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The Power of

Purposeful Practice

IN-JUST OUR FOURTH SESSION together, Steve was already be-
ginning to sound discouraged. It was Thursday of the first week of an
experiment that I had expected to last for two or three months, but
from what Steve was telling me, it might not make much sense to’ go

on.: “There appears to be a limit for me somewhere around eight or
nine digits,” he told me, his words captured by the tape recorder that
ran throughout each of our sessions. “With nine digits especially, it’s

VCry difficult to get regardless of what pattern I use —you know, my
own kind of strateges. It really doesn’t matter what I use— it seems

very difficult to get”

Stcve, an undergraduate at Carnegie Mellon University; where I was

tcachmg at the time, had been hired to come in several times a week

and'work on a simple task: memorizing strings of numbers. I would

read him a series of digits at a rate of about one per second — “Seven"
four...zero...one...one...nine..” and so on—and Steve

would try to remember them all and repeat them back to me once I

was done. One goal was simply to see how much Steve could improve
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with practice. Now, after four of the hour-long sessions, he could re-
liably recall seven-digit strings — the length of a local phone num-
ber —and he usually got the eight-digit strings right, but nine digits
was hit or miss, and he had never managed to remember a ten-digit
string at all. And at this point, given his frustrating experience over
the first few sessions, he was pretty sure that he wasn’t going to get any
better.

What Steve didn’t know — but I did — was that pretty much all of
psychological science at the time indicated that he was right. Decades
of research had shown that there is a strict limit to the number of items
that a person can retain in short-term memory, which is the type of
memory the brain uses to hold on to small amounts of information for
a brief period of time. If a friend gives you his address, it is your short-
term memory that holds on to it just long enough to write it down.
Or if you're multiplying a couple of two-digit numbers in your head,
your short-term memory is where you keep track of all the intermedi-
ate pieces: “Let’s see: 14 times 27 . . . First, 4 times 7 is 28, so keep the
8 and carry the 2, then 4 times 2 is 8....” and so on. And there’s a rea-
son it’s called “short-term.” Youre not going to remember that address
or those intermediate numbers five minutes later unless you spend the
time repeating them to yourself over and over again — and thus trans-
fer them into your long-term memory.

The problem with short-term memory~—and the problem that
Steve was coming face-to-face with —is that the brain has strict lim-
its on how many items it can hold in short-term memory at once.
For some it is six items, for others it may be seven or eight, but the
limit is generally about-seven items — enough to hold on to a local
phone number but not a Social Security number. Long-term memory
doesn’t have the same limitations — in fact, no one has ever found the
upper limits of long-term memory — but it takes much longer to de-
ploy. Given enough time to work on it, you can memorize dozens or
even hundreds of phone numbers, but the test I was giving Steve was
designed to present digits so fast that he was forced to use only his
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shprt:t.crm memory. I was reading the digits at a rate of one per sec-
‘ond — too fast for him to transfer the digits into his long-term mem-

0Ly —350 it Was no surprise that he was running into a wall at numbers
thatwere about eight or nine digits long,

ng through old scientific studies, a paper published in a 1929 issue
f the dmerican Journal of Psychology by Pauline Martin and -Sam-
el Fernberger, two psychologists at the University of Pennsylvania.
:Martin' and Fernberger reported that two undergraduate subjects had
“been-able, with four months of practice, to-increase the number of
digits they could remember when given the digits at a rate of about
‘one:per second. One of the students had improved from an average
-of hine digits to thirteen, while the other had gone from eleven to fif-
teen. ‘

- This result had been overlooked or forgotten by the broader psy-
chological research community, but it immediately captured my at-
tention. Was this sort of improvement really even possible? And, if
50, how was it possible? Martin and Fernberger had offered no details
about how the students had improved their digit memory, but that
was exactly the sort of question that most intrigued me. At the time, I
was just out of graduate school, and my main area of interest was the
mental processes that take place when someone is learning something
or developing a skill. For my dissertation I had honed a ps;lrchologica.l
 tescarch tool called “the think-aloud protocol” that was designed spe-
'v‘_,ci.ﬁcall‘y to study such mental processes. So in collaboration with Bill .
Chase, a well-known Carnegie Mellon psychology professor, I set out

- to:redo the old Martin and Fernberger study, and this time I would
- be watching to see exactly how our subject improved his digit mem-

ory— ifindeed he did. -

. ‘The subject we had recruited was Steve Faloon, who was about as

: typical a Carnegie Mellon undergraduate as we could have hoped to
find. He was a psychology major who was interested in early child-
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hood development. He had just finished his junior year. His scores on
achievement tests were similar to those of other Carnegie Mellon stu-
dents, while his grades were somewhat higher than average. Tall and
thin with thick, dark-blond hair, he was friendly, outgoing, and enthu-
siastic. And he was a serious runner — a fact that did not seem mean-
ingful to us at the time but that would turn out to be crucial to our
study.

On the first day that Steve showed up for the memory work, his
performance was dead-on average. He could usually remember seven
digits and sometimes eight but no more. It was the same sort of per-
formance you would expect from any random person picked off the
street. On Tuesday, Wednesday, and Thursday he was a little bet-
ter — an average of just under nine digits — but still no better than
normal. Steve said he thought that the main difference from the first
day was that he knew what to expect from the memory test and thus
was mote comfortable. It was at the end of that Thursday’s session

that Steve explained to me why he thought he was unlikely to get any |

better.

Then on Friday something happened -that would change every-
thing. Steve found a way to break through. The training sessions went
like this: I would start with a random five-digit string, and if Steve
got it right (which he always did), I would go to six digits. If he got
that right, we'd go to seven digits, and so on, increasing the length of
the string by one each time he got it right. If he got it wrong, I would

drop the length of the string by two and go again. In this way Steve -

was constantly challenged, but not too much. He was given strings
of digits that were right at the boundary between what he could and
couldn’t do.

And on that Friday, Steve moved the boundary. Up to- that point
he had remembered a nine-digit string correctly only a handful of
times, and he had never remembered 2 ten-digit string correctly,
so he had never even had a chance to try strings of eleven digits or
longer. But he began that fifth session on a roll. He got the first three
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vtrics—ﬁvc, six, and seven digits — right without a problem, missed
: the fourth one, then got back on track: six-digits, right; seven digits;
. tight; eight digits, right; nine digits, right. Then I read out a ten- -digit

_number — 5718866610 — and he nailed that one as well. He missed

the next string with eleven digits, but after he got another nine dig-

its and another ten digits right, I read him a second eleven-digit
string— 90756629867 — and this time he repeated the whole thing

- back to me without a hitch. It was two digits more than he had ever

gotten right before, and although an additional two digits may not

- seem particulatly impressive, it was.actually a major accomplishment
~ because the past several days had established that Steve had a “natural”
 ceiling— the number of digits he could comfortably hold in his short-

term memory — of only eight or nine. He had found a way to push
: through that ceiling;
- That was the beginning of what was to be the most surprising two

 years of my career. From this point on, Steve slowly but steadily im-
- proved his ability to remember strings of digits. By the sixtieth session
he was able to consistently remember twenty digits — far more than
Bill-and I had imagined he ever could. After a little more than one
hundred sessions, he was up to forty, which was more than anyone,
- even professional mnemonists, had ever achieved, and still he kept go-
ing, He worked with me for more than two hundred training sessions,

and by the end he had reached eighty-two digits — cighty-two! If you

- think about that for a moment, you'll realize just how incredible this

memory ability truly is. Here are cighty-two random digits:

03264.434.4.96022.213282.0930102039183237392778891726765'324.

7 _503774-6120179094345510355530

- Imagine hearing all of those read out to you at one per second and
being able to remember them all. This is what Steve Faloon taught him-

~self'to do over the two years of our experiment — all without even

knowing it was poss1b1e, just by continuing to work on it week after
week.
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THE RISE OF EXTRAORDINARY
PERFORMERS

In 1908 Johnny Hayes won the Olympic marathon in what newspa-
pers at the time described as “the greatest race of the century.” Hayes's
winning time, which set a world record for the marathon, was 2 hours,
ss minutes, and 18 seconds.

Today, barely more than a century later, the world record for amar-
athon is 2 hours, 2 minutes, and 57 seconds — nearly 30 percent faster
than Hayes’s record time — and if you're an eighteen- to thirty-four-
year-old male, you aren’t even allowed to enter the Boston Marathon
unless you've run another marathon in less than 3 hours, s minutes. In
short, Hayes’s world-record time in 1908 would qualify him for today’s
Boston Marathon (which has about thirty thousand runners) but w1th
not alot to spare.

That same 1908 Summer Olympics saw a near disaster in the men’s
diving competition. One of the divers barely avoided serious injury
while attempting a double somersault, and an official report released
a few months later concluded that the dive was simply too danger-

ous and recommended that it be banned from future Olympic Games.
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those same performances — sloppy and marred by missed notes— as
an example of how 70z to play Chopin, with critics complaining about
Cortot’s careless technique, and any professional pianist is expected
to be ableto perform the études with far greater technical skill and
¢lan than Cortot. Indeed; Anthony Tommasini, the music critic at the

New York Times, once commented that musical ability has increased so
- much since Cortot’s time that Cortot would probably not be admit-

ted to Juilliard now.

