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PREFACE

As the population of over 76 million Baby Boomers ap-
proaches middle age and beyond, the issue of preserving
mental powers throughout greatly increased life spans has
reached an amost fever pitch. There is a growing interest
in—and optimism about—preserving and enhancing the
brain's capabilities into senior years. With the help of power-
ful new tools of molecular biology and brain imaging, neuro-
scientists around the world have literaly been looking into
the mind as it thinks. Almost daily, they are discovering that
many of the negative myths about the aging brain are, in-
deed, only myths: "Older and wiser" is not just a hopeful
cliche but can be the redity. In much the same way that you
can maintain your physical well-being, you can take charge of
your mental health and fitness.

Although new and therefore not yet proved by a large
body of tests, Neurobics is based on solid scientific ground; it
is an exciting synthesis of substantial findings about the brain
that provides a concrete strategy for keeping the brain fitand
flexible as you grow older.
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From Theory to Practice

Jane reached into her pocketbook and fished inside for the

keys to her apartment. Usually they were in the out-

side flap pocket but not today. "Did | forget zhem?!

NO. .. pere they are.” Shefelt their shapes tofigure

out which one would open the top lock. It took her

two tries until she heard the welcome click of the -
lock opening. Inside the door she reached to =
the left for the light switch... but why

bother? Her husband would do that &ANA"
later. Touching the wall lightly with her

fingertips, she moved to the closet on the right,
found it, and hung up her coat. She turned slowly and visualized
in her mind the location of the table holding her telephone and an-
swering machine. Carefully she headed in that direction, guided
by thefeel ofthe leather armchair and the scent ofa vase ofbirth-
day roses, anxious to avoid the sharp edge ofthe coffee table and
hoping to have some messages from her family waiting.
The table. The answering machine. She reached out and
brushed her fingers across what she believed to be the play button.
“Wwhat'f I push the delete sutton?” she thought, and again checked
to make sure she was right. Yesterdayit was o easy. She could have
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done all this simply by looking around. Today was different. She
could see nothing.

But Jane had not suddenly gone blind. At age 50, she was
introducing alifestyle strategy caled Neurobics into her daily
activities. Based on recent discoveries in brain science, Neu-
robics is a new form of brain exercise designed to help keep
the brain agile and healthy. By breaking her usual homecom-
ing routine, Jane had placed her brains attentional Circuits in
high gear. With her eyes closed, she had to rely on her senses
of touch, smell, hearing, and spatial memory to do something
they rarely did—navigate through her apartment. And she
was involving her emotional sense by feeling the stresses of
not being able to see. All these actions created new and dif-

ferent patterns of neuron activity in her brain—which is how
Neurobics works,

This book will explain the principles behind Neurobics
and how the exercises enhance the overdl hedth of your
brain as you grow older.




-
NEUROBICS:

The New Science of
Bran Exercise

\ “X X That was the name of that actor who was in all the early
r V V' Woody Alienfi/ms? You know... curly brown hair... &”

The first time you forget the name of a person you should

o know, a movie title, or an important meeting, you'e likely to

‘ exclaim—only half-jokingly—“I'm losing it! My brain is

| ‘ turning to Jell-O.” Reinforced by messages and images in the

| mass media, you equate mild forgetfulness with the first
| stages of accelerating mental decline.

“...Hewasjust in a Broadway show with, um, what’s-her-name.
Oh, God, you know who | mean.”

And maybe they do remember it's Tony Roberts. But if they
don't, you become frustrated and preoccupied trying to recall
this buried name. Usually beginning in your forties or fifties—
sometimes even in your thirties—you start to notice these
small lapses: not remembering where you put the car keys or

1
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what was on the grocery list you | eft at home.. .or being unable
to understand the instructions for a new VCR or com-
puter. . .or forgetting where the car is parked because you left
the mall through a different door.

Even though these smal lapses don't actudly interfere
much with daily life, the anxiety they provoke can. Y ou worry
that you'll become just like your Aunt Harriet, who can re-
member details of events from the Depression but not what she
did yesterday. Firsthand experiences with people who have dif-
ficulty with perception and memory as they age can make you
anxious when you suddenly forget something ordinary. No
wonder you jump to the conclusion that aging is an inevitable
dide into forgetfulness, confusion, or even the first stages of
Alzheimer’s disease.

