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Preface

This book is about the revolutionary discovery ttha human brain can change itself, as
told through the stories of the scientists, doctansl patients who have together brought
about these astonishing transformations. Withoetatmns or medications, they have

made use of the brain's hitherto unknown abilitghange. Some were patients who had
what were thought to be incurable brain

problems; others were people without specific protd who simplyvanted to improve the
functioning of their brains or preserve them

as they aged. For four hundred years this ventorddwhave been inconceivable because
mainstream medicine and science belietad brain anatomy was fixed. The common
wisdom was that after childhood the brain changdyg when it began the long process of

decline; that when brain cells failed to developparly, or were injured, or died, they
could not be replaced. Nor could the brain er its structure and find a new way to
function if part of it was

damaged. The theory of the unchanging brain dedreggeople who were born with
brain or mental limitations, or who sustain@din damage, would be limited or damaged
for life. Scientists whavondered if the healthy brain might be improvegm@served
through activity or mental exercise were told motiaste their time, A neurological
nihilism—a sense that treatment for many brain

problems was ineffective or even unwarranted—hkertdnold, and

it spread through our culture, even stunting owsral view of human nature. Since the brain
could not change, human nature, which

emerges from it, seemed necessarily fixed and enadlle as well.

The belief that the brain could not change hadetinnajor sources: the fact that brain-
damaged patients could so rarely make full recegeour inability to observe the living
brain's microscopic activities; and the idea—dabiagk to the beginnings of modern
science—that the brain is like a glorious mach#m®d while machines do many
extraordinary things, they don't change and grow.

| became interested in the idea of a changing lWregause of my work as a research
psychiatrist and psychoanalyst. When patients dtgorogress psychologically as much
as hoped, often the conventional medical wisdomthaitstheir problems were deeply
"hardwired" into an unchangeable brain. "Hardwitimgs another machine metaphor



coming from the idea of the brain as computer hardywith permanently connected
circuits, each designed to perform a specific, angeable function.

When | first heard news that the human brain mightbe hardwired, | had to investigate
and weigh the evidence for myself. These investgattook me far from my consulting
room.

| began a series of travels, and in the processt lanband of brilliant scientists, at the
frontiers of brain science, who had, in the latéd®or early 1970s, made a series of
unexpected discoveries. They showed that the lstwnged its very structure with each
different activity it performed, perfecting its cuits so it was better

suited to the task at hand. If certain "parts'e@jlthen other parts could sometimes take
over. The machine metaphor, of the brain as amongth specialized parts, could not
fully account for changes the scientists were gedihey began to call this fundamental
brain property "neuroplasticity.”

Neurois for "neuron,"” the nerve cells in our brains aedvous system®lasticis for
"changeable, malleable, modifiable." At first maofythe scientists didn't dare use the
word "neuroplasticity" in their publications, arttetr peers belittled them for promoting
a fanciful notion. Yet they persisted, slowly owerting the doctrine of the unchanging
brain. They showed that children are not alwayskstuth the mental abilities they are
born with; that the damaged brain can often reapgaitself so that when one part fails,
another can often substitute; that if brain celés they can at times be replaced; that
many "circuits" and even basic reflexes that weklare hardwired are not. One of these
scientists even showed that thinking, learning, @tthg can turn our genes on or off,
thus shaping our brain anatomy and our behaviorehgone of the most extraordinary
discoveries of the twentieth century.

In the course of my travels | met a scientist whalded people

who had been blind since birth to begin to seetreravho enabled the deaf to hear; |
spoke with people who had had strokes decadeseébafal had been declared incurable,
who were helped to recover with

neuroplastic treatments; | met people whose legrdisorders were cured and whose 1Qs
were raised; | saw evidence that it is possiblesfghty-year-olds to sharpen their
memories to function the way they

did when they were fifty-five. | saw people rewiheir brains with
their thoughts, to cure previously incurable obsgssand traumas. | spoke with Nobel

laureates who were hotly debating how we mustm&tbur model of the brain now that
we know it is ever changing.



The idea that the brain can change its own stre@uod function through thought and
activity is, | believe, the most important

alteration in our view of the brain since we fgketched out its basamatomy and the
workings of its basic component, the neuron. Likeeaolutions, this one will have
profound effects, and this book, |

hope, will begin to show some of them. The neurstidaevolution has implications for,
among other things, our understanding of how

love, sex, grief, relationships, learning, addictipculture, technology, and
psychotherapies change our brains. All of the hutesn social sciences, and physical
sciences, insofar as they deal with human natveeaféected, as are all forms of training.
All of these disciplines will have to come to termish the fact of the self-changing brain
and with the realization that the architecturehef brain differs from one person to the
next and that it changes in the course of our idd lives.

While the human brain has apparently underestimggeli, neuroplasticity isn't all good
news; it renders our brains not only more resouldait also more vulnerable to outside
influences. Neuroplasticity has the power to predonore flexible but also more rigid
behaviors—a phenomenon | call "the plastic parddosnically, some of our most
stubborn habits and disorders are products of mstipity. Once a particular plastic
change occurs in the brain and becomes well estedalj it can prevent other changes
from occurring. It is by understanding both theipes and negative effects of plasticity
that we can truly understand the extent of humassipdities.

Because a new word is useful for those who do athawg, | call the practitioners of this
new science of changing brains "neuroplas-ticians."

What follows is the story of my encounters withrthand the patients they have
transformed.

The Brain That Changes lItself

1

A Woman Perpetually Falling . . .

Rescued by the Man Who Discovered the Plasticity of Our Senses



And they saw the voicdsxodus 20:18

Cheryl Schiltz feels like she's perpetually fallidgnd because she feels like she's falling,
she falls.

When she stands up without support, she looksjmittoments, as if she were standing
on a precipice, about to plummet. First

her head wobbles and tilts to one side, and hes agach out to try to stabilize her
stance. Soon her whole body is moving chaoticalgklband forth, and she looks like a
person walking a tightrope in that frantic seesasmant before losing his balance—
except that

both her feet are firmly planted on the ground,endgbart. Sheloesn't look like she is only
afraid of falling, more like she's afraid of beipgshed.

"You look like a person teetering on a bridge,aysYeabh, | feel | am going to jump, even
though | don't want to¥Watching her more closely, | can see that as seetw standtill, she
jerks, as though an invisible gang of hoodlums vgarghing and shoving her, first from one side,
then from another, cruelly trying to knock her ov@nly this gang is actually inside her and has
been doing this to her for five years. When stestto walk, she hae hold on to a wall, and
still she staggers like a drunk.

For Cheryl there is no peace, even after shenfadl the floor,

"What do you feel when you've fallen?" | ask h&o#&s the sense of falling go away once you've
landed?"

"There have been times," says Cheryl, "when lditgdose the sense of the feeling of the floor ...
and an imaginary trapdoor opens up and swallows Ewven when she has fallen, she feels she is
still falling, perpetually, into an infinite abyss.

Cheryl's problem is that her vestibular apparahessensory organ for the balance system, isn't
working. She is very tired, and her sense thaishefree fall is driving her crazy because she
can't think about anything else. She fears thedutboon after her problem began, she lost her
job as an international sales representative andimes on a disability check of $1,000 a month.
She has a newfound fear of growing old. And shealrase form of anxiety that has no name.

An unspoken and yet profound aspect of our welipés based on having a normally
functioning sense of balance. In the 1930s thetpatrist Paul Schilder studied how a healthy
sense of being and a "stable" body image are tetatthe vestibular sense. When we talk of
"feeling settled" or "unsettled," "balanced" or batanced," "rooted" or "rootless," "grounded" or
"ungrounded,” we are speaking a vestibular languhgetruth of which is fully apparent only in
people like Cheryl. Not surprisingly, people witerldisorder often fall to pieces psychologically,
and many have committed suicide.



We have senses we don't know we have—until wetlom®a; balance is one that
normally works so well, so seamlessly, that itas listed among the five that Aristotle
described and was overlooked for centuries aftetwar

The balance system gives us our sense of orientatipace. Its sense organ, the
vestibular apparatus, consists of three semicir@aaals in the inner ear that tell us
when we are upright and how gravity is affecting lbodies by detecting motion in three-
dimensional space. One canal detects movemeng indtizontal plane, another in the
vertical plane, and another when we are moving &dvwor backward. The semicircular
canals contain little hairs in a fluid bath. Whea move our head, the fluid stirs the hairs,
which send a signal to our brains telling us thathave increased our velocity in a
particular direction. Each movement requires agsponding adjustment of the rest of
the body. If we move our heads forward, our bré@élisan appropriate segment of our
bodies to adjust, unconsciously, so that we casebthat change in our center of gravity
and maintain our balance. The signals from thellwalsir apparatus go along a nerve to a
specialized clump of neurons in our brain, caltesl'estibular nuclei,” which process
them, then send commands to our muscles to atheistselves. A healthy vestibular
apparatus also has a strong link to our visuaksystWhen you run after a bus, with your
head bouncing

up and down as you race forward, you are able ¢ép keat moving
bus at the center of your gaze because your véstiapparatus sends

messages to your brain, telling it the speed arettion in which you are running. These
signals allow your brain to rotate and adjust the

position of your eyeballs to keep them directeyoatr target, the bus.

I am with Cheryl, and Paul Bach-y-Rita, one of ¢ineat pioneers in understanding brain
plasticity, and his team, in one of eds. Cheryl is hopeful about today's experimendtian
stoical but open about her condition. Yuri Danilthe team biophysicist, does the
calculations on the data they are gathering onyChefestibular

system. He is Russian, extremely smart, and hagja accent. He says, "Cheryl is
patient who has lost vestibular system—ninety-fivene hundred percent.”

By any conventional standard, Cheryl's case ispeless one. The conventional view
sees the brain as made up of a group of specigbexkssing modules, genetically
hardwired to perform specific functions and tholeme, each developed and refined over
millions of years of evolution. Once one of thenthis damaged, it



can't be replaced. Now that her vestibular systedamaged, Cheryl

has as much chance of regaining her balance asanpe@hose retina has been damaged has of
seeing again.

But today all that is about to be challenged.

She is wearing a construction hat with holes inside and a device inside it called an
accelerometer. Licking a thin plastic strip withahelectrodes on it, she places it on her tongue.
The accelerometer in the hat sends signals tatipe @&nd both are attached to a nearby
computer. She laughs at the way she looks in the'lecause if | don't laugh | will cry."

This machine is one of Bach-y-Rita's bizarre-logkmototypes. It will replace her vestibular
apparatus and send balance signals to her bramHes tongue. The hat may reverse Cheryl's
current nightmare. In 1997 after a routine hystieray, Cheryl, then thirty-nine years old, got a
postoperative infection and was given the antibigéntamicin. Excessive use of gentamicin is
known to poison the inner ear structures and caed@onsible for hearing loss (which Cheryl
doesn't have), ringing in the ears (which she d@eg) devastation to the balance system. But
because gentamicin is cheap and effective, ifligpstscribed, though usually for only a brief
period of time. Cheryl says she was given the dvag beyond the limit. And so she became one
of a small tribe of gentamicin's casualties, kn@ammong themselves as Wobblers.

Suddenly one day she discovered she couldn't stdhdut falling. She'd turn her head, and the
whole room would move. She

couldn't figure out if she or the walls were cagdine movement. Finally she got to her
feet by hanging on to the wall and reached forpthene to call her doctor.

When she arrived at the hospital, the doctors haverarious tests to see if her vestibular
function was working. They poured freezing-cold aratm water into her ears and tilted
her on a table. When they asked her to stand witleyes closed, she fell over. A doctor
told her, "You have no vestibular function." Thetgeshowed she had about 2 percent of
the function left.

"He was," she says, "so nonchalant. ‘It looks éilséde effect of the gentamicin.”™ Here
Cheryl gets emotional. "Why in the world wasnbldtabout that? 'It's permanent,’ he
said. | was alone. My mother had taken me to tletadpbut she went off to get the car
and was waiting for me outside the hospital. My meotasked, 'Is it going to be okay?'
And | looked at her and said, 'lt's permanentis. iinever going to go away™

Because the link between Cheryl's vestibular appai@nd her visual system is damaged,
her eyes can't follow a moving target smoothly.€Bthing | see bounces like a bad
amateur video," she says. "It's as though evergthiook at seems made of Jell-O, and
with each step | take, everything wiggles."



Although she can't track moving objects with hezsyher vision is all she has to tell her
that she is upright. Our eyes help us know wheramgen space by fixing on horizontal
lines. Once when the lights went out, Cheryl imraggly fell to the floor. But vision
proves an unreliable crutch for her, because amy & movement in front of her—

even a person reaching out to her—exacerbatesltrgffeeling. Everzigzags on a carpet can
topple her, by initiating a burst of false messapas make her think she's standing
crookedly when she's not.

She suffers mental fatigue, as well, from beingonstant high alert. It takes a lot of
brain power to maintain an upright position—

brain power that is taken away from such mentattions as memory and the ability to
calculate and reason.

While Yuri is readying the computer for Cheryl,skao try the

machine. | put on the construction worker's hatglipdinto my mouth the plastic device
with electrodes on it, called a tongue displays Hat, no thicker than a stick of chewing
gum.

The accelerometer, or sensor, in the hat detectement in

two planes. As | nod my head, the movement is kaées onto a

map on the computer screen that permits the teanotutor it.

The same map is projected onto a small array ofeleietrodes implanted in the plastic
strip on my tongue. As | tilt forward, electric sks that feel like champagne bubbles go
off on the front of my

tongue, telling me that I am bending forward. Oa ¢bmputer screen | can see where my
head is. As | tilt back, | feel the champagne swmih gentle wave to the back of my
tongue. The same happens when I tilt to the sitlesn | close my eyes and experiment
with finding my way in space with my tongue. | sdonget that the sensory information
is coming from my tongue and can read where | aspace.

Cheryl takes the hat back; she keeps her balant@ahing against the table.

"Let's begin," says Yuri, adjusting the controls.

Cheryl puts on the hat and closes her eyes. She ek from the table, keeping two

fingers on it for contact. She doesn't fall, thosgle has no indication whatsoever of
what is up and down except the swirling of the chagme bubbles over her tongue. She



lifts her fingers from the table. She's not wobglanymore. She starts to cry—the flood
of tears that comes after a trauma; she can opeowpghat she has the hat on and feels
safe. The first time she put on the hat, the sefiperpetual falling left her—for the first
time in five years. Her goal today is to standefri@r twenty minutes, with the hat on,
trying to keep centered. For anyone—not to mendiddobbler—to stand straight for
twenty minutes requires the training and skill @fuard at Buckingham Palace.

She looks peaceful. She makes minor corrections jdiking has stopped, and the mysterious
demons that seemed to be inside her, pushingtrirg her, have vanished. Her brain is
decoding signals from her artificial vestibular aptus. For her, these moments of peace are a
miracle—a neuroplastic miracle, because somehosettiegling sensations on her tongue,
which normally make then way to the part of tharbralled the sensory cortex—the thin layer
on the surface of the brain that processes thes#rieuch— are making their way, through a
novel pathway in the brain, to the brain area pinatesses balance.

"We are now working on getting this device smabegh so that it is hidden in the mouth," says
Bach-y-Rita, "like an orthodontist's mouth retairinat's our goal. Then she, and anyone with
this problem, will have a normal life restored. Same like Cheryl should be able to wear the
apparatus, talk, and eat without anyone knowinghsisat.

"But this isn't just going to affect people damaggdyenta-micin,” he continues. "There was an
article inThe New York Time®sterday on falls in the elderly. Old people arearfdghtened of

falling than of being mugged, A third of the eldefdll, and because

they fear falling, they stay home, don't use theibs, and become more physically frail. But |
think part of the problem is that the

vestibular sense—ijust like hearing, taste, eyesagid our othesenses—starts to weaken
as we age. This device will help them."

"It's time " says Yuri, turning off the machine.

Now comes the second neuroplastic marvel. Chemybves the tongue device and takes off the
hat. She gives a big griatands free with her eyes closed, and doesn'fliadin she opens
her eyes and, still not touching the table, lifte doot off the ground, so she's balancing
on the other.

"l love this guy,” she says, and goes over andsgBa&ch-y-Rita a hug. She comes over to
me. She's overflowing with emotion,

overwhelmed by feeling the world under her feetmgand she gives me a hug too.



"| feel anchored and solid. | don't have to thirtkene my muscles are. | can actually think of
other things." She returns to Yuri and gives hikiss.

"I have to emphasize why this is a miracle,” sausi,Ywho considers himself a data-driven
skeptic. "She has almost no natural sensors.

For the past twenty minutes we provided her witladificial sensor.
But the real miracle is what is happenimgvthat we have removed

the device, and she doesn't have either an aatificia natural vestibular apparatus. We
are awakening some kind of force inside her."

The first time they tried the hat, Cheryl woreat bnly a minute.

They noticed that after she took it off, there wadsesidual effectthat lasted about twenty
seconds, a third of the time she wore the devibenTCheryl wore the hat for two
minutes and the residual effect lasted about feetyonds. Then they went up to about
twenty minutes, expecting a residual effect of jusiler seven minutes. But instead of
lasting a third of the time, it lasted triple thm¢, a full hour. Today, Bach-y-Rita says,
they are experimenting to see if twenty more miswte the device will lead to some
kind of training effect, so that the residual effedl last even longer.

Cheryl starts clowning and showing off. "I can whke a woman again. That's probably
not important to most people, but it means a lat tldon't have to walk with my feet
wide apart now."

She gets up on a chair and jumps off. She bends tlmwick things up off the floor, to
show she can right herself. "Last time | did thvgas able to jump rope in the residual
time."

"What is amazing," says Yuri, "is that she dogsist keep her posture. After some time
on the device, she behaves almost normally. Balgmmn a beam. Driving a car. It is the
recovery of the vestibular function. When she mdwashead, she can keep her focus on
her target—the link between the visual and vestibsystems is also recovered."

I look up, and Cheryl is dancing with Bach-y-Ri&he leads.

How is it that Cheryl can dance and has returnettmal functioning without the
machine? Bach-y-Rita thinks there are several reager one, her damaged vestibular
system is disorganized and "noisy," sending oftlcan signals. Thus, noise from the
damaged tissue blocks any signals sent by headthyet The machine helps to reinforce
the signals from her healthy tissues. He thinksnhehine also helps recruit other
pathways, which is where plasticity comes in. Ailbisystem is made of many neuronal
pathways, or neurons that are connected to ond@nabd working together. If certain



key pathways are blocked, then the brain uses pladrways to go around them. "l look
at it this way," says Bach-y-Rita. "If you are dng from here to Milwaukee, and the
main bridge goes out, first you are paralyzed. Tymntake old secondary roads through
the farmland. Then, as you use these roads moudjneb shorter paths to use to get
where you want to go, and you start to get thestefd' These "secondary” neural
pathways are "unmasked," or exposed, aifth, use, strengthened. This "unmasking" is
generally thought to be

one of the main ways the plastic brain reorganized.
The fact that Cheryl is gradually lengthening tesidual effect
suggests that the unmasked pathway is gettinggdroBach-y-Rita

hopes that Cheryl, with training, will be able mntinue extending the length of the
residual effect.

A few days later an e-mail for Bach-y-Rita arrifesm Cheryl,

her report from home about how long the residuaétiasted. "Totalesidual time was: 3
hours, 20 minutes... The wobbling begins in my hepgt like usual... | am having
trouble finding words ... Swimming feeling in myatk Tired, exhausted ... Depressed.”

A painful Cinderella story, Coming down from normalis veryhard. When it happens, she
feels she has died, come to life, and then dietha@m the other hand, three hours and
twenty minutes after

only twenty minutes on the machine is residual tieretimes greater than the time on the
device. She is the first Wobbler ever to hagen treated, and even if the residual time
never grows longer, she

could now wear the device briefly four times a dagl have a normal life. But there is
good reason to expect more, since each sessiors $edra training her brain to extend
the residual time. If thikeeps up...

... It did keep up. Over the next year Cherylevihre device more frequently to get
relief and build up her residual effect. Her

residual effect progressed to multiple hours, tgsdand then to four

months. Now she does not use the device at alharidnger considers herself a
Wobbler.



In 1969,Nature,Europe's premier science journal, published a srtde that had a
distinctly sci-fi feel about it. Its lead authomi Bach-y-Rita, was both a basic scientist
and a rehabilitation physician—a rare combinatiime article described a device that
enabled people who had been blind from birth to A#dnad damaged retinas and had
been considered completely untreatable.

TheNaturearticle was reported ifihe New York Times, NewsweshglLife, but perhaps
because the claim seemed so implausible, the damités inventor soon slipped into
relative obscurity.

Accompanying the article was a picture of a bizémrking machine—a large old
dentist's chair with a vibrating back, a tanglevoes, and bulky computers. The whole
contraption, made of castaway parts combined v@603% electronics, weighed four
hundred pounds.

A congenitally blind person—someone who had neeerdny experience of sight—sat
in the chair, behind a large camera the size

of those used in television studios at the time''s$tanned" a scene in front of him by
turning hand cranks to move the camera, which electrical signals of the image to a
computer that processed them. Then the electigadls were conveyed to four hundred
vibrating stimulators, arranged in rows on a mplate attached to the inside of the chair
back, so the stimulators rested against the bligest's skin. The stimulators functioned
like pixels vibrating for the dark part of a sceare holding still for the brighter shades.
This "tactile-vision device," as it was called, bleal blind subjects to read, make out
faces and shadows, and distinguish which objecte wleser and which farther away. It
allowed them to discover perspective and observedigects seem to change shape
depending upon the angle from which they were vieWée six subjects of the
experiment learned to recognize such objects alephtone, even when it was partially
obscured by a vase. This being the 1960s, theyleaened to recognize a picture of the
anorexic supermodel Twiggy.

Everyone who used the relatively clunky tactilelmisdevice had a remarkable
perceptual experience, as they went from havinjeéaensations to "seeing" people and
objects.

With a little practice, the blind subjects begamexperience the

space in front of them as three-dimensional, eliendh the information entered from
the two-dimensional array on their backs. If

someone threw a ball toward the camera, the sulsjaaid automatically jump back to
duck it. If the plate of vibrating stimulators was



moved from their backs to their abdomens, subgdtsaccuratelyperceived the scene as
happening in front of the camera. If tickled ndee stimulators, they didn't confuse the
tickle with a visual stimulus. Their mental peraggtexperience took place not on the
skin

surface but in the world. And their perceptionseveomplex. With practice, subjects could
move the camera around and say things'liKeat is Betty; she is wearing her hair down
today and does not have

her glasses on; her mouth is open, and she is gd@nright hand from her left side to the
back of her head," True, the resolution wéten poor, but as Bach-y-Rita would explain,
vision doesn't have to be perfect to be vision. &wive walk down a foggy street and
see the outline of a building," he would ask, "aseseeing it any less for the lack of
resolution? When we see something in black andeadni¢ we not seeing it for lack of
color?"

This now-forgotten machine was one of the first hofttlest

applications of neuroplasticity—an attempt to use sense to replace another—and it
worked. Yet it was thought implausible and ignobedause the scientific mind-set at the
time assumed that the brain's structure is fixad,that our senses, the avenues by which
experience gets into our minds, are hardwired. i@a, which still has many adherents,
is called "localizationism." It's closely relategithe idea that the brain is like a complex
machine, made up of paresach of which performs a specific mental functiod axists in

a genetically predetermined or hardwitedation—hence the name. A brain that is
hardwired, and in which each mental function hagriat location, leaves little room for
plasticity.

The idea of the machinelike brain has inspired guided neuro-science since it was first
proposed in the seventeenth century, replacing mgstical notions about the soul and
the body. Scientists, impressed by the discoverfi€alileo (1564-1642), who showed
that the planets could be understood as inanin@de® moved by mechanical forces,
came to believe that all nature functioned as gelaosmic clock, subject to the laws of
physics, and they began to explain individual livthings, including our bodily organs,
mechanistically, as though they too were machifks idea that all nature was like a
vast mechanism, and that our organs were mach&egplaced the two-thousand-year-
old Greek idea that viewed all nature as a vastdierganism, and our bodily organs as
anything but inanimate mechanisms. But the fireagaccomplishment of this

new "mechanistic biology" was a brilliant and onigi achievement. William Harvey (1578-
1657), who studied anatomy in Padua, Italy, wheakl&® lectured, discovered how our blood
circulates through our bodies and demonstratedhieateart functions like a pump, which is, of
course, a simple machine. It soon seemed to maengtists that for an explanation to be



scientific it had to be mechanistic— that is, sabje the mechanical laws of motion. Following
Harvey, the French philosopher Rene Descartes (1696) argued that the brain and nervous
system also functioned like a pump. Our nerves weally tubes, he argued, that went from our
limbs to the brain and back. He was the first petsaheorize how reflexes work, proposing that
when a person is touched on the skin, a fluidlikestance in the nerve tubes flows to the brain
and is mechanically "reflected" back down the neteemove the muscles. As crude as it sounds,
he wasn't so far off. Scientists soon refined hisitive picture, arguing that not some fluid but
an electric current moved through the nerves. Desxa idea of the brain as a complex machine
culminated in our current idea of the brain asmmater and in localizationism. Like a machine,
the brain came to be seen as made of parts, eadn arpreassigned location, each performing a
single function, so that if one of those parts dasmaged, nothing could be done to replace it;
after all, machines don't grow new parts.

Localizationism was applied to the senses as Wbrizing that each of our senses—sight,
hearing, taste, touch, smell, balance—has

a receptor cell that specializes in detecting driteevarious forms of energy around us.
When stimulated, these receptor cells senélectric signal along their nerve to a specific
brain area that procesdbsit sense. Most scientists believed that these braas were so

specialized that one area could never do the wbakather.

Almost in isolation from his colleagues, Paul BaeRita rejectedhese localizationist claims.
Our senses have an unexpectedly plastic natugisbevered, and if one is damaged,
another can sometiméske over for it, a process he calls "sensory #ulisin." He developed

ways of triggering sensory substitution and devtbas give US "supersenses.” By
discovering that the nervous system can adaptiogevith cameras instead of retinas,
Bach-y-Rita laid the groundwork for the greategpdfor the blind: retinal implants,
which can be surgically inserted into the eye.

Unlike most scientists, who stick to one field, BacRita has
become an expert in many—medicine, psychopharmggotzular

neurophysiology (the study of eye muscle), visnalirophysiology (the study of sight
and the nervous system), and biomedical enginedtadollows ideas wherever they
take him. He speaks five languages and has liveeXi@nded periods in Italy, Germany,
France, Mexico, Sweden, and throughout the UnitateS. He has worked in the labs of
major scientists and Nobel Prize winners, but lertever much cared what others
thought and doesn't play the political games thetynwesearchers do in order to get
ahead. After becoming a physician, he gave up nredand switched to basic research.
He asked questions that seemed to defy common,srdeas, "Are eyes necessary for
vision, or ears for hearing, tongues for tastiragas for smelling?" And then, when he
was forty-four years old, his mind ever restlegsswitched back to medicine and began
a medical residency, with its endless days angkss nights, in one of the dreariest



specialties of all: rehabilitation medicine. Hislatron was to turn an intellectual
backwater into a science by applying to it whahhd learned about plasticity.

Bach-y-Rita is a completely unassuming man. Hearsigd to five-dollar suits and wears
Salvation Army clothes whenever his wife lets hiet gway with it. He drives a rusty
twelve-year-old car, his wife a new model Passat.

He has a full head of thick, wavy gray hair, spestly and rapidly, has the darkish skin
of a Mediterranean man of Spanish and Jewish awycestd appears a lot younger than
his sixty-nine years.

He's obviously cerebral but radiates a boyish wlammivard his wife, Esther, a Mexican
of Mayan descent.

He is used to being an outsider. He grew up irBiteax, was four foot ten when he
entered high school because of a mysterious digkasstunted his growth for eight
years, and was twice given a preliminary diagnotisukemia. He was beaten up by the
larger students every day and during those yearsl@jged an extraordinarily high pain
threshold. When he was twelve, his appendix barst,the mysterious disease, a rare
form of chronic appendicitis, was properly diagrchdde grew eight inches and won his
first fight.

We are driving through Madison, Wisconsin, his hastieen he's not in Mexico. He is
devoid of pretension, and after many hours of alkirtg together, he lets only one even
remotely self-congratulatory remark leave his lips.

"l can connect anything to anything." He smiles.
"We see with our brains, not with our eyes," hessay

This claim runs counter to the commonsensical ndtiat we see with our eyes, hear
with our ears, taste with our tongues, smell with woses, and feel with our skin. Who
would challenge such facts? But for Bach-y-Rita, @yes merely sense changes in light
energy; it is our brains that perceive and henee se

How a sensation enters the brain is not impor@Bach-y-Rita. "When a blind man uses
a cane, he sweeps it back and forth, and has

only one point, the tip, feeding him informatiomahgh the skin receptors in the hand, Yet
this sweeping allows him to sort out where

the doorjamb is, or the chair, or distinguish a fwben he hits it, because it will give a
little. Then he uses this information to guide hathso the chair to sit down. Though his
hand sensors are where he gets the informatiomvaack the cane ‘interfaces' with him,



what hesubjectivelyperceives is not the cane's pressure on his harttidlayout of the
room: chairs, walls, feet, the three-dimensionaksp The actual receptor surface in the
hand becomes merely a

relay for information, a data port. The receptarfate loses its identity in the process,"

Bach-y-Rita determined that skin and its touch péms could substitute for a retina, because
both the skin and the retina are two-dimensionaétd) covered with sensory receptors, that
allow a "picture” to form on them.

It's one thing to find a new data port, or way eftong sensations to the brain. But it's another
for the brain to decode these skin

sensations and turn them into pictures. To do thatbrain has to learn something new, and the
part of the brain devoted to processing

touch has to adapt to the new signals. This adgipgaimplies that
the brain is plastic in the sense that it can r@oie its sensory-perceptual system.

If the brain can reorganize itself, simple locdii@aism cannobe a correct image of the brain.
At first even Bach-y-Rita was a localizationist, vad by its brilliant accomplishments. Serious
localizationism was first proposed in 1861, whenlBaoca, a surgeon, had a stroke patient who
lost the ability to speak and could utter only @rard. No matter what he was asked, the poor
man responded, "Tan, tan." When he died, Brocadisd his brain and found damaged tissue in
the left frontal lobe. Skeptics doubted that spemmiid be localized to a single part of the brain
until Broca showed them the injured tissue, thgrored on other patients who had lost the
ability to speak and had damage in the same latafioat place came to be called "Broca's area”
and was presumed to coordinate the movements ofitiseles of the lips and tongue. Soon
afterward another physician, Carl Wernicke, coregctamage in another brain area farther back
to a different problem: the inability to understdadguage. Wernicke proposed that the damaged
area was responsible for the mental representationsrds and comprehension. It came to be
known as "Wernicke's area." Over the next hundesdg/localizationism became more specific
as new research refined the brain map.

Unfortunately, though, the case for localizationisas soon

exaggerated. It went from being a series of intrigwcorrelations observations that
damage to specific brain areas led to the losp@tiic mental functions) to a general
theory that declared that every brain function baly one hardwired location—an idea
summarized by the phrase "one function, one longtimeaning that if a part was
damaged, the brain could not reorganize itseleoover that lost function.



A dark age for plasticity began, and any exceptiortte idea ofone function, one
location” were ignored. In 1868 Jules Cotard stidigildren who had early massive
brain disease, in which the left hemisphere (iniclgdBroca's area) wasted away. Yet
these children could still speak normally. This mtethat even if speech tended to be
processed in the left hemisphere, as Broca claithedyrain might be plastic enough to
reorganize itself, if necessary. In 1876 Otto Saltmremoved the motor cortex from
infant dogs and rabbits—the part of the brain thmuag be responsible for movement—
yet found they were still able to move. These figdiwere submerged in the wave of
localizationist enthusiasm.

Bach-y-Rita came to doubt localizationism whilegdermany in the early 1960s. He had
joined a team that was studying how vision

worked by measuring with electrodes electrical lssge from the visual processing area
of a cat's brain. The team fully expected that

when they showed the cat an image, the electroidg Wisual processing area would send
off an electric spike, showing it was processirgf image. And it did. But when the cat's
paw was accidentally stroked, the visual areafaled, indicating that it was processing
touch as well. And they found that the visual ak@a also active

when the cat heard sounds.

Bach-y-Rita began to think that the localizatiomilga of "one function, one location”
couldn't be right. The "visual" part of the cat's

brain was processing at least two other functitms;h and soundde began to conceive of
much of the brain as "polysensory"—that its sensoeas were able to process signals
from more than one sense.

This can happen because all our sense receptostat@ different kinds of energy from
the external world, no matter what the source, @atrical patterns that are sent down
our nerves. These electrical patterns are the tsaV&anguage "spoken" inside the
brain—there are no visual images, sounds, smelfgetings moving inside our neurons.
Bach-y-Rita realized that the areas that processetklectrical impulses are far more
homogeneous than neuroscientists appreciatedied thelt was reinforced when the

neuroscientist Vernon Mountcastle discovered tmatisual, auditory, and sensory
cortices all have a similar six-layer processingatre. To Bach-y-Rita, this meant that
any part of the cortex should be able to processtever electrical signals were sent to it,
and that our brain modules were not so speciabdted all.

Over the next few years Bach-y-Rita began to saldhe exceptions to localizationism.
With his knowledge of languages, he delved intouhianslated, older scientific



literature and rediscovered scientific work donéolethe more rigid versions of
localizationism had taken hold. He discovered tloekvof Marie-Jean-Pierre Flourens,
who in the 1820s showed that the brain could reorgatself. And he read the oft-
guoted but seldom translated work of Broca in Hneswad found that even Broca had not
closed the door to plasticity as his followers had.

The success of his tactile-vision machine furthspired Bach-y-Rita to reinvent his
picture of the human brain. After all, it was n@ machine that was the miracle, but the
brain that was alive, changing, and adapting to kieds of artificial signals. As part of
the reorganization, he guessed that signals frenséhse of touch (processed initially in
the sensory cortex, near the top of the brain) wen@uted to the visual cortex at the back
of the brain for further processing, which measat @#ny neuronal paths that ran from the
skin to the visual cortex were undergoing develapimiorty years ago, just when
localization's empire had extended to

rthest reaches, Bach-y-Rita began his protest.rbisgrl localization's accomplishments
but argued that "a large body of evidence indicttasthe brain demonstrates both
motor and sensory plasticity.” One of his papers megected for publication six times by
journals, not because the evidence was disputeddmaiuse he dared to put the word
"plasticity” in the title. After hisNaturearticle came out, his beloved mentor, Ragnar
Granit, who had received the Nobel Prize in phygjglin 1965 for his work on the
retina, and who had arranged for the publicatioBaxth-y-Rita's medical school thesis,
invited him over for tea. Granit asked his wifde¢ave the room and, after praising Bach-
y-Rita's work on the eye muscles, asked him—foiolia good—why he was wasting
his time with "that adult toy." Yet Bach-y-Rita pe&sted and began to lay out, in a series
of books and several hundred articles, the evidéndarain plasticity and to develop a
theory to explain how it might work.

Bach-y-Rita's deepest interest became explainiastiplty, but he continued to invent
sensory-substitution devices. He worked with engjiséo shrink the dentist-chair-
computer-camerdevice for the blind. The clumsy, heavy plate dfrating stimulators

that had been attached to the back has now bektedy a paper-thin strip of plastic
covered with electrodes, the diameter of a silver

dollar, that is slipped onto the tongue, The tonigughat he calls the
ideal "brain-machine interface," an excellent empojnt to the brain because it has no
insensitive layer of dead skin on it. The comptberhas shrunk radically, and the

camera that was once the size of a

suitcase now can be worn strapped to the framgegflasses.



He has been working on other sensory-substitutigaritions as well. He received
NASA funding to develop an electronic "feeling” géofor astronauts in space. Existing
space gloves were so thick that

it was hard for the astronauts to feel small olsjectperform delicate movements. So on the
outside of the glove he put electric senghed relayed electrical signals to the hand. Then
he took what he

learned making the glove and invented one to hetiple with leprosy, whose illness
mutilates the skin and destroys peripheral nerodbat the lepers lose sensation in their
hands. This glove, like the astronaut's glove,d&tsors on the outside, and it sent its
signals to a healthy part of the skin—away fromdiseased hands—where the nerves
were unaffected. That healthy skin became the poireentry for hand sensations. He
then began work on a glove that would allow blirdple to read computer screens, and
he even has a project for

a condom that he hopes will allow spinal cord ipjuictims who

have no feeling in their penises to have orgashis.based on the premise that sexual
excitement, like other sensory experiences, is "in

the brain," so the sensations of sexual movemé&keg up by sensors on the condom,
can be translated into electrical impulses that

can then be transmitted to the part of the braah phocesses sexual excitement. Other
potential uses of his work include giving peoplegsrsenses," such as infrared or night
vision. He has developed a device for the Navy S&thlat helps them sense how their
bodies are oriented underwater, and another, ssfatlgdested in France, that tells
surgeons the exact position of a scalpel by serslgrmals from an electronic sensor
attached to the scalpel to a small device attathétkir tongues and to their brains.

The origin of Bach-y-Rita's understanding of bnahabilitation lies in the dramatic
recovery of his own father, the Catalan poet amlse Pedro Bach-y-Rita, after a
disabling stroke. In 1959 Pedro, then a sixty-fpear-old widower, had a stroke that
paralyzed his face and half of his body and left hinable to speak.

George, Paul's brother, now a psychiatrist in Galif,, was told that his father had no
hope of recovery and would have to go into antuistin. Instead, George, then a
medical student in Mexico, brought his paralyzetidafrom New York, where he lived,
back to



Mexico to live with him. At first he tried to arrge rehabilitation for his father at the
American British Hospital, which offered only a tgal four-week rehab, as nobody
believed the brain could benefit from extendedttneat. After four weeks his father was
nowhere near better. He was still helpless andetaalbe lifted onto and off the toilet
and showered, which George did with the help ofgduelener.

"Fortunately, he was a little man, a hundred agtiteen pounds, and we could manage
him," says George.

George knew nothing about rehabilitation, and ¢prance turned out to be a godsend,
because he succeeded by breaking all its currésg, unencumbered by pessimistic
theories.

"l decided that instead of teaching my father tékwlwas going to teach him first to
crawl. | said, 'You started off crawling, you am@rg to have to crawl again for a while.’
We got kneepads for him. At first we held him ohfalirs, but his arms and legs didn't
hold him very well, so it was a struggle.” As s@mPedro could support himself
somewhat, George then got him to crawl with hiskx&sulder and arm supported by a
wall. "That crawling beside the wall went on for mtios. After that | even had him
practicing in the gardemyhich led to problems with the neighbors, who waaging it

wasn't

nice, it was unseemly, to be making the professawlidike a dog. The only model | had
was how babies learn. So we played games on

the floor, with me rolling marbles, and him haviogcatch them. Or

we'd throw coins on the floor, and he'd have taatrgl pick them up with his weak right
hand. Everything we tried involved turning norméd bExperiences into exercises. We
turned washing pots into an

exercise. He'd hold the pot with his good handraaéte his weak hand—it had little
control and made spastic jerking movements— godaund round, fifteen minutes
clockwise, fifteen minutes counterclockwise. Thewmference of the pot kept his hand
contained.

There were steps, each one overlapping with thebefare, and little by little he got better.
After a while he helped to design the stepswamted to get to the point where he could sit
down and eat with me

and the other medical students.” The regime toakynh@urs every day, but gradually Pedro
went from crawling, to moving on his knees, to giag, to walking,

Pedro struggled with his speech on his own, aret afiout three months there were
signs it too was coming back. After a number of therhe wanted to resume his writing.



He would sit in front of the typewriter, his middiager over the desired key, then drop
his whole arm to strike it. When he had masterati the would

drop just the wrist, and finally the fingers, ont@dime. Eventually
he learned to type normally again.

At the end of a year his recovery was complete ghdor Pedro, now sixty-eight, to start
full-time teaching again at City College in New ¥oHe loved it and worked until he
retired at seventy. Then he got another teachin@j&san Francisco State, remarried,
and kept working, hiking, and traveling. He was\acfor seven more years after his
stroke. On a visit to friends in Bogota, Colomitia,went climbing high in the

mountains. At nine thousand feet he had a heatlattind died shortly thereafter. He was
seventy-two.

| asked George if he understood how unusual tsvery was so long after his father's
stroke and whether he thought at the time thatebevery might have been the result of
brain plasticity.

"l just saw it in terms of taking care of Papa. Baul, in subsequent years, talked about
it in terms of neuroplasticity. Not right away, tigh. It wasn't until after our father died.”

Pedro's body was brought to San Francisco, wharewes working. It was 1965, and in
those days, before brain scans, autopsies wernaedutcause they were one way doctors
could learn about brain diseases, and about wiagiant died. Paul asked Dr. Mary Jane
Aguilar to perform the autopsy.

"A few days later Mary Jane called me and saidyl;R@me down. I've got something to
show you.' When | got to the old Stanford Hospita&re, spread out on the table, were
slices of my father's brain on slides."”

He was speechless.

"l was feeling revulsion, but | could also see Maaye's excitement, because what the
slides showed was that my father had had a hugsl&®m his stroke and that it had
never healed, even though he recovered all thaosgifuns. | freaked out. | got numb. |
was thinking, 'Look at all this damage he has.' Ahd said, '"How can you recover with
all this damage?™

When he looked closely, Paul saw that his fatlsengn-year-old lesion was mainly in
the brain stem—the part of the brain closest tcshieal cord—and that other major
brain centers in the cortex that control movemeat heen destroyed by the stroke as
well. Ninety-seven percent of the nerves that remfthe cerebral cortex to the spine
were destroyed—catastrophic damage that had chisedralysis.



"I knew that meant that somehow his brain had lptabrganized itself with the work he
did with George. We didn't know how remarkableresovery was until that moment,
because we had no idea of the extent of his lesione there were no brain scans in
those days. When people did recover, we tendesdsianee that theneally hadn't been
much damage in the first place. She wanted me to

be a coauthor on the paper she wrote about his lceseldn't.”

His father's story was firsthand evidence that&e™ recovery could occur even with a
massive lesion in an elderly person. But after eranrg that lesion and reviewing the
literature, Paul found more

evidence that the brain can reorganize itself tover functions after devastating strokes,
discovering that in 1915 an American psycholodg$iepherd Ivory Franz, had shown that
patients who hableen paralyzed for twenty years were capable ofirgdlte recoveries
with brain-stimulating exercises,

His father's "late recovery" triggered a careemgesafor Bach-y-Rita. At forty-four, he went
back to practicing medicine and did

residencies in neurology and rehabilitation medicide understood

that for patients to recover they needed to bevatd, as his father had been, with exercises
that closely approximated real-life activities. tdened his attention to treating strokes,
focusing on "late rehabilitation)" helping peopkeeoccome major neurological problems

years after they'd begun, and developing compudietowgames to

train stroke patients to move their arms again. Aadegan to integrate what he knew about
plasticity into exercise design. Traditional reliigdtion exercises typically ended after a few
weeks,

when a patient stopped improving, or plateaued,dmatiors lost the motivation to
continue. But Bach-y-Rita, based on his knowledgeeove growth, began to argue that
these learning plateaus were temporary—part oéstiplty-based learning cycle—in
which

stages of learning are followed by periods of ctidaton. Thoughhere was napparent
progress in the consolidation stage, biologicahdges were happening internally, as new
skills became more automatic and refined.

Bach-y-Rita developed a program for people with adged facial motor nerves, who
could not move their facial muscles and so coulln%e their eyes, speak properly, or
express emotion, making them look like monstroueraatons. Bach-y-Rita had one of
the "extra" nerves that normally goes to the torgurgically attached to a patient's facial
muscles. Then he developed a program of brain mesrto train the "tongue nerve" (and



particularly the part of the brain that contro)sta act like a facial nerve. These patients
learned to express normal facial emotions, speakchose their eyes—one more
instance of Bach-y-Rita's ability to "connect amythto anything."

Thirty-three years after Bach-y-Rit&&turearticle, scientists using the small modern
version of his tactile-vision machine have put @atis under brain scans and confirmed
that the tactile images that enter patients thrabgh tongues are indeed processed in
their brains' visual cortex.

All reasonable doubt that the senses can be rewiasdecently put to rest in one of the most
amazing plasticity experiments of our time. It ilwam rewiring not touch and vision pathways,
as Bach-v-Rita had done, but those for hearingvasidn—literally. Mriganka Sur, a
neuroscientist, surgically rewired the brain ofeayyoung ferret. Normally the optic nerves run
from the eyes to the visual cortex, but Sur sutbjicadirected the optic nerves from the ferret's
visual to its auditory (hearing) cortex and disaedethat the ferret learned to see. Using
electrodes inserted into the ferret's brain, Saved that when the ferret was seeing, the neurons
in its auditory cortex were firing and doing thewal processing. The auditory cortex, as plastic
as Bach-y-Rita had always imagined, had reorganigetd, so that it had the structure of the
visual cortex. Though the ferrets that had thigsty did not have 20/20 vision, they had about a
third of that, or 20/60—no worse than some peopile wear eyeglasses.

Till recently, such transformations would have sednatterly inexplicable. But Bach-y-Rita, by
showing that our brains are more flexible than li@gationism admits, has helped to invent a more
accurate view of the brain that allows for suchngjes. Before he did this work, it was acceptable
to say, as most neuroscientists do, that we hadvisaal cortex" in our occipital lobe that
processes vision, and an "auditory cortex" in eungoral lobe that processes hearing.

From Bach-y-Rita we have learned that the matterdse complicated and that these areas
of the brain are plastic processors, connectedd¢h ether and capable of processing an
unexpected

variety of input.

Cheryl has not been the only one to benefit fromBgRita'sstrangehat. The teamhassince
usedthe deviceto train fifty more patients to improve their balance and walkBwmne had the
same damage Cheryl had; others have had braindrairoke, or Parkinson's disease.

Paul Bach-y-Rita's importance lies in his beingftrst of his

generation of neuroscientists both to understaatittie brain is plastic and to apply this
knowledge in a practical way to ease human suffetmplicit in all his work is the idea
that we are all born with a far more adaptablepatibose, opportunistic brain than we
have understood.



When Cheryl's brain developed a renewed vestilmgase—or

blind subjects’ brains developed new paths asldaped to recognize objects, perspective,
or movement—these changes were nomntlysterious exception to the rule but the rule: the
sensory cortex is plastic and adaptable, When Ché&main learned to respond to the
artificial receptor that replaced her damaged dmveas not doing anything out of the
ordinary. Recently Bach-y-Rita's work has inspicednitive scientist Andy Clark to
wittily argue that we are "natural-born cyborgs€aning that brain plasticity allows us

to attach ourselves to machines, such as companerslectronic tools, quite naturally.
But our brains also restructure themselves in nrespdo input from the simplest tools
too, such as a blind man's cane. Plasticity has, lafeer all, a property inherent in the
brain since prehistoric times. The brain is a farenmopen system than we ever imagined,
and nature has gone very far to help us perceigeake in the world around us. It has
given us a brain that survives in a changing wbyld¢hanging itself.

2

Building Herself a Better Brain
A Woman Labeled "Retarded" Discovers How to Heal Herself

The scientists who make important discoveries atimibrain are often those whose own
brains are extraordinary, working on those whosenlsrare damaged. It is rare that the
person who makes an important discovery is thewotiethe defect, but there are some
exceptions. Barbara Arrowsmith Young is one of ¢hes

"Asymmetry" is the word that best describes herdwitnen she

was a schoolgirl. Born in Toronto in 1951 and rdisePeterborough, Ontario, Barbara
had areas of brilliance as a child—her auditory @sdal memory both tested in the
ninety-ninth percentile. Her frontal lobes were agkably developed, giving her a
driven, dogged quality. But her brain was "asymialy’ meaning that these exceptional
abilities coexisted with areas of retardation.

This asymmetry left its chaotic handwriting on bedy as well[Her mother made a joke of
it. "The obstetrician must have yanked

you out by your right leg," which was longer thaer keft, causing her pelvis to shift. Her
right arm never straightened, her right side wegelathan her left, her left eye less alert, Her
spine was asymmetrical and twisted with scoliosis.

She had a confusing assortment of serious leadigadilities.



The area of her brain devoted to speech, Brooa& aras not working properly, so she had
trouble pronouncing words. She also lacked theappgor spatial reasoning.When we wish
to move our bodies

in space, we use spatial reasoning to construichaginary pathway in our heads before
executing our movements. Spatial reasoning is

important for a baby crawling, a dentist drillingceth, a hockey player planning his
moves. One day when Barbara was three she dedg#dyt matador and bull. She was
the bull, and the car in the driveway was the matactape. She charged, thinking she
would swerve and avoid it, but she misjudged trecs@nd ran into the car, ripping her
head open. Her mother declared she would be sadpifi@arbara lived another year.

Spatial reasoning is also necessary for formingeatal map of where things are. We use
this kind of reasoning to organize our desks oramimer where we have left our keys.
Barbara lost everything all the time. With no méntap of things in space, out of sight
was literally out of mind, so she became a "pilespe” and had to keep everything she
was playing with or working on in front of her igs, and her closets and dressers open.
Outdoors she was always getting lost.

She also had a "kinesthetic" problem. Kinesthetiception allows us to be aware of
where our body or limbs are in space, enablingpu®ontrol and coordinate our
movements. It also helps us recognize objects bightoBut Barbara could never tell how
far her arms or legs had moved on her left sideugh a tomboy in spirit, she was

clumsy. She couldn't hold a cup of juice in het kefnd without spilling it. She

frequently tripped or stumbled. Stairs were treache She also had a decreased sense of
touch on her left and was always

bruising herself on that side. When she eventdaiiyned to drive, she kept denting the
left side of the car.

She had a visual disability as well. Her span efori was so narrow that when she
looked at a page of writing, she could take in anfew letters at a time.

But these were not her most debilitating probleBecause the part of her brain that
helps to understand the relationships between sigmmsn't functioning normally, she
had trouble understanding grammar, math conceygi;, land cause and effect. She
couldn't distinguish between "the father's brotte "the brother's father." The double
negative was impossible for her to decipher. Shadect read a clock because she
couldn't understand the relationship between timelfisShe literally couldn't tell her left
hand from her right, not only because she lacksgbéial map but because she couldn't
understand the relationship between "left" andhtigOnly with extraordinary mental
effort and constant repetition could she learretate symbols to one another.



She reversel, d, g,andp, read "was" as "saw," and read and wrote from riglheft, a
disability called mirror writing. She was right-taed, but because she wrote from right
to left, she smeared all her work. Her teacheraghbshe was being obstreperous.
Because she was dyslexic, she made reading enadrsdst her dearly. Her brothers kept
sulfuric acid for experiments in her old nose-drbp#le.

Once when she decided to treat herself for snjfB@gbara misread the new label they
had written. Lying in bed with acid running intorhe

sinuses, she was too ashamed to tell her mothgat @nother mishap.
Unable to understand cause and effect, she didhmalgls socially

because she couldn't connect behavior with itsemprences. In kindergarten she couldn't
understand why, if her brothers were in the sarhea¢she couldn't leave her class and
visit them in theirs whenever she wanted. She coddhorize math procedures but
couldn'tunderstand math concepts. She could recall thatifives five equals twenty-five but
couldn't understand why. Her teachers responded by

giving her extra drills, and her father spent hdutsring her, to no avail. Her mother held up
flash cards with simple math problems on them. Bsed@arbara couldn't figure them out,
she found a place to

sit where the sun made the paper translucent,eso@hiid read thanswers on the back. But the
attempts at remediation didn't get at the

root of the problem; they just made it more agagzi

Wanting desperately to do well, she got througimeletary school by memorizing during
lunch hours and after school. In high

school her performance was extremely erratic. 8améed to use her memory to cover her
deficits and with practice could remember pagesdf. Before tests she prayed they would
be fact-based, knowinghe could score 100; if they were based on undetistg relationships,
she would probably score in the low teens.

Barbara understood nothing in real time, only after the fact,

in lag time. Because she did not understand whathaapening around her while it was
occurring, she spent hours reviewing the past,akenits confusing fragments come together and
become comprehensible. She had to replay simplecsations, movie dialogue, and song lyrics
twenty times over in her head because by the theeyst to the end of a sentence, she could not
recall what the beginning meant.



Her emotional development suffered. Because shérbaldle with logic, she could not pick up
inconsistencies when listening to smooth talkessmshe was never sure whom to trust.
Friendships were difficult, and she could not hengge than one relationship at a time.

But what plagued her most was the chronic doubtusmeértainty that she felt about everything.
She sensed meaning everywhere but could nevey vettifer motto was "l don't get it." She told
herself, "I live in a fog, and the world is no madid than cotton candy." Like many children
with serious learning disabilities, she began toklshe might be crazy.

Barbara grew up in a time when little help was kaédé.

"In the 1950s, in a small town like Peterboroughy gidn't talk about these things," she
says. "The attitude was, you either make it or doo't. There were no special-ed
teachers, no visits to medical specialists or pshdists. The term 'learning disabilities'
wouldn't be widely used for another two decades.gide-one teacher told my parents |
had 'a mental block' and | wouldn't ever learnvtlag others did. That was as specific as
it got. You were either bright, average, slow, amtally retarded.”

If you were mentally retarded, you were placedapportunity classes.” But that was not
the place for a girl with a brilliant memory whoutd ace vocabulary tests. Barbara's
childhood friend Donald Frost, now a sculptor, sd$he was under incredible academic
pressure. The whole Young family were high achigvieler father, Jack, was an
electrical engineer and inventor with thirty-fowatents for Canadian General Electric. If
you could pull Jack from a book for dinner, it vaamiracle. Her mother, Mary, had the
attitude: "You will succeed; there is no doubtd dhyou have a problem, fix it." Barbara
was always incredibly sensitive, warm, and carifiggd'st continues, "but she hid her
problems well. It was hush-hush. In the postwary#aere was a sense of integrity that
meant you didn't draw attention to your disabiéiteeny more than you would to your
pimples.”

Barbara gravitated toward the study of child depeient, hop-ins somehow to sort
things out for herself. As an undergraduate at

the University of Guelph, her great mental dispesitvere again apparent. But fortunately
her teachers saw that she had a remarkable

ability to pick up nonverbal cues in the child-ohsion laboratory,
and she was asked to teach the course. She fedtrthest have been some mistake. Then she
was accepted into graduate school at the Ontasiitute for Studies in Education (OISE).

Most students

read a research paper once or twice, but typi&sdlpara had toead one twenty times as
well as many of its sources to get even a



fleeting sense of its meaning, She survived on faunrs of sleep a night.

Because Barbara was brilliant in so many ways,sanadept at child observation, her
teachers in graduate school had trouble believregrgas disabled. It was Joshua Cohen,
another gifted but learning-disabled student atE)Mho first understood. He ran a small
clinic for learning-disabled kids that used thendi@d treatment, "compensations,” based
on the accepted theory of the time;

once brain cells die or fail to develop, they carimorestored. Compensations work around
the problem. People with trouble reading listeaudiotapes. Those who are "slow" are
given more time otests. Those who have trouble following an arguraeatold to color-
code the main points. Joshua designed a compemgattgram for Barbara, but she
found it too time-consuming. Moreover, her theaisfudy of learning-disabled children
treated with compensations at the OISE clinic, skebthat most of them were not really
improving. And she herself had so many deficits thaas sometimes hard to find
healthy functions that could work around her dédidBecause she had had such success
developing her memory, she told Joshua she thabghe must be a better way.

One day Joshua suggested she look into some bgokieksandr Luria that he'd been
reading. She tackled them, going over the diffipalésages countless times, especially a
section in Luria'8asic Problems of Neurolinguistie®out people with strokes or
wounds who had trouble with grammar, logic, andlireg clocks. Luria, born in 1902,
came of age in revolutionary Russia. He was deiepdyested in psychoanalysis,
corresponded with Freud, and wrote papers on thehpanalytic technique of "free
association," in which patients say everything ttmahes to mind. His goal was to
develop objective methods to assess Freudian itidaige still in his twenties, he

invented the prototype of the lie detector. When@reat Purges of the Stalin era began,
psychoanalysis becarseientia

non grata,and Luria was denounced. He delivered a publicrteetion, admitting to having
made certain "ideological mistakes." Then, to reenbiwnself from view, he went to medical
school.

But he had not totally finished with psychoanaly¥isthout calling attention to his work, he
integrated aspects of the psycho-analytic methddohpsychology into neurology, becoming the
founder of neuropsychology. His case historiegess of being brief vignettes focused on
symptoms, described his patients at length. AseéDI8acks wrote, "Luria's case histories, indeed,
can only be compared to Freud's in their precidtugir vitality, their wealth and depth of detail."
One of Luria's booksThe Man with a Shattered Worldas the summary of, and commentary

on, the diary of a patient with a very peculiar dition.

At the end of May 1943 Comrade Lyova Zazetsky, a mho seemed like a boy, came to Luria's
office in the rehabilitation hospital where he wasrking. Zazetsky was a young Russian
lieutenant who had just been injured in the battl®molensk, where poorly equipped Russians



had been thrown against the invading Nazi war nmechile had sustained a bullet wound to the
head, with massive damage on the left side, desgarhis brain. For a long time he laya
coma. When Zazetsky awoke, his symptoms were \aualy Dhe

shrapnel had lodged in the part of the brain tleffidd him understand relationships between
symbols. He could no longer understand logic, camskeffect, or spatial relationships. He
couldn't distinguish his left from his right. Hewdn't understand the elements of

grammar dealing with relationships. Prepositiorghsas "in," "out,

"before,"” "after,” "with," and 'without" had beconmeeaningless tbim. He couldn't
comprehend a whole word, understand a whole sestencecall a complete memory because
doing any of those things would require relatingmbygls. He could grasp only fleeting

fragments. Yet his frontal lobes—which allowed horseek out what is relevant and to plan,
strategize, form intentions, and pursue

them—uwere spared, so he had the capacity to recogis defects,

and the wish to overcome them, Though he couldesat, which is largely a perceptual
activity, he could write, because it is an intenéibone. He began a fragmentary diary he
called!'ll Fight On that swelled to three thousand pages. "l was kNladch 2,1943," he

wrote, "but because of some vital power of my orgran | miraculously remained alive.”
Over thirty years Luria observed him and refleatadhe way

Zazetsky's wound affected his mental activitieswdald witness

Zazetsky's relentless fight "to live, not merelyséX

Reading Zazetsky's diary, Barbara thought "He scdieing my life.”

"I knew what the word? 'mother' and 'daughter’' heannot the expression 'mother's
daughter,™ Zazetsky wrote. "The expressions 'mtgltaughter' and ‘daughter's mother'
sounded just the same to me. 1 also had troubleaxjrressions like 'Is an elephant
bigger than a fly?' All I could figure out was tlaafly was small and an elephant is big,

but | didn't understand the words 'bigger' and lem&

While watching a film, Zazetsky wrote, "before I'vad a chance to figure out what the
actors are saying, a new scene begins."

Luria began to make sense of the problem. Zazstsk§tet had lodged in the left
hemisphere, at the junction of three major percdmreas where the temporal lobe
(which normally processes sound and languagepcbpital lobe (which normally



processes visual images), and the parietal lob&kwiormally processes spatial
relationships and integrates information from d#f® senses) meet. At this junction
perceptual input from those three areas is brotagigther and associated. While
Zazetsky could perceive properly, Luria realizedccbeld not relate his different
perceptions, or parts of things to wholes. Mostangnt, he had great difficulty relating
a number of symbols to one another, as we norrdaliyhen we think with words. Thus
Zazetsky often spoke in malapropisms. It

was as though he didn't have a large enough reattth and hold words and their
meanings, and he often could not relate wordsdo theanings or definitions. He lived
with fragments and wrote, 'I'm in a fog all theém. All that flashes through my mind
are images . . hazy visions that suddenly appehjust as suddenly disappear ... |
simply can't understand or remember what these rhean

For the first time, Barbara understood that hemnbaain deficit hacgn address. But

Luria did not provide the one thing she neededeattnent. When she realized how
impaired she really was, she found herself moraested and depressed and thought she
could not go on this way. On subway platforms siokéd for a spot from which to jump
for maximum impact.

It was at this point in her life, while she was htyeeight and still in graduate school, that
a paper came across her desk. Mark Rosen-eig afrilversity of California at Berkeley
had studied rats in stimulating and nonstimulagngironments, and in postmortem
exams he found that the brains of the stimulatediivad more neurotransmitters, were
heavier, and had better blood supply than thosa the less stimulating environments.
He was one of the first scientists to demonstrateoplasticity by showing that activity
could produce changes in the structure of the brain

For Barbara, lightning struck. Rosenzweig had shthwanthe

brain could be modified. Though many doubted ity¢o this mearthat compensation
might not be the only answer. Her own breakthrowghld be to link Rosenzweig's and
Luria's research.

She isolated herself and began toiling to the pafiigxhaustion, week after week—with
only brief breaks for sleep—at mental exercisesdgstgned, though she had no
guarantee they would lead anywhere. Instead otipiag compensation, she exercised
her most weakened function—relating a number oftsmto each

other, One exercise involved reading hundreds mfscgicturing clock faces showing
different times. She had Joshua Cohen write the



correct time on the backs. She shuffled the cardshe couldnmemorize the answers. She
turned up a card, attempted to tell the time, chddke answer, then moved on to the
next card as fast ahe could. When she couldn't get the time righd,dsbpend hours with a
real clock, turning the hands slowly, trying to enstand whyat 2:45, the hour hand was
three-quarters of the way toward the

three.
When she finally started to get the answers, sbedtiands for

seconds and sixtieths of a second. At the end afyreghausting weeks, not only could
she read clocks faster than normal people, buhsheed improvements in her other
difficulties relating to symbols and began for fhist time to grasp grammar, math, and
logic. Most important, she could understand whaipbewere saying as they said it. For
the first time in her life, she began to live imlréme. Spurred on by her initial success,
she designed exercises for her other disabilitiesdifficulties with space, her trouble
with knowing where her limbs were, and her visuaadilities—and brought them up to
average level.

Barbara and Joshua Cohen married, and in 1980oihwyed the Arrowsmith School in
Toronto. They did research together, and Barbanéiraged to develop brain exercises
and to run the school from day to day. Eventudigytparted, and Joshua died in 2000.