In 1973 David Richard Spencer of Canada had memorlzed more
dlglts of pi than any.person before him: s11. Five years later, after a
rapid-ﬁr¢ series of new records set by a handful of people competing
to claim the memorization title, the record belonged to an Ameri-

can, David Sanker, who had committed 10,000 digits of pi-to mem-

ory. In 2015, after another thirty-plus years of gains, the recognized

title holder was Rajveer Meena of India, who had memorized the first

70,000 digits of pi—an accumulation that took him 24 hoursand 4

' minutes to recite —although Akira Haraguchi of Japan had claimed
to-have memorized an even more incredible 100,000 digits, or nearly

wo, hundrcd times as many as anyone had memorized just forty-two

Today the double somersault is an entry-level dive, with ten-year-olds
nailing it in competitions, and by high school the best divers are doing -
four and a half somersaults. World-class competitors take it even fur-
ther with dives such as “the Twister” — two and a half backward som:-

ersaults with two and a half twists added. It's difficult to imagine wha
those early-twentieth-century experts who found the double-somer:
sault dive too dangerous would have thought about the Twister, bu
my guess is that they would have dismissed it as laughably impossi
ble — assuming; that is, that someone would have had the imaginétic__i !

nd then a high, arching flight with McKayla completing
alftw1sts before she landed firmly and with complete con-
at. There are chess grandmasters who can play several
nt games simultaneously —while. blindfolded —and a
ending supply of young musical prodigies who can do
1¢ piano, the violin, the cello, or the flute that would have
aficionados a century ago.

and the audacity to suggest it in- the first place.

In the early 19305 Alfred Cortot was one of the best-known cla :
cal musicians in the world, and his recordings of Chopin’s “24 Etudcg
were considered the definitive interpretation, Today teachers offe
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But while the abilities are extraordinary, there is no mystery at all
about how these people developed them. They practiced. A lot. The
wotld-record time in the marathon wasn’t cut by 30 percent over the
course of a century because people were being born with a greater tal-
ent for running long distances. Nor did the second half of the twenti-
eth century see some sudden surge in the births of people with a gift
for playing Chopin or Rachmaninoff or for memorizing tens of thou-
sands of random digits.

‘What the second half of the twentieth century did see was a steady
increase in the amount of time that people in different areas devored
to training, combined with a growing sophistication of training tech-
niques. This was true in'a huge number of fields, particularly highly
competitive fields such as musical performance and dance, individual
and team sports, and chess and other competitive games. This increase
in the amount and sophistication of practice resulted in a steady im-
provement in the abilities of the performers in these various fields — an
improvement that was not always obvious from year to year but that is
dramatic when viewed over the course of several decades.

One of the best, if sometimes bizarre, places to see the results of
this sort of practice is in Guinness World Records. Flip through the
pages of the book or visit the online version, and you will find such
record holders as the American teacher Barbara Blackburn, who can
type up to 212 words per minute; Marko Baloh of Slovenia, who once
rode 562 miles on a bicycle in twenty-four hours; and Vikas Sharma of
India, who in just one minute was able to calculate the roots of twelve
large numbers, each with between twenty and fifty-one digits, with

the roots ranging from the seventeenth to the fiftieth root. That last

may be the most impressive of all of them because Sharma was able to -

perform twelve exceedingly difficult mental calculations in just sixty
seconds — faster than many people could punch the numbers into a
calculator and read off the answers.

I actually received an eé-mail from one Guinness world record
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‘holder, Bob J. Fisher, who at one time held twelve different world

. records for basketball free-throw shooting, His records include such

. things as the most free throws accomplished in thirty seconds (33),
the most in ten minutes (448), and the most in one hour (2,371). Bob
wrote to tell me that he had read about my studies of the effects of
practice and had applied what he had learned from those studies in de-
veloping his ability to shoot basketball free throws faster than anyone

‘else.

#+."Those studies all have their roots in the work that I did with: Steve

-~ Faloon in the late 1970s. Since that time I have devoted my career to
- understanding exactly how practice works to create new and expanded
- capabilities, with a particular focus on those people who have used
practice to become among the best in the world at what they do. And

after several decades of studying these best of the best — these “expert

- performers,” to use the technical term — I have found that no matter
~what field you study, music or sports.or chess or something else, the

most effective types of practice all follow the same set of general prin-

ciples.

s There is no obvious reason why this should be the case. Why should
the teaching techniques used to turn aspiring musicians into concert

pianists have anything to do with the training that a dancer must go
-through to become a prima ballerina or the study that a chess player
-must undertake to become a grandmaster? The answer is that the most
‘effective and most powerful types of practice in any field work by har-

nessing the adaptability of the human body and brain to create, step by
step, the ability to do things that were previously not possible. If you

‘wish to develop a truly effective training method for anything — creat-
ingworld-class gymnasts, for instance, or even something like teaching

doctors to perform laparoscopic surgery — that method will need to

-take into account what works and what doesn’t in driving changes in

the body and brain. Thus, all truly effective practice techniques work

in essentially the same way. . ‘
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These insights are all relatively new and weren't available to all the
teachers, coaches, and performers who produced the incredible jm-
provements in performance that have occurred over the past century.
Instead, these advances were all accomplished through trial and er-
- ror, with the people involved having essentially noidea why a particu-
lar training method might be effective. Furthermore, the practition-
ers in the various fields built their-bodies of knowledge in isolation,
with no sense that all of this was interconnected — that the ice-skater
who was working on a triple axel was following the same set of gen-
eral principles as, say, the pianist working to perfect a Mozart sonata.
So imagine what might be possible with efforts that are inspired and
directed by-a clear scientific understanding of the best ways to build
expertise. And imagine what might be possible if we applied the tech-
niques that have proved to-be so effective in sports and music and
chess to all the different types of learning that people do, from the
education of schoolchildren to the training of doctors, engineers, pi-
lots, businesspeople, and workers of every sort. I believe that the dra-
matic improvements we have scen in those few fields over the past
" hundred years are achievable in pretty much every-field if we apply
the lessons that can be learned from studying the principles of effec-
tive practice. , '

There are various sorts of practice that can be effcctlve to one de-
gree or another, but one particular form —which I named “deliberate
practice” back in the early 19905 — is the gold standard. It is the most
effective and powerful form of practice that we know of, and applying

the principles of deliberate practice is the best way to design practice

methods in any area. We will devote most of the rest of this book to ex-
ploring what deliberate practice is, why it is so effective, and how best

to apply it in various situations. But before we delve into the details of
deliberate practice, it will be best if we spend a little time understand-
ing some more basic types of practice — the sorts of practice that mosf

people have already experienced in one way or another.
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THE USUAL APPROACH

Let’s begin by looking at the way people typically learn a new
skill — -driving a car, playing the piano, performing long division,
drawing a human figure, writing code, or pretty much anything, really.
For the sake of having a specific example, let’s suppose you are learn-
1ng to play tennis. :
“You've seen tennis matches played on television, and it looks like
- fun, or maybe you have some friends who play tennis and want you to
join them. So you buy a couple of tennis outfits, court shoes, maybe a
_sweatband, and a racket and some balls. Now you're committed, but
“you don’t know the first thing about actually playing tennis —you
- don’teven know how to hold the racket — so you pay for some lessons
~from a tennis coach or maybe you just ask one of your friends to show
you the basics. After those initial lessons you know enough to go out
- on:your own and practice. You'll probably spend some time working
on your serve, and you practice hlttmg the ball against a wall over and
over again until you're pretty sure you can hold your own in a game
*agamst a wall. After that you go back to your coach or your friend for
another lesson, and then you practice some more, and then another
cgson, more practice, and after a while you've reached the point where
youfeel competent enough to play against other people. You're still not
very.good, but your friends are patient, and everyone has a good time,
Youl'k,eep practicing on your own and getting a lesson every now and
hen, and over time the really embarrassing mistakes — like swinging
d missing the ball completely or hitting the ball very solidly straight
to your doubles partner’s back — become more and more rare. You
t better with the various strokes, even the backhand, and occasion-
hen everything comes together just so, you even end up hitting
all like a pro (or'so you tell yourself). You have reached a comfort
hich you can just go out and have fun playing the game. You
ow:what you're doing, and the strokes have become au-




12 + PEAK

tomatic. You don’t have to think too much about any of it. So you play
weekend after weekend with your friends, enjoying the game and the
exercise. You have become a tennis player. That is, you have “learned”
tennis in the traditional sense, where the goal is to reach a point at
which everything becomes automatic and an acceptable performance
is possible with relatively little thought, so that you can just relax and
enjoy the game.

At this point, even if you're not completely satisfied with your level
of play, your improvement stalls. You have mastered the easy stuff.

But, as you quickly discover, you still have weaknesses that don’t
disappear no matter how often you play with your friends. Perhaps, for
example, every time you use a backstroke to hit a ball that is coming
in chest-high with a bit of spin; you miss the shot. You know this, and
the cagier of your opponents have noticed this too, so it is frustrating.
However, because it doesn’t happen very often and you never know
when it’s coming, you never get a chance to consciously work on it, so
you keep missing the shot in exactly the same way as you manage to hit
other shots— automatically.

We all follow pretty much the same pattern Wlth any slel welearn,
from baking a pie to writing a descriptive paragraph. We start off with
a general idea of what we want to do, get some instruction from a
teacher or a coach or a book or a website, practice until we reach an ac-
ceptable level, and then let it become automatic. And there’s nothing
wrong with that, For much of what we do in life, it’s perfectly fine to
reach a middling level of performance and just leave it like that. If all
you want to do is to safely drive your car from point A to point B or to
play the piano well enough to plink out “Fiir Elise,” then this approach
to learning is all you need.

But there is one very important thing to understand here: once you

have reached this satisfactory skill level and automated your perfor-
mance — your driving, your tennis playing, your baking of pies — you
have stopped improving. People often misunderstand this because
they assume that the continued driving or tennis playing or pie bak-
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ng is a form of practice and that if they keep doing it they are bound
to get better at it, slowly perhaps, but better nonetheless. They assume
that someone who has been driving for twenty years must be a better
driver than someone who has been driving for five, that a doctor who
 has been practicing medicine for twenty years must be a better doctor
th_anonc ‘who has been practicing for five, that a teacher who has been
eaching for twenty years must be better than one who has been teach-
ing for five.

;";But no. Research has shown that, generally speaking, once a person
eaches that level of “acceptable” performance and automaticity, the
addmonal years of “practice” don’t lead to improvement. If anything,
he doctor or the teacher or the driver who's been at it for twenty years
s‘likcly to be a bit worse than the one who's been doing it for only five,
~and the reason is that these automated abilities gradually deteriorate in
‘the-absence of deliberate efforts to improve.