The good news, however, is that mild forgetfulness is not
a disease like Alzheimer's and action can be taken to combat
it. Recent brain research points to new approaches that can
be incorporated into everyday activities to develop and main-
tain brain connections. By adopting these strategies, you may
actually enhance your brain's ability to deal with declines in
mental agility.

There are numerous myths about the aging brain that
neuroscientists are disproving daily. With the help of exciting

NEUROBICS

new technologies, the traditional view of the way the brain
ages is being rapidly revised. Evidence clearly shows that the
brain doesn't have to go into a steep decline as we get older.
In fact, in 1998, a team of American and Swedish scientists
demonstrated for the first time that new brain cells are gener-
ated in adult Aumans.!

Also contrary to popular belief, the mental decline most
people experience is not due to the steady death of nerve cells.?
Instead, it usually results from the thinning out of the number
and complexity ofdendrites, the branches on nerve cdls that di-
rectly receive and process information from other
nerve cdls that forms the basis of memory. Den- *
drites receive information across connections caled
synapses. If connections aren't regularly y
switched on, the dendrites can atro- % A Nerve cells
phy. This redtuc&s the brains ability EN need to keep
to put new informationinto memory 7=~ e 0_?_";?':':“
aswel astorerieve old information. A hedlthy.

Growing dendrites was long thought to be possible only
in the brains of children. But more recent work has shown
that old neurons can grow dendrites to compensate for /osses.?

Other experiments show that neural circuits in adult
brains have the capacity to undergo dramatic changes—an
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ability scientists thought was lost after childhood. The aging
brain, however, continues to have a remarkable ability to grow,
adapt, and change patterns of connections.*

Discoveries like these are the basis of a new theory of
brain exercise. Just as cross training helps you maintain over-
al physical fitness, Neurobics can help you take charge of
your overal mental fitness.

Neurobics aims to help you maintain a continuing level of
mental fitness, strength, and flexibility as you age.

The exercise program cdls for presenting the brain with
nonroutine or unexpected experiences using various combina-
tions of your physical senses—vision, smell, touch, taste, and
hearing—as Well as your emotional "sense” It stimulates pat-
terns of neural activity that create more connections between
different brain areas and causes nerve cdls to produce natural
brain nutrients, called neurotrophins, that can dramaticaly in-
crease the size and complexity of nerve cell dendrites.®> Neu-
rotrophins dso make surrounding cdls stronger and more
resistant to the effects of aging.

Neurobics is very different from other types of brain exer-
cise, which usually involve logic puzzles, memory exercises,
and solitary practice sessions that resemble tests. Instead,

NEUROBICS

Neurobic exercises use the five senses in novel ways to en-
hance the brain's natural drive to form associations between
different types of information. Associations (putting a name
together with a face, or a smell with a food, for example) are
the building blocks of memory and the basis of how we learn.
Deliberately creating new associative patternsis a central part
of the Neurobic program.

Putting together the neuroscience findings (pages 6-7)
with what scientists aready know about our senses led di-
rectly to our concept of using the associative power of the five
senses to harness the brain's ability to create its own natural
nutrients. In short, with Neurobics you can grow your own
brain food—without drugs or diet.

The word Neurobics is a deliberate alusion to physical exer-
cise Just as the ideal forms of physical exercise emphasize using
many different muscle groups to enhance coordination and flexi-
— bility, the ideal brain exercises involve
activating many different brain areas
in novel ways to increase the range
of mental motion. For example, an

exercise like swimming makes the
body more fit overal and capable
of taking on any exercise. Similarly,
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NEUROBICS

THE SCIENTIHC BASS
FORNEUROBICS

Neurobics rests on much more than a sngle breakthrough
finding. It is a synthess of important new information
about the organization of the brain, how it acquires and
maintains memories, and how certain brain activities pro-
duce natural brain nutrients. These findings include:

1. The cerebral cortex, the seat of higher learning in the
brain, conggs of an unexpectedly large number of dif-
ferent areas, each specidized to receive, interpret, and
gore information from the senses What you experience

through the senses doesn’t dl end up in one place in the :

bran.