Because so few others knew about or accepted Hestigfty or believed that the brain
might be exercised as though it were a musclegtivas seldom any context in which to
understand her work. She was viewed by some casasaking claims—that learning
disabilities were treatable—that couldn't be sutisdéed. But far from being plagued by
uncertainty, she continued to design exercisethfobrain areas and functions most
commonly weakened in those with learning disaksitiin these years before high-tech
brain scans were available, she relied on Luriaikwo understand which areas

or the brain commonly processed which mental fomsti Luria had formed his own map of the
brain by working with patients like Zazetsky. Hesebved where a soldier's wound had occurred
and related this location to the mental functiams.|Barbara found that learning disorders were
often milder versions of the thinking deficits séer.uria's patients.

Applicants to the Arrowsmith School—children andiésl alike—undergo up to forty hours of
assessments, designed to determine precisely Whait functions are weak and whether they
might be helped. Accepted students, many of whone wistracted in regular schools, sit quietly
working at their computers. Some, diagnosed wittngéibn-deficit as well as learning disorders,
were on Ritalin when they entered the school. A& thxercises progress, some can come off
medication, because their attention problems aremskary to their underlying learning disorders.

At the school, children who, like Barbara, had beeable to read a clock now work at computer
exercises reading mind-numbingly complex ten-haradecks (with hands not only for minutes,



hours, and seconds but also for other time divisisnch as days, months, years) in mere
seconds. They sit quietly, with intense concerdrati

until they get enough answers right to progreshémest levelvhen they shriek out a loud
"Yes!" and their computer screen lights up to cangate them. By the time they finish, they can
read clocks far more complex than those any "ndrpetison can read.

At other tables children are studying Urdu and Rerketters to strengthen their visual
memories. The shapes of these letters are unfanaha the brain exercise requires the
students to learn to recognize these alien shagekly

Other children, like little pirates, wear eye paslon their left eyes and diligently trace
intricate lines, squiggles, and Chinese letterb wéns. The eye patch forces visual input
into the right eye, then to the side of the brahrere they have a problem. These children
are not simply learning to write better. Most oéincome with three

related problems: trouble speaking in a smoothyifig way, writing neatly, and reading.
Barbara, following Luria, believes that all thra#fidulties are caused by a weakness in
the brain function that normally helps us to cooaté and string together a number of
movements when we perform these tasks.

When we speak, our brain converts a sequence didgm-the letters and words of the
thought—into a sequence of movements made by ogutand lip muscles. Barbara
believes, again following Luria, that the part lo¢ brain that strings these movements
together is the left premotor cortex of the braireferred several people with a weakness
in this brain function to the school. One haiyh this problem was always frustrated, because
his thoughts came faster than he could turn theémnsipeech, and he would often leave out
chunks of information, have trouble finding wordad ramble. He was a very social person yet
could not express himself and so remained silerthnadi the time. When he was asked a question
in class, he often knew the answer but took syziratully long time to get it out that he

appeared much less intelligent than he was, artdan to doubt himself.

When we write a thought, our brain converts thedserwhich are symbols—into movements of
the fingers and hands. The same boy had very jeriting because his processing capacity for
converting symbols into movements was easily oeeldal, so he had to write with many
separate, small movements instead of long, flowimgs. Even though he had been taught cursive
writing, he preferred to print. (As adults, peopli¢h this problem can often be identified because
they prefer to print or type. When we print, we ma&ach letter separately, with just a few pen
movements, which is less demanding on the braioutsive we write several letters at a time,

and the brain must process more complex movemeétitipg was especially painful for the

boy, since he often knew the right answers on tagtsvrote so slowly that he couldn't get them
all down. Or he would think of one word, letter,mmber but write another. These



children are often accused of being careless, diutlly their over-loaded brains fire the
wrong motor movements.

Students with this disability also have readingabemns. Normally when we read, the
brain reads part of a sentence, then directs tae ®ymove the right distance across the
page to take in the next part of the sentencejniaguan ongoing sequence of precise eye
movements.

The boy's reading was very slow because he skippeds, lost his place, and then lost
his concentration. Reading was overwhelming ancesting. On exams he would often
misread the question, and when he tried to prodfremanswers, he'd skip whole
sections.

At the Arrowsmith School this boy's brain exerciseslved tracing complex lines to
stimulate his neurons in the weakened pre-mota. 8arbara has found that tracing
exercises improve children in all three areas—sipgakvriting, and reading. By the time
the boy graduated, he read above grade level and oead for pleasure for the first
time. He spoke more spontaneously in longer, feéatences, and his writing improved.

At the school some students listen to CDs and mempoems to improve their weak
auditory memories. Such children often forget ingtions and are thought to be
irresponsible or lazy, when in fact they have arbdifficulty. Whereas the average
person can remember seven unrelated items (sueckegen-digit phone number), these
people can remember only two or three. Some tatesrammpulsively, so they won t
forget. In severe cases, they can't follow a sgng from beginning to end, and they get
so overloaded they

just tune out. Some have difficulty remembering oy spoken language but even their
own thoughts, because thinking with language & slihis deficit can be treated with
exercises in rote memorizing,

Barbara has also developed brain exercises fadrehilwho are socially clumsy because
they have a weakness in the brain function thatdvallow them to read nonverbal cues.
Other exercises are

for those who have frontal lobe deficits and whe ianpulsive or have problems
planning, developing strategies, sorting out whaelevant, forming goals, and sticking
to them, They often appear disorganized, flightd anable to learn from their mistakes.
Barbara believes that many people labeled "hystErar "antisocial” have weaknesses in
this area.

The brain exercises are life-transforming. One Acaer graduate told me that when he
came to the school at thirteen, his math and



reading skills were still at a third-grade levee Had been told after

neuropsychological testing at Tufts University thatwould never improve. His mother

had tried him in ten different schools for studeniit learning disabilities, but none had
helped. After three years at Arrowsmith, he waslirgaand doing math at a tenth-grade
level. Now he has graduated from college and work&nture capital. Another student

came to Arrowsmith at sixteen reading at a firgtegr level. His parents, both teachers,

had tried all the standard compensation technigiés: fourteen months at Arrowsmith
he is reading at a seventh-grade level.

We all have some weak brain functions, and suchopdasticity-based techniques have
great potential to help almost everyone. Our weuitsscan have a profound effect on
our professional success, since most careers estipgruse of multiple brain functions.
Barbara used brain exercises to rescue a talertistiveho had a first-rate drawing

ability and sense of color but a weak ability toagnize the shape of objects. (The ability
to recognize shapes depends on a brain functida different from those functions
required for drawing or seeing color; it is the saskill that allows some people to excel
at games like Where's Waldo? Women are often battieat than men, which is why
men seem to have more difficulty finding thingghe refrigerator.)

Barbara also helped a lawyer, a promising litigatbo, because of a Broca's area
pronunciation deficit, spoke poorly in court. Since

expending the extra mental effort to support a warek seems to divert resources from
strong areas, a person with a Broca's problem risayfiad it harder to think while
talking. After practicing brain exercises focusedBroca's area, the lawyer went on to a
successful courtroom career.

The Arrowsmith approach, and the use of brain esesagenerally, has major
implications for education. Clearly many childrenwd benefit from a brain-area-based
assessment to identify their weakened functionsaapiebgram to strengthen them—a far
more productive approach than tutoring that simmppeats a lesson and leads to endless
frustration. When "weak links in the chain" areestgthened, people gain access to skills
whose development was formerly blocked, and theydaormously liberated. A patient
of mine, before he did the brain exercises, haehaesthat he was very bright but could
not make full use of his intelligence. For a lomge | mistakenly thought his problems
were based primarily on psychological conflicts;tsas a fear of competition, and buried
conflicts about surpassing his parents and sihliBgsh conflicts did exist and did hold
him back. But | came to see that his conflict adeatning—his wish to avoid it—was
based mostly on years of frustration and on a leggyimate fear of failure based on his
brain's limits. Once he was liberated from hisidifities by Arrowsmith's exercises, his
innate love of learning emerged full force.



The irony of this new discovery is that for hundred years educators did seem to sense that
children's brains had to be built up

through exercises of increasing difficulty thaesigthened brain functions. Up through the
nineteenth and early twentieth centuries a clalssahzcation often included rote
memorization of long poems in foreign languagesctvistrengthened the auditory memory
(hence linking in language) and an almost fanatical aitb@ntio handwriting, which
probably helped strengthen motor capacities ansirtbiuonly helped handwriting but
added speed and fluency to reading

and speaking. Often a great deal of attention va&$ o exact elocution and to perfecting the
pronunciation of words. Then in the 19@&@kicators dropped such traditional exercises from
the curriculum,

because they were too rigid, boring, and "not btV But the loss

of these drills has been costly; they may have lieenly opportunity that many students
had to systematically exercise the brain functiat gives us fluency and grace with
symbols, For the rest of

us, their disappearance may have contributed tgeheral decline

of eloquence, which requires memory and a levaludiitory brainpower unfamiliar to us
now. In the Lincoln-Douglas debates of 1858

the debaters would comfortably speak for an houmare withoutotes, in extended
memorized paragraphs; today many of the most |daarmeng us, raised in our most elite
schools since the 1960s, prefer the omnipreseneMRmint presentation—the ultimate
compensation for a weak premotor cortex.

Barbara Arrowsmith Young's work compels us to imagiow much good might be
accomplished if every child had a brain-based assest and, if problems were found, a tailor-
made program created to strengthen essential iaréas early years, when neuroplas-ticity is
greatest. It is far better to nip brain problemshie bud than to allow the child to wire into his
brain the idea that he is "stupid," begin to hateos| and learning, and stop work in the
weakened area, losing whatever strength he may Nawmger children often progress more
quickly through brain exercises than do adoles¢geihaps because in an immature brain the
number of connections among neurons, or synapses, percent greater than in the adult brain.
When we reach adolescence, a massive "pruning lopetation begins in the brain, and synaptic
connections and neurons that have not been usedsiéxly suddenly die off—a classic case of
"use it or lose it." It is probably best to stredmgt weakened areas while all this extra cortical re
estate is available. Still, brain-based assessngantbe helpful all through school and even in
college and university, when many students whoagitl in high school fail



because their weak brain functions are overloagatidincreased demand. Even apart
from these crises, every adult could benefit frobran-based cognitive assessment, a
cognitive fitness test, to help them better undedtheir own brain.

It's been years since Mark Rosenzweig first didréhexperiments that inspired Barbara
and showed her that enriched environments and lstilon lead the brain to grow. Over
the years his labs and others have shown that lstiimgi the brain makes it grow in
almost every conceivable way. Animals raised inat@d environments—surrounded by
other animals, objects to explore, toys to rotiders to climb, and running wheels—
learn better than genetically identical animalg tteve been reared in impoverished
environments. Acetylcholine, a brain chemical eBakfor learning, is higher in rats
trained on difficult spatial problems than in ratsned on simpler problems. Mental
training or life in enriched environments increabesn weight by 5 percent in the
cerebral cortex of animals and up to 9 percentéasithat the training directly
stimulates. Trained or stimulated neurons deve®petcent more branches and increase
their size, the number of connections per neurod,their blood supply. These changes
can occur late in life, though they do not devedspapidly in older animals as in
younger ones. Similar effects of training and dmment on brain anatomy have been
seen in all types of animals tested to date.

For people, postmortem examinations have showrethatation increases the number of
branches among neurons. An increased

number of branches drives the neurons farther dparding to arincrease in the volume
and thickness of the brain. The idea thatliran is like a muscle that grows with exercise
is not just a metaphor.

Some things can never be put together again. Lyazatsky's

diaries remained mostly a series of fragmentedghttill the endAleksandr Luria, who
figured out the meaning of those fragments,

could not really help him. But Zazetsky's life stonade it possible for Barbara
Arrowsmith Young to heal herself and now others.

Today Barbara Arrowsmith Young i8 sharp and furwgh no noticeable bottlenecks in
her mental processes. She flows from one actigithé¢ next, from one child to the next,
a master of many skills.

She has shown that children with learning disaégditan oftergo beyond compensations
and correct their underlying problem.

Like all brain exercise programs, hers work besk st quickly for



people with only a few areas of difficulty, But laese she has developed exercises for so
many brain dysfunctions, she is often able to

help children with multiple learning disabilities-hitdren like herself, before she built
herself a better brain.

3

Redesigning the Brain

A Scientist Changes Brains to Sharpen Perception
and Memory, Increase Speed of Thought,

and Heal Learning Problems

Michael Merzenich is a driving force behind scoséseuro-plastic innovations and
practical inventions, and | am on the road to

Santa Rosa, California, to find him. His is the eamost frequently

praised by other neuroplasticians, and he's bthi&ahardest to track down. Only when |
found out that he would be at a conference in

Texas, went there, and sat myself down besidewas,| finally able

to set up a meeting in San Francistdsethis e-mail address," he says. "And if you don't
respond again?" "Be persistent.”

At the last minute, he switches our meeting tovilia in SantaRosa.
Merzenich is worth the search.

The Irish neuroscientist lan Robertson has desttiia as

"the world's leading researcher on brain plastit®erzenich's specialty is improving
people's ability to think and perceive by redesigrthe brain by training specific
processing areas, called brain maps, so that theyate mental work. He has also,
perhaps more than any other scientist, shown imsotentific detaihowour brain-
processing areas change.

This villa in the Santa Rosa hills is where Merzerslows down



and regenerates himself. This air, these treesethi@eyards, seem
like a piece of Tuscany transplanted into North Aioge | spend the

night here with him and his family, and then in therning we ar®ff to his lab in San
Francisco.

Those who work with him call him "Merz," to rhymatlv"whirs" and "stirs." As he
drives his small convertible to meetings— he's bdairble-booked much of the
afternoon—his gray hair flies in the wind, and &kstme that many of his most vivid
memories, in this, the second half of his life—Is&xy-one—are of conversations about
scientific ideas. | hear him pour them into hid pélone, in his crackling voice. As we
pass over one of San Francisco's glorious bridgepays a toll he doesn't have to
because he's so involved with the concepts weiscessing. He has dozens of
collaborations and experiments all going on at aarahas started several companies.
He describes himself as "just this side of crake"is not, but he is an interesting mix of
intensity and informality. He was born in Leban@mggon, of German stock, and though
his name is Teutonic and his work ethic unrelenting speech is West Coast, easygoing,
down-to-earth.

Of neuroplasticians with solid hard-science creidéstitis Merzenich who has
made the most ambitious claims for the field: thratin exercises may be as useful as
drugs to treat diseases as severe as schizophtfeatigjasticity exists from the cradle to
the grave; and that radical improvements in cogaitunctioning— how we learn, think,
perceive, and remember—are possible even in

the elderly. His latest patents are for technigbhasshow promise in allowing adults to learn
language skills, without effortful memorization. Menich argues that practicing a new skill,
under the right conditions, can change hundreasilibns and possibly billions of the
connections between the nerve cells in our braipsna

If you are skeptical of such spectacular claimgpki& mind that they come from a man who has
already helped cure some disorders that were tocght intractable. Early in his career
Merzenich developed, along with his group, the ncostmonly used design for the cochlear
implant, which allows congenitally deaf childrenhtear. His current plasticity work helps
learning-disabled students improve their cognitiod perception. These techniques—his series
of plasticity-based computer prograrfast ForWord—have already helped hundreds of
thousandskast ForWordis disguised as a children's game. What is amagogt it is how

quickly the change occurs. In some cases peoplehate had a lifetime of cognitive difficulties
get better after only thirty to sixty hours of tie@&nt. Unexpectedly, the program has also helped
a number of autistic children.

Merzenich claims that when learning occurs in a e@ysistent with the laws that govern brain
plasticity, the mental "machinery" of the brain daimproved so that we learn and perceive
with greater



precision, speed, and retention.

Clearly when we learn, we increase what we knovi.NBerzenich's claim is that we can also
change the very structure of the brain itself

and increase its capacity to learn. Unlike a coempuhe brain is constantly adapting itself.

"The cerebral cortex,"” he says of the thin outgetaf the brainjis actually selectively
refining its processing capacities to fit each taskand." It doesn't simply learn; it is always
“learning how to learn.Thebrain Merzenichdescribed s not aninanimatevesselthat we fill;
rather it is more like a living creature with arpafite, one that can grow and change itself
with proper nourishment and exercise, Before Mactesmwork, the brain was seen as a
complex machine, having

unalterable limits on memory, processing speed jetiigence Merzenich has shown
that each of these assumptions is wrddgrzenich did not set out to understand how the
brain changes.

He only stumbled on the realization that the brainld reorganize its maps, And though he
was not the first scientist to demonstragiroplasticity, it was through experiments he
conducted early in his career that mainstream rseigntists came to accept the plasticity

of the brain.

To understand how brain maps can be changed, vefinsieto have a picture of them.
They were first made vivid in human beings by tkamsurgeon Dr. Wilder Penfield at
the Montreal Neurological Institute in the 1930sr Penfield, "mapping" a patient's

brain meant finding where in the brain differenttpaf the body were represented and
their activities processed—a solid localizationpstject. Localizationists had discovered
that the frontal lobes were the seat of the brang®rsystem, which initiates and
coordinates the movement of our muscles. The tbiees behind the frontal lobe, the
temporal, parietal, and occipital lobes, comprigehrain'sensorysystem, processing

the signals sent to the brain from our sense recgepteyes, ears, touch receptors, and so
on.

Penfield spent years mapping the sensory and rpatts of the brain, while performing
brain surgery on cancer and epilepsy patients wltdde conscious during the
operation, because there are no pain receptongibrain. Both the sensory and motor
maps are part of the cerebral cortex, which lietherbrain's surface and so is easily
accessible with a probe. Penfield discovered thregnahe touched a patient's sensory
brain map with an electric probe, it triggered sd¢iosis that the patient felt in his body.
He used the electric probe to help him distingtighhealthy tissue he wanted to
preserve from the unhealthy tumors or pathologisalie he needed to remove.



Normally, when one's hand is touched, an electsigadal passes to the spinal cord and
up to the brain, where it turns on cells in the

map that make the hand feel touched. Penfield ftnencbuld also make the patient feel his hand
was touched by turning on the hand area of thenbnaip electrically. When he stimulated
another part of the map, the patient might feebhis being touched; another part, his face. Each
time he stimulated an area, he asked his patidms they'd felt, to make sure he didn't cut away
healthy tissue. After many such operations he Wwésta show where on the brain's sensory map
all parts of the body's surface were represented.

He did the same for the motor map, the part obtiaén that controls movement. By touching
different parts of this map, he could trigger moeaits in a patient's leg, arm, face, and other
muscles.

One of the great discoveries Penfield made wassthraory and motor brain maps, like
geographical maps, are topographical, meanincatieais adjacent to each other on the body's
surface are generally adjacent to each other ohrtie maps. He also discovered that when he
touched certain parts of the brain, he triggeregimst childhood memories or dreamlike
scenes—which implied that higher mental activitiese also mapped in the brain.

The Penfield maps shaped several generations'ofitive brain. But because scientists believed
that the brain couldn't change, they assumed,aurght, that the maps were fixed, immutable,
and universal—the same in each of us—though Pdrtietself never

made either claim.

Merzenich discovered that these maps are neithrautable

within a single brain nor universal but vary initheorders and size
from person to person. In a series of brilliantexpents he showed

that the shape of our brain maps changes dependmgwhat we do over the course of our lives.
But in order to prove this point he needed a taofiher than Penfield's electrodes, one that
would be able to detect changes in just a few meuab a time.

While an undergraduate at the University of Pod]&merzenich and a friend used
electronic lab equipment to demonstrate

the storm of electrical activity in insects' newsomhese experiments came to the
attention of a professor who admired Merzeniché&ntaand curiosity and recommended
him for graduate school at both



Harvard and Johns Hopkins. Both accepted him. Mecheopted for Hopkins to do his
Ph.D. in physiology under one of the great

neuroscientists of the time, Vernon Mountcastlegwhthe 1950s was demonstrating
that the subtleties of brain architecture could be

discovered by studying the electrical activity elinons using a new technique:
micromapping with pm-shaped nlkroeledrodes.

Microelectrodes are so small and sensitive that tae be inserted inside or beside a
single neuron and can detect whenrahividual neuron fires off its electrical signal to
other neurons. The neuron's signal passes fromigreelectrode to an amplifier and
then to an oscilloscope screen, where it appeaaissharp spike. Merzenich would make
most of his major discoveries with microelectrodes.

This momentous invention allowed neuroscientistdgioode the communication of
neurons, of which the adult human brain has apprately 100 billion. Using large
electrodes as Penfield did, scientists could oles#rousands of neurons firing at once.
With microelectrodes, scientists could "listen i one or several neurons at a time as
they communicated with one another. Micromappirgfilsabout a thousand times more
precise than the current generation of brain saghgh detect bursts of activity that last
one second in thousands of neurons. But a newtatsical signal often lasts a
thousandth of a second, so brain scans miss amoedinary amount of information. Yet
micromapping hasn't replaced brain scans becausguires an extremely tedious kind
of surgery, conducted under a microscope with msiargical instruments.

Merzenich took to this technology right away. Topnthe area of the brain that processes
feeling from the hand, Merzenich would cut awayexe of a monkey's skull over the
sensory cortex, exposing a 1- to 2-millimeter stripprain, then insert a microelectrode
beside a sensory neuron. Next, he would tap thekeyshand until he

touched a part—say, the tip of a finger—that caubatineuron to ire an electrical signal into the
microelectrode. He would record the location of tleerron that represented the fingertip,
establishing the first point on the map. Then heldoemove the microelectrode, reinsert it near
another neuron, and tap different parts of the hantll he located the part that turned on that
neuron. He did this until he'd mapped the entimdh@ single mapping might require five
hundred insertions and take several days, and Miefzand his colleagues did thousands of
these laborious surgeries to make their discoveries

At about this time, a crucial discovery was mads thould forever affect Merzenich's work. In
the 1960s, just as Merzenich was beginning to useoelectrodes on the brain, two other
scientists, who had also worked at Johns Hopkitis Muntcastle, discovered that the brain in
very young animals is plastic. David Hubel and Tems/Niesel were micromapping the visual
cortex to learn how vision is processed. They'dritesl microelectrodes into the visual cortex of
kittens and discovered that different parts ofdbeex processed the lines, orientations, and



movements of visually perceived objects. They disoovered that there was a "critical period,"
from the third to the eighth week of life, when thewborn kitten's

brainhad toreceive visual stimulation in order to develop nallyn In the crucial experiment
Hubel and Wiesel sewed shut one eyelid of

a kitten during its critical period, so the eye gotvisual stimulation. When they opened this
shut eye, they found that the visual ar@ae brain map that normally processed input from
the shut eydnad failed to develop, leaving the kitten blindhiat eye for life Clearly the

brains of kittens during the critical period wetagic,

their structure literally shaped by experience.

When Hubel and Wiesel examined the brain map fatrbhindeye, they made one more
unexpected discovery about plasticity. et of the kitten's brain that had been deprivied o
input from the

shut eye did not remain idle. It had begun to pgecasual input from the open eye, as
though the brain didn't want to waste any "cortreall estate” and had found a way to
rewire itself—another indication that the brairplastic in the critical period. For this
work Hubel and Wiesel received the Nobel Prize. &etn though they had

discovered plasticity in infancy, they remainedalazationists, defending the idea that
the adult brain is hardwired by the end of infat@yperform functions in fixed locations.

The discovery of the critical period became onthefmost famous in biology in the
second half of the twentieth century. Scientistnsshowed that other brain systems
required environmental

stimuli to develop. It also seemed that each nesystem had a different critical period,
or window of time, during which it was especiallkagtic and sensitive to the
environment, and during which it had rapid, formatgrowth. Language development,
for instancehas a critical period that begins in infancy andsbetween eight

years and puberty. After this critical period clesa person's ability to learn a second
language without an accent is limited. In factosetlanguages learned after the critical
period are not processed in the same part of e bs is the native tongue.

The notion of critical periods also lent supporetbologist Konrad Lorenz's observation
that goslings, if exposed to a human being foref Iperiod of time, between fifteen
hours and three days after birth, bonded with pleason, instead of with their mother, for
life. To prove it, he got goslings to bond to himddollow him around. He called this
process "imprinting." In fact, the psychologicafsien of the critical period went back to
Freud, who argued that we go through developmetdgks that are brief windows of



time, during which we must have certain experienodse healthy; these periods are
formative, he said, and shape us for the rest pfives.

Critical-period plasticity changed medical practiBecause of Hubel and Wiesel's
discovery, children born with cataracts no longeed blindness. They were now sent
for corrective surgery as infants,

during their critical period, so their brains coglet the light required to form crucial
connections. Microelectrodes had shown that pli&gigan indisputable fact of
childhood. And they also seemed to show that,dik&lhood, this period of cerebral
suppleness is short-lived.

Merzenich's first glimpse of adult plasticity waalental. In 1968, after completing his
doctorate, he went to do a postdoc with Clinton W&ley, a researcher in Madison,
Wisconsin, and peer of Penfield's. Woolsey askedz&fech to supervise two
neurosurgeons, Drs. Ron Paul and Herbert Goodnfenthree decided to observe what
happens in the brain when one of the peripheralesen the hand is cut and then starts
to regenerate.

It is important to understand that the nervousesyss divided into two parts. The first
part is the central nervous system (the brain anthtcord), which is the command-and-
control center of the system; it was thought t& lplasticity. The second part is the
peripheral nervous system, which brings messages tine sense receptors to the spinal
cord and brain and carries messages from the

brain and spinal cord to the muscles and glands.pEnipheral nervous system was long
known to be plastic; if you cut a nerve in your

hand, it can "regenerate” or heal itself.

Each neuron has three parts. Teadrites ardreelike branches that receive input from
other neurons. These dendrites lead intactlebody,which sustains the life of the cell
and contains its DNA. Fi

nally the axonis a living cableof varyinglengths(from microscopic lengths in the
brain, to some that can run down to the legs aadre

up to six feet long). Axons are often compared it@svbecause they carry electrical impulses
at very high speeds (from 2 to 200 miles Ipeur) toward the dendrites of neighboring
neurons.

A neuron can receive two kinds of signals: thosg éxcite it andhose that inhibit it. If a
neuron receives enougdxcitatorysignals



from other neurons, it will fire off its own signalvhen it receives enoughhibitory
signals, it becomes less likely to fire. Axons doguaiite touch the neighboring dendrites.
They are separated by a microscopic space callgdapseOnce an electrical signal
gets to the end of the axon, it triggers the ra&leds chemical messenger, called a
neurotransmitter, into the synapse. The chemicakprger floats over to the dendrite of
the adjacent neuron, exciting or inhibiting it.

When we say that neurons "rewire" themselves, wanntigat alterations occur at the
synapse, strengthening and increasing, or weakamidglecreasing, the number of
connections between the neurons.

Merzenich, Paul, and Goodman wanted to investigatell-known but mysterious interaction
between the peripheral and central nervous systéfhen darge peripheral nerve
(which consists of many axons) is cut, sometimeblénprocess of regeneration the
"wires get crossed."” When axons reattach to theswbthe wrong nerve, the person
may experience "false localization," so that a toac the index finger is felt in the
thumb. Scientists assumed that this false locabzaiccurred because the regeneration
process "shuffled" the nerves, sending the sigoahthe index finger to the brain map
for the thumb.

The model scientists had of the brain and the nergystem was that each point on the
body surface had a nerve that passed signalslglitea specific point on the brain map,
anatomically hardwired at birth. Thus a nerve bhafoec the thumb always passed its
signals directly to the spot on the sensory braap flor the thumb. Merzenich and the
group accepted this "point-to-point” model of thhaib map and innocently set out to
document what was happenimgthe brainduring this shuffling of nerves.

They micromapped the hand maps in the brains @rakadolescent monkeys, cut a
peripheral nerve to the hand, and immediately setvedwo severed ends close together
but not quite touching, hoping the many axonal svirethe nerve would get crossed as
the nerve regenerated itself. After seven monteg thmapped the brain. Merzenich
assumed they would see a very disturbed, chadatio br

map. Thus, if the nerves for the thumb and thexrager had been crossed, he expected
that touching the index finger would generate atgtim the map area for the thumb. But
he saw nothing of the kind. The map was almost abrm

"What we saw," says Merzenich, "was absolutelywasiong. | couldn't understand it." It
wastopographicallyarranged as though the brain had unshuffled thedrom the
crossed nerves.



This breakthrough week changed Merzenich's liferd4dized that he, and mainstream
neuroscience, had fundamentally misinterpreted th@suman brain forms maps to
represent the body and the world. If the brain ©@dd normalize its structure in
response to abnormal input, the prevailing view taare born with Aardwiredsystem
had to be wrong. The brain had to be plastic.

How could the brain do it? Moreover, Merzenich albserved that the new
topographical maps were forming in slightly diffet@laces than before. The
localizationist view, that each mental function veasays processed in the same location
in the brain, had to be either wrong or radicallgamplete. What was Merzenich to
makeof it?

He went back to the library to look for evidencattbontradicted localizationism. He
found that in 1912 Graham Brown and

Charles Sherrington had shown that stimulating pointin the

motor cortex might cause an animal to bend itsategne time and

straighten it at another. This experiment, loghm scientific literature, implied that there
was no point-to-point relationship betweée brain's motor map and a given movement.
In 1923 Karl Lashley,

using equipment far cruder than microelectrodegps®d a monkey's motor cortex,
stimulated it in a particular place, and observedresulting movement. He then sewed the
monkey back up. After

some time he repeated the experiment, stimulatiegrtonkey in that same spot, only to

find that the movement produced oft@ranged. As Harvard's great historian of psychology
of the time,

Edwin G. Boring, put it, "One day's mapping woutnllanger bevalid on the morrow."
Maps were dynamic.

Merzenich immediately saw the revolutionary impicas of these experiments. He
discussed the Lashley experiment with Vernon Maastte, a localizationist, who,
Merzenich told me, "had actually been botheredneyltashley experiment. Mountcastle
did not instinctively want to believe in plasticitfie wanted things to be in

their place, forever. And Mountcastle knew thas #mperiment represented an important
challenge to how you think about the brain.

Mountcastle thought that Lashley was an extravagsaggerator.”



Neuroscientists were willing to accept Hubel ancd¥éi's discovery that plasticity exists
in infancy, because they accepted that the

infant brain was in the midst of development. Bugyt rejectedMerzenich’'s discovery that
plasticity continues into adulthood.

Merzenich leans back with an almost mournful exgimesand remembers, "l had all of
these reasons why | wanted to believe that thenlwasn't plastic in this way, and they
were thrown over in a week."

Merzenich now had to find his mentors among thestgghof dead scientists, like
Sherrington and Lashley. He wrote a paper on tb#flsed nerve experiment, and in the
discussion section he argued for several pageshéatdult brain is plastic—though he
didn't use the word.

But the discussion was never published. Clinton M&g his supervisor, wrote a big X
across it, saying that it was too conjectural drad Merzenich was going way beyond the
data. When the paper was published, no mentiomveake of plasticity, and only

minimal emphasis was given to explaining the nguogvaphic organization. Merzenich
backed down from the opposition, at least in ptitg.was still, after all, a postdoc
working in another man's lab.

But he was angry, and his mind was churning. Helveagnning to think that plasticity
might be a basic property of the brain that

had evolved to give humans a competitive edge laaudttmight be "a fabulous thing."

In 1971 Merzenich became a professor at the Untyas§California at San Francisco,
in the department of otolaryngology and physiolaglgich did research on diseases of
the ear. Now his own boss, he began the seriegpafrienents that would prove the
existence of plasticity beyond a doubt. Becauseatba was still so controversial, he did
his plasticity experiments in the guise of moreegtable research. Thus he spent much
of the early 1970s mapping the auditory cortexifiérent species of animals, and he
helped others invent and perfect the cochlear intpla

The cochlea is the microphone inside our earstslb@&side the vestibular apparatus that
deals with position sense and that was damagetienyC Bach-y-Rita's patient. When
the external world produces sound, different fremigs vibrate different little hair cells
within the cochlea. There are three thousand sactcthlls, which convert the sound into
patterns of electrical signals that travel downdhditory nerve into the auditory cortex.
The micromap-

pers discovered that in the auditory cortex, sdueguencies are



mapped "tonotopically." That is, they are organiltkel a piano: the lower sound
frequencies are at one end, the higher ones atliee.

A cochlear implant is not a hearing aid. A heaindyamplifies

sound for those who have partial hearing loss dwegartially functioning cochlea that
works well enough to detect some sound. Cochleplaints are for those who are deaf
because of a profoundly damaged cochlea. The irhpplaces the cochlea,
transforming speech sounds into bursts of elet¢tngaulses, which isends to the brain.
Because Merzenich and his colleagues could not

hope to match the complexity of a natural orgamwhtee thousand hair cells, the question
was, could the brain, which had evolweddecode complex signals coming from so many
hair cells, decode impulses from a far simpler de¥ilf it could, it would mean that

the auditory cortex was plastic, capable of modiyitself and responding to artificial inputs.
The implant consists of a sound receiver, a copvdnat translates sound into electrical
impulses, and

an electrode inserted by surgeons into the nehagun from the
ear to the brain.
In the mid-1960s some scientists were hostile éovry idea of

cochlear implants. Some said the project was imblesOthers argued that they would put
deaf patients at risk of further damage. Despieeritks, patients volunteered for implants.
At first some heard only noise; others heard justaatones, hisses, and sounds stardimady
stopping.

Merzenich's contribution was to use what he hadh&ghfrom mapping the auditory cortex to
determine the kind of input patients needed froenithplant to be able to decode speech, and
where to implant the electrode. He worked with camitation engineers to design a device that
could transmit complex speech on a small numbeaofiwidth channels and still be intelligible.
They developed a highly accurate, multichannel ampthat allowed deaf people to hear, and the
design became the basis for one of the two prircachlear implant devices available today.

What Merzenich most wanted, of course, was to tiya® plasticity directly. Finally, he decided
to do a simple, radical experiment in which he wloaut off all sensory input to a brain map and
see how it responded. He went to his friend arldeheuroscientist Jon Kaas, of Vanderhbilt
University in Nashville, who worked with adult maays. A monkey's hand, like a human's, has
three main nerves: the radial, the median, andltrer. Themediannerve conveys sensation
mostly from themiddleof the hand, the other two from either side oftiaed. Merzenich cut the
median nerve in one of the monkeys to see how #@ian nerve brain map would respond when
all input was cut off. He went back to San Francisabwsaited.



Two months later he returned to Nashville. Whemag@ped the monkey, he saw, as he
expected, that the portion of the brain map thatesethe median nerve showed no
activity when he touched the middle part of thechdut he was shocked by something
else.

When he stroked theutsidesof the monkey's hand—the areas that send theialsign
through the radial and ulnar nerves—the medianenerap lit up! The brain maps for the
radial and ulnar nerves had almost doubled inamnvadedwhat used to be the
median nerve map. And these new maps were topagedpFhis time he and Kaas,
writing up the findings, called the changes "spada" and used the word "plasticity” to
explain the change, though they put it in quotes.

The experiment demonstrated that if the medianeneas cut, other nerves, still
brimming with electrical input, would take over theused map space to process their
input. When it came to allocating brain-procesgiower, brain maps were governed by
competition for precious resources and the prieogfuse it or lose it.

The competitive nature of plasticity affects us @lere is an endless war of nerves going
on inside each of our brains. If we stop exercigingmental skills, we do not just forget
them: the brain map space for those skills is wioeer to the skills we practice instead.

If you ever ask yourself, "How often must | praetierench, or guitar, or math to keep on
top of it?" you are asking a question about conipetplasticity. You are asking how
frequently

you must practice one activity to make sure itsrbnaap space is not lost to another.

Competitive plasticity in adults even explains savheur limitations. Think of the
difficulty most adults have in learning a secomblaage. The conventional view now is
that the difficulty arises because the criticaligefor language learning has ended,
leaving us

with a brain toaigid to change its structure on a large scale. But ismodery of
competitive plasticity suggests there is more.t&swe

age, the more we use our native language, the inocoenes to dominate our linguistic
map space. Thus it is also because our bratagic—andbecause plasticity is
competitive—that it is so hard to learn a new laaggiand end the tyranny of the mother
tongue.

But why, if this is true, is it easier to learnexxend language when we are young? Is
there not competition then too? Not really, If lsoguages are learned at the same time,
during the critical period, both get a footholdaBrscans, says Merzenich, show that in a



bilingual child all the sounds of its two languagésare a single large map, a library of
sounds from both languages.

Competitive plasticity also explains why our baditeare so difficult to break or
"unlearn." Most of us think of the brain as a camta and learning as putting something
in it. When we try to break a bad habit, we thih& solution is to put something new into
the container. But when we learn a bad habitki#daver a brain map, and each time we
repeat it, it claims more control of that map anelpnts the use of that space for "good"
habits. That is why "unlearning” is often a lotderthan learning, and why early
childhood education is so important—it's best tobigeght early, before the "bad habit"
gets a competitive advantage.

Merzenich's next experiment, ingeniously simplegenplasticity famous among
neuroscientists and eventually did more to win ekaptics than any plasticity
experiment before or since.

He mapped a monkey's hand map in the brain. Themipaitated the monkey's middle
finger. After a number of months he remapped thakay and found that the brain map
for the amputated finger had disappeared and tleataps for the adjacent fingers had
grown into the space that had originally mappedHermiddle finger. Here was the
clearest possible demonstration that brain mapdyaramic, that there is a competition
for cortical real estate, and that brain resouacesallocated according to the principle of
use it or lose it.

Merzenich also noticed that animals of a particafgcies may have similar maps, but they are
neveridentical. Micromapping allowed him to see diffezen that Penfield, with larger
electrodes, could not. He also found that the nefyp®rmal body parts change every few weeks.
Every time he mapped a normal monkey's face, itumasjuivocally different. Plasticity doesn't
require the provocation of cut nerves or amputatiéthasticity is a normal phenomenon, and
brain maps are constantly changing. When he wipthis new experiment, Merzenich finally
took the word "plasticity" out of quotes. Yet daspthe elegance of his experiment, opposition to
Merzenich's ideas did not melt away overnight.

He laughs when he says it. "Let me tell you whatpemed when | began to declare that the brain
was plastic. | received hostile treatment. | dkntiw how else to put it. | got people saying
things in reviews such as, 'This would be realtgriesting if it could possibly be true, but it adul
not be.' It was as if | just made it up."

Because Merzenich was arguing that brain maps @tddtheir borders and location and change
their functions well into adulthood, localizatiotspposed him. "Almost everybody | knew in
themainstream of neuroscience," he says, "thought that this was sort of semi-serguff—

that the experiments were sloppy, that the effdetcribed were uncertain. But actually the
experiment had been

done enough times that | realized that the positfdhe majority was arrogant and indefensible.”



One of the major figures who voiced doubts was fEorsViesel. Despite the fact that Wiesel had
shown that plasticity exists in the

critical period, he still opposed the idea thabiisted in adults, and wrote that he and Hubel
"firmly believed that once cortical connections westablished in their mature form, they stayed
in place permanently." He had indeed won the N&¥bigke for establishing

where visual processing occurs, a finding consitleree of localiza-
tionism's greatest triumphs. Wiesel now accepté atasticity and

has gracefully acknowledged in print that for agd¢ime he was

wrong and that Merzemch's pioneering experimenisately ledhim and his colleagues
to change their minds, Hardcore localizatéts took notice when a man of Wiesel's stature
changed his mind. "The most frustrating thing,"ssBlerzenich, "was that | saw

that neuroplasticity had all kinds of potential iioations for medical therapeutics—for
the interpretation of human neuropathology

and psychiatry. And nobody paid any attention.”

Since plastic Change is Q process, Merzenich esghlie would only really be able to
understand it if he could see it unfolding in thaib over time. He cut a monkey's
median nerve and then did multiple mappings ovasraber of months.

The first mapping, immediately after he cut theveeshowed, ake expected, that the brain
map for the median nerve was completely silent wthermiddle of the hand was

stroked. But when he stroked the part of the handesl by the outside nerves, the silent
median nerve portion of the map lit up immediatéaps for the outside nerves, the
radial and ulnar nerves, now appeared in the medemspace. These maps sprang up so
quickly, it was as though they had been hidderetéiralong, since early development,
and now they were "unmasked."

On the twenty-second day Merzenich mapped the mpoagain. The radial and ulnar
maps, which had been lacking in detail when thest ppeared, had grown more refined
and detailed and had now expanded to occupy althesintire median nerve map. (A
primitive map lacks detail; a refined map has alod thus conveys more information.)

By the 144th day the whole map was every bit agildet as a normal map.
By doing multiple mappings over time, Merzenich eved that the new maps were

changing their borders, becoming more detailed,eaeth moving around the brain. In
one case he even saw a map disappear altogekeepAtlantis.



It seemed reasonable to assume that if totallymaps were forming, then new
connections must have been forming among neurankelp understand this process,
Merzenich invoked the ideas of Donald O. Hebb, ad@aan behavioral psychologist
who had worked with Penfield. In 1949 Hebb propabed learning linked neurons in
new ways. He proposed that when two neurons fitkeasame time repeatedly (or when
one fires, causing another to fire), chemical clesrarcur in both, so that the two tend to
connect more strongly. Hebb's concept—actually @sed by Freud sixty years before—
was neatly summarized by neuroscientist Carla Shigarons that fire together wire
together.

Hebb's theory thus argued that neuronal structamebe altered by experience. Following
Hebb, Merzenich's new theory was that neuronsambnaps develop strong
connections to one another when they are activattdte same moment in time. And if
maps could change, thought Merzenich, then theseraason to hope that people born
with problems in brain map-processing areas—pewjfitelearning problems,
psychological problems, strokes, or brain injuriessght be able to form new maps if he
could help them form new neuronal connections, ddtirtg their healthy neurons to fire
together and wire together.

Starting in the late 1980s, Merzenich designedantigpated in brilliant studies to test
whether brain maps are time based and whetherlibaders and functioning can be
manipulated by "playing" with the timing of input them.

In one ingenious experiment, Merzenich mapped mabmonkey's hand, then sewed
together two of the monkey's fingers, so that

both fingers moved as one. After several montralofving the monkey to use its sewn
fingers, the monkey was remapped. The two maps

of the originally separate fingers had now merged a single map. the experimenters
touched any point on either finger, this new singkgp would light up. Because all the
movements and sensations in

those fingers always occurred simultaneously, thiymed the same map. The experiment
showed that timing of the input to theurons in the map was the key to forming it—
neurons that fired togethir timewired together to make one map.

Other scientists tested Merzenich's findings ondnuiveings.
Some people are born with their fingers fused,ralitmn called syndactyly or "webbed-

finger syndrome." When two such peoplere mapped, the brain scan found that they each
had one large map for their fused fingers instdad o separate ones.



After surgeons separated the webbed fingers, thieas' brains were remapped, and two
distinct maps emerged for the two separated diB#sause the fingers could move
independently, the neurons no longer fired simeltarsly, illustrating another principle

of plasticity: if you separate the signals to n&sro time, you create separate brain
maps. In neuroscience this finding is now summdragNeurons that fire apart wire
apart—or Neurons out of sync fail to link.

In the next experiment in the sequence, Merzenieated a map for what might be
called a nonexistent finger that ran perpendiciddhe other fingers. The team
stimulated all five fingertips of a monkey simuléausly, five hundred times a day for
over a month, preventing the monkey from usindjitgers one at a time. Soon the
monkey's brain map had a new, elongated finger maghich the five fingertips were
merged. This new map ran perpendicular to the dihgers, and all the fingertips were
part of it, instead of part of their individual §ar maps, which had started to melt away
from disuse.

In the final and most brilliant demonstration, Memch and his team proved that maps
cannot be anatomically based. They took a smathpait skin from one finger, and—this
is the key point—with the nerve to its brain map attached, surgically grafted the skin
onto an adjacent finger. Now that piece of skin éasmderve were stimulated whenever
the finger it was attached to was

moved or touched in the course of daily use. Acogrtb the anatomical-hardwiring
model, the signals shouddill have been sent from the skin along its nerve tdthim
map for the finger that the skin and nerve oridineame from. Instead, when the team
stimulated the patch of skin, the map ofniesvfinger responded. The map for the patch
of skin migrated from the brain map of the origifiaber to its new one, because both
the patch and the new finger were stimulated senegibusly.

In a few short years Merzenich had discoveredatatt brains are plastic, persuaded
skeptics in the scientific community this was thse;, and shown that experience changes
the brain. But he still hadn't explained a cruelailgma: how the maps organize
themselves to become topographical and functi@vimy that is useful to us.

When we say a brain map is organized topograplgioa# mean that the map is ordered
as the body itself is ordered. For instance, outdfei finger sits between our index finger
and our ring finger. The same is true for our braap: the map for the middle finger sits
between the map for our index finger and that afrong finger.

Topographical organization is efficient, becauseeans that parts

of the brain that often work together are closestbgr in the brain map, so signals don't
have to travel far in the brain itself.



The question for Merzenich was, how does this togoigic order emerge in the brain
map? The answer he and his group came to

was ingenious. A topographic order emerges beaaasg of our everyday activities
involve repeating sequences in a fixed order.

When we pick up an object the size of an appleaseball, we usually grip it first with our
thumb and index finger, then wrap the rekour fingers around it one by one. Since the
thumb and index finger often touch at almost theeséime, sending their signals to the

brain almost simultaneously, the thumb map andritiex finger map tend to form close
together in the brain. (Neurons that fire togethige together.) As we continue to wrap
our hand around the

object, our middle finger will touch it next, sa ibrain map will tend

to be beside the index finger and farther away ftieethumb. A¢his common grasping
sequence—thumb first, index finger second, mididiger third—is repeated thousands
of times, it leads to bBrain map where the thumb map is next to the iricheper map,

which is next to the middle finger map, and soSQignals that tend to arrive at separate
times, like thumbs and pinkies, have more distaaintmaps, because neurons that fire
apart wire apart.

Many if not all brain maps work by spatially grongitogether

events that happen together. As we have seenytlida map isarranged like a piano,
with mapping regions for low notes at one emdl for high notes at the other. Why is it so
orderly? Because the low frequencies of soundstieodme together with one another
in nature. When we hear a person with a low vaitest of the frequencies are low, so
they get grouped together.

The arrival of Bill Jenkins at Merzenich's lab ugtkin a new phase of research that
would help Merzenich develop practical applicatiohsis discoveries. Jenkins, trained
as a behavioral psychologist, was especially isteckin understanding how we learn. He
suggested they teach animals to learn new slallsbserve how learning affected their
neurons and maps.

In one basic experiment they mapped a monkey'®©sgnsertex. Then they trained it to
touch a spinning disk with its fingertip, with juste right amount of pressure for ten
seconds to get a banana-pellet reward. This redjtheemonkey to pay close attention,
learning to touch the disk very lightly and judgee accurately. After thousands of
trials, Merzenich and Jenkins remapped the monkegis and saw that the area
mapping the monkey's fingertip had enlarged asrbekey had learned how to touch the



disk with the right amount of pressure. The expentshowed that when an animal is
motivated to learn, the brain responds plastically.

The experiment also showed that as brain mapsigget the

individual neurons get more efficient in two stagéssfirst, as the monkey trained, the
map for the fingertip grew to take up more spacd.dter a while individual neurons

within the map became more efficient, and evenguallver neurons were required to

perform the task.

When a child learns to play piano scales for tret fime, he tends to use his whole upper
body—wrist, arm, shoulder—to play each note. Evenfacial muscles tighten into a
grimace. With practice the budding pianist stopagigrelevant muscles and soon uses
only the correct finger to play the note. He depsla "lighter touch," and if he becomes
skillful, he develops "grace" and relaxes when lag$ This is because the child goes
from using a massive number of neurons to an apjatedew, well matched to the task.
This more efficient use of neurons occurs whenaxebecome proficient at a skill, and

it explains why we don't quickly run out of map spas we practice or add skills to our
repertoire.

Merzenich and Jenkins also showed that individearons got more selective with
training. Each neuron in a brain map for the serfitseuch has a "receptive field," a
segment on the skin's surface that "reports” tAstthe monkeys were trained to feel the
disk, the receptive

fields of individual neurons got smaller, firinglgnvhen small parts of the fingertip
touched the disk. Thus, despite the fact thatiteed the

brain map increased, each neuron in the map beczspensible for

a smaller part of the skin surface, allowing thereah to have finer touch discrimination.
Overall, the map became more precise.

Merzenich and Jenkins also found that as neuranga@ned

and become more efficient, they can prodaster.This means that the speed at which
we think is itself plastic. Speed of thought isesg&l to our survival. Events often
happen quickly, and if the brain is slow, it carsgiimportant information. In one
experiment

Merzenich and Jenkins Successfully trained monkewsstinguish sounds in shorter and
shorter spans of time. The trained neurons firecermgaickly in response to the sounds,
processed them in a



shorter time, and needed less time to "rest" batfieags. Fasteneurons ultimately lead
to faster thought—no minor matter—because

speed of thought is a crucial component of inteltice. 1Q tests, like life, measure not only
whether you can get the right answer but how Iomakies you to get it.

They also discovered that as they trained an aratrelskill, not

only did its neurons fire faster, but because teye faster their signals were dearer, Faster
neurons were more likely to fire in sync with

each other—becoming better team players—wiringttegganore and forming groups of
neurons that gave off clearer and more powerfuladgy This is a crucial point, because a
powerful signal has greater impact on the brainelive want to remember something
we have heard we must hear it clearly, becausenaonyecan be only as clear as its
original signal.

Finally, Merzenich discovered that paying closeraibn is essential to long-term plastic
change. In numerous experiments he found thahtastianges occurrexhly when his
monkeys paid close attention. When the animalopmed tasks automatically, without
paying attention, they changed their brain mapsth®ichanges did not last. We often
praise "the ability to multitask.” While you carate when you divide your attention,
divided attention doesn't lead to abiding changgour brain maps.

When Merzenich was a boy, his mother's first cousigrade-school teacher in
Wisconsin, was chosen teacher of the year fortitieeeUnited States. After the
ceremony at the White House, she visited the Méchdiamily in Oregon.

"My mother," he recalls, "asked the inane questiat you'd ask in conversation: "What
are your most important principles in teaching?dAer cousin answered, 'Well, you test
them when they come into school, and you figurewthether they are worthwhile. And

if they are worthwhile, you really pay attentiontbeem, and you don't waste time on the
ones that aren't.’ That's what she said. And you

know, in one way or another, that's reflected iwlp@ople have treated children who are
different, forever. It's just so destructive to giree that your neurological resources are
permanent and enduring and cannot be substantigbioved and altered.”

Merzenich now became aware of the work of Paul&allal Rutgers, who had begun to
analyze why children have trouble learning to réxamewhere between 5 and 10 percent
of preschool children have a language disabiligt thakes it difficult for them to read,
write, or even follow instructions. Sometimes thekiédren are called dyslexic.



Babies begin talking by practicing consonant-voearhbinations, cooing "da, da, da"
and "ba, ba, ba." In many languages their firstdsaronsist of such combinations. In
English their first words are often "mama" and "@ddpee pee," and so on. Tallal's
research showed that children with language digigsihave auditory processing
problems with common consonant-vowel combinatibias are spoken quickly and are
called "the fast parts of speech.” The childrenehiaouble hearing them accurately and,
as a result, reproducing them accurately.

Merzenich believed that these children's auditaryex neurons were firing too slowly,
so they couldn't distinguish between two very samdounds or be certain, if two sounds
occurred close together, which was first and whiels second. Often they didn't hear the
beginnings of syllables of the Sound changes wilyllables. Normally neurons, after
they have processed a sound, are ready to fire affer about a 30-millisecond rest.
Eighty percent of language-impaired children tobleast three times that long, so that
they lost large amounts of language informationeWtheir neuron-firing patterns were
examined, the signals weren't clear.

"They were muddy in, muddy out,” says Merzenichproper
hearing led to weaknessesaihthe language tasks, so they were weak
in vocabulary, comprehension, speech, readingwaitiohg. Because they spent so much

energy decoding words, they tended to use shatgesces and failed to exercise their
memory for longer sentences.

Their language processing was more childlike, etdged," and they still needed practice
distinguishing "da, da, da" and "ba, ba, ba."

When Tallal originally discovered their problemkedeared that "these kids were 'broken' and
there was nothing you could do" to fixeir basic brain defect. But that was before sttt a
Merzenich combined forces.

In 1996 Merzenich, Paula Tallal, Bill Jenkins, awe of Tal

lal's colleagues) psychologist Steve Miller, forntiee nucleus of a

company, Scientific Learning, that is wholly dewte using neuro-plastic research to help
people rewire their brains.

Their head office is in the Rotunda, a Beaux Aré&starpiece with an elliptical glass dome, 120
feet high, its edges painted in 24-

karat gold leaf, in the middle of downtown Oakla@@lifornia.When you enter, you enter
another world. The Scientific Learning staff inahsdchild psychologists, plasticity researchers,



experts in human motivation, speech pathologistgineers, programmers, and animators. From
their desks these researchers, bathed in natghal tian look up into the gorgeous dome.

Fast ForWordis the name of the training program they develdpethnguage-impaired and
learning-disabled children. The program exercisesyebasic brain function involved in
language from decoding sounds up to comprehensidsirdaof cerebral cross-training.

The program offers seven brain exercises. One ésdtte children to improve their ability to
distinguish short sounds from long. A cow fliesass the computer screen, making a series of
mooing sounds. The child has to catch the cow thighcomputer cursor and hold it by
depressing the mouse button. Then suddenly théheighe moo sound changes subtly. At this
point the child must release the cow and let ibflyay. A child who releases it just after the
sound changes scores points. In another game eilearn to identify easily confused
consonant-vowel combinations, such as "ba" and fitat at slower speeds than they occur in
normal language, and then

at increasingly faster speeds. Another game teableezhildren to hear faster and faster
frequency glides (sounds like "whooooop" that swae)p Another teaches them to
remember and match sounds. The "fast parts of Bpaee used throughout the exercises
but have been slowed down with the help of comgut the language-disabled children
can hear them and develop clear maps for them;gtraatually, over the course of the
exercises, they are sped up. Whenever a goal isvach something funny happens: the
character in the animation eats the answer, gdigaation, gets a funny look on its face,
or makes some slapstick move that is unexpectedigbnio keep the child attentive. This
"reward" is a crucial feature of the program, beeagach time the child is rewarded, his
brain secretes such neurotransmitters as dopamdhacetylcholine, which help
consolidate the map changes he has just made. (opaeinforces the reward, and
acetylcholine helps the brain "tune in" and shanpemories.)

Children with milder difficulties typically work dast ForWordfor an hour and forty
minutes a day, five days a week for several wemkd those with more severe
difficulties work for eight to twelve weeks.

The first study results, reported in the jourBalencen January 1996, were remarkable.
Children with language impairments were

divided into two groups, one that diéist ForWordand a control group that did a
computer game that was similar but didn't traingeral processing or use modified
speech. The two groups were matched for age, I@leemguage-processing skills. The
children

who didFast ForWordmade significant progress on standard spdadguage, and
auditory-processing tests, ended up with normaletter-than-normal language scores,
and kept their gains when re-tested six weeks a#@éring. They improved far more than
children in the control group.



Further study followed five hundred children attfive siteshospitals, homes, and
clinics. All were given standardized language

tests before and aftéast ForWordtraining. The study showed that most children's
ability to understand language normalized afRast ForWord,In many cases, their
comprehension rose above normal.

The average child who took the program moved aheagears of language
development in six weeks, remarkably fast prograsStanford group did brain scans of
twenty dyslexic children, before and aft&st Forword.The opening scans showed that
the children used

different parts of their brains for reading thammal children do. AfteFast ForWord

new scans showed that their brains had begun toalize. (For instance, they developed
increased activity, on average, in the left tempgmadetal cortex, and their scans began to
show

patterns that were similar to those of children Wwhge no reading problems.)

Willy Arbor is a seven-year-old from West Virginide's got red hair and freckles,
belongs to Cub Scouts, likes going to the mall, éimough barely over four feet tall,
loves wrestling. He's just gone throughst ForWordand has been transformed.

"Willy's main problem was hearing the speech otdlclearly,” his mother explains. "I
might say the word 'copy' and he would think | seaffee." If there was any background
noise, it was especially hard for him to hear. Karghrten was depressing. You coséz
his insecurity. He got into nervous habits likewtregy on his clothes, or his sleeve,
because everybody else was getting the answer agtithe wasn't. The teacher had
actually talked about holding him back in first ded' Willy had trouble reading, both to
himself and aloud.

"Willy," his mother continues, "couldn't hear charig pitch properly. So he couldn't tell
when a person was making an exclamation or jushargl statement, and he didn't grasp
inflections in speech, which made it hard for howeéad people's emotions. Without the
high and low pitch he wasn't hearing thetwwhen people are excited. It was like
everything was the same."”

Willy was taken to a hearing specialist, who diaggtbhis "hear-

ing problem" as caused by an auditory-processisgrder that originated in his brain. He
had difficulty remembering strings of words becaliseauditory system was so easily
overloaded. "If you gave him more than three irdtams, such as 'please put your shoes



upstairs—put them in the closet—then come dowrliimner," he'd forget them. He'd
take his shoes off, go up the steps, and ask 'Mbat did you want me to do?' Teachers
had to repeat instructions all the time." Thouglappeared to be a gifted child—he was
good at math—his problems held him back in thaa éve.

His mother protested making Willy repeat first graohd over the summer sent him to
Fast ForWordfor eight weeks.

"Before he didrast ForWord,"his mother recalls, "you'd put him at the computed he
got very stressed out. With this program, thoughsient a hundred minutes a day for a
solid eight weeks at the computer. He loved doiragnd loved the scoring system
because he could see himself going up, up, ups'ls@ymother. As he improved, he
became able to perceive inflections in speechbegtter at reading the emotions of

others, and became a less anxious child. "So mhuhged for him. When he brought his
midterms homehe said, It is better than last year, Mommy.' Hgdpebringing home A and

B marks on his papers most of the time—a noticediflerence ... Now it's 'l can do this.

This is my grade. | can make it better." | feetlikhad my prayer answered, it's done so much
for him.

It's amazing." A year later he continues to improve
Merzenich's team started hearing that Fast ForWord was

having a number of spillover effects. Children'adhariting improved. Parents reported
that many of the students were starting to showagwesd attention and focus. Merzenich
thought these surprising benefits were occurrinrcpbseFast ForWorded to some
general improvements in mental processing.

One of the most important brain activities—one wa'tdoftenthink about—is the
determination of how long things go on, or

temporal processing. You can't move properly, peecproperly, or predict properly if you
can't determine how long events lagerzemch discovered that when you train people to
distinguish very fast vibrations on their skin,tiag only 75 milliseconds, these same people
could detect 75-milliseconsbundsas well. It seemed th&tast ForWordwas improving the
brain's general ability to keep tinfBometimes these improvements spilled over intcavisu
processing as

well. BeforeFast ForwWordwhen Willy was given a game that asked
which items are out of place—a boot up in the toee tin can on the

roof—his eyes jumped all over the page. He wasdgryo see the



whole page instead of taking in a little sectiom éitme. At school hekipped lines when he
read. AfterFast ForWordhis eyes no longer jumped around the page, anchkeable to focus
his visual attention.

A number of children who took standardized teststbhafter completindg-ast ForwWordshowed
improvements not only in language, speaking, aading, but in math, science, and social
studies as well. Perhaps these children were hpattiiat was going on in class better or were
better able to read—but Merzenich thought it miglimore complicated.

"You know," he says, "IQ goes up. We used the madst, which is aisual-basedneasurement
of IQ—and 1Q goes up."”

The fact that aisualcomponent of the IQ went up meant that the 1Q imenaents were not
caused simply becausast ForWordimproved the children's ability to read verbal mséstions.
Their mental processing was being improved in a&grway, possibly because their temporal
processing was improving. And there were other paeted benefits. Some children with autism
began to make some general progress.

The mystery of autism—a human mind that cannot emecof other minds—is one of the most
baffling and poignant in psychiatry

and one of the most severe developmental disoadefsildhood. It ;s called a "pervasive
developmental disorder,” because so many aspedesvefopment are disturbed:
intelligence, perception, socializing skills, laiage, and emotion.

Most autistic children have an 1Q of less thanTiey have major problems connecting
socially to others and may, in severe cases, peale like inanimate objects, neither
greeting them nor acknowledging them as human be#igtimes it seems that autistics
don't have a sense that "other minds" exist imtbed. They also have perceptual
processing difficulties and are thus often hypesgsme to sound and touch, easily
overloaded by stimulation. (That may be one reasdistic children often avoid eye
contact: the stimulation from people, especiallyewltcoming from many senses at once,
is too intense.) Their neural networks appear touderactive, and many of these children
have epilepsy.

Because so many autistic children have languagairmpnts, clinicians began to
suggest th&ast ForWordprogram for them. They never anticipated what migigpen.
Parents of autistic children who dt@st ForWordtold Merzenich that their children
became more connected socially. He began asking, the children

simply being trained to be more attentive listeAgkad he was fascinated by the fact that
with Fast ForWordboth the language symptoms and the autistic syngpgaamed to be
fading together. Could

this mean that the language and autistic probleere different expressions of a
common problem?



Two studies of autistic children confirmed what lelamich had been hearing. One, a
language study, showed th&dst ForWordquickly moved autistic children from severe
language impairment to the normal range. But amqihet study of one hundred autistic

children showed thdtast ForWordhad a significant impact on

their autistic symptoms as well. Their attentioarspimproved. Their sense of humor
improved. They became more connected to peopley déeeloped better eye contact,
began greeting people

and addressing them by name, spoke with them, @iddysod-bye at the end of their
encounters. It seemed the children were begintoirgperience the world as filled with other
human minds.

Lauralee, an eight-year-old autistic girl, was diagnosed
with moderate autism when she was three. Even afghtiyear-old

she rarely used language. She didn't answer todree, and to her parents, it seemed she
was not hearing it. Sometimes she wapdak, but when she did, "she had her own language,
says hemother, "which was often unintelligible,” If she mtad juice, she didn't ask for it.