-+ So-what do you do if you're not satisfied with this automated level
f performance? What if you are a teacher with ten years in the class-
oom and you want to do something to better engage your students
nd get your lessons across more effectively? A weekend golfer and you
would like to move beyond your eighteen handicap? An advertising
_copywriter and you want to add a little wow to your words?

" 'This is the same situation that Steve Faloon found himself in af:
ter just a couple of sessions. At that point he had become comfortable
ith the task of hearing a string of digits, holding them in his mem-
,ry, and repeating them back to me, and he was performing about as
’ "‘ Il :as could be expected, given what is known about the limitations

fshort-term memory. He could have just kept doing what he was do-

ngand maxing out at eight or nine digits, session after session. But he

idn’t, because he was participating in an experiment in which he was

onstantly being challenged to remember just one more digit than the

ast time, and because he was naturally the sort of guy who liked this

ort of challenge, Steve pushed himself to get better.

he approach that he took, which we will call “purposeful prac-

b
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tice,” turned out.to be incredibly successful for him. It isn’t always so
successful, as we shall sce, but it is more effective than the usual just-
enough method —and it is a step toward deliberate practice, which is
our ultimate goal.

PURPOSEFUL-PRACTICE

Purposeful practice has several characteristics that set it apart from
what we might call “naive practice;” which. is essentially just-doing
something repeatedly, and expcctmg that the repetition alone will im-
prove one’s performance.

Steve Oare, a specialist-in music education at Wichita State Uni-
versity, once offered the following imaginary conversation between a
music instructor and a young music student. It’s the sort of conversa-
tion about practice that music instructors have all the time. In this case
a teacher is trying to figure out why a young student has not been im-
proving:

TeacHER: Your practice sheet says that you p).jaétice an hourl a day,
but your playing test was only a C. Can you explain why?

stupenT: I don’t know what happened! I could play the test last
night! . '

TeacHer: How many times did you play it?

StupEenT: Ten or twenty.

TeacHer: How many times did you play it corrc:ctly>

STupent: Umm, I dunno. .. Once or twice. ..

Teacuer: Hmm. .. How did you practice it?

stupenT: I dunno. I just played it.

- This is naive practice in a nutshell: I just played it. I just swung the
bat and tried to hit the ball. I justlistened to the numbers and tried to
remember them. [ just read the math problems and tried to solve them.

Purposeful practice is, as the term implies, much more purposeful,
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thoughtful, and focused than this sort of naive practice. In particular,
has the following characteristics:

- Purposeful practice has well-defined, speczf ¢ goal: Our hypotheti-
cal music student would have been much more successful with a prac-
ice goal something like this: “Play the piece all the way through at the
sroper: speed without a mistake three times in a row” Without such a
oal, there was no way to judge Whether the practice session had been

uccess.: ' ‘

“In Steve’s case there was no long-range goal because none of us
knew how many digits one could possibly memorize, but he had a very
pecificshort-term goal: to remember more digits than he had the pre-
rious session. As a distance runner, Steve was very competitive, even if
h_c was only competing with himself, and he brought that attitude to
he experiment. From the very beginning Steve was pushing each day
o increase the number of digits he could remember.

© Purposeful practice is all about putting a bunch of baby steps to-
ether to reach a longer-term goal. If you're 2 weekend golfer and you
rant to decrease your handicap by five strokes, that’s fine for an over-
ll}?purpose, but it is not a well-defined, specific goal that can be used
ffectively for your practice. Break it down and make a plan: What
xactly do you need to do to slice five strokes off your handicap? One
 goal might be to increase the number of drives landing in the fairway.
hat’s a reasonably specific goal, but you need to break it down even
more: What exactly will you do to increase the number of successful

rives? You will need to figure out why so many of your drives are not
anding in the fairway and address that by, for instance, working to re-
uce your tendency to hook the ball. Howdo you do that? An instruc-
ot can give you advice on how to change your swing motion in spe-
ific ways. And so on. The key thing is to take that general goal — get
'éﬁtef—and turn it into-something specific that you can work on
thia realistic expectation of improvement.

urposeful practice is focused. Unlike the music student that Oare
escribed, Steve Faloon was focused on his task from the very begin-
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ning, and his focus grew as the experiment went along and he was
memorizing longer and longer strings of digits. You can get a sense
of this focus by listening to the tape of session 115, which came about
halfway through the study. Steve had regulatly been remembering
strings of close to forty. digits, but forty itself was not something he
could yet do with any consistency, and he really wanted to reach forty
regularly on this day. We began with thirty-five digits, which was easy
for him, and he started pumping himself up as the strings increased in
length. Before I read the thirty-nine-digit string, he gave himself an
excited pep talk, seemingly conscious of nothing but the approaching
task: “We have a big day here! . ..

. This will be a banner day!” He was silent during the forty seconds
it took me to read out the numbers, but then, as he carefully went over
the digits in hishead, remembering various groups of them and the or-
der in which they appeared, he could barely contain himself. He hit
the table loudly 2 number of times, and he clapped alot, apparently in
celebration of remembering this or that group of digits or where they
went in the string. Once he blurted out, “Absolutely right! I'm cer-
tain!” And when he finally spit the digits back at me, he was indeed
right; so we moved on to forty. Again, the pep talk: “Now this is the
big one! If I get past this one, it’s all over! T have to get past this one!”
Again the silence as I read the digits, and then.the excited noises and

. All right!

I haven’t missed one yet, have I? No!

exclamations as he cogitated. “Wow! ... Come on now!..

. Go!” He got that one right as well, and the session indeed became

one in which he regularly hit forty digits, although no more.

Now, not everyone will focus by hollering and pounding on a-ta-
ble, but Steve’s performance illustrates a key insight from the study of
effective practice: You seldom improve much without giving the task
your full attention.

Purposeful practice involves feedback. You have to know whether

you are doing something right and, if not, how you're going wrong. In

Oare’s example the music student got belated feedback at school with- -
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Con the performance test, but there seems to have been no feed-
back during practice—no one listening and pointing out mistakes,
with:the student seemingly clueless about whether there were errors
in the practice. (“How many times did you play it correctly?” “Umm, I
dunno .Once or twice...”)

In:our memory study, Steve got simple, direct feedback after every
tempt — correct or incorrect, success or failure. He always knew
here he stood. But perhaps the more important feedback was some-
thing that he did himself. He paid close attention to which aspects of
astring of digits caused him problems. Ifhe'd gotten the string wrong,
¢ usually knew exactly why and which digits he had messed up on.
Even if he got the string correct, he could report to me afterward
, ,hlch digits had given him trouble and which had been no problem.
By recognizing where his weaknesses were, he could switch his focus
app;bpriately and come up with new memorization techniques that
would address those weaknesses.

Generally speaking, no matter what you're trying to do, you need
feedback to identify exactly where and how you are falling short. With-
out feedback — cither from yourself or from outside observers —you

nnot figure out what you need to improve on or how close you are
o achieving your goals.

Purposeful practice requires getting out of one’s comfort zone. This is
thaps the most important part of purposeful practice. Oare’s mu-
tudent shows no sign of ever pushing himself beyond what was
familiar and comfortable. Instead, the student’s words seem to imply
ather desultory attempt at practice, with no effort to do more than
what was already easy for him. That approach just doesn’t work.

Our memory experiment was set up to keep Steve from getting too
mfortable. As he increased his memory capacity, I would challenge
m with longer and longer strings of digits so that he was always close
apacity. In particular, by increasing the number of digits each
he got a string right, and decreasing the number when he got it
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wrong, I kept the number of digits right around what he was capable

of doing while always pushing him to remember just one more digit. -

. This is a fundamental truth about any sort of practice: If you never
push yourself beyond your comfort zone; you will never improve. The
amateur pianist who took half a dozen years of lessons when he was a
teenager but-who for the past thirty years has been playing the same
set of songs in exactly the same way over and over again may have ac-
cumulated ten thousand hours of “practice” during that time, but he is
no better at playing the piano than he was th1rty ycars ago.Indeed, he’s
probably gotten worse.

We have especially strong evidence of this phenomenon as it ap-
plies to physicians. Research on many specialties shows that doctors
who have been in practice for twenty or thirty years do worse on cer-
tain objective measures of performance than those who are just two or
three years out of medical school. It turns out that most of what doc-

tors do in their day-to-day practice does nothing to improve or even -

maintain their abilities; little of it challenges them or pushes them out
of their comfort zones. For that reason, I participated in a consensus
conference in 2015 to identify new types of continuing medical educa-
tion that will challenge doctors and help them maintain and improve
their skills. We will discuss this in detail in chapter s.

Perhaps my favorite example of this lesson is the case of Ben Frank-

lin’s chess skills. Franklin was America’s first famous genius.-He was -

a scientist who made his reputation with his studies of electricity, a
 popular writer and publisher of Poor Richard’s Almanack, the founder
of the first public lending library in America, an accomplished diplo-
mat, and the inventor of, among other things, bifocals, the lightning
rod, and the Franklin stove. But his greatest passion was chess. He was
one of the first chess players in America, and he was a participant in
the earliest game of chess known to have been played here. He played

chess for more than fifty years, and as he got older he spent more and

more time on it. While in Burope he played with Frangois-André Dan

ican Philidor, the best chess player of the time. And despite his well:
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nown advice to be eatly to bed and carly to rise, Franklin regularly
layed from around 6:00 p.m. until sunrise. .

So Ben Franklin was brilliant, and ‘he spent ‘thousands of hours
.laYingfchess, sometimes against the best players of the time. Did that
m ke him a great chess player? No. He was above average, but he never
ot good enough to compare with Europe’s better players, much less
erbgst. This failing was a source of great frustration to him, but he
had no idea why he couldn’t get any better. Today we understand: he
never pushed himself, never got out of his comfort zone, never putin
th¢ hours of purposeful practice it would take to improve. He was like
¢ pianist playing the same songs the same way for thirty years. That
recipe for stagnation, not improvement.

