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Mirror Image
(This page) Studies of identical 
twins have shown that mental 
abilities are largely hereditary. 
(Previous pages) Zigzag disks 
appear to move, thanks to 
afterimages of complementary 
colors in our peripheral vision.
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1did you know...
Different parts 
of the brain are 
responsible for 
counting (“how 
many”) and vol-
ume (“how much”).



2did you know...
People with 
Fregoli delusion 
believe strang-
ers are friends  
in disguise.



3did you know...
Some sensory 
memories last  
just a fraction 
of a second.



4did you know...
About one in 
four people is 
a “supertaster,” 
much more sensi-
tive than others to 
unpleasant tastes.



Mind Reader
A college student is wired for an 
encephalograph. Encephalographs 
have shown that the brain initiates 
action before the conscious mind 
is aware of it.
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your brain
your mindand

INTRODUCTION

The brain should need no introduction. After all, the brain is what makes you you. But it’s a paradox 

that the organ that lets you understand the world understands so little about itself. Now, thanks to 

stunning research building upon decades—no, centuries—of investigation, science is peeling away 

the layers of mystery to reveal how three pounds of flesh create an entire universe inside your head.

In this corrugated mass, a staggeringly complex symphony of electrochemical reactions plays 

out every second of every day. Much of it does so without a conscious conductor. The brain makes 

the lungs expand with the inrush of air and the heart pump blood. It houses memories, processes 

sounds and sights, smells and tastes, and feelings ranging from the subtle to the sublime. 

Beyond the work the brain does automatically comes something far different. Out of the human 

brain arises consciousness and the mind—the unique ability of Homo sapiens, “wise man,” to be 

aware of being aware. 





experiment
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Step 1.
Place your index finger on the image of the button. 

Step 2.
Count backward from five to zero. 
When you start to say the word zero, press the button.

Step 3.
Make your best guess: At what moment did your mind begin to tell 
your finger to move?

Now turn the page.

Who’s in control?

Seeing is
believing





Quick Thinking
A fastball heads toward the plate. 
Do you swing? Part of your brain 
makes the decision, and another 
part explains it—and takes credit.



?
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Inside your brain, electrical activity associated with movement began 

increasing nearly a full second before your finger jerked at the word zero. 

Two German researchers, Hans Helmut Kornhuber and Lüder Deecke, dem

onstrated this gap in a series of experiments in the 1960s. They attached 

electroencephalographs to the scalps of test subjects to measure brain 

activity as the subjects executed simple finger movements. The research

ers compared the results with recordings of muscle movement detectors 

called electromyographs. They found a precursor spike in the brain 1.5 sec

onds before movement. They dubbed it the readiness potential. 

Kornhuber and Deecke also found a second, smaller spark of electri

cal activity at 0.05 second before finger movement. Unlike the broader 

readiness potential, it pinged through the specific motor region controlling 

the fingers. The two recordings together suggest a generalized activation 

focusing itself into a specific action.

In the 1980s, another scientist, Benjamin Libet, conducted a similar exper

iment, but he added a new element: Volunteers moved a finger at will but 

used a clock to pinpoint the moment of conscious awareness of “wanting” 

to move. That moment occurred 300 milliseconds after the moment of 

readiness potential, but before sensors detected finger movement.

Conclusion: It is possible that a part of your brain “wills” an action 

before you are consciously aware of your will to direct it. 

what 
happened

did you know...
The brain’s right temporal 
lobe becomes active when 
we have “aha!” insights.



Multitasking
Using electrochemical reactions, 
the brain can process a multitude 
of sensations at different levels  
of consciousness. 
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6did you know...
A fifth of your 
blood is devoted 
to supplying 
your brain.

the human brain and its con

sciousness contain many 

mysteries. In recent centuries, 

scientists have used an increas

ingly sophisticated variety of tools 

to find out what happens where—

though much is left to learn.

A quick tour begins with the 

brain’s protective structures. The 

crown of the skull is a collection of 

22 bones that house the brain and 

protect it from harm. Inside, three 

membranes provide more layers 

of protection: the dura mater, 

the arachnoid, and the pia mater. 

Flowing between the arachnoid 

and pia membranes is the brain’s 

cerebrospinal fluid. Fluidfilled 

ventricles curve deep into the 

brain and connect to the spinal 

cord’s central canal. Cerebrospinal 

fluid cushions the brain and pro

vides nourishment for tissues.

Parts of the brain By evolution

ary reckoning, the oldest portion of 

the brain is its stem, which begins 

as an extension of the spinal cord. 

The brain stem controls basic 

physical actions necessary for sur

vival, such as heartbeat and respi

ration. It is home to many sensory 

and motor nerves, the latter named 

for their function of controlling 

movement in muscle tissue. 

Motor neurons also densely 

populate a second part of the 

brain, the cerebellum, at the back 

and bottom of the skull. The 

cerebellum coordinates precise, 

voluntary movements, such as 

tying a shoe or playing a violin, 

and also plays a role in emotion. 