She would make gestures and pull her parentstoube cabinets to get things for her.

She had other autistic symptoms, among them tteditiep movements that autistic children
use to try to contain their sense of being overmieel. According to her mother, Lauralee had
"the whole works—the flapping of the hands, toekival, a lot of energy, biting. And she
couldn't tell me what she was feeling."

She was very attached to trees. When her paresktr walking in the evening to burn off
energy, she'd often stop, touch a tree, hug it spedk to it.

Lauralee was unusually sensitive to sounds. "Skéblmmic ears," says her mother. "When she
was little, she would often cover her ears. Shédruitolerate certain music on the radio, like
classical and slow music." At her pediatriciancefshe heard sounds from the floor upstairs
that others didn't. At home she would go over tdimks, fill them with water, then wrap herself
around the pipes, hugging them, listening to theema@rain through them.

Lauralee's father is in the navy and served ifrdggwar in 2003. When the family was
transferred to California, Lauralee was enrolled jpublic school with a special-ed class that
usedFast For-Word.The program took her about two hours a day forteigleks to complete.

When she finished it, "she had an explosion inlagg," says

her mother, "and began to speak more and use ctargaetences. She could tell me
about her days at school. Before | would just &agl,you have a good day or a bad day?'



Now she was able to say what she did, and she rbarechdetails. If she got into a bad
situation, she would be able to tell me, and | wlatilhave to prompt her to get it out of
her. She also found it easier to remember thirlgautalee has always loved to read, but
now she is reading longer books, non-fiction aredehcyclopedia. "She is listening to
quieter sounds now and can tolerate different sednman the radio,” says her mother. "It
was an awakening for her. And with the better comigation, there was an awakening
for all of us. It was a big blessing."

Merzenich decided that to deepen his understarafiagtism and its many
developmental delays, he would have to go backedab. He thought the best way to go
about it was first to produce an "autistic animabre that had multiple developmental
delays, as autistic children do. Then he couldystudnd try to treat it.

As Merzenich began to think through what he célés"infantile catastrophe™ of autism,
he had a hunch that something might be going wiemgfancy, when most critical
periods occur, plasticity is at its height, andassive amount of development should be
occurring. But autism is largely an inherited cdiwdh. If one identical twin is

autistic, there is an 80 to 90 percent chance tter dwin will be as

well. In cases ohonidentical twins, where one is autistic, the norguti

tic twin will often have some language and socrabtems.

Yet the incidence of autism has been climbing steggering rate

that can't be explained by genetics alone. Whewdhdition was first recognized over
forty years ago, about one in 5,000 peopleihadbw it is fifteen in 5,000. That number
has risen partly because

autism is more often diagnosed, and because soideechare labeled mildly autistic to get

public funding for treatment. "But" sayderzenich, "even when all of the corrections are
made by very hard-assed epidemiologists, it loidesit's about a threefold increase over

the last fifteen years. There is a world emergehayrelates to risk factors for autism."

He has come to think it likely that an environméifdator affects the neural circuits in
these children, forcing the critical periods totsthown early, before the brain maps are
fully differentiated. When we are born, our braiaps are often "rough drafts," or
sketches, lacking detailndifferentiatedin the critical period, when

the structure of our brain maps is literally gagtshaped by our first worldly experiences, the
rough draft normally becomes detailed and diffaedetl,



Merzenich and his team used micromapping to showrhapsin newborn rats are formed
in the critical period. Right after birth, at

the beginning of the critical period, auditory maygesre undifferentiated, with only two
broad regions in the cortex. Half of the map resieaitoany high-frequency sound. The
other half responded emylow-frequency sound.

When the animal was exposed to a particular frecyudaring the critical period, that
simple organization changed. If the animal was aisgmly exposed to a high C, after a
while only a few neurons would turn on, becomsedectivefor high C. The same would
happen when the animal was exposed to a D, E,d/s@on. Now the map, instead of
having two broad areas, had many different areas) e2sponding to different notes. It
was now differentiated.

What is remarkable about the cortex in the critpeiod is that it is so plastic that its
structure can be changed just by exposing it to stevwli. That sensitivity allows babies
and very young children in the critical period ahguage development to pick up new
sounds and words effortlessly, simply by heariregrtharents speak; mere exposure
causes their brain maps to wire in the changegr Alfie critical period older children and
adults can, of course, learn languages, but thelyreave toworkto pay attention. For
Merzenich, the difference between critical-peridasficity and adult plasticity is that in
the critical period the brain maps can be changstly

being exposed to the world because "the learninchimary is continuously on."

It makes good biological sense for this "machineiyays to be on because babies can't
possibly know what will be important in life, scethpay attention to everything. Only a
brain that is already

ewhat organized can sort out what is worth payttenéion to.

The next clue Merzenich needed in order to undedséatism came from a line of
research that was originated during the Second d\Nvdr, in Fascist Italy, by a young
Jewish woman, Rita Levi-Montalcini, while in hidinigevi-Montalcini was born in Turin
in 1909 and attended medical school there. In 1888n Mussolini barred Jews from
practicing medicine and doing scientific reseastte fled to Brussels to continue her
studies; when the Nazis threatened Belgium, shé gk to Turin and built a secret
laboratory in her bedroom, to study how nerves fdarging microsurgical equipment
from sewing needles. When the Allies bombed Turit940, she fled to Piedmont. One
day in 1940, traveling to a small northern Itahaltage in a cattle car that had been
converted into a passenger train, she sat dowhefidor and read a scientific paper by
Viktor Hamburger, who had been doing pioneeringknar the development of neurons
by studying chick embryos. She decided to repedteaitend his experiments, working
on a table in a mountain house with eggs from alltazmer. When she finished each



experiment, she ate the eggs. After the war Hangsungited Levi-Montalcini to join
him and his researchers in St. Louis to work on

their discovery that the nerve fibers of chicksigfaster in the presence of tumors from
mice. Levi-Montalcini speculated that the tumor htige releasing a substance to
promote nerve growth. Withiochemist Stanley Cohen she isolated the proésipansible
andCalled it nerve growth factor, or NGF. Levi-Montaicand Cohemwere awarded the
Nobel Prize in 1986.

Levi-Montalcini's work led to the discovery of amber of such

nerve growth factors, one of which, brain-derivedimotrophic factor, or BDNF, caught
Merzenich's attention.

BDNF plays a crucial role in reinforcing plasticaciges made in the brain in the critical
period. According to Merzenich, it does thisfour different ways.

When we perform an activity that requires speciicirons to fire together, they release
BDNF. This growth factor consolidates the

connections between those neurons and helps tdivéne together so they fire together
reliably in the future. BDNF also promotes the

growth of the thin fatty coat around every neuroat speeds up the
transmission of electrical signals.

During the critical period BDNF turns on the nuddiasalis, the part of our brain that
allows us to focus our attentiorard keeps it

on, throughout the entire critical perio@nce turned on, the nucleus basalis helps us not
only pay attention but remember what we are expeiig. It allows map differentiation
and change to take place effortlessly. Merzenitthriwe, "It is like a teacher in the brain
saying, 'Nowthisis really important—this you have to know for theam of life."
Merzenich calls the nucleus basalis and the atterstystem the "modulatory control
system of plasticity"—the neurochemical system,théien turned on, puts the brain in
an extremely plastic state. The fourth and finalise that BDNF performs—when it has
completed strengthening key connections—is to blelpe down the critical period. Once
the main neuronal connections are laid down, tiseaeneed for stability and hence less
plasticity in the system. When BDNF is releasedufficient quantities, it turns off the
nucleus basalis and ends that magical epoch atlee learning. Henceforth the nucleus
can be activated only when something importanprising, or novel occurs, or if we
make the effort to pay close attention.



Merzenich's work on the critical period and BDNHRpleel him develop a theory
that explains how so many different problems

could be part of a single autistic whole. During thitical period, he argues, some situations
overexcite the neurons in children who have genmasgredispose them to autism, leadinthi®
massive, premature release of BDNi#stead oimportantconnections being reinforceal)
connections are. So much BDNF is released thatristoff the critical period prematurely,
sealing all these connections in place, and thd chleft with scores of undifferentiated brain
maps and hence pervasive developmental disordeed. Grains are hy-perexcitable and
hypersensitive. If they hear one frequency, theleaaditory cortex starts firing. This is what
seemed to be happening in Lauralee, who had ta ¢mre'bionic” ears when she heard music.
Other autistic children are hypersensitive to toat feel tormented when the labels in their
clothes touch their skin. Merzenich's theory algol&ns the high rates of epilepsy in autism:
because of BDNF release, the brain maps are pdifftyentiated, and because so many
connections in the brain have been indiscriminateiyforced, once a few neurons start firing,
the whole brain can be set off. It also explaing ahtistic children have bigger brains—the
substance increases the fatty coating around timeng

If BDNF release was contributing to autism and leage problems, Merzenich needed to
understand what might cause young neurons to getégcited" and release massive amounts of
the chemical.

Several studies alerted him to how an environmdatabr might
contribute. One disturbing study showed that tse children lived

to the noisy airport in Frankfurt, Germany, theer their intelligence was. A similar study, on
children in public housing high-rises above

the Dan Ryan Expressway in Chicago, found thatkbeer their floomwas to the highway, the
lower their intelligence. So Merzenich began woirgabout the role of a new environmental
risk factor that might affect everyone but have@emamaging effect on genetically

predisposed children; the continuous backgrounsgenibom machines, sometimes called
white noise. White noise consists of mdigguencies and is very Stimulating to the auditory
cortex.

"Infants are reared in continuously more noisy esninents. There is always a din," he says.
White noise is everywhere now, coming from faneun electronics, air conditioners,
heaters, and car engines. How would such noisetdffe developing brain? Merzenich
wondered.

To test this hypothesis, his group exposed rat pupsises ofvhite noise throughout their
critical period and found that the pups’



cortices were devastated.

"Every time you have a pulse,” Merzenich says, "giexciting
everything in the auditory cortex—every neuron."nsany neurons
firing results in a massive BDNF release. And asrhodel predicted,

this exposure brings the critical period to a premeaclose. The animals are left with
undifferentiated brain maps and utterly indiscriaténneurons that get turned on by any
frequency.

Merzenich found that these rat pups, like autistitdren, were predisposed to epilepsy, and
exposing them to normal speech caused them todmleptic fits. (Human epileptics find that
strobe lights at rock concerts set off their sadgufStrobes are pulsed emissions of white light and
consist of many frequencies as well.) Merzenich had his animal model for autism.

Recent brain scan studies now confirm that autistildren do indeed process sound in an
abnormal way. Merzenich thinks that the undiffeiaet] cortex helps to explain why they have
trouble learning, because a child with an undifiéieeed cortex has a very difficult time paying
attention. When asked to focus on one thing, tbh#dren experience booming, buzzing
confusion—one reason autistic children often wiglndfrom the world and develop a shell.
Merzenich thinks this same problem, in a mildenfomay contribute to more common attention
disorders.

Now the question for Merzenich was, could anythieglone to normalize undifferentiated brain
maps after the critical period? If he and his teaid do so, they could offer hope for autistic
children.

Using white noise, they first dedifferentiated thelitory maps of rats. Then, after the
damage was done, they normalized and rediffereatigite maps using very simple tones,
one at a time. With training, in fact, they brougtg¢ maps to an above-normal range.
"And that," says Merzenich, "is exactly what we t@iying to do in these autistic
children." He is currently developing a modificatiof ForWordthat is designed for
autism, a refinement of the program that helpeddlae.

What if it were possible to reopen critical-permdsticity, so that adults could pick up
languages the way children do, just by being exgpp¢ps¢hem? Merzenich had already
shown that plasticity extends into adulthood, drat with work—by paying close
attention—we can rewire our brains. But now he a&sng, could the critical period of
effortless learning be extended?

Learning in the critical period is effortless besawuring that period the nucleus basalis
is always on. So Merzenich and his young colleddiohael Kilgard set up an
experiment in which they artificially turned on thacleus basalis in adult rats and gave
them learning tasks where they wouldn't have togigntion and wouldn't



receive a reward for learning.

They inserted microelectrodes into the nucleuslizagad used an electric current to
keep it turned on. Then they exposed the ratStéla sound frequency to see if they
could effortlessly develop a

brain map location for it, the way pups do durihg tritical periodAfter a week Kilgard
and Merzenich found they coutdassivelyexpand the brain map for that particular sound
frequency. They had found an artificial way to reophe critical period in adults.

They then used the same technique to get the torgipeed up

its processing time. Normally an adult rat's augfliteeurons caonly respond to tones at a
maximum of 12 pulses per second. By

stimulating the nucleus basalis, it was possiblethucate" the neurons to respond to ever
more rapid inputs.

This work opens Up the possibility of high-speeatteng later in life. The nucleus
basalis could be turned on by an electrode, byaimpctions of certain chemicals, or by
drugs. It is hard to imagine that people will nob+better or for worse—be drawn to a
technology that would make it relatively effortléesmaster the facts of science, history,
or a profession, merely by being exposed to them

briefly. Imagine immigrants coming to a new counimgw able to
pick up their new language, with ease and without@cent, in a
matter of months. Imagine how the lives of oldenge who have

been laid off from a job might be transformedhiéy were able to learn a new skill with
the alacrity they had in early childhood. Such reghes would no doubt be used by high
school and university Students in their Studiesiar@bmpetitive entrance exams.
(Already many students who do not have attentidititidisorder use stimulants to
study.) Of course, such aggressive interventiomghhtiave unanticipated, adverse
effects on the brain—not to mention our abilitydiscipline ourselves—but they would
likely be pioneered in cases of dire medical nedtre people are willing to take the
risk. Turning on the nucleus basalis might helprbmajured patients, so many of whom
cannot relearn the lost functions of reading, wgtispeaking, or walking because they
can't pay close enough attention.

Merzenich has started a new company, Posit Scigeseted to helping people preserve
the plasticity of their brains as they age andretdeir mental lifespans. He's sixty-one
but is not reluctant about calling himself oldldVe old people. I've always loved old



people. Probably my favorite person was my pategraaidfather, one of the three or four
most intelligent and interesting people

I've met in life." Grandpa Merzenich came from Gany at nine on one of the last
clipper ships. He was self-educated, an architedtaabuilding contractor. He lived to be
seventy-nine, at a time when life expectancy wasatito forty.

"It's estimated that by the time someone who ig/dixe now dies, the life expectancy
will be in the late eighties. Well, when you argley-five, there is a forty-seven percent
chance that you will have Alzheimer's disease.'lddghs. "So we've created this bizarre
situation in which we are keeping people alive lengugh so that on the average, half of
them get the black rock before they die. We'vetgalo something about the mental
lifespan, to extend it out and into the body'ssifan."

Merzenich thinks our neglect of intensive learnasgwve age leads the systems in the
brain that modulate, regulate, and control platstii@ waste away. In response he has
developed brain exercises for age-related cogniteaine—the common decline of
memory, thinking, and processing speed.

Merzenich's way of attacking mental decline isddwith mainstream neuroscience.
Tens of thousands of papers, written about theipalyand chemical changes that occur
in the aging brain, describe processes that occnearons die. There are many drugs on
the market and scores of drugs in the pipelinegthesi to block

these processes and raise levels of falling chésnicahe brain. Yet,

Merzenich believes that such drugs, worth billionsales, provide only about four to six
months of improvement.

"And there is something really wrong about all thige says. "It

all neglects the role of what is requiredstestainnormal skills andbilities... It is as if your
skills and abilities, acquired in the brain at soyoang age, are just destined to
deteriorate as the physical brain deterioratese' mhainstream approach, he argues, is
based on no real understanding of what it takelet@lop a new skill in the

brain, never mind to sustain it. "It is imagined $ays, "that if you

manipulate the levels of the right neurotransmittethat memory

will be recovered, and cognition will be usefuldahat you will start moving like a
gazelle again."



The mainstream approach doesn't take into accolbat i required to maintain a sharp
memory. A major reason memory loss occurs as wesdagat we have trouble
registeringnew events in our nervous systems, because progessted slows down, so
that the accuracy, strength, and sharpness witbhwké perceive declines. If you can't
register something clearly, you won't be able toember

it well.

Take one of the most common problems of agingbtefinding words. Merzenich
thinks this problem often occurs because of

the gradual neglect and atrophy of the brain'satteal system and nucleus basalis,
which have to be engaged for plastic change torodtus atrophy leads to our
representing oral speech with "fuzzy engrams," nmggthat the representation of sounds
or words is not sharp because the neurons thatlertbese fuzzy engrams are not firing
in the coordinated, quick way needed to send a gal&harp signal. Because the
neurons that represent speech pass on fuzzy signallsthe neurons downstream from
them ("muddy in, muddy out") we also have troul@emembering, finding, and using
words. It is similar to the problem we saw occugrin the brains of language-impaired
children, who also have "noisy brains."

When our brains are "noisy," the signal for a neanmary can't compete against the
background electrical activity of the brain, cagsi"signal-noise problem."”

Merzenich says the system gets noisier for twooreadirst because as everyone knows,
"everything is progressively going to hell.” Bubh&main reason it is getting noisier is
that it is not being appropriately exercised." Hueleus basalis, which works by
secreting acetylcholine—which, as we said, helpstiain "tune in" and form sharp
memories—has been totally neglected. In a perstmmild cognitive impairment the
acetylcholine produced in the nucleus basalis issmen measurable.

"We have an intense period of learning in childhdédery day is a day of new stuff.
And then, in our early employment, we are intengelgaged in learning and acquiring
new skills and abilities. And more and more as vagpess in life we are operating as
users of mastered skills and abilities.”

Psychologically, middle age is often an appealimg tbecause, all else being equal, it
can be a relatively placid period compared with tWes come before. Our bodies aren't
changing as they did in adolescence; we're moedylio have a solid sense of who we
are and be skilled at a career. We still regardelues as active, but we have a tendency
to deceive ourselves into thinking that we arerlgdy as we were before. We rarely
engage in tasks in which we must focus our attardg®closely as we did when we were
younger, trying to learn a new vocabulary or masesw skills. Such activities as reading
the newspaper, practicing a profession of manysyeanrd speaking our own language are



mostly the replay of mastered skills, not learniBg.the time we hit our seventies, we
may not have systematically engaged the systettieibrain that regulate plasticity for
fifty years.

That's why learning a new language in old age igazal for improving and maintaining
the memory generally. Because it requires inteosed, studying a new language turns
on the control system for plasticity and keepa igood shape for laying down sharp
memories of all kinds. No douBtast ForWordis responsible for so many general
improvements in thinking, in part because it stiabes the control system for plasticity to
keep up its production of acetylcholine

and dopamine. Anything that requites highly focuagdntion will

help that system—Ilearning new physical activities require concentration, solving
challenging puzzles, or making a career changedogiires that you master new skills
and material. Merzenich

himself is an advocate of learning a new languag®d age. "You will gradually sharpen
everythingup again, and that will be very highbgneficial to you."

The same applies to mobility. Just doing the dagoedearned years ago won't help your
brain's motor cortex stay in shape, To keep tharalive requires learning something truly
newwith intense focus. That is what will allow youlioth lay down new memories and have
a system that can easily access and preservedéeanies.

The thirty-six scientists at Posit Science are waylon five areas

that tend to fall apart as we age. The key in dielg exerciseds to give the brain the
right stimuli, in the right order, with the rightrting to drive plastic change. Part of the
scientific challenge is to find the most efficiewdy to train the brain, by finding mental
functions to train that apply to real life.

Merzenich told me, "Everything that you can seepeapn a young brain can happen in
an older brain."” The only requirement is that teespn must have enough of a reward, or
punishment, to keep paying attention through whghbhotherwise be a boring training
session. If so, he says, "the changes can be biteayg great as the changes in a
newborn."

Posit Science has exercises for memory of worddargliage, usingast ForWordlike
listening exercises and computer games for audit@yory designed for adults. Instead
of giving people with fading memories lists of wertd memorize, as many self-help
books recommend, these exercises rebuild the bizasic ability to process sound, by
getting people to listen to slowed, refined spesmimds. Merzenich doesn't believe you
can improve a fading memory by asking people tahat they can't. "We don't want to
kick a dead horse with training,” he says. Adutissdercises that refine their ability to



hear in a way they haven't since they were in theto/ing to separate out Mother's
voice from background noise. The exercises incrpeseessing speed and make basic
signals stronger, sharper, and more accurate, \stiiteilating the brain to produce the
dopamine and acetylcholine.

Various universities are now testing the memory@ses, using standardized tests of
memory, and Posit Science has published

its first control study in th€roceedings of the National Academy of Science8, US
Adults between the ages of sixty and eighty-sexa&néd on the auditory memory
program an hour a day, five days a week, for eiglen weeks—a total of forty to fifty
hours of exercises. Before the training, the subjemctioned on average like typical
seventy-year-olds on standard memory tests. Aftes; functioned like people in the
broad forty-to-sixty-year-old range. Thus, manyed back their memory clock ten or
more years, and some individuals turned it backiabeenty-five years. These
improvements held at a three-month follow-up. Augrat the University of California at
Berkeley, led by William Jagust, did "before" aradtér" PET (positron emission
tomography) scans of people who underwent theitrgjrand found that their brains did
not show the signs of "metabolic decline"—neuroragigally becoming less active—
typically seen in people of their age. The studpaompared seventy-one-year-old
subjects who used the auditory memory program thibse of the same age who spent
the same amount of time reading newspapers, liggeniaudiobooks, or playing
computer games. Those who didn't use the programeshsigns of continuing
metabolic decline in their frontal lobes, while $eowvho used it didn't. Rather, program
users showed increased metabolic activity in theit parietal lobes and in a number of
other brain areas, which correlated with theirdrgberformance on memory and
attention tests. These studies show that brairceses not only slow age-related
cognitive decline but can lead to improved fundtign And keep in mind that these
changes were seen

with only forty to fifty hours of brain exercisd;may be that withmore work, greater
change is possible.

Merzenich says they have been able to turn backltiod& on people's cognitive
functioning so that their memories, problem-

solving abilities, and language skills are moretigéul again. "We'variven people to
abilities that apply to a much more youthful persdawenty or thirty years of reversal.
An eighty-year-old is

acting, operationally, like they are fifty or sixygars old,” These exercises are now
available in thirty independent-living communities



and for individuals through the Posit Science Wéh s

Posit Science is also working on visual processisgwe age, we stop seeing clearly, not
just because our eyes fail but because the visioregsors in the brain weaken. The
elderly are more easily distracted and more prorese control of their "visual

attention." Posit Science is developing computerazes to keep people on

task and speed up visual processing by asking &shife search for various objects on a
computer screen.

There are exercises for the frontal lobes that stpur "executive functions” such as
focusing on goals, extracting themes from what ere@ve, and making decisions.
These exercises are also designed to help pedeigotae things, follow complex
instructions, and strengthen associative memorigiwielps put people, places, and
things into context.

Posit Science is also working on fine motor contAd we age, many of us give up on
tasks such as drawing, knitting, playing musicatmmments, or woodworking because
we can't control the fine movements in our handi&sg exercises, now being developed,
will make fading hand maps in the brain more precis

Finally, they are working on "gross motor contra,function that declines as we age,
leading to loss of balance, the tendency to falll difficulties with mobility. Aside from
the failure of vestibular processing, this decimeaused by the decrease in sensory
feedback from our feet. According to Merzenich,es)avorn for decades, limit the
sensory feedback from our feet to our brain. Ifweant barefoot, our brains would
receive many different kinds of input as we wergrowneven surfaces. Shoes are a
relatively flat platform that spreads out the stiinand the surfaces we walk on are
increasingly artificial and perfectly flat. Thisads us to dedifferentiate the maps for the
soles of our feet and limit how touch guides owtfo

control. Then we may start to use canes, walkersrutches or rely on other senses to steady
ourselves. By resorting to these compensationeddsbf exercising our failing brain systems, we
hasten their decline.

As we age, we want to look down at our feet whildking down stairs or on slightly challenging
terrain, because we're not getting much informaftiom our feet. As Merzenich escorted his
mother-in-law down the stairs of the villa, he wtder to stop looking down and start feeling her
way, so that she would maintain, and develop, émsay map for her foot, rather than letting it
waste away.

Having devoted years to enlarging brain maps, Mechamow believes there are times
you want to shrink them. He has been working oreltging a mental eraser that can eliminate a
problematic brain map. This technique could berehguse for people who have post-traumatic



flashbacks, recurring obsessional thoughlmbias, or problematic mental associations. Of
course, its potentidbr abuse is chilling.

Merzenich continues to challenge the view that meséuck with the brain we have at birth. The
Merzenich brain is structured by tonstant collaboration with the world, and it ig naly
the parts of the brain most exposed to the woddh s our senses, that are shaped by
experience. Plastic change, caused by our experigrawels deep into the brain and
ultimately even into our genes, molding them ad-waltopic to which we shall return.
This Mediterranean-style villa where he spends somtime sits among low mountains.

He has just planted his own vineyard, and we waiéugh it. At night we talk about his
early years studying philosophy, while four generat of his spirited family

tease each other, breaking into peals of laugBterthe couch sits Merzenich's latest
grandchild, just a few months old and in the mafsnany critical periods. She makes
everyone around her happy because she is suchdaagdeénce, You can coo at her, and she
listens, thrilled. You tickle her toes, and sheaspletely attentive. As she

looks around the room she takes in everything.

4

Acquiring Tastes and Loves
What Neuroplasticity Teaches Us About Sexual Attraction and Love

A. was a single, handsome young man who came tbet@use he was depressed. He had
just gotten involved with a beautiful

woman who had a boyfriend, and she had begun twueage him

to abuse her. She tried to draw A. into actingsaxual fantasies in

which she dressed up as a prostitute, and he wigekio charge" of

her and become violent in some way. When A. begded an

alarming wish to oblige her, he got very upsetkbrib off, and

sought treatment. He had a history of involvemeith womenwho were already attached

to other men and emotionally out of control. Hidfgends had either been demanding
and possessive or castratingly cruel. Yet these e women who thrilled him.



"Nice" girls, thoughtful, kind women, bored him,dahe felt that any woman who fell in love
with him in a tender, uncomplicatecay was defective.

His own mother was a severe alcoholic, frequerglgdy, seductive, and given to emotional
storms and violent rages throughout his childh@odecalled her banging his sister's head
against the radiator and burning his stepbrotiiagers as a punishment for playing with
matches. She was frequently depressed, often émiagtsuicide, and his role was to be on
the alert, calm her, and prevent her.

His relationship with her was also highly seriatiz8he wore see-through nighties and talked
to him as though he were a lover. theught he recalled her inviting him into her bed
when he was a child and had an image of himséifigitvith his foot in her vagina while
she masturbated. He had an exciting but furtiverige@bout the scene. On the rare
occasions when his father, who had retreated frisnwifie, was home, A. recalled

himself as "perpetually short of breath,"” and tgyia stop fights between his parents,
who eventually divorced.

A. spent much of his childhood stifling his ragéath parents and often felt like a
volcano about to burst. Intimate relationships ssiike forms of violence, in which
others threatened to eat him alive, and yet byithe he had passed through childhood, it
was for women who promised to do just that, andnthne, that he had acquired an
erotic taste.

Human beings exhibit an extraordinary degree ofigkplasticity compared with other
creatures. We vary in what we like to do with oartpers in a sexual act. We vary where
in our bodies we experience sexual excitement atisfagction. But most of all we vary

in whom or what we are attracted to. People oftgntisey find a particular "type"”
attractive, or a "turn-on," and these types vamnensely from person to person.

For some, the types change as they go througtrelitf@eriods and have new
experiences. One homosexual man had successitiemslavith men from one race or
ethnic group, then with those from another, andacoh period he could be attracted only
to men in the

group that was currently "hot." After one periodswaver, he could never be attracted to a man
from the old group again. He acquired a tasteHesé "types" in quick succession and seemed
more smitten by the person's category or type (iBsians" or "African-Americans") than by the
individual. The plasticity of this man's sexualtéaexaggerates a general truth: that the human
libido is not a hardwired, invariable biologicaberbut can be curiously fickle, easily altered by
our psychology and the history of our sexual entensn And our libido can also be finicky.

Much scientific writing implies otherwise and degithe sexual instinct as a biological
imperative, an ever-hungry brute, always demandaiigfaction—a glutton, not a gourmet. But
human beings are more like gourmets and are dratypés and have strong preferences; having



a "type" causes us to defer satisfaction until we fvhat we are looking for, because attraction to
a type is restrictive: the person who is "reallsned on by blondes" may tacitly rule out brunettes
and redheads.

Even sexual preference can occasionally changeugrhsome scientists increasingly emphasize
the inborn basis of our sexual preferences, ilsis Biuue that some people have heterosexual
attractions for part of their lives—with no histasf/bisexuality—and then "add on" a
homosexual attraction and vice versa.

Sexual plasticity may seem to have reached itdhh@ighose who have had many different
partners, learning to adapt to each new loverthiok of the plasticity required of the aging
married couple with a good sex life. They lookedydifferent in their twenties, when they met,
than they do in their sixties, yet their libidoguesd,

so they remain attracted.

But sexual plasticity goes further still. Fetishidesire inanimate objects. The male fetishist can
be more excited by a high-heeled shoe with a fr, tor by a woman's lingerie, than by a real
woman. Since ancient times some human beings &h aveas have

had intercourse with animals. Some people seera tithacted not

so much to people as to complex sexual scriptsravbartners play

roles, involving various perversions, combiningisad masochism, voyeurism, and
exhibitionism. When they place an ad in the persona

the description of what they are looking for iroadr often sounds more like a job
description than like that of a person they woikd to know.

Given that sexuality is an instinct, and instirsctraditionally defined as a hereditary
behavior unique to a species, varying little frone asnember to the next, the variety of
our sexual tastes is curious. Instincts generalijst change and are thought to have a
clear, non-negotiable, hardwired purpose, sucluasval. Yet the human sexual

"Instinct" seems to have broken free of its corgopae, reproduction, and varies to a
bewildering extent, as it does not in other animialsvhich the sexual instinct seems to
behave itself and act like an instinct. No othetiirct can so satisfy without
accomplishing its biological purpose, and no othstinct is so disconnected from its
purpose. Anthropologists have shown that for a kimg humanity did not know that
sexual intercourse was required for reproductidms Tfact of life" had to be learned by
our ancestors, just as children must learn it todiays detachment from its primary
purpose is perhaps the ultimate sign of sexuatipis

Love too is remarkably flexible, and its expresdmas changed through history. Though
we speak of romantic love as the moatural of sentiments, in fact the concentration of



our adult hopes for intimacy, tenderness, anditushe person until death do us part is
not common to all societies and has only recerglyome widespread in our own. For
millennia most marriages were arranged by paremtprictical reasons. Certainly, there
are unforgettable stories of romantic love linkedrtarriage in the Bible, as in the Song
of Songs, and linked to disaster in medieval trolgo@a poetry and, later, in Shakespeare.
But romantic love began to gain social approvahmaristocracies and courts of Europe
only in the twelfth century— originally between anmarried man and a married
woman, either

adulterous or unconsummated, usually ending b&tiy with the spread of democratic ideals of
individualism did the idea that lovers ought todiéde to choose spouses for themselves take
firmer hold and gradually begin to seem completeliural and inalienable.

It is reasonable to ask whether our sexual plagtigirelated to neuroplasticity. Research has
shown that neuroplasticity is neither ghettoizethimi certain departments in the brain nor
confined to the sensory, motor, and cognitive pssitey areas we have already explored. The
brain structure that regulates instinctive behayiorcluding sex, called the hypothalamus, is
plastic, as is the amygdala, the structure thatqeses emotion and anxiety. While some parts of
the brain, such as the cortex, may have more plpstential because there are more neurons and
connections to be altered, even noncortical arespdag plasticity. It is a property of all brain
tissue. Plasticity exists in the hippocampus (tlea @hat turns our memories from short-term to
long-term ones) as well as in areas that controboeathing, process primitive sensation, and
process pain. kxists in the spinal cord—as scientists have shawtar Christopher

Reeve, who suffered a severe spinal injury, dennatest such plasticity, when he was
able, through relentless exercise, to recover some

feeling and mobility seven years after his accidelterzenich puts it this way: "You cannot
have plasticity in isolation ... it's an absolutebssibility." His experiments have shown
that if one brain system changes, those systemtected to it change

as well. The same "plastic rules"—use it or loseritneurons that fire together wire together—
apply throughout. Different areas of the brain winttlbe able to function together if that weren't
the case.

Do the same plastic rules that apply to brain niapise sensory, motor, and language cortices
apply to more complex maps,

such as those that represent our relationshipaasexk otherwise? Merzenich has also
shown that complex brain maps are governethbgame plastic principles as simpler maps.
Animals exposed to a

simple tone will develop a single brain map redimprocess it. Animals exposed to a
complex pattern, such as a melody of six tones,neilsimply link together six different map



regions but will develop a. region that encodestiitere melody. These more complex melody
maps obey the same plastic principles as mapsriglestones.

"The sexual instincts," wrote Freud, "are noticeablus for
their plasticity, their capacity for altering thaiims." Freud was not

the first to argue that sexuality was plastic—Blaidis dialogue on love, argued that human
Eros took many forms—but Freud laid flee@ndations for a neuroscientific understanding of
sexual and romantic plasticity.

One of his most important contributions was higolry of critical periods for sexual plasticity.
Freud argued that an adult's ability to love intehaand sexually unfolds in stages, beginning in
the infant's first passionate attachments to itemga. He learned from his patients, and from
observing children, that early childhood, not piyperas the first critical period for sexuality and
intimacy, and that children are capable of pass@maotosexual feelings— crushes, loving
feelings, and in some cases even sexual exciteme/, was. Freud discovered that the sexual
abuse of children is harmful because it influertbescritical period of sexuality in childhood,
shaping our later attractions and thoughts aboutGeildren are needy and typically develop
passionate attachments to their parents. If thenpds warm, gentle, and reliable, the child will
frequently develop a taste for that kind of relasbip later on; if the parent is disengaged, cool,
distant, self-involved, angry, ambivalent, or éo;athe child may seek out an adult mate who has
similar tendencies. There are exceptions, butrafgignt body of research now confirms Freud's
basic insight that early patterns of relating attaching to others, if problematic, can get "wired"
into our brains in childhood and repeated in adulth Many aspects of the sexual script that A.
played out when he first came to see me were tapetiof his trau-

matic childhood situation, thinly disguised—suctasbeing attracted to an unstable woman
who crossed normal sexual boundaries in furtivatia@hships, where hostility and sexual
excitement were merged, while the woman's offipatner was cuckolded and threatening to
reenter the scene.

The idea of the critical period was formulated agbthe time Freud started writing about sex and
love, by embryologists who observed that in the gmithe nervous system develops in stages,
and that if these stages are disturbed, the amim@rson will be harmed, often catastrophically,
for life. Though Freud didn't use the term, whashil about the early stages of sexual
development conforms to what we know about critpEiods. They are brief windows of time
when new brain systems and maps develop with tlpedfistimulation from the people in one's
environment.

Traces of childhood sentiments in adult love andiakty are detectable in everyday behaviors.
When adults in our culture have tender foreplaexgress their most intimate adoration, they
often call each other "baby" or "babe." They usmgeof endearmenhat their mothers used
with them as children, such as "honey" and

"sweetie pie," terms that evoke the earliest moathie when the mother expressed her love by
feeding, caressing, and talking sweetly to her balvhat Freud called the oral phase, the first



critical period of sexuality, the essence of whkkummed up in the words "nurtur-ance" and
"nourish"—tenderly caring for, loving@ndfeeding. The baby feels merged with the mother, and
its trust of others develops tee baby is held and nurtured with a sugary foatk.Being

loved,

cared for, and fed are mentally associated in timel @nd wired together in the brain in our first
formative experience after birth. When adults taby talk, using words such as "sweetie pie"
and

"baby" to address each other, and give their caatiem an oral flavor, they are, according
to Freud, "regressing,” moving from matunental states of relating to earlier phases of life
terms of plasticity,

such regression, | believe, involves unmaskingnedronal pathways
that then trigger all the associations of thatieaghase. Regression

can be pleasant and harmless, as in adult foreptalycan be problematic, as when infantile
aggressive pathways are unmasked and an adultteagpar tantrum.

Even "talking dirty" shows traces of infantile sekstages. After all, why should sex be
thought "dirty" at all? This attitude reflectshild's view of sex from a stage when it is
conscious of toilet training, urination, and detemaand is surprised to learn that the
genitals,

which are involved in urination, and so close t® &mus, are also involved in sex, and
that Mommy permits Daddy to insert his "dirty"

organ in a hole that is very close to her bottomulés are not generally bothered by this,
because in adolescence they have gone throughemroitical period of sexual plasticity
in which their brains reorganized again, so thatgleasure of sex becomes intense
enough to override any disgust.

Freud showed that many sexual mysteries can bestodd as critical-period fixations.
After Freud, we are no longer surprised that thievgiose father left her as a child
pursues unavailable men old enough to be her fathéhat people raised by ice-queen
mothers often seek such people out as partnergtsnes becoming "icy" themselves,
because, never having experienced empathy in tfeatperiod, a whole part of their
brains failed to develop. And many perversionsloaexplained in terms of plasticity
and the persistence of childhood conflicts. Butrttan point is that in our critical

periods we can acquire sexual and romantic tas#alinations that get wired into our
brains and can have a powerful impact for theatsur lives. And the fact that we can
acquire different sexual tastes contributes tddymendous sexual variation between us.



The idea that a critical period helps shape sedesite in adults contradicts the currently
popular argument that what attracts us is lespthéuct of our personal history than of
our common

biology. Certain people—models and movie starsiffstance—are widely regarded as
beautiful or sexy. A certain strand of biology tees us that these people are attractive
because they exhibit biological signs of robustpessch promise fertility and strength:

a clear complexion and symmetrical features megaotential mate is free from disease;
an hourglass figure is a sign a woman is fertilelaa's muscles predict he will be able to
protect a woman and her offspring.

But this simplifies what biology really teaches.tNweryone falls in love with the body,
as when a woman says, "l knew, when | first hebadvoice, that he was for me," the
music of the voice being perhaps a better indicadioa man's soul than his body's
surface. And sexual taste has changed over thar@ntRubens's beauties were large by
current standards, and over the decades the tatatgs ofPlayboycenterfolds and
fashion models have varied from voluptuous to agginous. Sexual taste is obviously
influenced by culture and experience and is oftejuaied and then wired into the brain.

"Acquired tastes" are by definition learned, unlikastes,” which are inborn. A baby
needn't acquire a taste for milk, water, or sweets;

these are immediately perceived as pleasant. Aedjt@stes are

initially experienced with indifference or dislikeit later become pleasant—the odors of
cheeses, Italian bitters, dry wines, coffees,

pates, the hint of urine in a fried kidney. Manyickies that people

pay dearly for, that they must "develop a tast¢' fare the very foods that disgusted them
as children.

In Elizabethan times lovers were so enamored df edlter's

body odors that it was common for a woman to keppeded apple in her armpit until it
had absorbed her sweat and smell. She would giséltive apple” to her lover to sniff
at in her absence. We, the other hand, use synthetic aromas of fruitsflameers to mask
our body odor from our lovers. Which of these typpmaches is acquired and which is
natural is not so easy to determine. A substascaaturally” repugnant to us as the urine
of cows is used by the



Masai tribe in East Africa as a lotion for theiirhaa direct consequence of the
cow's importance in their culture. Many tastes ek "natural” are acquired
through learning and become "second nature" tdMasare unable to distinguish

our "second nature" fromur "original nature" because our neuroplasticrisrabnce
rewired, develop a new nature, every bit as bigaghs our original.

The current porn epidemic gives a graphic demotisitra

that sexual tastes can be acquired. Pornographyes by highspeed Internet connections,
satisfies every one of the prerequisites for ndlastjz change.

Pornography seems, at first glance, to be a pimstinctual matter: sexually explicit pictures
trigger instinctual responses, which are the prodtimillions of years of evolution. But if that
were true, pornography would be unchanging. Theesaiggers, bodily parts and their
proportions, that appealed to our ancestors waxdilesus. This is what pornographers would
have us believe, for they claim they are battliegusl repression, taboo, and fear and that their
goal is to liberate the natural, pent-up sexudlnoss.

But in fact the content of pornography idymamicphenomenon that perfectly illustrates the
progress of an acquired taste. Thirty years agadduae” pornography usually meant thelicit
depiction of sexual intercourse between two arogsethers, displaying their genitals.
"Softcore" meant pictures of women, mostly, on d, Iz their toilette, or in some semiromantic
setting, in various states of undress, breastalede

Now hardcore has evolved and is increasingly dotechhy the sadomasochistic themes of
forced sex, ejaculations on women's faces, andyanal sex, all involving scripts fusing sex
with hatred and humiliation. Hardcore pornograpbwrexplores the world of perversion, while
softcore is now what hardcore was a few decades ago

explicit sexual intercourse between adults, nowlalke on cable TV. The
comparatively tame softcore pictures of yesteryamomen in various states of
undress—now show up on mainstream media all day, iorthe pornification of
everything, including television, rock videos, saggeras, advertisements, and so on.

Pornography's growth has been extraordinary; ib@aets for 25 percent of video rentals
and is the fourth most common reason people givgdimg online. AMMSNBC.com
survey of viewers in 2001 found that 80 percertttfedy were spending so much time on
pornographic sites that they were putting theimttehships or jobs at risk. Softcore
pornography's influence is now most profound beeansw that it is no longer hidden, it
influences young people with little sexual expetceand especially plastic minds, in the
process of forming their sexual tastes and destieisthe plastic influence of
pornography on adults can also be profound, angktiadno use it have no sense of the
extent to which their brains are reshaped by it.



During the mid- to late 1990s, when the Internes weowing rapidly and pornography
was exploding on it, | treated or assessed a nuoflleen who all had essentially the
same story. Each had acquired a taste for a kipdwfography that, to a greater or lesser
degree, troubled or even disgusted him, had arbisiy effect on

the pattern of his sexual excitement, and ultinyaafflected his relationships and sexual
potency.

None of these men were fundamentally immature aig@awkward, or withdrawn from the
world into a massive pornography collection thaswaasubstitute for relationships with real
women. These

were pleasant, generally thoughtful men, in reaslyrguccessful relationships or
marriages.

Typically, while | was treating one of these mendome other

problem, he would report, almost as an aside attdteiling discomfort, that he found
himself spending more and more time on the Intetneking at pornography and
masturbating. He might try to

ease his discomfort by asserting that everybodytdid some cases

he would begin by looking at a Playboy-type sitaioa nude picturer video clip that
someone had sent him as a lark. In other case®tle wisit a harmless site, with a suggestive ad
that redirected him to risque sites, and soon hddvoe hooked.

A number of these men also reported something ef& in passing, that caught my attention.
They reported increasing difficulty in being turnad by their actual sexual partners, spouses or

girlfriends, though they still considered them alipely attractive.

When | asked if this phenomenon had any relatignghviewingpornography, they answered
that it initially helped them get moexcited during sex but over time had the oppodfece

Now, instead of using their senses to enjoy beirlgeid, in the present, with their partners,
lovemaking increasingly required them to fantasie they were part of a porn script. Some
gently tried to persuade their lovers to act likerpstars, and they were increasingly interested in
"fucking" as opposed to "making love." Their sextaaltasy lives were increasingly dominated
by the scenarios that they had, so to speak, dadelbinto their brains, and these new scripts
were often more primitive and more violent tharirtppeevious sexual fantasies. | got the
impression that any sexual creativity these menwesldying and that they were becoming
addicted to Internet porn.

The changes | observed are not confined to a f@plpan therapy. A social shift is occurring.
While it is usually difficult to get information albit private sexual mores, this is not the case with
pornography today, because its use is increasmgdlic. This shift coincides with the change



from calling it "pornography" to the more casuahi€'porn.” For his book on American campus
life, | Am Charlotte Simmon3,om Wolfe spent a number of years observing stisdemt
university campuses. In the book one boy, vy Betymes into the male residence and says,
"Anybody got porn?"

Wolfe goes on, "This was not an unusual requeshyM@ys

spoke openly about how they masturbated at least ewery day, as if this were some
sort of prudent maintenance of the psychosexu#ésys One of the boys tells Ivy
Peters, "Try the third floor. They got some one¢haragazines up there." But Peters
responds, "I've built up a tolerance to magazindsieed videos." Another boy says,
"Oh, f'r Chrissake, I.P., it's ten o'clock at nightanother hour the cum dumpsters will
start coming over here to spend the night. . . yaulre looking for porn videos and a
knuckle fuck.” Then Ivy "shrugged and turned hisrgaup as if to say, 'l want porn.
What's the big deal?™

The big deal is his tolerance. He recognizes thas like a drug addict who can no
longer get high on the images that once turneddmnmAnd the danger is that this
tolerance will carry over into relationships, adid in patients whom | was seeing,
leading to potency problems and new, at times uromeé, tastes. When pornog-raphers
boast that they are pushing the envelope by intiogunew, harder themes, what they
don't say is that they must, because their custoarerbuilding up a tolerance to the
content. The back pages of men's risque magazimebternet porn sites are filled with
ads for Viagra-type drugs—medicine developed fdebimen with erectile problems
related to aging and blocked blood vessels in dmesp

Today young men who surf porn are tremendouslydeaf impotence, or "erectile
dysfunction” as it is euphemistically called. Thisleading term implies that these men
have a problem in their

penises, but the problem is in their heads, irr #etual brain maps.

The penis works fine when they use pornographarély occurs to them that there may
be a relationship between the pornography theg@msuming and their impotence. (A
few men, however, tellingly described their hours@nputer porn sites as time spent
"masturbating my brains out.")

One of the boys in Wolfe's scene describes the gihlo are coming over to have sex

with their boyfriends as "cum dumpsters." He tomfeienced by porn images, for "cum
dumpsters," like many

women in porn films, are always eager, availabbeptacles and therefore devalued.



The addictiveness of Internet pornography is noetaphor. Not all addictions are to
drugs or alcohol. People can be seriously addictedimbling, even to running. All
addicts show a loss of control of the activity, gaisively seek it out despite negative
consequences, develop tolerance so that they ngleer land higher

levels of stimulation for satisfaction, and expede withdrawal if
they can't consummate the addictive act.

All addiction involves long-term, sometimes lifepmeuropladic change in the brain. For
addicts, moderation is impossible, and they musidathe substance or activity
completely if they are to avoid addictive behavigkoholics Anonymous insists that
there are no "former alcoholics" and makes people haven't had a drink for decades
introduce themselves at a meeting by saying, "Mye& John, and | am an alcoholic.”
In terms of plasticity, they are often correct.

In order to determine how addictive a street dajgdasearchers at the National Institutes
of Health (NIH) in Maryland train a rat to presbar until it gets a shot of the drug. The
harder the animal is willing to work to press ttaz,lihe more addictive the drug.
Cocaine, almost all other illegal drugs, and evemdnug addictions such as running
make the pleasure-giving neurotransmitter dopammaee active in the brain. Dopamine
is called the reward transmitter, because whenasemaplish something—run a race and
win—our brain triggers its release. Though exhaliste get a surge of energy, exciting
pleasure, and confidence and even raise our hamdsua a victory lap. The losers, on
the other hand, who get no such dopamine surgeediately run out of energy, collapse
at the finish line, and feel awful about themseh&g hijacking our dopamine system,
addictive substances give us pleasure without auiniy to work for it.

Dopamine, as we saw in Merzenich's work, is alsolired in plastic change. The same
surge of dopamine that thrills us also consoliddtesneuronal connections responsible
for the behaviors that led us to accomplish out.géen Merzenich used an electrode
to stimulate an animal's dopamine reward systentevhaying a sound, dopamine
release stimulated plastic change, enlarging theesentation for the sound in the
animal's auditory map. An important link with pasthat dopamine is also released in
sexual excitement, increasing the sex drive in Bettes, facilitating orgasm, and
activating the brain's pleasure centers. Hencadhéective power of pornography.

Eric Nestler, at the University of Texas, has shdvw addictions cause permanent
changes in the brains of animals. A single doseariy addictive drugs will produce a
protein, called AFosB (pronounced "delta Fos Biattaccumulates in the neurons. Each
time the drug is used, more AFosB accumulates| iittirows a genetic switch,

affecting which genes are turned on or off. Fligpihis switch causes changes that
persist long after the drug is stopped, leadingréversible damage to the brain's
dopamine system and rendering the animal far maneepto addiction. Nondrug



addictions, such as running and sucrose drinkilsg,laad to the accumulation of AFosB
and the same permanent changes in the dopamimarsyst

Pornographers promise healthy pleasure and retief §exual tension, but what
they often deliver is an addiction, tolerance, andventual decrease in pleasure.
Paradoxically, the male patients

| worked with often craved pornography but didikelit.

The usual view is that an addict goes back for mbtas fix because he likes the
pleasure it gives and doesn't like the pain of evitlval. But addicts take drugs when
there isno prospect of pleasure,

when they know they have an insufficient dose t&erthem highand will crave
more even before they begin to withdraw. Wanting léng are two different things.

An addict experiences cravings because his plastio has become sensitized to the
drug or the experience. Sensitization is

different from tolerance. As tolerance develops,dddict needs more and more of a
substance or porn to get a pleasant effect; agtizatisn develops, he needs less and less of
the substance to

crave it intensely. So sensitization leads to iaseel wanting, though
not necessarily liking. It is the accumulation df@sB, caused by
exposure to an addictive substance or activity, l#eds to sensitization.
Pornography is more exciting than satisfying beeaus have

two separate pleasure systems in our brains, @dnés to do with exciting pleasure and
one with satisfying pleasure. The exciting systefates to the "appetitive" pleasure that
we get imagining something we desire, such as sexgood meal. Its neurochemistry is
largely dopamine-related, and it raises our tenkwal.

The second pleasure system has to do with thdasdits, or consummatory pleasure,
that attends actually having sex or having thatlpaeealming, fulfilling pleasure. Its
neurochemistry is based on the release of end@pWimch are related to opiates and
give a peaceful, euphoric bliss.

Pornography, by offering an endless harem of sexigicts, hy-peractivates the
appetitive system. Porn viewers develop new mapisein brains, based on the photos
and videos they see. Because it is a use-it-ortds®ain, when we develop a map area,



we long to keep it activated. Just as our musaesime impatient for exercise if we've
been sitting all day, so too do our senses hurmgee stimulated.

The men at their computers looking at porn wereaandy like the rats in the cages of
the NIH, pressing the bar to get a shot of dopamiries equivalent. Though they didn't
know it, they had been seduced into pornographiaitrg sessions that met all the
conditions required for plastic change of brain m&ince neurons

that fire together wire together, these men gotsimasamounts of practice wiring these
images into the pleasure centers of the brain, thghrapt attention necessary for plastic
change. They imagined these images when away fiemnd¢omputers, or while having
sex with their girlfriends, reinforcing them. Eatime they felt sexual excitement and had
an orgasm when they masturbated, a "spritz of dopglrthe reward neurotransmitter,
consolidated the connections made in the braimduhie sessions. Not only did the
reward facilitate the behavior; it provoked nonghe embarrassment they felt
purchasind?layboyat a store. Here was a behavior with no "punishfhenty reward.

The content of what they found exciting changethas/Neb sites introduced themes and
scripts that altered their brains without their eaveess. Because plasticity is competitive,
the brain maps for new, exciting images increaséldesexpense of what had previously
attracted them—the reason, | believe, they begéindaheir girlfriends less of a turn-on.

The story of Sean Thomas, first published in Endje®pectatorjs a remarkable

account of a man descending into a porn addic#ind,it sheds light on how porn
changes brain maps and alters sexual taste, assvile role of critical-period plasticity

in the process. Thomas wrote, "l never used togikaography not really. Yes, in my
teens in the Seventies | used to have the odd @bplayboyunder my pillow. But on

the whole | didn't really go for skin mags or blaevies. | found them tedious, repetitive,
absurd, and very embarrassing to buy." He waslexpbl the bleakness of the porn
scene and the garishness of the mustachioed stungabited it. But in 2001, shortly
after he first went online, he got curious aboetplorn everyone said was taking over the
Internet. Many of the sites were

free—teasers, or "gateway sites," to get peoptetime harder stuffThere were galleries of
naked girls, of common types of sexual fantasiesatractions, designed to press a
button in the brain of the

surfer, even one he didn't know he had. There ywetares of lesbians in a Jacuzzi,
cartoon porn, women on the toilet smoking, coeds,

group sex, and men ejaculating over submissiverAsamen. Mosbf the pictures told a
story.



Thomas found a few images and scripts that appé¢alienin,
and they "dragged me back for more the next dayl the next. And

the next." Soon he found that whenever he had r@ spaute, havould "start hungrily
checking out Net Porn."”

Then one day he came across a site that featuamdtisg images. To his surprise, he got
intensely excited. Thomas soon found all sortstz#ted sites, such as "Bernie's Spanking
Pages" and thtSpanking College."

"This was the moment," he writes, "that the realietibn set in. My interest in spanking got me
speculating: What other kinks was | harboring? Wither secret and rewarding corners lurked in
my sexuality that | would now be able to investigat the privacy of my home? Plenty, as it
turned out. | discovered a serious penchant feer imlia, lesbian gynecology, interracial
hardcore, and images of Japanese girls takindneiif hotpants. | was also into netball players
with no knickers, drunk Russian girls exposing teelves, and convoluted scenarios where
submissive Danish actresses were intimately shbyédeir dominant female partners in the
shower. The Net had, in other words, revealed tahael had an unquantifiable variety of sexual
fantasies and quirks and that the process of gatisthese desires online only led to more
interest."

Until he happened upon the spanking pictures, whieBumably tapped into some childhood
experience or fantasy about being punished, thgeésmae saw interested him but didn't compel
him. Other people's sexual fantasies bore us. Thgmeaperience was similar to that of my
patients: without being fully aware of what theyravéooking for, they scanned hundreds of
images and scenarios until they hit upon an imagexual script that touched some buried
theme that really excited them.

Once Thomas found that image, he changed. Thakisgaimage had higocused
attention,the condition for plastic change. And unlike a igaman, these porn images
were available all day, every day on the computer.

Now Thomas was hooked. He tried to control himbatfwas spending at least five
hours a day on his laptop. He surfed secretlypsieeonly three hours a night. His
girlfriend, aware of his exhaustion, wondered ifwes seeing someone else. He became
so sleep deprived that his health suffered, angbha series of infections that landed him
in a hospital emergency room and finally causedtoitake stock. He began inquiring
among his male friends and found that many of tiwere also hooked.

Clearly there was something about Thomas's seyualitside his awareness, that had
suddenly surfaced. Does the net simply reveal quarid kinks, or does it also help create
them? | think it creates new fantasies out of aspeicsexuality that have been outside
the surfer's conscious awareness, bringing theseeglts together to form new networks.
It is not likely that thousands of men



have witnessed, or even imagined, submissive Datigsksses intimately shaved by their
dominant female partners in the showeneud discovered that such fantasies take hold of
the mind because

of theindividual components in them. For instance, some heterosexeralare interested
in porn scenarios where older, dominant womenatatyounger women into lesbian sex.
This may be because boys in early childhood ogehdominated by their mothergho

are the "boss," and dress, undress, and wash thexarly

childhood some boys may pass through a period wiegnstrongly identify with their
mothers and feel "like a girl," and their laterargst in lesbian sex can express their
residual unconscious female

identification. Hardcore porn unmasks some of timyeneuralnetworks that formed in the
critical periods of sexual developmenid brings all these early, forgotten, or repressed
elements together

to form a new network, in which all the features atred togethePorn sites
generate catalogs of common kinks and mix themtiegen images. Sooner or later the
surfer finds a killer combination that presses mber of his sexual buttons at once. Then
he reinforces the network by viewing the image&aggdly, masturbatingeleasing
dopamine and strengthening these networks. Herkaged a kind of
"neosexuality," a rebuilt libido that has stron@tin

his buried sexual tendencies. Because he ofteriafes/®lerance, the pleasure of sexual
discharge must be supplemented with the pleasuma afjgressive release, and sexual
and aggressive images

are increasingly mingled—hence the increase inrsadochistithemes in
hardcore porn.

Critical periods lay the groundwork for our typbstfalling in love in adolescence
or later provides an opportunity for a second roahohassive plastic change. Stendhal,
the nineteenth-century novelist and essayist, whoed that love could lead to radical
changes in attraction. Romantic love triggers qumlerful emotion that we can
reconfigure what we find attractive, even overcagriobjective" beauty. 1©On Love
Stendhal describes a young man, Alberic, who neetsman more beautiful than his
mistress. Yet Alberic is far more drawn to his mass than to this woman because his
mistress promises him so much more happiness. I&eaodlls this "Beauty Dethroned
by Love." Love has such power to change attradtiab Alberic is turned on by a minor
defect on his mistress's face, her pockmark. litextim because "he has experienced so
many emotions in the presence of that pockmark tiemsfor the most part exquisite
and of the most absorbing interest, that whateigeetmotions may have been, they are



renewed with incredible vividness at the sighthoé tsign, even observed on the face of
another woman ... in this case ugliness becomasgyéa

This transformation of taste can happen becausgowmt fall in love with looks alone.
Under normal circumstances finding another perstvaciive can prompt a readiness to
fall in love, but that person's character and a bbsther attributes, including his ability
to make us feel good about ourselves, crystallizeprocess of falling in love. Then
being in love triggers an emotional state so pledda that it can make even pockmarks
attractive, plastically rewiring our aesthetic s=ridere is how | believe it works.

In 1950 "pleasure centers" were discovered inithbi€t system, a part of the brain
heavily involved in processing emotion. In Dr. Ralideath's experiments on humans—
an electrode was implanted into the septal regfdheolimbic system and turned on—
these patients experienced a euphoria so powedtinhen the researchers tried to end
the experiment, one patient pleaded with themamote septal region also fired when
pleasant subjects were discussed with the patentsluring orgasm. These pleasure
centers were found to be part of the brain's rewgstem, the mesolimbic dopamine
system. In 1954 James Olds and Peter Milner sholnagdvhen they inserted electrodes
into an animal's pleasure center while teachiagi@sk, it learned more easily because
learning felt so pleasurable and was rewarded.

When the pleasure centers are turned on, everyiigngxperience gives us pleasure. A drug like
cocaine acts on us by lowering the

threshold at which our pleasure centers will firgking it easier for them to turn on. It is
not simply the cocaine that gives us pleasurs. thé fact that our pleasure centers now
fire so easily that makes

whateverwe experiencdeel great.It is not just cocainethat canlower the threshold at
which our pleasure centers fire. When people wiplar disorder (formerly called
manic depression) begin to move toward their mhighs, their pleasure centers begin
firing more

easily. And falling in love also lowers the threkhat which the pleasure centers will
fire.

When a person gets high on cocaine, becomes naarfal|s in

love, he enters an enthusiastic state and is ggitcv@bout everything, because all three
conditions lower the firing threshold for the



appetitivepleasure system, the dopamine-based system assbwiilh the pleasure of
anticipating something we desire. The addict, tla@io) and the lover are increasingly
filled with hopeful anticipation and are sensitteeanything that might give pleasure—
flowers and fresh air inspire them, and a slighttbaughtful gesturenakes them delight in
all mankind. | call this process "globalization.”

Globalization is intense when falling in love asdlibelieve, one
of the main reasons that romantic love is suchveepiol catalyst for

plastic change. Because the pleasure centersiaiggdo freely, the enamored person
falls in love not only with the beloved but witheth

world and romanticizes his view of it. Because lot&ins are experiencing a surge of
dopamine, which consolidates plastic change, aagspirable experiences and
associations we have in the initial state of loreetaus wired into our brains.

Globalization not only allows us to take more pleasn the world, it also makes it
harder for us to experience pain and displeasuaension. Heath showed that when our
pleasure centers fire, it is more difficult for thearby pain and aversion centers to fire
too. Things that normally bother us don't. We lbeéng in love not only because it
makes it easy for us to be happy but also becausakies it harder for us to be unhappy.

Globalization also creates an opportunity for udé¢eelop new tastes in what we find
attractive, like the pockmark that gave Albericlspteasure. Neurons that fire together
wire together, and feeling pleasure in the presendeis normally unappealing

pockmark causes it to get wired into the brain aswce of delight. A similar

mechanism occurs when a "reformed" cocaine addssgs the seedy alleyway where he
first took the drug and is overwhelmed with crawsg powerful that he goes back to it.
The pleasure he felt

during the high was so intense that it caused biexperience the ugly alleyway as
enticing, by association.

There is thus a literal chemistry of love, andsteges of romance reflect the changes in
our brain during not only the ecstasies but alse'®throes. Freud, one of the first
people to describe the psychic effects of cocamik as a young man, the first to
discover its medical uses, got a glimpse of thenailstry. Writing to his fiancee, Martha,
on February 2, 1886, he described taking cocairikevwwbmposing the letter. Because
cocaine acts on the system so quickly, the letteit unfolds, gives us a marvelous
window into its effects. He first describes hounidkes him talkative and confessional.
His initial self-deprecatory remarks vanish aslétter goes on, and soon he feels
fearless, identifiying with his brave ancestorsetheling the Temple in Jerusalem. He
likens cocaine's ability to cure his fatigue to thagical cure he gets from being with



Martha romantically. In another letter he writeattbocaine reduces his shyness and
depression, makes him euphoric, enhances his eres=iipesteem, and enthusiasm, and
has an aphrodisiac effect. He is describing a stdteto "romantic intoxication,” when
people feel the initial high, talk all night, andve increased energy, libido, self-esteem,
and enthusiasm, but because they think everytiggad, they may also have impaired
judgment—all of which occurs with a dopamine-promgtdrug like cocaine. Recent
fMRI (functional magnetic resonance imaging) scainevers looking at photos of their
sweethearts show that a part of the brain withtgreacentrations of dopamine is
activated;

their brains looked like those of people on cocaine

But the pains of love also have a chemistry. Wregragated for too long, lovers crash
and experience withdrawal, crave their beloved agatous, doubt themselves, lose their
energy, and feel run-downnbt depressed. Like a little fix, a letter, an eilpa a

telephone message from the beloved provides aaninshot of energy. Should they

break up, they get depressed—the opposite of tmécrhggh. These "addictive
symptoms"—the highs, crashes, cravings, withdraarad, fixes—are subjective signs of
plastic changes occurring in the structure of aairts, as they adapt to the presence or
absence of the

beloved.