2. Connecting the aress of the cerebral cortex arehundreds

of different neural pathways, which can store memories
in dmost limitless combinations. Because the system is

- 0 complex and the number of possble combinations of

braint pathways so vast, we employ only a small fraction
of the possble combinations.

3. Thebrainisrichly endowed with specific molecules—the
neurotrophins—which are produced and secreted by
nerve cdlsto act as akind of brain nutrient that actualy
promotes the hedlth of these nerve cells as well as the
heglth oftheir neighbors and the Synapses between them.*

4. The amount ofneurotrophins produced by nerve cells—
and how wel nerve cdls respond to neumtmphms
made by other nerve cells—is regulated by how active
those nerve odls are. In other words, the more active
brain cdls are, the. more grawth—sumulatmg maleczﬁes
they produce and the better they respené ¢ '

5. Specific kinds of sensory stimulation, cspeciaﬁy nontou-
tine experiences that produce nove activity patterns in I
nerve cell circlits, can produce greater quanums ef
these growth-stimulating molecules.? :

®
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Neurobics makes the brain more agile and flexible overal so it
can take on any mental challenge, whether it be memory, task
performance, or creativity. That's because Neurobics uses an
approach based on how the brain works, not smply on how to

work the brain.

i )
HOW THE

BRAIN WORKS

The brain receives, organizes, and distributes information to
guide our actions and also stores important information
for future use. The problems we associate with getting older—
forgetfulness, not feeling "sharp," or having difficulty learning
new things—involve the cerebral cortex and the hippocampus.

Motor Cortex muscle control and coordination

Somatosensory Cortex
touch
Premotor Cortex
muscle coordination
Visual
Association ——{/
Areas [ — L
/ —_———
% _ Prefrontal Cortex
Visual Cortex ( ( S social behavior,
vision / abstract reasoning,
( " m\ higher cognitive
. \ | functions
Auditory Cortex W\
hearing —
THE CORTEX
///7 the seat of higher brain function




KEEP YOUR BRAIN ALIVE

THE LIMBIC SYSTEM

brain areas involved in processing emotions Corpus Callosum
bridge of nerve tissue
connecting the left and

right hemispheres

Cerebral Cortex
involved in sensory
processing, abstract
reasoning, and
storing and
retrieving memories

Thalamus

sensory messages to
the brain are sorted
in the thalmus and
routed to the proper
receiving centers in
the cortex

Hippocampus
critical in forming and
retrieving memory and

seat of Olfactory Bulbs
emotions information from the olfactory
bulbs connects directly to the
cortex, the amygdala
(emotional center), and the
// hippocampus (memory). This
may account for the strong
memories and emotions that
can be evoked by smells

Cerebellum
handles physical
coordination

The cortex is the part of the brain that is responsible for our
unique human abilities of memory, language, and abstract
thought. The hippocampus coordinates incoming sensory in-
formation from the cortex and organizes it into memories. The
wiring of the cortex and hippocampus is designed to form links
(or associations) between different sensory representations of
the same object, event, or behavior.

HOW THE BRAIN WORKS

THE CEREBRAL CORTEX AND HIPPOCAMPUS

Most pictures of the brain usually show the deeply grooved
and folded cerebral cortex: a thin sheet of cels (no thicker
than twenty pages of this book) wrapped around the other
"core’ parts of the brain like arind on a grapefruit. Although
thin, the cortex is very large (spread out it would cover the
front page of a newspaper) and contains an astounding num-
ber of nerve cells—about one hundred million in every square
inch. And while the cortex may look like a uniform shest, it
actually consists of dozens, perhaps hundreds, of smaler, spe-
cidized regions (some as small as afingernail, others as large
as a credit card). Each of the senses has its own dedicated
portions of cortical real estate—for example, there are at least
thirty speciaized areasjust for vision.

Processing information as it comes in from the senses in-
volves a network of many smaller regions. In addition, other re-
gions of the cortex specidize in integrating information from
two or more different senses (so, for example, when you hear a
sound you know where to 100k).

