressure, the little books func-
tioned as the equivalent of a Link trainer, a place where the
Bronte sisters fired and honed millions upon millions of cir-
cuits, tangled and untangled thousands of authorial knots, and
created hundreds of works that were utter artistic failures ex-
cept for two redeeming facts: each one made them happy, and
each one quietly earned them a bit of skill. Skill isinsulation
that wraps neural circuits and grows according to certain signals.

When Emily Bronte's Wuthering Heights was published in
1847, reviewers marveled at the author's originality. Here was
a complex masterpiece of imaginative storytelling, featuring
the frightening, fascinating character of Heathcliff, a brood-
ing outsider whose only redeeming characteristic was his love
for free-spirited Catherine, who tragically marries the wealthy,
refined Edgar Linton. Critics were right to marvel but wrong
about the originality. In the scribbles of the little books, we
can find all the elements waiting to be assembled: the misty
poetic landscape (called Gondal), the dark hero (christened
Julius Brenzaida), the headstrong heroine (Augusta Geraldine
Almeda), and the rich suitor (Lord Alfred). Seen in this light,
it's not surprising that Emily Bronte was able to write the
story so well. After all, she had been deep-practicing it for
quite some time.

THE MYELIN SKATERS

In the mid-1970s the world of skateboarding was turned up-
side down by a small group of kids who called themselves the
Z-Boys. A band of lanky, sun-bleached teenagers from a surf
shop near Venice, California, the Z-Boys skated in a way no
one had ever seen. They did aerial maneuvers. They scraped
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their boards along curbs and handrails. They carried them-
selves with a punk-outsider sensibility that we now recognize
as the sport's lingua franca. Most usefully, they had a gift for
dramatic timing, making their debut at the Bahne-Cadillac
Skateboard Championship in Del Mar, California, in the sum-
mer of 1975. According to witnesses, the Z-Boys were myste-
rious outsiders, rawboned geniuses who had descended on the
previously sedate sport with all the impact, if not the subtlety,
of Genghis Khan. As the London Guardian summed up in its
review of a documentary film on the Z-Boys: "[A]s [Jay]
Adams slips into a loose crouch, grabs both ends of his board,
and hops up and down in a burst of explosive energy speeding
across the platform, the implication is clear already. In his
charge, a skateboard is no longer a piece of sporting equip-
ment, like a tennis racket. Instead, it's more like an electric
guitar, an instrument for aggressive, irreverent, spontaneous
self-expression."

But such expression was, in fact, far from spontaneous.
Most of the Z-Boys were dedicated ocean surfers, having
logged hundreds of hours on their boards. On days when the
waves failed to show, they had simply transferred their ag-
gressive, low-slung surfer style to the street. Another factor in
their rise to greatness was more accidental: the discovery, in
the early 1970s, of a unique tool, a myelin accelerant that al-
lowed them to improve their circuitry at a ferocious speed.
That tool was an empty swimming pool.

Thanks to a combination of drought, fire, and overbuilt
real estate, the neighborhoods of Bel Air and Beverly Hills
were rife with empty pools. Finding them was easy: the Z-Boys
drove down side streets with a scout standing on the roof of
their car, scanning over fences for likely venues. Riding the
pool's steep curved walls was difficult at first. The first days
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brought some spectacular wipeouts (not to mention more
than a few police calls from surprised homeowners). But
sometime in 1975, in a moment that qualifies as skateboard-
ing's version of the Wright brothers at Kitty Hawk, the
Z-Boys achieved liftoff.

"When we hit the pools it became a really setious activity—
the most serious activity," said Skip Engblom, part owner of
the surf shop and the group's de facto mentor. "Every time we
had to go bigger, faster, longer. We were like a painter with a
new canvas.

In Skateboard Kings, a 1978 British documentary, a skater
identified as Ken described the experience. "Pool riding is def-
initely the hardest thing to do," he said. "It takes whole-body
coordination, so different than any other part of skateboard-
ing ... But like, when I'm doing it, I flash on certain things,
like I'm coming up to the top, I hit the top, and I feel if it's a
good connection or not, and that will either send me into a
slide across the top, or else I go for air ... You're just out there,
and then you just want to make it, and you feel more air and
more air and if you have it under control you just totally go
for it."

Consider the pattern of actions that Ken describes. The
space and shape of the pool constrain his efforts and narrow
his focus to certain flashes, to certain connections that are
either made or not made. It's fly high or fall hard: there are no
gray areas, no mushiness. Once inside the pool, sliding along
the steep surface, the Z-Boys had to play by the rules of the
new game. From a deep-practice point of view, the empty
swimming pool created a world not unlike that of the little
books of the Bronte sisters or the futsal courts of Brazil.
Circuits are fired and honed. Mistakes are made and corrected.
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Myelin flourishes. Talent blooms. kil isinsulation that wraps
neural circuits and grows according to certain signals.

For the last few hundred years, Western culture has under-
stood and explained talent using the idea of unique identity—
the tumble of cosmic dice that makes everyone different,
and a few lucky people special. According to that way of think-
ing, the Brontes and the Z-Boys succeeded because they were
exceptional—mysteriously gifted outsiders, destiny-kissed
Kids from Nowhere. Seen through the lens of deep practice,
however, the story flips. Uniqueness still matters, but its signif-
icance resides in the way the Brontes and the Z-Boys do the
things necessary to build their remarkable skills: firing the right
signals, honing circuits, making tiny books and filling them with
childish stories, searching out empty swimming pools so that
they can spend hours riding and falling inside them. The truth
is, plenty of other Yorkshire girls had lives just as parochial and
constricted as the Brontes', just as plenty of other Los Angeles
kids were as edgy and cool as the Z-Boys. But myelin doesn't
care about who you are. It only cares about what you do.

We've seen how deep practice and myelin illuminate the
talents of small groups of people. Now let's apply those ideas
to two slightly larger groups. First, we'll look at the artists of
the Italian Renaissance. Then we'll look at a slightly bigger
group: the human species.

THE MICHELANGELO SYSTEM

A few years ago a Carnegie Mellon University statistician
named David Banks wrote a short paper entitled "The Problem
of Excess Genius." Geniuses are not scattered uniformly
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through time and space, he pointed out; to the contrary, they
tend to appear in clusters. "The most important question we
can ask of historians is, 'Why are some periods and places so
astonishingly more productive than the rest?" Banks wrote.
"It is intellectually embarrassing that this is almost never posed
squarely ... although its answer would have thrilling implica-
tions for education, politics, science, and art."

Banks singled out three main clusters of greatness: Athens
from 440 B.C. to 380 B.C., Florence from 1440 to 1490, and
London from 1570 to 1640. Of these three none is so dazzling
or well documented as Florence. In the space of a few genera-
tions a city with a population slightly less than that of present-
day Stillwater, Oklahoma, produced the greatest outpouring
of artistic achievement the world has ever known. A solitary
genius is easy to understand, but dozens of them, in the space
of two generations? How could it happen?

Banks listed the conventional-wisdom explanations for the
Renaissance:

Prosperity, which provided money and markets to
support art

Peace, which provided the stability to seek artistic and
philosophical progress

Freedom, which liberated artists from state or reli-
gious control

Social mobility, which allowed talented poor people
to enter the arts

The paradigm thing, which brought new perspec-
tives and mediums that created a wave of originality
and expression.
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All of these seem to be likely causes, Banks wrote, and it is
supetficially plausible that by remarkable good fortune they
converged to spark the Renaissance. Unfortunately, he con-
tinued, the actual existence of most of these factors is contra-
dicted by the historical record. While socially mobile,
Florence in the 1400s wasn't unusually prosperous, peaceful,
or free. In fact, the city was recovering from a disastrous
plague, was divided by vigorous fighting among powerful
families, and was ruled by the church's iron fist.

So, the usual thinking goes, perhaps it's the reverse.
Perhaps it's the infighting, plagues, and restrictive church
that formed the convergence. And yet this logic too collapses
under its own weight, since there are plenty of other places
that had these factors present and yet did not produce
anything resembling Florence's collection of great artistic
talent.

Banks's paper neatly illustrates the endless cycle of tail-
chasing that ensues when you apply traditional nature/nurture
thinking to questions of talent. The more you try to distill the
vast ocean of potential factors into a golden concentrate of
uniqueness, the more contradictory the evidence becomes, and
the more you are nudged toward the seemingly inescapable
conclusion that geniuses are simply born and that phenomena
like the Renaissance were thus a product of blind luck. As his-
torian Paul Johnson writes, giving voice to that theory,
"Genius suddenly comes to life and speaks out of a vacuum,
and then it is silent, equally mysteriously."

Now let's look at the problem through the prism of deep
practice. Myelin doesn't care about prosperity, peace, or para-
digms. It doesn't care what the church was doing, or who died
in the plague, or how much money anyone had in the bank. It
asks the same questions we ask of the Brontes and the Z-Boys:
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What did Florentine artists do? How did they practice, and for
how long?

As it turns out, Florence was an epicenter for the rise of a
powerful social invention called craft guilds. Guilds (the word
means "gold") were associations of weavers, painters, gold-
smiths, and the like who organized themselves to regulate
competition and control quality. Guilds worked like employee-
owned corporations. They had management, dues, and tight
policies dictating who could work in the craft. What they did
best, however, was grow talent. Guilds were built on the appren-
ticeship system, in which boys around seven years of age were
sent to live with masters for fixed terms of five to ten years.

An apprentice worked directly under the tutelage and su-
pervision of the master, who frequently assumed rights as the
child's legal guardian. Apprentices learned the craft from the
bottom up, not through lecture or theory but through action:
mixing paint, preparing canvases, sharpening chisels. They
cooperated and competed within a hierarchy, rising after some
years to the status of journeyman and eventually, if they were
skilled enough, master. This system created a chain of men-
toring: da Vinci studied under Verrocchio, Verrocchio studied
under Donatello, Donatello studied under Ghiberti; Michel-
angelo studied under Ghirlandaio, Ghirlandaio studied under
Baldovinetti, and so on, all of them frequently visiting one an-
othet's studios in a cooperative-competitive arrangement that
today would be called social networking *

In short, apprentices spent thousands of hours solving prob-
lems, trying and failing and trying again, within the confines
of a world built on the systematic production of excellence.

* The system lasted until the 1500s, when powerful new nation-states rose up to put an
end to the guilds and with them the deep-practice engine of the Renaissance.
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Their life was roughly akin to that of a twelve-year-old intern
who spends a decade under the direct supervision of Steven
Spielberg, painting sets, sketching storyboards, setting cam-
eras. The notion that such a kid might one day become a great
film director would hardly be a surprise: it would be closer to
unavoidable (see Ron Howard).

Consider Michelangelo. From ages six to ten he lived with
a stonecutter and his family, learning how to handle a hammer
and chisel before he could read and write. After a brief, un-
happy attempt at schooling, he apprenticed to the great
Ghirlandaio. He worked on blockbuster commissions, sketch-
ing, copying, and preparing frescoes in one of Florence's
largest churches. He was then taught by master sculptor
Bertoldo and tutored by other luminaries at the home of
Lorenzo de' Medici, where Michelangelo lived until he was
seventeen. He was a promising but little-known artist until he
produced the Preza at age twenty-four. People called the Preza
pure genius, but its creator begged to differ. "If people knew
how hard I had to work to gain my mastery," Michelangelo
later said, "it would not seem so wonderful at all."

"The apprenticeship system, with its long period of study,
early acquaintance with varied materials, copying, and collab-
orative work, somehow allowed boys who were probably
quite ordinary in every respect to be turned into men possess-
ing a high degree of artistic skill," wrote Bruce Cole in The
Renaissance Artist at Work." Art—so the Renaissance believed—
could be taught by a series of progressive steps from grinding
colors, to making copies, to work on the master's design, to
inventing one's own paintings or sculptures."”

We tend to think of the great Renaissance artists as a ho-
mogenous group, but the truth is that they were like any other
randomly selected group of people. They came from rich and
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poor families alike; they had different personalities, different
teachers, different motivations. But they had one thing in
common: they all spent thousands of hours inside a deep-
practice hothouse, firing and optimizing circuits, correcting
errors, competing, and improving skills. They each took part
in the greatest work of art anyone can construct: the architec-
ture of their own talent.

MEET MR. MYELIN

George Bartzokis is a professor of neurology at UCLA. Most
of the time Bartzokis, who's in his fifties, resembles the sobet,
distinguished researcher and teacher he is: shirt and tie, neatly
combed hair, courtly manner. But when he talks about myelin,
something within him quickens. He leans forward hungrily.
His eyes gleam; he smiles hugely. He looks as if he might sud-
denly leap out of his chair. Bartzokis does not want to behave
in this way, but he can't help it. Around UCLA, he is known
as "Mr. Myelin."

"Why do teenagers make bad decisions?" he asks, not
waiting for an answer "Because all the neurons are there, but
they are not fully insulated. Until the whole circuit is insulated,
that circuit, although capable, will not be instantly available to
alter impulsive behavior as it's happening. Teens understand
right and wrong, but it takes them time to figure it out.

"Why is wisdom most often found in older people?
Because their circuits are fully insulated and instantly avail-
able to them; they can do very complicated processing on
many levels, which is really what wisdom is. The volume of
myelin in the brain continues to increase until around fifty,
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and you have to remember that it is alive: it is breaking down,
and we are rebuilding it. Complex tasks like ruling countries
or writing novels—these are most often better done by people
who have built the most myelin.

"Why can't monkeys—which have every neuron type and
neurotransmitter we have—use language the way we do?" he
continues. "Because we've got twenty percent more myelin.
To talk like we are now takes a lot of information-processing
speed, and they have no broadband. Sure, you can teach a
monkey to communicate at the level of a three-year-old, but
beyond that, they are using the equivalent of copper wires."

Bartzokis keeps going, posing more questions, providing
more answers, some documented, others awaiting the proof
he knows will soon come.

« Why do breast-fed babies have higher 1Qs? Because the
fatty acids in breast milk are the building blocks of
myelin. This is why the FDA recently approved the
addition of omega-3 fatty acids to infant formula, and
also why eating fish, which is rich in fatty acids, has
been linked to lowered risk of memory loss, dementia,
and Alzheimer's disease. (Bartzokis takes DHA fatty
acids daily.) The lesson in all cases is the same: the more
myelin you have on board, the smarter you can be.

» Why did Michael Jordan retire? His muscles didn't
change, but as with every other human being, his
myelin started to break down with age—not much,
but enough to prevent him from firing impulses at the
speeds and frequencies required for Michael Jordan-
esque explosive movement.
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» Why was puny Cro-Magnon man able to survive, when
bigger, stronger, larger-brained Neanderthals died out?
Because Cro-Magnons had more myelin; they could
outthink, outcommunicate, and ultimately outcom-
pete the Neanderthals. (Bartzokis is awaiting DNA
testing of a Neanderthal tooth that he says may con-
firm his hypothesis.)

» Why can horses walk immediately on being born while
humans take a year? A horse is born with its muscles
already myelinated, online, and ready to go. A baby's
muscles, on the other hand, don't get myelinated for
a year or so, and the circuits get optimized only with
practice (see page 94 for more detail on this).

In selecting for myelin, "evolution made the same choice
that any engineer designing the Internet would make,"
Bartzokis says. "It traded size of the computer for bandwidth. I
don't care how big your computers are—what I want is to have
them available instantaneously, so I can fully process things,
now. That's what the Internet is, instant access to lots of com-
puters. We operate by the same principles as Google does.

"We are myelin beings," Bartzokis says finally. "It's the
way we're built. You can't avoid it."

We are myelin beings. This is a big statement. It offers a po-
tentially revolutionary alternative to the traditional way we
think about skill, talent, and human nature itself. To see what
Mr. Myelin really means by it, however, we first must back-
track a moment.

Since Darwin, the traditional way of thinking about talent
has gone something like this: genes (nature) and environment
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(nurture) combine to make us who we are.* In this view genes
are the cosmic cards we are dealt, and the environment is the
game in which they are played. Every once in a while fate pro-
duces a perfect combination of genes and environment, re-
sulting in high levels of talent and/or genius.

Nature/nurture has been a terrifically popular model be-
cause it's clear and dramatic, and it speaks to a wide variety of
phenomena in the natural world. But when it comes to ex-
plaining human talent, it has a slight problem: it's vague to the
point of meaninglessness. Thinking that talent comes from
genes and environment is like thinking that cookies come
from sugar, flour, and butter. It's true enough, but not suffi-
ciently detailed to be useful. To get beyond the outmoded
nature/nurture model, we need to begin with a clear picture
of how genes actually work.

Genes are not cosmic playing cards. They are evolution-
tested instruction books that build the immensely complicated
machines that are us. They contain the blueprints, literally
written in nucleotides, to construct our minds and bodies in the
smallest detail. The task of design and construction is hugely
complex but essentially straightforward: the genes instruct the
cells to make the eyelash like #bzs, the toenail like zbaz.

When it comes to behavior, however, genes are forced to
deal with a unique design challenge. Human beings move
around through a big, varied world. They encounter all sorts of
dangers, opportunities, and novel experiences. Things happen
quickly, which means that behavior—skills—need to change
quickly. The challenge is, how do you write an instruction
book for behavior? How do our genes, sitting quietly inside

* The phrase nature versus nurture was not originally Darwin's but that of Sir Francis
Galton, his lesser-known cousin, who spent a good portion of his life energetically but
futilely trying to prove that genius was heritable.
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our cells, help us adapt to an ever-changing, ever-dangerous
world?