A third component, known as the 

diencephalon, lies in the brain’s 

center. Among other things, it 

controls the body’s rhythms of 

sleeping and wakefulness, regu

lates involuntary actions of the 

nervous system such as digestion, 

and relays sensory stimuli to other 

brain regions.

INTRODUCTION

The brain



A Look Inside
A magnetic resonance 
imaging (MRI) scan  
reveals the side view  
of a man’s brain and  
its blood vessels. 



7did you know...
If you could spread out 
and flatten the cerebral 
cortex, it would be the 
size of a small tablecloth.

The brain
The cerebrum The fourth 

region, the cerebrum, is what 

most people think of when they 

envision the brain. It lies in two 

hemispheres, left and right, con

nected by a band of tissue called 

the corpus callosum. Although 

they look alike, the two halves 

perform and control very differ

ent functions. The left hemisphere 

has long been considered the 

dominant half because of its role 

in processing language, but the 

right hemisphere is gaining new 

attention for its role in emotions 

and spatial cognition, as well as 

the integrative function that helps 

bring bits of information together. 

The cerebral cortex The cere

bral cortex is the outermost brain 

layer, folded and wrinkled and 

resembling a squishy pink wal

nut. The cortex is home to the 

higher functions—reason, creative 

thinking, and language—that sep

arate the human brain from those 

of other animals. The amount of 

neurological firepower necessary 

for such exploits is considerable: 

Of human brain mass, 76 per

cent lies in the cerebral cortex, a 

greater percentage than that of 

any other animal, and within the 

cortex lies about 75 percent of all 

neural connections.

The cerebral cortex processes 

information so that you may 

comprehend enough about the 

world to survive. Evolution and 

experience have molded the 

cortex’s neural connections to 

favor sensory and cognitive func

tions that have proved successful 

over eons of human life. Any

thing that challenges your brain’s 

timetested circuitry, such as the 

experiments in this book, opens 

a window onto hidden depths of 

selfknowledge. �
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Many Variables
The brain weaves both cognitive 
and memory components into the 
complex web of learning. 
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The brain constantly rewires itself to become an organ that is physically different from what it was in 

the preceding moment. Never resting, it churns through new experiences daily, incorporating some 

into its network of stored information and discarding others. The creation of memories creates per

sonal and social identity. When disease and disorder rob the brain of memory and language, they 

take away what makes each person unique.

Learning and memory work together. Some learning is transformed into lasting memories; other 

experiences prove ephemeral. Eric R. Kandel, who received a Nobel Prize for research on the molecular 

foundations of memory, draws this distinction: “Learning is how you acquire new information about the 

world, and memory is how you store that information over time.” Learning includes not just cognitive 

components, such as solving quadratic equations, but also motor components, such as tying a necktie 

in a perfect Windsor knot, and affective components, such as feeling shame at a social faux pas. 

CHAPTER 

ONEthe 
learning
brain



experiment
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How we read

Letter
perfect

Do This:
Read the words on the facing page.

Then turn the page.



Aoccdrnig to a rscheearch  
sudty at Cmabrigde  
Uinervtisy, it deosn’t mttaer  
in waht oredr the ltteers  
in a wrod are; the olny  
iprmoetnt tihng is taht the 
frist and lsat ltteer be in  
the rghit pclae. The rset can 
be a toatl mses, and you 
can sitll raed it wouthit a 
porbelm. Tihs is bcuseae the 
huamn mnid deos not raed 
ervey lteter by istlef, but the 
wrod as a wlohe.



Word Contours 
Your brain learns to read by learn-
ing letters and groups of letters 
and then linking them to create 
meaning. Experienced readers 
also use context and clues such as 
shape and letter order to identify 
words (left). 

shape

shape
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?The text you just read is a hoax. A compelling, scalpscratching hoax, but 

a hoax just the same. This scrambled paragraph circulated on the Inter

net in 2003. When it came to the attention of researchers at Cambridge 

University, they denounced the fraud. Then they explained how, although 

it contains a grain of truth, it also flies against linguistic research.

First, the truth: Shape is one variable, out of many, that the brain uses to 

decode printed words. James Cattell, the founder of psycholinguistics, pro

posed the word–shape model of reading in 1886. He flashed words and let

ters at test subjects for fractions of a second to test memory. Surprisingly, 

they recognized words, and the letters they contained, better than letters 

alone. Cattell concluded that their brains processed word shapes all at once. 

For example, the brain would recognize the word shape by the ascending 

h in the second position and the descending p in the fourth. The brain also 

picks out letters more quickly in the middle of a word than in isolation. 

Matt Davis of Cambridge’s MRC Cognition and Brain Sciences Unit has 

noted that the claim about the significance of the first and last letters is 

false. He provides this sentence, in which words’ first and last letters are 

intact, as a test: “A dootcr has aimttded the magltheuansr of a tageene 

ceacnr pintaet who deid aetfr a hatospil durg blendur.” Unscrambled, it says, 

“A doctor has admitted the manslaughter of a teenage cancer patient who 

died after a hospital drug blunder.” The hoax text contains short words that 

were never scrambled and many words that can be guessed from context. 