These hundreds of regions are linked together by the
brains equivaent of wires: thin threads caled axons (each only
one hundredth the thickness of a human hair) that extend
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There are 30 spe-
cialized areas in
the visual cortex
alone; each area
links up (commu-
nicates) with its
neighbors (shown
here in simplified
form). A realistic
diagram would
show over 200

from nerve cdls and
conduct electrical im-
pulses from one part of
the brain to another.
Every cortica region
sends and receives mil-
lions of impulses via
these axons to and from
dozens of other cortica
regions. The brain con-
tains literally hundreds
of miles of such wires.

Thus, the cortex resem- Lz |
bles an intricate web, VISUAL AREAS OF THE CORTEX | :
with each region linked directly or indirectly \
to many other regions. Some of these connections are between
areas that process similar information, such as the thirty in-
volving vision, while other connections are between dissimilar
areas, such as touch and smell. The network of pathways be-
tween cortical regions that do many different things is what
alows the cortex to be so adept at forming associations.

Like the cortex, the hippocampus plays an important role

in forming associations. The senses continually flood the brain

2
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with information, some of it vital but much of it unimportant.
You don't need to remember the face of everyone you pass on
the street, but you do want to recognize someone you just met
at your bosss party! To prevent the information overload that
would accompany having to remember too much, the hip-
pocampus sifts through the barrage of incoming information
from the cortex and picks out what to store or discard. In other

words, the hippocampus acts like a central clearinghouse, de-
ciding what will be placed into long-term memory, and then,
when called upon, retrieving it. The hippocampus’s decision to

store a memory is believed to hinge on two factors. whether

the information has emotional significance, or whether it re-

lates to something we aready know.

The hippocampus is aso vital for making mental maps,
allowing us to remember things like where our car is parked
or how to get from home to work. Animals in which the hip-
pocampus has been removed cannot learn or remember
simple mazes.

Most problems that cause mental deficiencies involve the
cerebral cortex or the hippocampus. So keeping mentally fit re-
ally means exercising these parts of our brain so they function
at their best. And what they do best is to form associations be-
tween different kinds of information they receive.

13
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ASSOCIATIONS: How WE LEARN

Associations are representations of events, people, and places
that form when the brain decides to link different kinds of in-
formation, especidly if the link is likely to be useful in the fu-
ture. The raw material for associations originates primarily
from the five senses but dso can be emotional or socia cues.
The brain takes severd different things into account in decid-
ing whether to forge these mental connections. For example, if
something provides inputs to two or more senses close to-
gether in time, like the sight, smell, and taste of a cheese-
burger, the brain will amost automatically link the sensations.
In essence, thisis our basic learning process.

The classic example of associative linking, often taught in
introductory psychology courses, is Dr. lvan Pavlov's experi-
ments with dogs. Dogs normally sdivate at the sight of food.
Every day when Pavlov fed the dogs, he rang a bell. After a
few days, just ringing a bell made the dogs sdivate, even if no
food was presented.

These dogs made an association—a connection within
their brains—that a certain sensory stimulus (the bell) meant
food. Consequently, the sound of the bell done made the
brain instruct the sdivary glands to get ready for food. Hu-

14
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mans and animals can form similar links between almost any
kind of sensory inputs.

Obvioudy, humans are capable of much more sophisticated
and abstract learning that isn't as closely tied to external stimuli
(like bells) or externd rewards (like food). Teke learning alan-
guage, for example. An infant learns language by associating a
particular set of sounds with a certain behavior, person, or ob-
ject. (An explicit reward may or may not be present.)

Once such associations are formed, they reside in the
brain as a long-term memory, which can be accessed just by
experiencing the original stimulus. It's rather astounding
when you think about it: A certain kind of sensory experience
can permanently change the wiring in part of your brain!

Most of what we learn and remember relies on the ability
of the brain to form and retrieve associations in much the
same way as Pavlov's dogs learned that a bell meant food. For
example, you pick up arose, and its smell activates the olfactory
(smelling) parts of the cortex, its image activates the visual
areas, and the soft petals or sharp thorns activate thefeeling
sections. All these different sensations cause nerve cdls in
very different areas of the cortex to be activated at the same
time in a particular pattern, strengthening some of the link-
ages between these areas.