: ,Gett‘ing'out of your comfort zone means trying to do something
thg»t'"}lro_u-couldn’t do before. Sometimes you may find it relatively easy
to accomplish that new thing, and then you keep pushing on. But
sometimes you run into something that stops you cold and it seems
like you'll never be able to do it. Finding ways around these barriers is
ne of the hidden keys to purposeful practice.

~Gencrally the solution is not “try harder” but rather “try differ-
itly” It is a technique issue, in other words. In Steve’s case, one bar-
r came when he hit twenty-two digits. He was grouping them into
our" four-digit groups, which he used various mnemonic tricks to re-
mc;_mber, plus a'six-digit rehearsal group at the end that he would re-
at over and over to himself until he could remember it by the sound
of the numbers. But he couldn’t figure out how to get past twenty-two
dlglts, because when he tried to hold five four-digit groups in his head,

he b_ecamc confused about their order. He eventually hit upon the

ca of using both three-digit groups and four-digit groups, a break-

yl;jgh;that eventually allowed him to work up to using four four-

t groups, four three-digit groups, and a six-digit rehearsal group,

‘maximum of thirty-four digits. Then, once he reached that

e had to develop another technique. This was a regular pat-

rogghout the entire memory study: Steve would improve up
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to a point, get stuck, look around for a different approach that could
help him get past the barrier, find it, and then improve steadily until
another barrier arose.

The best way to get past any barrier is to come at it from a dlffer-
ent direction, which is one reason it is useful to work with a teacher
or coach. Someone who is already familiar with the sorts of obstacles
you're likely to encounter can suggest ways to overcome them.

And sometimes it turns out that a barrier is more psychological
than anything else. The famous violin teacher Dorothy DeLay once
described the time that one of her students came to her to help in-
crease his speed on a particular piece that he was scheduled to play ata
music festival. He could not play it fast enough, he told her. How fast,
she asked, would you like to play it? He answered that he wanted to
play it as fast as Itzhak Perlman, the world-famous violinist. So DeLay

first got a recording of Perlman playing the piece and timed it. Then-

she set a metronome to a slow speed and had her student play the piece
at that pace, which was well within his abilities. She had him play it
again and again, each time speeding up the metronome a bit. And each
time he nailed it. Finally, after he had gone through the piece flawlessly
once more, she showed him the setting on the metronome: He had ac-
tually played it faster than Perlman.

Bill Chase and I used a similar technique with Steve a couple of

times when he had hit a barrier and thought he might not be able.to

improve further. Once, I slowed down the rate at which I read the di

its just a bit, and the extra time made it possible for Steve to remember
significantly more digits. This convinced him that the problem was
not the number of digits but rather how quickly he was encoding the
digits — that is, coming up with mnemonics for the various groups o
digits that made up the entire string— and that he could improve his

performance if he could just speed up the time he took to commit the

digits to long-term memory. .
Another time, I gave Steve strings that were ten digits long,
than any of the ones he had managed to remember up to that poi
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rprised himself by remembering most of the digits in those
gs — and, in particular, remembering more total digits than he
ver done before; even though he wasn’t perfect. This convinced
m. that it was indeed possible to remember longer strings of digits.
ealized his problem was not that he had reached the limit of his
emory, but rather that he was messing up on one or two groups of
igits in the entire string. He decided that the key to moving on was to
ncode the small groups of digits more carefully, and he began improv-
gain.

Zhenever you're trying to improve at something, you will run into
bstacles — points at which it seems impossible to progress, or at
here you have no idea what you should do in order to improve.

natural. What is not natural is a true dead-stop obstacle, one
mposmble to get around, over, or through. In all of my years of
h, I have found it is surprisingly rare to get clear evidence in any
t:a person has reached some immutable limit on performance.
've found that people more often just give up and stop trying

ne caveat here is that while it is always possible to keep goingand
mproving; it is not always easy. Maintaining the focus and the
ired by purposeful practice is hard work, and it is generally
oitheiissue of motivation inevitably comes up: Why do some
pgggé in this sort of practice? What keeps them going? We will
these vital questions again and again throughout the book.

€’s case, there were several factors at work. First, he was get-
But he could have always shown up for the sessions and not
iculatly hard and still have gotten paid, so while that may
art of his motivation, it was certainly not all of it. Why did
imself so hard to improve? From talking to him, I believe
part of it was that once he started to see improvement af-
few sessions, he really enjoyed seeing his memory scores go
d, and he wanted to keep feeling that way. Also, after he
ain level in his memorization abilities, he became some-
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thing of a celebrity; stories about him appeared in newspapers a.nd'
magazines, and he made a number of appearances on television, in-
cluding the Today show. This provided another type of positive fecd-r
back. Generally speaking, meaningful positive feedback is one of the
crucial factors in maintaining motivation. It can be internal feedback,
such as the satisfaction of seeing yourself improve at something, or ex-
ternal feedback provided by others, but it makes a huge difference in
whether a person will be able to maintain the consistent effort neces-
sary to improve through purposeful practice.

One other factor was that Steve liked to challenge hlmsclf ‘This
was clear from his record as a cross-country and track runner. Every-
one who knew him would tell you that he trained as hard as anyone
but that his motivation was simply to improve his own performance,
not necessarily to win races. Furthermore, from years of running he
knew what it meant to train regularly, week after week, month after
month, and it seems unlikely that the task of working on his memory
three times a week for an hour each time seemed particularly daunt-
ing, given that he regularly went for threc-hour runs. Later, after fin-
ishing the memory work with Steve and a couple of other students, T
made it a point to recruit only subjects who had trained extensively as
athletes, dancers, musicians, or singers. None of them ever quit on me.

So here we have purposeful practice in a nutshell: Get outside your
comfort zone but do it in a focused way, with clear goals, a plan for
reaching those goals; and a way to monitor your progress. Oh, and fig-
ure out a way-to maintain your motivation. '

This recipe is an excellent start for anyone who wishes to im-
prove — but it is still just a start.

THE LIMITS OF PURPOSEFUL PRACTICE

While Bill Chase and T were still carrying out our two-year memory
study with Steve Faloon — but after Steve had begun to set records
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)dlglt-span memory —we decided to look for another subject
Id be willing to take on the same challenge. Neither of us be-
hat Steve had been born with some special gift for memorizing
ut rather we assumed that the skills hie developed could be at-
butcd completely to the training that he went through, and the best
to prove that was to run the same study with another subject and
fwe got the same result.

he first person to volunteer was a. graduate student, Renée Elio.
efore getting started she was told that her predecessor had dramati-
ally ncreased the number of digits he could memorize, so she knew
ch improvement was possible — which was more than Steve had
own - when he started — but we told Renée nothing about how
ve had done it. She would have to come up with her own approach.

thn she started out, she improved at a pace that was very similar
St’”ve s,and she-was able to increase her digit-span memory to close
venty digits after about fifty hours of practice sessions. However,
e Steve, at this point she hit a wall that she j just couldn’t get past.

f:.spendlng another fifty hours or so without improving, she de-
ed to drop out of the training sessions. She had increased her mem-
ry for digits to the point that it was far better than any untrained per-
—and comparable with some mnemonists — but she fell far short
what Steve had accomplished.

What was the difference? Steve had succeedcd by dcvcloplng a
ollccuon of mental structures — various mnemonics, many of them
ed on running times, plus a system for keeping track of the order
the mnemonics — that allowed him to use his long-term memory
destep the usual limitations of short-term- ‘memory and remem-

long strings of digits. When he heard the digits 907, for instance,

conceptuahzed them as.a pretty good two-mile time — 9:07, or 9

nutes, 7 seconds — and they were no longer random numbers that

1ad to commit to short-term memory but rather something he was

ady familiar with. As we shall see, the key to improved mental per-

rmance of. almost any sort is the development of mental structures
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that make it. possible to avoid. the limitations of short-term memory
and deal effectively with large-amounts of information at once. Steve
had done this. .

Renée, not knowing how Steve had done i it, had developed a com-
pletely different approach to memorizing the digits. Where Steve }Tad
memorized groups of three and four digits mainly in terms of running
times, Renée employed an elaborate set of mnemonics that relied on
such things as days, dates, and times of day. One key difference be-
tween Steve and Renée was that Steve had always decided ahead of
time what pattern he would use in memorizing the digits, breaking the
strings into three- and four-digit sets plus a group at the end with four
to six digits that he would repeat to himself over and over until he had
the sound of it in his memory. For twenty-seven digits, for instance, he
would organize the digits into three sets of four digits cach, three sets
of three digits cach, and then a six-digit group at the end. We referred
to this pre-fixed pattern as a “retrieval structure;” and it allowed Steve
to focus on memorizing the three- and four-digit sets individually and
then keep in mind where in the retrieval structure each of these in-
dividual sets fit. This proved to be a very powerful approach, as it al-

lowed him to encode each set of three or four digits asa running time

or some other mnemonic, put it in his long-term memory, and then
not have to think about it again until he went back at the end to recall
all of the digits in the string.

Renée, by contrast, devised her mnemonics on the fly, deciding
according to the digits she heard what mnemonic she would use to
remember them. For a string like 4778245 she might remember it as
April 7, 1978 at 2:45, but if the string was 4778295, she would have to
use April 7, 1978 and then start a new date: February 9 ... . Without the
sort of consistency that Steve’s approach offered, she could not master
more than twenty digits.

After that experience Bill and I decided to look for another sub-
ject who would be as similar to Steve as possible in terms of the way

he would memorize the digit strings. Thus we recruited another run-
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Dario Donatelli, a member of the Carnegie Mellon long-distance
yand one of Steve’s training partners. Steve had told Dario that we
looking for someone who would commit to being a long-term
ticipant in our memory-training study, and Dario agreed.