Davis believes letter order, word shape, and context all play roles in reading.

what 
happened

did you know...
Lipreading activates both 
the visual and auditory 
centers of the brain.



Mapping the Brain
A new map based on brain scan data 
collected by the Human Connectome 
Project shows 97 new regions, bring-
ing the total to 180.



 THE
 LEARNING

 BRAIN
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Brain cells
Mighty Mouse
Every journey begins with a single step, and every map begins 
with one small location. So it is with brain maps. In 2015, a 
team of university scientists produced the first complete map 
of one region of a brain. The brain in question belonged to a 
mouse, and the piece mapped was far smaller than a grain of 
sand, but the resulting image is a dense and intricate maze of 
connections. 

To create the map, the scientists cut a tiny sample of mouse 
neocortex into thin slices. Then a scanning electron microscope 
read each bit and a computer reproduced it graphically. The 
final threedimensional image, combining all the scans, includes 
every neuron and supporting cell and the 1,700 synapses that 
link them.

9did you know...
A neuron can reach 
from one side of the 
brain to the other.

reading, learning, pattern rec

ognition, and so much more 

all begin with the fundamental 

unit of the brain, the nerve cell, or 

neuron. Some chains of neurons 

send information to the brain from 

the body’s extremities; others 

send information from the brain to 

the body. Still other chains share 

data among themselves to con

struct subconscious or conscious 

thoughts and feelings. The human 

brain contains perhaps 90 billion 

neurons. Each links to so many 

others that the entire network 

forges literally trillions of connec

tions, making the brain the most 

complicated object in the universe.

Mapping it out Despite the 

brain’s immense complexity, 

advances in nanotechnology, 

computing, and mathematics have 

encouraged scientists to believe 

that they can, one day soon, 

map out the entire brain with all 

its connections. In recent years, 

brainmapping projects have 

sprung up across the globe, spon

sored by the U.S. government, 

the European Union, universities, 

and private foundations. Already, 

researchers have used data from 

1,200 volunteers in the Human 

Connectome Project to create an 

updated map identifying close to 

100 new, specialized regions of 

the brain. �

case history
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 THE
 LEARNING

 BRAIN

Jumping the Gap
Neurons trans-
form the electrical 
impulses they carry 
into chemical codes 
that leap the gaps 
separating the cells. 
Such changeable 
connections let the 
brain rewire itself as 
you learn.

10did you know...
Nerve impulses 
travel at between 
3 and 400 feet 
per second.

when a neuron sends an 

electrical discharge along 

the length of its axon, it halts 

at the synapse like a car at the 

edge of a cliff. There, the impulse 

activates electrically charged 

molecules stored in the neuron’s 

cell wall. These molecules, known 

as neurotransmitters, leave the 

membrane of the first neuron, 

move across the synaptic cleft, 

and dock at a second neuron.  

The receptor cell’s surface con

tains specially shaped docking 

sites, so particular neurotransmit

ters can dock only at the appro

priate places. 

The arrival of a neurotransmit

ter alters the electric charge at 

the edge of the new neuron and 

sparks a new electrical impulse. 

It travels the length of the new 

cell until it reaches the synapse of 

another receptor cell, and starts 

the process all over again. 

Electrical networks As impulses 

pass among complicated chains in 

the central nervous system, they 

form networks that specialize in 

performing particular functions, 

such as understanding language, 

remembering experiences from 

the past, and comprehending the 

outside world. All information 

processed by the brain is noth

ing more than electricity passing 

through neuron after neuron and 

pausing only to be converted into 

chemical energy as it leaps across 

each synapse.

More than 100 neurotransmit

ters have been discovered so  

far. Certain neurotransmitters 

make muscles contract, help  

regulate sleep, and block pain. 

Neurotransmitter disorders 

have been linked to Parkinson’s 

disease, depression, Alzheimer’s 

disease, schizophrenia, and a  

host of other illnesses. �

Neurotransmitters





Newborn Neurons
Premature births pose special 
challenges to the brain, as the 
child emerges from the womb 
before its neural networks have 
been fully established.
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case history

11 

The Adjustable Brain
Sometimes, what goes wrong in the brain reveals what goes 
right. Take the case of Massachusetts man Jonathan Keleher. As 
a child, he was slow to walk and talk, but not until he was five 
did a brain scan reveal the problem: The boy completely lacked 
a cerebellum.

This little structure at the back of the brain holds 50 percent 
of the brain’s neurons. It controls vital functions: balance, pos
ture, physical skills, and some language learning, among other 
things. Adults with damage to the cerebellum can be severely 
impaired or even die. And yet Keleher did learn to walk, falling 
and getting up and falling again. He learned to speak and grew 
up to hold a job and live a 
relatively normal life. Other 
parts of his brain had picked 
up the cerebellum’s tasks. 
Keleher’s case, and others 
like it, show brain scientists 
just how “plastic” the young 
brain can be when the need 
arises.

did you know...
The neurons you 
have at birth 
are all you will 
ever have.