To help address this problem, our genes have evolved to
do a sensible thing: they contain instructions to build our
circuitry with preset urges, proclivities, instincts. Genes con-
struct our brains so that when we encounter certain stimuli—
a tasty meal, rotting meat, a stalking tiger, or a potential
mate—a factory-loaded neural program kicks into gear, using
emotions to guide our behavior in a useful direction. We feel
hunger when we smell a meal, disgust when we smell rotten
meat, fear when we see a tiger, desire when we see a potential
mate. Guided by these preset neural programs, we navigate
toward a solution.

That strategy works well for creating behaviors to deal
with rotten meat and potential mates. After all, writing in-
structions to build an urge-circuit is relatively simple: if X,
then Y. But what about creating complex higher behaviors,
like playing the saxophone or Scrabble? As we've seen, higher
skills are made of million-neuron chains working together
with exquisite millisecond timing. The question of acquiring
higher skills is really a question of design strategy. What's the
best strategy for writing instructions to build a machine that
can learn immensely complicated skills?

One obvious design strategy would be for the genes to
prewire for the skill. The genes would provide detailed step-
by-step instructions to build the precise circuits needed to per-
form the desired skill: to play music, or juggle, or do calculus.
When the right stimulus came along, all the prebuilt wiring
would connect up and start firing away, and the talent would
appear: Babe Ruth starts whacking homers, Beethoven starts
composing symphonies. This design strategy would seem to
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make sense (after all, what could be more straightforward?),
but in fact it has two big problems.

First, it's expensive, biologically speaking. Building those
elaborate circuits takes resources and time, which have to
come at the expense of some other design feature. Second, it's
a gamble with fate. Prewiring to create a genius software pro-
grammer doesn't help if it's 1850; and prewiring for a genius
blacksmith would be useless today. In the space of a genera-
tion, or a few hundred miles, certain higher skills flip from be-
ing crucial to being trivial and vice versa.

To put it simply, prewiring a million-wire circuit for a
complex higher skill is a stupid and expensive bet for genes to
make. Our genes, however, having survived the gauntlet of
the past few million years, aren't in the business of making
stupid and expensive bets. (Other genes might have been, but
they're long gone by now, along with the lineages that carried
them.)*

Now let's consider a different design strategy. Instead of
prewiring for specific skills, what if the genes dealt with the
skill issue by building millions of tiny broadband installers and
distributing them throughout the circuits of the brain? The
broadband installers wouldn't be particularly complicated—in
fact, they'd all be identical, wrapping wires with insulation to
make the circuits work faster and smoother. They would work
according to a single rule: whatever circuits are fired most, and
most urgently, are the ones where the installers will go. Skill
circuits that are fired often will receive motre broadband; skills

* That's not to say that prewiring for complex behavior doesn't exist—for instance,
look at bees and their flower-locating dance, or the mating rituals of any number of an-
imals. But prewiring for those behaviors makes good evolutionary sense: they are cru-
cial to survival, while playing piano and hitting a golf ball are not. (Well, mostly.)
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that are fired less often, with less urgency, will receive less
broadband.

Such broadband installers would be useful if they were
preset to work most vigorously during youth, when we're
adapting to our environment. They'd be efficient if they
worked outside of our consciousness, without cluttering up
the limited window of everyday experience. (After all, from a
natural-selection point of view, it doesn't matter if we feel
ourselves gaining the crucial skill, only that we gain it—simi-
lar to the workings of, say, our immune system.) From our
limited vantage point, the increased skill would feel exactly
like a gift, as if we were expressing some natural-born quality.
But it would not be a gift: the real gift would be the tiny
broadband installers, busily insulating whatever circuits were
being fired, whether for hunting, math, music, or sport. Like
all useful adaptations, the broadband-installer system would
quickly have become standard operating equipment among
the entire species.

We are myelin beings. The broadband is myelin, and the in-
stallers are the green squidlike oligodendrocytes, sensing the
signals we send and insulating the corresponding circuits.
When we acquire higher skills, we are co-opting this ancient
adaptive mechanism to our individual ends, an event made
possible by the fact that our genes let us—or more accurately,
they let our needs and our actions—determine what skills
we grow. This system is flexible, responsive, and economi-
cal, because it gives all human beings the innate potential to
earn skill where they need it. The proof lies in the talent hot-
beds, in the ten thousand hours people spend deep-practicing
their way to world-class expertise, even in the strained Clint
Eastwood facial expressions they share. These similarities are
not accidental; they are the logical expression of a shared
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evolutionary mechanism built to respond to certain kinds of
signals. Skill isinsulation that wraps neural circuits and grows
according to certain signals.

This is not to say that every person on the planet has the
potential to become an Einstein (whose autopsied brain was
found to contain an unusual amount of you-know-what).*
Nor does it mean that our genes don't matter—they do. The
point, rather, is that although talent feels and looks predes-
tined, in fact we have a good deal of control over what skills
we develop, and we each have more potential than we might
ever presume to guess. We are all born with the opportunity
to become, as Mr. Myelin likes to put it, lords of our own
Internet.

The trick is to figure out how to do that.

*In 1985 Dr. Matian Diamond found that the left inferior parietal lobe of Einstein's
brain, though it had an average number of neurons, had significantly more glial cells,
which produce and support myelin, than the average person's brain. At the time the
finding was considered so meaningless as to be nearly comical. But now it makes perfect
sense, bandwidth-wise.



Chapter 4
The Three Rules of Deep Practice

Try again. Fail again. Fail better.

—Samuel Beckett

ADRIAAN DE GROOT AND THE HSE

Any discussion about the skill-acquiring process must begin
by addressing a curious phenomenon that I came to know as
the Holy Shit Effect. This refers to the heady mix of disbelief,
admiration, and envy (not necessarily in that order) we feel
when talent suddenly appears out of nowhere. The HSE is not
the feeling of hearing Pavarotti sing or watching Willie Mays
swing—they're one in a billion; we can easily accept the fact
that they're different from us. The HSE is the feeling of see-
ing talent bloom in people who we thought were just like us.
It's the tingle of surprise you get when the goofy neighbor kid
down the street is suddenly lead guitarist for a successful rock
band, or when your own child shows an inexplicable knack for
differential calculus. It's the feeling of, where did #6a# come
from?
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Traveling to talent hotbeds, I became plenty familiar with
the HSE. First I would see young, cuddly kids (just like my
kids!) trundling along to their classes, toting their cute base-
ball bats and tiny violins, making clumsy, endearing attempts
at skill. They were just as unimpressive as you would expect
children of that age to be. Then as the youngest kids departed
and older kids started showing up, I witnessed a series of
quantum leaps in skill level. Spending a few days at a hotbed
was like walking down the hallway of a museum exhibition on
the rise of the dinosaur. As if passing a series of dioramas, I
encountered increasingly evolved species: the Pre-Teens
(who were pretty darn good), the Mid-Teens (wow), and fi-
nally the Older Teenagers, who were velociraptors (take
cover). The speed of the progression was stunning: each suc-
cessive group was unimaginably stronger, faster, and more fe-
rociously talented than the previous. Watching the change
was like seeing an adorable gecko lizard morph into a slaver-
ing T. Rex: you know the two are related in theory, but that
knowledge doesn't stop you from saying holy shit.

The interesting thing about the HSE is that it operates in
one direction. The observer is dumbstruck, amazed, and be-
wildered, while the talent's owner is unsurprised, even blase.
This trick-mirror quality is not merely a case of diverging
impressions—of willful naivete on the observer's part or un-
due modesty on the talent-holder's part. It is a consistent pet-
ceptual pattern at the core of the skill-acquiring process, and
it raises an important question: What's the nature of this
process that creates two such wildly divergent realities? How
can these people, who seem just like us, suddenly become tal-
ented while barely cognizant of how talented they've be-
come? For the answer, we turn to a failed math teacher named
Adriaan Dingeman de Groot.
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De Groot, who was born in 1914, was a Dutch psycholo-
gist who played chess in his spare time. He experienced his
own version of the HSE when a handful of players from his
chess club, people just like him in age, experience, and back-
ground, nevertheless were able to perform superhuman feats
of chess mastery. These were the sort of T. Rex players who
could casually destroy ten opponents at once, blindfolded.
Like Anders Ericsson decades later, de Groot puzzled over his
losses, which led him to ask what exactly made these guys so
great. At the time the scientific wisdom on the issue was un-
questioned. It held that the best players possessed photo-
graphic memories that they used to absorb information and
plan strategies. Master players succeeded, the theory went,
because they were endowed with the cognitive equivalent of
cannons, while the rest of us made do with popguns. But de
Groot didn't buy this theory; he wanted to find out more.

To investigate, he set up an experiment involving both
master players and more ordinary ones. De Groot placed
chess pieces into positions from a real game, gave the players
a five-second glimpse of the board, and then tested their re-
call. The results were what one might expect. The master
players recalled the pieces and arrangements four to five times
better than the ordinary players did. (World-class players
neared 100 percent recall.)

Then de Groot did something clever. Instead of using pat-
terns from a real chess game, he set the chess pieces in a ran-
dom arrangement and reran the test. Suddenly the masters'
advantage vanished. They scored no better than lesser play-
ers; in one case, a master chess player did worse than a novice.
The master players didn't have photographic memories; when
the game stopped resembling chess, their skills evaporated.

De Groot went on to show that in the first test, the masters



The Three Rules of Deep Practice 77

were not seeing individual chess pieces but recognizing pat-
terns. Where novices saw a scattered alphabet of individual
pieces, masters were grouping those "letters" into the chess
equivalent of words, sentences, and paragraphs. When the
pieces became random, the masters were lost—not because
they suddenly became dumber but because their grouping
strategy was suddenly useless. The HSE vanished. The differ-
ence between chess T. Rexesand ordinary players was not the
difference between a cannon and a popgun. It was a difference
of organization, the difference between someone who under-
stood a language and someone who didn't. Or, to put it an-
other way, the difference between an experienced baseball fan
(who can take in a game with an ascertaining glance—runner
on third, two out, bottom of the seventh inning) and the same
fan at his first cricket match (who spends the game squinting
baffledly). Skill consists of identifying important elements
and grouping them into a meaningful framework.The name
psychologists use for such organization is chunking.

To get a feel for how chunking works, try to memorize
these two sentences.

We climbed Mount Everest on a Tuesday morning.
Gn inromya Dseut Anotser ev e Tnuomde bmilcew.

The two sentences contain the same characters, just like de
Groot's chessboards, except in the second sentence the order
of those letters is reversed. The reason you can understand,
recall, and manipulate the first sentence is that, like the chess
masters or baseball fans, you have spent many hours learning
and practicing a cognitive game known as reading. You've
learned letter shapes and practiced chunking letters from left
to right into discrete entities with deeper meanings—words-
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and you've learned how to group those into still bigger
chunks—sentences—that you can handle, move around, un-
derstand, and remember.

The first sentence is easy to remember because it has only
three main conceptual chunks: "We climbed" is a chunk,
"Mount Everest" is a chunk, and "Tuesday morning" is a
chunk. Those chunks are in turn composed of smaller chunks.
The letters W and e are both chunks that you combine into
another chunk called We. The pattern of four diagonal lines
forms a still smaller chunk that you recognize as a W. And so
on—each group of chunks nests neatly inside another group
like so many sets of Russian dolls. Your skill at reading, at its
essence, is the skill of packing and unpacking chunks—or to
put it in myelin terms, of firing patterns of circuits—at light-
ning speed.

Chunking is a strange concept. The idea that skill—which
is graceful, fluid, and seemingly effortless—should be created
by the nested accumulation of small, discrete circuits seems
counterintuitive, to say the least. But a massive body of scien-
tific research shows that this is precisely the way skills are
built—and not just for cognitive pursuits like chess. Physical
acts are also built of chunks. When a gymnast learns a floor
routine, he assembles it via a series of chunks, which in turn
are made up of other chunks. He's grouped a series of muscle
movements together in exactly the same way that you
grouped a series of letters together to form Everest. The flu-
ency happens when the gymnast repeats the movements often
enough that he knows how to process those chunks as one big
chunk, the same way that you processed the above sentence.
When he fires his circuits to do a backflip, the gymnast doesn't
have to think, Okay, I'm going to push off with my legs, arch my
back, tuck my head into my shoulders, and bring my hips around,



The Three Rules of Deep Practice 79

ally more than you have to process each letter of Tuesday. He
simply fires the backflip circuit that he's built and honed
through deep practice.

When chunking has been done effectively, it creates a
mirage that gives rise to the HSE. From below, top perform-
ers look incomprehensibly superior, as if they've leaped in a
single bound across a huge chasm. Yet as de Groot showed,
they aren't nearly so different from ordinary performers as
they seem. What separates these two levels is not innate su-
perpower but a slowly accrued act of construction and orga-
nization: the building of a scaffolding, bolt by bolt and circuit
by circuit—or as Mr. Myelin might say, wrap by wrap.*

RULE ONE: CHUNK IT UP

We've seen how deep practice is all about constructing and in-
sulating circuits. But practically speaking, what does that feel
like? How do we know we're doing it?

Deep practice feels a bit like exploring a dark and unfamil-
iar room. You start slowly, you bump into furniture, stop,
think, and start again. Slowly, and a little painfully, you ex-
plore the space over and over, attending to errors, extending
your reach into the room a bit farther each time, building a
mental map until you can move through it quickly and intu-
itively.

Most of us do a certain amount of this practicing reflexively.

* De Groot published his study in 1946 to zero acclaim. It was rediscovered twenty years
later by Anders Ericsson's mentor, Nobel laureate Herbert Simon, who acknowledged
de Groot as a pioneer of cognitive psychology and who in 1965 helped publish the work
in English as Thought and Choice in Chess. De Groot went on to employ his findings in
his own life, competing as a master chess player, publishing widely, and at age eighty-
eight, recording a CD of classical piano improvisations.
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The instinct to slow down and break skills into their compo-
nents is universal. We heard it a billion times while we were
growing up, from parents and coaches who echoed the old re-
frain "Just take it one step at a time." But what I didn't under-
stand until I visited the talent hotbeds was just how effective
that simple, intuitive strategy could be. In the talent hotbeds I
visited, the chunking takes place in three dimensions. First,
the participants look at the task as a whole—as one big chunk,
the megacircuit. Second, they divide it into its smallest possi-
ble chunks. Third, they play with time, slowing the action
down, then speeding it up, to learn its inner architecture.
People in the hotbeds deep-practice the same way a good
movie director approaches a scene—one instant panning back
to show the landscape, the next zooming in to examine a bug
crawling on a leaf in slo-mo. We'll look at each technique to
see how it is deployed.

ABSORB THE WHOLE THING.
This means spending time staring at or listening to the desired
skill—the song, the move, the swing—as a single coherent
entity. People in the hotbeds stare and listen in this way quite a
lot. It sounds rather Zen, but it basically amounts to absorbing
a picture of the skill until you can imagine yourself doing it.

"We're prewired to imitate," Anders Ericsson says. "When
you put yourself in the same situation as an outstanding per-
son and attack a task that they took on, it has a big effect on
your skill."

Imitation need not be conscious, and in fact it often isn't.
In California I met an eight-year-old tennis player named
Carolyn Xie, one of the top-ranked age-group players in the
country. Xie had a typical tennis prodigy's game, except for
one thing. Instead of the usual two-handed backhand for that
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age, she hit one-handed backhands exactly like Roger Federer.
Not a little bit like Federer but exactly like Federer, with that
signature head-down, torero finish.

I asked Xie how she learned to hit that way. "I dunno," she
said. "I just do." I asked her coach: he didn't know. Later Li
Ping, Carolyn's mother, was chatting about their evening
plans when she mentioned they'd be watching a tape of
Roger's match. It turned out that everyone in the family was a
huge fan of Federer; in fact, they had watched just about
every televised match he'd ever played on tape. Carolyn in
particular watched them whenever she could. In other words,
in her short life she had seen Roger Federer hit a backhand
tens of thousands of times. She had watched the backhand
and, without knowing, simply absorbed the essence of it.*

Another example is Ray LaMontagne, a shoe-factory
worker from Lewiston, Maine, who at age twenty-two had an
epiphany that he should become a singer-songwriter.
LaMontagne had little musical experience and less money, so
he took a simple approach to learning: he bought dozens of
used albums by Stephen Stills, Otis Redding, Al Green, Etta
James, and Ray Charles, and holed up in his apartment. For
two years. Every day he spent hours training himself by
singing along to the records. LaMontagne 's friends assumed
he had left town; his neighbors assumed he was either insane
or had locked himself inside a musical time capsule—which,
in a sense, he had. "I would sing and sing, and hurt and hurt,
because I knew I wasn't doing it right," LaMontagne said. "It

*W. Timothy Gallwey tells of a good example of imitation in his book The Inner Game
of Tennis. When Gallwey was first teaching tennis in the 1960s, he decided to try an ex-
periment: instead of talking to his beginner students, he would not speak a word, but
simply show them how to hit. It worked surprisingly well, to the point that Gallwey was
soon teaching fifty-year-old beginners to play passable games of tennis within twenty
minutes without a single technical instruction.
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took a long time, but I finally learned to sing from the gut."
Eight years after he started, LaMontagne's first album sold
nearly half a million copies. The main reason was his soulful
voice, which Rolling Stone said sounded like church, and which
other listeners mistook for that of Otis Redding and Al Green.
LaMontagne 's voice was a gift, it was agreed. But the real gift,
perhaps, was the practice strategy he used to build that voice.