15
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Once that happens, anything that activatesjust part of the
network will activate dl the areas of the brain that have repre-
sentations of rose events. Someone hands you arose, and asyou
hold it, you may remember your first wedding anniversary
when you received a dozen roses, which reminds you of your
first apartment in that awful building with the broken eevator.
Or the smell of roses reminds you of Aunt Harriet's rose garden
in late summer where you had picnics with your cousin Arnie
who is now living in Californiaand whom you keep meaning to
call—all sorts of memories result from a single stimulus.

K you just see a rose, you activate only a small number of neural
pathways (bold arrows, left segment) within the visual cortex.

g .
IMHWHMW WWMMWWWTW

\‘I : lj{l \

I !i i 1II‘H

But if you smell, touch, and see a rose, a much larger number of direct and indirect
pathways between the olfactory, visual, and tactile areas are activated (above, right
segment). These associative linkages between senses help in memory recall.

16
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MEMORY

Existing programs for brain exercise have ignored this power-
ful associative route to forming and retrieving memories.
Neurobics seeks to access it by providing the cortex with the
raw material that will create new and potent associations.

Because each memory is represented in many different cor-
tica areas, the stronger and richer the network of associations
or representations you have built into your brain, the more your
brain is protected from the loss of any one representation.!

Take the common problem of remembering names.
When you meet a new person, your brain links a name to a
few sensory inputs, such as his appearance (visual). When the
brain is younger, these few associations are strong enough so
that the next time you see this person, you recall his name.
But the more you age, the more people you've met, leaving
fewer unique visual characteristics available to represent each
new person, so the associative links between visual character-
igtics and names are more tenuous. Now, imagine closing
your eyes in the course of meeting someone. Sensory inputs,
other than vision, become much more important as the basis
for forming associations necessary for recalling a name: the
feel of his hand, his smell, the quality of his voice.

17
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Ordinary First Meeting Neurobic First Meeting

Y A —
Name Recall: If you use only sight when you meet someone, you're less likely to remem-
ber uis Name. If, on the other hand, you use all your senses, you'll have many more as

soclations—“thinning air, middie-aged, glasses, hand feels like a damp, limp rag,
clothes smell like a smokehouse, voice sounds like a bullfrog”—to recal| his name.

Y ou have now tagged someone's name with not just one or

two associations, but at least four. If access to one associative
pathway is partly blocked ("Gosh, he looks familiar), you can
tap into associations based on other senses and do an end run

around the obstruction. Adopting the strategies of forming
multisensory @ssociations when the brain is till a or near its
Peak performance—in the forties and fifties—buildsa pylwark
against some of the inevitable loss of processing power later in
life. If your network of associations is very large, it's like hav-
ing avery tightly woven net, and the loss of afew threads isn't
going to let much fal through.

18
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These multisensory representations for tasks like remem-
bering names were aways available to you, but early on, your
brain established an effective routine for meeting people that
relied primarily on visual cues. An important part of the Neu-
robic strategy is to help you "see" in other ways—to use other
senses to increase the number and range of associations you
make. The larger your "safety net,” the better your chances of
solving a problem or meeting a challenge because you simply
have more pathways available to reach a conclusion.

More often than not, adults don't exploit the brain's rich po-
tential for multisensory associations. Think of a baby encoun-
tering arattle. Shell look at it closdy, pick it up, and run her
fingers around it, shake it, listen to whether it makes a sound,
and then most likely stick it in her mouth to taste and feel it
with her tongue and lips. The child's rapidly growing brain uses
al of her senses to develop the network of associations that will
become her memory of arattle.

Now think of yourself finding a rattle on the floor.
Most likdy, you'll just look at it and instantly catalog it:
"It's arattle.” The point is that a child is constantly tapping
into the brain's ability to strengthen and increase connections
between its many regions—for smelling, touching, hearing,
tasting, and seeing—to produce an ever-growing tapestry

19
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of associations...and neural activity.
Adults miss out on this multisen-
sory experience of new associations
and sensory involvement because we
tend to rely heavily on only one or two
senses. As we grow older, we find that
life is easier and less stressful when
it's predictable. So we tend to avoid
new experiences and develop routines  Simultaneous sensory
around what we aready know and feel [T‘f;;f;e::fftﬁalnet‘rj;zls
comfortable with. By doing this, we  information for future
reduce opportunities for making new ~ 8cCess.
associations to alevel that is less than dedl for brain fitness.