A tolerance, akin to tolerance for a drug, can tigven happy lovers as they get used to
each other. Dopamine likes novelty. When

monogamous mates develop a tolerance for each alddose the romantic high they
once had, the change may be a sign, not that eftieem is inadequate or boring, but
that their plastic brainisave so well adapted to each other that it's hdodéhem to get the

same buzz they once got from each other.
Fortunately, lovers can stimulate their dopamireeging the
high alive, by injecting novelty into their relatiship. When a couple

go on a romantic vacation or try new activitiesetbgr, or wear new kinds of clothing, or
surprise each other, they are using novelty to durthe pleasure centers, so that
everything they experiencmcluding each othemxcites and pleases them. Once the
pleasure centers are turned on and globalizatigmbethe new image of the beloved
again becomes associated with unexpected pleamodes plastically wired into the
brain, which has evolved to respond to novelty. Miest be learning if we are to feel
fully alive, and when life, or love, becomes toedgictable and it seems like there is little



left to learn, we become restless—a protest, psrhaEihe plastic brain when it can no
longer perform its essential task.

Love creates a generous state of mind. Becauselmwes us to experience as
pleasurable situations or physical features thaptiverwise might not, it also allows us
to unlearn negative associations, another plakgnpmenon.

The science of unlearning is a very new one. Bexalasticity is competitive, when a
person develops a neural network, it becomes effi@and self-sustaining and, like a
habit, hard to unlearn. Recall

that Merzenich was looking for "an eraser” to Halp speed up change and unlearn bad
habits.

Different chemistries are involved in learning thamunlearning. When we learn
something new, neurons fire together and wire togetand a chemical process occurs at
the neuronal level called "long-term potentiatioor,'LTP, which strengthens the
connections between the neurons. When the bragaurd associations and disconnects
neurons, another chemical process occurs, calbedj‘term depression,” or LTD (which
has nothing to do with a depressed mood statepddming and weakening connections
between neurons is just as plastic a processush@d$ important, as learning and
strengthening them. If we only strengthened conoest our neuronal networks would
get saturated. Evidence suggests that unlearnisgrexmemories is necessary to make
room for new memories in our networks.

Unlearning is essential when we are moving from @eeslopmental stage to the next.
When at the end of adolescence a girl leaves horge to college in another state, for
example, both she and her parents undergo griefm@asgive plastic change, as they alter
old emotional habits, routines, and self-images.

Falling in love for the first time also means eirtgra new developmental stage and
demands a massive amount of unlearning. When peopienit to each other, they must
radically alter their existing

and often selfish intentions and modify all oth#aehments, in order to integrate the
new person in their lives. Life now involves ongpitooperation that requires a plastic
reorganization of the brain centers that deal eitiotions, sexuality, and the self.
Millions of neural networks have to be obliteratedl replaced with new ones—one
reason that falling in love feels, for so many deplike a loss of identity. Falling in love
may also mean falling out of love witéhpast love; this too requires unlearning at aaleur
level,



A man's heart is broken by his first love whendngagement breaks off. He looks at
many women, but each pales in comparison to tinedia he came to believe was his one
true love and whose

image haunts him. He cannot unlearn the patteattiction to his first love. Or a
woman married for twenty years becomes a youngwigiad refuses to date. She cannot
imagine she will ever fall in

love again, and the idea of "replacing" her husbaffehds her. Years pass, and her
friends tell her it is time to move on, to no avail

Often such people cannot move on because they tgengrieve; the thought of living
without the one they love is too painful

to bear. In neuroplastic terms, if the romanti¢her widow is to begin a new relationship
without baggage, each must first rewire billionsohnections in their brains. The work
of mourning is

piecemeal, Freud noted; though reality tells uslowed one is gone,

"its orders cannot be obeyed at once." We grievedtling up one memory at a time,
reliving it, and then letting it go. At a brain kwve are turning on each of the neural
networks that were wired together to form our petioa of the person, experiencing the
memory with exceptional vividness, then saying gbgd one network at a time. In grief,
we learnto live without the one we love, but the reasos tgson is so hard is that we
first mustunlearnthe idea that the person exists and can still loedren.

Walter J. Freeman, a professor of neurosciencedeRey, was the first to make the
connection between love and massive unlearnindnaseassembled a number of
compelling biological facts that point toward thenclusion that massive neuronal
reorganization occurs at two life stages: whenallari love and when we begin
parenting. Freeman argues that massive plastin bearganization— far more massive
than in normal learning or unlearning—becomes ssiecause of a brain
neuromodulator.

Neuromodulators are different from neurotransnstt®vhile neurotransmitters are
released in the synapses to excite or inhibit nejmeuromodulators enhance or
diminish theoverall effectiveness of the synaptic connections and kabmgut enduring
change. Freeman believes that when we commit i, lilve brain neuromodulator

oxytocin is released, allowing existing neuronaimections to melt away so that changes
on a large scale can follow.



Oxytocin is sometimes called the commitment neurtuator because it reinforces
bonding in mammals. It is released when lovers eohand make love—in humans
oxytocin is released in both sexes during orgasnd-vamen couples parent and nurture
their children. In women oxytocin is released dgri@bor and breastfeeding. An fMRI
study shows that when mothers look at photos of théldren, brain regions rich in
oxytocin are activated. In male mammals a closelgted neuromodulator called
vasopressin is released when they become fathersy ybung people who doubt they
will be able to handle the responsibilities of pdireg are not aware of the extent to
which oxytocin may change their brains, allowingrthto rise to the occasion.

Studies of a monogamous animal called the praoie kiave shown that oxytocin, which
is normally released in their brains during matimgkes them pair off for life. If a
female vole has oxytocin injected into her brahe will pair-bond for life with a nearby
male. If a male vole is injected with vasopressgiwijll cuddle with a nearby female.
Oxytocin appears also to attach children to parems the neurons that control its
secretion may have a critical period of their o@hjldren reared in orphanages without
close loving contact often have bonding problememtlder. Their oxytocin levels
remain low for several years after they have belapted by loving families.

Whereas dopamine induces excitement, puts us igkodear, and triggers sexual arousal,
oxytocin induces a calm, warm mood

that increases tender feelings and attachment aydead us to

lower our guard. A recent study shows that oxyt@tso triggers trust. When people sniff
oxytocin and then participate in a financial gathey are more prone to trust others with
their money, Though

there is still more work to be done on oxytocirhirmans, evidence suggests that its

effect is similar to that in prairie voles: it makes commit to our partners and devotes us
to our children.

But oxytocin works in a unique way, related to @mfeng. In

sheep, oxytocin is released in the olfactory balpart of the brain involved in odor
perception, with each new litter, Sheep and many

other animals bond with, or "imprint" on, their gffing by scent. They mother their own
lambs and reject the unfamiliar. But if oxytocinngected into a mother ewe when
exposed to an unfamilig&mb, she will mother the strange lamb too.

Oxytocin is not, however, released with the firgseft—only

with those litters that follow—suggesting that theytocin plays



the role ofwiping outthe neural circuits that bonded the mother

with her first litter, so she can bond with hersst. (Freeman suspects that the mother
bonds with her first litter using other neurocheasc) Oxytocin's ability to wipe out
learned behavior has led scientists to call itmanestic hormone. Freeman proposes that
oxytocin melts down existing neuronal connectidreg underlie existing attachments, so
new attachments can be formed. Oxytocin, in treet, does not teach parents to
parent. Nor does it make lovers cooperative and;kisther, it makes it possible for them
to learn new patterns.

Freeman's theory helps to explain how love andipigsaffect each other. Plasticity
allows us to develop brains so unique— in respom®air individual life experiences—
that it is often hard to see the world as otherg@avant what they want, or to cooperate.
But the successful reproduction of our speciesiregeooperation. What nature
provides, in a neuromodulator like oxytocin, is #imlity for two brains in love to go
through a period of heightened plasticity, allowthgm to mold to each other and shape
each other's intentions and perceptions. The lioaiRreeman is fundamentally an organ
of socialization, and so there must be a mechatfistmfrom time to time, undoes our
tendency to become overly individualized, overli§-sevolved, and too self-centered.

As Freeman says, "The deepest meaning of sexuafierpe lies

not in pleasure, or even in reproduction, but mapportunity it affords to surmount the
solipsistic gulf, opening the door, so to speaketlubr or not one undertakes the work to go
through. It is the af-terplay, not the foreplayattbounts in building trust.”

Freeman's concept reminds us of many variatiorlevan the insecure man who leaves a woman
quickly after making love during the night, becabsdears being overly influenced by her
should he stay through the morning; the woman whds to fall in love with whomever she has
sex with. Or the sudden transformation of the mao barely noticed children into a devoted
father; we say "he's matured" and "the kids comst, fibut he may have had some help from
oxytocin, which allowed him to go beyond his deepted patterns of selfish concern. Contrast
him with the inveterate bachelor who never falléowe and becomes more eccentric and rigid
with each passing year, plastically reinforcingraistines through repetition.

Unlearning in love allows us to change our imagewtelves— for the better, if we have an
adoring partner. But it also helps account forvainerability when we fall in love and explains
why so many self-possessed young men and womenfalhio love with a manipulative,
undermining, or devaluing person, often lose alkgeof self and become plagued with self-
doubt, from which it may takgears to recover.

Understanding unlearning, and some of the fine points of

brain plasticity, turned out to be crucial in thegtment of my patient A. By the time A.
went to college, he found himself replaying



his critical-period experience and being attractedmotionally disturbed, already
attached women very much like his mother, feeltrgas his job to love and rescue
them.A. was caught in two plastic traps.

The first was that a relationship with a thoughtfable womamvho might have helped him
unlearn his love for problem women, and teach himewa way to love, simply didn't turn
him on, though

he wished it would. So he was stuck with a destractttraction, formed in his critical period.
His second, related trap can also be understoatigafly. One

of his most tormenting symptoms was the almostepéiffision in his mind of sex with
aggression. He felt that to love someone was tswoe her, to eat her alive, and that to be loved
was to be eatealive. And his feeling that sexual intercourse &asgolent act upset

him greatly, yet excited him. Thoughts of sexu#tioourse immediately led to thoughts of
violence, and thoughts of violence, to sex.

When he was effective sexually, fedt he was dangerous. It was as
though he lacked separate brain maps for sexualiataht feelings.

Merzenich has described a number of "brain trapet'accur when two brain maps, meant to be
separate, merge. As we have seen,

he found that if a monkey's fingers were sewn togreand so forced

to move at the same time, the maps for them waudd, fbecausteir neurons fired together
and hence wired together. But he al&xovered that maps fuse in everyday life. When a
musician uses two fingers together frequently ehowmgile playing an instrument, the maps for
the two fingers sometimes fuse, and when the rmassicies to move only one finger, the other
moves too. The maps for the two different fingeesraow "dedifferentiated.” The more intensely
the musician tries to produce a single movemeatmibre he will move both fingers,
strengthening the merged map. The harder the pé&iissrio get out of the brain trap, the deeper
he gets into it, developing a condition called &bdystonia.” A similar brain trap occurs in
Japanese people who, when speaking English, earithe difference betweermnd / because
the two sounds are not differentiated in theirbraaps. Each time they try to say the sounds
properly, they say them incorrectly, reinforcing froblem.

This is what | believe A. experienced. Each timeHuight of sex, he thought of violence. Each
time he thought of violence, he thought of sexpfeicing the connection in the merged map.

Merzenich's colleague Nancy Byl, who works in pbgbimedi-



cine, teaches people who can't control their fingerredifferentiate their finger maps.
The trick is not to try to move the fingers sepalggtbut to relearn how to use their hands
the way they did as babies. When treating guitaisth focal dystonias who have lost
control of their fingers, for example, she firsstiructs them to stop playing guitar for a
while, to weaken the merged map. Then they just halunstrung guitar for a few days.
Then a single string with a different feel froma@mal guitar string is put on the guitar,
and they feel it carefully, but with only one fimg€&inally they use a second finger, on a
separate string. Eventually the fused brain mapthfar fingers separate into two distinct
maps, and they can play again.

A. came into psychoanalysis. Early on we sortedadyt love and aggression had fused,
tracing the roots of his brain trap to his expereewith his drunken mother who often
gave free rein to sexual and violent feelings steméously. But when he still couldn't
change what attracted him, | did something simdawhat Merzenich and Byl do to
redifferentiate maps. For a long period in the dpgr whenever A. expressed any kind of
physical tenderness outside the sexual arena teday aggression, | pointed it out and
asked him to observe it closely, reminding him ti@tvas capable of

a positive feeling and capable of intimacy.

When violent thoughts came up, | got him to se&iishexperience to find even a single
instance in which aggression or violence was utgdiwith sex or was even
praiseworthy, as in justified self-defense. Wheméhiese areas came up—a pure
physical tenderness, or aggression that wasniudéise—I drew his attention to them.
As time passed, he was able to form two differeairbmaps, one

for physical tenderness, which had nothing to dinWie seductiveness he experienced with
his mother, and another for aggressiocuding healthy assertiveness—which was quite
different from the senseless violence he'd expeeénvhen his mother was drunk.

Separating sex and violence in his brain maps a&itblam to feel better about
relationships and sex, and improvement followestages. While he wasn't immediately
able to fall in love with or become excited by aliey woman, he did fall in love with a
woman who was a bit healthier than his previourigind, and he benefited from the
learning and unlearning that that love providedsHxperience allowed him to enter
progressively healthier relationships, unlearnirggereach time. By the end of therapy
he was in a healthy, satisfying, happy marriagecharacter, and his sexual type, had

been radically transformed.
The rewiring of our pleasure systems, and the éxtewhich

our sexual tastes can be acquired, is seen masatically in suctperversions as sexual
masochism, which turns physical pain istxual pleasure. To do this the brain must make



pleasant that which is inherently unpleasant, aedrpulses that normally trigger our pain
system are plastically rewired into our pleasusteawn.

People with perversions often organize their liaemund activities that mix aggression and
sexuality, and they often celebrate and idealizuiliation, hostility, defiance, the forbidden, the
furtive, the lusciously sinful, and the breakingatboos; they feel special for not being merely
"normal." These "transgressive" or defiant attitudee essential to the enjoyment of perversion.
The idealization of the perverse, and the devalnaif "normalcy," is brilliantly captured in
Vladimir Nabokov's novelLolita, in which a middle-aged man idolizes and has selx ait
prepubescent, twelve-year-old girl, while showiegtempt for all older females.

Sexual sadism illustrates plasticity in that itdfaswo familiar tendencies, the sexual and the
aggressive, each of which can give pleasure s@barand brings them together so when they
are discharged, the pleasure is doubled. But m&suaoes much further because it

takes something inherently unpleasant, pain, ams$itiinto a pleasure, altering the
sexual drive more fundamentally and more vividlyndastrating the plasticity of our
pleasure and pain systems.

For years the police, through raids on S&M estabfisnts, knew more about serious
perversions than most clinicians. While patienthwmilder perversions often come for
treatment of such problems as anxiety or depresiose with serious perversions
seldom seek therapy because, generally, they ¢mgoy.

Robert Stoller, M.D., a California psychoanalystl chake important discoveries through
visits to S&M and B&D (bondage and discipline) édithments in Los Angeles. He
interviewed people who practiced hardcore sadonmésmc which inflicts real pain on
the flesh, and discovered that masochistic pagidighad all had serious physical
illnesses as children and had undergone regulaifyteg, painful medical treatment.

"As a result,” writes Stoller, "they had to be doefl severely and for long periods [in
hospitals] without the chance to unload their fratsbn, despair and rage openly and
appropriately. Hence the perversions." As childtkay consciously took their pain, their
inexpressible rage, and reworked it in daydreamaltered mental states, or in
masturbation fantasies, so they could replay they stf the trauma with a happy ending
and say to themselves,

This time, 1 winAnd the way they won was by erotizing their agony,
The idea that an "inherently" painful feeling catbme pleasurable may at first strike us
as hard to believe, because we tend to assumedblatof our sensations and emotions is

inherently either

pleasurable (joy, triumph, and sexual pleasurg@aimful (sadness,



fear, and grief). But in fact this assumption doeshold up. We can cry tears of happiness
and have bittersweet triumphs; and in neurosesl@eoay feel guilty about sexual pleasure
or no pleasure at

all, where others would feel delight. An emotioattive think inherently unpleasurable,
such as sadness, can, if beautifully and subtigudated in music, literature, or art, feel
not only poignant but

sublime. Fear can be exciting in frightening mowesn rollercoasters. The human brain
seems able to attach many of our feeliaigd sensations either to the pleasure system or to
the pain system,

and each of these links or mental associationsnesya novel plastic connection in the brain.
The hardcore masochists whom Stoller interviewedtrhave

formed a pathway that linked the painful sensattbiey had endured to their sexual
pleasure systems, resulting in a new composite

experience, voluptuous pain, That they all suffeneglarly childhood strongly suggests
that this rewiring occurred during the critical jpels of sexual plasticity.

In 1997 a documentary appeared that sheds lightasticity and masochisn®ick: The
Life and Death of Bob Flanagan, SupermasocBisb Flanagan performed his
masochistic acts in publes a performance artist and exhibitionist and whsudate, poetic,
and at times very funny.

In Flanagan's opening scenes we see him nakedlif@ahi pies being thrown in his face, fed
with a funnel. But images flash of his being phg#lichurt and choked, hinting at far more
disturbing forms of pain.

Bob was born in 1952 with cystic fibrosis, a geoeisorder othe lungs and pancreas in
which the body produces an excessive amount ofratally thick mucus that clogs the air
passages, making it impossible to breathe normetig,leads to chronic digestive problems. He
had to fight for every breath and often turned Btoen lack of oxygen. Most patients born with
this disease die as children or in their early tvesn

Bob's parents noticed he was in pain from the maomerame home from the hospital. When he
was eighteen months old, doctors discovered puwsgdeet his lungs and began treating him by
inserting needles deep into his chest. He begdretd these procedures and screamed
desperately. Throughout childhood he was hospédliz

regularly and confined nearly naked inside a buldgléent so doctors could monitor his sweat—
one of the ways cystic fibrosis is diagnosed—whidelt mortified that his body was visible to



strangers. To help him breathe and fight infectiologtors inserted all sorts of tubes into him. He
was also aware of the severity of his problem: dfvbis younger sisters had also had cystic
fibrosis; one died at six months, the other at tyeme years.

Despite the fact that he had become a poster idjpgoOrange County Cystic Fibrosis Society,
he began to live a secret life. As a young childemhis stomach hurt relentlessly, he would
stimulate his penis to distract himself. By thedihe was in high school, he would lie naked at
night and secretly cover himself with thick gluer, he knew not what reason. He hung himself
from a door with belts in painful positions. Themltegan to insert needles into the belts to pierce
his flesh.

When he was thirty-one, he fell in love with SheRese, who came from a very troubled family.
In the film we see Sheree's mother

openly belittle her husband, Sheree's father, Bheyee claims, wasssive and never
showed her affection. Sheree describes hersekfiag bossy since childhood. She is Bob's
sadist.

In the film Sheree uses Bob, with his consent,easlave. Shbumiliates him, cuts into the
skin near his nipples with an X-Acto knife, putsrges on his nipples, force-feeds him,
chokes him with

a cord till he turns blue, forces a large stedHbak big as a billiard ball—into his anus,
and puts needles in his erogenous zones. His namathips are sutured shut with
stitches. He writes of drinking Sheree's urine fiitvaby bottle. We see him with feces
on his

penis, His every orifice is invaded or defiled, $bactivities give Bob erections and lead to
great orgasms in the sex that often follows,

Bob survives both his twenties and his thirties imkis earlyforties has become the oldest
living survivor of cystic fibrosis. He takes his seehism on the road, to S&M clubs and
art museums,

where he enacts his masochistic rituals in publigays wearing hisxygen mask to
breathe.

In one of the final scenes a naked Bob Flanagastathammeand nails his penis, right
through its center, to a board. He then mattermofly removes the nail so that blood
spurts all over the camera lens, like a fountaimmfthe deep hole through his penis.

It is important to describe precisely what Flanagaervous system could endure, in
order to understand the extent to which compleatelyel brain circuits can develop,
linking the pain system to the pleasure system.



Flanagan's idea that his pain must be made pldaswalored his fantasies from early
childhood. His remarkable history confirms that pdsversion developed out of his
unique life experience and is linked to his traumatemories. As an infant, he was tied
into the

crib in the hospital so he couldn't escape andlioiself. By age seven his confinement
had turned into a love of constriction. As an adudt loved bondage and being
handcuffed or tied up and hung for long periodpaaitions that torturers might use to
break their victims. As a child, he was require@nalure the powerful nurses and doctors
who hurt him; as an adult, he voluntarily gave ttasver to Sheree, becoming her slave,
whom she could abuse while practicing pseudomegicaledures on him. Even subtle
aspects of his childhood relationship to his dacteere repeated in adulthood. The fact
that Bob gave Sheree his consent repeated an aggbettrauma because, after a certain
age, when the doctors took blood, pierced his skid, hurt him, he gave them
permission, knowing his life depended on it.

This mirroring of childhood traumas through theeton of such subtle details is
typical of perversions. Fetishists—who are attrddteobjects—have the same trait. A
fetish, Robert Stoller said, is an object thatstellstory, that captures scenes from
childhood

trauma and eroticizes them. (One man who develagetish for rubber underwear and raincoats
was a childhood bedwetter, forced to sleep on nubbeets, which he found humiliating and
uncomfortable. Flanagan had a number of fetisloesnédical paraphernalia and the blunt metals
from hardware stores—screws, nails, clamps, andrteas+—all of which he used, at various
times, for erotic-masochistic stimulation, to peatd, pinch, or pound his flesh.)

Flanagan's pleasure centers were no doubt rewirtrebi ways. First, emotions such as anxiety
that are normally unpleasant became pleasant. plaing that he is constantly flirting with death
because he was promised an early death and ig tyimaster his fear. In his 1985 poem,

"Why," he makes clear that his supermasochism alloim to feel triumphant, courageous, and
invulnerable after a life of vulnerability. But lgpes beyond simply mastering fear. Humiliated

by doctors who stripped him and put him in a ptatnt to measure his sweat, he now proudly
strips in museums. To master his feelings of bekmgpsed and humiliated as a child, he becomes
a triumphant exhibitionist. Shame is made intoemplre, converted into shamelessness.

The second aspect of his rewiring is that phygieath becomepleasure. Metal in flesh now
feels good, gives him erections, and makes him bayasms. Some people under great
physical stress

release endorphins, the opiumlike analgesics tabodies make to

dull our pain and that can make us euphoric. Bah&fjan explains he is not dulled to
pain—he is drawn to it. The more he hurts himsbE, more sensitized to pain he
becomes, and the more pain he feels. Becauseihiampa pleasure systems are
connected, Flanagan feels real, intense pain,tdadls good.



Children are born helpless and will, in the critipariod of sexual plasticity, do anything
to avoid abandonment and to stay attached to adwks if they must learn to love the
pain and trauma

that adults inflict. The adults in little Bob's vidinflicted pain on him "for his own good."
Now, by becoming a supermasochist, he ironicalgts pain as though it is good for him.
He is utterly aware

that he is stuck in the past, reliving infancy, aags he hurts himself "because | am a big baby,
and | want to stay that way." Perhaps the fantdsyayingthe tortured baby is an imaginary way
of keeping

himself from the death that awaits him should texahimself to
grow up. If he can stay Peter Pan, endlessly "tatet by Sheree,
at least he will never grow up and die prematurely.

At the end of the film we see Flanagan dying. Hgsimaking jokes and begins to look like a
cornered animal, overwhelmed with

fear. The viewer sees how terrified he must haenlas a little boy, before he discovered the
masochistic solution to tame his pain

and terror. At this point, we learn from Bob tha&egee has bedalking of splitting up—
evoking every suffering child's worst fear,

abandonment. Sheree says the problem is that Babl@nger submitting to her. He looks utterly
brokenhearted—and in the end, she stays, and rhiragenderly.

In his final moments, almost in shock, he asksnpilgly, "Am | dying? | don't understand it...
What is going on?... I'd never believe this." Swedul were his masochistic fantasies, games,
and rituals, in which he embraced painful deatht ithseems he thought he had actually beaten it.

As for the patients who became involved in pornsinweere able to go cold turkey once they
understood the problem and how they were plasficalhforcing it. They found eventually that
they were attracted once again to their mates. Mbtieese men had addictive personalities or
serious childhood traumas, and when they understbad was happening to them, they stopped
using their computers for a period to weaken tphmiblematic neuronal networks, and their
appetite for porn withered away. Their treatmentsfexual tastes acquired later in life was far
simpler than that for

patients who, in their critical periods, acquirepraference for problematic sexual types. Yet
even some of these men were able, like A., to ohémgr sexual type, because the same laws of
neuroplas-ticity that allow us to acquire probleimtdstes also allow us, in intensive treatment, to



acquire newer, healthier ones and in some casestevase our older, troubling ones. It's a use-
it-or-lose-it brain, even where sexual desire awe lare concerned.

5

Midnight Resurrections

Stroke Victims Learn to Move and Speak Again

Michael Bernstein, M.D., an eye surgeon and tebafswho played six times a week,
was in the prime of life at fifty-four and marriedth four children when he had an
incapacitating stroke. He completed a new neurtipldserapy, recovered, and was back
at work when | met him in his office in Birminghaklabama. Because of the many
rooms in his office suite, | thought he must haveimber of physicians working with
him. No, he explained, he has a lot of rooms bexhesas a lot of elderly patients, and
instead of making them move, he goes to them.

"These older patients, some of them, they don'tarsmvwell. They've had strokes.” He
laughed.

The morning of his stroke Dr. Bernstein had operate seven patients, doing his usual
cataract, glaucoma, and refractive surgeries —ateliprocedures within the eye.

Afterward, when Dr. Bernstein rewarded himself bgymg tennis, his opponent told
him his balance was off and that he wasn't plajisgisual game. After tennis he drove
to do an errand at the bank, and when he triedise his leg to get out of his low-slung
sports car, he couldn't. When he got back to Hisegfhis secretary told him he didn't
look right. His family physician, Dr. Lewis, who waed in the building, knew that Dr.
Bernstein was mildly diabetic, that he had a cheles$ problem, and that his mother had
had several strokes, making him a possible carelidatan early stroke. Dr. Lewis gave
Dr. Bernstein a shot of heparin to keep his blaodhfclotting, and Dr. Bernstein's wife
drove him to the hospital.

During the next twelve to fourteen hours the strakesened, and the entire left side of
his body became completely paralyzed, a sign tisagraficant part of his motor cortex
had been damaged.

An MRI brain scan confirmed the diagnosis—doct@w 8 defect in the right part of the
brain that governs movement on the left side. Hmtp week in intensive care, where he
showed some recovery. After a week of physicalabgroccupational therapy, and
speech therapy in the hospital, he was transfeoradehabilitation facility for two



weeks, then sent home. He got three more weelshabilitation as an outpatient and
was told his treatment was finished. He had reckiypical poststroke care.

But his recovery was incomplete. He still neededrge. His left hand barely functioned.
He couldn't put his thumb and first finger togettmea pincer movement. Though he was
born right-handed,

he had been ambidextrous and before his strokel clwu& cataract operation with his left
hand. Now he couldn't use it at all. He couldnldrefork, bring a spoon to his mouth, or
button his shirt, At one point during rehab he wé®eled onto a tennis court and given a

tennis racket to see if he could hold it. He colildnd began to believe he'd never play
tennis again. Though he was told he'd nevie his Porsche again, he waited until no one
was home, "got into a

$50,000 car, and backed it out of the garage. Agat down to the end of the driveway,
and | looked both ways, and | was like a teerldgstealing a car. And | went to the dead
end of the street, and the car

stalled. The key is on the left side of the stegedalumn in a Porsche. | couldn't turn the
key with my left hand. | had to reach across amd te key with my right hand to get
the car started, because there was no way | wag ¢ioileave the car there and have to
call home

and tell them to come get me. And of course mylégftwas limited and pushing the
clutch was not easy."

Dr. Bernstein was one of the first people to gtheTaub Therapy Clinic, for Edward
Taub's constraint-induced (Cl) movement

therapy, when the program was still in its reseattdses. He figured he had nothing to
lose.

His progress with ClI therapy was very rapid. Hecdbsd it: "It was unrelenting. They
start at eight o'clock in the morning, and it issip till you are finished at four-thirty. It
even went on at lunch. There were just two of esahse it was the initial stages of the
therapy. The other patient was a nurse, youngerlth@obably forty-one or forty-two.
She'd had a stroke after a baby. And she was cdmpetith me, for some reason"—he
laughs—"but we got along great, and we sort ofdé#@ach other. There were a lot of
menial tasks they would have you do, like liftirans from one shelf to the next. And she
was short, so I'd put the cans up as high as bcboul

They washed tabletops and cleaned lab windowsdgagmtheir arms in a circular
movement. To strengthen the brain networks for th@nds and develop control, they



stretched thick rubber bands over their weak fiagéren opened them against the
resistance of the bands. "Then I'd have to siethed do my ABCs, writing with my left
hand." In two weeks he'd learned to print and timenrite with his afflicted left hand.
Toward the end of his stay he was able to playlfdea picking up the small tiles with
his left hand and placing them appropriately onktbard. His fine motor skills were
coming back. When he got home, he continued ttne@xercises and

continued to improve. And he got another treatmelettrical stimulation on his arm, to
fire up his neurons.

He is now back at work running his busy office.ibl@also playing tennis three days a
week. He still has some trouble running and is waylout to strengthen a weakness in
his left leg that wasn't fully treated at the Talihic—which has since begun a special
program for people with paralyzed legs.

He has a few residual problems. He finds thatdfisarm doesn't quite feel normal, as is
typical after Cl therapy. Function returns, but quoite to its former level. Yet when | had
him write his ABCs with his left hand, they lookeell shaped, and | never would have
guessed he'd had a stroke or that he was righteldland

Even though he'd gotten better by rewiring hisrbemd felt ready to return to

performing surgery, he decided not to, but onlydose if someone were to sue him for
malpractice, the first thing the lawyers would sathat he had had a stroke and shouldn't
have been operating. Who would believe that DrnBiin could make as complete a
recovery as he had?

Stroke is a sudden, calamitous blow. The brainrsched

out from within. A blood clot or bleed in the brararteries cuts off oxygen to the brain's
tissues, killing them. The most stricken of its

victims end up mere shadows of who they once wdten warehoused in impersonal
institutions, trapped in their bodies, fed like

babies, unable to care for themselves, move, @ksjBiroke is one

of the leading causes of disability in adults. Tiioit most often affects the elderly, it
can occur in people in their forties or earliercBws in an emergency room may be able
to prevent a stroke from getting worse by unblogkime clot or stopping the bleeding,
but once the damage is done, modern medicineliglethelp—or was

until Edward Taub invented his plasticity-baseatm@ent. Until Cl therapy, studies of
chronic stroke patients with paralyzed arms coreduithat no existing treatment was
effective. There were rare



anecdotal reports of stroke recoveries, like tfid&aul Bach-y-Rita'éather. Some people
made spontaneous recoveries on their own, but tlegestopped improving, traditional
therapies weren't much help. Taub's treatment athal) this by helping stroke patients
rewire their brains. Patients who had been pardljaeyears and were told they would
never get better began to move again. Some regtieadbility to speak. Children with
cerebral palsy gained control of their movementse $ame treatment shows promise for

spinal cord injuries, Parkinson's, multiple scl&spand even arthritis,

Yet few have heard of Taub's breakthroughs, evengi he firstonceived of and laid
the foundation for them over a quarter century

ago, in 1981. He was delayed from sharing themuseche became one of the most
maligned scientists of our time. The monkeys he

worked with became among the most famous lab asimdiistory,

not because of what his experiments with them detnated but because of the
allegations that they had been mistreated—allegsitilbat kept him from working for
years. These charges seemed plausible becausevaldo far ahead of his peers that
his claim that chronic stroke patients could bg&elby a plasticity-based treatment
seemed incredible.

Edward Taub is a neat, conscientious man who gage attention to details. He is over
seventy, though he looks much younger, is smarégskd, and his every hair is in place.
In conversation Taub is learned and speaks intave@fe, correcting himself as he goes
along to make sure he has said things accuratelyivels in Birmingham, Alabama,
where, at the university, he is finally free to d®p his treatment for stroke patients. His
wife, Mildred, was a soprano, recorded with Strakiy and sang with the Metropolitan
Opera. She is still a belle, with a magnificent mafhhair and southern feminine
warmth.

Taub was born in Brooklyn in 1931, went to the pubthools, and graduated from high
school when he was only fifteen. At Co-

lumbia University he studied "behaviorism™ with &néeller. Behaviorism was

dominated by the Harvard psychologist B. F. Skinaad Keller was Skinner's
intellectual lieutenant. Behaviorists of the timadibved that psychology should be an
"objective” science and should examine only whathoa seen and measured: observable
behaviors. Behaviorism was a reaction against dggies that focused on the mind
because to behaviorists, thoughts, feelings, arsilesewere merely "subjective”
experience that wasn't objectively measurable. Wene equally uninterested in the



physical brain, arguing that it, like the mindaisblack box." Skinner's mentor, John B.
Watson, wrote derisively, "Most of the psychologitilk quite volubly about the
formation of new pathways in the brain, as thougré were a group of tiny servants of
Vulcan there who run through the nervous systerh hdmmer and chisel digging new
trenches and deepening old ones.” For behaviottistiln't matter what went on inside
either the mind or the brain. One could discoverl#ws of behavior simply by applying
a stimulus to an animal or a person and observiagasponse. At Columbia the
behaviorists experimented mostly with rats. Whil & graduate student Taub
developed a way of observingts and recording their activities by using a ssftated "rat
diary."

But when he used this method to test a certainrynafchis mentor, Fred Keller, he, to
his horror, disproved it. Taub loved Keller anditegsd to discuss the experiment's
results, but Keller found out and told Taub he nahatays "call the data the way they
lay."

Behaviorism at the time, by insisting that all bébais a response to a stimulus,
portrayed human beings as passive and so was

particularly weak in explaining how we may do thengluntarily. Taub realized that the
mind and brain must be involved in initiating méhaviors, and that behaviorism's
dismissal of the mind and brain was a fatal flalwotdgh an unthinkable choice for a
behavior-

ist in that era, he took a job as a research assist an experimentaleurology lab, to
better understand the nervous system. In the lab

they were doing "deafferentation” experiments withnkeys.

Deafferentation is an old technique, used by theeéllBrize winner Sir Charles
Sherrington in 1895. An "afferent nerve," in thetext, means a "sensory nerve," one
that conveys sensory impulseghe spine and then the brain. Deafferentationsisrgical
procedure in which the incoming sensory nervesarso none of their inp@an make this
trip. A deafferented monkey cannot sense wheraffiested limbs are in space, or feel
any sensation or pain in them when touched. Tangxsfeat—while still a graduate
student—was to

OYcrturn one of Sherrington's most important idaad thus lay the
foundation for his stroke treatment.
Sherrington supported the idea thltof our movement occurs in response to some stirands

that we move, not because our brains commandtibdrause our spinal reflexes keep us
moving.



This idea was called the "reflexological theorymadvement” and had come to dominate
neuroscience.

A spinal reflex does not involve the brain. There many spinaleflexes but the simplest
example is the knee reflex. When the doctor tapis koee, a sensory receptor beneath the skin
picks up the tap and conveys an impulse alongeghsmy neuron in your thigh and into the
spine, which conveys it to a motor neuionhe spinewhich sends an impulse back to your thigh
muscle, making it contract and making your leg jerkvard involuntarily. In walking, movement
in one leg triggers movement of the other, reflexly

This theory was soon used to explain all movenfeimérrington based his belief that reflexes
were the foundation of all movement on a deaffetgm experiment that he did with F. W. Mott.
They deafferented the sensory nerves in a mon&eyiscutting them before they entered the
spinal cord, so no sensory signals could passtoiidnkey's brain, and found that the monkey
stopped using the limb. This seemed strange, bedhag had cutensorynerves (which transmit
feeling), not thamotornerves from the brain to the muscles (which stiteutaovement).
Sherrington understood why the monkeys couldnitifaenot why they couldn't move. To solve
this

problem, he proposed that movement is based onndiaded by, the sensory part of the
spinal reflex, and that his monkeys couldn't moseause he had destroyed the sensory
part of their reflex by de-afferentation.

Other thinkers soon generalized his idea, argliagdll movement, and indeed
everything we do, even complex behavior, is buylfrom chains of reflexes. Even such
voluntary movements as writing require the motateoto modifypreexistingreflexes.
Though behaviorists opposed study of the nervostesy, they embraced the idea that all
movements are based on reflex responses to prestiousli, because it left the mind and
the brain out of behavior. This in turn supporteel idea that all behavior is
predetermined by what has happened to us beforthahttee will is an illusion. The
Sherrington experiment became standard teachinggedical schools and universities.

Taub, working with a neurosurgeon, A. J. Bermamted to see if he could replicate
Sherrington's experiment on a number of monkeys hanexpected to get Sherrington's
result. Going a step further than Sherrington, éedkd not only to deafferent one of the
monkey's arms but to put the monkey's good armsiing to restrain it. It had occurred
to Taub that the monkeys might not be using theafi@érented arms because they could
use their good ones

more easily. Putting the good one in a sling mfghte a monkey to use the deafferented
arm to feed itself and move around.

It worked. The monkeys, unable to use their gooasastarted using their deafferented
arms. Taub said, "l remember it vividly. | realizibet | had been seeing the monkeys



using their limbs for several weeks, and | hadarbalized it because | wasn't expecting
it’ll

Taub knew his finding had major implications. lettnonkeys could move their
deafferented arms without having feeling or sepnsat them, then Sherrington's theory,
and Taub's teachers, were wrong. There must beemdent motor programs in the brain

that could initiate voluntary movement; behavioriand neuro-science had been going down
a blind alley for seventy years. Taalso thought his finding might have implications $troke
recovery because the monkeys, like stroke patibatsseemed utterly unable to move their
arms. Perhaps some stroke patients, like the menkeight also move their limbs if forced to.

Taub was soon to find that not all scientists vaesgracious
about having their theories disproved as Keller.\lges/out followers

of Sherrington began finding fault with the expegmt its methodology, and Taub's
interpretation. Granting agencies argued aldwither the young graduate student should be
allowed further

money. Taub's professor at Columbia, Nat Schoenfield built a well-known behaviorist theory
on the basis of Sherrington's de-

afferentation experiments. When it came time fantieo defend hi®h.D., the hall, usually
empty, was packed. Keller, Taub's mentor, was aaay,Schoenfeld was present. Taub
presented his data and his interpretation of ihoBofeld argued against him and walked out.
Then came the final exam. Taub, by this time, hadengrants than many of the teaching faculty
and chose to work on two major grant applicatiomsndy the week of the final, expecting to take
it later. When he was denied a makeup and failedifo"insolence," he decided to complete his
Ph.D. at New York University. Most scientists irs ffield refused to believe his findings. He was
attacked at scientific meetings and received nengific recognition or awards. Yet at NYU Taub
was happy. "l was in heaven. | was doing resedrstre was nothing more that | wanted."

Taub was pioneering a new kind of neurosciencenttemfjed the best of behaviorism, cleansed of
some of its more doctrinaire ideas, and brain seiem fact, it was a fusion anticipated by Ivan
Pavlov, the founder of behaviorism, who—thougts ihot widely known—had attempted in his
later years to integrate his findings with braifeace, and even argued that the brain is plastic.
Ironically,

behaviorism had in one way prepared Taub to makeitant plastic discoveries.
Because behaviorists were so uninterested in thetste of the brain, they had not
concluded, as had most neuro-scientists, thatréia acked plasticity. Many believed
they could train an animal to do almost anything] though they didn't speak of
"neuroplasticity,” they believed in behavioral picisy.



Open to this idea of plasticity, Taub forged ahedti deaffer-entation. He reasoned that
if both arms were deafferented, a monkey should $@oable to move them both,
because it would have to to survive. So he deafteceboth limbs and, in fact, the
monkeys did move both.

This finding was paradoxical: if one arm was dea&iféed, the monkey couldn't use it. If
both arms were deafferented, the monkey could age b

Then Taub deafferented the whole spinal cord, abttiere wasn't a single spinal reflex
left in the body and the monkey could not recemessery input from any of its limbs.
Still it used its limbs. Sherrington's reflexologi¢heory was dead.

Then Taub had another epiphany, the one that woandform the treatment of strokes.
He proposed that the reason a monkey didn't usentsafter a single limb was
deafferented was because it e@nednot to use it in the period right after the opemati
when

the spinal cord Was still in "spinal shock” frone thurgery.

Spinal shock can last from two to six months, agaewhen the

neurons have difficulty firing. An animal in spirgthock will try to

move its affected arm and fail many times durimgsthmonths.

Without positive reinforcement, the animal givesama instead uses its good arm to feed
itself, getting positive reinforcement each timsutceeds. And thus the motor map for
the deafferented arm—

which includes programs for common arm movementszAseto

weaken and atrophy, according to the plasticitpygple of use it or lose it. Taub called

this phenomenon "learned nonuse." He reasonednihiakeys that had both arms
deafferented were able to use them

because they'd never had the opportunity to ldwtnthey didn't work well; they had to use
them to survive.

But Taub thought he still had only indirect eviderior his theory of learned nonuse, so
in a series of ingenious experiments he tried évgnt monkeys from "learning” nonuse.
In one, he deafferented a monkey's arm; then,adsté putting a sling on the good arm
to restrain it, he put it on the deafferented arhmt way the monkey would not be able to
"learn” that it was of no use in the period of



spinal shock. And indeed, when he removed theaiestat three

months, long after the shock had worn off, the neynkas soon able to use the
deafferented limb. Taub next began investigatingtveluccess he could have teaching
animals to overcome learned nonuse. He then tegtether he could correct learned
nonuse several years

after it had developed, by forcing a monkey to thgedeafferented arm. It worked and led to
improvements that lasted the rest of thenkey's life. Taub now had an animal model that
both mimicked the effects of strokes when nerveagyare interrupted and limbs cannot
be moved, and a possible way of overcoming thelpnob

Taub believed these discoveries meant that pedpbehad had strokes or other kinds of
brain damage, even years earlier, might be sufjérmm learned nonuse. He knew the
brains of some strokgatients with minimal damage went into an equiviatérspinal

shock, "cortical shock," which can last for sevenainths. During this period each
attempt to move the hand is met with failure, pagdeading to learned nonuse.

Stroke patients with extensive brain damage imtb&r area fail to improve for a long
period and, when they do, only recover partiallgul reasoned that any treatment for
stroke would have to address both massive brairagarand learned nonuse. Because
learned nonuse might be masking a patient's alditgcover, only by overcoming
learned nonuse first could one truly gauge a pegignospects. Taub believed that even
after a stroke, there was a good chance that rpobgrams for movement were present
in the

nervous system. Thus the way to unmask motor cgpaess to do to human beings what
he did to monkeys: constrain the use of the gant knd force the affected one to begin
moving.

In his early work with monkeys, Taub had learnednaportant lesson. If he simply
offered thenma rewardfor using their bad arms to reach for food—if Hedrto do what
behaviorists call "conditioning"—the monkeys madepnogress. He turned to another
technique called "shaping,” which molds a behawiaery small steps. So a deaf-
ferented animal would get a reward not only forcassfully reaching for the food but for
making the first, most modest gesture toward it.

In May 1981 Taub was forty-nine, heading up his d¢&mn the Behavioral Biology
Center in Silver Spring, Maryland, with grand plangransform the work he was doing
with monkeys into a treatment for stroke, when ARacheco, a twenty-two-year-old
political science student at George Washington ehsity, in Washington, D.C.,
volunteered to work in his lab.



Pacheco told Taub he was considering becoming &aledsearcher. Taub found him
personable and eager to help. Pacheco did ndtitelthat he was the cofounder and
president of People

for the Ethical Treatment of Animals (PETA), thditant animal rights group. The other
PETA cofounder was Ingrid Newkirk, thirty-one, ortbe pound master of the
Washington dog pound. Newkirk

and Pacheco were romantically involved and ran PEtit?of their D.C.-area apartment.
PETA was and is againall medical research involving animals,

even research to cure cancers, heart disease,|B&I(Ance it was discovered). It
fervently opposes all eating of animals (by humeimdys, not by other animals), the
production of milk and honey (described as the l@tgqtion" of cows and bees), and the
keeping of pets (described as "slavery"), When ezlvolunteered to work with Taub,
his goal was to free the seventeen "Silver Springhkays" and make them a rallying cry
for an animal rights campaign.

While deafferentation isn't generally painful,gnhit pretty either. Because the
deafferented monkeys couldn't feel pain in themnsr

when they bumped against something, they coulderthemselves. When their injured arms
were bandaged, the monkeys sometimes reactedwghthizeir arms were foreign objects
and tried to bite thenin 1981, while Taub was away for a three-week suniméday,

Pacheco broke into the lab and took photograplis#eamed to show the monkeys suffering
gratuitously, injured and neglected, and that

suggested they were forced to eat from pans dibyettheir own feces. Armed with the
photos, Pacheco persuaded Maryland authoritiepalnzk to raid the lab and seize the
monkeys, on Friday, September 11, 1981. Taub doaildrgeted because, unlike the
laws in other states, the Maryland statute coveciniglty to animals could be interpreted
as making no exception for medical research.

When Taub returned to the lab, he was stunneddynidia circus that greeted him and
by its repercussions. A few miles down the roadathinistrators at the National
Institutes of Health (NIH), the nation's leadingdioal research institution, heard about
the raid and became frightened. The NIH labs conhace biomedical experimentation
on animals than any other institution in the waid could clearly be PETA's next
target. NIH had to decide whether to defend Taubtake on PETA or argue that he was
a bad apple and distance themselves. They turreedsad aub.



PETA posed as a great defender of the law, evamgth®acheco is alleged to have said
that arson, property destruction, burglary, andt thiee acceptable "when they directly
alleviate the pain and suffering of an animal.” B'awcase became the cause celebre of
Washington society. Thé/ashington Postovered the controversy, and its columnists
pilloried Taub. Taub was demonized by animal rigidsvists in a campaign that
depicted him as a torturer, like the Nazi Dr. Mdeg&he publicity generated by the
"Silver Spring monkeys" was enormous and made P&#EAargest animal rights
organization in the United States and Edward Talated figure.

He was arrested and put on trial for cruelty toreais, charged with 119 counts. Before
his trial two-thirds of Congress, its members bgsteby angry constituents, voted for a
Sense of Congress resolution to stop his fundimgstdfered professional isolation; lost
his salary, his grants, and his animals; was ptedefnom experimenting; and was driven
from his home in Silver Spring. His wife was stalkand he and she were hounded by
death threats. At one point someone followed Mdd@New York City, phoned Taub,
and gave him a detailed account of her activigdmsrtly after that, Taub got another call
from a man saying he was a Montgomery County palftieer and that he had just been
informed by the NYPD that Mildred had had "an utifioate accident.” It was a lie, but
Taub couldn't know that.

Taub spent the next six years of his life workingesen hours a day, seven days a week,
to clear himself, often functioning as his own lamnyBefore his trials began, he had
$100,000 in life savings. By the

end he had $4,000. Because he was blackballedyut@nit get a job at a university. But
gradually, trial by trial, appeal by appeal, chabgecharge, he refuted PETA.

Taub claimed that there was something fishy adwiphotos and that there were signs
of complicity between PETA and the Montgomery Coueaiithorities. Taub has always
contended that Pacheco's

photos were staged, the captions fabricated, atdftr instance, in

one picture a monkey that normally sat comfortaiblg testing chair was positioned
grimacing, straining, and stooped, in a way thaido

have occurred only if a number of nuts and bolts len undone and the chair
readjusted. Pacheco has denied they were staged.

One bizarre aspect of the raid is that the policeed the monkeys from Taub's lab over
to Lori Lehner, a member of PETA, to keep in hesdraent, in effect giving away

official evidence. Then suddenly the entire colofynonkeys disappeared. Taub and his
supporters have never doubted that PETA and Pashe@behind the



removal of the monkeys, but Pacheco has been cen discussing
the matterNew Yorkemauthor Caroline Fraser asked Pacheco if they

had been taken, as was alleged, to Gainesyilleidaloand he said, "That's a pretty good
guess."

When it became clear that Taub couldn't be prosdowtthoutthe monkeys and that the
theft of court evidence was a felony, the

monkeys suddenly returned as mysteriously as thdydisappeared and were briefly given
back to Taub. No one was charged,

but Taub has steadfastly maintained that blood sstwed the animals were extremely
stressed by their two-thousand-mile round trip

and had a condition called transport fever, anch sdter, one, Charlie, was attacked and
bitten by another very agitated monkey. Charlie thas given an overdose of
medication by a court-appointed vet and died.

By the end of Taub's first trial before a judgeNiovember

1981, 113 of the 119 charges against him had beemsted. There was a second trial,
in which he made further progress, followed by ppeal in which the Maryland Court of
Appeals found that the state anticruelty law wagenetended by the Maryland
legislature to apply to researchers. Taub was embtedin a unanimous decision.

The tide seemed to turn. Sixty-seven American pd@mal societies made
representations on Taub's behalf to the NIH, whestersed its decision not to support
him, now arguing there was no good evidence footiginal charges.

But Taub still didn't have his monkeys or a jobd &is friends told him that no one
would want him. When he was finally hired by theidmsity of Alabama in 1986, there
were demonstrations against him and protesteratdmed to stop all animal research at
the university. But Carl McFarland, the head of psgchology department, and others
who knew his work, stood by him.

Given his first break in years, Taub got a gramdttaly strokes and opened a clinic.

Mitts and slings are the first things you see atThub clinic: grown-ups, indoors,
wearing mitts on their good hands, slings on tgewd arms, 90 percent of their waking
hours.



The clinic has many small rooms and one big onerevfiaub-inspired exercises take
place. Taub developed these exercises workingavghysiotherapist, Jean Crago. Some
appear to be more intensive versions of the evegriatks that conventional
rehabilitation centers use. The Taub clinic alwagss the behavioral technigue of
"shaping,” taking an incremental approach to aks$aAdults play what look like
children's games: some patients push large pegpéuy-boards, or grasp large balls;
others pick the pennies out of a pile of penniestzaans and put them in a piggy bank.
The gamelike quality is no accident—these peo@eaaearning how to move, going
through the small steps we all went through asdsalim order to retrieve the motor
programs that Taub believes are still in the nesvetstem, even after many strokes,
illnesses, or accidents.

Conventional rehab usually lasts for an hour, assiens are three times a week. Taub
patients drill six hours a day, for ten to fiftedays straight. They get exhausted and often
have to nap. Patients do ten to twelve tasks ardpgating each task ten times apiece.
Improvement begins rapidly, then lessens progrelsiTaub's original studies showed
that treatment works for virtually all stroke swois whoareleft with someability to
movetheir fingers—abouhalf of patients who have had chronic strokes. The Taub
clinic has since

learned how to train people to use completely paesl hands. Taub began by treating
people who had had milder strokes, but he has mows, using control studies, that 80
percent of stroke patients who have lost arm fomatan improve substantially. Many of
these people have had severe chronic strokes amgedhvery large improvements. Even
patients who had had their strokes, on averages than four years before beginning CI
therapy benefited significantly.

One such patient, Jeremiah Andrews (not his real)aa fifty-three-year-old lawyer, had
his stroke forty-five years before he wenthe Taub clinic and was still helped, a half
century after his childhood catastrophe. He hadtiake when he was only seven years
old, in first grade, while playing baseball. "l wetainding on the sideline,” he told me,
"and all of a sudden | dropped to the ground amdi 4ghave no arm, | have no leg.' My
dad carried me home." He'd lost feeling on histrgitie, couldn't lift his right foot, or use
his arm, and developed

a tremor. He had to learn to write with his lefhtidecause his right

was weak and incapable of fine motor movementgydieonventional rehab after the
stroke but continued to have major difficulties.

Though he walked with a cane, he fell constantlythg time he was in his forties, he
was falling about 150 times a year, breaking, fieédint times, his hand, his foot, and,
when he was forty-nine, his hip. After he



broke his hip, conventional rehab helped him reduséalls to about

thirty-six a year. Subsequently he went to Tauliréccand had two weeks of training for
his right hand, then three weeks for his leg, amgroved his balance significantly. In
this short period his hand had so improved thaty'thad me writing my name with my
right hand with a pencil so that | could recogntzewhich is amazing." He continues to
do his exercises and continues to improve; threesyafter leaving the clinic he has
fallen only seven times. "l have continued to inya&r¢three years after," he says, "and
because of the exercises I'm in better shape tham wleft Taub, by a huge, huge
margin."

Jeremiah's improvement at Taub's clinic demonstithiEt because the brain is plastic
and capable of reorganization, we should be slopredict how far a motivated patient
with a stroke in a sensory or motor area may psggnegardless of how long the patient
has lived with the disability. Because it is a uitserlose-it brain, we might assume that
the key areas of Jeremiah's brain for balance,imglland hand use would have
completely faded away, so that further treatmenild/be pointless. Though they did
fade, his

brain, given the appropriate input, was able togaoize itself and find a new way to
perform the lost functions—as we can now confirrthviarain scans.

Taub, Joachim Liepert, and colleagues from the &hsity of Jena, Germany, have
demonstrated that after a stroke the brain mapriaffected arm shrinks by about half,
S0 a stroke patient has only half the original namdf neurons to work with. Taub
believes that this is why stroke patients repat tising the affected arm requires more
effort. It is not only muscle atrophy that makesverment harder but also brain atrophy.
When CI therapy restores the motor area of thenlicaits normal size, using the arm
becomes less tiring.

Two studies confirm that Cl therapy restores tliriced brain map. One measured the
brain maps of six stroke patients who had had arminh@nd paralysis for an average of
six years—Ilong after any spontaneous recovery doalexpected. After Cl therapy the
size of the brain map that governed hand movemaurtldd. The second study showed
that changes could be seen in both hemispheré&e dfrain, demonstrating how
extensive the neuroplastic changes were. Thesbafest studies to demonstrate that
brain structure can be changed in stroke patiantssponse to Cl treatment, and they
give us a clue as to how Jeremiah recovered.

Currently Taub is studying what length of trainisdest. He has

begun to get reports from clinicians that threere@day may produce good results and
that increasing the number of movements per



hour is better than undergoing the exhausting sixsof treatment,
What rewires patients' brains is not mitts andgsjrof course.

Though they force the patients to practice usieg ttlamaged arms, the essence of the
cure is thencrementakraining or shaping, increasing in difficulty owane. "Massed
practice"—concentrating an extraordinary amourgarcise in only two weeks—helps
rewire their

brains by triggering plastic changes. Rewiringds perfect aftethere has been massive
brain death. New neurons have to take over thdlostions, and they may not be quite
as effective as the ones

they replace. But improvements can be as signifiaarthose seen [Dr. Bernstein—and in
Nicole von Ruden, a woman who was afflicterd with a stroke but with another kind of brain
damage.

Nicole von Ruden, | was told, is the kind ofpersdro lights up the room the moment she walks
in. Born in 1967, she has workedas elementary school teacher and as a producenmby
and for theelevision shovEntertainment TonighShe did volunteer work at a

school for the blind, with children who had canaed with children

who had AIDS because they had been raped or bfactéd. She wakardy and active. She
loved Whitewater rafting and mountain bikifgd run a marathon, and had gone to Peru to
hike the Inca trail.

One day when she was thirty-three, engaged to lpeemiand living in Shell Beach, California,
she went to an eye doctor for double vision thattheen bothering her for a couple of months.
Alarmed, he sent her for an MRI scan the same\déaen the scan was done, she was admitted
to the hospital. The next morning, January 19, 2806 was told she had a rare inoperable brain
tumor, called a glioma, in the brain stem, a narap@a that controls breathing, and that she had
between three and nine months to live.

Nicole's parents immediately took her to the h@dpit the University of California at San
Francisco. That evening the head of neurosurgéshhter that her only hope of staying alive was
massive doses of radiation. A surgeon's knife @ $imall area would kill her. On the morning of
January 21 she got her first dose of radiationthed, over the next six weeks, received the
maximum amount a human being can tolerate, so rthattshe can never have radiation again.
She also was given high doses of steroids to reslwedling in her brain stem, which can also be
fatal.

The radiation saved her life but was the beginoihgew woes. "About two or three weeks into
the radiation," Nicole says, "I started having limg in my right foot. With time it climbed up the
right side of my body, up to my knee, hips, to@wg arms, and then my



face.” She was soon paralyzed and without sensatidrer whole right side. She is right-
handed, so the loss of that hand was criticajdttso bad,” she says, "I couldn't sit up or
even turn in bed. It was like when your leg fak¢éeap, and you can't stand up on it, and
it collapses.” The doctors soon determined thati not a stroke but a rare and severe
side effect of the radiation that had damaged henb"One of life's little ironies," she
says.

From the hospital she was taken to her parentsehtirhad to be pushed in a
wheelchair, pulled out of bed and carried, and éelpto or out of a chair." She was able
to eat with her left hand but only after her pasdregd her into a chair with a sheet, to
prevent her from falling—especially dangerous beeahe couldn't reach out to break a
fall with her arms. With continued immobility andsks of steroids, she went from 125
pounds to 190 and developed what she calls a "pumfipke.” The radiation also made
patches of her hair fall out.

She was psychologically devastated and especipfigtiby the grief her iliness was
causing others. For six months Nicole became scedegd that she stopped speaking or
even sitting up in bed. "l remember this period, lmbn't understand it. | remember
watching the clock, waiting for time to go by ottty up for my meals, as my parents
were adamant that | got up for three meals a day."

Her parents had been in the Peace Corps and raddocttitude. Her father, a general
practitioner, quit his medical practice and

stayed home to nurse her, despite her protesty.tdb& her to movies or out along the
ocean in her wheelchair to keep her connectedeto'rhey told me I'd get through it,"
she said, "to ride the ride, and this would pasanwhile, friends and family sought
information about possible treatments. One of th@ohNicole about the Taub clinic,
and she decided to undergo ClI therapy.

There she was given a mitt to wear, so she woubdnéble to usker left hand. She found
the staff unyielding on this point. She laughs sags, "They did a funny thing the first
night." When the

phone rang at the hotel where she was stayingheitmother, Nicole threw off her mitt and
picked up after one ring. "l instantfjot scolded by my therapist. She was checking on me
and knew thaif | picked up on one ring, | was obviously notngimy affectechrm. |

was instantly busted."

Not only did she have a mitt. "Because | talk witi1 hands, and I'm a storyteller, they
had to strap my mitt to my leg with a Velcro stryghich | found very funny. You
definitely lower your pride on



that one.

"We were each assigned one therapist. | was assighgstine.That was an instant
connection." Mitt on her good hand, Nicaleon was trying to write on a white board or
type on a keyboard with her paralyzed hand. Oneceseebegan by putting poker chips
into a large oatmeal can. By the end of the weekwsds putting the chips into a small slit
in a tennis ball can. Again and again she stac&mdbow-colored baby rings on a rod,
clipped clothespins to a yardstick, or tried talst fork into Play-Doh and bring it to her
mouth. At first the staff helped her. Then shettiiel exercises while Christine timed her
with a stopwatch. Each time Nicole completed a tagksaid, "That was the best | could
do," Christine would say, "No, it's not."

Nicole says, "It's really incredible, the amouniraprovement that occurred in just five
minutes! And then over two weeks—it's earth-shatteThey do not allow you to say
the word 'can't,’ which Christine called 'the fdetter word.' Buttoning was insanely
frustrating for me. Just one button seemed likev@ossible task. | had rationalized that
| could get through life without ever doing thatag And what you learn at the end of
the two weeks, as you are buttoning and unbuttoailadp coat rapidly, is that your whole
mind-set can shift about what you are able to do."

One night in the middle of the two-week coursehafrapy, all the patients went out for
dinner in a restaurant. "We definitely made

a mess at the table. The waiters had seen Taub gétients before, and they knew what
to expect. Food was flying, with us all trying tat evith our affected arms. There were
sixteen of us. It was pretty funny. By the endhe second week, | was actually making
the pot of coffee with my affected arm. If | wanteaffee, they said, '‘Guess what? You
get to make it." | had to scoop it out and put ithie machine and fill it with water, the
whole thing with my affected arm. | don't know hdwnkable it was."

| asked her how she felt when she was leaving.

"Completely rejuvenated, even more mentally thaysally. It gave me the will to
improve, and have normalcy in my life." She hatingged anyone with her affected arm
for three years, but now she could do so agaiami'how known for having a wimpy
handshake, but | do it. I'm not throwing a javelith the arm, but | can open up the
refrigerator door, turn off a light or a faucetdgout shampoo on my head." These "little"
improvements allow her to live alone and drive wrkvon the freeway with two hands
on the wheel. She's started swimming, and the wetke she and | spoke, she'd gone
parallel skiing without poles in Utah.

Throughout her ordeal her bosses and coworkerstat®&NN



andEntertainment TonigHbllowed her progress and helped financially. When
freelance job in entertainment at CNN New York came

up, she took it. By September she was workingtfaike again, On

September 11, 2001, she was at her desk lookinthewtindow and saw the second
plane hit the World Trade Center. In the crisis sfas assigned to the newsroom and to
stories that, under other circumstances, might baes simplified out of sensitivity to
her "special needs." But they weren't. The attitwds "You've got a good mind, use it."
This, she says, "was probably the best thing fat' me

When that job came to an end, Nicole returned tddCaia and to teaching elementary
school. The children embraced her immediately. Tédven had a "Miss Nicole von
Ruden Day," when the

children got out of their schoolbuses wearing cogknitts, like those at the Taub clinic, and
kept them on all day. They joked abdet writing and her weak right hand, so she hadhthe
write with their weaker or less dominant hands. dArsays Nicole, "they weren't allowed to use
the word ‘can't.’ | actually had little therapid#y first graders had me raise my hand over my
head while they counted. Every day | had to holgitonger ... They were tough." Nicole is now
working full-time as a producer f@ntertainment

Tonight.Her job includes script-writing, fact-checking, atmbrdinating shoots. (She was in
charge of the Michael Jackson trial coverage.) Whman who couldn't roll herself over in
bed now gets twork at five a.m. and works a fifty-hour-plus we&he's back to her old weight
of 126 pounds. She still has some residual tinghind weakness on her right side, but she can
carry things in her right hand, raise it, get deglssand take care of herself in general. And ske ha
returned to helping kids who have AIDS.