Some of the most fruitful imitation I saw took place at
Spartak Tennis Club in Moscow, a freezing junkpile that has
produced a volcano of talent: Anna Kournikova, Marat Safin,
Anastasia Myskina, Elena Dementieva, Dinara Safina,
Mikhail Youzhny, and Dmitry Tursunov. All in all, the club
produced more top-twenty-ranked women than the United
States did from 2005 to 2007, as well as half of the men's team
that won the 2006 Davis Cup, and it's done all that with one
indoor court. When I visited in December 2000, the club re-
sembled a set for a Mad Max movie: shotgun shacks, diesel-
shimmering puddles, and a surrounding forest filled with
large, hungty, and disconcertingly speedy dogs. An abandoned
eighteen-wheeler was parked out front. Walking up, I could
see shapes moving behind clouded plastic windows, but I
didn't hear that distinctive thwacking of tennis racquets and
balls. When I walked in, the reason became evident: they were
swinging all right. But they weren't using balls.

At Spartak it's called imitatsiya—rallying in slow motion
with an imaginary ball. All Spartak's players do it, from the
five-year-olds to the pros. Their coach, a twinkly, weathered
seventy-seven-year-old woman named Larisa Preobrazhen-
skaya, roamed the court like a garage mechanic tuning an
oversize engine. She grasped arms and piloted small limbs
slowly through the stroke. When they finally hit balls—one
by one, in a line (there are no private lessons at Spartak),
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Preobrazhenskaya frequently stopped them in their tracks and
had them go through the motion again slowly, then once
more. And again. And perhaps one more time.

It looked like a ballet class: a choreography of slow, simple,
precise motions with an emphasis on tekhnika—technique.
Preobrazhenskaya enforced this approach with an iron decree:
none of her students was permitted to play in a tournament for
the first three years of their study. It's a notion that I don't
imagine would fly with American parents, but none of the
Russian parents questioned it for a second. "Technique is every-
thing," Preobrazhenskaya told me later, smacking a table with
Khrushchev-like emphasis, causing me to jump and speedily re-
consider my twinkly-grandma impression of her. "If you begin
playing without technique, it is big mistake. Big, big mistake!"

BREAK IT INTO CHUNKS.

The place I visited that best displayed this process was the
Meadowmount School of Music in upstate New York. Meadow-
mount is located a five-hour drive north of Manhattan in the
green quilt of the Adirondack Mountains. Its founder, renowned
violin teacher Ivan Galamian, chose this site for the same rea-
son New York State builds most of its prisons in this area: it's
remote, inexpensive, and extremely quiet. (Galamian had first
settled the camp in nearby Elizabethtown but deemed the local
gitls to be too distractingly beautiful, a point he underlined by
marrying one.)

The original camp comprised a few cabins and an old
house that had no electricity, no running water, and no televi-
sion or telephone service. Since then, little has changed. The
grounds, while lovely, are basic: students sleep in spartan
dorms, and individual practice cabins teeter on supports made
of tree stumps, cinderblocks, and in several cases a jack taken
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from a nearby car. Meadowmount, however, is better defined
by the camp's storied alumni (Yo-Yo Ma, Pinchas Zuckerman,
Joshua Bell, and Itzhak Perlman) and, at its core, by a simple
equation that has become the school's de facto motto: in seven
weeks, most students will learn a year's worth of material, an
increase of about 500 percent in learning speed. Among the
students, this acceleration is well known but only dimly un-
derstood. So it's often spoken about as if it were some kind of
snowboarding trick.

"Oh my God, that gitl is totally gnarly," said David Ramos,
sixteen, as he pointed out Tina Chen, a Chinese student who
had recently performed a Korngold violin concerto at one of
Meadowmount's nightly concerts. Ramos's voice dropped
to an incredulous whisper. "She said she learned it in three
weeks—but somebody else told me she really did it in two."

These feats are routine at Meadowmount, in part because
the teachers take the idea of chunking to its extreme. Students
scissor each measure of their sheet music into horizontal
strips, which are stuffed into envelopes and pulled out in ran-
dom order. They go on to break those strips into smaller frag-
ments by altering rhythms. For instance, they will play a
difficult passage in dotted rhythm (the horses' hooves
sound—da-dum, da-dum). This technique forces the player to
quickly link two of the notes in a series, then grants them a
beat of rest before the next two-note link. The goal is always
the same: to break a skill into its component pieces (circuits),
memorize those pieces individually, then link them together in
progressively larger groupings (new, interconnected circuits).

SLOW IT DOWN.
At Meadowmount jagged bursts of notes are stretched into
whale sounds. One teacher has a rule of thumb: if a passerby
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can recognize the song being played, it's not being practiced
correctly. When camp director Owen Carman teaches a class,
he spends three hours covering a single page of music. New
students are surprised at the seemingly glacial pace—it's
three or five times slower than they've ever gone. But when
they're finished, they have learned to play the page perfectly;
such a Clarissa-like feat would otherwise take them a week or
two of shallower practice.*

Why does slowing down work so well? The myelin model
offers two reasons. First, going slow allows you to attend
more closely to errors, creating a higher degree of precision
with each firing—and when it comes to growing myelin, pre-
cision is everything. As football coach Tom Martinez likes to
say, "It's not how fast you can do it. It's how slow you can do
it correctly." Second, going slow helps the practicer to de-
velop something even more important: a working perception
of the skill's internal blueprints—the shape and rhythm of the
interlocking skill circuits.

For most of the last century, many educational psycholo-
gists believed that the learning process was governed by fixed
factors like IQQ and developmental stages. Barry Zimmerman,
a professor of psychology at City University of New York,
has never been one of them. Instead, he's fascinated by the
kind of learning that goes on when people observe, judge, and
strategize their own performance—when they, in essence,
coach themselves. Zimmerman's interest in this type of learn-
ing, known as self-regulation, led him in 2001 to undertake an
experiment that sounds more like a street-magic stunt than

*A nice description of this effect, and of deep practice in general, comes from Abraham
Lincoln's portrayal of his own learning process. "I am slow to learn and slow to forget
what I have learned," Lincoln wrote. "My mind is like a piece of steel, very hard to
scratch anything on it and almost impossible after you get it there to rub it out."
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regular science. Working with Anastasia Kitsantas of George
Mason University, Zimmerman posed a question: Is it possi-
ble to judge ability solely by the way people describe the way
they practice? To take, for instance, a roomful of ballerinas of
varying ability, query them about demi-plies, and then accu-
rately pick out the best dancer, second-best dancer, third-best
dancer, and so on, based not on their performance but solely
on how they talked about practicing those demi-plies?

The skill Zimmerman and Kitsantas chose was a volleyball
serve. They gathered a range of expert players, club players,
and novices, and asked them how they approached the serve:
their goals, planning, strategy choices, self-monitoring, and
adaptation—twelve measures in all. Using the answers, they
predicted the players' relative skill levels, then had the players
execute their serve to test the accuracy of their predictions.
The result? Ninety percent of the variation in skill could be
accounted for by the players' answers.

"Our predictions were extremely accurate," Zimmerman
said. "This showed that experts practice differently and far
more strategically. When they fail, they don't blame it on luck
or themselves. They have a strategy they can fix."

In other words, the volleyball experts are like de Groot's
T. Rex chess players. Through practice, they had developed
something more important than mere skill; they'd grown a de-
tailed conceptual understanding that allowed them to control
and adapt their performance, to fix problems, and to cus-
tomize their circuits to new situations. They were thinking in
chunks and had built those chunks into a private language of
skill.

When I was at Meadowmount, I met a fourteen-year-old
cellist named John Henry Crawford, who gave me one of the
most useful descriptions of what deep practice feels like that I
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have heard. He was hanging out by himself in a decrepit
garage that held one of Meadowmount's few concessions to
leisure: a broken-down Ping-Pong table. Crawford talked
about the feeling of acceleration he got at Meadowmount,
which he called "clicking in."

"Last year it took me almost the whole seven weeks to
click in and start practicing well," he said. "This year I can
feel it happening already. It's a thought thing."

We started rallying; John Henry spoke with the rhythm of
the ball.

"When I click in, every note is being played for a purpose.
It feels like I'm building a house. It feels like, this brick goes
here, that one goes there, I connect them and get a foundation.
Then I add the walls, connect those. Then the roof, then the
paint. Then, hopefully, it all hangs together."

We played a game. It was close for a while, then I went
ahead 20-17. Then John Henry hit five straight killshots to
win.

"What can I say?" He shrugged apologetically. "I guess
I'm getting good at building this house too."

RULE TWO: REPEAT IT

We're all familiar with the adage that practice is the best
teacher. Myelin casts the truth of this old saying in a new light.
There is, biologically speaking, no substitute for attentive
repetition. Nothing you can do—talking, thinking, reading,
imagining—is more effective in building skill than executing
the action, firing the impulse down the nerve fiber, fixing er-
rors, honing the circuit.

One way to illustrate this truth is through a riddle: What's
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the simplest way to diminish the skills of a superstar talent
(short of inflicting an injury)? What would be the surest
method of ensuring that LeBron James started clanking jump
shots, or that Yo-Yo Ma started fudging chords?

The answer: don't let them practice for a month. Causing
skill to evaporate doesn't require chromosomal rejiggering or
black-ops psychological maneuvers. It only requires that you
stop a skilled person from systematically firing his or her cir-
cuit for a mere thirty days. Their muscles won't have changed;
their much-vaunted genes and character will remain unal-
tered; but you will have touched their talent at the weakest
spot in its armor. Myelin, as Bartzokis reminds us, is living tis-
sue. Like everything else in the body, it's in a constant cycle of
breakdown and repair. That's why daily practice matters, par-
ticularly as we get older. As Vladimir Horowitz, the virtuoso
pianist who kept performing into his eighties, put it, "If I skip
practice for one day, I notice. If I skip practice for two days,
my wife notices. If I skip for three days, the world notices."

Repetition is invaluable and irreplaceable. There are, how-
ever, a few caveats. With conventional practice, more is al-
ways better: hitting two hundred forehands a day is presumed
to be twice as good as hitting one hundred forehands a
day. Deep practice, however, doesn't obey the same math.
Spending more time is effective—Dbut only if you're still in the
sweet spot at the edge of your capabilities, attentively build-
ing and honing circuits. What's more, there seems to be a
universal limit for how much deep practice human beings
can do in a day. Ericsson's research shows that most world-
class experts—including pianists, chess players, novelists, and
athletes—practice between three and five hours a day, no mat-
ter what skill they pursue.

People at most of the hotbeds I visited practiced less than
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three hours a day. The younger Spartak kids (ages six to eight)
practiced a mere three to five hours each week, while older
teens ratcheted up to fifteen hours a week. The Little League
baseballers of Curacao, some of the world's best, play only
seven months a year, usually three times a week. There were
some exceptions—Meadowmount, for instance, insists on five
hours of daily practice for its seven-week course. But on the
whole the duration and frequency of practice in hotbeds
seemed reasonably sane, proving what I saw in Clarissa's prac-
tices of "Golden Wedding" and "The Blue Danube": when
you depart the deep-practice zone, you might as well quit.*

This jibes with what tennis coach Robert Lansdorp has
witnessed. Lansdorp, who's in his sixties, is to tennis coaching
what Warren Buffett is to investing, having worked with
Tracy Austin, Pete Sampras, Lindsay Davenport, and Maria
Sharapova. He is amused by the need of today's tennis stars to
hit thousands of groundstrokes every day.

"You ever watch Connors practice? You ever watch
McEnroe or Federer?" Lansdorp asks. "They didn't hit a
thousand; most of them barely practice for an hour. Once you
get timing, it doesn't go away."

Intrigued, I excitedly started to explain to Lansdorp about
myelin—how it insulates circuits, how it grows slowly when
we fire those circuits, how it takes ten years to get to world-
class. I got about twenty seconds into my explanation when
Lansdorp cut me off.

"Sure, of course," he said, nodding with the lordly style of
someone who knows myelin more intimately than a neurolo-
gist ever could. "It has to be something like that."

*Another sign that the teachers look for is snoring. Deep practice tends to leave people
exhausted: they can't maintain it for more than an hour or two at a sitting (a finding
Ericsson has observed across many disciplines).
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RULE THREE : LEARN TO FEEL IT

The summer I visited Meadowmount they offered a new
course called "How to Practice," taught by Skye Carman, the
sister of school director Owen Carman. Half a dozen teens
filed into a small practice cabin. Skye, an ebullient personality
and former concertmaster of the Holland Symphony, began
by asking, "How many of you practice five or more hours a
day?"

Four raised their hands.

Skye shook her head in disbelief. "Good for you. I could
have never done that, not in a million billion years. See, I hate
to practice! Hate, hate, hate! So what I did, I forced myself to
make it as productive as it could be. So here's what I want to
know. What's the first thing you do when you practice?"

They stared at her incomprehendingly.

"Tune. Play some Bach," a tall boy said finally. "I guess."

"Hmmmm," Skye said, raising her eyebrow, illuminating
their lack of strategy. "Let me see. I'll bet you all just ... play!
I'll bet you tune, pick a piece you like, and start fooling with it.
Like picking up a ball."

They nodded. She had them nailed.

"That's crazy!" she said, flinging her arms in the air. "Do
you think athletes do that? Do you think they just fool
around? You guys have to realize this is top sport. You areath-
letes. Your playing field is a few inches long, but it still is your
field. You need to find a place to stand, know where you are.
First, tune your instrument. Then tune your eat."

The point, Skye explained, is to get a balance point where
you can sense the errors when they come. To avoid the mis-
takes, first you have to feel them immediately.

"If you hear a string out of tune, it should bother you,"
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Skye told them. "It should bother you a oz That's what you
need to feel. What you're really practicing is concentration.
It's a feeling. So now we're going to practice that feeling."

They closed their eyes, and she played an open string.
Then she twisted a tuning peg a fraction of a millimeter, and
the sound changed. Their smooth brows wrinkled, and their
expressions turned irritated, faintly hungry for her to fix it.
Skye smiled.

"There," she said quietly. "Remember that."

Myelin is sneaky stuff. It's not possible to sense myelin
growing along your nerve fibers any more than you can sense
your heart and lungs becoming more efficient after a workout.
It is possible, however, to sense the telltale set of secondary
feelings associated with acquiring new skills—the myelin ver-
sion of "feeling the burn."

As I traveled to various talent hotbeds, I asked people for
words that described the sensations of their most productive
practice. Here's what they said:

Attention
Connect
Build
Whole
Alert
Focus

Mistake

Repeat
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Tiring
Edge
Awake*

This is a distinctive list. It evokes a feeling of reaching,
falling short, and reaching again. It's the language of mountain
climbers, describing a sensation that is stepwise, incremental,
connective. It's the feeling of straining toward a target and falling
just short, what Martha Graham called "divine dissatisfaction."
It's the feeling Glenn Kurtz writes about in his book Practicing..
"Each day, with every note, practicing is the same task, this es-
sential human gesture—reaching out for an idea, for the
grandeur of what you desire, and feeling it slip through your
fingers."

It's a feeling that brings to mind Robert Bjork's idea of the
sweet spot: that productive, uncomfortable terrain located just
beyond our current abilities, where our reach exceeds our
grasp. Deep practice is not simply about struggling; it's about
seeking out a particular struggle, which involves a cycle of
distinct actions.

1. Pick a target.

2. Reach for it.

3. BEvaluate the gap between the target and the reach.
4. Return to step one.

* Here is a list of words I didn't hear: natural, effortless, routine, antomatic. Another
word that's not used around the talent hotbeds I visited was genius. Not that geniuses
don't exist: the teachers I spoke with pegged the genius rate at about one per decade.
"Very occasionally we'll get a super-top genius talent. I have no idea how their brains
function," said Meadowmount's Skye Carman. "But it's a tiny, tiny percentage. The
rest of us mortals have to work at it."
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Judging by the facial expressions I saw in talent hotbeds,
the sweet spot might better be named the bittersweet spot.
And yet that taste, like all others, can be acquired. One of the
useful features of myelin is that it permits any circuit to be in-
sulated, even those of experiences we might not enjoy at first. At
Meadowmount, instructors routinely see students develop a
taste for deep practice. They don't like it at first. But soon, they
say, the students begin to tolerate and even enjoy the experience.

"Most kids accelerate their practice fairly quickly," said
Meadowmount director Owen Carman. "I think of it as a turn
inward; they stop looking outside for solutions and they reach
within. They come to terms with what works and what
doesn't. You can't fake it, you can't borrow, steal, or buy it.
It's an honest profession."

Meadowmount teachers hawkeye the students for telltale
signs: hieroglyphs of notes scribbled on the sheet music, a
new intensity to the conversations, a fresh reverence for the
warm-up routines. Sally Thomas, a violin teacher, watches
for changes in the way they walk. "They show up here with a
strut," Thomas said. "Then after a while they aren't strutting
anymore. That's a good thing."