ROUTINES CAN BE BRAIN-DEADENING

You may be reading this and thinking, "I lead a fairly active
life and my brain seems pretty stimulated. Sure, | have my
routines, but it's not like | don’t see new movies, listen to new
songs on the radio, watch TV, or meet new people.”
Thetruth, however, is that most of us go through our adult
lives engaged in a series of remarkably fixed routines. Think
about your average week. . .or day-to-day life. Redly, how dif-

—_
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ferent are your commutes, your breakfasts, lunches, and din-
ners, week in and week out? And what about things like shop-
ping and laundry? It's startling to realize just how predictable
and free from surprises our everyday lives redly are and, as a
conseguence, how little we tap into our brain's ability to make
new associations.

Now, routines are not necessarily bad. People created rou-
tines because until recent times, the world was unpredictable,
and finding food and shelter was filled with risk and
danger. Once reliable sources of food, water, and shelter were
discovered, it made sense to continue in the same patterns
that alowed them to be obtained with a minimum of risk.
Discovering and practicing successful routines in an
unpredictable world ensured survival.

But in our late-twentieth-century, middle-class American
lives, such unpredictability is largely gone. Food is readily
available at the loca supermarket; water flows from the tap;
weather-resistant, heated and cooled houses shrug off the cli-
mate. Modern medicines ward off most common diseases.
We even count on the fact that our favorite TV shows air
each week at the same time.?

What consequences does this predictability have on the
brain? Because routine behaviors are amost subconscious,

pal
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they are carried out using @ minimum of brain energy—and
provide little brain exercise. The power of the cortex to form
new associations is vastly underutilized.

If you drive or walk to work via the same route every day,
you use the same brain pathways. The neural links between
brain areas required to perform that trip become strong. But
other links to areas that were initially activated when the
route was novel—such as a new smell, sight, or sound when
you rounded a certain corner—get weaker as the trip be-
comes routine. So you become very efficient at getting from
point A to point B, but at a cost to the brain. You lose out on
opportunities for novelty and the kind of diverse, multisen-
sory associations that give the brain a good workout.

THE BRAIN HUNGERS FOR NOVELTY

The human brain is evolutionarily primed to seek out and re-
spond to what is unexpected or novel—new information com-
ing in from the outside world that is different from what it
expects. It'swhat turns the brain on. In response to novelty, cor-
tical activity is increased in more and varied brain areas.’ This
strengthens synaptic connections, links different areas together
in new patterns, and pumps up production of neurotrophins.

2
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First Exposure Routine Novel

PET scans of three vertical slices of the brain show that significantly more path-
ways are activated (shown in eress-hatching) when the brain processes a Novel
task than when it performs a Routine one. During the routine task (middle column)
there is no increased activity in the anterior cortex, cerebellum, or frontal cortex.

But ifit is simply more activity in the brain that leads to in-
creased neurotrophin production, then listening to more music
(even noise), or watching more TV, or getting a massage—all of
which stimulate the sense organs—would lead to better brain
health. Such passive stimulation of the senses, however, doesn't
work as a brain exercise and neither does repeatedly doing the
same routine activities. Neurobicsis neither passive nor routine.
It uses the senses in novel ways to break out of everyday routines.

23
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OUR UNDERUSED SENSES

Our five senses are the portals, or gateways, through which
the brain gets its entire contact with the outside world. We
rely primarily on our senses of vision and hearing because
they quickly tell us a lot about our environment. Our other
senses—smell, taste, and touch—are less frequently and obvi-
ously caled upon. To understand this better, close your eyes
and try walking through a room. Instantly, the world around
you changes radically. Sounds, smells, and spatia memories
of your physical surroundings leap into consciousness. With
vision gone, your sense of touch suddenly becomes para-
mount. Navigating even afamiliar environment is areal chal-
lenge, and your brain goes into high aert.

The brain has a huge network of pathways based on visual
information. That's why so many everyday experiences are
geared to visual appeal. In magazine, television, and billboard
ads, businesses use visua associat