The principles of constraint-induced therapy haserbapplied by a team headed by Dr.
Friedemann Pulvermuller in Germany, which workethwWiaub to help stroke patients who have
damage to Broca's area and have lost the abilgpéak. About 40 percent of patients who have
a left hemisphere stroke have this speech apHasiae, like Broca's famous aphasia patient,
"Tan," can use only one word; others have more sbrd are still severely limited. Some do get
better spontaneously or get some words back, atsigenerally been thought that those who
didn't improve within a year couldn't.

What is the equivalent of putting a mitt on the thoor a sling on speech? Patients with aphasia,
like those with arm paralysis, tend to fall backtbe equivalent of their "good" arm. They use
gestures or draw pictures. If they can speak athal tend to say what is easiest over and over.

The "constraint" imposed on aphasiacs is not phadiit it's just



as real: a series of language rules. Since behawist be shaped, these rules are
introduced slowly. Patients play a therapeutic gaohe. Four people play with thirty-
two cards, made up of sixteen different pictures, of each picture. A patient with a
card with a rock on it must ask the others fordame picture. At first, the only
requirement is that they not point to the cardasmoot to reinforce learned nonuse. They
are allowed to use any kind of circumlocution,@sgl as it is verbal. If they want a card
with a picture of the sun and can't find the wabhety are permitted to say "The thing that
makes you hot in the day" to get the card they w@nte they get two of a kind, they
can discard them. The winner is the player who getsf his cards first.

The next stage is to name the object correctly. ey must ask a precise question,
such as "Can | have the dog card?" Next they midstlze person’'s name and a polite
remark: "Mr. Schmidt, may | please have a copyhefdun card?" Later in the training
more complex cards are used. Colors and numbeistewduced—a card with three blue
socks and two rocks, for instance. At the beginmpiatients are praised for accomplishing
simple tasks; as they progress, only for morediftiones.

The German team took on a very challenging popnati patients who had had their
strokes on average 8.3 years before, the verywhes most had given up on. They
studied seventeen patients. Seven in a contropggoticonventional treatment, simply
repeating words; the other ten got Cl therapydoglage and had to obey the rules of
the language game, three hours a day for ten

days. Both groups spent the same number of hdwes,were givestandard language tests.
In the ten days of treatment, after only thirty-taaurs, the Cl therapy group had a 30
percent increase in communication. The conventitbeatment group had none.

Based on his work with plasticity, Taub has discedea numbeof training principles:
training is more effective if the skill closely agés to everyday life; training should be
done in increments; and

work should be concentrated into a short timeaining technique Taub calls "massed
practice," which he has found far more effectivan long-term but less frequent training.

Many of these same principles are used in "immatdearning of a foreign language.
How many of us have taken language courses oves gea not learned as much as
when we went to the countand "immersed" ourselves in the language for aliarter
period? Our time spent with people who don't spmaknative tongue, forcing us to speak
theirs, is the "constraint." Daily immersion allows

to get "massed practice.” Our accent suggestharothat they may

have to use simpler language with us; hence waarementally



challenged, or shaped. Learned nonuse is thwadremaduse our survival depends on
communication.

Taub has applied CI principles to a number of otheorders. He has begun working
with children with cerebral palsy—a complex, tradisability that can be brought on by
damage in the developing brain caused by strokection, lack of oxygen during birth,
and other problems. These children often canndt esadl are confined to wheelchairs for
life, cannot speak clearly or control their movetseand have impaired or paralyzed
arms. Before Cl therapy, treatment of paralyzedsamthese children was generally
considered ineffective. Taub did a study in whielif the children got conventional
cerebral palsy rehab and half got CI therapy, witir better-functioning arm placed in a
light fiberglass cast. The CI therapy included pgoggsoap bubbles with their affected
fingers, pounding balls into a hole, and pickingpuzzle pieces. Each time the children
succeeded, they were heaped with praise and thhéme next game, encouraged to
improve accuracy, speed, and fluidity of motiorge¥ they were very tired. The
children showed extraordinary gains in a three-weaking period. Some began to
crawl for the first time. An eighteen-month-old watse to crawl up steps and use his
hand to put food in his mouth for the first timea&four-and-

a-half-year-old boy, who hateverused his arm or hand, began to play ball. And then
there was Frederick Lincoln.

Frederick had a massive stroke when he was in btheris womb. When he was four
and a half months old, it became clear to his nratieg something was not right. "I
noticed he wasn't doing what other boys in day wames doing. They could sit up and
hold their bottle, and my child could not. | kneangething was wrong but didn't know
where to turn.” The entire left side of his bodysvedfected: his arm and leg didn't
function well. His eye drooped, and he couldn'tf@ounds or words because his tongue
was partially paralyzed. Frederick couldn't cramvalk when other children did. He
couldn't talk until he was three.

When Frederick was seven months old, he had arseiand his left arm was drawn up
to his chest and couldn't be pulled away. He wasrgan MRI brain scan that, the doctor
told his mother, showed that "one-quarter of harbwas dead,” and that "he would
probably never crawl, walk, or talk."” The doctotibeed the stroke had occurred about
twelve weeks after Frederick was conceived.

He was diagnosed with cerebral palsy, with paralgsithe left side of his body. His
mother, who worked in the Federal District Couttitdper job to devote all her time to
Frederick, causing a major financial strain onfdraily. Frederick's disability also
affected his eight-and-a-half-year-old sister.

"l had to explain to his sister," his mother sattsat her newbrother would not be able to
take care of himself, and that Mama



would have to do it, and that we didn't know howddhat wouldast. We didn't even know
if Frederick would ever be able to do things by &t When Frederick was eighteen
months old, his mother heard about the Taub cfori@dults and asked if Frederick
could

be treated. But it would be several years befagectimic developed program for children.

By the time he went to Taub's clinic, Frederick ias. He had

made some progress using conventional approacleesoidd wallwith a leg brace and
could talk with difficulty, but his progress hathteaued. He could use his left arm but not
his left hand. Because he had no pincer grasp amdrct touch his thumb to any of his
fingers, he couldn't pick up a ball and hold ihis palm. He had to use the palm of his
right hand and the back of his left.

At first Frederick didn't want to participate iretfaub treatment and rebelled, eating his
mashed potatoes with the hand that

had a cast on it instead of trying to use his adigone.
To make sure that Frederick got twenty-one uniofged days
of treatment, the CI therapy was not done at thébTdinic. "At our

convenience," says his mother, "it was done atodag, home, church, Grandma's,
anywhere we were. The therapist rode to church watland while she did, she worked
on his hand in the car. Then she'd go to Sundayodciass with him. She worked
around our plans. The majority of Monday througit&y was spent in Frederick's day
care, though. He knew we were trying to make ‘ldfegter, because that is what we call
it."

A mere nineteen days into the therapy, "lefty" deped a pincer grasp. "Now," says his
mother, "he can do anything with that left hand, ibis weaker than the right. He can
open a Ziploc bag, and he can hold a basebalHeatontinues to improve every day.
His motor skills are dramatically improved. Thapimvement started during the project
with Taub and has continued ever since. | camktbi anything | do for him other than
being a typical parent, as far as assisting hins gdecause Frederick became more
independent, his mother was able to go back to work

Frederick is now eight, and he doesn't think ofdethas disabled. He can run. He plays
a number of sports, including volleyball, but he laaways loved baseball best. So that he
can keep his glove on, his mother sewed Velcralegj which fastens to the Velcro on a
small brace he wears on his arm.



Frederick's progress has been phenomenal. Heowieidr the

regular baseball team—not one for handicapped r&nitd-and made the cut. "He played
so well on the team," says his mother, "that he etsen by the coaches for the all-star
team. | cried for two hours when they told me thBtederick is right-handed and holds
the bat normally. Occasionally he loses his lefiéhgrip, but his right hand is now so
strong that he can swing one-handed.

"In 2002," she says, "he played in the five-tos®ar-old division baseball, and he
played in five all-star games. He had the winnifaypn three of the five games—he
won the championship with his winning RBI. It wagesome. I've got it on video."

The tale of the Silver Spring monkeys and neurajoifg was not yet finished. Years had
passed since the monkeys were removed from Talb'8Ut in the meantime
neuroscientists had begun to appreciate what Tsubften ahead of his time, had been
discovering. This new interest in Taub's work, anthe monkeys themselves, would
lead to one of the single most important plastieitgeriments ever performed.

Merzenich, in his experiments, showed that whes@gnnput from a finger was cut off,
brain map changes typically occurred in 1

to 2 millimeters of the cortex. Scientists thoutjfat the probable explanation for this
amount of plastic change was the growth of indigicheuronal branches. Brain neurons,
when damaged, might send out small sprouts, orches) to connect to other neurons. If

one neuron died or lost input, the branches ofdjacant neuron had the ability to grow 1
to 2 millimeters to compensate. But if this was tfechanism by which plastic change
occurred, then change was limited to the few nesiobose to the damage. There could
be

plastic change between nearby sectors of the brdinot betweesectors that lay farther
apart.

Merzenich's colleague at Vanderbilt, Jon Kaas, wdnkith a

student named Tim Pons, who was troubled by tbeZHmillimeter limit. Was that really
the upper limit of plastic change? Or did Merzerotiserve that amount of change
because of his technique, which in some key exmrisminvolved cutting only a single
nerve?

Pons wondered what would happen in the brain thalinerveé the hand were cut.
Would more than 2 millimeters be affectedi®d would changes be seen between sectors?



The animals that could answer that question wex&tlver

Spring monkeys, because they alone had spent twebrs without sensory input to their
brain maps. Ironically, PETA's interference fomsany years had made them
increasingly valuable to the scientific communlfyany creature had massive cortical
reorganization that

could be mapped, it would be one of them.

But it wasn't clear who owned the animals, thougtytwere in NIH custody. The agency
at times insisted it didn't own them—they were patatoes—and didn't dare experiment
with them because they were the focus of PETA'speagn to have them released. By
now, however, the serious scientific communityJudag NIH, was growing fed up with
witch hunts. In 1987 PETA brought a custody cag@ééocSupreme Court, but the Court
declined to hear it.

As the monkeys aged, their health deteriorated cmedof them, Paul, lost a lot of
weight. PETA began lobbying NIH to have him eutzadi—a mercy killing—and
sought a court order to bring it about. By Decenl839 another monkey, Billy, was
also suffering and dying.

Mortimer Mishkin, head of the Society for Neurosaie and chief of the Laboratory of
Neuropsychology at the NIH's Institute of Mentalaile, had many years before
inspected Taub's first deafferentation experimieat had overturned Sherrington's
reflexological theory. Mishkin had stood up for Baduring the Silver Spring monkey
affair and was one of the very few who had oppaseting Taub's NIH grant. Mishkin
met with Pons and agreed that when the

monkeys were to be euthanized, a final experimeuldcbe done. It was a brave
decision, since Congress had gone on record asfgyeETA. The scientists were well
aware that PETA might go berserk, so they leftgbreernment out of it and arranged to
have the experiment funded privately.

In the experiment the monkey Billy was to be anetited and a microelectrode analysis
of the brain map for his arm was to be done, jebte he was euthanized. Because there
was so much pressure on the scientists and surgdeysdid in four hours what would
normally have taken more than a day. They remowaetgh the monkey's skull, inserted
electrodes into 124 different spots in the sensoriex area for the arm, and stroked the
deafferented arm. As expected, the arm sent ntrieldmpulses to the electrodes. Then
Pons stroked the monkey's face—knowing that thm lonap for the face is adjacent to

the map for the arm.

To his amazement, as he touched the face, the meurdthe monkey's deafferented arm
map also began to fire—confirming that the facialjpnmad taken over the arm map. As



Merzenich had seen in his own experiments, whemaia Imap is not used, the brain can
reorganize itself so that another mental functakes over that processing space. Most
surprising was the scope of the reorganizationrtéen millimeters, or over half an inch
of the "arm" map, had

rewired itself to process facial sensory input—trgest amount of
rewiring that had ever been mapped.

Billy was given a lethal injection. Six months latbe experiment was repeated on three
other monkeys, with the same results.

The experiment gave a tremendous boost to Taut@altor of the paper that followed,
and to other neuroplasticians who were hopingwresthe brains of people who had
large amounts dfrain damage. Not only could the brain respondaimale by having
single neurons grow new branclveghin their own small sectors, but, the experiment
showed, reorganization could ocaarossvery large sectors.

Like many neuroplasticians, Taub has handin numerous collaborative experiments.
He has a computer version of Cl therapy for peagiie cannot come to the clinic, called
AutoCITE (Automated CI Therapy), that is showingmising results. ClI

therapy is now being assessed in national triatsitihout the United States. Taub is also
on a team developing a machine to help people wtosally paralyzed with
amyotrophic lateral

sclerosis—the illness Stephen Hawking has. The maahould

transmit their thoughts through brain waves thegaia computer cursor to select letters
and spell words to form short sentences. He isluaebin a cure for tinnitus, or ringing

in the ears, that can be caused by plastic changke auditory cortex. Taub also wants
to find out whether stroke patients can developmetely normal movement with ClI
therapy. Patients now receive treatment for only weeks; he wants to know what
would happen with a year of the therapy.

But perhaps his greatest contribution is that pjg@ach to brain damage and problems
in the nervous system applies to so many conditiémen a nonneurological disease like
arthritis may lead to learned nonuse because aftattack patients often stop using the
limb or joint. Cl therapy might help them get theiovement back.

In all of medicine, few conditions are as terrifyias a stroke, when a part of our brain
dies. But Taub has shown that even in this statiyray as there is adjacent living tissue,
because that tissue is plastic, there may be Hapettmight take over. Few scientists
have gathered so much immediately practical knogdddom their experimental



animals. lronically, the only episode of pointl@sg/sical distress to animals in the entire
Silver Spring affair occurred when, while in PETA&nds, they suspiciously
disappeared. For that was when they appear tolbeee taken on a two-thousand-mile

round trip to Florida and back, which left thempdysically disturbed and agitated.

Edward Taub's work daily transforms people, mosttodm were struck down in the midnight of
their lives. Each time they learn to move theirahgmred bodies and speak, they resurrect not only
themselves but the brilliant career of Edward Taub.

6

Brain Lock Unlocked

Using Plasticity to Stop Worries, Obsessions, Compulsions, and Bad Habits

All Of US have worries. We worry because we arelligient beings. Intelligence predicts, that is
its essence; the same intelligence that allows p&an, hope, imagine, and hypothesize also
allows us to worry and anticipate negative outcarBes there are people who are "great
worriers," whose worrying is in a class of its owiheir suffering, though "all in the head," goes
far beyond what most people experience precilsetpausat is all in the head and is thus
inescapable. Such people are so constantly trazmaaby their own brains that they often
consider suicide. In one case a desperate coltadert felt so trapped by his obsessive worries
and compulsions that he put a gun in his mouthpautiéd the trigger. The bullet passed into his
frontal lobe, causing a frontal lobotomy, which vedishe time a treatment for obsessive-
compulsive disorder. He was found still alive, thisorder cured, and he returned to college.

There are many kinds of worriers and many typemnafety— phobias, post-traumatic
stress disorders, and panic attacks. But amongdbple who suffer most are those with
obsessive-compulsive disorder, or OCD, who arditmirthat some harm will come, or
has come, to them or to those they love. Though ey have been fairly anxious as
children, at some later point, often as young adtiiey have an "attack” that takes their
worrying to a new level. Once self-possessed adiky now feel like anguished,

terrified children. Ashamed that they've lost cohtthey often hide their worry from
others, sometimes for years, before they seek hethe worst cases they cannot awaken
from these nightmares for months at a time or gams. Medications may quell their
anxieties but often don't eliminate the problem.

OCD often worsens over time, gradually alteringgtracture of the brain. A patient with
OCD may try to get relief by focusing on his worryraking sure he's covered all the



bases and left nothing to chance—but the moreihkgtabout his fear, however, the
more he worries about it, because with OCD, woagdis worry.

There is often an emotional trigger for the firsdjar attack.

A person might remember that it is the anniversdityis mother's death, hear about a
rival's car accident, feel an ache or lump in his

body, read about a chemical in the food supplgearan image of burned hands in a
film. Then he begins to worry that he is approaghhre age that his mother was when
she died and, though not generally superstitioow, fieels he is doomed to die that day;
or that

his rival's early death awaits him too; or thahlas discovered the first symptoms of an
untreatable disease; or that he has already besongal because he was not vigilant
enough about what he ate. We all experience suniytits fleetingly. But people with
OCD

lock onto the worry and can't let it go. Their Iisaand minds march

them through various dread scenarios, and thoughttl to resist thinking about them,
they cannot. The threats feel so real, they think

they must attend to them. Typical obsessions aues fef contracting terminal illness, being
contaminated by germs, being poisoned by

chemicals, being threatened by electromagnetiatiadi, or even

being betrayed by one's own genes. Sometimes dsalssget preoccupied with symmetry: they
are bothered when pictures are not perfectly lewéheir teeth are not perfectly straight, or when
objects

are not kept in perfect order, and they can speudshlining therup properly. Or they
become superstitious about certain numbers and

can set an alarm clock or volume control only oreaen number.
Sexual or aggressive thoughts—a fear they haveduetl ones—
might intrude into their minds, but where theseutjitts come from

they do not know. A typical obsessional thoughthmige "The thud that | heard while driving
means | may have run somebody over." If they digioas, blasphemous thoughts might arise,
causing guilt and worry. Many people with OCD habsessive doubts and are always second-



guessing themselves: have they turned off the stogked the door, or hurt someone's feelings
inadvertently?

The worries can be bizarre—and make no conceivsdlriee even to the worrier—but that doesn't
make them any less tormenting. A loving motheraiid worries, "l am going to harm my

baby," or, "l will get up in my sleep and stab myshand with a butcher knife in the chest while
he's sleeping.” A husband has the obsessive thtlugithere are razor blades attached to his
fingernails, so he cannot touch his children, nlale to his wife, or pat his dog. His eyes see no
blades, but his mind insists they are there, arkekes asking his wife for reassurance that he
hasn't hurt her.

Often obsessives fear the future because of sostakmithey may have made in the past. But it
is not only the mistakes that have happened thatthhem. Mistakes that thépaginethey

could make, should they let their guard down far@nent—which they, being human,
eventually will—also generate a sense of dreaddduanot be turned off. The agony of the
obsessive worrier is that whenever something baghimtely possible, feelsinevitable.

| have had several patients whose worries aboirthikalth were so intense that they felt
as though they were on death row, each day awdtgigexecution. But their drama
does not end there. Even if they are told theiithes fine, they may feel only the
briefest flash of relief before they harshly diagadhemselves as "crazy" for all they
have put themselves through—though, often, thisigit" is obsessional second-
guessing in a new guise.

Soon after obsessive worries begin, OCD patiepis#jly do something to diminish the
worry, a compulsive act. If they feel they haverbeentaminated by germs, they wash
themselves; when that doesn't make the worry gy avay wash all their clothing, the
floors, and then the walls. If a woman fears shiekii her baby, she wraps the butcher
knife in cloth, packs it in a box, locks it in thasement, then locks the door to the
basement. The UCLA psychiatrist Jeffrey M. Schwdggcribes a man who feared being
contaminated by the battery acid spilled in caideags. Each night he lay in bed
listening for sirens that would signal an accidegdérby. When he heard them, he would
get up, no matter what the hour, put on speciatingishoes, and drive until he found the
site. After the police left, he would scrub thefaspwith a brush for hours, then skulk
home and throw out the shoes he had worn.

Obsessive doubters often develop "checking comqmssl Ifthey doubt they've turned off
the stove or locked the door, they go

back to check and recheck often a hundred or nmoest Because
the doubt never goes away, it might take them htmilsave the house.

People who fear that a thud they heard while dgwimght



mean they ran someone over will drive around tbelbjust tomake sure there is no corpse
in the road. If their obsessional fear is of

a dread disease, they will scan and rescan thdir foo symptoms

or make dozens of visits to the doctor. After alevkhese checkingompulsions are
ritualized, If they feel they have been dirtiedgyth

must clean themselves in a precise order, puttinglaves to turn on the tap and scrubbing
their bodies in a particular sequencehigéy have blasphemous or sexual thoughts, they
may invent a ritual way of praying a certain numbktimes. These rituals are probably
related to the magical and superstitious beliefstrobsessionals have. If they have
managed to avoid disaster, it is only because ¢hegked themselves in a certain way, and
their only hope is to keeghecking in the same way each time.

Obsessive-compulsives, so often filled with douty become

terrified of making a mistake and start compulgiarrecting themselves and others.
One woman took hundreds of hours to write brigklstbecause she felt so unable to
find words that didn't feel "mistaken.” Many a Phdissertation stalls—not because the
author is a perfectionist, but because the doulstiriigr with OCD can't find

words that don't “feel” totally wrong.

When a person tries to resist a compulsion, hisis@mmounts to a fever pitch. If he acts
on it, he gets temporary relief, but this makesate likely that the obsessive thought
and compulsive urge will only be worse when itk&s again.

OCD has been very difficult to treat. Medicatiorddrehavior therapy are only partially
helpful for many people. Jeffrey M. Schwartz hagdleped an effective, plasticity-based
treatment that helps not only those with obsessorapulsive disorder but also those of
us with more everyday worries, when we start stgwainout something and can't stop
even though we know it's pointless. It can helpvben we get mentally "sticky" and

hold on to worries or when we become compulsivedtign by such "nasty habits" as
compulsive nail biting, hair pulling, shopping, daling, and eating. Even some forms of
obsessive jealousy, substance abuse, compulsivaldsehaviors, and excessive concern
about what others think about us, self-image, ttiyband self-esteem can be helped.

Schwartz developed new insights into OCD by conmgglbirain

scans of people with OCD and those without it, theed these insights to develop his
new form of therapy—the first time, to my knowledgeat such brain scans as the PET



helped doctors both to understand a disorder addvelop a psychotherapy for it. He
then tested this new treatment by doing brain soartss patients before and after their
psychotherapy and showed that their brains noredhwth treatment. This was another
first—a demonstration that a talking therapy cazlidnge the brain.

Normally, when we make a mistake, three things Bappirst, we get a "mistake
feeling," that nagging sense that something is gr&@econd, we become anxious, and
that anxiety drives us to correct the mistake. dhivhen we have corrected the mistake,
an automatic gearshift in our brain allows us torenon to the next thought or activity.
Then both the "mistake feeling" and the anxietyppsear.

But the brain of the obsessive-compulsive doesmate on or "turn the page." Even
though he has corrected his spelling mistake, whttegerms off his hands, or
apologized for forgetting his friend's birthday, dentinues to obsess. His automatic
gearshift does not work, and the mistake feelingjismpursuant anxietyuild in intensity.

We now know, from brain scans, that three partheforain are involved in obsessions.

We detect mistakes with oarbital frontal cortexpart of the frontal lobe, on the
underside of the brain, just behind our eyes. Sshows that the more obsessive a person
is, the more activated the orbital frontal cortex i

Once the orbital frontal cortex has fired the "l feeling,” it sends a signal to the
cingulate gyruslocated in the deepest part of the cortex. Theutatg triggers the
dreadful anxiety that something bad is going topespunless we correct the mistake and
sends signals to both the gut and the heart, agtisenphysical sensations we associate
with dread.

The "automatic gearshift,” treaudate nucleusits deep in the

center of the brain and allows our thoughts to ffoam one to the next unless, as
happens in OCD, the caudate becomes extremelkystic

Brain scans of OCD patients show that all threenlaieeas are hyperactive. The orbital
frontal cortex and the cingulate turn on and stay® though locked in the "on position”
together—one reason that Schwartz calls OCD "dozik" Because the caudate doesn't
"shift the gear" automatically, the orbital frontalrtex and the cingulate continue to fire
off their signals, increasing the mistake feeling

and the anxiety. Because the person has alreadscbed the mistake, these are, of
course, false alarms. The malfunctioning caudapeabably overactive because it is
stuck and is still being inundated with signalgrrthe orbital frontal cortex.

The causes of severe OCD brain lock vary. In masgs it runs



in families and maybe genetic, but it can alsodugsed by infections that swell the
caudate. And, as we shall see, learning also plagte in its development.

Schwartz set out to develop a treatment that woliéhge the OCD circuit by unlocking
the link between the orbital cortex and the cingund normalizing the functioning of
the caudate. Schwartz wondered whether patientd sbift the caudate "manually” by
paying constant, effortful attention and activedgising on something besides the worry,
such as a new, pleasurable activity. This approaakes plastic sense because it "grows"
a new brain circuit that gives pleasure and trigglErpamine release which, as we have
seen, rewards the new activity and consolidateggamals new neuronal connections.
This new circuit can eventually compete with théeolone, and according to use it or
lose it, the pathological networks will weaken. kMihis treatment we don't so much
"break" bad habits as replace bad behaviors wittebenes.

Schwartz divides the therapy into a number of stepwhich two are key.

The first step is for a person having an OCD attacklabelwhat

is happening to him, so that he realizes that \Wwkds experiencing is not an attack of germs,
AIDS, or battery acid but an episode of OCD. Heudthoemember that brain lock occurs in the
three parts of the brain. As a therapist, | enagei@CD patients to make the following summary
for themselves: "Yes,dohave a real problem right now. But it is not gerinis my OCD." This
relabeling allows them to get some distance froenciintent of the obsession and view it in
somewhat the same way Buddhists view sufferingeditation: theyobservadts effects on them
and so slightly separate themselves from it.

The OCD patient should also remind himself thatréfgson the attack doesn't go away
immediately is the faulty circuit. Some patientsyrfiad it helpful, in the midst of an attack, to
look at the pictures of the abnormal OCD brain soad®chwartz's booBrain Lock,and compare
it with the more normal brain scans that Schwapatsents developed with treatment, to remind
themselves it is possible to change circuits.

Schwartz is teaching patients to distinguish betwbe universaform of OCD (worrisome
thoughts and urges that intrude into consciousrags}thecontentof an obsession (i.e., the
dangerous germsJhe more patientsfocus on content,the worsetheir conditionbecomes.

For a long time therapists have focused on theetwr@ts wellThe most common treatment for
OCD is called "exposure and response preventiofafna of behavior therapy that helps
about half

of OCD patients make some improvement, though mhaist get

completely better. If a person fears germs, hedsementally exposeit more of them, in an
attempt to desensitize him, In practice this



could mean making patients spend time in toil@tke(first time Iheard of this treatment, the
psychiatrist was asking a man to wear dirty undarewer his face,) Understandably, 30
percent of patients refused such treatments. Expdswgerms doesn't aim to "shift" the gear
on to the next thought; it leads the patient toltmere intensely on them—for a while, at
least. The second part of the standard behavi@ainent is "response prevention”
preventing the patient

from acting on his compulsion. Another form of gy, Cognitive

Therapy, is based on the premise that problemaimdnand anxiety states are caused by
cognitive distortions—inaccurate or exaggeratedigiinds. Cognitive therapists have their OCD
patients write down their fears and then list reagbey don't make sense. But this procedure
also immerses the patient in the content of his O&DSchwartz

says, "To teach a patient to say, 'My hands arelintyt’ is just to repeat something she
already knows... cognitive distortion is just notiatrinsic part of the disease; a patient
basically knows that failing to

count the cans in the pantry today won't reallyseduer mother to die
a horrible death tonight. The problem is, she dboésel that way."

Psychoanalysts too have focused on the conteheafyimptoms, many of which deal with
troubling sexual and aggressive ideas. They hawedithat an obsessive thought, such as "I will
hurt my child,"

might express a suppressed anger at the childhamndthis insightight, in mild cases, be
enough to make an obsession go away. But this dfies not work with moderate or severe
OCD. And while Schwartz believes that the origihgnany obsessions relate to the kind of
conflicts about sex, aggression, and guilt thau&memphasized, these conflicts explain only the
content, not the form of the disorder.

After a patient has acknowledged that the wor/si8nptom of OCD, the next
crucial step is toefocuson a positive, wholesome, ideally pleasure-giviativity the moment he
becomes aware he is having an OCD attack. Theitgatiould be gardening, helping someone,
working on a hobby, playing a musical instrumeistehing to music, working out, or shooting
baskets. An activity that involves another perselp$i keep the patient focused. If OCD strikes
while the patient is driving a car, he should kedgewith an activity like a book on tape or a CD.
It is essential talo something, to "shift" the gear manually.

This may seem like an obvious course of action,raag sound simple, but it is not for people
with OCD. Schwartz assures his



patients that though their "manual transmissiorsticky, with hard work it can be shifted using
their cerebral cortex, one effortful thought oriatat a time.

Of course, the gearshift is a machine metaphoritabrain is not a machine; it is plastic and
living. Each time patients try to shift gears, thgin fixing their "transmission" by growing

new circuits and altering the caudate. By refoaysihe patient is learning not to get sucked in by
the content of an obsession but to work arouridsiiggest to my patients that they think of the
use-it-or-lose-it principle. Each moment they spthidking of the symptom—~believing that
germs are threatening them—they deepen the obseesgiuit. By bypassing it, they are on the
road to losing it. With obsessions and compulsitimesmore you do it, the more you want to do

it; the less you do it, the less you want to do it.

Schwartz has found it essential to understandttighot what you feel while applying the
technigue that counts, it is what you 4bhe struggle is not to make the feeling go awhg; t
struggle isnot to give in to the feeling~by acting out a compulsion, or thinking about

the obsession. This technique won't give immeditef because lasting neuroplastic change
takes time, but it does lay the groundwork for geahy exercising the brain in a new way. So at
first onewill still feel both the urge to enact the compatsi and the tension

and anxiety that come from resisting it. The gedbi“change the channel" to some new activity
for fifteen to thirty minutes when one

has an OCD symptom. (If one can't resist that lamg,time spent resisting is beneficial,
even if it is only for a minute. That resistance,

that effort, is what appears to lay down new cisi

One can see that Schwartz's technique with OCpéadlels with Taub's Cl approach to
strokes. By forcing the patients to "change thenol# and refocus on a new activity,
Schwartz is imposing a

constraint like Taub's mitt. By getting his patgtd concentrate on the new behavior intensively,
in thirty-minute segments, he is givitlgem massed practice.

In chapter 3, "Redesigning the Brain," we learvead key laws of plasticity that also
underlie this treatment. The first is tidéurons that fire together wire togeth&y

doing something pleasurable in place of the conmpuilpatients form a new circuit that
is gradually reinforced instead of the compulsibime second law is thateurons that
fire apart wire apartBy not acting on their compulsions, patients weatkenlink
between the compulsion and the idea it will easé& #inxiety. This delinking is crucial
because, as we've seen,

while acting on a compulsion eases anxiety in botderm, it worsens OCD in the long
term.



Schwartz has had good results with severe casgistyEpercent of his patients get better
when they use his method in combination with meoa—typically an antidepressant
such as Anafranil or a Prozac-type drug. The méidicdunctions like training wheels on
a bike, to ease anxiety or to lower it enough fatignts to benefit from the therapy. In
time many patients get off the medication, and sdorét need it to start with.

I have seen the brain lock approach work well witbh typical OCD problems as fear of
germs, hand washing, checking compulsions, compukecond-guessing, and
incapacitating hypochondriacal fears. As patiepfdyathemselves, the "manual gear
shift" gets more and more automatic. The episoéesrne shorter and less frequent, and
though patients can relapse during stressful tithey, can quickly regain control using
their newfound technique.

When Schwartz and his team scanned the braingfithproved patients, they found
that the three parts of the brain that had beerk&d" and, firing together in a
hyperactive way, had begun to fire separatelynormal way. The brain lock was being
relieved.

| was at a dinner party with a friend, whom | sleall Emma; her writer husband,
Theodore; and several other writers.

Emma is now in her forties. When she was twentgegha spontaneous genetic mutation
led to an illness called retinitis pigmentosa tteutsed her retinal cells to die. Five years
ago she became totally blind and began using ag®sie dog, Matty, a Labrador.

Emma's blindness has reorganized her brain anlifdheh number of us who were at the
dinner are interested in literature, but sincelsdm®gone blind, Emma has done more
reading than any of us. A computer program fromzsugil Educational Systems reads
books aloud to her in a monotone that pauses fontas, stops for periods, and rises in
pitch for questions. This computer voice is sodapcannot make out a single word. But
Emma has gradually learned to listen at a fasterfaster pace, so she is now reading at
about 340 words a minute and is marching througtihalgreat classics. "I get into an
author, and | read everything he has ever writted,then | move on to another.” She has
read Dostoyevsky (her favorite), Gogol, Tolstoyrganev, Dickens, Chesterton, Balzac,
Hugo, Zola, Flaubert, Proust, Stendhal, and mahgret Recently she read three
Trollope novels in one day. She asked me how itirtig possible for her to read so
much more quickly than before she went blinthelorized that her massive visual cortex,
no longer processing sight,

had been taken over for auditory processing.

That particular evening Emma asked me if | knewtlsing about needing to check things
a lot. She told me that she often has a lot oftl@getting out of the house, because she



keeps checking the stoves and the locks. Back whenvas still going to her office, she
might leave for work, get halfway there, and thaménto go back to make sure

she had locked the door properly. By the time sitdbgck, she would feel obliged to
check that the stove, electrical appliances, antémweere turned off. She'd leave, then
have to repeat the whole cycle several more tialethe while trying to fight the urge.
She told me that her authoritarian father had niedenxious when she was growing up.

When she left home, she'd lost that anxiety butadtthat it now seemed to have been
replaced by this checking, which kept getting worse

| explained the brain lock theory to her. | told Heat often we check and recheck
appliances without really concentrating. So | s she check once, and once only,
with utmost care.

The next time | saw her, she was delighted. "I'titelbg she said. "I check once, now,
and | move on. | still feel the urge, but | resisand then it passes. And as | get more
practice, it is passing more

quickly."

She gave her husband a mock scowl. He had joked thas not

polite to bother the psychiatrist with her neurosede we were at a

party.

"Theodore," she said, "it's not that larazy.It's just that my

brain wasn't turning the page."”

7
Pain

The Dark Side of Plasticity

When we wish to perfect our senses, neuroplasigigyblessing; when it works in the
service of pain, plasticity can be a curse. Oudguo pain is one of the most inspiring of

the neuroplas-

ticians, V. S. Ramachandran. Vilayanur SubramaRiamachan



dran was born in Madras, India. He is a neurologisHindu background, and a proud
relic of nineteenth-century science who tacklesntyirst-century dilemmas.

Ramachandran is an M.D., a specialist in neurolagtyy aPh.D. in psychology from
Trinity College, Cambridge. We met 8an Diego, where he directs the Center for Brain
and Cognition at the University of California. "Rahhas black, wavy hair and wears a

black leather jacket. His voice booms. His accemritish, but wherhne is excited, his r's
are like a long drumroll.

Whereas many neuroplasticians work to help peogpeldp or

recover skills—to read, move, or overcome learmiisgbilities— Ramachandran uses
plasticity to reconfigure the content of our mindg shows that we can rewire our brains
through comparatively brief, painless treatmends tise imagination and perception.

His office is filled not with high-tech devices atther with simple nineteenth-century
machines, the little inventions that draw childterscience. There is a stereoscope, an
optical instrument that makes two pictures of thms scene look three-dimensional.
There

is a magnetic device that was once used to tresiéhg, some fun-
house-type mirrors, magnifying glasses of earlyage, fossils, and
the preserved brain of an adolescent. There isaalacst of Freud, a
picture of Darwin, and some voluptuous Indian art.

This could only be the office of one man, the SbeklHolmes of

modern neurology, V. S. Ramachandran. He is alslsotving mysteries one case at a
time, as though utterly unaware that modern sciennew occupied with large statistical
studies. He believes that individual cases haveythiag to contribute to science. As he
puts it, "Imagine | were to present a pig to a skapscientist, insisting it could speak
English, then waved my hand, and the pig spokei&mgiould it really make sense for
the skeptic to argue, 'But that is just one pignRehandran. Show me another, and |
might believe you!

He has repeatedly shown that by explaining neurcddgoddities," he can shed light on
the functioning of normal brains. "I hate crowdsaience," he tells me. He doesn't fancy
large scientific meetings either. "I tell my stuterwhen you go to these meetings, see
what direction everyone is headed, so you can gloemopposite direction. Don't polish
the brass on the bandwagon.”



Beginning at age eight, Ramachandran tells meybieled sports and parties and
progressed from one passion to another: paleontdlagcollected rare fossils in the
field), conchology (the study of sea shells), erdtogy (he had a special fondness for
beetles), and botany (he cultivated orchids). kbgtaphy is scattered throughout

his office, in the form of beautiful natural objsetfossils, shells, insects, and flowers.
Were he not a neurologist, he tells me, he wouldrbarcheologist studying ancient
Sumer, Mesopotamia, or the Indus Valley.

These essentially Victorian pursuits reveal higdfuess for the science of that period, the
golden age of taxonomy, when the learned rangadhdrthe world, using the naked eye
and Darwinian detective work to catalog naturelsatians and eccentricities and weave
them into broad theories that explain the greantseof the living world.

Ramachandran approaches neurology the same whig éarlyresearch he investigated
patients who experienced mental illusiodg. studied people who, after brain injuries,
began to believe they were prophets, or othergsn§ from Capgras syndrome, who
came to believe their parents and spouses werestonso exact replicas of their real
loved ones. He studied optical illusions and thefsllind spots. As he figured out what
was happening in each of these diseases— geneiitiigut the use of modern
technology—he shed new light on how the normalrovasrks.

"I have a disdain," he says, "for complicated faaquipment because it takes a lot of
time to learn how to use, and I'm suspicious wihendistance between the raw data and
the final conclusion is

too long. It gives you plenty of opportunity to mage that data, and

human beings are notoriously susceptible to selegigon, whether

scientists or not."

Ramachandran pulls out a large square box withr@nstanding inside it that looks like
a child's magic trick. Using this box and

his insights into plasticity, he solved the cergsrold mystery of phantom limbs and the
chronic pain they engender.

There are a whole host of haunting pains that totras for reasons we do not understand
and that arrive from we know not where—pains witheturn address. Lord Nelson, the
British



admiral, lost his right arm in an attack on SantazGle Tenerife in 1797. Soon afterward,
Ramachandran points out, he vividly begaexperience the presence of his arm, a
phantom limb that he could feel but not see. Netsmtluded that its presence was
"direct evidence for the existence of the souldsmning that if an arm can exist after
being removed, so then might the whole person aftistthe annihilation of the body.

Phantom limbs are troubling because they givetasechronic "phantom pain" in 95
percent of amputees that ofteersists for dfetime. But how do you remove a pain in an
organ that isn't there?

Phantom pains torment soldiers with amputationspuple who lose limbs in accidents,
but they are also part of a larger class of uncaraiys that have confused doctors for
millennia, because

they had no known source in the body. Even aftetime surgerysome people are left with
equally mysterious postoperative pains that ldgetime. The scientific literature on
pain includes stories of women who suffer menstcuaps and labor paiesen after
their uteruses have been removed, of men whdestillulcer pairafterthe ulcer and its
nerve have been cut out, and of people who aravigftchronic rectal and hemorrhoidal
pain after their rectums have been removed. Therstaries of people whose bladders
were removeavho still have an urgent, painful chronic needrioate. Thesepisodes are
comprehensible if we remember that they too ar@foima pains, the result of internal
organs being "amputated."

Normal pain, "acute pain,” alerts us to injury @edse by sending a signal to the brain,
saying, "This is where you are hurt—attend toBwLit sometimes an injury can damage
both our bodily tissueandthe nerves in our pain systems, resulting in "neaitioic

pain," for which there is no external cause. Oun paaps get damaged and fire incessant
false alarms, making us believe the problem isuinbmdy when it is in our brain. Long
after the body has healed, the pain system idisitily and the acute pain has developed
an afterlife.

The phantom limb was first proposed by Silas Waeitchkll, an American physician who
tended the wounded at Gettysburg and became iattigy an epidemic of phantoms.
Civil War soldiers' wounded arms and legs oftemeédrgangrenous, and in an age before
antibiotics, the only way to save the soldier's ifas to amputate the limb before the
gangrene spread. Soon amputees began to repattieirdimbs had returned to haunt
them. Mitchell first called these experiences "sepghosts," then switched to calling
them "phantom limbs."

They are often very lively entities. Patients wlawd lost arms can sometimes feel them
gesticulating when they talk, waving hettofriends, or reaching spontaneously for a
ringing phone.



A few doctors thought the phantom was the prodtiatishful thinking—a denial of the
painful loss of a limb. But most assumed that tber@ endings on the stump end of the
lost limb were being stimulated or irritated by reavent. Some doctors tried to deal with
phantoms by serial amputations, cutting back tmbsi—and nerves—farther and farther,
hoping the phantom might disappear. But after esacery it reemerged.

Ramachandran had been curious about phantomsrsetieal

school. Then in 1991 he read the paper by Tim RadsEdward Taub about the final
operations on the Silver Spring monkeys. As

you'll recall, Pons mapped the brains of the moskelyo had had

all the sensory input from their arms to their bsagliminated by deafferentation and
found that the brain map for the arm, instead dftimg away, had become active and
now processed input from the

face—which might be expected because, as Wilddiidemad

shown, the hand and facial maps are side by side.

Ramachandran immediately thought that plasticitghthexplain phantom limbs because
Taub's monkeys and patients with phantom arms sierigar. The brain maps for both

the monkeys

and the patients had been deprived of stimuli fieeir limbs. Wast possible that the face
maps of amputees had invaded the maps for

their missing arms, so that when the amputee washen on the face, he felt his phantom
arm? And where, Ramachandran wondered, did Taubeys feel it when their faces were
stroked—ortheir faces, or in their "deafferented" arm?

Tom Sorenson—a pseudonym—was only seventeen yigianden he lost his arm in an
automobile accident. As he was hurled into thelerlooked back and saw his hand,
severed from his body,

still grabbing the seat cushion. What remainedi®fihm had to be

amputated just above the elbow.

About four weeks later he became aware of a phatitoimthat

did many of the things his arm used to. It reaahédreflexively to break a fall or to pat
his younger brother. Tom had other symptoms,



including one that really irked him. He had an iicthis phantom hand that he couldn't
scratch.

Ramachandran heard of Tom's amputation from callesgnd asked to work with him.
To test his theory that phantoms were caused byedwrain maps, he blindfolded Tom.
Then he stroked parts of Tom's upper body withtgpQasking Tom what he felt. When
he got to Tom's cheek, Tom told him he felt it éhbut also in his phantom. When
Ramachandran stroked Tom's upper lip, he feleitetbut also in the index finger of his
phantom. Ramachandran found that when he touclhed parts of Tom's face, Tom felt
it in other parts of his phantom hand. When Ramadfan put a drop of warm water on
Tom's cheek, he felt a warm trickle move down lhisek and also down his phantom
limb. Then after some experimentation Tom found beacould finally scratch the
unscratchable itch that had plagued him for so lmngcratching his cheek.

After Ramachandran'’s success with the Q-tip, he high-tech with a brain scan called
an MEG, or magnetoencephalography. When he mappedsTarm and hand, the scan
confirmed that his hand map was now being useddoess facial sensations. His hand
and face maps had blurred together.

Ramachandran's finding in the Tom Sorenson cadiestatontroversial among clinical
neurologists who doubted brain maps were plagtinpiv widely accepted. Brain scan studies by
the German team that Taub works with have alsoirroefl a correlation between the amount of
plastic change and the degree of phantom pain pexplerience.

Ramachandran strongly suspects that one reasoimm@gion occurs is that the brain "sprouts"
new connections. When a part of the body is lestydlieves, its surviving brain map "hungers"
for incoming stimulation and releases nerve grdiatitors that invite neurons from nearby maps
to send little sprouts into them.

Normally these little sprouts link up to similarraes; nerves for touch link with other nerves for
touch. But our skin, of course, conveys far moemnttouch; it has distinct receptors that detect
temperature, vibration, and pain as well, each itstbwn nerve fibers that travel up to the brain,
where they have their own maps, some of which ang near each other. Sometimes after an
injury, because the nerves for touch, temperature,pain are so close together, there can be
cross-wiring errors. So, Ramachandran wonderedhtraigperson who is touched, in cases of
cross-wiring, feel pain or warmth? Could a persdmwas touched gently on the face feel pain
in a phantom arm?

Another reason phantoms are so unpredictable arsk D

much trouble is that brain maps are dynamic andgihg: even under normal circumstances, as
Merzenich showed, face maps teodnove around a bit in the brain. Phantom mapsemov
because theinput has been so radically changed. Ramachandchpnthers—Taub and his
colleagues among them—have shown with repestads of brain maps that the contours of
phantoms and their maps are constantly changinghiHks one reason people get phantom



pain is that when a limb is cut off, its map nolyoshrinks but getsgisorganized and stops
working properly.

Not all phantoms are painful. After Ramachandraoliphed

his discoveries, amputees began to seek him ouwtr&8deg amputees reported, with
much shame, that when they had sex, they ofterriexped their orgasms in their
phantom legs and feet, One

man confessed that because his leg and foot wareisb larger than his genitals, the
orgasm was "much bigger" than it used to be.

Though such patients might once have been disméasédving overly rich
imaginations, Ramachandran argued that the claiderparfect neuroscientific sense.
The Penfield brain map shows

the genitals next to the feet, and since the fedbnger receive input, the genital maps
likely invade the foot maps, so when the genitajsegience pleasure, so do the phantom
feet. Ramachandran

began to wonder whether some people's erotic pupation with feet, or foot fetishes, might be
due in part to the proximity of feet and genitatstbe brain map.

Other erotic enigmas fell into place. An ltalianypitian, Dr. Salvatore Aglioti, reported that
some women who have had mastectomies experiengel sxcitement when their ears,

clavicles, and sternums are stimulated. All threeciose to nipples on the brain map. Some men
with carcinoma of the penis who have had their ggshamputated experience not only phantom
penises but phantom erections.

As Ramachandran examined more amputeesafied that about half of them

have the unpleasant feeling that their phantomdiarie frozen, hanging in a fixed paralyzed
position, or encased in cement. Others feel theyugyging around a dead weight. And not only
do images of paralyzed limbs get frozen in time,ibisome horrific cases the original agony of
losing a limb is locked in. When grenades blowmpaldiers' hands, they can develop a phantom
pain that endlessly repeats the excruciating momithie explosion. Ramachandran encountered
a woman whose frostbitten thumb was amputated dmdevphantom "froze" the agonizing
frostbite pains in place. People are tortured bgnpdm

memories of gangrene, ingrown toenails, blistand, @uts felt in the limb before it was
amputated, especially if that pain existed at itne f the amputation. These patients
experience such agonies not as faint "memoriepanf but as happening in the present.
Sometimes a patient can be pain free for decaddghan an event, perhaps a needle
inserted in a trigger point, reactivates the paomths or years later.



When Ramachandran reviewed the histories of pemitiepainful frozen arms, he
discovered that they had all had their arms irgslior casts for several months before
amputation. Their brain maps now seemed to redordll time, the fixed position of the
arm just prior to amputation. He began to suspgeatit was the very fact that the limb
did not exist that allowed the sensation of paralis persist. Normally, when the motor
command center in the brain sends out an ordeterthe arm, the brain gets feedback
from various senses, confirming that the orderldess executed. But the brain of a
person without a limb never gets confirmation tha&tarm has moved, since there are
neither arm nor motion sensors in the arm to p®it feedback. Thus, the brain is left
with the impression that the arm is frozen. Becdbsearm had been stuck in a cast or
sling for months, the brain map developed a reptasien of the arm as unmoving.
When the arm was removed, there was no new inpaltéothe brain map, so the mental
representation of the limb as fixed became fronaeimie—a situation similar to the
learned paralysis that Taub discovered in strokieipts.

Ramachandran came to believe that the absencedifdek causes not only frozen
phantoms but phantom pain. The brain's motor cenigit send commands for the hand
muscles to contract but, getting no feedback comifig the hand has moved, escalates

its command, as if to say: "Clench! YouVe not cleng enough! You haven't touched
the palm yet! Clench as hard as you can!" Thesengatfeel their fingernails are digging
into their palms. While actual

clenching caused pain when the arm was presestntiaiginaryclenching evokes pain
because maximum contraction and pain are

associated in memory.

Ramachandran next asked a most daring questionhefhantom paralysis and pain could
be "unlearned."” This was the sort

of question psychiatrists, psychologists, and psgohlysts mighask: how does one change a
situation that has a psychic but not a materidity®aRamachandran's work began to blur
the boundary between neurology and psychiatryityeahd illusion.

Ramachandran then hit on the wizardlike idea of fighting

one illusion with another. What if he could senlddasignals to the brain to make the patient
think that the nonexistent limb was moving?

That question led him to invent a mirror box desigjto foolthe patient's brain. It would
show him the mirror image of his good hand in otdemake him believe it was his amputated
hand "resurrected."



The mirror box is the size of a large cake boxhuwiit a top, and is divided into two
compartments, one on the left and one on the rigtdre are two holes in the front of the box. If
the patient's left was amputated, he puts his gigbd hand through the hole aimtto the right
compartment. Then he is told to imagine puttingghisntom hand into the left compartment.

The divider that separates the two compartmeras/estical mirror facing the good hand.
Because there is no top on the box, the patientlyaleaning a bit to the right, seengrror
imagereflection of his good right hand, which will se¢onbe his left hand as it was before the
amputation. As he moves his right hand back artth fbis "resurrected” left hand will also
appear to move back and forth, superimposed ophziatom. Ramachandran hoped the patient's
brain might get the impression that the phantomaas moving.

To find subjects to test his mirror box, Ramachandan enig-

matic ads in local newspapers saying, "Amputeedeteé "Philip Martinez" responded.

About a decade before, Philip was hurled from hisarcycle while going forty-five

miles per hour. All the nerves leading from hig leind and arm to his spine were torn
out by the accident. His arm was still attachedisobody, but no functioning nerves sent
signals from his spine to his arm, and no nervésred his spine to convey sensation to
his brain. Philip's arm was worse than uselesgnamovable burden he had to keep in a
sling, and he eventually chose to have the arm tatgul But he was left with terrible
phantom pain in his phantom elbow. The phantomalsm felt paralyzed, and he had the
sense that if he could only somehow move it, hehtrmiglieve the pain. This dilemma so
depressed him that he contemplated suicide.

When Philip put his good arm into the mirror bog, ot only began to "see" his
"phantom" move, but he felt it moving for the fitshe. Amazed and overwhelmed with
joy, Philip said he felt his phantom arm "was pledgn again."

Yet the moment he stopped looking at the mirrorgenar cleed his eyes, the phantom
froze. Ramachandran gave Philip the

mirror box to take home, to practice with, hopihgttPhilip might unlearn his paralysis
by stimulating a plastic change that would

rewire his brain map. Philip used the box for tanutes a day, but it still seemed only to
work when his eyes were open, looking at the miim@ge of his good hand.

Then after four weeks Ramachandran got an excékdream
Philip. Not only was his phantom arm permanentlfrazen, it waggone—even when he

wasn't using the box. Gone too was his phantomnelirdd its excruciating pain. Only
painless phantom fingers were left, dangling frasghoulder.



V. S. Ramachandran, the neurological illusioniat become thrst physician to perform
a seemingly impossible operation: the successfpluaation of a phantom limb.

Ramachandran has used his box with a number amstiabout half of whom have lost
their phantom pain, unfrozen their

phantoms, and started to feel control over therhefQicientists have also found that patients who
train with the mirror box get better. fMRI brainasts show that as these patients improve, the
motor

maps for" their phantoms increase, the map shrimkiagt accompanies amputation is
reversed, and sensory and motor maps normalize.

The mirror box appears to cure pain by alteringpients' perception of their body image.
This is a remarkable discovery because

it sheds light both on how our minds work and ow lvee experience pain.

Pain and body image are closely related. We alwagsrience pain gwojectedinto the body.
When you throw your back out, you say, "My backiilkng me!" and not, "My pain system is
killing me." But as phantoms show, we don't ne&éddy part or even pain receptors to feel pain.
We need onla body imageproduced by our brain maps. People with actualdichtn't usually
realize this, because the body images of our lianbperfectly projectednto our actual limbs,
making it impossible to distinguish our body imdigem our body. "Your own body is a
phantom," says Ramachandran, "one that your besrcanstructed purely for convenience."

Distorted body images are common and demonstratehére is a difference between the body
image and the body itself. Anorexics experiencé tadies as fat when they are on the edge of
starvation; people with distorted body images, mdaton called "body dysmorphic disorder,"
can experience a part of the body that is perfeuitlyin the norm as defective. They think their
ears, nose, lips, breasts, penis, vagina, or tligh$oo large or too small, or just "wrong," and
they feel tremendous shame. Marilyn Monroe expegdrherself as having many bodily defects.
Such people often seek plastic surgery but stll fieisshapen after their operations. What they
need instead is "neuroplastic surgery" to changie body image.

Ramachandran's success with rewiring phantoms stegb® him that there may be
ways to rewire distorted body images. To bettereustéind what he meant by a body
image, | asked him if he might demonstrate theed#ifice between it, a mental construct,
and the material body.

Taking out the type of fake rubber hand sold ineltyvshops, he sat me at a table and
placed the fake hand on it, its fingers paralleh®table edge in front of me, about an
inch from the edge. He told me to put my hand entéble, parallel to the fake hand, but
about eight inches from the table's edge. My hantbithe fake were perfectly aligned,



pointing in the same direction. Then he put a caadth screen between the fake hand and
my own, so | could see only the fake.

Then with his hand he stroked the fake hand, aast¢hed. With his other hand he
simultaneously stroked my hand, hidden behind thees. When he stroked the fake's
thumb, he stroked my thumb. When he tapped thegakee three times, he tapped my
pinkie three times, in the same rhythm. When hakstt the fake middle finger, he
stroked my middle finger.

Within moments my feeling that my own hand was geitrtoked disappeared, and |
began to experience the feeling | was being stralseiflcoming from the fake hand. The
dummy hand had become part of my body image! Thision works by the same
principle that fools us into thinking that ventglaist's dummies, or cartoons, or movie
actors in films are actually talking because ths nove in sync with the sound.

Then Ramachandran performed an even simpler tdekold

me to put my right hand under the table, so my haasl hidden. Then he tapped the
tabletop with one hand, while with his other he

tapped mine under the table, where | couldn'ttsee an identical rhythm. When he
moved the spot where he hit the tabletop, a bit to

the left or right, he moved his hand under thegaxactly the same way. After a few

minutes | stopped experiencing him as tapping nmgdhander the table and instead—
fantastic as it sounds—started to

feel that the body image of my hand had merged thightabletop, so that the sensation of being
tapped seemed to come from the tdble-He had created an illusion in which my sensory
body image had

now been expanded to include a piece of furniture!

Ramachandran has wired subjects to a galvaniaegponse meter that measures stress
responses during this table experiment.

After stroking the tabletop and a patient's handiewrthe table untitis body image included
the table, he would pull out a hammer and

bash the tabletop. The subject's stress respongehveugh the

roof, just as if Ramachandran had smashed thectlsbgetual hand.

According to Ramachandran, pain, like the body image, is



created by the brain and projected onto the bolig dssertion is contrary to common sense and
the traditional neurological view of pain that sélyat when we are hurt, our pain receptors send a
one-waysignal to the brain's pain center and that thengitg of pain perceived is proportional to
the seriousness of the injury. We assume thatglaiays files an accurate damage report. This
traditional view dates back to the philosopher Re®s, who saw the brain as a passive recipient
of pain. But that view was overturned in 1965, whenroscientists Ronald Melzack (a Canadian
who studied phantom limbs and pain) and Patrickl {éal Englishman who studied pain and
plasticity) wrote the most important article in thistory of pain. Wall and Melzack's theory
asserted that the pain system is spread throughelrain and spinal cord, and far from being a
passive recipient of pain, the brain always costtbé pain signals we feel.

Their "gate control theory of pain" proposed aesenf controls, or "gates," between the site of
injury and the brain. When pain messages are emmtdamaged tissue through the nervous
system, they pass through several "gates," startittge spinal cord, before they get to the brain.
But these messages travel only if the brain gives

them "permission," after determining they are intgot enough to be let through. If permission is
granted, a gate will open and increase the feelfmmain by allowing certain neurons to turn on
and transmit their signals. The brain can alsoectbgate and block the pain signal by releasing
endorphins, the narcotics made by the body to gpaét.

The gate theory made sense of all sorts of paiereqces. For instance, when the U.S. troops
landed in Italy in World War II, 70 percent of threen who were seriously wounded reported that
they were not in pain and did not want pain-killédvien wounded on the battlefield often don't
feel pain and keep fighting; it's as if the bralimses the "gate," to keep the embattled soldier's
attention riveted on how to get out of harm's wagly when he is safe are the pain signals
allowed to pass to the brain.

Physicians have long known that a patient who espgecget pain relief from a pill often does,
even though it is a placebo containing no medicafidRI brain scans show that during the
placebeeffect the brain turns down its own pain-responsagtons. When a mother
soothes her hurt child, by stroking and talking stlyeto her she is helping the child's brain
turn down the volume on its pain. How much painfeed is determined in significant part by our
brains and minds—our current mood, our past expeeie of pain,

our psychology, and how serious we think our injisry

Wall and Melzack showed that the neurons in oun pgstemare far more plastic than we
ever imagined, that important pain maps in theapiord can change following injury,
and that a chronic injury can make the cells ingaim system fire more easily—a plastic
alteration—making a person hypersensitive to ddiagps can alsenlarge their receptive
field, coming to represent more of the body's sigféncreasing pain sensitivity. As the maps
change, pain signals in one map can "spill" intaeeht pain maps, and we may develop

"referred pain,” when we are hurt in one body pattfeel the pain in another.
Sometimes a single pain signal reverberates thamutgh



the brain, so that pain persists even after igimal stimulus has stopped.
The gate theory led to new treatments for blocliaim. Wall

coinvented "transcutaneous electrical nerve stitimra or TENS,which uses electric current
to stimulate neurons thathibit pain,

helping in effect to close the gate. The gate thatso made Westestientists less skeptical of
acupuncture, which reduces pain by stimulating tsaf the body often far from the site
where the pain is

felt. It seemed possible that acupuncture turnsearons thainhibit pain, closing gates and
blocking pain perception.

Melzack and Wall had another revolutionary insighét thepain system includes motor
components. When we cut a finger, we reflexivelyesge it, a motor act. We instinctively guard
an injured ankle by finding a safe position. Guagdtcommands, "Don't move a

muscle until that ankle's better."

Extending the gate theory, Ramachandran develoigatkekt idea: that pain is a complex system
under the plastic brain's control. He summed thiasifollows: "Pain is an opinion on the
organism's state of health rather than a merexedleesponse to injury." The brain gathers
evidence from many sources before triggering gdénhas also said that "pain is an illusion" and
that "our mind is a virtual reality machine," whiekperiences the world indirectly and processes
it at one remove, constructing a model in our h&adpain, like the body image, is a construct of
our brain. Since Ramachandran could use his ntdgrito modify a body image and eliminate a
phantom and its pain, could he also use the mimarto make chronic pain in a real limb
disappear?

Ramachandran thought he might be able to remege tghronic pain,” experienced in a
disorder called "reflex sympathetic dystrophy."Sbtcurs when a minor injury, a bruise, or an
insect bite on the fingertip makes an entire limkezcruciatingly painful that "guarding”
prevents the patient from moving it. The condition

can last long after the original injury and ofteecbmes chronic, accompanied by burning
discomfort and agonizing pain in response to & lighshing or stroking of the skin.
Ramachandran theorized that the brain's plastiityata rewire itself was leading to a
pathological form of guarding.

When we guard, we prevent our muscles from movirtyaggravating our injury. If we had to
remind ourselves consciously not to move, we'd tmecexhausted and slip up, hurt ourselves,
and feel pain. Now suppose, thought Ramachandrarrain preempts the mistaken movement
by triggering pain the momeheforethe movement takes place, between the time when the
motor center issues the command to move and tleewinen the move is performed. What better



way for the brain to prevent movement than to nsmke the motor command itself triggers pain?
Ramachandran came to believe that in these chpaimicpatients the motor command got wired
into the pain system, so that even though the hadbhealed, when the brain sent out a motor
command to move the arm, it still triggered pain.

Ramachandran called this "learned pain" and womdetether

the mirror box could help relieve it. All the trédnal remedies had been tried on these
patients—interrupting the nerve connection to thmfal area, physiotherapy, pain-
killers, acupuncture, and osteopathy—to no avaia ktudy conducted by a team that
included Patrick Wall, the patient was instructegtit both hands

into the mirror box, sitting so he could see onk/dood arm and its reflection in the
mirror. The patient then moved his good arm in wheat way he chose (and his affected
one if possible) in the box

for ten minutes, several times a day, for sevee#ks. Perhaps the moving reflection,
which occurred without a motor command initiatihgnas fooling the patient's brain
into thinking his hurt arm could now move freelythgut pain, or perhaps this exercise
was enabling the brain to learn that guarding weaknger necessary, so it would
disconnect the neuronal link between the motor canmdrio move the arm and the pain
system.

Patients who had had the pain syndrome for onlyrhwaths got better. The first day the
pain lessened, and relief lasted even ateirror session was over. After a month they no
longer had any pain. Patients who had had the eymelfor between five months and a year
didn't do quite as well, but they lost stiffnesdhrir limbs and were able to go back to work.
Those who had had the pain for

longer than two years failed to get better.

Why? One thought was that these long-term patieadsnot

moved their guarded limbs for so long that the motaps for the

affected limb had begun to waste away—once agairitws lose it.

All that remained were the few links that were mexdive when the

limb was last used, and unfortunately these weleslto the pain system, just as patients who
wore casts before amputations developed phantamnsk"svhere their arms were just before the

amputation.