A larger-scale example of this phenomenon occurs in
Japanese schools. According to a 1995 study, a sample of
Japanese eighth graders spent 44 percent of their class time
inventing, thinking, and actively struggling with underlying
concepts. The study's sample of American students, on the
other hand, spent less than 1 percent of their time in that state.
"The Japanese want their kids to struggle," said Jim Stigler,
the UCLA professor who oversaw the study and who cowrote
The Teaching Gap with James Hiebert. "Sometimes the [Japa-
nese] teacher will purposely give the wrong answer so the kids
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can grapple with the theory. American teachers, though,
worked like waiters. Whenever there was a struggle, they
wanted to move past it, make sure the class kept gliding along.
But you don't learn by gliding."

Of all the images that communicate the sensation of deep
practice, my favorite is that of the staggering babies. Long
story short: a few years ago a group of American and
Norwegian researchers did a study to see what made babies
improve at walking. They discovered that the key factor
wasn't height or weight or age or brain development or any
other innate trait but rather (surprise!) the amount of time
they spent firing their circuits, trying to walk.

However well this finding might support our thesis, its real
use is to paint a vivid picture of what deep practice feels like.
It's the feeling, in short, of being a staggering baby, of in-
tently, clumsily lurching toward a goal and toppling over. It's
a wobbly, discomfiting sensation that any sensible person
would instinctively seck to avoid. Yet the longer the babies re-
mained in that state—the more willing they were to endure it,
and to permit themselves to fail—the more myelin they built,
and the more skill they earned. The staggering babies embody
the deepest truth about deep practice: to get good, it's helpful
to be willing, or even enthusiastic, about being bad. Baby
steps are the royal road to skill.
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Chapter 5
Primal Cues

Every great and commanding moment in the annals
of the world is a triumph of some enthusiasm.
—Ralph Waldo Emerson

"IF SHE CAN DO IT, WHY CAN'T I?"

Growing skill, as we've seen, requires deep practice. But deep
practice isn't a piece of cake: it requires energy, passion,
and commitment. In a word, it requires motivational fuel,
the second element of the talent code. In this section we'll
see how motivation is created and sustained through a pro-
cess I call ignition. Ignition and deep practice work together
to produce skill in exactly the same way that a gas tank com-
bines with an engine to produce velocity in an automobile.
Ignition supplies the energy, while deep practice translates
that energy over time into forward progress, a.k.a. wraps of
myelin.

When I visited the talent hotbeds, I saw a lot of passion. It
showed in the way people carried their violins, cradled their
soccer balls, and sharpened their pencils. It showed in the way
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they treated bare-bones practice areas as if they were cathe-
drals; in the alert, respectful gazes that followed a coach. The
feeling wasn't always shiny and happy—sometimes it was
dark and obsessive, and sometimes it was like the quiet, abid-
ing love you see in old married couples. But the passion was
always there, providing the emotional rocket fuel that kept
them firing their circuits, honing skills, getting better.

When I asked people in the hotbeds about the source of
their passion for violin/singing/soccer/math, the question
struck most of them as faintly ridiculous, as if I were inquir-
ing when they first learned to enjoy oxygen. The universal re-
sponse was to shrug and say something like "I dunno, I've just
always felt this way."

Faced with these responses, it's tempting to return the
shrug, to chalk up their burning motivation to the unknown
depths of the human heart. But this would not be accurate.
Because in many cases it is possible to pinpoint the instant that
passion ignited.

For South Korea's golfers, it was the afternoon of May 18,
1998, when a twenty-year-old named Se Ri Pak won the
McDonald 's LPGA Championship and became a national
icon. (As one Seoul newspaper put it, "Se Ri Pak is not the
female Tiger Woods; Tiger Woods is the male Se Ri Pak.")
Before her, no South Korean had succeeded in golf. Flash-
forward to ten years later, and Pak's countrywomen had es-
sentially colonized the LPGA Tour, with forty-five players
who collectively won about one-third of the events.

For Russia's tennis players, the moment came later that
same summer when seventeen-year-old Anna Kournikova
reached the Wimbledon semifinals and, thanks to her super-
model looks, gained the status of the world's most downloaded
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athlete. By 2004 Russian women were showing up regularly in
major finals; by 2007 they occupied five of the top ten rank-
ings and twelve of the top fifty. "They're like the goddamned
Russian Army," said Nick Bollettieri, founder of his epony-
mous tennis academy in Bradenton, Florida. "They just keep

on coming."
Year South Koreans on Russians in WTA
LP GA Tour Top too

1998 1 3
1999 2 5
2000 5 6
2001 5 8
2002 8 10
2003 12 11
2004 16 12
2005 24 15
2006 25 16
2007 33 15

Other hotbeds follow the same pattern: a breakthrough
success is followed by a massive bloom of talent. Note that in
each case the bloom grew relatively slowly at first, requiring
five or six years to reach a dozen players. This is not because
the inspiration was weaker at the start and got progressively
stronger, but for a more fundamental reason: deep practice
takes time (ten thousand hours, as the refrain goes). Talent is
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spreading through this group in the same pattern that dande-
lions spread through suburban yards. One putff, given time,
brings many flowers.*

A different example of this phenomenon began on a blus-
tery day in May 1954, when a skinny Oxford medical student
named Roger Bannister became the first person to run a mile
in less than four minutes. The broad outlines of his achieve-
ment are well known: how physiologists and athletes alike re-
garded the four-minute mile as an unbreakable physiological
barrier; how Bannister systematically attacked the record;
how he broke the mark by a fraction of a second, earning
headlines around the world and lasting fame for what Sporss
I/lustrated later called the single greatest athletic accomplish-
ment of the twentieth century.

Less well known is what happened in the weeks after
Bannister's feat: another runner, an Australian named John
Landy, also broke the four-minute barrier. The next season a
few more runners did too. Then they started breaking it in

* One of the useful things about this breakthrough-then-bloom pattern is that it makes
it possible to forecast the rise of future talent hotbeds. I predict that one of them will be
Venezuelan classical musicians. Gustavo Dudamel, a.k.a. El Dude, is the twenty-six-
year-old wunderkind who now directs the Los Angeles Philharmonic. Most stories
about him mention his off-the-chart skills, his signature curly hair, his charm. They
don't mention the fact that Venezuela is producing lots of El Dudes through a program
called the Fundaci6n del Estado para el Sistema Nacional de las Orquestas Juveniles e
Infantiles de Venezuela, known by its handier nickname of El Sistema (the system). The
program enrolls poor kids into classical-training programs (250,000 kids at last count),
brings the best players back as teachers, sends orchestras all over the world, and in gen-
eral is starting to bear a striking resemblance to Venezuela's equally successful baseball
academies. Another futute hotbed will be Chinese novelists. Ha Jin (Waiting) looks to
be the breakthrough performer of what might be a rather large contingent, including
Ma Jian, Li Yiyun, Fan Wu, and Dai Sijie, which should arrive around the same time as
the Chinese basketballers ignited by Yao Ming. Lastly, moviegoers should brace them-
selves for a wave of Romanian filmmakers, an unlikely group sparked by the four major
prizes won at the Cannes Film Festival by that nation's directors over the last three
years, as well as by the famously rigorous teaching at the Bucharest National University
of Drama and Film.
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droves. Within three years no fewer than seventeen runners
had matched the greatest sporting accomplishment of the
twentieth century. Nothing profound had changed. The track
surfaces were the same, the training was the same, the genes
were the same. To chalk it up to self-belief or positive think-
ing is to miss the point. The change didn't come from inside
the athletes: they were responding to something outside them.
The seventeen runners had received a clear signal—you can
do this too—and the four-minute mark, once an insurmount-
able wall, was instantly recast as a stepping-stone.

This is how ignition works. Where deep practice is a cool,
conscious act, ignition is a hot, mysterious burst, an awakening,.
Where deep practice is an incremental wrapping, ignition works
through lightning flashes of image and emotion, evolution-
built neural programs that tap into the mind's vast reserves
of energy and attention. Where deep practice is all about
staggering-baby steps, ignition is about the set of signals and
subconscious forces that create our identity; the moments that
lead us to say zhat is who I want to be. We usually think of pas-
sion as an inner quality. But the more I visited hotbeds, the
more I saw it as something that came first from the outside
world. In the hotbeds the right butterfly wingflap was causing
talent hurricanes.

"I remember watching [Pak] on TV," said Christina Kim,
a South Korean—American golfer. "She wasn't blond or blue-
eyed, and we were of the same blood ... You say to yourself,
"If she can do it, why can't I?" Larisa Preobrazhenskaya, the
Spartak coach, remembers the moment when the spark
caught. "All the little girls started wearing their hair in pony-
tails and grunting when they hit," she said. "They were all lit-
tle Annas."

Ignition is a strange concept because it burns just out of
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our awareness, largely within our unconscious mind. But that
doesn't mean it can't be captured, understood, and used to
produce useful heat. In the next few chapters we'll see how
our built-in ignition system works, and how tiny, seemingly
insignificant cues can, over time, create gigantic differences in
skill. We'll visit some places that have ignited, even though
they might not know it, and we'll see how myelin is really
made out of love. Let's begin by taking a closer look at the ig-
nition process.

THE TINY, POWERFUL IDEA

In 1997 Gary McPherson set out to investigate a mystery that
has puzzled parents and music teachers since time immemo-
rial: why certain children progress quickly at music lessons
and others don't. He undertook a long-term study that sought
to analyze the musical development of 157 randomly selected
children. (This was the study that would generate the footage
of Clarissa practicing the clarinet.) McPherson took a uniquely
comprehensive approach, following the children from a few
weeks before they picked out their instrument (at age seven or
eight in most cases) through to high school graduation, track-
ing their progress through a detailed battery of interviews,
biometric tests, and videotaped practice sessions.

After the first nine months of lessons the kids were a typi-
cal mixed bag: a few had zoomed off like rockets; a few had
barely budged; most were somewhere in the middle. Skill was
scattered along a bell curve of what we'd intuitively consider
to be musical aptitude. The question was, what caused the
curve? Was it inevitable, just a descriptive chart of what happens
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among any randomly chosen population who are striving to
master a skill? Or was there some hidden X factor that ex-
plained and predicted each child's success and failure?

McPherson started analyzing his data to try to find the rea-
son. Was the X factor IQ? Nope. Was it aural sensitivity?
Nope. Was it math skills or sense of rhythm? Sensorimotor
skills? Income level? Nope, nope, nope, nope.

Then McPherson tested a new factor: the children's an-
swers to a simple question that he'd asked them before they
had even started their first lesson. The question was, how long
do you think you'll play your new instrument?

"They mostly say Th, I dunno' at first ," McPherson said.
"But then when you keep digging and ask them a few times,
eventually they will give you a real solid answer. They have
an idea, even then. They've picked up something in their en-
vironment that's made them say, yes, that's for me."

The children were asked to identify how long they planned
to play (the options were: through this year, through primary
school, through high school, all my life), and their answers
were condensed into three categories:

Short-term commitment

Medium-term commitment

Long-term commitment

McPherson then measured how much each child practiced
per week: low (20 minutes per week); medium (45 minutes per
week); and high (90 minutes per week). He plotted the results

against their performance on a skill test. The resulting graph
looked like this:
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When McPherson saw the graph, he was stunned. “I couldn’t
believe my eyes,” he said. Progress was determined not by any
measurable aptitude or trait, but by a tiny, powerful idea
the child had before even starting lessons. The differences
were staggering. With the same amount of practice, the long-
term-commitment group outperformed the short-term-
commitment group by 400 percent. The long-term-commitment
group, with a mere twenty minutes of weekly practice, pro-
gressed faster than the short-termers who practiced for an
hour and a half. When long-term commitment combined with
high levels of practice, skills skyrocketed.

“We instinctively think of each new student as a blank slate,
but the ideas they bring to that first lesson are probably far
more important than anything a teacher can do, or any amount
of practice,” McPherson said. “It’s all about their perception
of self. At some point very early on they had a crystallizing
experience that brings the idea to the fore, that says, / am a
musician. That idea is like a snowball rolling downhill.”

To illustrate how this snowball works, McPherson used the
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example of Clarissa. The day before her high-velocity prac-
tice, Clarissa's teacher had been trying to teach her a new song
called "La Cinquantaine." As usual with Clarissa, the lesson
had not gone well. Out of frustration, the teacher decided to
play a jazz version of "La Cinquantaine"—"Golden Wedding."
He played a few bars, and the whole thing took perhaps a
minute. But a minute was enough.

"When he played that, at that moment, something hap-
pened," McPherson said. "Clarissa was awestruck by the jazz
version. Entranced. She saw the teacher play it, and he must
have played with some style, because she got an image of her-
self as a performer. The teacher didn't realize it then, but
everything came together, and all of a sudden while hardly
knowing it, she's on fire, desperate to learn."

Note the process McPherson is desctibing here. The teacher's
playing caused Clarissa to experience an intense emotional re-
sponse. That response—call it fascination, rapture, or love—
instantly connected Clarissa to a high-octane fuel tank of
motivation, which powered her deep practice. It's the same
thing that happened to the South Korean golfers and the
Russian tennis players. In their case, they used that fuel, over
a decade's time, to dominate two sports; in Clarissa's case, she
used that energy to accomplish a month's worth of practice in
SIX minutes.

McPherson's graph, like the table showing the rise of South
Korean golfers and Russian tennis players, is not a picture of
aptitude. It is a picture of ignition. What ignited the progress
wasn't any innate skill or gene. It was a small, ephemeral, yet
powerful idea: a vision of their ideal future selves, a vision that
oriented, energized, and accelerated progress, and that origi-
nated in the outside world. After all, these kids weren't born
wanting to be musicians. Their wanting, like Clarissa's, came
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from a distinct signal, from something in their family, their
homes, their teachers, the set of images and people they en-
countered in their short lives. That signal sparked an intense,
nearly unconscious response that manifested itself as an idea: |
want to be like them. It wasn't necessarily a logical idea for them
to have. (Recall that it didn't correlate with any aural, rhythmic,
or mathematic skills they possessed.) Perhaps the idea came
about purely by accident. But accidents have consequences, and
the consequence of this one was that they started out ignited,
and that made all the difference.*

FLIPPING THE TRIGGER

Being highly motivated, when you think about it, is a slightly
irrational state. One forgoes comfort now in order to work
toward some bigger prospective benefit later on. It's not as
simple as saying | want X. It's saying something far more
complicated: | want X later, so | better do Y like crazy right now.
We speak of motivation as if it's a rational assessment of
cause and effect, but in fact it's closer to a bet, and a highly un-
certain one at that. (What if the future benefits don't come?)
This paradox is made plain in a scene in Mark Twain's Tom
Sawyer.

Tom Sawyer is whitewashing a fence under strict orders

* At Meadowmount Music School I met a dozen kids who, when I asked them how they
came to play, were vague, saying things like "I just always liked the violin/cello/
piano." Then when I inquired what their parents did, it turned out that they played in
symphony orchestras. In other words, these kids had spent hundreds of hours of their
childhood watching the person they loved most in the wotld practice and perform clas-
sical music. In light of McPherson's study, this is ignition 7 excelsis. Speaking of
parental cues, Meadowmount's roster included three Gabriels, named after the angel of
music.
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from his Aunt Polly. A neighborhood kid named Ben saunters
past, teasingly informing Tom of his afternoon plans.

[Ben] "Say—I'mgoing in a-swimming, | am. Don't
you wish you could? But of course you'd druther
wor k—wouldn't you? Course you would!"

Tom contemplated the boy a bit, and said:

"What do you call work?"

"Why, ain't that work?"

Tom resumed his whitewashing, and answered

carelessly:

"Well, maybeit is, and maybeit ain't. All I know is,
it suits Tom Sawyer."

"Oh come, now, you don't mean to let on that you
likeit?"

The brush continued to move.

"Likeit? Well, | don't see why | oughtn't to like it.
Does a boy get a chance to whitewash a fence every day?"

That put the thing in a new light. Ben stopped nibbling
his apple. Tom swept his brush daintily back and
forth—stepped back to note the effect—added a touch
here and there—criticiTed the effect again—Ben watching
every move and getting more and more interested, more
and more absorbed. Presently he said:

"Say, Tom, let me whitewash a little."

Tom considered, was about to consent; but he altered
his mind:

Wo—no— reckon it wouldn't hardly do, Ben. You
see, Aunt Polly's awful particular about this fence—right
here on the street, you know—but if it was the back fence
| wouldn't mind and she wouldn't. Yes, she s awful
particular about this fence; it's got to be done very careful;
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| reckon there ain't one boy in a thousand, maybe two
thousand, that can do it the way it's got to be done."

We all know what happens next: Ben is ignited, setting off
a contagion of motivation that ends with Tom happily ob-
serving as the neighborhood kids barter and beg for the
chance to whitewash the fence in his stead. Fiction though it
may be, the passage suggests the sorts of signals that work
best to ignite people.

The previous section contained three examples of igni-
tion: South Korean/Russian athletes, mile runners, and be-
ginner musicians. In each case, their ignition was reactive.
It may have felt like it originated within them, but in fact it
did not. In each case it was a response to a signal that arrived
in the form of an image: the victory of an older country-
woman, the barrier-smashing accomplishment of a fellow
runner, the unexpectedly captivating performance of a
teacher. The question is, what do these signals have in
common?

The answer is, each has to do with identity and groups, and
the links that form between them. Each signal is the motiva-
tional equivalent of a flashing red light: those people over there
are doing something terrifically worthwhile. Each signal, in
short, is about future belonging.