This time, instead of letting Dario figure it out for himself, we had
Steve teach Dario his method for encoding digits. With this head start,
ario was able to improve much more quickly than Steve had, at least
initially. He got to twenty digits in significantly fewer training sessions,
but he began to slow down after that, and once he reached thirty dig-
ts it seemed that he was no longer getting much benefit from follow-
'gS'tcvc’s method, and his progress languished. At that point Dario
began developing his own version of Steve’s method. He came up with
lightly different ways of encoding the strings of three and four digits,
-more importantly, he designed a significantly different retrieval
“ucture that worked much better for him. Still, when we tested how
ario was memotizing the digits, we found that he was relying on
ental processes that were very much like the ones that Steve had de-
_Qp,cd, using long-term memory to sidestep the limitations of short-
'm memory. After several years of training, Dario would eventually
¢ able to remember more than one hundred digits, or about twenty
more than Steve. At this point Dario had become, like Steve before
lim; the best at this particular skill that the world had ever known.
here is an important lesson here: Although it is generally possible
nprove to a certain degree with focused practice and staying out of
',comfort zone, that’s not all there is to it. Trying hard isn’t enough.
shing yourself to your limits isn’t enough. There are other, equally
ortantaspects to practice and training that are often overlooked.
Ine particular approach to practice and training has proven to be
most powerful and effective way to improve one’s abilities in every
that has been studied. This approach is deliberate practice, and we
describe it in detail shortly. But first we’ll take a closer look at what

chind the amazing sorts of improvement that are possible with the
ight sort of practice..




Harnessing‘f Adaptability -

IF YOU'RE A. BODYBUILDER or just someone lifting weights to

add some muscle, it is easy to track the results as you challenge your bi-
ceps, triceps, quadriceps, pecs, delts, lats, traps; abs; glutgs, calves, and
hamstrings. A tape measure works, or you can simply look in the mir-
ror and admire your progress. If you're running or biking or swimming
to increase your endurance, you can track your progress by your heart
rate, your breathing, and how long you can keep going until your mus-
cles falter due to lactic acid buildup.

But if your. challenge is mental — becoming proficient at calcu-
lus, say, or learning how to play a musical instrument or speak-a new
language — it’s different. There is no easy way to observe the result-

ing changes in your brain as it adapts to the increasing demands being

placed on it. There is no soreness in your cortex the day after ¥ particu-
larly tough training session. You don’t have to go out and buy new hats
because the old ones are now too small. You don’t develop a six-pack
on your forehead. And because you can’t see any changes in your brain,
it’s easy to assume that there really isn't much going on. '
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That would be a mistake, however. Thercis a growing body of evi-
ence that both the structure and the function of the brain change in
response:to various sorts of mental training, in much the same way
as your muscles and cardiovascular system respond to physical train-
ing. With the help of such- brain-imaging techniques as magnetic res-
onance imaging (MRI), neuroscientists have begun to study how the
brains of people with particular skills differ from the brains of people
ithout those skills and to explore.which sorts of training produce
hich: types of changes. Although there is still a tremendous amount
"learn in this area, we already know enough to have a clear idea of
w purposeful practice and deliberate practice work to increase both
ur physical and mental capabilities and make it possible to do things
éﬁWc never could before.

Much of what we know-about how the. body adapts to training
mes from studies of runners, weightlifters, and various other ath-
etes. :I‘nterestmgly enough,- however, some of the best studies to date
how the brain changes in response to extended training were carried
ut not with musicians or chess players or mathematicians — some of
the more traditional subjects in studies of the effects of practice on
erformance — but instead with taxi drivers.

.

THE BRAINS OF LONDON CABBIES

cities in the world can baffle a GPS system like London can. To
re with, there is no grid of thoroughfares that can be used for ori-
ation and routing as you will find in Manhattan or Paris or Tokyo.
stead the city’s major streets are set at odd angles to each other. They
urve and they squiggle. One-way streets abound, there are traffic cir-
les énd dead ends all over, and through the middle of everything runs
he Thames River, spanned by a dozen bridges in central London, at
‘one of which—and sometimes mote — will likely have to be

ssed during a trip of any length through the city. And the erratic
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numbering system doesn’t always tell you exactly where to find a par-
ticular address even when you've found the right street.

Thus the best advice for visitors is to forget about renting a car with
a navigational system and instead rely on the city’s cabbies. They’re
ubiquitous — some twenty-five thousand of them driving around in
their big, black, boxy cars that are the automotive equivalent of sensi-
ble shoes — and they are astonishingly good at getting you from point
A to point B in the most efficient way possible, taking into account
not only the lengths of the various possible paths, but the time of day,
the expected traffic, temporary roadwork and road closings, and any
other details that might be relevant to the trip. Nor do points A and B
have to be traditional street addresses. Suppose you'd like to revisit that
funky little hat shop in Charing Cross whose name you don’t quite
recall — Lord’s or Lear or something like that — but you do remem-
ber that there is a little shop next door that sells cupcakes. Well, that
will be enough. Tell all that to your cabbie, and as soon as is automo-
tively possible you will find yourself in front of Laird London, 23A
New Row. ’

As you might imagine, given the challenges of finding one’s way in
London, not just anyone can be a cabbie. Indeed, to become a licensed

London taxi driver one must pass a series of examinations that have

been described as, collectively, the most difficult test in the world. The
test is. administered by Transport for London, and that agency-de-
scribes “the Knowledge”— what a prospective driver must learn —as
follows:

To achieve the required standard to be licensed as an “All London”
taxi driver you will need a thorough knowledge, primarily, of the
area within a six-mile radius of Charing Cross. You will need to
knowr: all the streets; housing estates; parks and open spaces; gov-
ernment offices and departments; financial and commercial cen-
tres; diplomatic premises; town halls; registry offices; hospitals;
places of worship; sports stadiums and leisure centres; airline of-
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fices; stations; hotels; clubs; theatres; cinemas; museums; art gal-
- leries; schools; colleges and universities; police stations and head-
quarters buildings; civil, criminal and coroner’s: courts; prisons;
and places of interest to tourists. In fact, anywhere a taxi passenger
‘might ask to be taken.

That area within six miles of Charing Cross contains approxi-
mately twenty-five thousand streets. But a prospective cabbie must be
familiar with more than just streets and buildings. Any landmark is
fair game. According to a 2014 story about London taxi drivers in the
New York Times Magazine, one prospective driver was asked about the
Jocation of a statue of two mice with a piece of cheese; the statue, on
the fagade of a building, was just one foot tall.

More to the point, prospective taxi drivers must demonstrate that
ey can get from one point in the city to another as efficiently as pos-
blé.lTests consist of a series of “runs” in- which the examiner gives two
points in London and the examinee must provide the precise location
of each of the points and then describe the best route between them,
turn by turn, naming each street in the sequence. Each run earns a nu-
crical score based on its accuracy, and as the prospective driver ac-
umulates points, the tests get harder and harder, with the endpoints
ecoming more obscure and the routes longer, more complicated, and
more conyoluted. Half or more of the prospective drivers end up drop-
pingout, but those who stay with it and earn their licenses have inter-
lized London to a degree that Google Maps, with its satellite im-
es, camera cars, and unfathomable memory and processing power,
n only vaguely approximate.

To master the Knowledge, prospective cabbies — who are known
‘Knowledge boys” and, occasionally, “Knowledge girls"— spend
years driving from place to place in London, making notes of what is
here and how to get from here to there. The first step is to master a
list of 320 runs in the guidebook provided to taxi-driver candidates.
For a given run, a candidate will generally first figure out the short-
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est route by physically traveling the various possible routes, usually by

motorbike, and then will explore the areas around the beginning and -

the end of the run. This means wandering around within a quarter
mile or so of each of those places, taking notes on which buildings and
which landmarks are in the vicinity. After having repeated this process
320 times, the prospective cabbie has accumulated a foundational set
of 320 best routes around London and has also explored — and taken
notes on — pretty much every bit of the core area within six miles of
Charing Cross. It is a start, but successful candidates keep challenging
themselves to determine the best routes for many other runs that are
not on the list and to-take note of buildings and landmarks that they
might have missed before or that might have recently appeared. In-
deed, even after passing all the tests and getting licensed, London taxi
drivers continue to increase and-hone their knowledge of London’s
streets. '

The resulting, memory and. navigational: skills are nothing short
of astonishing, and so London taxi drivers have proved irresistible
to psychologists interested in learning and, particularly, in the learn-
ing of navigational skills. By far the most in-depth studies of the cab-
bies —and the ones that have the most to tell us about how training
affects the brain — have been carried out by Eleanor Maguire, a neuro-
scientist at University College London. -

In one of her earliest works on the taxi drivers, pubhshed in 2000,
Maguire used magnetic resonance imaging to look at the brains of six-
teen male taxi drivers and compare them with the brains of fifty other
males of similar ages who were not taxi drivers. She looked in particu-
lar at the hippocampus, that seahorse-shaped part of the brain involved
in the development of memories. The hippocampus is particularly en-
gaged by spatial navigation and in remembering the location of things
in space. (Each person actually has two hippocampi, one on each side
of the brain.) For instance, species of birds that store food in different
places and thus must be able to remember thelocation of these various
caches have relatively larger hippocampi than closely related birds that
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don’t store food in different places. More to the point, the size of the
hippocampus is quite flexible in at least some species of birds and can
grow by as much as 30 percent in response to a bird’s food-storing ex-
periences. But would the same thing be true in humans?
"~ Maguire found that a particular part of the hippocampus— the
posterior, or rear, part — was larger in the taxi drivers than in the other
- subjects. Furthermore, the more time that a person had spent as a taxi
driver, the larger the posterior hippocampi were. In another study that
Maguire carried out a few years later, she compared the brains of Lon-
‘don taxi drivers with London bus drivers. Like the taxi drivers, the
bus drivers spent their days driving around London; the difference be-
tween them was that the bus drivers repeated the same routes over and
overand thus never had to figure out the best way to get from point A
to point B. Maguire found that the postetior hippocampi of the taxi
drivers were significantly larger than the same parts of the brain in the
bus drivers. The clear implication was that whatever was responsible
for the difference in the size of the posterior hippocampi was not re-
lated to the driving itself but rather was related specifically to the navi-
gational skills that the job required. '
/.~ That still lefc one loose end, however: perhaps the taxi drivers in
he studies had started out with larger posterior hippocampi that gave
thcm an advantage in finding their way around London, and the ex-
t¢nsw,c testing they went through was nothing more thana weeding-
out:process that zeroed in on those prospective drivers who were nat-

urally better equipped to bc able to learn their way around the maze
that is London.