An Australian scientist, G. L. Moseley, thoughtrhigght be abléo help the patients who hadn't
improved by using the mirror box, often becausé fein was so great they couldn't move their
limbs in mirror therapy. Moseley thought that binlglup the affected limb's motor map with



mental exercises might trigger plastic change. skedthese patients to simphyaginemoving
their painful limbs, without executing the movenwrnh order to activate brain networks for
movement. The patients also looked at picturesanflh, to determine whether they were the left
or right, until they could identify them quickly dmccurately—a task known to activate the
motor cortex. They were shown hands in varioustjprs and asked to imagine them for fifteen
minutes, three times a day. After practicing theuglization exercises they did the mirror
therapy, and with twelve weeks of therapy, pain tiatdnished in some and had disappeared in
half.

Think how remarkable this is—for a most excrucigtichronic pain, a whole new treatment that
uses imagination and illusion to restructure braaps plastically without medication, needles, or
electricity.

The discovery of pain maps has also led to newagges to surgery and the use of pain
medication. Postoperative phantom pain can be nmrithif surgical patients get local nerve
blocks or local anesthetics that act on peripheealesbeforethe general anesthetic puts them to
sleep. Pain-killers, administered before surgeoy just afterward, appear to prevent plastic
change in the brain's pain map that may "lock aitp

Ramachandran and Eric Altschuler have shown tleatriinror box is effective on other
nonphantom problems, such as the paralyzed legtsale patients. Mirror therapy differs from
Taub's in that it fools the patient's brain intmking he is moving the affected limb, and so it
begins to stimulate that limb's motor programs. theo study showed that mirror therapy was
helpful in preparing a severely paralyzed strokiéeps who had no use of one side of the body,
for a Taub-like treatment. The patient recoveradesase of his arm, the first occasion in which
two novel plasticity-based approaches—mirror the@pd Cl-like therapy—were used in
sequence.

In India, Ramachandran grew up ia a world where many

things that seem fantastic to Westerners were camplace. He knevabout yogis who relieved
suffering with meditation and walked barefoot asrbet coals or lay down on nails. He saw
religious people

in trances putting needles through their chins. iflka that livinghings change their forms was
widely accepted; the power of the mind to influettee body was taken for granted, and
illusion was

seen as so fundamental a force that it was repgexbenthe deity
Maya, the goddess of illusion. He has transpossghae of wonder from the streets of India
to Western neurology, and his work inspires quastibat mingle the two. What is a trance

but a closing down of

the gates of pain within us? Why should we thinmbm pain any less real than ordinary
pain? And he has reminded us that great sciencstitidoe done with elegant simplicity.
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Imagination
How Thinking Makes It So

| am in Boston in the laboratory for magnetic brstimulation, at Beth Israel Deaconess Medical
Center, part of Harvard Medical School. Alvaro Redd_eone is chief of the center, and his
experiments have shown that we can change our anaitomy simply by using our imaginations.
He has just put a paddle-shaped machine on theideftof my head. The device emits
transcranial magnetic stimulation, or TMS, and icdluence my behavior. Inside the machine's
plastic casing is a coil of copper wire, throughichha current passes to generate a changing
magnetic field that surges into my brain, into thélelike axons of my neurons, and from there
into the motor map of my hand in the outer layemgfcerebral cortex. A changing magnetic
field induces an electric current around it, anddaal-Leone has pioneered the use of TMS to
make neurons fire. Each time he turns on the magfield, the fourth finger on my

right hand moves because he is stimulating anarabout 0.5 cubic centimeter in my
brain, consisting of millions of cells—the brain pnfar that finger.

TMS is an ingenious bridge into my brain. Its magnkeld passes painlessly and
harmlessly through my body, inducing an electricent only when the field reaches my
neurons. Wilder Penfield had to open the skull isaitty and insert his electric probe into
the brain to stimulate the motor or sensory cofélken Pascual-Leone turns on the
machine and makes my finger move, | experienaetlywhat Penfield's patients did
when he cut open their skulls and prodded them laithe electrodes.

Alvaro Pascual-Leone is young for all he has acdstngd. He was born in 1961 in
Valencia, Spain, and has conducted research bete #md in the United States. Pascual-
Leone's parents, both physicians, sent him to am@&eischool in Spain, where, like many
neuroplasticians, he studied the classical Gredkaarman philosophers before turning
to medicine. He took his combined M.D. and Ph.Dphysiology in Freiburg, then went
to the United States for further training.

Pascual-Leone has olive skin, dark hair, and anesspve voice, and he radiates a
serious playfulness. His small office is dominated

by the massive Apple computer screen he uses itaglis’hat he sees

through his TMS window onto the brain. E-mails fropilaborators pour in from far-
flung parts of the world, There are books on elec-



tromagnetism shelved behind him, and papers evemayh

He was the first to use TMS to map the brain. TM8 loe used either to turn on a brain
area or to block it from functioning, dependingtba intensity and frequency used. To
determine the function of a specific brain areafites bursts of TMS to temporarily
block the

area from working, then observes which mental fionds lost.

He is also one of the great pioneers in the usegbifrequency "repetitive TMS," or
rTMS. High-frequency repetitive TMS can

activate neurons SO much that they excite eachr atietkeep firing even after the
original burst of rTMS has stopped. This turns aror

area on for a while and can be used therapeutidadyinstance, in some depressions the
prefrontal cortex is partially turned off and urddectioning. Pascual-Leone's group was the
first to show that

ITMS is effective in treating such severely depedssatients. Seventy

percent of those who had failed all the traditian@htments improved with rTMS and had
fewer side effects than with medication.

In the early 1990s, when Pascual-Leone was syitiuamng medical fellow at the National
Institute of Neurological Disorders and Stroke ditkexperiments—celebrated among
neuroplasticians for their elegance—that perfeategy to map the brain, made his
imagination experiments possible, and taught usWweuearn skills.

He studied how people learn new skills by using Tigl&ap the brains of blind subjects
learning to read Braille. The subjects studied IBrdor a year, five days a week, for two
hours a day in class, followed by an hour of homéwBraille readers "scan" by moving
their index fingers across a series of small radk®d, a motor activity. Then they feel the
arrangement of the dots, a sensory activity. Tlieségs were among the first to
confirm that when human beings learn a new sKgistic change occurs.

When Pascual-Leone used TMS to maprtimor cortex, he found that the maps for
people's "Braille reading fingers" were larger thia® maps for their other index fingers
and also those for the index fingers of non-Bra#laders. Pascual-Leone also found that
the motor maps increased in size as the subjemtsased the number of words per
minute they could read. But his most surprisingaiery, one with major implications

for learning any skill, was the way the plastic mfpa occurred over the course of each
week.



The subjects were mapped with TMS on Fridays @etid of the week's training), and
on Mondays (after they had rested for the

weekend). Pascual-Leone found that the changesdiféeeent on Friday and Monday.
From the beginning of the study, Friday maps shovesy rapid and dramatic expansion,
but by Monday these maps had returned to theilibasgze. The Friday maps continued
to grow for six months—stubbornly returning to Haseeach Monday. After about six
months the Friday maps were still increasing butasamuch as in the first six months.

Monday maps showed an opposite pattern. They ddgin to change until six months
into the training; then they increased slowly afateaued at ten months. The speed at
which the subjects could read Braille correlatectimbetter with the Monday maps, and
though the changes on Mondays were never as daasatn Fridays, they were more
stable. At the end of ten months the Braille staslémok two months off. When they
returned, they were remapped, and their maps werieamged from the last Monday
mapping two months before. Thus daily trainingtedramatic short-term changes
during the week. But over the weekends, and montbse permanent changes were seen
on Mondays.

Pascual-Leone believes that the differing resuitdonday and Friday suggest differing
plastic mechanisms. The fast Friday changes

strengtherexistingneuronal connections and unmask buried pathwayessithwer, more
permanent Monday changes suggest the formatibraofd-newstructures, probably the
sprouting of new neuronal connections and synapses.

Understanding this tortoise-and-hare effect cap belunderstand what we must do to
truly master new skills. After a brief period

of practice, as when we cram for a test, it istnedly easy to improvéecause we are likely
strengthening existing synaptic connections. Butjuiekly forget what we've
crammed—because these are easy-come, easy-go aletonnections and are rapidly
reversed. Maintaining improvement and making d pkitmanent require the slow steady
work that probably forms new connections. If a tegirthinks he is making no

cumulative progress, or feels his mind is "like a

sieve," he needs to keep at the skill until he gbs Monday effect,Which in Braille

readers took six months. The Friday-Monday diffeeeis probably why some people,
the "tortoises,” who seem slow to pick up a skilgy nevertheless learn it better than
their "hare" friends—the "quick studies" who wamécessarily hold on to what they have
learned without the sustained practice that sadislithe



learning.

Pascual-Leone expanded his study to examine hoileBreaders get so much information
through their fingertips, It is well known

that the blind can develop superior nonvisual sease that Braille
readers gain extraordinary sensitivity in theiriBeareading fingers.

Pascual-Leone wanted to see if that increasedvs&dlfacilitated by an enlargement of
the sensory map for touch or by plastic change in

other parts of the brain, such as the visual cortgch might be underused, since it wasn't
getting input from the eyes.

He reasoned that if the visual cortex helped tigests to read Braille, blocking it would
interfere with Braille reading. And it did: whenetheam applied blocking TMS to the
visualcortex of Braille readers to create a virtual lasithe subjects could not read
Braille or feel with the Braille-reading finger. &lvisual cortex had been recruited to
process information derived from touch. Blocking $Mpplied to the visual cortex of
sighted people hado effecon their ability to feel, indicating that somethingique was
happening to the blind Braille readers: a parteflirain devoted to one sense had
become devoted to another—the kind of plastic r@aimgation suggested by Bach-y-Rita.
Pascual-Leone also showed that the better a pemdd read Braille, the more the visual
cortex was involved. His next venture would breetugd in a new way altogether, by
showing that our thoughts can change the matdriadtare of our brains.

He would Study the way thoughts change the braindlyg TMS to observe changes in
the finger maps of people learning to play the piadne of Pascual-Leone's heroes, the
great Spanish neuro-

anatomist and Nobel laureate Santiago Ramon y Gdijal spent his later life looking in vain for
brain plasticity, proposed in 1894 that the "orghthought is, within certain limits, malleable,
and perfectible by well-directed mental exercise.1904 he argued that thoughts, repeated in
"mental practice," must strengthen the existingomal connections and create new ones. He
also had the intuition that this process would &igularly pronounced in neurons that control
the fingers in pianists, who do so much mentalmac

Ramon y Cajal, using his imagination, had paintgeitture of a plastic brain but lacked the tools
to prove it. Pascual-Leone now thought he had EinobMS to test whether mental practice and
imagination in fact lead to physical changes.

The details of the imagining experiment were singpld picked up Cajal's idea to use the piano.
Pascual-Leone taught two groups of people, whoneadr studied piano, a sequence of notes,
showing them which fingers to move and letting tHerar the notes as they were played. Then
members of one group, the "mental practice" greapijn front of an electric piano keyboard,



two hours a day, for five days, aimdaginedboth playing the sequence and hearingayed, A
second "physical practice" group actually playeslrtusic

two hours a day for five days. Both groups hadrtheiins mapped before the experiment, each
day during it, and afterward. Then both

groups were asked to play the sequence, and a ¢tempaasurethe accuracy of their
performances.

Pascual-Leone found that both groups learned tothlasequence, and both showed
similar brain map changes. Remarkably,

mental practice alone produced the same physieelggs in the

motor system as actually playing the piece. Byaihé of the fifth day, the changes in motor
signals to the muscles were the same in both gramgsthe imagining players were as accurate
as the actugdlayers were on their third day.

The level of improvement at five days in the meptalctice group, however substantial,
was not as great as in those who did

physical practice. But when the mental practicaigrinished its mental training and was
given a single two-hour physical practeession, its overall performance improved to thelle
of the physical practice group's performance a flays. Clearly mental practice is an effective
way to prepare for learning a physical skill witinimal physical practice.

We all do what scientists call mental practice ental rehearsing when we memorize
answers for a test, learn lines for a play,

or rehearse any kind of performance or presentaiuhbecause
few of us do it systematically, we underestimateeifectiveness.

Some athletes and musicians use it to preparesféonmances, and toward the end of his career
the concert pianist Glenn Gould relied largely cental practice when preparing himself to
record a piece of music.

One of the most advanced forms of mental practi¢eental chess," played without a board or
pieces. The players imagine the board and the késping track of the positions. Anatoly
Sharansky, the Soviet human rights activist, usedtah chess to survive in prison. Sharansky, a
Jewish computer specialist falsely accused of gpfgnthe United States in 1977, spent nine
years in prison, four hundred days of that timedlitary confinement in freezing, darkened five-
by-six-foot punishment cells. Political prisonemssolation often fall apart mentally because the
use-it-or-lose-it brain needs external stimulatiomaintain its maps. During this extended
period of sensory deprivation, Sharansky playedtatemess for months on end, which probably
helped him keep his brain from degrading. He playetth white and black, holding the game in



his head, from opposite perspectives—an extraorgictzallenge to the brain. Sharansky once
told me, half joking, that he kept at chess thigkite might as well use the opportunity to become
the world champion. After he was released, withitbkp of Western pressure, he went to Israel
and became a cabinet minister. When the world

champion Garry Kasparov played against the prinreést@r and leaders of the cabinet, he beat all
of them except Sharansky.

We know from brain scans of people who use massiveunts of mental practice what was
probably happening in Sharansky's brain while he warison. Consider the case of Rudiger
Gamm, a young German man of normal intelligence tuhwed himself into a mathematical
phenomenon, a human calculator. Though Gamm walsanotwith exceptional mathematical
ability, he can now calculate the ninth power @ fifth root of numbers and solve such problems
as "What is 68 times 767" in five seconds. Begigrihage twenty, Gamm, who worked in a
bank, began doing four hours of computational [xaa day. By the time he was twenty-six, he
had become a calculating genius, able to makeviig lby performing on television.
Investigators who examined him with a positron emis tomography (PET) brain scan while he
was calculating found he was able to recruit fivaerbrain areas for calculating than "normal”
people. The psychologist Anders Ericsson, an expéhie development of expertise, has shown
that people like Gamm rely on long-term memorydtplthem solve mathematical problems
when others rely on short-term memory. Expertstdiate the answers, but they do store key
facts and strategies that help them get answers,

and they have immediate access to them, as thbeghntere in
short-term memory. This use of long-term memorypiablem

solving is typical of experts in most fields, andcEson found thatecoming an expert in
most fields usually takes about a decade of

concentrated effort.

One reason we can change our brains simply by mragis that, from a neuroscientific
point of view, imagining an act and

doing it are not as different as they sound. Whempge close their eyes and visualize a

simple object, such as the letgetthe primaryisual cortex lights up, just as it would if the
subjects were actually

looking at the lettea. Brain scans show that in action and imaginationyrarihe same
parts of the brain are activated. That is why

visualizing can improve performance.



In an experiment that is as hard to believe asstmple, Drs. Guang Yue and Kelly Cole
showed that imagining one is using one's

muscles actually strengthens them. The study loakéao groups,
one that did physical exercise and one that imaliieng exercise.
Both groups exercised a finger muscle, Monday thinderiday, for

four weeks. The physical group did trials of fifbe@aximal contractions, with a twenty-
second rest between each. The mental group

merely imagined doing fifteen maximal contractiongh a twenty-second rest between
each, while also imagining a voice shouting at thé#arder! Harder! Harder!"

At the end of the study the subjects who had ddrysipal exercise increased their
muscular strength by 30 percent, as one might éxphose who onlymagineddoing

the exercise, for the same period, increased thascle strength by 22 percent. The
explanation lies in the motor neurons of the bthat "program” movements. During
these imaginary contractions, the neurons resplenfgibstringing together sequences of
instructions for movements are activated and sthemged, resulting in increased strength
when the muscles are contracted.

This research has led to the development of teeriiachines that actually "read"
people's thoughts. Thought translation machinegtapmotor programs in a person or
animal imagining an act, decode the distinctiveteieal signature of the thought, and
broadcast an electrical command to a device thiatthe thought into action. These
machines work because the brain is plastic andigdii)schanges its state and structure
as we think, in ways that can be tracked by eleatrmeasurements.

These devices are currently being developed toipeauaple who are completely
paralyzed to move objects with their thoughts.

As the machines become more sophisticated, theybmaleveloped into thought readers, which
recognize and translate the content of a thouglathave the potential to be far more probing
than lie detectors, which can only detect stregsldewhen a person is lying.

These machines were developed in a few simple.diefise mid-1990s, at Duke University,
Miguel Nicolelis and John Chapin began a behaviexakriment, with the goal of learning to
read an animal's thoughts. They trained a ratéespa bar, electronically attached to a water-
releasing mechanism. Each time the rat presseghbthehe mechanism released a drop of water
for the rat to drink. The rat had a small parttefskull removed, and a small group of micro-
electrodes were attached to its motor cortex. Teésgrodes recorded the activity of forty-six
neurons in the motor cortex involved in planning @nogramming movements, neurons that
normally send instructions down the spinal cortheomuscles. Since the goal of the experiment



was to register thoughts, which are complex, thigfsix neurons had to be measured
simultaneously. Each time the rat moved the barolblis and Chapin recorded the firing of its
forty-six motor-programming neurons, and the signetresent to a small computer. Soon the
computer "recognized" the firing

pattern for bar pressing.
After the rat became used to pressing the bar,l&lis@and
Chapin disconnected the bar from the water relédee. when the

rat pressed the bar, no water came. Frustratpressed the bar a number of times, but to no
avail. Next the researchers connected the

water release to the computer that was connectiie ti@at's neurons. In theory, now, each
time the rat had the thought "press the bar,"” dmputer would recognize the neuronal firing
pattern and

send a signal to the water release to dispensepa dr
After a few hours, the rat realized it didn't hawdouch the bar

to get water. All it had to do was to imagine igsppressing the baand water would come!
Nicolelis and Chapin trained four rats to perfohis task.

Then they began to teach monkeys to do even monelea thought translations. Belle, an owl
monkey, was trained to use a jdiek to follow a light as it moved across a Yideoveen, If
she succeeded, she got a drop of fruit juice. EHawh she moved thieystick, her neurons
fired, and the pattern was mathematically analymed computer. The pattern of neuronal firing
always occurred

300 milliseconds before Belle actually moved thesjick, because tbok that long for her
brain to send the command down her spinal

cord to her muscles. When she moved it to the reghtnove your

arm right" pattern occurred in her brain, and tbeputer detected

it; when she moved her arm to the left, the compuétected that

pattern. Then the computer converted these matleahpatterns into commands that were sent
to a robotic arm, out of Belle's view. The mathdo@dtpatterns were also transmitted from Duke
University to a second robotic arm in a lab in Cadde, Massachusetts. Again, as in the rat

experiment, there was no connection between thaigkyand the robotic arms; the robotic arms
connected to the computer, which read the patiarBglle's neurons. The hope was that the



robotic arms at Duke and in Cambridge would mowecdy when Belle's arm did, 300
milliseconds after her thought.

As the scientists randomly changed the light pasten the computer screen and Belle's real arm
moved the joystick, so did the robotic arms, sirdned miles apart, powered only by her
thoughts transmitted by computer.

The team has since taught a number of monkeysetonly their thoughts to move a robotic arm
in any direction in three-dimensional space, ineotd perform complex movements—such as
reaching and grasping for objects. The monkeyspvideo games (and seem to enjoy them)
using only their thoughts to move a cursor on @@idcreen and zap a moving target.

Nicolelis and Chapin hoped their work would helpigrats with various kinds of paralysis. That
happened in July 2006, when a team

led by neuroscientist John Donoghue, from Browrnvigrsity, used a similar technique
with a human being. The twenty-five-year-old mamattlew Nagle, had been stabbed in
the neck and paralyzed in all four limbs by theuh#sg spinal cord injury. A tiny,
painless silicone chip with a hundred electrodes w®planted in his brain and attached
to a computer. After four days of practice he wale & move a computer cursor on a
screen, open e-mail, adjust the channel and vottangol on a television, play a
computer game, and control a robotic arm usinghoaghts. Patients with muscular
dystrophy, strokes, and motor-neuron disease aedséed to try the thought-translation
device next. The goal in these approaches is ukimto implant a small microelectrode
array, with batteries and a transmitter the siza béby's fingernail, in the motor cortex.
A small computer could be connected either to atiokarm or wire-lessly to a
wheelchair control or to electrodes implanted irsoles to trigger movements. Some
scientists hope to develop a technology less imea$ian microelectrodes to detect
neuronal firing— possibly a variant of TMS, or avibe Taub and colleagues are
developing to detect changes in brain waves.

What these "imaginary" experiments show is howytintegrated imagination and
action are, despite the fact that we tend

to think of imagination and action as completelfyadent and subject to different rules.
But consider this: in some cases, the faster yauronagine something, the faster you can
do it. Jean Decety of Lyon, France, has done diffeversions of a simple experiment.
When

you time how long it takes to imagine writing yowame with your "good hand," and
then actually write it, the times will be similAithen you imagine writing your name
with your nondominant hand, it will take longer bab imagine it and to write it. Most
people who are right-handed find that their "metgtilhand” is slower than their "mental
right hand." In studies of patients with strokdParkinson's disease (which causes
people's movements to slow),



Decety observed that patients took longer to imagnoving the affected limb than the
unaffected one. Both mental imagery and actionshemeght to be slowed because they
both are products of teamemotor program in the brain, The speed with which we
imagine is probably constrained by the neuronaidirate of our motor programs.

Pascual-Leone has profound observations about how

neurooplasticity, which promotes change, can aad to rigidity andepetition in the

brain, and these insights help solve this parafl@ur brains are so plastic and changeable, why
do we so often get stuck in rigid repetition? Thewer lies in understanding, first, how
remarkably plastic the brain is.

Plasticina,he tells me, is the musical Spanish word for "pt#gt" and it captures something the
English word does noRlasticina,in Spanish, is also the word for "Play-Doh" or *ilaine” and
describes a substance that is fundamentally imiprestsie. For him our brains are so plastic that
even when we do the same behavior day after dayeébronal connections responsible are
slighdy different each time because of what we rdoree in the intervening time.

"l imagine," Pascual-Leone says, "that the brativig is like Play-Doh one is playing with all
the time." Everything that we do shapes this chafiiRlay-Doh. But, he adds, "if you start out
with a package of Play-Doh that is a square, andtlygen make a ball of it, it is possible to get
back to a square. But it won't be $@mesquare as you had to begin with." Outcomes thatapp
similar are not identical. The molecules in the rsgware are arranged differently than in the old
one. In other words, similar behaviors, performedifferent times, use different circuits. For
him, even when a patient with a neurological orchsjogical problem is "cured,” that cure never
returns the patient's brain to its preexistingestat

"The system is plastic, not elastic,” Pascual-Lesms in a booming voice. An elastic
band can be stretched, but it always reverts tmitaer shape, and the molecules are not
rearranged in the process. The plastic brain isgteally altered by every encounter,
every interaction.

So the question becomes, if the brain is so ealigyed, how are we protected from
endless change? Indeed, if the brain is like Plajiow is it that we remain ourselves?
Our genes help give us consistency, up to a pait,so does repetition.

Pascual-Leone explains this with a metaphor. Thstjal brain is like a snowy hill in
winter. Aspects of that hill—the slope, the rodke consistency of the snow—are, like
our genes, a given. When we slide down on a sled;am steer it and will end up at the
bottom of the hill by following a path determinedth by how we steer and the
characteristics of the hill. Where exactly we weifid up is hard to predict because there
are so many factors in play.



"But," Pascual-Leone says, "what will definitelyppen thesecond timegou take the
slope down is that you will more likely than natdiyourself somewhere or another that
is related to the path you took the first timaydin't be exactly that path, but it will be

closer to that one than any other. And if you spgmat entire afternoon sledding down,
walking up, sledding down, at the end you will

have some paths that have been used a lot, sotrteatleabeen used very little ... and
there will be tracks that you have created, amgvery difficult now to get out of those
tracks. And those tracks are not genetically datexchanymore.”

The mental "tracks" that get laid down can leatabits, good or bad. If we develop poor
posture, it becomes hard to correct. If we developd habits, they too become

solidified. Is it possible, once "tracks" or neupathways have been laid down, to get out
of those paths and onto different ones? Yes, asuptd Pascual-Leone, but it is difficult
because, once we have created these tracks, tbembéreally speedy” and very
efficient at guiding the sled down the hill. To

take a different path becomes increasingly difficAlroadblock of some kind is
necessary to help us change direction.

In his next experiment Pascual-Leone developedskbeofroadblocks and showed
that alterations of established pathways and

massive plastic reorganizations can occur at ureegespeed.

His work using roadblocks began when he heard afmounusual boarding school in
Spain where teachers who instructedttivad went to study darkness. They were
blindfolded for a week to

experience blindness firsthand. A blindfold is adblock for the sense of sight, and
within the week their tactile senses and theirighid judge space had become extremely
sensitive. They were able to differentiate makesioforcycles by the sounds of their
engines and to distinguish objects in their paththbir echoes. When the teachers first
removed their blindfolds, they were profoundly disnted and couldn't judge space or
see.

When Pascual-Leone heard about this school of dasgrne thought, "Let's take sighted
people and make theabsolutelyblind."

He blindfolded people for five days, then mappegrthrains with TMS. He found that

when he blocked out all light—the road "block" hade impermeable—the subjects’

"visual" cortices began to process the sense @htesoming from their hands, like blind
patients learning Braille. What was most astoundmogvever, was that the brain



reorganized itself in just a few days. With bratarss Pascual-Leone showed that it could
take as few as two days for the "visual" cortekegin processing tactile and auditory
signals. (As well, many of the blindfolded subjecported that as they moved, or were
touched, or heard sounds, they began hawvigigal hallucinations of beautiful, complex
scenes of cities, skies, sunsets, Lilliputian fegyrcartoon figures.) Absolute darkness
was essential to the change because vision iswgerfid a sense that if any light got in,
the visual cortex preferred to process it over sioamd touch. Pascual-Leone discovered,
as Taub had, that to develop a new pathway,

you have to block or constrain its competitor, whig often the most commonly used
pathway. After the blindfolds came off, the subgeetsual cortices stopped responding
to tactile or auditory stimulation within twelve taenty-four hours.

The speedwith which the visual cortex switched to processsingnd and touch posed a
major question for Pascual-Leone. He believed theren't enough time in two days for
the brain to rewire itself so radically. When nenage placed in a growth culture, they
grow at most a millimeter a day. The "visual" cart®uld have begun processing the
other senses so quickly only if connections to ¢hsxsurces already existed. Pascual-
Leone, working with Roy Hamilton, took the ideattpeeexisting paths were unmasked
and pushed it one step further to propose a thibatythe kind of radical brain
reorganization seen in the school of darknesstisheoexception but the rule. The human
brain can reorganize so quickly because indivighaais of the brain are not necessarily
committed to processing particular senses. Weaahyoutinely do, use parts of our
brains for many different tasks.

As we've seen, almost all current theories of tfagnbare localizationist arid assume that
the sensory cortex processes each sense— sight,4ouch—in locations devoted to
processing them alone. The phrase "visual cortestirmes that the sgbeirposeof that
area

of the brain is to process vision, just as the gésd’auditory cortex" and "somatosensory
cortex" assume a single purpose in other areas.

But, says Pascual-Leone, "our brains are not titggnized irterms of systems that
process a given sensory modality. Rather, our

brain is organized in a series of specific opegtor

An operator is a processor in the brain that, agtaf processing input from a single
sense, such as vision, touch, or hearing, processesabstract information, One
operator processes information abspdtial relationshipsanothemovementand
anothershapesSpatial relationships, movement, and shapes aveniaition



that is processed by several of our senses. Wbathrfeel and segpatial differences—
how wide a person's hand is—as we can Bethand see movement and shapes, A few
operators may be good for

only a single sense (e.g., the color operator)spatial, movement, and shape operators
process signals from more than one.

An operator is selected by competition. The operthieory appears to draw on the
theory of neuronal group selection developed in7I&8Nobel Prize winner Gerald
Edelman, who proposed that

for any brain activity, the ablest group of neur@nselected to do

the task. There is an almost Darwinian competiti@wreural Darwinism, to use Gerald
Edelman's phrase—going on all the time betweenabpesto see which ones can most
effectively process signals from a particular sears@in a particular circumstance.

This theory provides an elegant bridge betweernabaization-
ist emphasis on things tending to happen in cetygiical locations,
and the neuroplasticians' emphasis on the braiilisydo restructure itself.

What it implies is that people learning a new sidlh recruit operators devoted to other
activities, vastly increasing their processing powweovided they can create a roadblock
between the operator they need and its usual famcti

Someone presented with an overwhelming auditoky sagch agnemorizing Homer'diad,
might blindfold himself to recruit operators usyallevoted to sight, since the vast
operators in the visual cortex can process soumdoimer's time, long poems were
composed and passed from generation to generatianai form. (Homer, according to
tradition, was himself blind.) Memorization was @s$al in preliterate cultures; indeed,
illiteracy may have prompted people's brains tagassiore operators to auditory tasks.
Yet such feats of oral memory are possible indieicultures if there is sufficient
motivation. For centuries Yemenite Jews taughtttigidren to memorize the entire
Torah, and today children in Iran memorize thererifioran.

We have seen that imagining an act engages the rvatoe and sensory programs that
are involved in doing it. We have long viewed auaginative life with a kind of sacred
awe: as noble, pure, immaterial, and etherealpfdtom our material brain. Now we
cannot be so sure about where to draw the linedsstihem.

Everything your "immaterial" mind imagines leaveatarial traces. Each thought alters
the physical state of your brain synapses at aogsdnpic level. Each time you imagine



moving your fingers across the keys to play the@igou alter the tendrils in your living
brain.

These experiments are not only delightful and going, they also overturn the centuries
of confusion that have grown out of the work of Erench philosopher Rene Descartes,
who argued that mind and brain are made of diftesabstances and are governed by
different laws. The brain, he claimed, was a phgisimaterial thing, existing in space
and obeying the laws of physics. The mind

(or the soul, as Descartes called it) was immadtexithinking thing that did not take up
space or obey physical laws. Thoughts, he arguerk governed by the rules of
reasoning, judgment, and desires, not by the palysie/s of cause and effect. Human
beings

consisted of this duality, this marriage of immetlemind and material brain.

But Descartes—whose mind/body division has domthateence for four hundred
years—could never credibly explain how the

immaterial mind could influence the material braks.a result, people began to doubt
that an immaterial thought, or mere imagining, righange the structure of the material
brain. Descartes's view seemed to open an unbbtiggap between mind and brain.

His noble attempt to rescue the brain from the roigsh thatsurrounded it in his time, by
making it mechanical, failed. Instetttk brain came to be seen as an inert, inanimate
machine that could

be moved to action only by the immaterial, ghostlloul Descartgslaced within it, which
came to be called "the ghost in the machine." Byialieag a mechanistic brain, Descartes
drained the life out of it and slowed the accepgamicbrain plasticity more than any other
thinker. Any plasticity—any ability to change tha¢ had— existed in the mind, with its
changing thoughts, not in the brain.

But now we can see that our "immaterial" thougbtshave gphysical signature, and we
cannot be so sure that thought won't

someday be explained in physical terms, While wesheet to understand exactipw
thoughts actually change brain structure, it is now

clear that they do, and the firm line that Descadiew between

mind and brain is increasingly a dotted line.
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Turning Our Ghosts into Ancestors
Psychoanalysis as a Neuroplastic Therapy

Mr. L. had been suffering from recurring depressitor over forty years and had had
difficulties in his relationships with women. He svia his late fifties and had recently
retired when he sought help

from me.

Few psychiatrists at the time, in the early 199@sl any sense that the brain was plastic,
and it was often thought that people approachixty svere "too fixed in their ways" to
benefit from a treatment that aimed not only tothem of symptoms but to alter long-
standing aspects of their character.

Mr. L. was always formal and polite. He was inggint, subtle, and spoke in a clipped,
spare way, without much music in his voice. He bezancreasingly remote when he
spoke about his feelings.

In addition to his deep depressions, which hadaieded onlypartially to antidepressants,
he suffered from a second strange mood

state. Often he was struck—seemingly out of the-bluy a mysterious sense of paralysis,
feeling numb and purposeless, as though time

had stopped, He also reported that he drank todymuc
He was particularly upset about his relations wittmen. As soon as he got romantically
involved, he would start backing off, feeling thtitere is a better woman elsewhere whom I'm

being denied."

He had been unfaithful to his wife on a numberafasions and asrasult lost his marriage,
an outcome he greatly regretted. Worse, he

wasn't sure why he was unfaithful, because he Hatddd respect for

his wife. He tried many times to get back with Hmrt she refused.

He was uncertain what love was, had never felbjesabr possessive of others, and always
felt women wanted to "own" him. Hevoided both commitment to and conflict with women.

He was devoted to his children but felt attachedugh a sense of duty rather than joyful
affection. This feeling pained him, because theyevanting and affectionate to him.



When Mr. L. was twenty-six months old, his motherddgiving birth to his younger sister. He
didn't believe that her death had affected himiigmtly. He had seven siblings, and now their
sole provider was their father, a farmer, who ranisolated farm on which they lived without
electricity or running water, in a destitute coudtying the Great Depression. A year later Mr. L.
became chronically ill with a gastrointestinal desh that needed continual attention. When he
was four, his father, unable to care for both hird his siblings, sent him to live with a married
but childless aunt and her husband a thousand emlay. In two years everything in Mr. L.'s
short life had changed. He had lost his motherfdirger, his siblings, his health, his home, his
village, and all his familiar physical surroundirgsverything he cared about and had been
attached to. And because he grew up among peopietaenduring hard times and to keeping a
stiff upper lip, neither his father nor his adoptfamily talked much about his losses with him.

Mr. L. said he had no memories from age four olieraand very few from his teenage years. He
felt no sadness about what had happened to himewret cried, even as an adult—about
anything. Indeed, he spoke as though nothing théithappened to him had registered. Why
should it? he asked. Aren't children's minds toorfydformed to record such early events?

Yet there were clues that his losses did registehe told his story, he looked, all those years
later, as though he were still in shock. He was hkunted by dreams in which he was always
searching for something. As Freud discovered, requdreams, with a relatively unchanging
structure, often contain memory fragments of eidymas.

Mr. L. described a typical dream as follows:

| am searching for something, | know not what, amentified object, maybe a toy, which is
beyond familiar territory ... I'd like it back agai

His only comment was that the dream representéertible loss."
But remarkably, he did not link it to the loss @& mother or family.

Through understanding this dream Mr. L. would le@arfove,change important aspects of his
character, and rid himself of forty

years of symptoms, in an analysis that lasted fagmfifty-eight to

sixty-two. This change was possible because psyelygsis is in fact

a neuroplastic therapy.

For years now it has been fashionable in some epsatid argu¢hat psychoanalysis, the original
"talking cure,” and other psycho-therapies areseoibus ways to treat psychiatric symptoms

and character problems. "Serious" treatments reg@lrirgs, not just

"talking about thoughts and feelings," which contd possibly affecthe brain or alter
character, which was increasingly thought to beoaymct of our genes.



It was the work of the psychiatrist and researé&rar Kandel that first interested me in
neuroplasticity when | was a resident at the

Columbia University Department of Psychiatry, whieeetaught and

was a major influence on everyone present, Kandsltie first to show that as we learn, our
individual neurons alter their structure

and strengthen the synaptic connections between tHe was also

first to demonstrate that when we form long-ternmmoges, neurons change their anatomical
shape and increase the number of

synaptic connections they have to other neurons-fesrwhich he won the Nobel Prize in
2000.

Kandel became both a physician and a psychiahagting to practice psychoanalysis. But
several psychoanalyst friends urged him to studybtiain, learning, and memory, something
about which very little was known, in order to deeghe understanding of why psychotherapy is
effective and how it might be improved. After soasely discoveries Kandel decided to become
a full-time laboratory scientist, but he never liogérest in how the mind and brain change in
psychoanalysis.

He began to study a giant marine snail, callptysia,whose unusually large neurons—its cells
are a millimeter wide and visible to the naked eyeight provide a window into how human
nervous tissue functions. Evolution is conservatirel elementary forms of learning function the
same way both in animals with simple nervous systend in humans.

Kandel's hope was to "trap" a learned respondeeisinallest possible group of neurons he could
find, and study it. He found a simple circuit irtbnail, which he could partially remove from the
animal by dissection and keep alive and intaceawater. In this way he could study it, while it
was alive, and while it learned.

A sea snail's simple nervous system has sensdsytbat detect danger and send signals to its
motor neurons, which act reflexively to protecSea snails breathe by exposing their gills,
which are covered

by a fleshy tissue called a siphon. If the senseyrons in the siphon detect an unfamiliar
stimulus or danger, they send a message to sixrmetoons that fire, causing the muscles
around the gill to pull both siphon and gill safelgck into the snail, where they are protected.
This is the circuit that Kandel studied by inseagtmicroelectrodes into the neurons.

He was able to show that as the snail learneddmahocks and withdraw its gill, its nervous
system changed, enhancing the synaptic connedigmgeen its sensory and motor neurons and



giving off more powerful signals detected by themeélectrodes. This was the first proof that
learning led to neuroplastic strengthening of thienections between neurons.

If he repeated the shocks in a short period, th#sshecame "sensitized," so that they developed
"learned fear" and a tendency to overreact evena@ benign stimuli, as do humans who
develop anxiety disorders. When the snails develbparned fear, the presynaptic neurons
released more of the chemical messenger into tegose, giving off a more powerful signal.
Then he showed that the snails could be taughcmgnize a stimulus as harmless. When the
snail's siphon was touched gently over and ovemandollowed with a shock, the

synapses leading to the withdrawal reflex weakeaed,the snail eventually ignored the touch.
Finally Kandel was able to show that snails can barn to associate two different events and
that their nervous systems change in the proceksn\We gave the snail a benign stimulus,
followed immediately by a shock to the tail, tha@i$a sensory neuron soon responded to the
benign stimulus as though it were dangerous,

giving off very strong signals—even if not followeg the shock.

Kandel, working with Tom Carew, a physiological peglogist, next showed that the snails
could develop both short- and long-term memoriegre experiment the team trained a snail to
withdraw

its gill after they'd touched it ten times, The rhes in the neurons remained for several
minutes—the equivalent of a short-term memory. Wihery touched the gill ten times, in four
different training

sessions, separated from one another by severed toane day, the changes in the neurons
lasted as long as three weeks. The animals dewkfmpaitive long-term memories.

Kandel nest worked with his colleague the molechialogist James Schwartz and
geneticists to better understand the individual

moleculeghat are involved in forming long-term memorieghe snails, They showed that in the
snails, for short-term memories to become long-termew protein had to be made in the cell.
The team

showed that a short-term memory becomes long-tdmamva chemical in the neuron, called
protein kinase A, moves from the body of

the neuron into its nucleus, where genes are stdfezlprotein turns

on a gene to make a protein that alters the stictithe nerve ending, so that it grows new
connections between the neurons. Then Kandel, Camavcolleagues Mary Chen and Craig
Bailey showed that when a single neuron develdpagterm memory for sensitization, it might
go from having 1,300 to 2,700 synaptic connectianstaggering amount of neuroplastic change.



The same process occurs in humans. When we learalter which genes in our neurons are
"expressed,” or turned on.

Our genes have two functions. The first, the "textgfunction," allows our genes to replicate,
making copies of themselves that are passed frovarggon to generation. The template function
is beyond our control.

The second is the "transcription function." Eachioeour body contains all our genes, but not all
those genes are turned on, or expressed. Whereagymned on, it makes a new protein that
alters the structure and function of the cell. Tiisalled the transcription function because when
the gene is turned on, information about how toerthlese proteins is "transcribed" or read from
the individual gene. This transcription functionriiuenced by what we do and think.

Most people assume that our genes shape us—ouwribehad our brain anatomy. Kandel's
work shows that when we learn our minds also affgith genes in our neurons are transcribed.
Thus

we can shape our genes, which in turn shape oir'draicroscopic anatomy.

Kandel argues that when psychotherapy changesgedagbresumably does so through
learning, by producing changes in gene expressiainater the strength of synaptic
connections, and structural changes that altealagdomical pattern of interconnections
between nerve cells of the brain." Psychotherapiksvby going deep into the brain and
its neurons and changing their structure by turminghe right genes. Psychiatrist Dr.
Susan Vaughan has argued that the talking curesamyKtalking to neurons," and that
an effective psychotherapist or psychoanalyst'miarosurgeon of the mind" who helps
patients make needed alterations in neuronal nkswor

These discoveries about learning and memory antilecular level have their roots in
Kandel's own history.

Kandel was born in 1929 in Vienna, a city of greatural and intellectual richness. But
Kandel was a Jew, and Austria at the time wasuderitly anti-Semitic country. In
March 1938, when Hitler rolled into Vienna, annax#wstria to the German Reich, he
was welcomed by adoring crowds, and the Cathoticlashop of Vienna ordered all the
churches to fly the Nazi flag. The next day all Hal's classmates—except for one girl,
the only other Jew in the class—

stopped talking to him and began to bully him. Byrikall Jewish
children had been expelled from the school.

On November 9, 1928—KTristallnacht, the "night obken glass," when the Nazis
destroyed all the synagogues in the German



Reich, including Austria—they arrested Kandel'séat Austrian Jews were evicted from
their homes, and thirty thousand Jewish men were

sent to concentration camps the following day.
Kandel wrote, "I remember Kristallnacht even todagre than
sixty years later, almost as if it were yesterdaiell two days after

my ninth birthday, on which | was showered withgdgom my father's shop. When we
returned to our apartment a week or so after

having been evicted, everything of value was gomuding mytoys... It is probably futile,

even for someone trained in psychoanalytic thinkiad am, to attempt to trace the complex
interests and actions of my later life to a fewestdd experiences of my youth. Nevertheless
| cannot help but think that the experiences oflasy

year in Vienna helped to determine my later intsre@sthe mind, in

how people behave, the unpredictability of motimatiand the persistence of memory,,, | am
struck, as others have been, at how

deeply these traumatic events of my childhood beclamnned intanemory." He was drawn to
psychoanalysis, because he believed it

"outlined by far the most coherent, interesting andnced view athe human mind" and, of
all the psychologies, had the most comprehensidenstanding of the contradictions of human
behavior, of how civilized societies could suddemigase "such great viciousness in so many
people,"” and of how a country as seemingly civilias Austria could become "so radically
dissociated."

Psychoanalysis (or "analysis") is a treatment liefjts people who are deeply troubled not only
by symptoms but by aspects of their own charagtezse problems occur when we have
powerful internal confiicts in which, as Kandel saparts of ourselves become radically
"dissociated," or cut off from the rest of us.

Whereas Kandel's career took him from the clinitheoneuroscience laboratory, Sigmund Freud
began his career as a laboratory neuroscientishdnause he was too impoverished to continue,
he went in the opposite direction and became eolmgist in private practice, in order to have a
sufficient income to support a family. One of histfendeavors was to fuse what he had learned
about the brain as a neuroscientist with what he legrning about the mind while treating
patients. As a neurologist, Freud quickly becanserdihanted with the localizationism of the
time, which was based on the work of Broca andrsttend realized that the notion of the
hardwired brain did not adequately explain how clexp



culturally acquired mental activities such as regdind writing are possible. In 1891 he
wrote a book titleddn Aphasiawhich showed the flaws in the existing evidence'tore
function, one location," and proposed that comphental phenomena such as reading
and writing are not restricted to distinct cortiaaéas, and that it made no sense to argue,
as localizationists had, that there is a braint&@ror literacy, since literacy is not

innate. Rather, the brain in the course of ouniiadial lives must dynamically reorganize
itself, and its wiring, to perform such culturadgquired functions.

In 1895 Freud completed the "Project for a ScienBtychology," one of the first
comprehensive neuroscientific models to integraantand mind, still admired for its
sophistication. Here Freud proposed the "synaps¥éral years before Sir Charles
Sherrington, who bears the credit. In the "Projéc€ud even gave a description of how
synapses, which he called "contact barriers,” mighthanged by what we learn,
anticipating Kandel's work. He also began proposiegroplastic ideas.

The first plastic concept Freud developed is thetlzat neurons that fire together wire
together, usually called Hebb's law, though

Freud proposed it in 1888, sixty years before Hélobud stated that when two neurons
fire simultaneouslythis firing facilitates their ongoingssociationFreud emphasized
that what linked neurons was their

firing togetherin time,and he called this phenomenon the law of assoniatyo
simultaneity. The law of association explains tin@aortance

of Freud's idea of "free association," in whichgsyanalytic patients
lie on the couch and "free-associate," or say elerg that comes into

their minds, regardless of how uncomfortable afidtiit seems. The analyst sits behind
the patient, out of the patient's sight, and ugusdlys little. Freud found that if he didn't
interfere, many warded-off feelings and interestngnections emerged in the patient's

associations—thoughts and feelings the patient altlyrpushed away. Free association
is based on the understanding that all our mest@ations, even seemingly "random"
ones that appear to make no

sense, are expressions of links formed in our mgmetworks. His

law of association by simultaneity implicitly linkhanges in neuronaktworks with
changes in our memory networks, so that neuronditbd together years before wired
together, and these original connections are aftidinn place and show up in a patient's
free associations. Freud's second plastic ideahvea®f the psychological critical



period and the related idea of sexual plasticityw® saw in chapter 4, "Acquiring Tastes
and Loves," Freud was the first to argue that husexwality and the ability to love have
critical periods in early

childhood that he called "phases of organizati¥viiat happens during these critical
periods has an inordinate effect on our abilitiotee

and relate later in life. If something goes awtys ipossible to make changes later in life,
but plastic change is much harder to achieve after

a critical period closes,

Freud's third idea was a plastic view of memorye idea Freud inherited from his
teachers was that events we experience can fEaw@anent memory trac@sour minds.
But when he started working with patients, he olgthat memories are not written
down once, or "engraved," to remain unchanged &arbut can be altered by subsequent
events andetranscribed Freud observed that events could take on an alteezthing

for patients years after they occurred, and thaépis then altered their memories of
those events. Children who were molested when yeupg and unable to understand
what was being done to them were not always upsbedime, and their initial
memories were not always negative. But once thevmd sexually, they looked upon
the incident anew and gave it new meaning, and themory of the molestation
changed. In 1896 Freud wrote that from time to tmesmory traces are subjected to "a
rearrangemenin accordance with fresh circumstances—teteanscription.Thus what
is essentially new about my theory is the thesas temory is present not once but
several times over." Memories are constantly rerealéanalogous in every way to the
process by which a nation constructs legends atsoeérly history.” To be changed,
Freud argued, memories had to be

conscious and become the focus of our conscioestath, as neuro-scientists have since
shown. Unfortunately, as was the case with Mrcerfain traumatic memories of events
that happened early in childhood are not easilgsgible to consciousness, so they don't
change.

Freud's fourth neuroplastic idea helped explain lionight be possible to make
unconscious traumatic memories conscious and setridve them. He observed that in
the mild sensory deprivation created by his sitbagof the patients' view, and
commenting only when he had insights into theibpgms, patients began to regard him
as they had important people in their past, usubéyr parents, especially in their critical
psychological periods. It was as though the patiemre reliving past memories without
being aware of it. Freud called this unconsciousngimenon "transference" because
patients were transferring scenes and ways of pamgegrom the past onto the present.
They were "reliving” them instead of "rememberitigfm. An analyst who is out of view
and says little becomes a blank screen on whicpdkient begins to project his
transference. Freud discovered that patients pgegjebese "transferences" not only onto



him but onto other people in their lives, withoeiry aware of doing so, and that
viewing others in a distorted way often got theno idifficulty. Helping patients
understand their transferences allowed them toargptheir relationships. Most
important,

Freud discovered that transferences of early tréiareeenes could
often be altered if he pointed out to the patiehaiwvas happening

when the transference was activated and the pati@npaying close attention, Thus, the
underlying neuronal networks, and the associatedanes, could be retranscribed and
changed.

At twenty-six months, the age at which Mr. L. lbgt mother, a child's plastic change is
at its height; new brain systems are forming anehgthening neural connections, and
maps are differentiating

and completing their basic structure with the haflptimulationfrom and interaction with
the world. The right hemisphere has just complatgdowth spurt, and the left
hemisphere is beginning a spurt of its own.

The right hemisphere generally processes nonvedmamunication; it allows us to
recognize faces and read facial expressions, and

it connects us to other people. It thus processeadnverbal visual
cues exchanged between a mother and her babgolpedcesses the
musical component of speech, or tone, by which everey emotion.

During the right hemisphere's growth spurt, fromhbuntil the second year, these
functions undergo critical periods.

The left hemisphere generally processess/édibal-linguisticelements of speech, as
opposed to the emotional-musical ones, and anafyoédems usingonscious
processing. Babies have a larger right hemisplgxré& the end of the second year, and
because the left hemisphere is only beginningrdsvth spurt, our right hemisphere
dominates the brain for the first three years oflmes. Twenty-six-month-olds are
complex, "right-brained" emotional creatures butraa talk about their experiences, a
left-brain function. Brain scans show that durihg first two years of life, the mother
principally communicates nonverbally with her rigifgmisphere to reach her infant's
right hemisphere.



A particularly important critical period lasts froapproximately ten or twelve months to
sixteen or eighteen months, during which a key afehe right frontal lobe is

developing and shaping the brain circuits that allbw infants both to maintain human
attachments and to regulate their emotions. Thisirimg area, the part of the brain
behind our right eye, is called thght orbitofrontal system(The orbitofrontal system
has its central area in the orbitalfrontal corteRich was discussed in chapter 6, "Brain
Lock Unlocked," but the "system" includes linksthe limbic system, which processes
emotion.) This system allows us both to read pesfdeial expressions, and hence their
emotions, and also to understand and control our

own emotions. Little L. at twenty-six months wotlldve finished or-bitofrontal development but
would not have had the opportunity to reinforce it.

A mother who is with her baby during the criticakripd for emotional development and
attachment is constantly teaching her child whattens are by using musical speech and
nonverbal gestures. When she looks at her child swialowed some air with her milk, she
might say, "There, there, honey, you look so upmt;t be frightened, your tummy hurts because
you ate too fast. Let Mommy burp you, and give gdwg, and you'll feel all right." She is
telling the child thename of the emotidffright), that it has @rigger (she ate too fast), that the
emotion iscommunicated by facial expressi@gou look so upset"), that it is associated with a
bodily sensatiorfa tummy cramp), and thatrning to others for relief is often helpffiLet
Mommy burp you and give you a hug"). That mother gi@en her child a crash course in the
many aspects of emotion conveyed not only with wdmnat with the loving music of her voice
and the reassurance of her gestures and touch.

For children to know and regulate their emotioms] be socially connected, they need to
experience this kind of interaction many hundreidinees in the critical period and then to have
it reinforced later in life.

Mr. L. lost his mother only a few months after loenpleted development of his orbitofrontal
system. So it fell on others, who were

themselves grieving and probably less attunedrtothan his mother would have been, to
help him use and exercise his orbitofrontal systest,it begin to weaken. The child who
loses his mother at this

young age is almost always struck two devastatiog$ he loses his mother to death and
the surviving parent to depression. If others caietp him soothe himself and regulate his
own emotions akis mother did, he learns to "autoregulate” byingroff his emotions. When
Mr. L. sought treatment, he still had this tendetaturn emotions off and trouble maintaining
attachments.

Long before brain scans of the orbitofrontal comeste possible, psychoanalysts had
observed the characteristics of children deprivied@hering in early critical periods.



During World War Il Rene Spitz studied infants eshby their own mothers in prison,
comparing them with those reared in a foundling &pwhere one nurse

was responsible for seven infants, The foundlirigrits stopped developing
intellectually, were unable to control their emaspand instead

rocked endlessly back and forth, or made strangd hovements. They also entered
"turned-off" states and were indifferent to the lalpr

unresponsive to people who tried to hold and contf@m. In photographs these infants
have a haunting, faraway look in their eyes. fineed-off or "paralytic" states occur when
children give up all hope of finding their lost pat again. But how could Mr. L., who entered
similar states, have registered such early expegiem his memory?

Neuroscientists recognize two major memory syst@&@uth are plastically altered in
psychotherapy.

The well-developed memory system in twenty-six-rheoit children is called "procedural” or
"implicit* memory. These terms are often used ichengeably by Kandel. Procedural/implicit
memory functions when we learn a procedure or gadlgutomatic actions, occurring outside

our focused attention, in which words are genenadlyrequired. Our nonverbal interactions with
people and many of our emotional memories aregbatir procedural memory system. As
Kandel says, "During the first 2-3 years of lifedgem an infant's interaction with its mother is
particularly important, the infant relies primariy its procedural memory systems." Procedural
memories are generally unconscious. Riding a béedds on procedural memory, and most
people who ride easily would have trouble consdijoegplaining precisely how they do it. The
procedural memory system confirms that we can bagenscious memories, as Freud proposed.

The other form of memory is called "explicit" orédarative” memory, which is just beginning
to develop in the twenty-six-

month-old. Explicit memory consciously recollecpesific facts, events, and episodes. It
is the memory we use when we describe and maké&gxphat we did on the weekend,
and with whom, and for how long. It helps us toasmige our memories by time and
place. Explicit memory is supported by language lz@xbmes more important once
children can talk.

People who have been traumatized in their firgahrears can be expected to have few if
any explicit memories of their traumas. (Mr. L.ashe had not a single memory of his
first four years.) But procedural/implicit memories these traumas exist and are
commonlyevokedr triggered when people get into situations thatsimilar to the

trauma. Such memories often seem to come at uofabe blue" and do not seem to be
classified by time, place, and context, the waytneaglicit memories are. Procedural
memories of emotional interactions often get repebat transference, or in life.



Explicit memory was discovered through observatibthe most famous memory case in
neuroscience—a young man named

H.M., who had had severe epilepsy. To treat itdioistors cut out a part of his brain the
size of the human thumb, the hippocampus. (Theraetually two "hippocampi,” one in
each hemisphere, and both were removed.) Afteesyitd.M. at first seemed normal. He
recognized his family and could conduct conversati®ut it was

soon apparent that since his operation, he coulteam any new facts. When his
doctors visited him, chatted, left, and then retdrn

again, he had no memory whatsoever of the previzeeting. We
learn from H.M,'s case that the hippocampus tuumssbort-term

explicit memories into long-term explicit memories people, places, and things—the
memories to which we have conscious access.

Analysis helps patients put their unconscious ptac@ memories and actions into
words and into context, so they can better

understand them. In the process they plasticaltgmsecribe these procedural memories,
so that they become conscious explicit memories,

sometimes for the first time, and patients no lomged to "relive" or "reenact" them, especially
if they were traumatic.

Mr. L. took quickly to analysis and free associatamd started tbind, as many patients do, that
dreams from the night before ofteame to mind. Soon he began reporting his recudiagm
aboutsearching for an unidentified object, but added details—thé'object" might be a
person:

The lost object may be part of me, maybe not, maytoy,
possession, or a person. | absolutely must havgvit. know

it when | find it. Yet sometimes | am not surextsted at all, and hence | am unsure anything
was lost.

| pointed out to him that a pattern was emerging réported not only these dreams but also his
depressions and feelings of paralysis after hofidagt interrupted our work. At first he didn't
believe me, but the depressions and the dreanessfpossibly of a person—continued to
appear at breaks. Then he remembered that intemspt work also led to mysterious
depressions.



The thoughts in his dream désperately searchingere associated, in his memory, with
interruptions of his careand the neurons encoding these memaories were pad$yimired

together early in his development. But he was ngéo consciously aware—if he ever was—of
this past link. The "lost toy" in the dream was thee that his current suffering was colored by
childhood losses. But the dream implied that tls lwas happeningow. Past and present were
being mixed up together, and a transference wawg lagitivated. At this point I, as an analyst, did
what an attuned mother does, when she develogshitefrontal system, by pointing out
emotional "basics"—helping him name his emotiohsirttriggers, and how they influenced his
mental and bodily states. Soon, he was able tothpdtiggers and emotions himself.

The interruptions evoked three different typesrofcpdural memories: an anxious state, in which
he was pining and searching for his lost motherfamidly; a depressed state, in which he
despaired of finding what he sought; and a pardlgtate, when he turned off and time stood
still, probably because he was totally overwhelmed.

By talking about these experiences, he was ahleh#ofirst time in his adult life, to connect his
desperate searching with its true trigger, the ¢édssperson, and to realize that his mind and
brain still fused the idea of separation with ttkea of his mother's death. Making these
connections, and also realizing that he was nodoadelpless child, he felt less overwhelmed.

In neuroplastic terms, activatirmgnd paying close attentido the link between everyday
separations and his catastrophic response to thewed him to unwire the connection and alter
the pattern.

As Mr. L. became aware that he was reacting teshart separations as though they were major
losses, he had the following dream:

I'm with a man moving a big wooden box with a weiighit.

When he freely associated to the dream, severagtite came to mind. The box reminded him of
his toy box but also of a coffin. The

dream seemed to be saying in symbolic images thatds carrying around the weight of his
mother's death. Then the man in the dream

said:

"Look at what you paid for this box." | start dibing, and my leg is in bad condition, scarred,
covered with scabs, and healed with a protubertrataés a dead part of me. | didn't know the
price would be this high.

The words "I didn't know the price would be thiglti were linkedn his mind to a growing
realization that he was still influenced by



his mother's death. He had been wounded and vildssérred.” Right after articulating that
thought, he grew silent and had ondh® major epiphanies of his life.

"Whenever | am with a woman," he said, "l soon kfimat she is not the one for me, and
| imagine that some other ideal woman is out tiseraewhere, waiting." Then, sounding
Utterly shocked, he

said, "l just realized that that other woman setmize some vague sense of my mother
that | had as a child, and itskethat | must be faithful to, but whom | never firiche
woman | am with becomes my adoptive mother, anchtphief is betraying my real
mother."

He suddenly realized that his urge to cheat hadroed just as he was getting closer to
his wife, threatening his buried tie to his mothdis infidelity was always in the service
of a "higher" but unconscious fidelity. This rev@a was also the first hint that he had
registered some kind of attachment to his mother.

When | next wondered aloud whether he might be @smpeing me as the man (in his
dream) who pointed out how damaged he felt, Mburst into tears for the first time in
his adult life.

Mr. L. did not get better all at once. He had fisexperience cycles of separations,
dreams, depressions, and insights—the repetitiotwarking through," required for
long-term neuroplastic change. New ways of relaltiad to be learned, wiring new
neurons together, and old ways of responding h&e tanlearned, weakening neuronal
links. Because Mr. L. had linked the ideas of sepan and death, they were wired
together in his neuronal networks. Now that he e@sscious of his association, he could
unlearn it.

We all have defense mechanisms, really reacticenpat that hide unbearably painful
ideas, feelings, and memories from conscious aweareOne of these defenses is called
dissociation, which keeps threatening ideas oirfgelseparated from the rest of the
psyche. In analysis Mr. L. began to have opporiesiio reexperience

painful autobiographical memories of searchinghisrmother that had been frozen in
time and dissociated from his conscious memoriashEme he did so he felt more
whole as neuronal groups encoding his memorieshtichbeen disconnected were
connected.

Psychoanalysts since Freud have noted that son@msain analysis develop powerful
feelings toward the analyst. This happened in Ms tase. A certain warmth and
positive sense of closeness developed betweenaisd Ehought that these powerful,
positive transference feelings became one of theyraagines that promoted the cure. In
neuroscientific terms, this probably helps becametions and the patterns we display



in relationships are part of the procedural mensystem. When such patterns are
triggered in therapy, it gives the patient a chandeok at them and change them, for as
we saw in chapter 4, "Acquiring Tastes and Lovpssitive bonds appear to facilitate
neuroplastic change by triggering unlearning asdalving existing neuronal networks,
so the patient can alter his existing intentions.

"There is no longer any doubt,"” writes Kandel,"thaychotherapy can result in
detectable changes in the brain." Recent brainssgane before and after psychotherapy
show both that the brain plastically reorganizsslitin treatment and that the more
successful the treatment the greater the changen\patients relive their traumas

and have flashbacks and uncontrollable emotiomsflolv of blood

to the prefrontal and frontal lobes, which helpulate our behavior, decreases, indicating
that these areas are less active. According taogsi)choanalyst Mark Solms and
neuroscientist Oliver Turnbull, "The

aim of the talking cure... from the neurobiologipaint of view [is] to extend the
functional sphere of influence of the prefrontdiés.”

A study of depressed patients treated with intesquestl psychotherapy—a short-term
treatment that is partially based on

the theoretical work of two psychoanalysts, JohwByg and Harry Stack Sullivan—
showed that prefrontal brain activity normalizedhatreatment. (The right orbitofrontal
system, which is so impor-

tant in recognizing and regulating emotions andti@hships—a function that was
disturbed in Mr. L,—is part of the prefrontal cotteA more recent fMRI brain scan
study of anxious patients with panic disorder fotimat the tendency of their limbic
systems to be abnormally activated by potentidigdatening stimuli was reduced
following psychoanalytic psychotherapy.

As Mr, L. began to understand his post-traumatio@pms, he began "regulating” his
emotions better. He reported that outside the

analysis he had more self-control. His mystericaursilytic states decreased. When he had
painful feelings, he didn't resort to drinking rigaas often. Now Mr. L. began to let

down his guard and became less defensive. He wees ecomfortable expressing anger,
when called for, and felt closer to his childremcreasingly he used his sessions to face
his pain instead of turning it off completely. Ndv. L. slipped into long silences that

had a profoundly resolute quality. His facial exgsien showed that he was in
extraordinary pain, feeling an awful sadness teavbuldn't discuss.



Because his feelings about his mother's loss waréatked about while he was growing
up, and the family dealt with its pain by gettingwith chores, and because he had been
silent for so long, | took a risk and tried to mittat he was conveying nonverbally into
words. | said, "It's as though you are saying to asegperhaps you once wanted to say to
your family, '‘Can't you see, after this terribledpl have to be depressed right now?™

He burst into tears for the second time in theyamisl He started involuntarily and
rhythmically to protrude his tongue between weeipglls, making him look like a baby
from whom the breast had been withdrawn and whopsatsuding his tongue to find it.
Then he covered his face, put his hand in his miikeha two-year-old, and broke out
into loud, primitive sobbing. He said, "l want te bonsoled for my pains and losses, yet
don't come too close to console me. | want to beealn my sullen misery. Which you
can't understand, because | can't understanda lgigef that is too big."