Future belonging is a primal cue: a simple, direct signal
that activates our built-in motivational triggers, funneling our
energy and attention toward a goal. The idea makes intuitive
sense—after all, we've all felt motivated by the desire to con-
nect ourselves to high-achieving groups. What's interesting,
however, is just how powerful and unconscious those triggers
can be.



Primal Cues 109

"We're the most social creatures on the planet," says Dr.
Geoff Cohen of the University of Colorado. "Everything de-
pends on collective effort and cooperation. When we get a cue
that we ought to connect our identity with a group, it's like a
hair trigger, like turning on a light switch. The ability to
achieve is already there, but the energy put into that ability
goes through the roof."

Cohen is one of a growing group of psychologists who
specialize in uncovering the unconscious mechanisms that
quietly govern our choices, motivations, and goals. Officially
this area of study is called automaticity, but for our purposes
Cohen and his colleagues are like the garage mechanics of ig-
nition, tracing the invisible connections between our motiva-
tions and the environmental signals that quietly activate them.
One of the rudimentary truths that the automaticity experts
like to point out is that our motivational wiring isn't exactly
new. In fact, most of the motivational circuits in our brains go
back millions of years and are located in the area of the mind
called the reptilian brain.

"Pursuing a goal, having motivation—all of that predates
consciousness," said John Bargh, a psychologist at Yale
University who pioneered automaticity studies in the mid-
1980s. "Our brains are always looking for a cue as to where to
spend energy now. Now? Now? We're swimming in an ocean
of cues, constantly responding to them, but like fish in water,
we just don't see it."

I asked Bargh about a curious pattern I'd observed at the
talent hotbeds: they tended to be junky, unattractive places. If
the training grounds of all the talent hotbeds I visited were
magically assembled into a single facility—a mega-hotbed, as
it were—that place would resemble a shantytown. Its buildings
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would be makeshift, corrugated-roofed affairs, its walls paint-
bald, its fields weedy and uneven. So many hotbeds shared
this disheveled ambience that I began to sense a link between
the dented, beat-up state of the incubators and the sleck talent
they produced. Which, in Bargh's opinion, was precisely the
case, and for a reason he readily explained.

"If we're in a nice, easy, pleasant environment, we natu-
rally shut off effort," Bargh said. "Why work? But if people
get the signal that it's rough, they get motivated now. A
nice, well-kept tennis academy gives them the luxury future
right now—of course they'd be demotivated. They can't
help it."

The research of Bargh and his colleagues adds up to a the-
orem that might be dubbed the Scrooge Principle, which goes
as follows: our unconscious mind is a stingy banker of energy
reserves, keeping its wealth locked in a vault. Direct pleas to
open the vault often don't work; Scrooge can't be fooled that
easily. But when he's hit with the right combination of primal
cues—when he's visited by a series of primal-cue ghosts, you
might say—the tumblers click, the vault of energy flies open,
and suddenly it's Christmas Day.

A few years ago Cohen and his colleague Gregory Walton
tried to start their own motivation explosion. They took a
group of Yale freshmen and gave them an innocuous mix of
magazine articles to read. Included was a one-page first-
person account of a student named Nathan Jackson. Jackson's
story was brief: he had arrived at college not knowing what
career to pursue, had developed a liking for math, and now
had a happy career in a math department of a university. The
story included a small biographical profile about Jackson:
hometown, education, birth date. The article, like the others,



Primal Cues1.1.1

was utterly forgettable—except for one microscopic detail:
for half the students, Nathan Jackson's birth date was altered
to exactly match the students' own. After they read the article,
Cohen and Walton tested the students' attitudes toward math
and measured their persistence; i.e., how long they were will-
ing to work on an insoluble math problem.

When the results came in, Cohen and Walton found that
the birthday-matched group had significantly more positive
attitudes about math, and persisted a whopping 65 percent
longer on the insoluble problem. What's more, those students
did not feel any conscious change. The coincidence of the
birthday, in Walton's phrase, "got underneath them."

"They were in a room by themselves taking the test. The
door was shut; they were socially isolated; and yet [the birth-
day connection] had meaning for them," Walton said. "They
weren't alone. The love and interest in math became part of
them. They had no idea why. Suddenly it was #s doing this,
not just zze.

"Our suspicion is that these events are powerful because
they are small and indirect," Walton continued. "If we had
told them this same information directly, if they had noticed
it, it would have had less effect. It's not strategic; we don't
think of it as being useful because we're not even thinking of
it at all. It's automatic."

If the conceptual model for deep practice is a circuit being
slowly wrapped with insulation, then the model for ignition is
a hair trigger connected to a high-voltage power plant.
Accordingly, ignition is determined by simple if/then propo-
sitions, with the zhen part always the samze - better get busy.
See someone you want to become? Beszer get busy. Want to
catch up with a desirable group? Bezzer get busy. Bargh and
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his colleagues have performed a number of similarly magical-
seeming experiments, where they use tiny environmental cues
(such as inspirational words hidden in a crossword puzzle) to
manipulate motivation and effort among unknowing experi-
mental subjects. They possess piles of supportive data to ex-
plain why this is so effective—for instance, the fact that the
unconscious mind is able to process 11 million pieces of infor-
mation per second, while the conscious mind can manage a
mere 40. This disproportion points to the efficiency and ne-
cessity of relegating mental activities to the unconscious—
and helps us to understand why appeals to the unconscious
can be so effective.

One of the better demonstrations of the power of primal
cues, however, came about by accident. In the 1970s, a clinical
psychologist from Long Island named Martin Eisenstadt
tracked the parental histories of every person who was emi-
nent enough to have earned a half-page-long entry in the
Encyclopaedia Britannica—a roster of 573 subjects, spanning
Homer to John F. Kennedy, a rich mix of writers, scientists,
political leaders, composers, soldiers, philosophers, and ex-
plorers. Eisenstadt wasn't interested in motivation per se; in
fact, he was testing a theory he'd developed relating genius
and psychosis to the loss of a parent or parents at an eatly age.
But he wound up constructing an elegant demonstration of
the relationship between motivation and primal cues.

Within this accomplished group the parental-loss club
turned out to be standing room only. Political leaders who lost
a parent at an early age include Julius Caesar (father, 15),
Napoleon (father, 15), fifteen British prime ministers, Wash-
ington (father, 11), Jefferson (father, 14), Lincoln (mother, 9),
Lenin (father, 15), Hitler (father, 13), Gandhi (father, 15),
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Stalin (father, 11), and (we reflexively paste in) Bill Clinton
(father, infant). Scientists and artists on the list include
Copernicus (father, 10), Newton (father, before birth), Dar-
win (mother, 8), Dante (mother, 6), Michelangelo (mother, 6),
Bach (mother and father, 9), Handel (father, 11), Dostoyev-
sky (mother, 15), Keats (father, 8; mother, 14), Byron (father,
3), Emerson (father, 8), Melville (father, 12), Wordsworth
(mother, 7; father, 13), Nietzsche (father, 4), Charlotte,
Emily, and Anne Bronte (mother at 5, 3, and 1, respectively),
Woolf (mother, 13), and Twain (father, 11). On average, the
eminent group lost their first parent at an average age of 13.9,
compared with 19.6 for a control group. All in all, it's a list
deep and broad enough to justify the question posed by a 1978
French study: do orphans rule the world?*

The genetic explanation for world-class achievement is
useless in this case, because the people on this list are linked by

* For the sake of updating Eisenstadt, here's a partial list of show business stars who
lost a parent before the age of eighteen: Comedy: Steve Allen (1, father), Tim Allen
(11, father), Lucille Ball (3, father), Mel Brooks (2, father), Drew Carey (8, father),
Charlie Chaplin (12, father), Stephen Colbert (10, father), Billy Crystal (15, father),
Eric Idle (6, father), Eddie 1zzard (6, father), Bernie Mac (16, mother), Eddie Murphy
(8, father), Rosie O'Donnell (11, mother), Molly Shannon (4, mother), Martin Short
(17, mother), Red Skelton (infant, father), Tom and Dick Smothers (7 and 8, father),
Tracey Ullman (6, father), Fred Willard (11, father). Musiec: Louis Armstrong, Tony
Bennett, 50 Cent, Aretha Franklin, Bob Geldof, Robert Goulet, Isaac Hayes, Jimi
Hendrix, Madonna, Charlie Parker. The ignition effect seems to be present in the
Beatles (Paul McCartney, 14, mother, and John Lennon, 17, mother) and U2 (Bono, 14,
mother, and Larry Mullen, 15, mother). Movies: Cate Blanchett, Orlando Bloom, Mia
Farrow, Jane Fonda, Daniel Day-Lewis, Sir Ian McKellen, Robert Redford, Julia
Roberts, Martin Sheen, Barbra Streisand, Charlize Theron, Billy Bob Thornton,
Benicio del Toro, James Woods. This list doesn't, of course, include those who lost con-
tact with a parent as the result of divorce, illness, or some other factor, a list that would
fill a book in itself. One of the clearest expressions of the way loss causes ignition comes
from composer-producer Quincy Jones, whose mother suffered from schizophrenia. "I
never felt like I had a mother," he said. "I used to sit in the closet and say, "If I don't have
a mother, I don't need one. I'm going to make music and creativity my mother.' It never
let me down. Never."
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shared life events that have nothing to do with chromosomes.
But when we look at parental loss as a signal hitting a motiva-
tional trigger, the connection becomes clearer. Losing a par-
ent is a primal cue: you are not safe. You don't have to be a
psychologist to appreciate the massive outpouring of energy
that can be created by a lack of safety; nor do you have to
be a Darwinian theorist to appreciate how such a response
might have evolved. This signal can alter the child's relation-
ship to the world, redefine his identity, and energize and orient
his mind to address the dangers and possibilities of life—a re-
sponse Eisenstadt summed up as "a springboard of immense
compensatory energy." Or as Dean Keith Simonton wrote of
parental loss in Origins of Genius, "[S]uch adverse events nut-
ture the development of a personality robust enough to over-
come the many obstacles and frustrations standing in the path
of achievement."

If we take it one step further and presume that many of
the world-class scientists, artists, and writers on Eisenstadt's
list accomplished the requisite ten thousand hours of deep
practice, the mechanism of their ignition becomes more ap-
parent. Losing a parent at a young age was not what gave
them talent; rather, it was the primal cue—you are not safe—
that, by tripping the ancient self-preserving evolutionary
switch, provided energy for their efforts, so that they built
their various talents over the course of years, step by step,
wrap by wrap. Seen this way, the superstars on Eisenstadt's
list are not uniquely gifted exceptions, but rather the logical
extensions of the same universal principles that govern all
of us: (1) talent requires deep practice; (2) deep practice re-
quires vast amounts of energy; (3) primal cues trigger huge
outpourings of energy. And as George Bartzokis might point
out, the eminent people, on average, received this signal as



Primal Cues 115

young teens, during the brain's key development period, in
which information-processing pathways are particularly re-
ceptive to myelin.*

The second example of ignition originates a little closer to
home. In our family of six, our daughter Zoe is the youngest
and, for her age (seven), the speediest. Her foot speed seems
perfectly natural, and yet since I started learning about
myelin, I began to wonder how much of Zoe 's foot speed is
innate, and how much of it stems from the combination of
practice and motivation she gets from being the youngest?

I undertook a highly unscientific survey of my friends'
children. The pattern seemed to hold: the youngest kids were
frequently the fastest runners. It became more interesting
when I broadened the sample group slightly. Here are the
birth-order ranks of the world-record progression in the 100-
meter dash, with the most recently set world record first, the
previous world record second, and so on.

. Usain Bolt (second of three children)
. Asafa Powell (sixth of six)

. Justin Gatlin (fourth of four)

. Maurice Greene (fourth of four)

. Donovan Bailey (third of three)

. Leroy Burrell (fourth of five)

. Carl Lewis (third of four)

~N N Ul AW

* Of course, a patent's death or absence doesn't always lead to talent or achievement.
The same event can be debilitating—hence Eisenstadt's link to psychosis—or, in cases
where the deceased parent was abusive, an improvement in the child's life. The point of
Eisenstadt's list is proportion: that people who lose a parent at a young age, on the
whole, have more opportunity, means, and motive to use that immense compensatory
energy to grow myelin and skill. Whether they use it to become John Lennon or John
Wilkes Booth is a matter of fate and circumstance.
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8. Burrell (fourth of five)
9. Lewis (third of four)
10. Calvin Smith (sixth of eight)

While the sample size is small, the pattern is clear. Of the
eight men on the list (Burrell and Lewis appear twice), none of
them were firstborn, and only one was born in the first half of
his family's birth order. In all, history's fastest runners were
born, on average, fourth in families of 4.6 children. We find a
similar result with the top-ten all-time NFL running backs in
rushing yardage, who score an average birth rank of 3.2 out of
tamilies of 4.4 kids.

This pattern strikes us as surprising, because speed looks
like a gift. It feels like a gift. And yet this pattern suggests that
speed is not purely a gift but a skill that grows through deep
practice, and that is ignited by primal cues. In this case the cue
is:you're behind—keep up! We can safely imagine that in most
tamilies this signal is sent and received hundreds if not thou-
sands of times over the childhood years, sent by older, bigger
kids to smaller, younger ones, who respond with levels of ef-
fort and intensity that those older children (who share the
same genetic inheritance) never had the opportunity to expe-
rience. (And recall that myelin is all about impulse speed: the
more you have, the faster your muscles can fire—a particu-
larly handy feature for sprinters.)

This is not to say that being born late into a big family
automatically makes someone fast, any more than having a
parent die early in life automatically makes one prime minister
of England. But it does say that being fast, like any talent,
involves a confluence of factors that go beyond genes and
that are directly related to the intense, subconscious reaction
to motivational signals that provide the energy to practice
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deeply and thus grow myelin. As with McPherson's musi-
cians, the South Korean golfers, and the Russian tennis players,
Zoe and the rest of the people on this list are talented not only
because they were born that way but also because at some
mysterious point they caught on to a powerful idea, an idea
that originated in the flow of images and signals around them,
those tiny sparks that set them alight. Skill isinsulation that
wraps neural circuits and grows according to certain signals.

O LUCKY ME!

Safety and future belonging are two powerful primal cues. But
they are not the only ones useful for igniting talent.

In the early 1980s a young violin teacher named Roberta
Tzavaras decided to bring classical music to three Harlem
public elementary schools. The problem was, there were far
more students than violins. To solve this problem, as well as to
underscore her belief that every child is capable of learning to
play the violin, Tzavaras decided to hold a lottery. The first
class, made up of the lottery winners, made surprisingly fast
progress. So did the second, and the third. The program
thrived and came to be called the Opus 118 Harlem Center for
Strings. Tzavaras and her students have performed at Carnegie
Hall, at Lincoln Center, and on The Oprah Winfrey Show.
Their success inspired a documentary film, Small Wonders, and
a 1999 Hollywood movie called Music of the Heart.

Naturally, other public schools attempted to develop their
own versions of Opus 118, among them two public schools:
Wadleigh Secondary School of the Performing and Visual
Arts in Harlem, and PS 233 in Flatbush, Brooklyn. The two vi-
olin programs make a useful comparison because they started
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at about the same time and happened to be taught by the same
instructor, David Burnett of the Harlem School for the Arts.
They also make a useful comparison because one of the pro-
grams succeeded and the other did not.

To predict beforehand which program would succeed
might seem easy. Wadleigh enjoyed numerous advantages
over PS 233, including an arts-focused curriculum, parents
who had, by enrolling their child, expressed a belief in the
value of art education, students who presumably had a real in-
terest in music, a brand-new auditorium, and a budget that
permitted the school to purchase violins for every student
who wanted to play. PS 233, on the other hand, was an arche-
typal urban public school. The students had no apparent incli-
nation toward violins or arts in general. What's more, the
foundation that funded the program could afford only fifty vi-
olins, most of which were too small, forcing Burnett to hold
an Opus 118—style lottery to determine who got in. As the
programs got under way, the result seemed preordained:
Wadleigh would succeed, and PS 233 would fail.

And yet, a year later, it was the Wadleigh program that was
sputtering and the PS 233 program that was going strong. The
Wadleigh program was beset with discipline problems, and
the PS 233 group was well behaved. The Wadleigh students
teased the good players and discouraged them from continu-
ing, and the PS 233 students did their practice and got steadily
better. When asked to explain, Burnett can only say that the
Wadleigh program "just failed to take off."

Why? I believe part of the answer can be found in Swall
Wonders, the documentary film on Opus 118. Early in the film,
its makers capture the scene of Tzavaras visiting a first-grade
class to perform music and tell them about a group to which
they might someday belong—if they are fortunate. As she ex-



Primal Cues 119

plains how the lottery works, the kids bounce up and down
nervously; they clamor for applications to take home to their
parents. A week or two goes by; a sense of anticipation builds.
Tzavaras returns to the classroom carrying a stack of winning
applications. Then, to rapt silence, she proceeds to announce
the winners' names. On hearing their names, the kids react as
if they'd just received an electric shock. They dance. They
scream. They flail their arms in joy. They race home to tell
their parents the thrilling news: they won! They don't know
the A string from the A train, but it doesn't matter in the least.
Like the long-termL.commitment group in Gary McPherson's
study, they are ignited, and it makes all the difference.