Maguire addressed this issue quite simply and powerfully: she fol-
lowed a group of prospective taxi drivers from the time they started
training for their licenses until the point at which all of them had.ei-
ﬁheripassed the tests and become licensed cabbies or else had given up
and gone on to do something else. In particular, she recruited seventy-
ne prospective drivers — all of them male —who were just starting
training, as well as another thirty-one males of similar ages to serve as
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controls. When she scanned all their brains, she found no difference in
the sizes of the posterior hippocampi between the prospective drivers
and the controls. _

Four years later she revisited the two groups of subjects. By this
time forty-one of the trainees had become licensed London taxi driv-
ers, while thirty-eight had stopped training or failed their tests. So at
this point there were three groups to compare: the new taxi drivers
who had learned enough about London’s streets to pass the series of
tests, the trainees who had not learned enough to pass, and the group
who had not ever trained at all. Once again Maguire scanned their
brains and calculated the size of the posterior hippocampi in each.

- What she found would have been no surprise if she had been meas-
uring biceps in bodybuilders, but she wasn’t— she was measuring the
sizes of different parts of the brain —and so the result was startling.
The volume of the posterior hippocampi had gotten significantly
larger in the group of trainees who had continued their training and
had become licensed taxi drivers. By contrast, there was no change in
the size of the posterior hippocampi among the prospective taxi driv-
ers who had failed to become licensed (either because they simply
stopped training or because they could not pass the tests) or among
the subjects who had never had anything to do with the taxi training

program. The years spent mastering the Knowledge had enlarged pre- |

cisely that part of the brain that is responsible for navigating from one
place to another:

Maguire’s study, which was published in 2011, is perhaps the most
dramatic evidence we have that the human brain grows and changes in
response to intense training. Furthermore, the clear implication of her
study is that the extra neurons and other tissue in'the posterior hippo-
campi of the licensed cabbies underlie their increased navigational ca-
pabilities. You can think about the posterior hippocampi of a London
taxi driver as the neural equivalent of the massively developed arms

and shoulders of a male gymnast. Years of work on the rings and pom- -

mel horse and parallel bars and floor exercises have built muscles that
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are exquisitely suited for the sorts of movements he performs on those
 different pieces of apparatus —and, indeed, that make it possible for
-~ him to do all sorts of gymnastics moves that were simply not within
- his reach when he began training. The posterior hippocampi of the
-taxi drivers are equally “bulked up;” but with brain tissue, not muscle

fiber:

ADAPTABILITY

Until the first decade of the twenty-first century, most scientists would
“have flat out denied that something like what Maguire has seen in the
- brains of London cabbies was even possible. The general belicf was
- that once a person reached adulthood, the wiring of his or her brain
was-pretty much fixed. Sure, everyone understood that there had to
be tweaks here and there when you learned something new, but these
~ were thought to be little more than the strcngtheﬁing of some neural
connections and the weakening of others, because the overall structure
of the brain and its various neural networks were fixed. This idea went
hand in hand with the belief that individual differences in’abilities
were due mainly to genetically determined differences in the brain’s
- wiringand that learning was just a way of fulfilling one’s genetic poten-
tial. One common metaphor depicted the brain as a computer: learn-
 ing was like loading some data or installing new software — it allowed
you to do some things you couldn’t do before, but your ultimate per-

formance would always be limited by such things as the number of
bytes in your random-access memory (RAM) and the power of your
central processing unit (CPU).

By contrast, the body’s adaptability has always been casier to rec-

. ognize, as we've noted. One of my favorite examples of physical adapt-

. ability involves pushups. If you're a relatively fit male in your twenties,

you may be able to do 40 or 50; if you can do 100, you can impress your

friends and probably win a few bets. So what might you guess is the
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wotld record for pushups — 500 or 1,000? In 1980,Min6ru YQShi tch he brains of blind subjects as they read words in
of Japan did 10,507 pushups nonstop. After that, Guinness World arts of. the brain that they see lighting up is the vi-
ords stopped accepting submissions for the number of pushup opl Wlth normal sight; the visual cortex would light
with no rest periods and switched to the most.pushups performe ut from the eyes, not the fingertips; but in' the
twenty-four hours with resting allowed. In 1993 Charles Seryi: blir ex helps them interpret the fingertip sensations
the United States set what remains the world record in that cat : ver the groups of raised dots that make up the

by doing 46,001 pushups in 21 hours and 21 minutes.

Or consider pull-ups. Even relatively fit guys can generally:
10 or 15, although if you've really been working out, you m
worked your way up to 40 or so. In 2014 Jan Kare$ of the Cz

"ccurs. If you practice something enough, your
urons to help with the task even if they already
public did 4,654 in twelve hours.

In short, the human body is incredibly adaptable. It is not ju
skeletal muscles, but also the heart, the lungs, the circulatory s
the body’s energy stores, and more — everything that goes into'p
cal strength and stamina. There may be limits, but there is no ing

d h‘ parts of the brain-that controlled various fin-
ag oup of highly skilled Braille readers.
cre three-fingered Braille readers — that s, they
ingers to read the patterns of dots that make up in-
it middle fingers to pick out the spaces between
ng fingers to keep track of the particular line
The wiring in the part of the brain that controls
et'up-so-that each individual finger has a dis-
dedicated to it. This-is what makes it possible
: ple, which.fingertip is being touched by a pen-
without looking at our fingers. The subjects in
structors who used their fingers to read Braille
What the researchers discovered was that this
e fingers had caused the areas of the brain de-
those fingers to grow so much that those areas eventu-
esﬁlt,; the subjects were exceptionally sensitive to

tion that we have reached them yet.

From Maguire’s work and that of others, we're now learnin
the brain has a very similar degree and variety of adaptability.

Some of the earliest observations of this sort of adaptab
“plasticity.” as neuroscientists would say —appeared in studies
the brains of blind or deaf people “rewire” themselves to find ne
for the parts of the brain that are normally dedicated:to p1 "
sights or sounds but that in these people have nothing to: d
blind people cannot see because of problems with their eye ‘0]
nerve, but the visual cortex and other parts of the brain are st
functional; they're just not getting any input from the eyes. If the
actually were hardwired like a computer, these visual regions wo
forever idle. We now know, however, that the brain reroutes some
its neurons so that these otherwise-unused areas are put to-work
other things, particularly things related to the remaining sense ut'they often’couldn't tell which of the three fin-
blind people must rely on to get information about their surro ed. o

To read, for example, the blind run their fingertips.over:t
dots that make up the Braille alphabet. When researchers us

‘brain plasticity in blind subjects—and similar
cts—tell us that the brain’s structure and function
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are not fixed. They change in response to use. It is possible to shape the
‘brain —your brain, my brain, anybody’s brain — in the ways that we
desire through conscious, deliberate training. .
Researchers are just beginning to explore the various ways that this
plasticity can be put to work. One of the most striking results to date
could have implications for anyone who suffers from age-related far-
sightedness — which is just about everyone over the age of fifty. The
study, which was carried out by American and Israeli neuroscientists
and vision researchers, was reported in 2012. Those scientists assem-
bleda group of middle-aged volunteers, all of whom had difficulty fo-
cusing on nearby objects. The official name of the condition is pres-
byopia, and it results from a problem with the eye itself, which loses
elasticity in its lens, making it more difficult to focus well enough to
make out small details. There is also an associated difficulty in detect-
ing contrasts between light and dark areas, which exacerbates the dif-
ficulty in focusing. The consequences are a boon for optometrists and
opticians and a bother for the over-fifty crowd, nearly all of whom
need glasses to read or perform close-up work.
The researchers had their subjects come into the lab three or so

times a week for three months and spend thirty minutes each visit -

training their vision. The subjects were asked to spot a small image

against a background that was very similar in shade to the spot; thatis,

there was very little contrast between the image and the background.

Spotting these images required intense concentration and effort. Over

time the subjects learned to more quickly and accurately determine

the presence of these images. At the end of three months the subjects -

were tested to see what size type they could read. On average they were

able to read letters that were 6o percent smaller than they could at the.

beginning of the training, and every single subject had improved. Fur-

thermore, after the training every subject was able to read a newspaper

without glasses, something a majority of them couldn’t do beforehand.
They also were able to read faster than before.

Surprisingly, none of this improvement was caused by changes in .
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¢ eyes, which had the same stiffness and difficulty focusing as be-
fore. Instead, the improvement was due to changes in the part of the
rain that interprets visual signals from the eye. Although the re-
searchers couldn’t pinpoint exactly what those changes were, they be-
ieve that the brain learned to “de-blur” images. Blurry images result
from a combination of two different weaknesses in vision — an inabil-
ty to see small details and difficulties in detecting differences in con-
trast —and both of these issues can be helped by the image processing
rried out in the brain, in much the same way that image-process-
ng software in a computer or a camera can sharpen an image by such
echniques as manipulating the contrast. The researchers who carried
out the study believe that their training exercises taught the subjects’

rains to do a better job of processing, which in turn allowed the sub-

ects to discern smaller details without any improvement in the signal
rom the eyes.

CHALLENGING HOMEOSTASIS

Why should the human body and brain be so adaptable in the first
ce? Ivall stems, ironically enough, from the fact that the individual
lls and tissues try to keep everything the same as much as possible.