 THE
 LEARNING

 BRAIN

The growing brain
the nascent brain makes its first 

appearance about three weeks 

after conception, when a thin, 

spoonshaped layer of cells called 

a neural plate emerges at the head 

end of an embryo. As the fetus 

grows, swellings in the original 

spoon shape eventually become 

the major sections of the brain, 

from the cerebrum at the top of 

the head to the thalamus, hypo

thalamus, cerebellum, and spinal 

cord at the back and lower end.

Neuron migration The most 

dynamic growth occurs in the 

cerebral cortex, the outermost 

layer of the brain. During early 

fetal development, when 250,000 

new nerve cells are being created 

every minute, neurons begin to 

take on specialized tasks. 

First, they inch their way from 

where they were formed to their 

permanent home in other regions 

of the brain. Most go toward the 

cortex, but some move into the 

cerebellum and other portions of 

the brain. This process, known as 

migration, is remarkable for the 

distance the neurons must travel 

as well as their ability to navigate 

along the tangled pathways of 

the developing brain. Millions 

of neurons migrate a distance 

equivalent to a person hiking from 

Los Angeles, California, to Boston, 

Massachusetts.
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The growing brain

Continuing Developments
Getting plenty of exercise is important to the mental and physical 
health of both a mother and her developing baby (top). By age 
five, a child’s brain (above, left) is the size of an adult’s (above, 
right) but is still undergoing folding, which maximizes cortical  
surface area. 

Survival of the fittest The brain of 

a fetus at about eight months after 

conception weighs only a pound, 

or about a third of an adult’s, but 

contains twice as many neurons. 

The brain cannot sustain biochemi

cal reactions across all of its neural 

connections, and so the weakest of 

them begin to die, through a pro

cess known as pruning. In the last 

stages of fetal development, about 

half of all neurons die. 

At birth, brain development 

expands to include processing 

responses to new experiences—

sights, sounds, smells, actions, and 

emotions. Networks of neurons 

compete for survival as environ

mental stimuli strengthen some 

connections, while others wither. �
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Unconsciousness 

occurs eight to  
ten seconds after

loss of blood
supply to the brain.

20

22 23

21
19

18
17

In 20 percent  
of twins—versus 

about 8 percent of 
the population—one 
twin is lefthanded.

15

did you know... 

14

13
The human brain  

has about 50 trillion

neuroglia, 
support cells for neurons.

Both hearing and deaf  

people use the left 
hemisphere 
to process language.

Babies  
begin to 

laugh  
at between 12 
and 16 weeks.

Hyperthymestic
syndrome describes  

a superior memory for 
autobiographical events.

At about 11 months, babies start
to lose the ability
to distinguish nonnative
language sounds.

Your brain uses about 

20 watts 
of power—approxi
mately the energy of a 
household lightbulb.

Gray matter
is thickest in girls
at age 11, in boys  

at 12 years of age.

Infants who have  
one brain hemisphere

removed
generally grow up with
normal brain function.

The brain burns
20 percent of the
body’s oxygen
and glucose.

16 Your brain is  
60 percent

white matter
and 40 percent
gray matter.



From Vision to Memory
Light stimulates the retina (1), which transmits 
impulses to the visual cortex (2) and on to the frontal 
cortex (3), which coordinates their immediate use by 
other parts of the cortex (4, 5). The hippocampus (6) 
and other areas of the medial temporal lobes (7) turn 
short-term memories into long-term ones and acti-
vate stored memories into working memory (8).
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Memory   
 THE

 LEARNING
 BRAIN

24did you know...
After hearing it twice, 
Mozart played a 
12minute choral com
position from memory.

without memory, people 

would live in a never

ending now, with no idea of where 

they have been or where they 

might go. The memory of rep

resentations of the world gives 

humans the unique ability to think 

about the past, present, and future. 

Scientists who study memory 

find it a tough nut to crack. Neural 

circuits responsible for memories 

lie scattered throughout the brain. 

Experts have found some brain 

regions to be particularly crucial, 

however. The hippocampus, so 

called because it resembles a sea

horse (hippos is Greek for “horse”), 

plays a significant role in emotion 

and memory. Lying deep in the 

forebrain, it receives sensory data 

from the senses and integrates 

them into a single experience.

Working and long-term mem-
ory Some memories last less than 

a minute. Some last a lifetime. 

Working memory, a type of short

term memory, holds sensations 

for a few seconds. You remember 

the last few words you spoke, 

then working memory clears, and 

you move on. Longterm memory 

is more like a filing cabinet. Infor

mation is more likely to make the 

transition from working to long

term memory if you pay particular 

attention to it or associate it with 

strong emotions.

Scientist find that the brain 

promotes “forgetting,” and that’s 

a good thing. When new neurons 

grow, they overwrite old ones. 

Important memories grow stron

ger, while unimportant ones are 

weakened. You really didn’t need 

to remember where the car keys 

were last week—but the name 

of your new boss, burned into 

your brain by new connections, is 

another matter. �
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25did you know...
Scientists have  
created false  
memories in mice.

although a keen observer 

could no doubt create a very 

long list of attributes for a deli

cious red apple, the information 

would fall into four categories of 

memory: sensory, motor, visuo

spatial, and language.