If talent is a gift sprinkled randomly through the world's
children, we would naturally expect Wadleigh's program to
be the one to succeed. But if talent is a process that can be ig-
nited by primal cues, then the reason for PS 233's success is
clear. The genetic potential in both schools was the same; the
teaching was the same; the difference was, the students at
Wadleigh received the motivational equivalent of a gentle
nudge, while the PS 233 students were ignited by primal cues
of scarcity and belonging. In each case the kids reacted the
same way any of us would.

Let's return to the question that started the previous sec-
tion. Why was Tom Sawyer able to persuade Ben to help
him whitewash the fence? The answer is that Tom flung
primal cues at Ben with the speed and accuracy of a circus
knife-thrower. In the space of a few sentences, he managed
to hit bull's-eyes of exclusivity ("All I know is, it suits Tom
Sawyer... I reckon there ain't one boy in a thousand ...") and
scarcity ("Does a boy get a chance to whitewash a fence every
day? ... Aunt Polly's awful particular about this fence"). His
gestures and body language echoed the same messages: he
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"contemplated the boy a bit," and "stepped back to note the
effect—added a touch here and there—criticized the effect
again," as though engaged in a work of the greatest impor-
tance. If Tom had only sent one or two of these signals, or if
they'd been spaced over the course of a leisurely hour, his
cues would have had no effect; Ben's trigger would have re-
mained untouched. But the rich combination of cues, peppet-
ing Ben's ignition switch one after another, succeeded in
cracking open his vault of motivational energy.

We usually regard this passage as an example of a sophisti-
cated con job: clever Tom Sawyer hoodwinking gullible yokels
into doing unsavory work. Primal-cue psychology allows us
to see it in a slightly different way. Tom's signals worked not
because Ben was some thoughtless dupe. (Indeed, a thought-
less dupe would have shrugged and trudged on to the swim-
ming hole.) Tom's signals worked because Ben, as Twain wrote,
was "watching every move" and was "absorbed." Ben's was
the response of an attentive kid who saw in Tom Sawyer's
work something attractive and who was ignited—not unlike
the response of attentive kids in South Korea or Russia, or of
Zoe watching her siblings run ahead of her. Ignition doesn't
follow normal rules because it's not designed to follow rules.
It's designed only to work, to give us energy for whatever
tasks we choose—or, as we'll see next, for whatever tasks fate
chooses for us.



Chapter 6
The Curacao Experiment

The whole island jumped.
—1 ucio Anthonia, Curacao Little League parent

THE EARTHQUAKE

Every August at the Little League World Series in Williams-
port, Pennsylvania, a team of eleven- and twelve-year-old
boys from Curacao stages a vivid reenactment of David
versus Goliath. Actually, it's more like David versus fifteen
Goliaths. In a sixteen-team tournament frequently domi-
nated by hulking, flame-throwing man-boys, this wiry, under-
size team of nobodies from a tiny, remote Caribbean island
somehow keeps succeeding.* In a worldwide competition
where qualifying two consecutive years is considered a re-
markable achievement, the Curacao boys have made it to the
semifinals six times in the last eight years, winning the title in

*In 2007 the average player from the American Midwest team stood five feet seven and
weighed 136 pounds. Curacao's average player was five feet one inches tall and weighed
106 pounds.
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2004 and finishing second in 2005. As ESPN announcers have
christened it, Curacao is the Little Island That Could.

Curacao's accomplishments are even more impressive for
the fact that compared with the teams they beat, they have
precious few facilities. (There are only two Little League—
regulation fields on the entire island, and one batting cage
constructed of tattered fishnet.) What's more, the Curacao
baseball season lasts but five months; practices are held three
times a week, and games are on weekends, a schedule that
contrasts markedly with the year-round approach of other
places like Venezuela. When I saw them in Williamsport at the
2007 series, the younger members of the Curacao team were
bemused by the spectacle of the Japanese team doing drills
before breakfast. ("Why do they do #a#?"" one player asked
me, mystified.)

The most compelling element of this underdog story,
however, is that Curacao's success can be traced to a single
moment of ignition—actually two moments, lasting approxi-
mately three seconds each. They both happened at Yankee
Stadium on October 20, 1996, in the opening game of the
World Series between the Atlanta Braves and the New York
Yankees. Like many moments of ignition, this one fascinates
because it hangs so heavily on chance, literally on the postage-
stamp-size area of contact created when a round bat meets a
round ball. One-eighth of an inch either way, and, if history is
any guide, the Curacao phenomenon would not have hap-
pened.

The situation at Yankee Stadium seemed unpromising: no
score, top of the second inning, Braves runner on first base.
An unknown nineteen-year-old Curacaoan rookie named
Andruw Jones stood at the plate waggling his bat, a Mona Lisa
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smile creasing his chubby face. Jones had started his season at
the single-A level of the minor leagues; he'd been promoted
to the majors only two months earlier. The Yankee ace, Andy
Pettitte, stared him down with the somber expression of a
bullfighter. Pettitte was only a few years older but in this im-
age the narrative was clear: canny veteran versus naive
rookie.

Pettitte worked the count full, then unleashed his best
pitch: a nasty slider. The intention was to induce the rookie to
do what most rookies do in that situation: get fooled, reach for
the pitch, and ground it into a double play. But Jones was not
most rookies. Jones recognized the spin on the slider and
slammed the pitch ten rows into the left-field seats. Fifty-six
thousand Yankee fans went quiet as Jones, his smile broaden-
ing, sped around the bases.

It was an extraordinary feat, one that couldn't possibly be
outdone. But then it was. The very next inning Jones walked
up to the plate and, on another full-count pitch, smashed an
even more towering drive into the left-field seats. The televi-
sion announcers gasped and stammered as if solving a diffi-
cult mathematical equation: World Series plus Yankee
Stadium plus unknown teenager equals two consecutive home
runs? A nuclear burst of media attention followed, hailing
Jones's natural-born talent, comparing him to Clemente,
Mantle, and da Vinci, marveling at the unearthly God-given
quickness of his wrists. (In fact, that quickness was no gift
from above. Jones had been swinging a bat since the age of
two, coached by his father, Henry. When he was older,
Andruw swung a sledgehammer three times a week, rolling
his wrists in a circle to build hand speed and strength. As
Jones later put it, "[My dad] taught me baseball stuff: to work
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my ass off.") The Hall of Fame in Cooperstown requested
Jones's bat. Agence France-Presse called it the "greatest debut
in World Series history." Like a shock wave, Jones's historic
feat flashed on screens around the world.

But all that was nothing compared to the blast that rocked
Jones's hometown of Willemstad. Curacao's Little League
founder, Frank Curiel, remembers the sound he heard when
Jones hit the home runs. "It was very, very loud. Firecrackers,
yelling, everyone shouting, everyone waking up." A few
weeks later at Little League sign-ups the first aftershock
showed up in the form of four hundred new kids. Their moti-
vation was perhaps all the stronger since they knew that Jones
hadn't even been one of the best players on the island. As a
fifteen-year-old he had switched from third base to outfield so
he could get more playing time. (After all, if hecould do it ...)*

Even with this extraordinary infusion of enthusiastic re-
cruits, Curacao's talent bloom took time to develop, just as it
did for Russia's tennis players and South Korea's golfers—af-
ter all, myelin doesn't grow overnight. Not until 2001, five
years after Jones's home runs, did a team of Curacao Little
Leaguers arrive at Howard J. Lamade Stadium in Williams-
port to compete in the Little League World Series (LLWS).
Tournament officials considered it a fluke appearance. After
all, Curacao had qualified for the LLWS only once before,
back in 1980, and as LLWS press officer Christopher Downs
put it, "[Curacao] had always been pretty miserable." But the

* Interestingly, the same pattern occurred among mile runners in their reaction to the
success of Roger Bannister, who wasn't considered among the world's talents when he
broke the four-minute mark. Similarly, Anna Kournikova had been routinely defeated
by many of her tennis teammates. The peers' reaction in both cases was to be incredu-
lous and highly motivated at once: Them?
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Curacao team, half of which had originally signed up after
Jones's homers, surprised observers by reaching the interna-
tional final. Though they lost 2-1 to the eventual champions
from Tokyo, they had succeeded at establishing the giant-
slayer plotline that they've faithfully followed ever since.

As is true of any talent hotbed, Curacao's success wasn't
caused solely by the primal signals that created ignition. The
matrix of other causes includes disciplined culture, top-notch
coaching, supportive parents, national pride, the love of the
game, and of course, a wealth of deep practice. (From what I
saw, Jones's style of training is the rule, not the exception.)

Curacao is interesting for another reason: a few dozen
miles west lies the island of Aruba. Aruba is like Curacao in
almost every measurable way. They have the same popula-
tion, the same language, the same Dutch-influenced culture,
and the same love of baseball; even their flags are neatly car-
bon copies. Aruba fields quality Little League teams that, un-
til recently, competed well against Curacao's. To top it off,
Aruba had even produced a major-league player who was, for
a moment in 1996, regarded as a better prospect than Andruw
Jones. That star's name was Sidney Ponson, and his early suc-
cess with the Baltimore Orioles, like that of Jones with the
Braves, had fueled Aruban Little League with a fresh spark of
excitement and participation. The two islands were twins,
right down to the motivational spark, and yet Curacao ignited
while Aruba did not. Why?

Part of the answer is that Curacao, like other talent
hotbeds, has found a way to do a very important and tricky
thing: to keep the motivational fire lit. It's one thing to per-
suade Scrooge to crack open his vault; it's another to persuade
him to splurge on Christmas geese day after day, year after
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year. Curacao forms, quite by accident, a natural case study
on the science and practice of sustained ignition.

THE SISTINE CHAPEL EFFECT

Ignition, in Curacao or anywhere, doesn't come with guaran-
tees. For every breakthrough performance that ignites a talent
bloom, there are dozens of breakthroughs that peter out.
Germany's Boris Becker won Wimbledon at seventeen but in-
spired no Teutonic wave of players. Miguel Cervantes dazzled
the Shakespearean era with Don Quixote but had little appar-
ent effect in his native Spain. The painter Edvard Munch
(The Scream) remains the sole member of that oxymoronic
group, Norwegian expressionists. These cases, and others
like them, lead us to an interesting question: why do break-
through performances sometimes ignite talent blooms, and
sometimes not?

The answer is that talent hotbeds possess more than a sin-
gle primal cue. They contain complex collections of signals—
people, images, and ideas—that keep ignition going for the
weeks, months, and years that skill-growing requires. Talent
hotbeds are to primal cues what Las Vegas is to neon signs,
flashing with the kind of signals that keep motivation burning.

Consider the sights that a young Michelangelo would have
encountered in a single afternoon in Florence. In a half-hout's
stroll he could have visited the workshops of a dozen great
artists. These were not quiet studios: to the contrary, they
were beehives overseen by a master and a hustling team of
journeymen and apprentices, competing for commissions, fill-
ing orders, making plans, testing new techniques. He could
have encountered Donatello's Saint Mark statue, Ghiberti's



The Curacao Experiment 127

Gates of Paradise, the works of painters from his boss
Ghirlandaio through Masaccio, Giotto, and Cimabue—the
greatest hits of architecture, painting, and sculpture. All of
them were concentrated within a few blocks; all of them were
simply part of the landscape of everyday life; and all flashed
signals that added up to one energizing message: better get
busy.

Or consider the scene at the Mermaid Tavern in London
during Shakespeare's day. There, across the river from the
Globe Theatre, the major writers of the day—Marlowe,
Jonson, Donne, Raleigh—¢gathered to talk shop and match
wits. Or consider the Academy and Lyceum of Athens, where
Plato, Aristotle, and the rest taught, argued, and learned. Or
consider the thronging environs of Sao Paolo, where, walking
around one afternoon, I attempted to keep track of the num-
ber of signals about soccer I spotted: a TV highlight, a bill-
board, an overheard conversation, four futsal pickup games,
five kids juggling balls down the street. I lost track somewhere
after fifty.

Frank Curiel Field in Willemstad, Curacao, doesn't look
much like ancient Greece. It has dented aluminum bleachers, a
snack shack behind home plate, and on the day I've come to
watch practice, a sprinkling of parents sipping Cokes and
shooting the breeze. The teams are warming up for a game,
playing catch, kidding around. It looks like a slightly more de-
crepit version of every small-town baseball field you've ever
seen. But that's only camouflage. In fact, when I examine it
more closely, I see that it's cluttered with primal cues.

The first cue stands six feet tall, wears an immaculate floral
shirt, and carries a small red cup filled with Dewar's and
Red Bull. This is Frank Curiel himself, the sixty-eight-year-
old league founder, groundskeeper, scheduler, seller of the
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Cokes, controller of the lights, keeper of the trophies, and
benign ruler of this tiny kingdom. He is a tropical Don
Corleone, a resemblance underlined by his hoarse whisper of
a voice. Curiel shows me around his field, outlining his story
as we walk: how he brought Little League to the island forty-
five years ago, how he saw the great Clemente play in Puerto
Rico, how he decided to start a league, how he went to
Springfield College in Massachusetts to learn physical educa-
tion, how he got a job with Curacao's sports and recreation
agency, how he would drive around Willemstad 's neighbor-
hoods to recruit kids to play.

"They played," he says. "Then their kids played, and now
their kids play. I see them all."

In describing devoted organizers like Curiel, it's custom-
ary to state that they "live at the field." With Curiel, this is no
tigure of speech. His home is a ten-by-twelve-foot tin-roofed
shack that sits atop steel pilings just behind home plate; a
swatch of chain-link fence prevents foul balls from flying into
his soup. The room is a riotous flood of trophies, plaques,
equipment, and photos, which threaten to overrun the bed
and the television that are among Curiel's few concessions
to domesticity. Curiel is always around, watching, raking the
tield, running the lights, keeping the kids in line. Below, on
a porch that serves as a Wall of Fame, Curiel has posted
more photos of the greatest moments in the island's base-
ball history. Some nights Curiel sets up the television on the
porch so the kids can gather and watch big-league games or,
as happens often, a scratchy videotape of Andruw Jones's
homers.

With a princely gaze, Curiel surveys his domain. "To play
ball, you need three things," he pronounces, touching his
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body as if doing the sign of the cross. "Heart. Mind. Balls. If
you have two, you can play, but you will never be great. To be
great, all three."

We walk around the field. Near third base Curiel stops to
correct a small boy fielding a grounder. He speaks in a burst of
Papiamento, the native language, which sounds like a reggae
record played backward at high speed. Curiel is telling the
boy to move in front of the ball. "Like this," he demonstrates,
setting down his Dewar's, scooping an imaginary ball, and fir-
ing it to an invisible base. "Like this! Yes!" The boy watches,
nods, and does it.

Behind the backstop, seated at a cement table, are two men
talking into small headsets. They are preparing the weekly ra-
dio broadcast of the game on Curacao radio, via a homemade
setup. Next to them stands a man in a red baseball cap. His
name is Fermin Coronel, and he's a scout for the St. Louis
Cardinals, one of several big-league scouts who live on the is-
land. Around them sit the parents, whose casual demeanor be-
lies their detailed knowledge of tactics and history. "Watch
this boy, he has a good change-up," a fifty-something mother
warns me. Another man tells me of his eleven-year-old son's
private workouts, which include jogging three times a week
and using dumbbells to build core strength. "It's the same
workout Jurrjens used," the father says, referring to Jair
Jurrjens, a highly regarded second-year pitcher with the
Atlanta Braves whose father, by the way, is standing just over
there, by the backstop.

Then there are the kids. At the top of this loose hierarchy
are the older teens who play junior-league ball and help coach.
Many of them have been to Williamsport and still wear their
battered LLWS caps as badges of honor. Then come waves of
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increasingly younger kids, the ones for whom the LLWS is a
fresh memory, the ones who return telling stories of jet flights
and plasma televisions, of getting to meet major-league stars
and seeing themselves on ESPN. Then come the ones who are
trying to make the all-star team this year (they're the most
serious of all), and finally the loose packs of four- and five-
year-olds who tumble in and out of the proceedings like so
many kittens, watchful and quick.

Frank Curiel Field is not so much a field as a window
through which these kids can see the ascending realms of
heaven stacked above them in neat levels, as in a medieval
painting. First comes making the league all-star team (being
one of those guys). Then comes Williamsport in all its
celebrity glory (being one of those guys). Then just above that
is getting signed by a scout, playing in the major leagues (be-
ing one of those guys). For the kids at Frank Curiel Field,
these are not gauzy dreams or glossy posters; they are tangible
steps on a primal ladder of selection,* distinct possibilities re-
flected in the crackle of the radio, the clutter of the trophies,
the chrome glint off the major-league scout's sunglasses. (See
that house down the street, the one with the nice SUV in the
driveway? That's Andruw Jones's mom's housel) To be a six-
year-old at this field is, motivationally speaking, sort of like
standing in the Sistine Chapel. The proof of paradise is right
here: all you have to do is open your eyes.