Hearing this, we both became aware that he oftek ttee stance of "rejecting
consolation" and that it contributed to the "renmetgs” of his character. He was working
through a defense mechanism that had been in piace childhood and that helped him
block off the immensity of his loss. That defensgpeing repeated many thousands of
times, had been plastically reinforced. This meshpunced of his character traits, his
remoteness, wasn't genetically predetermined lastiphlly learned, and now it was
being unlearned.

It may seem unusual that Mr. L. wept and stuckhisitongue like a baby, but it was the
first of several such "infantile” experiences thatwould have on the couch. Freud
observed that patients who have had early traurh@fien, at key moments, "regress”
(to use his term) and not only remember early meradout briefly experience them in
childlike ways. This makes perfect sense from aowplastic point of view. Mr. L. had
just given up a defense that he had used sincghdut—the denial of the emotional
impact of his loss—and it exposed the memorieseanational pain that the defense had
hidden. Recall that Bach-y-Rita described somethigrg similar happening in patients
undergoing brain reorganization. If astablished brain network is blocked, then older
networks, in place

long before the established one, must be usedaht=i¢his the "unmasking” of older
neuronal paths and thought it one of the chief whagdrain reorganizes itself.
Regression in analysis at a neuronal level isliebe, an instance of unmasking, which
often precedes psychological reorganization. Thathat followed for Mr. L.

In his next session he reported that his recudiegm haathanged. This time he went to
visit his old house, looking for "adytossessions." The dream signaled that the partrof h
that had been deadened was coming alive again:

| go to visit an old house. | don't know whosesijtyet it's mine. | am searching for
something—not toys now, but



adult possessions. There is a spring thaw, thetwihter. | enter the house, and it is the
house where | was born. | hdwbught the house was empty, but my ex-wife—whdeitiwas
like a good mother to me—appeared from the backiraghich was flooding. She welcomed me
and was pleased to see me, and | felt elation.

He was emerging from a sense of isolation, of beurtgff from

people and from parts of himself. The dream wasiabis emotional "spring thaw" and a
motherlike person being present with him

in the house where he spent his earliest childhibagas not empty,

after all. Similar dreams followed in which he =abed his past, his sense of himself, and the
sense that he had had a mother.

One day he mentioned a poem about a starving Imd@her who gave her child her last morsel
of food before dying herself. He couldn't underdtamy the poem moved him so. Then he
paused and burst into an ear-splitting wail, "Mymmoy sacrificed her life for me!" He wailed,
his whole body shaking, fell silent, and then yell4 want my mommy!"

Mr. L., not given to hysterics, was now experiegcall the emotional pain that his defenses had
pushed away, reliving thoughts afe@lings he had had as a child—he was regressithg an
unmaskingolder memory networks, even ways of talking. Budiaghis was followed by
psychological reorganization at a higher level.

After acknowledging his great sense of missingigher, he went to visit her grave for the first
time. It was as though a part of his mind had loeldo the magical idea that she was alive. Now
he was able to accept, at the core of his beirg stie was dead.

The next year Mr. L, fell profoundly in love foreHirst time in his adult life. He also became
possessive of his lover and suffered normal jegloalso for the first time. He now understood
why women had been infuriated by his aloofnesslackiof commitment and felt sad

and guilty. He felt too that he discovered a pattimself that had been linked to his
mother and lost when she died. Finding that pahimfself that had once loved a woman
allowed him to fall in love again. Then he had gt dream of his analysis:

| saw my mother playing the piano, and then | ggeabsomeone, and when | return, she
is in a coffin.

As he associated to the dream, he was startleldebiyrtage of his being held up to see his
mother in her open coffin, reaching out to her, bathg overwhelmed by the dreadful,
terrifying realization that she did not respond.leteout a loud wail, and overcome with
primitive grieving, his whole body convulsed fontminutes. When he settled down, he



said, "l believe this was a memory of my motherdkey which was conducted with an
open coffin."

Mr. L. was feeling better, and different. He wasistable, loving relationship with a
woman, his connection to his children had deepsigrdficantly, and he was no longer
remote. In his final session he reported that ltedp@ken to an older sibling, who
confirmedthat there had been an open coffin at his mothereral and that he

had been present. When we parted, Mr. L. was couslgi sad but no longer depressed
or paralyzed at the thought of a permanent separalien years have passed since he
completed his analysis, and he remains free add®p depressions and says his analysis
"changed my life and gave me control of it."

Many of us, because of our own infantile amnesiy noubt adults can remember as far
back as Mr. L. ultimately did. This doubt was oscewidespread that no research was
conducted to investigate the matter, but new stust®w that infants in the first and
second

years can store such facts and events, includingratic ones. Whilthe explicit memory
system is not robust in the first few years, researy Carolyn Rovee-Collier and others
shows it exists, even in preverbal

or barely verbal infants. Infants can remember &/&om the first few years of life if they are
reminded. Older children can remember events ttairoed before they could talk and, once
they learn to

speak, can put those memories into words. At tikhed.. was doing just this, putting
events he experienced into words for the first ti@#her times he unblocked events that
had been in his explicit memory all along, suclthesthoughtMly mommy sacrificed her
life for me,or his memory of being at his mother's wake, whiets independently

verified. And still other times, he "retranscribezkperiences from

his procedural memory system to his explicit systamd interestingly, his core dream
seemed to register that he had a major problemhistmemory—he was searching for
something but couldn't recall what—though he semgad recognize it if he found it.

Why are dreams so important in analysis, and vehtitdir relationship to plastic change?
Patients are often haunted by recurring dreamiseaf raumas and awaken in terror. As
long as they remain ill, these dreams don't ch&mgje basic structure. The neural
network that represents the trauma—such as Mrdte'am that he was missing
something—is persistently reactivated, without beietranscribed. Should these
traumatized patients get better, these nightmaeeuglly become less frightening, until
ultimately the patient dreams something WKdfirst | think the trauma is recurring, but it
isn't; it's over now, I've survivedhis kind of progressive dream series shows themin



and brain slowly changing, as the patient learashie is safe now. For this to happen,
neural networks must unlearn certain associatiorssMfa L. unlearned his association
between separation and death—and change existnagpsy connections to make way
for new learning. What physical evidence exist$ tiltaams show our brains in the
process of plastic change, altering hitherto bymadotionally meaningful memories, as
in Mr. L.'s case?

The newest brain scans show that when we dreatrpahiof the brain that processes
emotion, and our sexual, survival, and aggressisncts, is quite active. At the same
time the prefrontal cortex system, which is resgadador inhibiting our emotions and
instincts, shows lower activity. With instinctsedd up and inhibitions turned down, the
dreaming brain can reveal impulses that are noyniédicked from awareness.

Scores of studies show that sleep helps us comaselidarning and memory and effects
plastic change. When we learn a skill during the eae will be better at it the next day if
we have a good night's sleep. "Sleeping on a pngbtdéten does make sense.

A team led by Marcos Frank has also shown thapstedances neuroplasticity during
the critical period when most plastic change tgkase. Recall that Hubel and Wiesel
blocked one eye of a kitten in the critical persotl showed that the brain map for the
blocked eye was taken over by the good eye—a dasseat or lose it. Frank's team did
the same experiment with two groups of kittens, gnoeip that it deprived of sleep, and
another group that got a full amount of it. Theyrid that the more sleep the kittens got,
the greater the plastic change in their brain map.

The dream state also facilitates plastic changeeSis divided into two stages, and most
of our dreaming occurs during one of them,

called rapid-eye-movement sleep, or REM sleepntsfapend many
more hours in REM sleep than adults, and it isrdpmfancy that

neuroplastic change occurs most rapidly. In fa&ilvRsleep is required for the plastic
development of the brain in infancy. A team led

by Gerald Marks did a study similar to Frank's tbaked at the effects of REM sleep on
kittens and on their brain structure. Marks fouimak in kittens deprived of REM sleep,
the neurons in their visual cortex were actuallgben, so REM sleep seems necessary
for

neurons to grow normally. REM sleep has also beews to be particularly important
for enhancing our ability to retain emotional merasrand for allowing the hippocampus
to turn short-term



memories of the day before into long-term ones, ([k&elps make

memories more permanent, leading to structuralg@amthe brain). Each day, in
analysis, Mr, L worked on his core conflicts, merasy and traumas, and at night there
was dream evidence not only of his buried emotloriof his brain reinforcing the
learning and unlearning he had done.

We understand why Mr. L, at the outset of his asialyhad no
conscious memories of the first four years of iies most of his
memories of the period were unconscious procedeahories—
automatic sequences of emotional interactions—aadew explicit

memories he had were so painful, they were repdesséreatment he gained access to
both procedural and explicit memories from his

first four years. But why was he unable to recalddolescent memories? One
possibility is that he repressed some of his adelese; often when we repress one thing,
such as a catastrophic early loss, we repress etfesits loosely associated with it, to
block access to the original.

But there is another possible cause. It has recbetn discovered that early childhood
trauma causes massive plastic change in the hippmesa shrinking it so that new, long-
term explicit memories cannot form. Animals remo¥@uan their mothers let out
desperate cries, then enter a turned-off state-p#gSinfants did—and release a stress
hormone called "glucocorticoid.” Glucocorticoidd kells in the hippocampus so that it
cannot make the synaptic connections in neural orsathat make learning and explicit
long-term memory possible. These early stresseigpese these motherless animals to
stress-related illness for the rest of their liveéhen they undergo long separations, the
gene to initiate production of glucocorticoids getsied on and stays on for extended
periods. Trauma in infancy appears to lead to ars@nsitization— a plastic alteration—
of the brain neurons that regulate glucocorticariscent research in humans shows that
adult survivors of

childhood abuse also show signs of glucocorticakssensitivity lasting into adulthood.

That the hippocampus shrinks is an important ndastip discovery and may help
explain why Mr. L. had so few explicit memoriesrfr@adolescence. Depression, high
stress, and childhood trauma all release glucamds and kill cells in the hippocampus,
leading to memory loss. The longer people are dspk the smaller their hippocampus



gets. The hippocampus of depressed adults whorsdffgepubertal childhood trauma is
18 percent smaller than that of depressed adultwi childhood trauma—a downside
of the plastic brain: we literally lose essentiaitical real estate in response to illness.

If the stress is brief, this decrease in sizengp@rary. If it is too prolonged, the damage
is permanent. As people recover from depressiai, themories return, and research
suggests their hippocampi can grow back. In faet hippocampus is one of two areas
where new neurons are created from our own stelsi@=lpart of normal functioning. If
Mr. L. had hippocampal damage, he had recovered irby his early twenties when he
began forming explicimemories again.

Antidepressant medications increase the numbeeof sells that become new neurons
in the hippocampus. Rats given Prozac for three

weeks had a 70 percent increase in the numbeilsficeheir hippocampi. It usually
takes three to six weeks for antidepressants t& wmdnumans—perhaps coincidentally,
the same amount of time it takes for newly bornraesi in the hippocampus to mature,
extend

their projections, and connect with other neur@wswe may, without knowing it, have
been helping people get out of depression by usiadications that foster brain

plasticity. Since people who improve in psychotpgralso find that their memories
improve, it may be that it also stimulates neuraralvth in their hippocampi.

The many changes that Mr. L. made might elaame surprised Freud, given Mr. L.'s age
at the time of his analysis. Freud used

the term "mental plasticity" to describe peopl@pacity for change

and recognized that people's overall ability tongjeaseemed to vary. He also observed that a
"depletion of the plasticity" tended to occur in

many older people, leading them to become "unclebigefixed, and

rigid." He attributed this to "force of habit" amdote, "There are sonmeople, however,
who retain this mental plasticity far beyond theals

age-limit, and others who lose it very prematufeBuch people, he
observed, have great difficulties getting rid aditmeuroses in psychoanalytic treatment.

They can activate transferences but have difficcitgnging them. Mr. L. had certainly
had a fixed character structure for over fifty yedfow then was he able to change?



The answer is part of a larger riddle that | dadl tplastic paradox" and that | consider
one of the most important lessons of this book. flastic paradox is that the same
neuroplastic properties that allow us to changeboains and produce more flexible
behaviors can also allow us to produce more rigiesoAll people start out with plastic
potential. Some of us develop into increasinglyifiée children and stay that way
through our adult lives. For others of us, the spoeity, creativity, and unpredictability

of childhood gives way to a routinized existenca tlepeats the same behavior and turns
us into rigid caricatures of ourselves. Anythingttmvolves unvaried repetition—our
careers, cultural activities, skills, and neurosear-ead to rigidity. Indeed, it is because
we have a neuroplastic brain that we can develegethigid behaviors in the first place.
As Pascual-Leone's metaphor illustrates, neurapigsis like pliable snow on a hill.
When we go down the hill on a sled, we can be lfllexbecause we have the option of
taking different paths through the soft snow eatiet But should we choose the same
path a second or third time, tracks will start &welop, and soon we will tend to get stuck
in a rut—our route will now be quite rigid, as nalucircuits, once established, tend to
becomeself-sustaining.

Because our neuroplasticity can give rise to bathtad flexibility and mental rigidity,
we tend to underestimate our own potential foribigixy, which most of us experience
only in flashes.

Freud was right when he said that the absenceasfipity seemed related to force of
habit. Neuroses are prone to being entrenchedrbg fuf habit because they involve
repeating patterns of which we are not conscioakimg them almost impossible to
interrupt and redirect without special techniqu@sce Mr. L. was able to understand the
causes of his often defensive habits, and his aielwmself and the world, he could
make use of his innate plasticity, despite his age.

When Mr. L. started analysis, he experienced hitheraas a ghost he could not see; a
presence both alive and dead; someone he wasuldibhfet was never sure existed. By
accepting that she had really died, he lost hisesef her as a ghost and instead gained a
feeling that he really had had a substantial motagood person, who had loved him as
long as she was alive. Only when his ghost wastumto a loving ancestor was he freed
to form a close relationship with a living woman.

Psychoanalysis is often about turning our ghogtsancestors,

even for patients who have not lost loved onestiild We are often haunted by
important relationships from the past that influeis

unconsciously in the present. As we work them tghothey go from haunting us to
becoming simply part of our history. We can turm gliosts into ancestors because we
can transform implicit memories—which we are oftert aware exist until they are
evoked



and thus seem to come at us "out of the blue"—detdarative memories that now have
a clear context, which makes them easier to redadled experience as part of the past.

Today H.M., the most famous case in neuropsycholisgstill

alive, in his seventies, his mind locked in the@94n the moment before he had his surgery
and lost both of his hippocampi, the gateways thihowhich memories must pass if they are
to be preserved and

long-term plastic change is to be achieved. Untbt®nvert short-term memories into long,
the structure of his brain and memory, &l mental and physical images of himself, are
frozen where they were when he had his surgerylySael cannot even recognize
himself in the mirror. Eric Kandel, who was borrraighly the same time, continues to
probe the hippocampus, and the plasticity of mepaown

to alterations in individual molecules. He hastiertdealt with higpainful memories of the
1930s by writing a poignant, informative memair Search of Memorr. L.—now

also in his seventies—is no longer emotionally &xtkn the 1930s because he was able
to

bring to consciousness events that happened abixbglyears beforagetranscribe them,
and in the process rewire his plastic brain.

10

Rejuvenation

The Discovery of the Neuronal Stem Cell and Lessons for Preserving Our Brains
Ninety-year-old Dr. Stanley Karansky seems unableelieve that just because he is old, his
life must wind down. He hasineteen descendants—five children, eight grandunil,

and six

great-grandchildren. His wife of fifty-three yealied of cancer in 1995, and he now lives
in California, with his second wife, Helen.

Born in New York City in 1916, he went to Duke Uergitymedical school, did his
internship in 1942, and in World War Il was

a medic in the D-day invasion. He served as a maédiéicer in theinfantry, in the
European theater, for almost four years, then was



shipped to Hawaii, where he eventually settledpkseticed as an anesthesiologist until
he retired at seventy. But retirement didn't suit,Iso he retrained himself as a family
doctor and practiced in a small clinic for ten myears, until he was eighty.

| talked with him shortly after he completed theie® of brain

exercises Merzenich's team developed with Pos@rsel Dr. Karansky hadn't seen
cognitive decline, though he adds, "My handwritivegs good but not as good as it was
before.” He simply hoped to keep

his brain fit.

He began the auditory memory program in August 280mserting a CD into his
computer, and found the exercises "sophisticatddeatertaining.” They required him to
determine if sounds were sweeping up in frequemaown, to pick the order in which

he heard certain syllables, identify similar soyradgl listen to stories and answer
guestions about them—all in order to sharpen brain

maps and stimulate the mechanisms that regulaite folieesticity. He worked on the
exercises for an hour and a quarter, three tinvesek, for three months.

"l didn't notice anything for the first six weelét about week seven | began to notice
that | was more alert than | had been before.

And | could tell from the program itself, from tiaay | was monitoring my progress, that
| was getting better at getting correct answerd, ldglt better about everything. My
driving alertness, both during the day and at niglsto improved. | was talking to people
more, and talking came more easily. In the lastiggks | think my handwriting has
improved. When | sign my name, | think I'm writittge way | did twenty years ago. My
wife, Helen, told me, 'l think you are more alenipre active, more responsive.”™ He
intends to wait a number of months, then redo ¥egagses to stay in shape. Even though
the exercises are for auditory memory, he's bedimgeeneral benefits, as did the
children who didrast ForWord because he is stimulating not only his auditory mem
but also the brain centers that regulate plasticity

He also does physical exercise. "My wife and | desate exercises three times a week
on the CYBEX machines, followed by a thirty- tortifive-minute workout on an
exercise bicycle."

Dr. Karansky describes himself as a lifelong sdifieator. He



reads serious mathematics and loves games, womrtesudouble acrostics, and Sudoku.

"l like to read about history,” he says. "l tendyt interested in a period, for whatever
reason, and | get started, and | mine that penod fvhile, until | feel I've learned
enough about it to learn something else.” What irighthought of as dilettantism has
the effect of keeping him constantly exposed toettgrand new subjects, which keeps
the regulatory system for plasticity and dopamneenf atrophying.

Each new interest becomes an engaging passioacahte interested in astronomy five
years ago and became an amateur astronomer. | t@tglescope because we were
living in Arizona at the time, and the natural vieg/ conditions were so good." He is
also a serious rock collector and has spent mugfhat many would call old age
crawling in mines looking for specimens.

"Is there longevity in your family?" | ask. "No,€tsays. "My mother died in her late
forties. My father died in his sixties—he had sdmgpertension.”

"How has your health been?"
"Well, | died once." He laughs. "You have to forgime for being

the type of person who likes to astound peoplsebito do some long-distance running,
and in 1982, | was sixty-five years old and hagpisode of ventricular fibrillation"—an
often fatal arrhythmia of the heart—"on a practige in Honolulu, and | literally died on
the sidewalk. The guy | was running with was wisewgh to give me streetside CPR,
and some of the runners called the fire department

paramedics, and they got to me quickly enough,zapged me, and returned me to
normal sinus rhythm and took me to Straub Hospifster that he underwent bypass
surgery. He got actively engaged in rehab and mrealvrapidly. "I did not do
competitive running after that, but | ran aboutrityefive miles per week at a slower
pace."

He then had another heart attack in 2000, whendseaighty-three.

He is social, but not in large groups. "l don'trgadily to cocktail parties, where people
just come together and talk. | don't tend to likattkind of thing. I'd rather sit down with
somebody and find a mutual topic of interest, axlare it in depth with that person, or
maybe two or three people. Not a conversationgags how do you feel."

He says that he and his wife are not strong trasgbeit that is anatter of opinion. When he
was eighty-one, he learned some Russian

and then went on a Russian scientific vessel ibArgarctica.



"What for?" | ask. "Because it was there."

In the last few years he's been to the YucatanlaadgFrance, Switzerland, and Italy,
spent six weeks in South America, visited his

daughter in the United Arab Emirates, and travede@man, Australia, New Zealand,
Thailand, and Hong Kong.

He is always looking for novel things to do, angd@he's engaged in something, he turns
his full attention to it—the necessary condition fitastic change. He says, "I'm willing

to put pretty intense concentration and attentima something that interests me at the
moment. Then after | feel I've gotten to a higlesel at it, | don't pay quite as much
attention to that activity, and | start sendingenesst tentacles to something else.”

His philosophical attitude also protects his bita@cause he doesn't get worked up about
little things—no small matter, since stress relsagacocorticoids, which can kill cells in
the hippocampus.

"You seem less anxious and nervous than most péosiay.
"I've seen it to be very beneficial for people."”
"Are you an optimistic person?"

"Not so much, but | think | understand what randarants are. There are many things
that go on that can affect me that are beyond myrab | can't control them, only how |
react to them. I've spent my time worrying aboutdh | can control and can affect

the outcome of, and I've managed to develop a sty that enables me to deal with
those."

At the beginning Of the twentieth century the warlshost outstanding neuroanatomist,
Nobel Prize winner Santiago Ramon y Cajal, who ta@groundwork for our
understanding of how neurons are structured, tunnedttention to one of the most
vexing problems of human brain anatomy. Unlikeldhans of simpler animals, such as
lizards, the human brain seemed unable to regengsatf after an injury. This
helplessness is not typical of all human organs.sRim, when cut, can heal itself, by
producing new skin cells; our fractured bones candrthemselves; our liver and
intestinal lining can repair themselves; lost blaad replenish itself because cells in our
marrow can become red or white blood cells. Butlyams seemed to be a disturbing
exception. It was known that millions of neurons ds we age. Whereas other organs
make new tissues from stem cells, none could bed@uthe brain. The main
explanation for the absence was that the human,lasiit evolved, must have become so
complex and specialized that it lost the powerrtmlpce replacement cells. Besides,



scientists asked, how could a new neuron entengplex, existing neuronal network and
create a thousand synaptic connections withoutimgus

chaos in that network? The human brain was asstwnieel aclosed system.

Ramon y Cajal devoted the later part of his cat@searching for any sign that either the
brain or spinal cord could change, regeneratesanganize its structure. He failed.

In his 1913 masterpiecBegeneration and Regeneration of tervous Systerhge wrote,
"In adult [brain] centers the nerve paths are sbingtfixed, ended, immutable.
Everything may die, nothing may be regenerated.ftir the science of the future to
change, if possible, this harsh decree."

There matters stood.

| am staring down a microscope in the most advatated

have ever visited, at the Salk Laboratories indl&a,JJCalifornia,looking at living, human
neuronal stem cells in a petri dish in the lab @derick "Rusty" Gage. He and Peter
Eriksson of Sweden discovered these cells in 1@98e hippocampus.

The neuronal stem cells | see are vibrating wfth They are called "neuronal” stem
cells because they can divide and differentiate

to become neurons or glial cells, which supportoesiin the brain.

The ones | am looking at have yet to differentiate either neurons or glia and have yet
to "specialize," so they all look identical. Yet attstem cells lack in personality, they
make up for in immortality. For stem cells don'védo specialize but can continue to
divide, producing exact replicas of themselves, thieg can go on doing this endlessly
without any signs of aging. For this reason stelis eee often described as the eternally
young, baby cells of the brain. This rejuvenatingcess is called "neurogenesis,” and it
goes on until the day that we die.

Neuronal stem cells were long overlooked, in ga@tause they went against the theory
that the brain was like a complex machine or comp@nd machines don't grow new
parts. When, in 1965, Joseph Altman and Gopal B.d#he Massachusetts Institute of
Technology discovered them in rats, their work diabelieved.

Then in the 1980s Fernando Nottebohm, a bird sj¢ciaas struck by the fact that
songbirds sing new songs each season. He exanieedbtains and found that every
year, during the season when the birds do the snaging, they grow new brain cells in
the area of the brain responsible for song learrimgpired by Nottebohm's discovery,
scientists began examining animals that were mikeehuman beings. Elizabeth Gould



of Princeton University was the first to discoveuronal stem cells in primates. Next,
Eriksson and

Gage found an ingenious way to stain brain celtk wimarker, called BrdU, that gets
taken into neurons only at the moment they aretedeand that lights up under the
microscope. Eriksson and Gage asked terminalpatilients for permission to inject them
with the marker. When these patients died, ErikssahGage examined their brains and
found new, recently formed baby neurons in thepbcampi. Thus we learned from
these dying patients that living neurons form iruasl the very end of our lives.

The search continues for neuronal stem cells iargthrts of the human brain. So far
they've also been found active in the olfactoryblfal processing area for smell) and
dormant and inactive in theeptum (which processes emotion), the striatumdfwhi
processesovement), and the spinal cord. Gage and othens@idng on treatments

that might activate dormant stem cells with drugd be useful if an area where they are
dormant suffers damage. They are also trying t diat whether stem cells can be
transplanted into injured brain areas, or evengéeduo move to those areas.

To find out if neurogenesis can strengthen meraphcity, Gage's team has set out to
understand how to increase the production

of neuronal stem cells. Gage's colleague Gerd Kemgoan raised aging mice in
enriched environments, filled with mice toys sush a

balls, tubes, and running wheels, for only fortyefdays. When Kempermann sacrificed
the mice and examined their brains, he found

they had a 15 percent increase in the volume af tiygpocampi and forty thousand new
neurons, also a 15 percent increase, compaitednice raised in standard cages.

Mice live to about two years. When the team testddr mice raised in the enriched
environment for ten months in the second half efrthves, there was a fivefold increase
in the number of neuroris the hippocampus, These mice were better at dé&tsrning,
exploration, movement, and other measures of miotsdigence than those raised in
unenriched conditions. They developed new neurons,

though not quite as quickly as younger mice, prgtirat long-term enrichment had an immense
effect on promoting neurogenesis in an

aging brain.



Next the team looked at which activities causetlioeteases in the mice, and they found
that there are two ways to increase the overallbasrof neurons in the brain: by creating
new neurons, and by

extending the life of existing neurons.

Gage's colleague Henriette van Praag showed thahdst effective contributor to
increased proliferation afewneurons was the running wheel. After a month on the
wheel, the mice had doubled the number of new msurothe hippocampus. Mice don't
really run on running wheels, Gage told me; it dolyks like they do, because the wheel
provides so little resistance. Rather, they vepliickly.

Gage's theory is that in a natural setting, lomgitiast walkingwould take the animal into
a new, different environment that would require dearning, sparking what he calls
"anticipatory proliferation."

"If we lived in this room only," he told me, "ankli$ was our entire experience, we would not
need neurogenesis. We would know everything alhisieinvironment and could function with
all thebasic knowledge we have."

This theory, that novel environments may triggasrngenesis, is consistent with Merzenich's
discovery that in order to keep the brain fit, westriearn something new, rather than simply
replaying already-mastered skills.

But as we've said, there is a second way to inerdtesnumber of neurons in the hippocampus:
by extending the life of neurons already theredfing the mice, the team found that learning
how to use the other toys, balls, and tubes didake new neurons, but it did cause the new
neurons in the area to live longer. Elizabeth Gealgd found that learning, even in a nonenriched
environment, enhances survival of stem cells. hysical exercise and learning

work in complementary ways: the first to make néswscells, the second to prolong
their survival.

Though the discovery of neuronal stem cells was emous, it is only one of the ways
the aging brain can rejuvenate and improve it&afadoxically, sometimes losing
neurons can improve brain function, as happenisamtassive "pruning back" that
occurs during adolescence when synaptic connecaiodsieurons that have not been
extensively used die off, in perhaps the most dtencase of use it or lose it. Keeping
unused neurons supplied with blood, oxygen, andggrie wasteful, and getting rid of
them keeps the brain more focused and efficient.

That we still have some neurogenesis in old agetiso deny that our brains, like our
other organs, gradually decline. But even in thdsinof this deterioration, the brain
undergoes massive plastic reorganization, possidyljust for the brain's losses.
Researchers Mellanie Springer and Cheryl Gradiie@tiniversity of Toronto have



shown that as we age, we tend to perform cognattizvities in different lobes of the brain
from those we use when we are young. W8pringer and Grady's young subjects, aged
fourteen to thirty years, did

a variety of cognitive tests, brain scans showatlttey performed them largely in their
temporal lobes, on the sides of the head, andMikanhore education they'd had, the more
they used these lobes.

Subjects over sixty-five years had a differentgratt Brain scans

showed that they performed these same cognitiks tasgely intheir frontal lobes, and
again, the more education they'd had, the

more they used the frontal lobes.

This shift within the brain is another sign of glesy—shifting processing areas from
one lobe to another is about as large a migrataam fanction can make. No one knows
for sure why this shift happens, why so many studies suggest that people witlemor
education

seem better protected from mental decline. The pmstlar theory is that years of education
create a "cognitive reserve"—many more networkoteel/to mental activity—that we can
call upon as our

brains decline,
Another major reorganization of the brain occursvasage. As we

have seen, many brain activities are "lateralizbtlith of speech is a left-hemispheric function,
while visual-spatial processing is a rigiemispheric function, a phenomenon called
"hemispheric asymmetry.” But recent research byeDkiversity's Roberto Cabeza and
others shows that some lateralization is lost aagee Prefrontal activities that took place in
one hemisphere now take place in both. While

we don't know for sure why this happens, one theotlyat as we age and one of our hemispheres
starts to become less effective, the other hemisptempensates—suggesting that the brain
restructures itself in response to its own wealegss

We now know that exercise and mental activity imeais generate and sustain more brain cells,
and we have many studies confirming that humansledmb mentally active lives have better
brain function. The more education we have, theensocially and physically active we are, and
the more we participate in mentally stimulatinghaties, the less likely we are to get Alzheimer's
disease or dementia.

Not all activities are equal in this regard. Thtss involve genuine concentration—studying a
musical instrument, playing board games, readind,dancing—are associated with a lower risk



for dementia. Dancing, which requires learning meewves, is both physically and mentally
challenging and requires much concentration. Letense activities, such as bowling,
babysitting, and golfing, are not associated witkduced incidence of Alzheimer's.

These studies are suggestive but stop short ofrraliat we can prevent Alzheimer's disease
with brain exercises. These activities are assediafth or correlated with less Alzheimer's, but
correlations don't prove causality. It is posstbigt people with very early

onset but undetectable Alzheimer's begin slowingrdearly in life and so stop being
active. The most we can say about the relationséiyween brain exercises and
Alzheimer's at the moment is that it seems verynsmng.

As Merzenich's work has shown, however, a condiitben confused with Alzheimer's
disease, and much more common—age-related menmggyddypical decline in memory
that occurs in advanced years—seems almost cgrtawersible with the right mental
exercises. Though Dr. Karansky didn't complainerigral cognitive decline, he did
experience some "senior moments," which was pagefrelated memory loss, and the
benefits he got from the exercises certainly sholestad other reversible cognitive
deficits that he hadn't even been aware of.

Dr. Karansky, it turns out, was doing everythirghtito fight off age-related memory
loss, making him an exemplary model for the comi@ctices we should all be
pursuing.

Physical activity is helpful not only because gaies new neurons but because the mind
is based in the brain, and the brain needs oxygatking, cycling, or cardiovascular
exercise strengthens the heart and the blood watbetIsupply the brain and helps people
who engage in these activities feel mentally shaxaes pointed out by the Roman

philosopher Seneca two thousand years ago. Rezsgdanch shows

that exercise stimulates the production and relefifee neuronal growth factor BDNF,
which, as we saw in chapter 3, "Redesigning thénBralays a crucial role in effecting
plastic change. In fact, whatever

keeps the heart and blood vessels fit invigordtestain, including a healthy diet. A
brutal workout is not necessary—consistent natm@tement of the limbs will do. As
van Praag and Gage discovered, simply walking,gaioal pace, stimulates the growth of
new neurons. Exercise stimulates your sensory artdrraortices and maintains your
brain's balance system. These functions beginterideate as we age, making us prone
to falling and becoming housebound.



Nothing speeds brain atrophy more than being imhzell in the same environment; the
monotony undermines our dopamine and

attentional systems crucial to maintaining braasptity. A cogrni

tively rich physical activity such as learning ndances will probably help ward off
balance problems and have the added benefit of lseicial, which also preserves brain
health. Tai chi, though it

hasn't been studied, requires intense concentrationotor movements and stimulates the
brain's balance system. It also has a meditatipechswhich has been proven very effective
in lowering stress

and so is likely to preserve memory and the hippygzd neurons.
Dr. Karansky is always learning new things, whitdyp a role in

being happy and healthy in old age, according to@orge Vaillant, a Harvard
psychiatrist who heads up the largest, longest ioiggo

study of the human life cycle, the Harvard Studydtilt Development. He studied 824
people from their late teens through to alge from three groups: Harvard graduates, poor
Bostonians, and women with extremely high 1Qs. Sofiteese people, now in their
eighties, have been tracked for over six decadatlavit concluded that old age is not
simply a process of decline and decay, as manygeryseople think. Older people often
develop new skills and are often wiser and morétigadept than they were as younger
adults. These elderly people are actually lesseptorepressiothan younger people and
usually do not suffer from incapacitating diseas#l they get their final iliness.

Of course, challenging mental activities will inase the likelihood that our hippocampal
neurons will survive. One approach is to use telstagh exercises, such as those
Merzenich developed. But life is for living and raotly for doing exercises, so it is best
that people also choose to do something they'vayawanted to do, because they will
be highly motivated, which is crucial. Mary Fasaabage eighty-nine, earned her
undergraduate degree from Harvard. David Ben-Gutlanfirst prime minister of Israel,
taught himself ancient Greek in old age to masterctassics in the original. We

might think, "What for? Who am | fooling? I'm attlend of the road." But that thinking is a self-
fulfilling prophecy, which hastens the mental deelof the use-it-or-lose-it brain.

At ninety, the architect Frank Lloyd Wright desidrtbe Guggenheim Museum. At seventy-
eight, Benjamin Franklin invented bifocal spectacla studies of creativity, H. C. Lehman and
Dean Keith Simonton found that while the ages yHirte to fifty-five are the peak of creativity
in most fields, people in their sixties and sews)tthough they work at a slower speed, are as
productive as they were in their twenties.



When Pablo Casals, the cellist, was ninety-onesyela, he waspproached by a student who
asked, "Master, why do you continue

to practice?" Casals replied, "Because | am magiongress."

11

More than the Sum of Her Parts
A Woman Shows Us How Radically Plastic the Brain Can Be

The woman joking with me across the table was botim only half her brain.
Something catastrophic happened while she wasrimbther's womb, though no one knows
what for sure. It wasn't a stroke, because strekérays healthy tissue, and Michelle Mack's left
hemisphere simply never developed. Her doctorsutgteel that her left carotid artery, which
supplies blood to the left hemisphere, may haveimecblocked while Michelle was still a fetus,
preventing that hemisphere from forming. At bittle doctors gave her the usual tests and told
her mother, Carol, that she was a normal baby. Exaay a neurologist would not likely guess,
without a brain scan, that a whole hemisphere ssimg. | find myself wondering how many
others have lived out their lives with half a braiithout themselves or anyone knowing it.

| am visiting Michelle to discover how much neuragiic change

is possible in a human being whose brain has uonderguch a challenge, but a
doctrinaire localizationism, which posits that ehemisphere is genetically hardwired to
have its own specialized functions, is itself seslg challenged if Michelle can function
with only one. It's hard to imagine a better ilhasibn or indeed a greater test of human
neuroplasticity.

Though she has only a right hemisphere, Michelteisa desperate creature barely
surviving on life support. She is twenty-nine yeald Her blue eyes peer through thick
glasses. She wears blue jeans, sleeps in a bluedmegdand speaks fairly normally. She
holds a part-time job, reads, and enjoys movieshemndamily. She can do all this
because her right hemisphere took over for herdefi such essential mental functions
as speech and language moved to her right. Hetajguent makes it clear that
neuroplasticity is no minor phenomenon operatintp@tmargins; it has allowed her to
achieve massive brain reorganization.

Michelle's right hemisphere must not only carry that key functions of the left but also
economize on its "own" functions. In a normal braath hemisphere helps refine the
development of the other by sending electricalagmforming its partner of its



activities, so the two will function in a coordiedtway. In Michelle, the right
hemisphere had to evolve without input from thé defd learn

to live and function on its own.

Michelle has some extraordinary calculating skillsavant skills—that she employs at
lightning speed. She also has special needs aabiltties. She doesn't like to travel and
gets easily lost in

unfamiliar surroundings. She has trouble understagncertain kinds of abstract thought.
But her inner life is alive, and she reads, praysl loves. She speaks normally, except
when frustrated. She adores Carol Burnett comeS8iss follows the news and basketball

and votes in elections. Her life is a demonstratiet the whole is more than the sum of
its parts and that half a brain does not make d&framind.

One hundred and fortyears ago Paul Broca opened the era
of localizationism, saying, "One speaks with tHehemisphere,”

and initiated not only localizationism but the teththeory of "laterality,” which explored the
difference between our left and right hemisphefeg. left came to be seen as the verbal domain,
where such symbolic activities as language antragtic calculation took place; the right
housed many of our "nonverbal” functions includungual-spatial activities (as when we

look at a map

or navigate through space), and more "imaginatavel "artistic"

activities.

Michelle's experience reminds us how ignorant veeadiout some of the most basic aspects of
human brain functions. What happens when the fonstof both hemispheres must compete for
the same space? What, if anything, must be samfitiow much brain is needed for survival?
How much brain is required to develop wit, empatisrsonal taste, spiritual longing, and
subtlety? If we can survive and live without half drain tissue, why is it there in the first place

And then there is the question, what is it likdo&oher?

| am in Michelle's family's living room, in theiriddle-class house, in Falls Church, Virginia,
looking at the film of her MRI, illustrating the atomy of her brain. On the right | can see the
gray convolutions of a normal right hemisphere.t@mleft, except for a thin, wayward peninsula
of gray brain tissue—the minuscule amount of lefifsphere that developed—there is only the
deep black that denotes emptiness. Michelle hasrieeked at the film. She calls this emptiness
"my cyst," and when she speaks of "my cyst" or tp&," it sounds as though it has become
substantial for her, an eerie character in a seiéiotion movie. And indeed, peering at her scan



is an eerie experience. When | look at Michelleeé her whole face, her eyes and smile, and
cannot help but project that

symmetry backward into the brain behind. The ssamrude awakening.

Michelle's body does show some signs of her midsergisphere. Her right wrist is bent
and a bit twisted, but she can use it— though nyralmost all the instructions for the
right side of the body come from the left hemisgh&robably she's developed a very
thin strand of nerve fibers from the right hemigghi® her right hand. Her left hand is
normal, and she's a lefty. When she gets up to,wakke that a brace supports her right
leg.

The localizationists showed that everything we@eeur

right—our "right visual field"—is processed on tleé side of the brain. But because
Michelle has no left hemisphere, she has troul®agehings coming from her right and
is blind in the right visual field. Her brothersaatsto steal her french fries from her right
side, but she'd catch them because what she lacksion, she has made up for with
supercharged hearing. Her hearing is so acuteskigatan clearly hear her parents talking
in the kitchen when she is upstairs at the othdraéthe house. This hyperdevelopment
of hearing, so common in the totally blind, is drestsign of the brain's ability to adjust

to a changed situation. But this sensitivity haest.

In traffic, when a horn blares, she puts her havds her ears, to avoid sensory overload.
At church she escapes the sound of the organ

pipes by slipping out the door. School fire drftightened her because of the noise and
confusion.

She is also supersensitive to touch. Carol cuttape offMichelle's clothing so she won't
feel them. It's as though her brain lacks a fiibekeep out excess sensation, so Carol
often "filters" for her, protecting her. If Michellhas a second hemisphere, it is her
mother,

"You know," said Carol, "I was never supposed teehehildrenso we adopted two,"
Michelle's older siblings, Bill and Sharon. As

often happens, Carol then found she was pregnahtarson, Stevayho was born a
healthy child. Carol and her husband, Wally, wanted

more children but again had trouble conceiving.



One day, feeling ill with what seemed to be a lfuhorning sickness, she ran a
pregnancy test, but it was negative. Not quitegvalig the result, she ran more tests, with
a strange result each timetest strip that changes color within two minutedicates a
pregnancy. Each of Carol's tests was negative twiiminutes and teseconds, and then
turned positive.

In the meantime Carol was having intermittent spgtand
bleeding. She told me, "I went back to the dodtoee weeks after

the pregnancy tests, at which point the doctor, slaitbn't care what the tests have been
saying, you are three months pregnant.’ At the timalidn't think anything of it. But in
hindsight | am convinced that because of the dartteageMichelle had suffered in utero,
my body was trying to have a miscarriage. It dit mppen.”

"Thank God it didn't!" said Michelle.
"Thank goodness you're right,” said Carol.

Michelle was born November 9, 1973. The first dafyker life are a blur for Carol. The
day she brought Michelle home from the hospitatoCamother, who was living with
them, had a stroke. The house was in chaos.

As time passed, Carol began noticing problems. Bieldidn't gain weight. She wasn't
active and hardly made sounds. She also didn't seém tracking moving objects with
her eyes. So Carol began what would become ansségies of visits to doctors. The
first hint that there might be some kind of braamthge came when Michelle was six
months old. Carol, thinking Michelle had a problesth her eye muscles, took her to an
eye specialist who discovered that both her ogiwes were damaged and very pale,
though not totally white as in people who are hliHé told Carol that Michelle's vision
would never be normal. Glasses wouldn't help, bee&er optic nerves, not her lenses,
were damaged. Even more

upsetting were hints of a serious problem origimath Michelle's brain and causing her optic
nerves to waste away.

At around the same time, Carol observed that Mieheasn't turning over and that her right hand
was clenched. Tests established that she was "hegjit meaning the right half of her body
was partially paralyzed. Her twisted right hancerabled that of a person who's had a stroke in
the left hemisphere. Most kids start crawling aiwtseven months. But Michelle would sit on
her bottom and get around by grabbing things withdgood arm.

Though she didn't fit a clear category, her doassigned her a diagnosis of Behr syndrome, so
she could get medical care and disability helpeédj she did have some symptoms consistent
with Behr syndrome: optic atrophy and her neuraally based coordination problems. But



Carol and Wally knew the diagnosis was absurd mc8ehr syndrome is a rare genetic
condition, and neither of them showed a trace iof iheir families. At three, Michelle was sent to
a facility that treated cerebral palsy, though dida't have that diagnosis either.

When Michelle was in her infancy, the computeriagl tomograph, or CAT scan, had just
become available. This sophisticated X-ray takesarous pictures of the head in cross section
and feeds

the images into a computer. Bone is white, braisuie gray, and body cavities pitch black.
Michelle had a CAT scan when she was six

months old, but early scans had such poor resaltitiat hers
showed only a mush of gray, from which the doctansld draw no
conclusions.

Carol was devastated by the prospect that her aluldd never see properly. Then one day
Wally was walking around the dining room while Qaxas feeding Michelle breakfast, and
Carol noticed that she was tracking him with hegsey

"That cereal hit the ceiling, | was so elated,” sags, "becausé meant Michelle wasn't totally
blind, that she had some vision."

A few weeks later, when Carol was sitting on thechavith Michelle, a motorcycle came up
the street, and Michelle followedvilith her eyes.

Then one day, when Michelle was about a year @d¢clenched

right arm, which she had always held close to learth opened out. When she was about two,
this girl who barely talked started to get integelsin language.

"l would come home," said Wally, "and she would,sABCs! ABCs!" Sitting on his lap,
she would put her fingers on his lipsféel the vibrations as he spoke. The doctors talblC
that Michelle did not have a learning disabilitydan fact seemed to have normal

intelligence.

But at two she still couldn't crawl, so Wally, wkioew that she loved music, would play her
favorite record, and when the song was over, Miehgbuld cry, "Hmmm, hmmm, hmmm, want
it again!" Then Wally would insist she crawl to ttexzord player before he'd play it again.
Michelle's overall learning pattern was becomirgpch a significant delay in development; a
message from the clinicians to her parents to gied to it; and then somehow Michelle would
pull herself out of it. Carol and Wally became mbopeful.



In 1977, when Carol was pregnant for the third timith Michelle's brother Jeff, one of her
doctors persuaded Carol to arrange another CAT fecalichelle. He said Carol owed it to her
unborn child to try to determine what had happeoédichelle in the womb in order to prevent it
from happening again.

By now the resolution of CAT scans had improvedaaty, and when Carol looked at the new

scan, "the pictures showed—Ilike night and day:rbaaid no brain." She was in shock. She told
me, "If they had shown me those pictures when wktiha CAT scan done at six months, | don't
think | could have handled it." But at three antubif Michelle had already shown that her brain

could adjust and change, so Carol felt there ntighttope.

Michelle knows that researchers at the Nationditlitesof Health (NIH) under the

direction of Dr. Jordan Grafman are studying heraCbrought Michelle to the NIH because she
read an article in the press about neuroplasticityhich Dr. Grafman contradicted many of the
things that she had been told about brain probl@refman believed that with help the brain
could often develop and change throughout lifeneafeer injuries. Doctors had told Carol that
Michelle would develop mentally only until she watsout twelve, but she was now already
twenty-five. If Dr. Grafman was right, Michelle h#&mkt many years when other treatments might
have been tried, a realization that stirred guil€arol but also hope.

One of the things Carol and Dr. Grafman workedamether was helping Michelle better
understand her condition and better control hdirfge

Michelle is disarmingly honest about her emotidf®ar manyyears," she said, "ever since |
was little, whenever | did not get my way, | thrauit. Last year | got tired of people
always thinking that needed to have my own way, otherwise my cyst daaike over." But
she adds, "Ever since last year | have tried tartglparents that my cyst can handle changes."

Though she can repeat Dr, Grafman's explanatidrhraight

hemisphere now handles such left-brain activiteespeaking, reading, and math, she
sometimes speaks of the cyst as though it hasasudestas though it were a kind of alien
being with a personality and will, rather than ampéiness inside her skull, where a left
hemisphere should have been. This paradox disphaysendencies in hehought. She

has a superior memory for concrete details buicditfy with abstract thought. Being concrete
has some advantages. Michelle is a great speltecamremember the arrangement of letters on
thepage, because like many concrete thinkers, sheecand events imemory and keep
them adreshandvivid as the moment when she

first perceived them. But she can find it diffictotunderstand a story

illustrating an underlying moral, theme, or mainrpahat is not explicitly spelled out,
because that involves abstraction.



Over and over | encountered examples of Michelhéspreting

symbols concretely. When Carol was talking abowut Bbocked she was to see that
second CAT scan with no left hemisphere, | heard a

noise. Michelle, who had been listening, startezkisig and blowingnto the bottle she had
been drinking from.

"What are you doing?" Carol asked her.

"Oh well, see, um, | am getting my feelings outhia bottle,” said Michelle. It seemed as
though she felt that her feelings could be almitetally breathed out into the bottle,

| asked Michelle whether her mother's describirgg@AT scan was upsetting.

"No, no, no, um, um, see, it's important that thisaid, and I'm just keeping my right
side in control"—an example of Michelle's belieathvhen she gets upset, her cyst is
"taking over."

At times she uses nonsense words, not so muchmimaoaicate as to discharge feelings.
She mentioned in passing that she loved doing warsls and word searches, even while
watching TV.

"Is it because you want to improve your vocabulahgsked.

She answered, "Actually—ACTING BEES! ACTING BEES!-dé that while I'm
watching sitcoms on television so as to not letmiyd get bored."

She sang "ACTING BEES!" out loud, a bit of musisented into her answer. | asked her
to explain.

"Utter nonsense, when, when, when, when, when asked things that frustrate me,"
said Michelle.

She often chooses words not so much for their attstneaning as for their physical
guality, their similar rhyming sound—a sign of leencreteness. Once, while scooting
out of the car, she erupted singing, "TOOPERS INJRPOOPERS." She often sings
her exclamations aloud in restaurants, and peopledt her. Before she started to sing,
she would clench her jaw so hard when she wag&test that she

broke her two front teeth, then broke the bridge teplaced them several times.
Somehow singing nonsense helped her break thelhhit. | asked her if her singing
nonsense words soothed her.



"I KNOW YOUR PEEPERS!" she sang. "When | sing, nght side is controlling my
cyst."

"Does it soothe you?" | persisted.

"l think so," she said.

The nonsense often has a joking quality, as thehghs getting one up on the situation,
by using funny words. But it typically occurs whelme senses that her mind is failing her
and she cannot understand why.

"My right side," she says, "cannot do some of thegs that other people's right side can
do. | can make simple decisions, but not decisibasrequire a lot of subjective
thinking."

That's why she not only likes but loves repetitativities that might drive others crazy,
like data entry. She currently enters and maintaihthe data for the roster of five
thousand parishioners at the church where her mathiks. On her computer she shows
me one of her favorite pastimes—solitaire. As lchater, | am amazed at how quickly
she can play. At this task, where no "subjectivasegsments are required, she is
extremelydecisive.

"Oh! Oh! And look, oh, oh, look here!" As she sqlseaith delight, calling out the names
of the cards and placing them, she starts singjireglize that she visualizes thatire

deck in her head. She

knows the position and identity of each card sheeden, whether it is currently turned
over or not.

The other repetitive task she enjoys is folding:tEaeek, with a smile on her face, she
folds, at lightning speed, one thousand sheets

of church flyers in a half hour—using only one hand
Her abstraction problem may well be the dearesemhe's

paid for having an overcrowded right hemispheregé&ba better

sense of her ability with abstractions, | askedtbexxplain some proverbs.
What does "Don't cry over spilt milk" mean?

"It means don't spend your time worrying about threg."



| asked her to tell me more, hoping she might adtlit's no use
focusing on misfortunes about which nothing camldee.

She started breathing very heavily and singingnimipset voice,
"DON'T LIKE PARTIES, PARTIES, 00000."

Then she said that she knew one symbolic phraset'slthe
way the ball bounces." She said it meant "Tha#sahy things are."
Next | asked her to interpret a proverb she hdwatd: "People
in glass houses shouldn't throw stones."

Again she started breathing heavily.

Because she goes to church, | asked her aboutshkagng, "Let he who has not sinned cast the
first stone," recalling for her the stoiry which he said it.

She sighed and breathed heavily. "I AM FINDING YOBEAS! This is something | really have
to think about."

| went on to ask her about similarities and differes between objects, a test of abstraction that is
not as challenging as interpreting proverbs ogallies, which involves longer sequences of
symbols.Similarities and differences work much more closeith the details.

Here, she performed much faster than most peoghat W similar about a chair and a horse?
Without missing a beat she said, "They both haue fiegs and you can sit on them." "And a
difference?" "A horse is alive, and a chair istid a horse is able to move by itself." | went
through a number of these, and she answered &igtlgrand at lightning speed. This time there
was no nonsense singing. | gave her some arithipetidems and memory problems, and she
answered them perfectly too. She told me thatlwalcarithmetic was always very easy, and she
was so good at it they took her out of her spesdalcation class and put her into a regular class.
But in eighth grade, when algebra, which is morgralot, was introduced, she

found it very hard. The same thing happened irohjysis well. At first she shone, but
when historical concepts were introduced in eigjtdde, she found them hard to grasp.
A consistent picture emerged: her memory for detads excellent; abstract thinking
was a challenge.

| began to suspect Michelle was a savant with sext@ordinary mental abilities when,
in our conversations, almost as an aside, she wmddtrusively, but with uncommon
accuracy and confidence, correct her mother albeudate of a particular event. Her
mother mentioned a trip to Ireland and asked Miehghen that was.



"May of '87," Michelle said immediately.

| asked her how she did that. "I remember mosiggin | think it's more vivid or
something." She said her vivid memory goes bachktean years, to the mid-1980s. |
asked her if she had a formula or rules for figgmwit dates, as many savants do. She
said she usually remembers the day and the evémbwticalculation but also knows that
the calendar follows a pattern for six years amshtimoves to a five-year pattern,
depending on where leap years occur. "Like today is

Wednesday, June 4. Six years ago June 4 was asd\@dnesday." "Are there other
rules?" | asked. "What was June 4 three years ago?"

"That was a Sunday then."” "Did you use a ruleZkked.
"No, I didn't. | just went back in my memory." Anext;, | asked her if she had ever been
fascinated with calendars. She said no, flatlgkied if she enjoyed remembering things.

"It's just something | do."

| asked her a number of dates rapid fire that Ild@heck later. "Match 2,19857?" "That
was a Saturday." Her answer wasnediateand correct.

"July 17,1985?"

"A Wednesday." Immediate and correct. | realizeslds harder for me to think of random dates
than for her to answer.

Because she said that she often could remembeibdaksnto

the mid-1980s without using a formula, | tried tesp her past her recall and asked her the
day of the week for August 22,1983.

This time she took half a minute and was clearlgudating, whispering to herself, instead of
remembering"August 22,1983, urn, that was a Tuesday."

"That was harder because?"
"Because in my mind | only go back to the fall 884. That's

when | remember things well." She explained sheehel@éar memory of each day and what
happened on it during the period she was

in school, and that she used those days as anrancho

"August 1985 started on a Thursday. So what | did go backwo years. August of '84 started
on a Wednesday."



Then she said, "I made a boo-boo," and laugheshiti August 22, 1983, was on a Tuesday. It
was actually on a Monday." | checked it, and herasion was right.

Her calculating speed was dazzling, but more ingivesvas the vivid way in which she
remembered events that had happened throughoptdhi®us eighteen years.

Sometimes savants have unusual ways of represenpagiences. The Russian
neuropsychologist Aleksandr Luria worked with a moaist, or memory artist, "S," who could
memorize long tables of random numbers, and he iad&ving performing these skills. S had a
photographic memory, going all the way back toriefg and was also a "synesthete," so that
certain senses, not normally connected, were "esxiresl." High-level synesthetes can
experience concepts, such as the days of the wedigving colors, which allows them to have
particularly vivid experiences and memories. S eissed certain numbers with colors and, like
Michelle, often could not get the main point.

"There are certain people," | said to Michelle, bytwvhen they

imagine a day of the week, see a color—which mékesre vivid. They might think of
Wednesdays as red, Thursdays as blue, Fridayseis-b!

"Ooh, ooh!" she said. | asked her if she had thaity

"Well, not a color code like that." She hsckenedor the days of the week. "For Monday
| picture my classroom at the Child Developmentt€erior the word 'hello’ | picture
the little room off to the right of the lobby of BeWillard."

"Holy cow!" Carol erupted. She explained that Mibdevent to Belle Willard, a special
education center, from the time she was fourteentinsoold until she was two years and
ten months.

| went through the days of the week with her. BEaels attached to a scergaturday.

She explained that she sees a toy merry-go-routidanight green bottom and a yellow
top with holes in it, near where she lives. Shegmes having "sat" on a merry-go-round
toy as a child and "sat is the first syllable ofugday," which she guesses is why she
experiences Saturday connected to the s@unedayhas a scene with sunshine, and the
"sun" sound is the link. But other days have sceshescouldn't explairkriday. "A
bird's-eye view of the pancake griddle that wasluseur old kitchen," which she had
last seen about eighteen years ago, before theekitwas remodeled. (Perhaps she
associatedrri-day with the griddldecause it is used fry foods.)

Jordan Grafman is the research scientist tryirfggtoe out

how Michelle's brain works. After Carol read hifi@e on plasticity, she contacted him,
and he said she could bring Michelle in for a viBier since, Michelle has gone for



testing, and he has used whatdiseovers to help her adapt to her situation arzbtter
understand how her brain developed.

Grafman has a warm smile, a musical voice, anchfir, and his broad white-coated,
six-foot frame fills his small book-lined office at

the National Institutes of Health. He is chief log tCognitive Neuro

sciences Section, National Institute of Neurologizisorders and Stroke. He has two
main interests: understanding the frontal lobes

and neuroplasticity—the two subjects, taken togetheat help explain Michelle's
extraordinary strengths and her cognitive diffi@dt For twenty years Grafman served as a
captain in the United

States Air Force, Biomedical Sciences Command.adeived a Defense Meritorious
Service Medal for his work as head of the Vietnaeadl Injury Study. He has probably
seen more people with frontal lobe injuries thayome else in the world.

His own life is an impressive story of transformatiWhen

Jordan was in elementary school, his father haevasdating stroke that caused a type of
brain damage, then poorly understood by physicidwas,changed his personality. He had
emotional outbursts and what is called, euphenaiyicin neurology "social
disinhibition"—meaning the release of the aggressind sexual instincts normally
repressed or inhibited. Nor could he seem to gttaspnain point of what people were
saying. Jordan did not understand what was caussigther's behavior. Jordan's mother
divorced her husband, who lived the rest of hesilif a transient hotel in Chicago, where
he died of a second stroke alone in a back alley.

Jordan, in deep pain, stopped attending elemestdryol and became a juvenile
delinquent. Yet something in him longed for moned &e started spending his mornings
in the public library reading, discovering Dostolgsy and other great novelists. In the
afternoons he visited the Art Institute until harlged it was a cruising spot where young
boys were targets. He spent evenings in Old Tojnsand blues clubs. On the streets
he got a real psychological education, learningriay and error what makes people tick.
To avoid being sent to the St. Charles reformatesgentially a jail for kids under
sixteen, he spent four years in a boys' home daondmeschool, where he saw a social
worker for the psychotherapy, which he felt reschiea and "prepared me for the rest of
my life." He graduated from



high school and fled what had become for him a brgnay Chicago, to a pastel
California. He fell in love with Yosemite and deedlto become a geologist. But by
chance he took a course in the psychology of dreamddound it so fascinating he
changed his concentration to psychology.

His first encounter with neuroplasticity was in Z9When he was in graduate school at
the University of Wisconsin, working with a braiadaged African-American woman
who made an unexpected recovery. "Renata,” asllsehea, had been strangled in an
assault in Central Park in New York City and leit flead. The attack cut off oxygen to
her brain long enough to cause an anoxic injury-sroal death from the lack of
oxygen. Grafman first saw her more than five yedter the attack, after the doctors had
given up on her. Her motor cortex had been so sgvdamaged that she had great
trouble moving, was disabled and wheelchair bohedmuscles wasted away. The team
believed she probably had damage to her hippocamspasad severe memory problems
and could barely read. Since the assault, hehéittbeen one downward spiral. She
couldn't work and lost her friends. Patients likenBta were assumed to be beyond help,
since anoxic injury leaves behind vast amounts of

dead brain tissue, and most clinicians believetiiti@n brain tissue dies, the brain cannot
recover.

Nevertheless, the team Grafman was working on bgiyamy
Renata intensive training—the kinds of physicabiehsually given
to patients only in the first weeks after theiuings. Grafman had

been doing memory research, knew about rehakilitaind wondered what would
happen if the two fields were integrated. He sutggkthat Renata begin memory,
reading, and thinking exercises. Grafman had na idat Paul Bach-y-Rita's father had
actually benefited from a similar program twentasgebefore.

She started to move more and became more commivrieatd more able to concentrate
and think and to remember day-to-day

events. Ultimately she was able to go back to sclyaed a job, and reenter the world.
Though she never completely recovered, Grafmananwazed by her progress, saying
these interventions "had so improved the qualitigeflife that it was stunning.”

The U.S. Air Force put Grafman through graduatesthn return, he was
commissioned a captain and made director of theopsychological component of the
Vietham Head Injury Study, where he had his se@xmbsure to brain plasticity. Since
soldiers face toward the battlefield, its torrenflging metal often enters and damages
the tissue in the front of their brains, the fromdes, which



coordinate other parts of the brain and help thednfocus on the
main point of a situation, form goals, and makéngsdecisions.

Grafman wanted to understand what factors mostteffierecovery from frontal lobe
injuries, so he began to examine how a soldieB#tinegenetics, social status, and
intelligence prior to his injury might predict lebance of recovery. Since everyone in the
service has to take the Armed Forces Qualificatioest (roughly equivalent to an 1Q
test), Grafman could study the relationship of el intelligence to that after recovery.
He found that aside from the size of the woundsthadocation of the injury, a soldier's
IQ was a very important predictor of how well heulebrecover his lost brain functions.
Having more cognitive ability—intelligence to sparenabled the brain to respond better
to severe trauma. Grafman's data suggested thay hingelligent soldiers seemed better
able to reorganize their cognitive abilities to jgogt the areas that had been injured.

As we have seen, according to strict localizationisach cognitive function is processed
in a different genetically predetermined locatitfrihat location is wiped out by a bullet,
so should its functions be—forever—unless the bisaplastic and capable of adapting
and creating new structures to replace the damaigesl

Grafman wanted to explore plasticity's limits ardegmtial, to

discover how long structural reorganization taleesl to understand whether there are
different types of plasticity. He reasoned thatduse each person with a brain injury has
uniquely affected areas, paying close attentiandividual cases was often more
productive than were large group studies.

Grafman's view Of the brain integrates a nondoatréversion of localizationism with
plasticity.

The brain is divided into sectors, and in the cewfkdevelopment each acquires a
primary responsibility for a particular kind of mahactivity. In complex activities

several sectors must interact. When we read, tteanimg of a word is stored or "mapped"
in one sector of the brain; the visual appearaftieedletters is stored in another, and its
sound in yet another. Each sector is bound togatrenetwork, so that when we
encounter the word, we can see it, hear it, anénstahd it. Neurons from each sector
have to be activated at the same time—coactivatedus to see, hear, and understand at
once.

The rules for storing all this information reflébe use-it-or-

lose-it principle. The more frequently we use adydne more easily we'll find it. Even
patients with brain damage to the word sector are



better able to retrieve words they used frequdrgfpre their injury
than those they used infrequently.

Grafman believes that in any area of the brainpleaiorms an
activity, such as storing words, it is the neuronthe center of that
area that are most committed to the task. Thoghehorder are far

less committed, so adjacent brain areas competeeaith other to recruit these border
neurons. Daily activities determine which brainsangns this competition. For a postal
worker who looks at addresses on envelopes witthinking about their meaning, the
neurons on the boundary between the visual areth@ndeaning areaill become
committed to representing the "look™ of the wordr B philosopher, interested in the
meaning of words, those boundary

neurons will become committed to representing nmmgarerafman believes that everything
we know from brain scans about thésrindary areas tells us that they can expand
quickly, within minutes,

to respond to our moment-by-moment needs.
From his research Grafman has identified four kiofdslasticity.