Sensory memory Sensory 

memory involves the five senses, 

with smell the most powerful 

memory trigger. As the senses 

create our appreciation of the 

world, it’s not surprising that 

many memories can be recalled 

via sensory cues. A certain 

song, for example, might bring 

up memories of a wedding or 

family reunion. People with 

powerful memories often create 

visual cues in their imagination 

to increase the strength of their 

longterm memories.

Motor memory Motor memory 

provides fine motor control for 

practiced actions. These include 

everything from the subtle 

controls over the vocal cords to 

produce speech to the motor 

control that underlies the com

plicated act of walking without 

losing one’s balance. Motor 

memory is tied to the learning of 

skills. Damage to brain areas that 

affect one invariably affect the 

other. Recent research suggests 

that motor memory’s applica

tion to learning new skills takes 

place in two stages. The first 

stage recruits neural networks 

that best represent the motions 

required for the skill, such as 

eyes, ears, and fingers for playing 

a piano. The second stage occurs 

after the basic motions are mas

tered and implicitly memorized, 

when the brain recruits additional 

neurons to refine the motions. 

That’s the difference between 

the adequate performance of a 

weekend musician and one who 

practices for a seat in a sym

phony orchestra.

Memory categories
 THE

 LEARNING
 BRAIN
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Aspects of Apples
Attributes of an apple—such as 
color, taste, and name—are stored 
in separate neural circuits.
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did you know...
Memories are more 
likely to stick if they 
combine informa
tion and emotion.

Visuospatial memory Visuospa

tial memory combines the neural 

pathways of the visual cortex and 

the spatial orientation of the tem

poral lobes. The left hemisphere 

is significant in perceiving details, 

while the right hemisphere works 

to integrate the details as a whole. 

Together, they let you see the 

trees and the forest.

Language memory Language 

memory leads to the ability to 

associate words with objects, the 

crucial foundation of communica

tion. Once learned, the words tend 

to be stored in categories of similar 

objects. This can become obvious 

when you try to retrieve one word 

and come up with another of the 

same type. A common example is 

family names. Recent research has 

discovered that not only do fam

ily members (typically mothers) 

frequently substitute one child’s 

name for another—sometimes they 

even call up the dog’s name. The 

children and the dog are all in the 

mental category of “loved ones.” 

Tellingly, mothers rarely substitute 

a cat’s name for a child’s.

The process of remembering  

by retrieving information from stor

age, and then restoring it, colors 

memories with additions, subtrac

tions, and substitutions. The more 

time that has elapsed since an 

event, the more likely the brain has 

rearranged the memory of it. �

mental muscle
The Roman room
An ancient system for retaining facts in memory, known as the 
Roman room or “method of loci,” works on the principle of 
mentally linking the items you need to remember to places in a 
familiar building in a way that naturally forms a progression. For 
instance, try imagining your living room. Now associate images 
representing the information you want to remember with the 
objects scattered around the room. The technique still works 
astonishingly well, as demonstrated by National Basketball 
Association Hall of Fame member Jerry Lucas. He has used the 
Roman room to memorize the content of various magazines 
and books, including the entire New Testament, which he said 
took him a year to commit to memory. A 2017 study of memory 
athletes who use this method found physical changes in their 
brain. The changes took place not only within particular 
areas but also between them—connections 
were strengthened between the 
visual center and other 
locations. Moreover, when 
the scientists trained aver
age people to use the method 
of loci, their brain showed the 
same changes. You, too, can be 
a memory champ. 

Memory categories



Trial Run
Pausing at a dead end,  
a hamster takes its bearings  
in a test maze in Germany.



Memorable Images
Some mind-bending contemporary 
films, including Memento, deal 
with the subject of memory failure. 
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Living in the moment
More than any poet, mystic, or lover, H. M. lived in the moment. 
It was all he had. Having suffered a serious head injury as a child, 
Henry Gustav Molaison (written up in scientific literature as H. M.) 
underwent a radical brain operation at the age of 27. Imme
diately, it became clear that his memory had been adversely 
affected; the surgeon, in an experimental surgery, had removed 
both hippocampi in an effort to relieve his frequent seizures. 
Molaison could remember much of what had happened before 
the surgery, yet he could not form new memories. Brenda Milner, 
a psychologist in Montreal, began traveling to his hospital regu
larly to test Molaison. Each visit seemed the first for the patient. 

Milner learned two critical things: that damage to the hip
pocampus could have such 
profound results, and that 
Molaison had retained a 
form of memory based not 
on cognition but on motor 
skills—his “motor learning” 
evidently involved other 
brain regions.

Unreliable memory
case history

27did you know...
Treatments to lift 
depression usually 
improve memory.

memory disorders, which 

range from the transient 

losses of concussion to the dev

astation of dementia, can have 

a profound effect on a person’s 

sense of identity and reality. 

Amnesia For instance, a bizarre 

disorder of memory typically 

caused by alcohol abuse, Kor

sakoff syndrome, eliminates the 

brain’s ability to create and store 

new memories. If you meet a 

patient with Korsakoff’s, chat for 

a few minutes, and then leave, 

the patient won’t recognize you 

when you return. However, if you 

suggest that you’ve met before, 

he or she will fabricate a story to 

describe the previous meeting. 