Thehuman bodyhasa preference for stability. It maintains a steady
grnal temperature. It keeps a stable blood pressure and heart rate.
keeps the blood glucose levels and pH balance (acidity/ alkalinity
evd) steady. It maintains a reasonably constant weight from day to
ay. None of these things are completely static, of course — pulse rate
nc;eases with exercise, for instance, and body weight goes up or down
ith overeating or dieting— bur these changes are usually temporary,
nd the body eventually gets back to where it was. The technical term
His is “homeostasis,” which simply refers to the tendency of a sys-
m —any sort of system, but most often a living creature or some part
Aiving creature — to act in a way that maintains its own stability.
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Individual cells like stability as well. They maintain a certain level

of water and also regulate the balance of positive and negative ions, -

particularly sodium and potassium ions, and various small molecules

by controlling which ions and molecules stay and which exit through

the cell membrane. More important to us is the fact that cells require a
stable environment if they are to function effectively. If the surround-

ing tissues get too hot ortoo cold, if their fluid level moves too far out- -
side.of the preferred range, if the oxygen level drops too far, or if the -

energy supplies get too low, it damages the functioning of the cells. If
the changes are too big for too long, the cells start to die. '

Thus, the body is equipped with various feedback mechanisms -
that act to maintain the status quo. Consider what happens when you

engage in some sort of vigorous physical activity. The contraction of
muscle fibers causes- the individual muscle cells to expend their sup-

plies of energy and oxygen, which are replenished from nearby blood..

vessels. But now the level of oxygen and energy supplies in the blood-
stream drops, which leads the body to take various measures in re-

sponse. The breathing rate goes up to increase oxygen levels in the
blood and to clear out more carbon dioxide. Various energy stores are
converted into the sort of energy supply that the muscles can useand -
feed into the bloodstream. Meanwhile, blood circulation increases in -
order to better distribute the oxygen and energy supplies to those pats:

of the body that need them.
As long as the physical exercise is not so strenuous that it strains
the body’s homeostatic mechanisms, the excrcise will do very little to
prompt physical changes-in the body. From the body’s perspective,
there is no reason to change; everything is working as it should. ’
1t’s a different matter when you engage in a sustained, vigorou

physical activity that pushes the body beyond the point where the ho- -
meostatic mechanisms can compensate. Your body’s systems and cells:

find themselves in abnormal states, with abnormally low levels of oxy

gen and various energy-related compounds, such as glucose, adenosine.

diphosphate (ADP), and adenosine triphosphate (ATP). The metab
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f the various cells can no longer proceed as usual, so there are
t sets of biochemical reactions going on in the cells, producing
itely different suite of biochemical products than the cell usually
uces. The cells are not happy with this altered state of affairs, and
hey respond by calling up some different genes from the cells' DNA.
Most of the genes in the DNA:of a cell are inactive at any given time,
nd the cell will “switch on” and “switch off” various genes, depending
hat it needs at the time.) These newly activated genes will switch
r-tamp up various biochemical systems within the cell, which will
ange its behavior in ways that are intended to respond to the fact

hat the cells and surrounding systems have been pushed out of their
fort zone.

€ exact details of what goes on inside a cell in response to such
ses are-extremely complicated, and researchers are only just now
ginningto unravel them. For example, in one study on rats the scien-
conducting the study counted 112 different genes that were turned
hen the workload on a particular muscle in the rear legs of the
as sharply increased. Judging by the particular genes that were
witched on, the response included such things as a change in the me-
lism of the muscle cells, changes in their structure, and a change
e rate at which new muscle cells were formed. The eventual result
f ﬁl}ese changes was a strengthening of the rats’ muscles so that
:ld-handle the increased workload. They had been pushed out
i pomfor_t zone, and the muscles responded by getting strong
1gh to establish a new comfort zone. Homeostasis had been rees-
isthe general pattern for how physical activity creates changes
ody: when a body system — certain-muscles, the cardiovascu-
em, or something else — is stressed to the point that homeosta-
n no longer be maintained, the body responds with changes that
re intended to reestablish homeostasis. Suppose, for example, that
begin a program of acrobic exercise — say, jogging three times a

ek for half an hour each time, keeping your heart rate at the recom-
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mended level of 70 percent of your maximum heart rate (which works -

out to something over 140 beats per minute for younger adults). The
sustained activity will, among other things, lead to low levels of oxy-
gen in the capillaries that supply your leg muscles. Your body will re-
spond by growing new capillaries in order to provide more oxygen to
the muscle cells in your legs and return them to their comfort zone.

This is how the body’s desire for homeostasis can be harnessed to
drive changes: push it hard enough and for long enough, and it will re-
spond by changing in ways that make that push easier to do. You will
have gotten a little stronger, built a little more endurance, developed a
little more coordination. But there is a catch: once the compensatory
changes have occurred — new muscle fibers have grown and become
more efficient, new capillaries have grown, and so on — the body can
handle the physical activity-that had previously stressed it. It is com-
fortable again. The changes stop. So to keep the changes happening,
you have to keep upping the ante: run farther, run faster, run uphill. If
you don't keep pushing and pushingand pushing some more, the body
will settle into homeostasis, albeit at a different level than before, and
you will stop improving; .

This explains the importance of staying just outside your comfort
zone: you need to continually push to keep the body’s compensatory
changes coming, but if you push too far outside your comfort zone,
you risk injuring yourself and actually setting yourself back.

This, at least, is the way the body responds to physical activity. Sci-
entists know much less about how the brain changes in response to
mental challenges. One major difference between the body and the

brain is that the cells in the adult brain do not generally divide and -
form new brain cells. There are a few exceptions, such as in the hippo- -

campus, where new neurons can grow; but in most parts of the brain

the changes that occur in response to a mental challenge —such as -
the contrast training used to improve people’s vision— won’t include

the development of new neurons. Instead, the brain rewires those net-
works in various ways — by strengthening or weakening the various
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 connections between neurons and also by adding new connections or
getting rid of old ones. There can also be an increase in the amount
of myelin, the insulating sheath that forms around nerve cells and al-
lows nerve signals to travel more quickly; myelination can increase the
“specd of nerve impulses by as much as ten times. Because these net-
';works of neurons are responsible for thought, memories, controlling
_movement, interpreting sensory signals, and all the other functions of
the brain, rewiring and speeding up these networks can make it pos-
sible to do various things — reading a newspaper without glasses, say,
-or:quickly determining the best route from point A to point B — that
“one couldn’t do before.

o In the brain, the greater the challenge, the greater the changes —up
toapoint. Recent studies have shown that learning a new skill is much
ore effective at triggering structural changes in the brain than sim-
oly continuing to practice a skill that one has already learned. On the
‘other hand, pushing too hard for too long can lead to burnout and
neffective learning. The brain, like the body, changes most quickly
n that sweet spot where it is pushed outside — but not too far out-
de— its comfort zone.

SHAPING THE BRAIN

¢ fact that the human brain and body respond to challenges by de-
elqping new abilities underlies the effectiveness of purposeful and de-
liberate practice. The training of a London taxi driver or an Olympic
'gymnast or a violinist at a music academy is, in essence, a2 method of
ihgmessmg the adaptability of the brain and body to develop abilities
that would otherwise be out of reach.

"The best place to see this in action is in the development of musi-
al ability. Over the past two decades brain rescarchers have studied in
great detail how musical training affects the brain and how those ef-
fects'in turn make possible extraordinary musical performance. The
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best known study was published in 1995 in the journal Science. Work-

ing with four German scientists, the psychologist Edward Taub at the
University. of Alabama-at Birmingham recruited six violinists, two
cellists, and a guitarist, all of whom were right-handed, to have their
brains scanned. They also recruited six nonmusicians to:serve as con-
trols against whom the musicians would be compared. Taub wanted to
see if there was any difference between the two groups in the areas of
their brains that were devoted to-controlling their fingers.

Taub was most interested in the fingers on.the musicians™ left
hands. Playing the violin, cello, or guitar requires exceptional control
of those fingers. The fingers move up and down the neck of the in-
strument and from string to string, sometimes at incredible speeds,
and they must be placed with extreme accuracy. Furthermore, many
of the sounds coaxed from the instruments, such as vibrato, involve
some sliding or vibrating motion of a finger in place, which generally
requires extensive practice to master. Theleft thumb hasfewer respon-
sibilities, mainly just providing pressure on the back of the neck, and

the right hand generally has much less to do than the left —mostly '

just holding the bow for violinists and cellists and strumming or pick-
ing for guitarists. In short, most of a string player’s training is aimed at
improving control of the fingers on the left hand. The question Taub
asked was, What effect will this have on the brain?

Taub’s team used a magnetoencephalograph — amachine thatmaps - :

out brain activity by detecting tiny magnetic fields in the brain — to

determine which parts of the subjects’ brains controlled which fingers. -

In particular, the experimenters would touch a subject’s individual fin-
gers and observe which parts of the brain responded to each touch.
They found that the region of the brain controlling the left hand was
significantly larger in the musicians than in the nonmusicians —and,

in particular, that the brain regions controlling the fingers had taken

over a section of the brain region that was normally devoted to the
palm. Furthermore, the earlier a musician had started to play his or her
instrument, the greater the expansion was. By contrast, the researchers
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found no difference between the musicians and nonmusicians in the
size of the region controlling the fingers of the right hand.

- The implication was clear: Years of practice on a stringed instru-
ment had caused the area of the brain that controls the fingers of the
Jefe hand'tovgradually expand, resulting in a greater ability to control
those fingers.

~¢In the twenty years since that study, other researchers have ex-
panded on the results and described a variety of ways that musical
training affects brain structure and function. For example, the cerebel-
lum —a part of the brain that plays an important role in controlling
movements —is larger in musicians than in nonmusicians, and the
more hours of training a musician has put in, the larger the cerebel-
lum.is. Musicians have.more gray matter— the brain tissue that con-
‘tains.neurons — than nonmusicians do-in various parts of the cortex,
including the somatosensory region (touch and other senses), the su-
Pperior parietal region (sensory input from the hands), and the premo-
tor cortex (planning movements and guiding movements in space).