The first is "map expansion," described above, tioiccurs largely at the boundaries
between brain areas as a result of daily activity.

The second is "sensory reassignment,” which osghes one

sense is blocked, as in the blind. When the visogkx is deprived of its normal inputs,
it can receive new inputs from another sense, such

as touch.

The third is "compensatory masquerade,” which takivsntage of the fact that there's
more than one way for your brain to approach a.t8skne people use visual landmarks
to get from place to place. Others with "a goodssanf direction” have a strong spatial
sense, so if they lose their spatial sense inia bypury, they can fall back on landmarks.
Until neuroplasticity was recognized, compensatoagsquerade—also called
compensation or "alternative strategies,"” suchwatelsing people with reading problems
to audio tapes— was the chief method used to Helgren with learning disabilities.



The fourth kind of plasticity is "mirror region ta&ver." When part of one hemisphere
fails, the mirror region in the opposite hemisphadapts, taking over its mental function
as best it can.

This last idea grew out of work Grafman and hideague Harvey Levin did with a boy |
shall call Paul, who was in a car accident whewag seven months old. A blow to his
head pushed the bones of his fractured skull irgoigiht parietal lobe, the top central
part of the brain, behind the frontal lobes. Graftadeam first saw Paul when he was
seventeen.

Surprisingly, he was having problems with calcalatand number processing. People
with right parietal injuries are expected to have problemsgasing visual-spatial
information. Grafman

and others had established that it isléfieparietal lobe of the brain that normally stores
mathematical facts and performs calculations ine@ln simple arithmetic, yet Paul's
left lobe had not been injured.

A CAT scan showed that Paul had a cyst on hisadjuight side. Then Grafman and
Levin did an fMRI scan (functional magnetic resoceimaging), and, while Paul's brain
was being scanned, gave him simple arithmetic probl The scan showed there \as
very wealactivation of the left parietal area.

They concluded from these odd results that thealefd was weakly activated during
arithmetic because it was now processing the vispalial information that could no
longer be processed by the right parietal lobe.

The car accident occurred before seven-month-aldl\Was required to learn arithmetic,
thereforebeforethe left parietal lobe was committed to becomirspecialized
processing area for calculation. During the timeveen seven months and six years,
when he started learning arithmetic, it had beemfare important for him to navigate,
for which he required visual-spatial processingviBoal-spatial activity found its home
in the part of the brain that most closely appraatea the right parietal lobe—the left
parietal lobe. Paul could

now navigate through the world, but at a cost. Wheihad to learn

arithmetic, the central part of the left parietattor was already committed to visual-
spatial processing.

Grafman's theory provides an explanation of howhdile's brain evolved. Michelle's
loss of brain tissue occurred before there couletlgeen any significant commitment of
her right hemisphere. Since plasticity is at itghein the earliest years, what probably
saved Michelle from certain death was that her dpneeccurred so early. When her brain



was still forming, her right hemisphere had timadtgust in the womb, and Carol was
there to care

for her.

It is possible that her right hemisphere, whichnmalty processes visual-spatial activities,
was able to process speech becausiag partially blind and barely able to crawl, Kiéle
learned to

speak before she learned to see and walk. Speadt havetrumped visual-spatial needs
in Michelle, just as visual-spatial needs

had trumped arithmetical needs in Paul.
Migration of a mental function to the opposite hgjphiere can

happen because early in development our hemisphaszagiite similar, and only later do
they gradually specialize. Brain scans of babies in

their first year show that they process new soumd®th hemispheres, By age two they
usually process these new sounds in the left

hemisphere, which has begun to specialize in spé&aefiman wonders whether visual-spatial
ability, like language in babies, is initially peegt in both hemispheres and then inhibited in the
left as the brain specializes. In other words, dahispheréendsto specialize in certain
functions but is not hardwired to do so. The agehath we learn a mental skill strongly
influences the area in which it gets processednfasits, we arslowlyexposed to the world
around us, and as we learn new skills, the motdtdei processing sectors of our brains that are
as yet uncommitted are the ones used to process #kdls.

"Which means," says Grafman, "that if you take Bioni people, and you look at the same areas
of their brains, you will see those areas moreess tommitted to performing the same functions
or processes." But he adds, "They may not be irethet same place. And they shouldn't be,
because each of us will have different life experes."

The riddle of the relationship between MichellXtr&ordinary abilities and her difficulties is
explained by Grafman's work on the frontal lobee@&fically, his work on the prefrontal cortex
helps explain the price Michelle has had to pasuwive. The prefrontal lobes are the part of the
brain that is most uniquely human, as they are megtloped in human beings, relative to other
animals.

Grafman's theory is that over the course of evotuthe prefrontal cortex developed the
ability to capture and retain information over lengnd longer periods of time, allowing
human beings to develop both foresight and menidrg.left-frontal lobe became



specialized in storing memoriesiaflividual eventsand the right irextracting a themer
the main point from a series of events or fromoayst

Foresight involves extracting the theme from aeseof events before they completely
unfold, and it is a great advantage in life: to\wrthat when a tiger crouches it is
preparing to attack may help you survive. The pessibh foresight doesn't have to
experience the entire series of events to know vehdtely coming.

People with right-prefrontal lesions have impaifecsight. They can watch a movie, but
they can't get the main point or see where theiplgbing. They don't plan well, since
planning involves ordering a series of events sbtey lead toward a desired outcome,
goal, or main point. Nor do people with right frahlesions execute their plans well.
Unable to keep to the main point, they are easdiracted. They are often socially
inappropriate because they don't get the main mdisbcial interactions, which are also a
series of events, and they have difficulty underitag metaphors and

similes, which require extracting the main pointteeme from various details. If a poet
says, "A marriage is a battle zone," it is importanknow that the poet doesn't mean the
marriage consists of actual explosions and deagkbpihther, it is a husband and wife
fighting intensely.

All the areas Michelle has difficulty with—gettinge main point, understanding
proverbs, metaphors, concepts, and abstract thetagletright prefrontal activities.
Grafman's standardized psychological testing cowt that she has difficulty planning,
sorting out social situations, understanding matifgeversion ofjetting the main theme,

applied to social life), and also some problemsadiiping with and forecasting the behavior
of others. Her

relative absence of foresight, Grafman thinks,eases her level of

anxiety and makes it harder for her to controlihgulses. On the other hand, she has a savant's
ability to remember individual events

and the exact dates they occurred—a left-prefrdatadtion.

Grafman believes Michelle has the same kind ofaniarea adaptation as Paul but that her mirror
sites are her prefrontal lobd®ecause one usually masters registering the ocmeref events
before one learns to extract their main theme, tenagjistration—most

often a left prefrontal function—so occupied heghtiprefrontal

lobe that theme extraction never had a chancdliodavelop.

When | met with Grafman after | saw Michelle, | adkhim why



she remembers events so much better than thefnest \&Why not
just a normal ability?
Grafman thinks that her superior ability to rememigents

may be related to the fact that she has only onmedphere. Normally the two hemispheres
are in constant communication. Each aally informs the other of its own activities busal
corrects its mate, at times restraining it andrgteg the other's eccentricities. What happens
when that hemisphere is stricken and can no loingésit its partner?

A dramatic example has been described by Dr. BMitter, a professor of neurology at the
University of California, San Francisco, who haewh that some people who develop
frontotemporal lobe dementia in thedt side of their brain lose their ability to understahe
meaning of words bigpontaneouslgevelop unusual artistic, musical, and rhyminglskiskills
usually processed in the right temporal and pdriebes. Artistically, they become particularly
good at drawing details. Miller argues that the hefmisphere normally acts like a bully,
inhibiting and suppressing the right. As the lefirfisphere falters, the right's uninhibited
potential can emerge.

In fact, people without disabilities can benefirfr liberating one hemisphere from another. Betty
Edwards's popular bodirawing on the Right Side of the Braimritten in 1979, years before

Miller's discovery, taught people to draw by depihg ways to stop the verbal, analytical left
hemisphere from inhibiting the right hemispheretistic tendencies. Inspired by the
neuroscientific research of Richard Sperry, Edwéadght that the "verbal," "logical," and
"analytical" left hemisphere perceives in ways #atially interfere with drawing and tends to
overpower the right hemisphere, which is bettairatving. Edwards's primary tactic was to
deactivate the left hemisphere's inhibition of tight by giving the student a task the left
hemisphere would be unable to understand and so dawn." For instance, she had students
draw a picture of a Picasso sketch while lookinig apside down and found they did a far better
job than when doing it right-side up. Students wiadgvelop a sudden knack for drawing rather
than acquiring the skill gradually.

In Grafman's view, Michelle's superior registrat@revents might have developed because, once
event registration developed in her right hemisphttrere was no left hemisphere to inhibit it, as
usually happens after the main point has beenagttaand the details are often no longer
important.

Since there are many thousands of brain activifisg on at once, we need forces to inhibit,
control, and regulate our brains in order to kegpane, organized and in control of ourselves so
we

don't "ride off in all directions at once." It wabseem that the most



frightening thing about brain disease is that igimierase certain mental functions. But just as
devastating is a brain disease that leads us teexparts of ourselves we wish didn't exist.
Much of the

brain is inhibitory, and when we lose that inhitnitj unwantedirives and instincts emerge full
force, shaming us and devastatouy relationships and families.

A few years ago Jordan Grafman was able to geatttwrds from
the hospital where his own father had been diaghesth the stroke that led to his loss of

inhibition and his ultimate deterioration. ldescovered that his father's stroke had been in the
right-frontal cortex, the area Grafman had speatgidist quarter century studying.

Before | leave, | am to get the tour of Micheli@ser sanctum. "This is my bedroom,"
she says proudly. It is painted blue and

crammed with her collection of stuffed bears, Mickad Minnie

Mouse, and Bugs Bunny. On her bookshelves are bdedif the Baby-Sitters Club
books, a series that often appeals to girls irytaes just before puberty. She has a
collection of Carol Burnett tapes

and loves easy rock from the 1960s and 1970s, §&seroom, |

wonder about her social life. Carol explains thed was a loner

growing up; she loved books instead.

"You didn't seem to want to have others aroundg"sdys to

Michelle. One doctor thought she demonstrated saumistic behaviors but that she was
not autistic, and | can see she's not. She's amugteecognizes people's comings and
goings, and is warm and connected to her parehéslddgs for a connection to people
and

feels hurt when they don't look her in the eyes@sften happens

when "normal people” encounter those with disabgit

Hearing the autism comment, Michelle pipes up, 'thigory is that | always liked to be
alone because that way | would not cause any tecuShe has many painful memories
of trying to play with other kids, and of their natowing how to play with someone with

her disabilities—particularly her hypersensitivitysounds. | ask her if she has any
friends from the past whom she keeps in touch nathv.



"No," she says.
"Nope, nobody," whispers Carol solemnly.

| ask Michelle whether during eighth or ninth gredehen boys and girls become more
social, she got interested in dating.

"No, no, I didn't." She says she's never had acomsanyone. She's never really been
interested.

"Did you ever dream you'd get married?"

"I don't think so."

There is a theme to her preferences, tastes, agthlys. The Baby-Sitters Club, Carol
Burnett's harmless humor, the toy bear colleciom, everything else | saw in Michelle's
blue room were part of that phase of developmdigddatency," the relatively calm
period that precedes the storm of puberty, witleitgpting instincts. Michelle, it seemed
to me, showed many latency passions, and | foursklhwondering whether the
absence of her left lobe had affected her hormdeatlopment even though she was a
fully developed woman. Perhaps these tastes wereesult of her protected upbringing,
or perhaps her difficulty understanding the motigésthers led her to a world in which
the instincts are quieted and where humor is gentle

Carol and Wally, loving parents of a child with igability, believe they must make
preparations for Michelle after they are gone. Cardoing her best to line up Michelle's
siblings to help out, so that Michelle isn't Ielftrae. She's hoping Michelle will be able to
get a job in the local funeral home when the wonvho does data entry retires, sparing
Michelle the travel she dreads.

The Macks have had other anxieties and near tragéadiendure. Carol has had cancer.
Michelle's brother Bill, whom Carol describes abdl seeker, has had many incidents.
The day he was voted head of the rugby team, hissrigpped him into the air to
celebrate, and he landed on his head, breakinggais Fortunately, a top-notch surgical
team saved him from a life of paralysis. As Carol

started to tell me how she went to the hospitaiidBill that Godwas trying to get his
attention, | looked at Michelle. She seemed seyeqaiet, and a smile was on her face.

"What are you thinking, Michelle?" | asked.
"I'm fine," she said.

"But you are smiling—are you finding this interest"



"Yeah," she said.

"l bet | know what she's thinking," said Carol. "#tf" said Michelle. "About heaven" said Carol.
"l think so, yeah."
"Michelle," said Carol, "has very deep faith. Inmgavays it is a

very simple faith" Michelle has an idea of whatVeais going to béke, and whenever she
thinks about it, "you see this smile."

"Do you ever dream at night?" | asked.

"Yes," she answered, "in little snatches. But rghtthares. Mostly

daydreams."

"What about?" | asked.

"Mostly about upstairs. Heaven."

| asked her to tell me about it, and she got edcite

"Okay, sure!" she said. "There are some peoplevfmm | have a very high regard, and my wish
is that these people would live together, unisdyuagarby, the women in one place, and the
men in another. And two of the men would agree withh other that | should be given an offer
to live with the women." Her mother and father also there. They all live in a high-rise

apartment building, but her parents are on a Idlwer, and Michelle lives with the women.

"She broke it to me one day," said Carol. "She,saitope you don't mind, but when we all get
to heaven, | don't want to live with you.' | sdtdkay."

| asked Michelle what the people will do for erdémment, and she answered, "Things that they
would normally do on vacation here. You know, ljtay miniature golf. Not work-type stuff."

"Would the men and women ever date?"
"I don't know. | know they would get together. Bat fun stuff."
"Do you see heaven as having material things ttées and birds?"

"Oh yeah! yeah! And another thing about heavehas all the food up there is fat-free and
calorie-free, so that we would be able to



have all the food we want. And we wouldn't havede money to pay for things." And then she
added something her mother had always told hertdteaven. "There is always happiness in
heaven. There aren't any medical problems atwet. Riappiness.”

| see the smile—an overflow of inner peace. In Mitdis heaven are all the things she's striving
for—more human contact, vague hints of increased#fely circumscribed relations between
men and women, all that has given her pleasurealY#tis occurs in an afterworld where,
though she is more independent, she can find ttenfsashe so loves not too far away. She has
no medical problems, nor does she wish for therdthé of her brain. She's fine there just as she
is.

Appendix 1

The Culturally Modified Brain

Not Only Does the Brain Shape Culture, Culture Shap  es the Brain
What is the relationship between the brain anducert

The conventional answer of scientists has beerthledtuman brain, from which all
thought and action emanate, produces culture.

Based on what we have learned about neuroplastibis/answer is no longer adequate.
Culture is not just produced by the brain; it isoaby definition

a series of activities that shape the mifde Oxford English Dictionargives one important
definition of "culture™: “the cultivating odevelopment... of the mind, faculties, manners,
etc.... improvement or refinement by education taaiting... the training, development
and refinement of the mind, tastes and manners.b&¢eme cultured through training in
various activities, such as customs, arts, waystefacting with people, and the use of
technologies, and the learning of ideas, belid¢faresd philosophies, and religion.

Neuroplastic research has shown us that everyisadtactivity

ever mapped—including physical activities, sensmtyvities, learning, thinking, and
imagining—changes the brain as well as the mind.

Cultural ideas and activities are no exception. krams are modified by the cultural
activities we do—be they reading, studying music,

or learning new languages. We all have what mightdlled a culturally modified brain,
and as cultures evolve, they continually lead to



new changes in the brain. As Merzenich puts it,r"rains are vastly
different, in fine detail, from the brains of ourcestors... In each
stage of cultural development... the average humaarto learn

complex new skills and abilities that all involveassive brain change... Each one of us
can actually learn an incredibly elaborate setnakatrally developed skills and abilities
in our lifetimes, in a sense generating a re-aoeadi this history of cultural evolution via
brain plasticity."

So a neuroplastically informed view of culture dhe brain implies a two-way street: the
brain and genetics produce culture, but culture st&pes the brain. Sometimes these
changes can be dramatic.

The Sea Gypsies

The Sea Gypsies are nomadic people who live insted of tropical islands in the
Burmese archipelago and off the west coast of &hdil A wandering water tribe, they
learn to swim before they learn to walk, and liverhalf their lives in boats on the open
sea, where they are often born and die. They saitwwharvesting clams and sea
cucumbers. Their children dive down, often thigetf beneath the water's surface, and
pluck up their food, including small morsels of marlife, and have done so for
centuries. By learning to lower their heart ralteytcan stay under water twice as long as
most swimmers. They do this without any diving @guent. One tribe, the Sulu, dive
over seventy-five feet for pearls.

But what distinguishes these children, for our psgs, is that they can see clearly at
these great depths, without goggles. Most humamgbeaiannot see clearly under water
because as sunlight passes through water, it ts ®efrefracted,” so that light doesn't
land where it should on the retina.

Anna Gislen, a Swedish researcher, studied th&Sgpaies’ ability to read placards
under water and found that they were more thanetagcskillful as European children.
The Gypsies learned to control the shape of teesds and, more significantly, to
control the size of their pupils, constricting th@@hpercent. This is a remarkable finding,
because human pupils reflexively get larger undstewy and pupil adjustment has been
thought to be a fixed, innate reflex, controlledtbg brain and nervous system.

This ability of the Sea Gypsies to see under wiatetr the product of a unique genetic
endowment. Gislen has since taught Swedish chilgreonstrict their pupils to see
under water—one more instance of the brain andomsrgystem showing unexpected
training effects that alter what was thought taldeardwired, unchangeable circuit.



Cultural Activities Change Brain Structure

The Sea Gypsies' underwater sight is just one ebeanfipow cultural activities
can change brain circuits, in this case leading

to a new and seemingly impossible change in pamepihough
the Gypsies' brains have yet to be scanned, wand® $tudies that

show cultural activities changing brain structuvieisic makes extraordinary demands on
the brain. A pianist performing the eleventh vaoiatof the Sixth Paganini Etude by
Franz Liszt must play a staggering eighteen hundoges per minute. Studies by Taub
and others of musicians who play stringed instrusbave shown that the more these
musicians practice, the larger the brain mapsheir tactive left hands become, and the
neurons and maps that respond to

string timbres increase: in trumpeters the neuamasmaps that respond to "brassy”
sounds enlarge. Brain imaging shows that musidiane several areas of their brains—
the motor cortex and the cerebellum, among othenatiffer from those of
nonmusicians. Imaging also shows that musicianslvegin playing before the age of
seven have larger brain areas connecting the twuspheres.

Giorgio Vasari, the art historian, tells us thatamtMichelangelo painted the Sistine
Chapel, he built a scaffold almost to the ceiling

and painted for twenty months. As Vasari writed)¢'work was executed in great
discomfort, as Michelangelo had to stand with l@adthrown back, and he so injured
his eyesight that for several months he could oedyl and look at designs in that
posture.” This may have

been a case of his brain rewiring itself, to selg onthe odd position that it had adapted
itself to. Vasari's claim might seem incrediblet budies show that when people wear
prism inversion glasses, which

turn the world upside down, they find that, afteh@rt while, their brain changes and
their perceptual centers "flip," so that they pare¢he world right side up and even read
books held upside down. When they take the glasféethey see the world as though it
were upside down, until they readapt, as Michelbindiel.

It is not just "highly cultured" activities thatwée the brain. Brain scans of London taxi
drivers show that the more years a cabbie spendgateng London streets, the larger the
volume of his hippocampus, that part of the brhat stores spatial representations. Even
leisure activities change our brain; meditators ieuedlitation teachers have a thicker
insula, a part of the cortex activated by payiraselattention.



Unlike musicians, taxi drivers, and meditation tess, the Sea Gypsies are an entire
culture of hunter-gatherers on the open sea, allh@im share underwater sight.

In all cultures members tend to share certain comawbivities, the "signature activities
of a culture." For Sea Gypsies it is seeing

under water. For those of us living in the inforiroatage, signature activities include
reading, writing, computer literacy, and using &l@aic media. Signature activities differ
from such universal human activities as seeingiihgaand walking, which develop with
minimal prompting and are shared by all humanignrethose rare people who have
been raised outside culture. Signature activiggglire training and cultural experience
and lead to the development of a new, speciallgavbrain. Human beings did not
evolve to see clearly under water—we left our "diguayes" behind with scales and fins,
when our ancestors emerged from the sea and evia\s&k on land. Underwater sight is
not the gift of evolution; the gift is brain plagty, which allows us to adapt to a vast
range of environments.

Are Our Brains Stuck in the Pleistocene Age?

A popular explanation of how our brain comes tdggen cultural activities is proposed
by evolutionary psychologists, a group of researcho argue that all human beings
share the same basic brain modules (departmettis torain), or brain hardware, and
these modules developed to do specific culturédstasome for language, some for
mating, some for classifying the world, and somese modules evolved in the
Pleistocene age, from about 1.8 million

to ten thousand years ago, when humanity livecduageh-gatherers,

and the modules have been passed on, essentialanmed genetically. Because we all
share these modules, key aspects of human natdnesgnhology are fairly universal.
Then, in an addendum, these psychologists noteitbatdult human brain is therefore

anatomically unchanged since the Pleistocene.dddendum goes too far, because it
doesn't take plasticity, also part of our genegidthge, into account.

The hunter-gatherer brain was as plastic as our anchit was not "stuck” in the
Pleistocene at all but rather was able to reorganiz

its structure and functions in order to respondhanging conditions. In fact, it was that
ability to modify itself that enabled us to emefgem the Pleistocene, a process that has
been called "cognitive fluidity" by the archaeolsigbteven Mithen and that, | would
argue, probably has its basis in brain plastiéyour brain modules are plastic to some



degree and can be combined and differentiatedtbeerourse of our individual lives to
perform a number of

functions—as in Pascual-Leone's experiment in whieblindfolded people and
demonstrated that their occipital lobe, which ndtynarocesses vision, could process
sound and touch. Modular change is necessary aptation to the modern world, which
exposes us to things our hunter-gatherer ancastoes had to contend with. An fMRI
study shows that we recognize cars and trugtsthe same brain module we use to
recognize faces. Clearly, the

hunter-gatherer brain did not evolve to recogness @nd trucks. It likely that the face
module was most competitively suited to processdltshapes—headlights are sufficiently like
eyes, the hood like a nose, the grill like a moutio-that the plastic brain, with a little training
and structural alteration, could process a car thighfacial recognition system.

The many brain modules a child must use for readimiging, and computer work evolved
millennia before literacy, which is only severabtisand years old. Literacy's spread has been so
rapid that the brain could not have evolved a dgealgt based module specifically for reading.
Literacy, after all, can be taught to illiteratenker-gatherer tribes in a single generation, aeceth
is no way the whole tribe could develop a geneafogading module in that time. A child today,
when it learns to read, recapitulates the stagemhity went through. Thirty thousand years ago
humanity learned to draw on cave walls, which resfliforming and strengthening links between
the visual functions (which process images) andrbtor functions (which move the hand). This
stage was followed in about 3000 b.c. by the ineendf hieroglyphics, where simple
standardized

images were used to represent objects—not a biggeh&ext, these hieroglyphic
images were converted into letters, and the finsinetic alphabet was developed to
represent sounds instead of visual images. Thisggheequired strengthening neuronal
connections between different functions that pred¢ke images of letters, their sound,
and their meaning, as well as motor functions thate the eyes across the page.

As Merzenich and Tallal learned, it is possiblsée reading circuits on brain scans.
Thus signature cultural activities give rise tonsiture brain circuits that did not exist in
our ancestors. According to Merzenich, "Our braresdifferent from those of all
humans before us ... Our brain is modified on astuttial scale, physically and
functionally, each time we learn a new skill or di®p a new ability. Massive changes
are associated with our modern cultural speciatimat” And though not everyone uses
the same brain areas to read, because the biaastitc, there are typical circuits for
reading—physical evidence that cultural activitgde to modified brain structures.

Why Human Beings Became the

Preeminent Bearors of Culture



One could rightly ask, why is it that human beiraysd not other animals, which also
have plastic brains, developed culture? True, dhenals, such as chimpanzees, have
rudimentary forms

of Culture and can both make tools and teach ttesicendants to use them, or perform
rudimentary operations with symbols. But thesevarg limited. As the neuroscientist
Robert Sapolsky points out, the answer lies inrg skght genetic variation between us
and

chimpanzees. We share 98 percent of our DNA witmphnzees.

The human genome project enabled scientists tordete precisely which genes
differed, and it turns out that one of them is aggthat determines how many neurons we
will make. Our neurons are

basically identical to those of chimps and evemafine snails. Ithe embryo, all our
neurons start from a single cell, which divides arakes two, then four, and so on. A
regulatory gene determines

when that process of division will stop, and ihestgene that differs between humans and
chimps. That process goes on for enough rounds

until human beings have about 100 billion neurtnstops a few rounds eatrlier in
chimps, so they have a brain one-third the sizsuof

own. Chimpanzee brains are plastic, but the shemntgative difference between ours and
theirs leads to "an exponentially greater nundfeénteractions between them," because
each neuron can be connected to thousands of cells.

As the scientist Gerald Edelman has pointed oathtiman cortex alone has 30 billion
neurons and is capable of making 1 million biUignaptic connections. Edelman writes,
"If we considered the number of possible neuraluis, we would be dealing with
hyper-astronomical numbers: 10 followed by at I@astillion zeros. (There are 10
followed by 79 zeros, give or take a few, of paesan the known universe.)" These
staggering numbers explain why the human brairbeatlescribed as the most complex
known object in the universe, and why it is capaiflengoing, massive microstructural
change, and capable of performing so many diffarerital functions and behaviors,
including our different cultural activities.

A Non-Darwinian Way to Alter Biological Structures
Up until the discovery Of neuroplasticity, scietibelieved that the only way that the

brain changes its structure is through evolutiothefspecies, which in most cases takes
many thousands of years. According to modern Daanievolutionary theory, new



biological brain structures develop in a speciesmgenetic mutations arise, creating
variation in the gene pool. If these variationsénaurvival value, they are more likely to
be passed on to the next generation. But plasticéigites a new way—beyond genetic
mutation and

variation—of introducing new biological brain sttuges in individuals by non-
Darwinian means. When a parent reads, the micrasstpicture of his or her own brain
is changed. Reading can be taught to childrenjtasithnges the biological structure of
their brains.

The brain is changed in two ways. The fine detfilhe circuits connecting the modules
are altered—no small matter. But so are the oridinater-gatherer brain modules
themselves, because, in the plastic brain, changee area or brain function "flows"
through the brain, typically altering the modulleattare connected to it.

Merzenich demonstrated that change in the auddomgex— increasing firing rates—
leads to changes in the frontal lobe connectet] &md says, "You can't change the
primary auditory cortex without changing what igpaning in the frontal cortex. It's an
absolute impossibility.” The brain doesn't have seeof plastic rules for one part and
another set for another part. (If that were theectiee different parts of the brain would
not be able to interact.) When two modules areelihih a new way in a cultural
activity—as when reading links visual and auditorgdules as never before—the
modules for both functions are changed by the &téon, creating a new whole, greater
than the sum of the parts. A view of the brain th&es plasticity and localizationism into
account sees the brain as a complex system in yécGerald Edelman argues, "smaller
parts

form a heterogeneous set of components which are ordess independent. But as these
parts connect with each other in larger and

larger aggregates, their functions tend to becoregrated, yielding new functions that
depend on such higher order integration."”

Similarly, when one module fails, others connedtei are altered. When we lose a
sense—hearing, for example—other senses becomeatiire and more acute to make
up for the loss. But they increase not onlydhoantityof their processing but also the
quality, becoming more like the lost sense. The plasti@sgarchers Helen

Neville and Donald Lawson (measuring neuronal §niates to determine which sectors of
the brain are active) found that deaf people



intensify their peripheral vision to make up foe tlact that they can't hear things

coming at them from a distance. People whohganuse their parietal cortex, near the
top of the brain, to process

peripheral vision, whereas the deaf use their Visoidex, at thdoack of the brain.

Change in one brain module—here a decreasetpot—Ileads to structural and
functional change in another brain

module, so that the eyes of the deaf come to beimart more like
ears, more able to sense the periphery.

Plasticity and Sublimation: How We Civilize

Our Animal Instincts

This principle that modules working together modifichother may even help explain
how it is possible for us to mix together

brute predatory and dominance instincts (procebgedstinctuaimodules) with our
more cognitive-cerebral tendencies (processedtbiligence modules), as we do in sports or
competitive games such as chess, or in artistiqpetitions, to come up with activities that
express both the instinctual and the intellectoalrie activity.

An activity of this kind is called a "sublimatiorg'hitherto mysterious process by which brutish
animal instincts are "civilized." How sublimationaurs has always been a riddle. Clearly, much
of parenting involves "civilizing" children by telaing them to restrain or channel these instincts
into acceptable expressions, such as in contadissppoard and computer games, theater,
literature, and art. In aggressive sports sucloathéll, hockey, boxing, and soccer, fans often
express these brute wishes ("Kill him! Flatten higalt him alive! "and so on), but the civilizing
rules modify the expression of the instinct, softires leave satisfied if their team wins enough
points.

For over a century, thinkers influenced by Darwameceded that we had within us brutish animal
instincts, but they were unable to explain how sodfion of these instincts might occur.
Nineteenth-century neurologists, such as John hhgghUackson and the young

Freud, following Darwin, divided the brain into Wer" parts that we share with animals,
and that process our brute animal instincts, argh&n” parts that are uniquely human,
and that can inhibit the expression of our brutest®n Indeed, Freud believed that
civilization rests on the partial inhibition of 3&d and aggressive instincts. He also
believed we could go too far in repressing ouriness, leading us to develop neuroses.
The ideal solution was to express these instimcigays that were acceptable and even
rewarded by our fellow humans, which was possibklealose the instincts, being plastic,
could change their aim. He called this processisidbion, yet as he conceded, he never



really explained exactly how an instinct might kensformed into something more
cerebral.

The plastic brain solves the riddle of sublimatidreas that evolved to perform hunter-
gatherer tasks such as stalking prey can, bechegeate plastic, be sublimated into
competitive games, since our brains evolved to diffilerent neuronal groups and
modules in novel ways. There is no reason why meufimm the instinctual parts of our
brains cannot be linked to our more cognitive-ceakbnes and to our pleasure centers,
so that they literally get wired together to forewnwholes.

These wholes are more than, and different fromstime of their

parts. Recall that Merzenich and Pascual-Leoneeartat a fundamental rule of brain
plasticity is that when two areas begin to intertety influence each other and form a
new wholeWhen an instinct, such as stalking prey, is linkpdo a civilized activity,

such as cornering the opponent's king on the cbasdpand the

neuronal networks for the instinct and the inteliet activity are also linked, the two
activities appear to temper each other—playing £fenro longer about bloodthirsty
stalking, though it still has some of the excitergotions of the hunt. The dichotomy
between "low" instinctual and "high" cerebral begjia disappear. Whenewée low and
the high transform each other to create a new whaecan call it a sublimation.

Civilization is a series of techniques in which thenter-gatherer brain teaches itself to
rewire itself. And the sad proof that civilizatiama composite of the higher and lower
brain functions is seen when civilization breaksdaon civil wars, and brutal instincts
emerge full-force, and theft, rape, destructiorn arurder become commonplace.
Because the plastic brain can always allow braietions that it has

brought together to separate, a regression to banbé always possible, and civilization
will always be a tenuous affair that must be tauglgach generation and is always, at
most, one generation deep.

When the Brain Is Caught Between Two Cultures

The culturally modified brain is subject to thegila paradox (discussed in chapter 9, "Turning
Our Ghosts into Ancestors"), which can make useeithore flexible or more rigid—a major
problem when changing cultures, in a multicultuvatld.

Immigration is hard on the plastic brain. The psscef learning a culture—acculturation—is an
"additive" experience, of learning new things areking new neuronal connections as we
"acquire" culture. Additive plasticity occurs whbrain change involves growth. But plasticity is
also "subtractive" and can involve "taking thinggg," as occurs when the adolescent brain
prunes away neurons, and when neuronal connegctmirseing used are lost. Each time the



plastic brain acquires culture and uses it repéatttere is an opportunity cost: the brain loses
some neural structure in the process, becausecjilait competitive.

Patricia Kuhl, of the University of Washington iea&tle, has done brain-wave studies that show
that human infants are capable of heagngsound distinction in all the thousands of languages
of our species. But once the critical period ofitargl cortex development closes, an infant reared
in a single culture loses the capacity to hear ntdriljose sounds, and unused neurons are
pruned away, until the brain map is dominated lgjéimguage of its culture. Now

its brain filters out thousands of sounds. A Japarsgx-month-old can hear the English
r-l distinction as well as an American infant. At om&ashe no longer can. Should that
child later immigrate, she will have difficulty h&ag and speaking new sounds properly.

Immigration is usually an unending, brutal workéartthe adult brain, requiring a
massive rewiring of vast amounts of our cortical estate. It is a far more difficult
matter than simply learning new things, becauseéwve culture is in plastic competition
with neural networks that had their critical permfddevelopment in the native land.
Successful assimilation, with few exceptions, reggiat least a generation. Only
immigrant children who pass through their critipafliods in the new culture can hope to
find immigration less disorienting and traumatizik@r most, culture shock is brain
shock.

Cultural differences are so persistent because whenative culture is learned and
wired into our brains, it becomes "second natwsegmingly as "natural” as many of the
instincts we were born with. The tastes our cultrsates—in foods, in type of family, in
love, in music—often seem "natural,” even thougtytimay be acquireistes, The ways
we conduct nonverbal communication—how close

we stand to other people, the rhythms and volunmiogpeech, how long we wait
before interrupting a conversation—all seem "ndtuca

us, because they are so deeply wired into our fr&lifnen we change
cultures, we are shocked to learn that these cugstwennot natural at
all. Indeed, even when we make a modest changle,asumoving to a
new house, we discover that something as basiarasease of space,

which seems so natural to us, and numerous routieesere not even aware we had, must
slowly be altered while the brain rewires itself.

Sensing and Perceiving Are Plastic



"Perceptual learning” is the kind of learning tbaturs whenever the brain learns how to
perceive with more acuteness orpasurs in the Sea Gypsies, in a new way and in the
process develops

new brain maps and structures. Perceptual learsialgo involved in the plasticity-based
structural change that occurs when Merzeniea'st ForWordhelps children with
auditory discrimination problems develop more refifbrain maps, so they can hear
normal speecfor the first time.

It has long been assumed that we absorb cultuoeighruniversally shared, standard-
issue, human perceptual equipment, but percepaatihg shows that this assumption is
not completely accurat&o a larger degree than we suspected, culture detess what

we can and cannot perceive.

One of the first people to begin thinking about haasticity

must change the way we think about culture watmeadian cognitive neuroscientist Merlin
Donald, who argued in 2000 that culture changed$umationalcognitive architecture, meaning
that, as with learning to read and write, mentatfions are reorganized. We now know that for
this to happen, anatomical structures must chasmedXonald also argued that complex cultural
activities like literacy and language change bfairctions, but our most basic brain functions
such as vision and memory are not altered. As hé,pilo one suggests that culture determines
anything fundamental about vision or basic memaiecity. However, this is obviously not true
of the functional architecture of literacy and pbly not of language.”

Yet in the few years since that statement, it lem®ine clear that even such brain fundamentals
as visual processing and memory capacity are t@ ®xtent neuroplastic. The idea that culture
may change such fundamental brain activities d# sigd perception is a radical one. While
almost all social scientists—anthropologists, sagjists, psychologists—concede that different
cultures interpret the world differently, most stists and lay people assumed for several
thousand years—as the University of Michigan sgasagichologist Richard E. Nisbett puts it—
that "where people in one culture differ from thosanother in their beliefs, it can't be because
they have different cognitive processes. Rathesy thust have been exposed to

different aspects of the world, or taught differhihgs.” The most famous European
psychologist of the mid-twentieth century, JeargPiabelieved he showed, in a series of
brilliant experiments on European children, thatpeing and reasoning unfold in
development in the same way for all human beingd that these processes are
universal. True, scholars, travelers, and anthapsts had long observed that the
peoples of the East (those Asian peoples influebgedhinese traditions) and those of
the West (the heirs to the traditions of the artdi&reeks) perceive in different ways, but
scientists assumed these differences were baseifferentinterpretationsof what was
seen, not on microscopic differences in their petea equipment and structures. For
instance, it was often observed that Westernersapp the world "analytically,"



dividing what they observe into individual partasterners tend to approach the world
more "holistically,” perceiving by looking at "tlvehole,” and emphasizing the
interrelatedness of all things. It was also obsgthat the differing cognitive styles of the
analytic West and the holistic East parallel défeces between the brain's two
hemispheres. The left hemisphere tends to perfoone sequential and analytical
processing, while the right hemisphere is ofteraged in simultaneous and holistic
processing. Were these different ways of seeingvtiréd based on different
interpretations of what was seen, or were Easteam@al Westerners

actually seeing different things?

The answer was unclear because almost all theestodliperception had been done by
Western academics on Westerners—typically,

on their own American college students—until Nislktsigned experiments to compare
perception in the East and the West, working

with colleagues in the United States, China, Koaga Japan. He did so reluctantly
because he believed that we all perceive and reagbe same way.

In a typical experiment, Nisbett's Japanese studee Ma

suda, showed students in the United States and &igia color animations of fish
swimming under water. Each scene had one "focal

fish" that moved faster or was bigger, brightenmare prominenthanthe other smaller fish it
swam among.

When asked to describe the scene, the Americaradlyiseferred to the focal fish. The
Japanese referred to the less prominent fish, backd rocks, plants, and animals 70
percent more oftetihan did the Americans. Subjects were then showresaf these objects by
themselves, not as part of the original scene.Arhericans

recognized the objects whether they were shownedrotiginal

scene or not. The Japanese were better able tgnmieeaan object if it was shown in the
original scene. They perceived the object in

terms of what it had been "bound" to. Nisbett aresitla also measured how quickly
subjects recognized objects—a test of lamtomatictheir perceptual processing was. When
objects were put againstnew background, the Japanese made mistakes.mbgdcans did

not. These aspects of perception are not underamsgcious contrand are dependent on
trained neuronal circuits and brain maps.



These experiments and many others like them confienEasterners perceive holistically,
viewing objects as they are related to each othar a context, whereas Westerners perceive
them in isolation. Easterners see through a widgedens; Westerners use a narrow one with a
sharper focus. Everything we know about plastisitggests that these different ways of
perceiving, repeated hundreds of times a day, ssetpractice, must lead to changes in neural
networks responsible for sensing and perceivinghHesolution brain scans of Easterners and
Westerners sensing and perceiving could likelyeséie matter.

Further experiments by Nisbett's team confirm tiaen people change cultures, they learn to
perceive in a new way. After several years in Ageethe Japanese begin to perceive in a way
indistinguishable from Americans, so clearly thecpetual differences are not based on genetics.
The children of Asian-American immigrants percdiva way that reflects both cultures.

Because they are subject to Eastern influencesnae tand Western influences at school and
elsewhere, they sometimes process scenes holigtizatl sometimes

they focus on prominent objects. Other studies sthatvpeople raised in a bicultural situation
actually alternate between Western and Easterepton. Hong Kongers, having lived under
both a British and a Chinese influence, can bered" to perceive in either Eastern or Western
fashion by experiments showing them a Western ina@¢tickey Mouse or the U.S. Capitol, or
an Eastern image of a temple or a dragon. Nisheth#s colleagues are thus doing the first
experiments that demonstrate cross-cultural "péuegfearning.”

Culture can influence the development of percepashing because perception is not (as many
assume) a passive, "bottom up" process that bedias energy in the outside world strikes the
sense receptors, then passes signals to the "higgreeptual centers in the brain. The perceiving
brain is active and always adjusting itself. Se@ngs active as touching, when we run our
fingers over an object to discover its texture sinape. Indeed, the stationary eye is virtually
incapable of perceiving a complex object. Both semsoryand our motor cortices are always
involved in perceiving. The neuro-scientists Madff@hle and Tomaso Poggio have shown
experimentally that "higher" levels of perceptidfeaet how neuroplastic change in the "lower,"
sensory parts of the brain develops.

The fact that cultures differ in perception is potof that one perceptual act is as good as the
next, or that "everything is relative" when it carte perception. Clearly some contexts call for a
morenarrow angle of view, and some for more wide-anigtdistic perception. The Sea
Gypsies have survived using a combination of teeperience of the sea and holistic
perception. So attuned are they tonwds of the sea that when the tsunami of December
26, 2004, hit the Indian Ocean, killing hundredshafusands, they all survived. They saw that the
sea had begun to recede in a strange way, andréiging back was followed by an

unusually small wave; they saw dolphins begin tovsfor deeper water, while the
elephants startestampeding to higher ground, and they heard tredei fall silent.

The Sea Gypsies began telling each other theieanstory about "The Wave That Eats
People" saying it had come again. Long before modeience put this all together, they had
either fled the sea to the shore, seeking the bigireund, or gone into very deep waters,



where they also survived. What they were able tadanore modern people under the influence
of analytical science were not, was putthéése unusual events together and see the whole,
using an exceptionally wide-angle lens, excepti@vain by Eastern standards. Indeed,
Burmese boatmen were also at sea when these @ielrevents

were occurring, but they did not survive. A Sea §ywas asked how it was that the Burmese,
who also knew the sea, all perished.

He replied, "They were looking at squid. They weot lookingat anything. They saw
nothing, they looked at nothing. They don't knowvtto look."

Neuroplasticity and Social Rigidity

Bruce Wexler, Q psychiatrist and researcher frore Yhiversity, argues, in his bodain and
Culture,that the relative decline in neuroplasticity asage explains many social phenomena. In
childhood our brains readily shape themselvessparse to the world, developing
neuropsychological structures, which include ootyses or representations of the world. These
structures form the neuronal basis for all our pptgal habits and beliefs, all the way up to
complex ideologies. Like all plastic phenomenaséhstructures tend to get reinforced early on, if
repeated, and become self-sustaining.

As we age and plasticity declines, it becomes amirgly difficult for us to change in response to
the world, even if we want to. We find familiar g of stimulation pleasurable; we seek out like-
minded individuals to associate with, and reseahdws we tend to ignore or forget, or attempt
to discredit, information that does not match oelidds, or perception of the world, because it is
very distressing and difficult to think and pereein unfamiliar ways. Increasingly, the

aging individual acts to preserve the structurdlinj and when there is a mismatch
between his internal neurocognitive structurestaedvorld, he seeks to change the
world. In small ways he begins to micromanage hisrenment, to control it and make it
familiar. But this process, writ large, often leadsole cultural groups to try to impose
their view of the world on other cultures, and tloden become violent, especially in the
modern world, where globalization has brought défé cultures closer together,
exacerbating the problem. Wexler's point, thetha much of the cross-cultural conflict
we see is a product of the relative decrease stipity.

One could add that totalitarian regimes seem te laavintuitive awareness that it
becomes hard for people to change after a cerggnvehich is why so much effort is
made to indoctrinate the young from an early age.ifstance, North Korea, the most
thoroughgoing totalitarian regime in existencecpkachildren in school from ages two
and a half to four years; they spend almost eveing hour being immersed in a cult of
adoration for dictator Kim Jong Il and his fathiémn Il Sung. They can see their parents
only on weekends. Practically every story readhéot is about the leader. Forty percent
of the primary school textbooks are devoted whilgescribing the two Kims. This
continues all the way through school.



Hatred of the enemy is drilled in with massed pecacas well, so that

a brain circuit forms linking the perception of étbnemy" with negative emotions
automatically. A typical math quiz asks, "Threedésis from the Korean People's Army
killed thirty American soldiers.

How many American soldiers were killed by eachhafn, if they alkilled an equal number
of enemy soldiers?" Such perceptual emotional nesymnce established in an
indoctrinated people, do not lead only to merefédénces of opinion" between them and
their adversaries, but to plasticity-based anatahddferences, which are much harder to
bridge or overcome with ordinary persuasion.

Wexler's emphasis is on the relative tapering-bfflasticity as we age, but it must be said
that certain practices used by cults, or in

brainwashing, which obey the laws of neuroplastiaiemonstrate that sometimes
individual identities can be changed in adulthaaen against a person's will Human
beings can be broken down and

then develop, or at least "add on," neurocogn#ivectures, if their daily lives can be
totally controlled, and they can be conditioned by

reward and severe punishment and subjected to thassetice,

where they are forced to repeat or mentally relee@asous ideological statements. In some
cases, this process can actually lead them to&umiléheir preexisting mental structures, as
Walter Freeman hazbserved. These unpleasant outcomes would notdstybe if the
adult brain were not plastic.

A Vulnerable Brain—How the Media Reorganize It

The Internet is just one of those things that cmpierary humans can spend millions of
"practice" events at, that the average human aigand years ago had absolutely no
exposure to. Our brains are massively remodelethisyexposure- but so, too, by
reading, by television, by video games, by modkctrenics, by contemporary music,
by contemporary "tools," etc.

Michael Merzenich, 2005

We have discussed several reasons plasticity wadisomvered sooner—such as the lack
of a window into the living brain, and the more plistic versions of localizationism. But
there is another reason we did not recognize &,tbat is particularly relevant to the
culturally modified brain. Almost all neurosciensisas Merlin Donald writes, had a view
of the brain as an isolated organ, almost as thdugére contained in a box, and they
believed that "the mind exists and develops entirethe head, and that its basic



structure is a biological given." The behaviorast&l many biologists championed this
view. Among those who rejected it were developmigrggchol-

ogists, because they have generally been sengitivew outside influences might harm
brain development.

Television watching, one of the signature actigitid our culture, correlates with brain
problems. A recent study of more than twenty-sirdred toddlers shows that early
exposure to television between the ages of ondhard correlates with problems paying
attention and controlling impulses later in childdoFor every hour of TV the toddlers
watched each day, their chances of developingseatentional difficulties at age seven
increased by 10 percent. This study, as psychdldged T Nigg argues, did not perfectly
control for other possible factors influencing ttwerelation between TV watching and
later attentional problems. It might be argued treaents of children with more
attentional difficulties deal with them by pulttitfgem in front of television sets. Still, the
study's findings are extremely suggestive and,rgthe rise in television watching,
demand further investigation. Forty-three percénd.&. children two years or younger
watch television daily, and a quarter have TVdeirtbedrooms. About twenty years
after the spread of TV, teachers of young childvegan to notice that their students had
become more restless and had increasing diffi@dtyng attention. The educator Jane
Healy documented these changes in her liek

dangered Mindsspeculating they were the product of plastic

changes in the children's brains. When those @nléntered college, professors complained
of having to "dumb down" their courses

each new year, for students who were increasimggreésted in

"sound bites" and intimidated by reading of anyglkbn Meanwhile,

the problem was buried by "grade inflation" andede@ated by pushes for "computers in
every classroom," which aimed to incretfs® RAM and gigabytes in the class computers
rather than the attention spans and memories dfttidents. The Harvard psychiatrist

Edward Hallowell, an expert on attention deficgalider (ADD),

which is genetic, has linked the electronic medithe rise of attention deficit traits, which
are not genetic, in much of the population.

lan H. Robertson and Redmond O'Connell have haalipnog results using brain
exercises to treat attention deficit disorder, ditidlat can be done, we have reason to
hope that mere traits can be



treated as well.

Most people think that the dangers created by theianare a result of content. But
Marshall McLuhan, the Canadian who founded

media studies in the 1950s and predicted the letéwenty years
before it was invented, was the first to intuitttttee media change
our brains irrespective of content, and he famosalg, "The
medium is the message." McLuhan was arguing trekt egedium
reorganizes our mind and brain in its own uniqug waed that the
consequences of these reorganizations are far sigiicant than
the effects of the content or "message."

Erica Michael and Marcel Just of Carnegie Mellonvérsity did a

brain scan study to test whether the medium isaddbe messag&hey showed that
different brain areas are involved in hearing shesed reading it, andifferent
comprehension centens hearing words and reading them. As Just puThie brain
constructs the message ... differendy for readimlistening. The pragmatic implication
is that the medium is part of the message. Listetoran audio book leaves a different
set of memories than reading does. A newscast lugatite radio is processed differently
from the same words read in a newspaper.” Thisrfqhcefutes the conventional theory
of comprehension, which argues that a single cémtiae brain understands words, and
it doesn't really matter how (by what sense or mm@jlinformation enters the brain,
because it will be processed in the same way aaakpMichael and Just's experiment
shows that each medium creates a different semsmhgemantic experience—and, we
might add, develops different circuits in the brain

Each medium leads to a change in the balance ahdividual senses, increasing some
at the expense of others. According to McLuhanljterate man lived with a "natural”
balance of hearing, seeing, feeling, smelling, tasting. The written word moved pre-

literate man from a world of sound to a visual wiphby switching from speech to reading; type
and the printing press hastened that process. Newlectronic media are bringing sound back
and, in some ways, restoring the original balaBeeh new medium creates a unique form of
awareness, in which some senses are "stepped dwtlzers "stepped down." McLuhan said,
"The ratio among our senses is altered." We knomfPascual-Leone's work with blindfolded
people (stepping down sight) how quickly sensoprgeanizations can take place.



To say that a cultural medium, such as televigiadio, or the Internet, alters the balance of
senses does not prove it is harmful. Much of thenHeom television and other electronic media,
such as music videos and computer games, comedHmneffect on attention. Children and
teenagers who sit in front of fighting games argagied in massed practice and are incrementally
rewarded. Video games, like Internet porn, meethaliconditions for plastic brain map changes.
A team at the Hammersmith Hospital in London desitja typical video game in which a tank
commander shoots the enemy and dodges enemy lieexperiment showed that dopamine—
the reward neurotransmitter, also triggered by i@ drugs—is released in the brain during
these games. People who are addicted to computer

games show all the signs of other addictions; ags/when they stop,

neglect of other activities, euphoria when on thmputer, and a tendency to deny or
minimize their actual involvement.

Television, music videos, and video games, all biiclv use television techniques, unfold
at a much faster pace than real life, and

they are getting faster, which causes people teldpwan increased appetite for high-speed
transitions in those media. It is tfeem

of the television medium—cuts, edits, zooms, pand,sudden
noises—that alters the brain, by activating whatl®acalled the

"orienting response," which occurs whenever we sansuddeshange in the world around
us, especially a sudden movement. We instinctivegrrupt whatever we are doing to
turn, pay attention,

4nd get our bearings. The orientation responsevedpho doubt, because our forebears
were both predators and prey and needed to reattutgions that could be dangerous or
could provide sudden

opportunities for such things as food or sex, mpdy to novel situations. The response is
physiological; the heart rate decreases for four

to six seconds. Television triggers this respomsefar more rapid rate than we
experience it in life, which is why we can't keap eyes

off the TV screen, even in the middle of an intimednversation, and why people watch TV
a lot longer than they intend. Becawgpical music videos, action sequences, and
commercials trigger orienting responses at a ratme per second, watching them puts
us



into continuous orienting response with no recoviiy wonder people report feeling
drained from watching TV. Yet we acquire a tasteitfand find slower changes boring.
The cost is that such activities as reading, compbmversation, and listening to lectures
become more difficult.

McLuhan's insight was that the communications mbedia extend our range and
implode into us. His first law of media is that tle media are extensions of aspects of
man. Writing extends memory, when we use a papgpan to record our thoughts; the
car extends the foot, clothing the skin. Electranexdia are extensions of our nervous
systems: the telegraph, radio, and telephone extenchnge of the human ear, the
television camera extends the eye and sight, thguater extends the processing
capacities of our central nervous system. He artjusicthe process of extending our
nervous system also alters it.

The implosion of the media into us, affecting otaibs, is less obvious, but we have
seen many examples already. When Merzenich anelagples devised the cochlear
implant, a medium that translates sound wavesalgctrical impulses, the brain of an
implant patient rewired itself to read those impsls

Fast ForWordis a medium that, like radio or an interactive coiep game, conveys
language, sounds, and images and radically rewieebrain in the process. When Bach-
y-Rita attached blind

people to a camera, and they were able to persbiges, faces, and perspective, he
demonstrated that the nervous system can becomefalarger electronic system. All

electronic devices rewire the brain. People whaeash a computer are often at a loss when they
have to write by hand or dictate, because theinbrare not wired to translate thoughts into
cursive writing or speech at high speed. When caenpwrash and people have mini-nervous
breakdowns, there is more than a little truth girtiary, "I feel like I've lost my mind!" As we use
an electronic medium, our nervous system extentigand, and the medium extends inward.

Electronic media are so effective at altering tBe/aus system because they both work in similar
ways and are basically compatible and thus edslgdl. Both involve the instantaneous
transmission of electric signals to make linkaggecause our nervous system is plastic, it can
take advantage of this compatibility and merge whthelectronic media, making a single, larger
system. Indeed, it is the nature of such systemsaige whether they are biological or man-
made. The nervous system is an internal mediumpaoritating messages from one area of the
body to another, and it evolved to do, for mullieglorganisms such as ourselves, what the
electronic media do for humanity—connect dispapaites. McLuhan expressed this electronic
extension of the nervous system and the self incom

terms: "Now man is beginning to wear his brain og$is skulland his nerves outside his
skin." In a famous formulation, he said,



"Today, after more than a century of electric tedbgy, we have extended our central
nervous system itself in a global embrace, abalghioth space and time as far as our planet
is concerned.” Spa@nd time are abolished because electronic mediddiaway places
instantaneously, giving rise to what he called"tilebal village."

This extension is possible because our plasticousrgystem can integrate itsedfith an
electronic system.

Appendix 2

Plasticity and the Idea of Progress

The idea of the brain as plastic has appearedeviqus timesin flashes, then
disappeared. But even though it is only now bebtgldished as a fact of mainstream
science, these earlier appearances

left their traces and made possible a receptigityheé idea, in spite of

the enormous opposition each of the neuroplassdiaced from

fellow scientists.

As early as 1762 the Swiss philosopher Jean-Jadjesseau

(1712-1778), who faulted the mechanistic view dliraof his time, argued that nature
was alive and had a history and was changing awer, bur nervous systems are not like
machines, he said, but are alive and able to chandes bookEmile, or On
Education—the firstdetailed book on child development ever written—ph@posed that the

"organization of the brain" was affected by ourengnce, and thate needto "exercise"
our sensesand mentalabilities the way we

exercise our muscles. Rousseau maintained thatewermotionsgnd passions are, to a
great extent, learned early in childhood. He imediradically transforming human
education and culture, based on the premise thay mspects of our nature that we think are

fixed are, in fact, changeable and that this mhllgg is a defining
human trait. He wrote, "To understand a man, le@okén; and to

understand men, look to the animals.” When he coatpas with



other species, he saw what he called human "pé#ilégt—and brought the French word
perfectibiliteinto vogue—using it to describe a specifically hunpdasticity or
malleability, which distinguishes us in degree frammals. Several months after an
animal's

birth, he observed, it is for the most part whatilt be for the rest of
its life. But human beings change throughout léeduse of their "perfectibility.”

It was our "perfectibility," he argued, that allodves to develop different kinds of mental
faculties and to change the balance among ourexistental faculties and senses, but
this could also be problematic because it disrugitechatural balance of our senses.
Because our brains were so sensitive to experid¢ineg were also more vulnerable to
being shaped by it. Educational schools such abltmessori School, with its emphasis
on the education of the senses, grew out of Roussebservations. He was also the
precursor to McLuhan, who would argue centuriesr|ttat certain technologies and
media alter the ratio or balance of the senses.nWleesay that the instantaneous
electronic media, television sound bites, and # atiay from literacy have created
overly intense, "wired" people with short attentgpans, we are speaking Rousseau's
language, about a new kind of environmental prokiteah interferes with our cognition.
Rousseau was also concerned that the balance ebuesenses and our imagination
can be disturbed by the wrong kinds of experience.

In 1783 Rousseau's contemporary Charles Bonne0{1723), also a Swiss philosopher
and a naturalist familiar with Rousseau's

writings, wrote to an Italian scientist, Michelen¢enzo Malacarne (1744-1816),
proposing that neural tissue might respond to ésews do muscles. Malacarne set out
to test Bonnet's hypothesis experimentally. He foaiks of birds that came from the
same clutch of eggs and raised half of them unolécieed circumstances, stimulated by
intensive training for several years. The othef redeived no training. He did the same
experiment with two litter-mate dogs. When Malaeasacrificed the animals and
compared their brain size, he found that the arsrtedt received training had larger
brains, particularly in a part of the brain calted cerebellum, demonstrating the
influence of "enriched circumstances” and "traifiiog the development of an
individual's brain. Malacarne's work was all butgitten, until revived and mastered by
Rosenzweig and others in the twentieth century.

Perfectibilite— the Mixed Blessing

Though Rousseau, who died in 1778, could not haegvk Malacarne's results, he showed
an uncanny ability to anticipate what



perfectibilitemeant for humanity. It provided hope but was neiagss a blessing.
Because we could change, we did not always knowt wha natural in us and what was
acquired from our culture. Because we could chawgezould be overly shaped by
culture and society, to a point where we drifteal fiar from our true nature and

became alienated from ourselves.

While we may rejoice at the thought that the beamid human nature may be "improved,”
the idea of human perfectibility or plasticity stip a hornet's nest of moral problems.

Earlier thinkers, going back to Aristotle, who didt speak of a plastic brain, argued that
there was an obvious ideal or "perfect” mental tgpraent. Our mental and emotional
faculties were provided by nature, and a healthgtalelevelopment was achieved by
using those faculties and perfecting them. Roussadarstood that

if human mental and emotional life and the brammalleable, we can no longer be so
certain what a normal or perfect mental developmentld look like; there could be many
different kinds of development. Perfectibility mé#mat we could no longer be so certain

about what it meant to perfect ourselves. Realiiimgymoral problem, Rousseau used
the term "perfectibility” in an ironic sense.

From Perfectibility to the Idea of Progress

Any change in how we understand the brain ultinyaaéfiectshow we understand human
nature. After Rousseau the idea of perfectibilitycgly got tied to the idea of "progress.”
Condorce(1743-1794), the French philosopher and matheraatieiho was a major participant
in the French Revolution, argued that human histeag the story of progress and linked it to our
perfectibility. He wrote, "Nature has set no teonhe perfection of human faculties; ... the
perfectibility of man is truly indefinite, and.hé progress of this perfectibility... has no other
limit than the duration of the globe upon whichurathas cast us." Human nature was
continually improvable, in intellectual and moratrhs, and humans should not give themselves
fixed limits to their possible perfection. (Thiew was somewhat less ambitious than seeking
ultimate perfection, but still naively Utopian.)

The twin ideas of progress and perfectibility camé&merica through the thought of Thomas
Jefferson, who appears to have been introducedndd@cet by Benjamin Franklin. Among the
American founders, Jefferson was most open todéa and wrote, "I am among those who think
well of the human character generally... | belials®, with Condorcet... that his mind is
perfectible to a degree of which we cannot asgehfany conception.” Not all the founders
agreed with Jefferson, but Alexis de Tocquevilisiting America from France in 1830,
remarked that Americans, in contrast to otheransekto believe in the "indefinite perfectibility
of man." It



is the idea of scientific and political progress-ddis constant ally, the idea of individual
perfectibility—that may well make Americans so negted in self-improvement, self-
transformation, and self-help books, as well asoiving problems and in having a can-
do attitude.

As hopeful as this all sounds, the idea of humafeptbility in theory has also had a
dark side in practice. When Utopian revolutionaireBrance and Russia, smitten with
the idea of progress and embracing a naive belitfa plasticity of human beings,
looked around them and saw an imperfect society, thnded to blame individuals for
"standing in the way of progress." A Reign of Temad the Gulag followed. We must
be careful clinically too, as we speak of brairsgitaty, not to fall into blaming those
who, despite this new science, cannot benefit angh. Clearly neuroplasticity teaches
that the brain is more malleable than some havegthp but to move from calling it
malleable to calling it perfectible raises expeaotad to a dangerous level. The plastic
paradox teaches that neuroplasticity can alsogmorssible for many rigid behaviors, and
even some pathologies, along with all the potefigaibility that is within us. As the
idea of plasticity becomes the focus of human &tiann our time, we would be wise to
remember that it is a phenomenon that producestefiee think of as both bad and
good—rigidity and flexibility, vulnerability, andraunexpected resourcefulness.

The economist and scholar Thomas Sowell has oldewhile the use of the word
'perfectibility has faded away over the centuries,concept has survived, largely intact,
to the present time. The notion that 'the humands highly plastic material’ is still
central among many contemporary thinkers..." Sdsvaétailed studp Conflict of
Visionsshows that many major Western political philosoplem be classified, and
better understood, by taking into account the exttevhich they reject or accept this
human plasticity and have a more or less consudlare of human nature. While it has
often been the case that more "conservative" ghtilieaning” thinkers sudiis Adam
Smith or Edmund Burke seemed to champion the cainstt

view of human nature, while "liberal” or "left-le@ag" thinkers such as Condorcet or
William Godwin have tended to believe that it isdeonstrained, there are times or
issues about which conservatives

appear to have the more plastic view and liberssnore constrained view, For instance, in
recent times, a number of conservatteenmentators have argued that sexual orientation is
a matter of

choice and have spoken as though it might be clobingeffort or

experience—i.e., that it is a plastic phenomenon-erehs, by and large, liberal
commentators have tended to argue that it is "lnardd" and "all in the genes." But not all
thinkers offer a strictly constrained or unconsteal vision of human nature, and there
are



those who have had a mixed view of human changgalpérfectibility, and progress.

What we have learned by looking closely at neursifity and the plastic paradox is that
human neuroplasticity contributes to both the aans¢d and the unconstrained aspects
of our nature. Thus, while it is true that the digtof Western political thought turns in
large part upon the attitudes that various agestanklers have held toward the question
of human plasticity broadly understood, the elutiadaof human neuroplasticity in our
time, if carefully thought through, shows that piisy is far too subtle a phenomenon to
unambiguously support a more constrained or uncained view of human nature,
because in fact it contributes to both human rigidnd flexibility, depending upon how
it is cultivated.
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