False memories False memo

ries are also common in healthy 

people. In one experiment, Eliza

beth Loftus gave adult subjects 

lists of things that really hap

pened to them as young children. 

However, Loftus added a lie to 

the roster: The subject had gotten 

lost at a mall. About a quarter of 

the participants said they remem

bered the false event, and many 

gave elaborate details. “People’s 

memories are not only the sum 

of all that they have done but . . . 

also the sum of what they have 

thought, what they have been told, 

what they believe,” Loftus says. � 
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28did you know...
One brain area is 
devoted to hearing 
consonants.

language, including speech 

and reading, is so important to 

human survival that it accounts for 

a massive amount of cranial space.

Reading and listening Reading 

letters silently on the page initi

ates action to sense the shapes of 

letters and words in the primary 

visual cortex at the back of the 

brain. It also places demands on 

working and shortterm memory 

to hold those words long enough 

for the reader to make sense of 

how they form sentences, as well 

as analytical functions to pull those 

sentences apart for meaning. 

Recent research has shown that 

when an infant hears words spo

ken aloud, both the auditory and 

motor areas of the brain are acti

vated. Young babies show equal 

activity in both areas when they 

hear foreign speech, but as they 

get older the motor system works 

harder with unfamiliar languages: 

Those sounds are becoming more 

difficult to imitate. 

A parent reading aloud uses a 

different brain circuit from that 

of the child being read to. Read

ing generally begins with activa

tion of the visual cortex, which 

sends signals to Wernicke’s area, 

whereas speaking aloud activates 

an adjacent region called Broca’s 

area. Reading aloud requires the 

cooperation of both these areas. 

mental muscle
Children and language
Children raised in a home where two languages are spoken 
grow up fluent in both and don’t have an accent. Adults, on the 
other hand, often struggle to pick up a second language, and 
even when they succeed, they don’t sound like native speakers.

The difference lies in the greater plasticity of a child’s brain. 
Young children recognize a greater range of language sounds 
than adults. They pick up vocabulary and syntax more easily. 
And they process languages more efficiently, activating smaller 
regions of their brain than do adult learners.

Although the brain is particularly sensitive to learning 
languages at a young age, it’s never too late to benefit from 
the mental gymnastics 
of wrestling with a new 
tongue. Adding a second 
language improves cogni
tive skills and memory, as 
well as exposes learners 
to new ideas. 

 THE
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Language



Areas active during visual object processing; early lexical access

Core language areas, active throughout

Areas active during articulation, self-monitoring

LeftRight

What’s in a Name
Brain scans register the active areas involved in identifying, 

labeling, and naming objects.



Broca’s Bequest
Surgeon Paul Broca, 
who identified a lan-
guage center in the 
brain, preserved a sam-
ple from his patient for 
future study.
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29did you know...
Koko the gorilla uses 
sign language to 
make a sentence three 
to eight words long.

Language
The evolution of language  

Although some scientists believe 

the mind can exist without lan

guage, others argue that lan

guage produces mind. “Without 

language, I wouldn’t say that it is 

impossible to have mental expe

riences, but I’d say the mental 

experiences would not be very 

coherent,” said Derek Bickerton, 

an expert on Creole languages.

According to Bickerton, pidgin 

is the first developmental step  

in the creation of language. Pid

gin languages form when peo 

ple come together who cannot  

communicate in a common 

tongue, such as slaves taken from 

various tribes of West Africa and 

placed in the New World. Pidgin 

assigns words to objects but 

lacks grammar and thus com

plexity. “Arrow . . . deer” might be 

a command to help kill a deer or 

an announcement that a hunter 

has just done so. 

Bickerton believes that the 

increasing complexity of a child’s 

brain and its accompanying ability 

to master speech may mirror the 

evolutionary history of human 

language. 

Animal communication Even 

animals have developed their own 

complex ways to communicate, 

whether acoustic, visual, chemi

cal, or tactile. Each animal’s choice 

of communication method relies 

on its strongest and most sensi

tive neural receptors. Animals, like 

humans, also can combine sensory 

stimuli for more sophisticated com

munication. The great apes, closest 

to humans in evolutionary develop

ment, possess a communication 

system that incorporates gestures, 

postures, expressions, and vocal

ized sounds. The Gorilla Foun

dation taught a lowland female 

named Koko about 1,000 words of 

American Sign Language. �
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30did you know...
The “choral effect” 
suppresses stutter
ing when people 
sing with others.

many common disorders 

involve the complex tasks 

of speech and reading. 

Stuttering Until recently, doctors 

considered stuttering a nervous 

or emotional condition. Now, the 

condition that affects about three 

million Americans falls within the 

realm of neurology. Stuttering 

usually begins between the ages 

of two and six, as children accel

erate their learning of language. 

Threequarters of those children 

spontaneously lose their stutters. 

The exact cause of stuttering has 

eluded research, but it’s believed 

to have a genetic component. 