Late one evening in Curacao I was driving around Wil-

* The most vivid example of the power of selection I came across was from 1987 at
Spartak Tennis Club. The coach, Rauza Islanova, started her class with twenty-five
seven-year-olds. Every second week or so she would reduce it by one. Of the seven who
made the final selection, three became wortld-top-ten players (Elena Dementieva,
Anastasia Myskina, and Marat Safin). "Not bad for one class," Dementieva said.
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lemstad with Philbert Llewellyn. Like most of the adults
around Curacao Little League, Llewellyn had several jobs:
coach, color announcer on the radio broadcast, and lieutenant
in the police department. Around eight p.m. Llewellyn's cell
phone rang, and I assumed it was police business. In fact, it
was two of his ballplayers, who desperately needed him to set-
tle an important bet about an obscure baseball rule. Llewellyn
rendered his decision (no, the batter does not get credit for a
sacrifice if the runner on second tags and goes to third), hung
up, and smiled apologetically. "That happens a lot," he said.

I have coached Little League baseball off and on for more
than a decade now, and I've received calls from players want-
ing to know about schedules, uniform numbers, and pizza
parties, not to mention the occasional player who has a crush
on my wife and wonders if maybe he can talk to her. But I've
yet to get a phone call from two players arguing over the finer
points of the sacrifice-fly rule.

"They are thinking about baseball," Llewellyn said with a
policeman's knowing shrug. "All the time, it's going around
and around inside their heads."

Let's return to the question with which we began: Why
did Curacao succeed in starting a hotbed while Aruba failed?
Why, given the equality of gene pool, culture, and inspira-
tional spark, didn't Aruba ignite? Beyond the factors already
noted, we should also consider the fate of their respective ig-
niters. Sidney Ponson, the Aruban pitcher who was such a
marvelous prospect, turned out to have a drinking problem.
He became overweight, bounced around to several teams, and
on Christmas Day 2004 was arrested for assault and ordered
to take part in twenty-seven hours of anger-management
classes. Andruw Jones, on the other hand, became a five-time
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all-star and ten-time Gold Glove centerfielder. The larger rea-
son, however, is that Curacao possessed a set of tools to keep
the ignition of Jones's success lit. Curacao grew talent be-
cause the message of Jones's success was translated and am-
plified into a reliable combination of primal cues. Frank
Curiel Field, after all, only looks like a beat-up baseball dia-
mond. It is in fact a million-watt antenna steadily transmitting
a powerful stream of signals and images that add up to a
thrilling whisper: Hey, that could be you.

THE LANGUAGE OF IGNITION

Thus far we've learned a few things about the nature of our
ignition switch. First, it's either on or off. Second, it can be
triggered by certain signals, or primal cues. Now we'll look
more deeply into how it can be triggered by the signals we use
most: words.

As experts in motivational psychology go, Skip Engblom
does not fit the usual mold. He is a big, shambling libertarian
skate-shop owner from Santa Monica, California. Engblom,
you might recall, helped found the Z-Boys skateboarding
team. The mumbly, mercurial genius-stoner quintessence of
his personality was captured by Heath Ledger in Lords of
Dogtown, the feature film about the Z-Boys. The years have
left Engblom largely unchanged, except for two things. First,
his once-shaggy locks have been replaced by a gleaming
Buddha dome. Second, he's gained new insights into his role
in the Z-Boys' evolution from their random beginnings to
their storied triumph at the 1975 Del Mar skateboard contest,
insights that resonate best if he explains them himself. Here 's
the setup to his story: it's the early 1970s, and a handful of
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sketchy-looking kids start hanging around Engblom's surf
shop after school.

"I saw them, but I didn't say anything at first. First, 1
wanted to make sure they weren't shoplifting or something,
but when I saw they were being cool, I let them be.
Everybody else would have kicked them out. But they were
okay. I grew up without a dad, and I knew their deal; they
kind of reminded me of me, you know what I mean?" In
Engblomese, this last phrase comes out unowaime? "So we
started spending time. It wasn't much, we went to the beach,
surfed, I fed them. I saw they were really good surfers, some
of these guys, so we entered this contest.

"So this one Saturday the contest comes along and there's
this guy who was supposed to be The Guy, unowaime? He's
some bigshot ringer dude who's going to turn pro or some-
thing. So I'm like the coach, right, and so I decide to put our
smallest surfer, this little kid named Jay Adams, up against
this pro guy in the first heat. Jay was thirteen. I knew Jay
could do it, but Jay didn't know he could, he had no idea. So
we're standing there getting ready for the contest, and people
are gathered around, and they're freaking out that Jay and this
guy are going to surf against each other. They're saying

Whoa, no way.' So that's when I go up to this bigshot pro
guy, right where Jay can hear me, I tell the guy, 'Don't worry,
bud. You don't stand a chance.'

"And Jay goes out and slaughtersthe guy. Jay beats the guy
who was supposed to be The Guy. That's when everything
changed. The kids saw that and went, whoa. We started get-
ting good at that moment, they felt it. They took that to the
waves and to the street when we started that up. And Jay was
the one who had the idea, you know? The one who said we
should start a skateboard team.
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"When it came to skateboards, we got all systematic about
it, practiced a couple hours a day, four days a week. There's
no instant gratification, man. Everything boils back down to
training; doing it over and over. So I never said much. I would
just be mellow and say 'good job, dude' or 'nice shred,' and
sometimes something to up the ante, toss in a little carrot, you
know, like 'I heard so-and-so did that trick last week." And
then they'd all be trying like crazy to do that one, unowaime?
Because they wanted to be part of the equation.

"When they showed up at that contest in Del Mar, every-
body made it seem like it was some big surprise. But [the
Z-Boys| knew exactly what was going to happen. They knew
because they knew exactly how good they were, because they
were trained up, because they knew. Not because I told them
they could. But I helped them get there, definitely."

Engblom pauses, thinks deeply, and issues his wisdom.

"Here's the deal. You've got to give kids credit at a
younger age for feeling stutf more acutely. When you say
something to a kid, you've got to know what you're saying to
them. The stuff you say to a kid starting out—you got to
be supercareful, unowaime? What skill-building really is, is
confidence-building. First they got to earn it, then they got it.
And once it gets lit, it stays lit pretty good."

On one level Engblom didn't do all that much. His com-
munications with the team consisted of a few mumbled
phrases. Some of them set up a highly specific challenge at key
moments ("Don't worty, bro, you don't have a chance"; "1
heard so-and-so did that trick last week"). Others encouraged
their efforts ("good job, dude"; "nice shred"). And yet with-
out Engblom—without his verbal signals and his guidance-
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the Z-Boys might never have happened, much less succeeded.
It's as if those few offhand phrases, small as they were,
somehow helped ignite them to new levels of motivation and
effort.

And according to theories developed by Dr. Carol Dweck,
Engblom's verbal cues, however minimal, are just the kind to
send the right signal. Dweck is a social psychologist at
Stanford who has spent the past thirty years studying motiva-
tion. She 's carved an impressively varied path across the field,
starting with animal motivation and shifting to more complex
creatures, chiefly elementary and high school students. Some
of her most eye-opening research involves the relationship
between motivation and language. "Left to our own devices,
we go along in a pretty stable mindset," she said. "But when
we get a clear cue, a message that sends a spark, then boing, we
respond.”

The boing phenomenon can be seen most vividly in a series
of experiments Dweck did with four hundred New York
fifth graders. The study was a scientific version of the fable
"The Princess and the Pea." Its goal was to see how much a
tiny signal—a single sentence of praise—can affect perfor-
mance and effort, and what kind of signal is most effective.

First, Dweck gave every child a test that consisted of faitly
easy puzzles. Afterward the researcher informed all the chil-
dren of their scores, adding a single six-word sentence of
praise. Half of the kids were praised for their intelligence
("You must be smart at this"), and half were praised for their
effort ("You must have worked really hard").

The kids were tested a second time, but this time they were
offered a choice between a harder test and an easier test.
Ninety percent of the kids who'd been praised for their effort
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chose the harder test. A majority of the kids who'd been
praised for their intelligence, on the other hand, chose the
easy test. Why? "When we piaise children for their intelli-
gence," Dweck wrote, "we tell them that's the name of the
game: look smart, don't risk making mistakes."

The third level of tests was uniformly harder; none of the
kids did well. However, the two groups of kids—the praised-
for-effort group and the praised-for-intelligence group—
responded very differently to the situation. "[The effort group]
dug in and grew very involved with the test, trying solutions,
testing strategies," Dweck said. "They later said they liked it.
But the group praised for its intelligence hated the harder test.
They took it as proof they weren't smart."

The experiment then came full circle, returning to a test of
the same difficulty as the initial test. The praised-for-effort
group improved their initial score by 30 percent, while the
praised-for-intelligence group's score declined by 20 percent.
All because of six short words. Dweck was so surprised at the
result that she reran the study five times. Each time the result
was the same.

"We are exquisitely attuned to messages telling us what is
valued," Dweck said. "I think we go around all the time look-
ing, looking, trying to understand, "Who am I in this setting?
Who am I in this framework?' So that when a clear message
comes, it can send a spark."

True to the findings of Dweck's study, each of the hotbeds
I visited used language that affirmed the value of effort and
slow progress rather than innate talent or intelligence. At
Spartak, for instance, they did not "play" tennis—they pre-
ferred the verb borot'sya " fight" or "struggle." South
Korean golfers are exhorted to yun sup'he, which translates (to
Nike's possible delight) as "just do it." In Curacao the nine-
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to ten-year olds play in the Liga Vraminga, the Little Ant
League; the watchword isprogresa, "baby steps." In Brazilian
soccer the age levels are the Bottle (five- and six-year olds),
Diapers (seven and eight), and Pacifier (nine and ten). The
under-twenty national team is called the Aspirantes, the
Hopeful Ones. ("The English call their youth team the
Reserves!" Emilio Miranda told me, chortling. "What are
they reserved for?") At all the places I visited, praise was not
constant but was given only when it was earned—a finding
that dovetails with the research of Dweck, who notes that mo-
tivation does not increase with increased levels of praise but
often dips. "Remember, our study showed the effect that just
six words can have," Dweck said. "It's all about clarity."

When we use the term motivational language, we are gen-
erally referring to language that speaks of hopes, dreams, and
affirmations ("You are the best!"). This kind of language—
let's call it high motivation—has its role. But the message
from Dweck and the hotbeds is clear: high motivation is not
the kind of language that ignites people. What works is pre-
cisely the opposite: not reaching up but reaching down,
speaking to the ground-level effort, affirming the struggle.
Dweck's research shows that phrases like "Wow, you really
tried hard," or "Good job, dude," motivate far better than
what she calls empty praise.

From the myelin point of view, this conclusion makes
sense. Praising effort works because it reflects biological real-
ity. The truth is, skill circuits are not easy to build; deep prac-
tice requires serious effort and passionate work. The truth
is, when you are starting out, you do not "play" tennis; you
struggle and fight and pay attention and slowly get better.
The truth is, we learn in staggering-baby steps. Effort-based
language works because it speaks directly to the core of the
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learning experience, and when it comes to ignition, there's
nothing more powerful.

"If I was a college, my success rate would be pretty good,
unowaime?” Engblom said. "I mean, eighty or eighty-five pet-
cent of my guys end up successful businessmen, athletes, mil-
lionaires. You can't say that about Harvard."*

* Engblom would like to mention that he's free to talk to corporations or schools or any-
body else to, "you know, advise them on personnel issues. I got a lot of thoughts on this
stuff."



Chapter 7
How to Ignite a Hotbed

Education is not the filling of a palil,
but the lighting of a fire.
—W. B. Yeats

MIKE AND DAVE'S RIDICULOUS IDEA

Talent hotbeds like Curacao, Russia, and South Korea were
ignited by a lightning strike: a breakthrough star, a magical
victory. No one could have predicted or planned them. A dif-
ferent kind of ignition occurs when there's no lightning strike
and yet motivation and talent bloom anyway. This is the kind
of ignition that relates more directly to our daily lives, and 1
found it happening most vividly in an unexpected place: a
group of inner-city schools.

In the winter of 1993 Mike Feinberg and Dave Levin were
not doing well. They were in their early twenties, roommates
and second-year teachers in the Houston public school sys-
tem. Both were members of Teach for America, a fledgling
nonprofit group through which recent college graduates taught
for two years in low-income schools. Feinberg and Levin's
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first year had been rocky (slashed tires, chaotic classes), their
second year slightly worse. They'd tried to innovate but had
found their efforts blocked by incompetent bureaucracy, un-
helptul parents, misbehaving students, hidebound regulations,
and the other blunt cogs of the most efficient frustration-
machine ever invented: the American inner-city public school
system. Levin had been asked not to return to his school;
Feinberg, reaching an even deeper depth, found himself wish-
tully contemplating law school. So they spent their winter
evenings sitting around their crummy Houston apartment en-
gaging in the time-honored activity of twenty-somethings
everywhere: bitching about work, drinking beer, and watching
Star Trek. Their mindset was later summed up by Feinberg:
"Life sucks, and then you die."

One night during that long winter, for reasons that remain
mysterious (an inspiring speech they'd attended, they think,
or maybe it was the beer), these two failed Gen X-ers sud-
denly had a perverse idea: they would stop fighting the system
and start their own school. They put on a pot of coffee, set the
stereo to play Achtung Baby by U2 on repeat, and by five A.m.
they had printed a manifesto containing the four pillars of
their creation: more classroom time, quality teachers, parental
support, and administrative support. The caffeine must have
kicked in, because the two baptized their project with a name
that was as grandiose as anything Captain Kirk could dream
up. They called it the Knowledge Is Power Program, or
KIPP.

At any other moment in history, an idea as vague as KIPP,
supported by little but inexperience, would have evaporated.
But as it happened, Texas had recently passed laws funding
charter schools, provided they achieved baseline educational
standards. This resulted, a few months later, in a situation that
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would have previously been unthinkable: these two newbies
and their coffee-stained manifesto would get their shot. Not a
whole school (the board of education wasn't #hat crazy) but a
single room in the corner of Garcia Elementary where
Feinberg and Levin would be free to take the next inevitable
step on their idealistic journey: fall on their faces.

The majority of charter schools are built on a foundation
of educational theory, such as Waldorf, Montessori, or Piaget.
Feinberg and Levin, short on time, instead followed the prin-
ciples of Butch Cassidy: they stole. They located their district's
best teachers and nabbed lesson plans, teaching techniques,
management ideas, schedules, rules—everything. Feinberg
and Levin would later be called "innovative," but at the time
they were about as innovative as a shoplifter during a black-
out. "We took every good idea that wasn't nailed down,"
Feinberg said. "We took everything but the kitchen sink, and
then we went back and took the kitchen sink too."

From this pile of stolen parts they assembled an educa-
tional jalopy. It featured an engine of old-fashioned hard
work (longer school days, shorter summer vacations, uni-
forms, a clear system of punishment and reward), encased in a
skin of innovative techniques (times tables would be learned
via rapping; kids would be given teachers' home phone num-
bers for homework questions). On the wall, Feinberg and
Levin pasted a slogan pilfered from a renowned Los Angeles
teacher named Rafe Esquith—"Work Hard, Be Nice"—and
pointed their jalopy toward a distant goal: to do whatever it
took to get the students into college.

"It was clear to us from the start that college is really the
key to the whole thing," Feinberg said. "When you get out
there in the public school system of big cities, you realize how
screwed up it is—how the zipcode you're born in basically
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determines your chance of failing or succeeding. College is
the door out."

That spring and summer Feinberg and Levin set about re-
cruiting subjects for their experiment. After an intensive
neighborhood campaign, they wound up with fifty students,
most of whose parents were just as frustrated with the status
quo as Feinberg and Levin were. When KIPP's first class
walked into the tiny room for their first day, college seemed a
long way off. The students ranked well below average in abil-
ity: only 53 percent had passed the state English and math tests
the previous year. The room was overcrowded; their host
school put up a steady resistance to their presence; the longer
school days (seven-thirty A.M. to five .M., plus classes every
other Saturday, per the manifesto) put a strain on everyone.

But then something strange happened. It was impossible to
put a finger on it, but at some point that autumn the jalopy
coughed, sputtered, and started moving. To the amazement of
everyone—not least Feinberg and Levin—the KIPP students
lived up to their slogan: they were nice, and they worked hard.
Extremely hard. At the end of the first year 90 percent of the
students passed the state exams.

Encouraged, Feinberg and Levin kept going. For the first
years they taught like nomads—Feinberg stayed in Houston
while Levin relocated to the Bronx. They fought for space,
taught in trailers, and cadged unused rooms. Each year they
stole more good ideas and tossed out the ones that failed. And
cach year KIPP's test scores kept rising. By 1999 the KIPP
academies in Houston and the Bronx were scoring higher on
standardized tests than any other public schools in their re-
spective districts. The jalopy wasn't just picking up speed; it
was lapping the field.
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Word spread. After a 60 Minutes report, KIPP received a
$15 million donation from Donald and Dotis Fisher, founders
of the Gap clothing store. Dozens, then hundreds of young
teachers (many of them from the Teach for America pro-
gram, which has subsequently become highly successful,
placing 2,900 new teachers each year and attracting applica-
tions from 10 percent of Georgetown's, Yale's, and Harvard's
2008 graduating classes) signed on to start their own KIPP
schools. By 2008 there were sixty-six KIPP schools from Los
Angeles to New York, serving 16,000 students. Many KIPP
schools now produce students who achieve some of the high-
est scores in their respective cities, and, most crucially, 80 per-
cent of KIPP students go on to attend college. Feinberg and
Levin still teach fifth graders in Houston and the Bronx, in ad-
dition to overseeing the KIPP schools in their areas and work-
ing on KIPP's national board of directors. Jason Snipes, a
member of Harvard University's Council of Great City
Schools, sums up their success in Andruw Jones terms: "KIPP
is really knocking it out of the park."