+ 'The details of exactly what happens to which region of the brain
can be daunting to anyone who is not trained in neuroscience, but the
big picture is clear: musical training modifies the structure and func-
tion of the brain in various ways that result in an increased capacity for
playing music. In other words, the most effective forms of practice are
doing more than helping you learn to play a musical instrument; they
are actually increasing your ability to play. With such practice you are
modifying the parts of the brain you use when playing music and, in a
sense, increasing your own musical “talent.”

- Although less of this sort of research has been done in areas other
than-music, in-every area that scientists have studied, the findings are
the same: long-term training results in changes in those parts of the
brain that are relevant to the particular skill being developed.
-Some of these studies have focused on purely intellectual skills,
ch as-mathematical ability. For example, the inferior parietal lob-
ule has significantly more gray matter in mathematicians than in non-
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mathematicians. This part of the brain is involved in mathematical
calculations and in visualizing objects in space, something that is im-
portant in many areas of math. It also happens to be a part of the brain
that caught the attention of the neuroscientists who examined Albert
Einstein’s brain. They found that Einstein’s inferior parietal lobule was
significantly larger than average and that its shape was particularly un-
usual, which led them to speculate that his inferior parietal lobule may
have played a crucial role in his ability to perform abstract mathemati-
cal thinking. Could it be that people like Einstein are simply born with
beefier-than-usual inferior parietal lobules and thus have some innate
capacity to be good at mathematical thinking? You might think so,
but the researchers who carried out the study on the size of that part
of the brain in mathematicians and nonmathematicians found that the
longer someone had worked as a mathematician, the more gray matter
he or she had in the right inferior parietal lobule —which would sug-
gest that the increased size was a product of extended mathematical
thinking, not something the person was born-with.

A number of studies have examined skills that have both a mental
and a physical component, such as playing music. One recent investi-
gation looked at the brains of glider pilots versus nonpilots and found
that the brains of the pilots had more gray area in several different re-
gions, including the left ventral premotor cortex, the anterior cingu-
late cortex, and the supplementary eye field. These regions seem to be
involved in such things as learning to control the stick that one uses to
fly a glider, comparing the visual signals that one gets when flying with
the body-balance signals that indicate the orientation of the glider, and
controlling the movements of the eyes. '

Even in the case of what we usually think of as purely “physical
skills” such as swimming or gymnastics, the brain plays a-major role
because these activities require careful control of the body’s move-
ments, and research has found that practice produces brain changes.
For instance, cortical thickness, a way of measuring the amount of gray
matter in a brain area, is greater in competitive divers than in nondiv-
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ets in three specific regions, all of which play a role in visualizing and
controlling the movements of the body.

* - Although the specific details vary from skill to skill, the overall pat-
tern is consistent: Regular training leads to changes in the parts of the
brain that are challenged by the training. The brain adapts to these
challenges by rewiring itself in ways that increase its ability to carry out
the functions required by the challenges. This is the basic message that
- should be taken away from the research on the effects of training on
the brain, but there are a few additional details that are worth noting.
2+ Pirst, the effects of training on the brain can vary with age in sev-
eral ways. The most important way is that younger brains— those
of children and adolescents — are more adaptable than adult brains
are, so training can have larger effects in younger people. Because the
young brain is developing in various ways, training at early ages can
actually shape the course of later development, leading to significant
changes. This is “the bent-twig effect.” If you push a small twig slightly
away from its normal pattern of growth, you can cause a major change
in the ultimate location of the branch that grows from that twig; push-
ingon a branch that is already developed has much less effect.

~ One example of this effect is that adult pianists generally have
more white matter in certain regions of the brain than nonmusicians
do, with the difference being totally due to the amount of time spent
practicing in childhood. The earlier a child gets started on the piano,
he more white matter that pianist will have as an adult. So while you
canlearn to play the piano as an adult, it will not result in the same
amount of extra white matter that would be produced if you learned
to'play as a child. At present no one knows what the practical impli-
cations of this are, but, generally speaking, more white matter leads to
nerve signals being transmitted more quickly, so it seems likely that
racticing the piano-as a child will lead to certain neurological advan-
ages that you just can’t match with practice as an adult.

A'second detail worth noting is that developing certain parts of the
rain through prolonged training can come at a cost: in many cases
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people who have developed one skill or ability to an extraordinary
degree seem to have regressed in‘another area. Maguire’s study of the
London taxi drivers provides perhaps the best example. At the end of
the four years, when the trainees had either finished the course and be-
come licensed drivers or had stopped trying; she tested her subjects’

memory. in two ways. One involved knowing the locations of various

London laridmarks, and at this the subjects who had become licensed
drivers did far better than the rest of the subjects. The second wasa
standard test of spatial memory — remembering a complex figure af-
ter a thirty-minute delay — and on this the licensed drivers did much
worse than the group who had never been trained tobecome taxi driv-

ers. By contrast, the trainees who had dropped out scored about the -

same as the subjects who had never trained. Because all three groups
scored equally well on this memory test at the start of the four-year pe-
riod, the only explanation was that the licensed cabbies, by developing
their memories of London streets, had done something to-cause a de-
cline in this other sort of memory. Although we don’t know for sure
what caused that; it seems likely that the intense training caused the
trainees’ brains to devote an increasingly large segment to this sort of
memory, leaving less gray matter to devote to other sorts of memory.
Finally, the cognitive and physical changes caused by training re-
quire upkeep. Stop training, and they start to go away. Astronauts who
spend months in space without gravity to work against come back to
Earth and find it difficult to-walk. Athletes who have to stop training

because of a broken bone or torn ligament lose much of their strength

and endurance in the limbs they cannot exercise. Similar things have

been seen with athletes who have volunteered for studies in which

they must lie in'bed for a month or so. Strength fades. Specd dimin-
ishes. Endurance wilts.

And something similar is true with the brain. When Maguire stud-

ied a group of retired London taxi drivers, she found that they had less
gray matter in their posterior hippocampi than did active taxi drivers,
although they still had more than retired subjects who had never been
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- taxi drivers.. Once these taxi drivers had stopped using their naviga-
“tional memory every day, the bram changes that had been the result of
that work started to dlsappear.

BUILDING YOUR OWN POTENTIAL

“Once we understand the adaptability of the brain and the body in this
way, we start to think about human potential in an entirely different
light, and it points us to an entirely different approach.to learning,
. Consider this: Most people live lives that are not particularly phys-
ically challenging. They sit at a desk, or if they move around, it’s not a
-lot. They aren’t running and jumping, they aren’t lifting heavy objects
v'or throwing things long distances, and they aren't performing maneu-
crs that require tremendous balance and coordination. Thus they set-
tleinto a low level of physical capabilities — enough for day-to-day ac-
tivities and maybe even hiking or biking or playing golf or tennis on the
weckends, but far from the level of physical capabilities that a highly
trained athlete possesses. These “normal” people cannot run a mile in-
inder five minutes or ten miles in under an hour; they cannot throwa
aseball three hundred feet or hit a golf ball three hundred yards; they
cannot do triple gainers off the high board or triple axels on ice skates
. triple backflips in a gymnastics floor routine. These are the sorts of
things that require far more practice than most people are willing to
levote, but —and this is important — they are also the sorts of abili-
ies that can be developed because the human body is so adaptable and
esponsive to training. The reason that most people don’t possess these
xtraordinary physical capabilities isn’t because they don’t have the ca-
acity for them, but rather because they're satisfied to live in the com-
ortable rut of homeostasis and never do the work that is required to
etout of it. They live in the world of “good enough.”
The same thing is true for all the mental activities we engage in,
rom writing a report to driving a cat, from teaching a class to run-
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ning an organization, from selling houses to performing brain surgery.
We learn enough to get by in-our day-to-day lives, but once we reach
that point, we seldom push to go beyond good enough. We do very
little that challenges our brains to develop new gray matter or white
matter or to rewire entire sections in the way that an aspiring Lon-
don taxi driver or violin student‘might. And, for the most part, that’s
okay. “Good enough” is generally good enough. But it’s important to
remember that #he option exists. If you wish to become significantly
better at something, you can. :

And here is the key difference between. the traditional approach
to learning and the purposeful-practice or. deliberate-practice -ap-
proaches: The traditional approach is not designed to challenge ho-
meostasis. It assumes; consciously or not, that learning is all about ful-
filling your innate potential and that you can develop a particular skill
or ability without getting too far out of your comfort zone. In this
view, all that you are doing with practice — indeed, all that you can
do —isto reach a fixed potential.

‘With deliberate practice, however, the goal is not just to reach your
potential but to build it, to make things possible that were not pos-

sible before. This requires challenging homeostasis — getting out of

your comfort zone — and forcing your brain or your body to adapt.
But once you do this, learning is no longer just a way of fulfilling some
genetic destiny; it becomes a way of taking control of your destiny and
shaping your potential in ways that you choose. ‘

The obvious next question is, What is the best way to challengc ho-
meostasis and develop that potential? We will spend much of the rest

of the book answering that question, but before we do that, we need
to address an issue that we have glossed-over in this chapter: What ex-

actly are we trying to improve about our brains? It’s pretty obvious

whatleads to improved physical abilities. If you build more and larger

muscle fibers, you get stronger. If you improve your muscles” energy re- -

serves, your lung capacity, your heart’s pumping capacity, and the ca-
pacity of your circulatory system, you build your endurance. But what
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changes are you making in your brain as you train to be a‘musician,
a mathematician, a taxi driver, or a surgeon? Surprisingly, there is a

common theme to the changes in all of these areas, and understand-

ing that is the key to understanding how people develop extraordi-
nary abilities in any area of human performance with a mental compo-

nent — which, when you think about it, is just about all of them. We
discuss that next.
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