Brain scans of people who do not 

stutter show speech processing 

most often performed in the left 

hemisphere of the cortex, whereas 

people who stutter have an 

unusual amount of activity in the 

right hemisphere. 

Dyslexia Learning disabilities 

result from faulty reception, pro

cessing, and communication of 

information within the brain. One 

of the most common, dyslexia, is a 

disorder of language processing. 

People with dyslexia struggle with 

decoding phonemes into words 

that have meaning; some have 

difficulty holding sounds in short

term memory. Researchers focus 

on a variety of possible causes. 

Physical impairments of the angu

lar gyrus and the rear of the left 

hemisphere, active during reading, 

have received attention. Func

tional MRI scans of people with 

dyslexia reveal decreased activ

ity in both parietal and posterior 

temporal lobes. Many people with 

dyslexia are artists and musicians. 

Research suggests they may have 

enhanced abilities to hear bass 

notes and see sharper colors in 

peripheral vision. �

Disorders



From Stutter to Shakespeare
James Earl Jones overcame his 
stutter to achieve fame as an actor 
and a famous voice.



I.Q. Apparatus
A 1937 Stanford-Binet  
intelligence test includes  
miniatures and printed mat-
ter. The test has been revised 
repeatedly over the years.
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31did you know...
Twothirds of a 
population will have 
IQ scores between 
85 and 115.

although IQ tests have been in 

use since the 1900s, neuro

scientists still don’t agree on just 

how to define intelligence, or 

on how much of it is genetically 

determined. Some early IQ tests 

measured knowledge of facts, 

which is a function of education 

and memory rather than the abil

ity to reason. In general, however, 

a person’s performance on a  

problemsolving test is a good 

predictor of performance on a 

wide range of mental exercises.

 Scientists use the term g-factor 

when discussing the general 

measure of mental ability, found 

in vocabulary size, mechani

cal reasoning, and arithmetical 

computations. They relate it to the 

properties of efficient neural func

tioning, rather than knowledge in 

its own right. The prefrontal cortex, 

right behind the forehead, is the 

most likely home for many of the 

neural processes associated with 

the gfactor. When it’s damaged, a 

person suffers a variety of impair

ments to abstract reasoning, and it 

lights up during brain scans taken 

during some intelligence tests. 

The role of heredity Genetics 

seems to play a role, but perhaps 

not an overwhelming one, in intel

ligence. Identical twins separated 

at birth and raised separately 

in similar environments show a 

72 percent correlation in intel

ligence. A 2017 study of 80,000 

people identified, for the first 

time, 52 genes linked to intel

ligence, though taken together 

they have only a minute influence. 

What most of them actually do is 

unknown, although a few control 

cell development or neuron activ

ity. Curiously, the genes are also 

linked to smoking habits. Those 

with the genes are less likely to 

ever have smoked, and more likely 

to have quit if they started �
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Gaining a Perspective
Lining up a bottle in the  
extreme foreground with a  
person in the far distance  
creates a perspective illusion.



1 0 0  T H I N G S  YO U  N E V E R  K N E W   5 1

Locked up safely within the skull, the brain experiences the outside world through the senses. See

ing, hearing, tasting, smelling, and feeling are how human beings collect information about the world. 

These data are relayed to the brain, which uses them to formulate ideas and opinions, assess situa

tions, generate reactions, and then store what it has learned as memories. Information that enters the 

brain through the senses powerfully influences thoughts, emotions, and personality. Put another way, 

what you see and hear—and taste, smell, and touch, for that matter—has much to do with who you are. 

The first responders in the sensory process are sensory receptors, specialized neurons that react 

to environmental changes, known as stimuli when they register on the nervous system. Sensation is 

the awareness of the stimulus, such as the knowledge of music coming from your speakers. Percep

tion is an interpretation of what the stimulus means, such as that the music is a little bit too loud or 

that the song is a favorite. 

CHAPTER 

TWOthe 
perceptive
brain



experiment
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Step 1. 
Study the artwork opposite. 

Step 2.
Name the color where the bars intersect in the lefthand illustration, 
under a yellow mask. 

Step 3. 
Now name the color in the similar intersection in the righthand 
illustration. 

Step 4. 
Examine the four angles where the bars cross. Would you call the 
angles acute and obtuse, or perpendicular?

Then turn the page.

Color cues

Context is
everything







?what 
happened
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32did you know...
Aging eyes have trouble 
distinguishing among 
shades of blue and green.

Did you call the color in the left illustration blue and the one in the right 

yellow? Congratulations. You have a normal interpretation of the visible 

spectrum of light. Your retinas and your brain react the “right” way: They 

assign the most commonly selected colors to the light reflected by the 

two illustrations.

You’re also wrong. The two colors are exactly the same shade of gray. 

Likewise, the two sets of colored sticks intersect at 90degree angles.

You can prove this to yourself. Get a few index cards or a pad of 

gummed memo papers, the kind used for sticking notes on desks and 

papers, and place them around the central elements of the two crosses 

to isolate them from the surrounding colors. The blue becomes gray. So 

does the yellow. To check the angles of the intersecting banded sticks, 

use the edge of an index card or a piece of paper. Each is a right angle. 