One way to look at KIPP is as a unique tale of good-
hearted underdogs who caught lightning in a bottle. If that
were all it was, our interest in the story would end now. The
other way to look at it, however, is as an example of pure igni-
tion: the art and science of creating a talent hotbed from the
ground up, without the assistance of a World Series homer or
any other magical breakthrough. That's why it's useful to
look under the hood of this remarkable jalopy to see what
makes it go.
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CURTAIN UP

At most schools the first day of a new academic year is likened
to the first few strides of a marathon run, or perhaps the first
skirmish of an insurgent war. At KIPP schools like KIPP
Heartwood Academy in San Jose, California, however, the
first day is like opening night for a Broadway play. There are
scripts, timed entrances, and plotlines, a nervous audience,
and, ten minutes before curtain, a backstage preshow huddle.
At KIPP Heartwood that teachers' huddle takes place in an
empty classroom a few steps from the outdoor courtyard
where the students are beginning to assemble.

"Okay, people, let's be quick and sharp out there," says
Sehba Ali, the school leader, to her staff of fifteen teachers.
"We'll clap them in, do the welcome, the college talk, intro-
duce each teacher, then do the 'be nice' talk at the end.
Everybody got it?"

Sehba Ali is thirty-one years old and five feet tall. She
is wearing a sleek beige pantsuit and softly clicking high
heels, and she carries herself with a silken but unmistakable
authority—a hybrid of Audrey Hepburn and Erwin Rommel.
Ali has no earthly need to repeat this information: it's all
neatly typed on the script for the day, which accounts for
every event, transition, and activity. For the past few days, the
staff has been reviewing the script in detail. They spent, for
instance, a full hour discussing the correct body spacing and
foot placement for KIPP fifth graders standing in a straight
line. By now this day has been rehearsed and practiced "to a
nit," as Ali puts it.

In the courtyard, milling in the early-morning sunshine,
stand the 140 new KIPP students and their families. The kids
are jumpy; the parents smother their own nervousness with
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reassuring smiles and hugs. They are mostly Hispanic, with a
handful of Asians and African Americans; they come from San
Jose's boundless sea of low-rent bungalows and government-
subsidized apartments. Like many KIPP schools, this one be-
gan small, with Ali's door-to-door neighborhood campaign in
2004, as she asked parents about their experiences in the public
school and inquired if they might be interested in an alterna-
tive. (Around the neighborhood Ali was known as "The Lady
Who Asks a Lot of Questions.") The first year KIPP had
75 fifth graders; since then they've added 275 more students
and three additional grade levels, and now they have a fast-
growing waiting list. All of which helps account for the at-
mosphere of poignant excitement here in the courtyard. The
air is filled with a sense of irrevocable departure, as if the kids
are boarding an ocean liner bound for a new world. While the
vast majority of KIPP Heartwood students come from the
local school district, not all of them do. Latha Narayannan
had driven her son an hour from their home in Fremont,
California. Narayannan, who had a well-paying job with an
Internet consulting firm, said the public schools in her neigh-
borhood were high-quality. She had come to KIPP, however,
because she wanted to make 100 percent sure that her son,
Ajiit, would go on to attend college. "I heard about what they
do here," she said. "I said, I want this for my child."

At precisely eight AM. Ali and the rest of the teachers walk
to the courtyard. Ali claps five times. The other teachers join
in, counting them out. The kids fall silent; the parents instinc-
tively fall away.

"Good morning," Ali says loudly.

The kids murmur.

"GOOD MORNING:," Ali repeats.

"Good morning," a few say.
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Al tilts her head, disappointed, expectant.

"GOOD MORNING," she tries again.

Another teacher, Lolita Jackson, offers the right response—
"Good morning, Ms. ALL."

This time they get it. The next time Ali prompts them,
the response comes in a chorus, "GOOD MORNING,
MS. ALL"

Ali welcomes them, referring to each class by its new
name. The fifth graders are the Class of 2015; the sixth are
2014; the number refers to the year in which they'll enter col-
lege. Ali then calls upon a group of returning students, dis-
tinctive in their white and green KIPP shirts, to model a line.
They place their sneakers precisely along one of the colored
stripes painted on the courtyard: eyes forward, hands down,
neatly spaced.

"Thisis what a line at KIPP looks like," Ali says, as an as-
sistant translates in Spanish. "DOES EVERYONE UNDER-
STAND?"

"YES, MS. ALL" they say as one, catching on.

Each child is introduced by name, handed a large three-ring
binder, and given a group-clap of praise, on the beat. Back-
packs, water bottles, and coats are left with parents—they
need nothing. KIPP teachers walk up and down the growing
lines, making sure binders are held in the left hand (nice and
flat, with spine down), that feet are straight, hands are ex-
tended, shirts tucked in. Urged to smile, none do. Ali walks
the line. She stops at one boy and makes a twenty-degree cor-
rection in the angle at which he is holding his binder.

This is KIPP culture. It covers how to walk, how to talk
(they work on the three-inch voice, the twelve-inch voice, and
the room voice), how to sit at a desk (forward, upright, no
pencil in hand), how to look at a teacher or classmate who's
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speaking (called #racking: head up, eyes on them, shoulders
toward the speaker), and even how to negotiate the bathroom
(use four or five sheets of toilet paper, one squirt of soap to
wash hands). KIPP teachers plant trash around the school and
see who picks it up, then celebrate that person in front of the
group. They are constantly executing precise routines of
clapping, chanting, and walking together. (Older students op-
erate under more relaxed rules—they needn't walk in lines,
for instance—but even those privileges are earned.)

"Every single detail matters," Feinberg says. "Everything
they do is connected to everything else around them."

After forming lines, the new students are brought into a
classroom, where they sit on the floor along taped lines. There
are no desks because, the students are informed, they haven't
earned them yet. The students open their binders to find sev-
eral pages of math problems. This is "silent work time," a
morning staple at KIPP. After half an hour of cathedral-like
silence (the first few whispers and giggles are hushed by
teachers; after that, the quiet takes hold), Ms. Ali strides to the
front of the room and welcomes them again by their class
names.

"Our goal—everyone tracking me now—as a team and
family is that every single person in this room is going to
COLLEGE."

Ali stops and lets the idea sink in. She repeats the phrase
"going to college" with slow and reverent relish, the same
way a priest might say "going to heaven." "Where are we go-
ing?" she asks.

"College" comes the tentative reply.

Hand cupped to her ear, Ali feigns deafness.

"COLLEGE!" they shout louder.

Ali smiles—a flash of happiness—then gets setious.
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"I'm going to be straight with you. There are a lot of peo-
ple who think you can't do it. Because your family doesn't
have money. Because you're Latino or Vietnamese. But here
at KIPP we believe in you. If you work hard and are nice, you
will go to college and have a successful life. You will be extra-
ordinary because here we work really, really hard, and that
makes you smart.

"You WILL make mistakes. You WILL mess up. We will
too. But you will all have beautiful behavior. Because every-
thing here at KIPP is earned. EVERYTHING is earned.
Everything is EARNED.

"You're on the floor. Are you uncomfortable? Do you
wish you had desks? You will have to earn them. When you
can track, when you clap together, when you can act like
KIPP students, then you can have those desks."

Ali's dark brown eyes search the room, seeking connec-
tions. The students gaze back, nervous, excited, fully awake.
To an outsider like me, the level of discipline seems over
the top (which is why neighborhood smart alecks call it the
Kids in Prison Program), but the results are clear: these kids
are responding, engaging.

"We are watching you," Ali continues. "Everything here is
a test. Everything here is earned. Is that clear?"

They nod.

"When I say c/ear, you say crystal," Ali says.

She looks around the room, her eyes glittering expectantly.
She tries again: "Is that clear?"

One hundred and forty voices say, "CRYSTAL."

If we had to classify the primal cues the KIPP students re-
ceived in those first few minutes, they would fall into three
categories.
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1. You belong to a group.

2. Your group is together in a strange and dangerous
new world.

3. That new world is shaped like a mountain, with the
paradise of college at the top.

These three signals might seem unique. But in fact they're
identical to the primal cues that any young Brazilian soccer
player or Russian tennis player might receive, if you replaced
the word college with the words being Ronaldinho/Kournikova.
Bereft of such naturally occurring aspirational figures, KIPP
does the next best thing. It creates its own Sao Paolo, a signal-
rich world so seamless that it creates new patterns of motiva-
tion and behavior—hence KIPP's Spielbergian insistence on
timing, continuity, and plot. Like Frank Curiel Field in
Curacao, KIPP's physical environs radiate signals. Like a
squadron of Tom Sawyers, KIPP's teachers fire cues rapidly
and clearly. As Feinberg likes to say, "Everything is every-
thing." This sounds like new-age palaver, but what he's really
talking about is KIPP's insistence on environmental co-
herency: the way every element of this world, from the painted
stripes on the floor to the eyes of the teacher, to the angle with
which students carry their binders, sends clear, constant signals
of belonging and identity: you are at KIPP, you are a KIPPster.
Instead of "ready, set, go," they say "ready, set, KIPP." Stu-
dents address each other as "teammates." KIPP teachers refer
to this process only half-jokingly as "KIPP-nosis."

"I remember when I came to visit," said Michael Mann,
who teaches social studies. "I thought it was way extreme. I
thought it was ridiculous. I mean, who cares how they hold
their binder? But I came to see that attention to detail is a big
part of what makes someone academically successful. The
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rules are ways of getting them to practice being detailed and
precise—and that's not something a lot of them have had any
experience with."

KIPP teachers are not alone in their belief in this tactic. In
2005 psychologists Martin Seligman and Angela Duckworth
studied several parameters of 164 eighth graders, including
1Q, along with five tests that measured self-discipline. It
turned out that self-discipline was twice as accurate as IQ in
predicting the students' grade-point average.

"For every year [of their lives] up to now, [the students
have| been acting in certain ways," Feinberg said. "The cul-
ture is an incredibly strong force, and the only way to reach
them is to change the way they see themselves. It seems
intense to somebody visiting, but that's what it takes."

One of the ways KIPP creates that change is through a
technique it calls stopping the school. This is not fanciful
language. When someone violates a significant rule, classes
screech to a halt, and teachers and students hold a meeting to
discuss what just happened and how to fix it* A few weeks be-
fore I visited, the school had stopped because a sixth grader
had teased another student, calling her an elephant. The pre-
vious stop had happened when a student rolled his eyes at a
teacher. By most reasoning, stopping the school when a stu-
dent teases or rolls their eyes is a gigantic waste of time.
And yet it works. KIPP, like a giant Link trainer, creates an
environment for deep-practicing good behavior. Stopping
the school for an eye roll is not inefficient; on the contrary,
KIPP has found that it's the most efficient way to establish

* Not surprisingly, from a deep-practice point of view at least, Toyota employs the same
technique on its assembly lines, with great success (see page 210).
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group priorities, locate errors, and build the behavioral cir-
cuits that KIPP desires.

As you can tell, KIPP's most important signal—its version
of an Andruw Jones home run—is college. Or as it's invari-
ably voiced at KIPP, College! College is the spiritus sancti that
is invoked hundreds of times each day, not so much as a place
as a glowing ideal. Each homeroom is named after the college
the teacher attended: math classes are in Berkeley; social stud-
ies in USC; special education at Cornell Graduate School.
KIPP teachers are skilled at slipping references to college into
conversation, always with the presumption that all the stu-
dents are destined for those golden shores. While I visited a
social studies class, one student turned in her homework with-
out her name on it. Her teacher's response was to stop the
class. "You know how many papers your college professor is
going to get?" the teacher asked, radiating incredulity. "You
think he's going to take the time to figure out it's yours?
Think about that." As English teacher Leslie Eichler said,
"We say college as often as people in other schools say urn."
Even the lettering above the classroom mirrors inquires,
"Where will YOU go to college?"

KIPP students start visiting colleges as soon as they're en-
rolled. KIPP Heartwood's fifth graders go to California schools
like USC, Stanford, and UCLA, while seventh graders fly to
the FEast Coast to walk the campuses of Yale, Columbia, and
Brown, among others. While there, they meet with KIPP
alumni who tell of their own journeys.

"Right now college is just a vague idea to them," Ali tells
me later, gesturing at the new fifth graders. "But by the end
of the fifth grade, after they make a visit, we overhear them
talking about it among themselves, saying things like 'Yeah,
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I like Berkeley, but I think I'm more of a Cal Poly person.'
That's when we know it's clicking."

"When they get to KIPP, their lives are like a single dot on
a map. You can't do anything with a dot," Feinberg said. "But
when they connect that dot to another dot, to a college some-
where, then you get a connection. When they get back from
those trips, they carry themselves differently.”

This simple, powerful idea is made real in Lolita Jackson's
math class. Jackson, who's in her late fifties, is a small woman
who wears gigantic earrings and radiates galvanic discipline
and enthusiasm. She spent the first twenty years of her career
working in the local public school system, increasingly frus-
trated by its limitations. When KIPP Heartwood came along,
however, she joined up and quickly rose to become one of its
most effective teachers as well as its assistant principal. Ali re-
gards Jackson's skills as near-magical. ("Ms. Jackson does
things that nobody else can do," Ali says simply.) For in-
stance, each year after orientation week is finished, Jackson
begins her first math class by clicking off the lights and asking
students to close their eyes. She slips a Star Wars soundtrack
into the CD player and turns it up. As the triumphal music
surges, Jackson strides around the room as if she were the
captain of a rocket ship on countdown.

"You buckled up, KIPPsters?" she asks. "You ready? You
strapped in good and tight? Because this is going to be a
bumpy ride. It's going to be tough, and it's going to be hard,
but it's also going to be great because we are going to work
and learn some math, and we are going to college!"

The kids sit quietly, the music resounding in their heads.

"College," Jackson repeats, tasting the word. "Do you
want to know the difference between a good life and a hard
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life? You want to know the difference between having the
knowledge and power to get the things you want and not hav-
ing that knowledge? Fasten your seat belts, because that's
where you are going, starting right now."

Like Spartak, Meadowmount, and the other talent hotbeds,
KIPP Heartwood is a bastion of deep practice. Jackson and
her colleagues constantly remind KIPP students that their
brains are muscles: the more they work them, the smarter they
will get—and there's plenty of work to do. Two hours of
homework a night is standard; worksheets number in the hun-
dreds; the day is filled with stretches of intense, silent work.
As Feinberg said, "Softer methods might work in other
schools, but we literally don't have any hours to waste, much
less days or weeks. Our kids arrive way behind; we need to get
them up to speed and ahead. It's like the fourth quarter of a
football game, we're down by a touchdown, and we've got to
get downfield and score, now." The touchdowns are happen-
ing: in 2007, KIPP Heartwood students ranked in the top
3 percent of California public schools, according to the state's
Standardized Testing and Reporting program.

What's striking in the end, however, is not how hard KIPP
students work, but rather how swiftly and completely they
take on the KIPP identity that provides the fuel for that hard
work. On both of my visits I was approached by students who
wanted to know how I was doing, if there was anything they
might do for me, and of course where I went to college. Some
of these exchanges felt a bit scripted (the overly firm hand-
shakes, the fervently agreeable nodding, the geisha-level po-
liteness), but beneath the artifice vibrated the sincere effort of
someone stretching toward a new persona.

"I like it here a lot," said Daniel Magana, a crew-cut sixth
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grader. "There's no special treatment for anybody. At my old
school they let me slide. I could do five out of ten things and
nobody cared. Here I do ten out of ten."

Daniel, whose father is a construction worker, plans to be
the first member of his family to attend college. He's not so
sure which college yet. He's going to consider the California
system—it's so much cheaper, you know—and he needs a
pretty big school, one that offers a double major in his desired
fields of laser surgery and creative writing. So he's thinking
Berkeley. "But that could change," he said sagely. "We'll see."

When I asked Daniel to tell me what he was like back be-
fore he enrolled in KIPP, he looked gravely to the tile floor, as
if peering into an ancient archaeological dig. "Different," he
said finally. "I think I didn't really like school. It was boring.
At my old school I used twenty-five percent of my brain, but
here I use one hundred percent."

Ancient history didn't hold his interest long, however, and
soon Daniel raced off on new tangents, inquiring about the
ages of my kids and recommending books for them, asking
about my travels, and then checking the clock and saying
sortry, nice talking with you, but he'd better get to English
class (handshake), good-bye, and I'm left standing with a
question: Who, exactly, is this kid? How much of Daniel is
Daniel, and how much is a result of his experience at KIPP?

There's no way to say whether Daniel Magana would have
been an ambitious, considerate, high-achieving kid had he not
attended KIPP. Perhaps he would have been the same; or per-
haps, once he graduates from KIPP, he'll revert to old pat-
terns. But as I watch him disappear into the crowd, I'm struck
by how KIPP alters our instinctive notion of character.
Usually, we think of character as deep and unchanging, an
innate quality that flows outward, showing itself through
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behavior. KIPP shows that character might be more like a
skill—ignited by certain signals, and honed through deep
practice.

Seen this way, KIPP stands on a foundation of myelin.
Every time a KIPP student imagines himself in college, a
surge of energy is created, not unlike that created in South
Korea when girls imagine themselves to be Se Ri Pak. Every
time a KIPP student forces himself to obey one of these per-
snickety rules, a circuit is fired, in