Your brain judges color through its experience of color. In nature, col

ors don’t exist in isolation, a fact that becomes important when the paint 

you liked in the hardware store doesn’t look right on your bedroom walls. 

In making interpretations, your brain seeks cues such as the quality of 

light and the context of adjacent colors. Manipulation of context and light 

can alter perception so that a particular color appears radically differ

ent, even when presented near its twin. Similarly, cues suggesting three

dimensional perspective influence your perception of lines and angles. 

Context is everything.
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33did you know...
Only a tiny region 
in the center of the 
eye can see sharply.

as you read this sentence, the 

visual networks of your brain 

are taking in more than 10 mil

lion bits of information. Your eyes 

flit from place to place, usually 

never landing longer than a split 

second on any one word. You 

may think you see the world as a 

seamless whole, but your retinas 

are segregating information into 

categories, a screening process 

that keeps the brain from getting 

overwhelmed by too much visual 

stimulation. 

Vision in the brain Vision 

begins with light of wavelengths 

between 400 and 700 nano

meters striking the retina at the 

back of the eyeball. Four types of 

photoreceptive cells in the retina 

react to different wavelengths 

and intensities of light. Other neu

rons measure relative brightness, 

distance, or motion. The visual 

neurons send electrochemical 

signals via the optic tract to the 

visual cortex, which is located in 

the occipital lobes at the back of 

the brain. Once there, the infor

mation is redistributed to at least 

30 neural networks for processing 

attributes including color, shape, 

and surface contours. 

Each lobe, in the right or left 

hemisphere, receives half the 

visual information. These regions 

integrate the two images and 

finally forward a unified single 

image to the frontal cortex for 

analysis. Only then does the brain 

“realize” what it’s looking at. �
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The Big Picture
(Above) Each eye takes in 
a slice of the visual world, 
which is processed in the 
opposite brain hemisphere 
before integration into a 
coherent image. (Right) 
Neurologist Richard Restak 
suggests that closely 
observing all facets of an 
object such as a bonsai 
tree may help you to build 
your neural networks. 

From eyes to brain



From eyes to brain



Components of Color
Color registers on the retina as bits 
of energy that activate cones sen-
sitive to red, green, or blue. These 
bits form a whole, in much the 
same way that colored dots in the 
close-up of a printed page merge 
when seen from a distance.
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Notsee
Blame it on the storm of 1775. That year, Typhoon Lengkieki 
crashed across Pingelap, a tiny and isolated Micronesian island. 
Flooding and starvation killed all but about 20 of the island’s 
inhabitants.

The island revived, but the typhoon played a longlasting 
trick on the people. Their gene pool had shrunk to only a hand
ful of fertile adults. In such situations, any rare genetic traits 
may spread.

One did. As the survivors bred, a dormant gene for total color 
blindness found expression far beyond its incidence rate in the 
outside world. Achromatopsia—the condition of having non
functional cone cells, and 
thus being able to see only 
blacks, whites, and grays—
exists in about 1 in every 
30,000 to 40,000 humans. 
On Pingelap today, it strikes 1 
in 12. The people of Pingelap 
call their color blindness 
maskun, meaning “notsee.” 

Color perception
case history

34did you know...
The eye contains 
91 million rods but 
just 4.5 million 
cones.

our sense of color—one of 

the most mysterious of our 

perceptions—depends upon three 

varieties of cone cells in the retina. 

Cones react to wavelengths of 

bright light associated with green, 

red, and blue. As the intensity of 

the color grows stronger, these 

neurons ratchet up the strength 

of the electrochemical signals that 

eventually wend their way to the 

brain’s visual center. 

Neural networks create other 

colors by mixing the sensation of 

the three primary colors of light 

(red, yellow, and blue) in varying 

intensities. But this mixing doesn’t 

work in the same way as combin

ing colors of paint. If you blend 

red and green paint, you get 

brown. However, mixing red and 

green wavelengths of light cre

ates yellow. If the cones have an 

impaired or absent ability to regis

ter all hues of the visual spectrum, 

the result is color blindness.

The fourth type of lightsensitive 

neurons is called rods. They reg

ister light when its intensity is low, 

as on a moonless night, but do not 

add to the mix of primary colors 

from the cones. �
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35did you know...
The brain can 
signal the ear to 
reduce the reaction 
to loud sounds.

hearing is often ranked as the 

most important sense after 

sight. The brain begins registering 

sound when a membrane in the 

ear is stimulated by air pressure. 

On the other side of the mem

brane, or eardrum, that motion 

is transferred to small bones and 

fluids and passed on to recep

tor cells of the socalled spiral 

organ (organ of Corti) in the inner 

ear. When these signals reach 

the brain stem, neural networks 

sort them by tone and by qual

ity. The brain stem eliminates 

those echoes that are commonly 

created by vibrations bouncing 

off walls, ceilings, and floors. If a 

sound is new or strange, though—

a potential threat, for example—

the brain stem lets it through.  

The auditory cortex and Broca’s 

area begin the processing of pho

nemes to start the comprehension 

of speech. 

Synthesizing sound Auditory 

impulses are then routed to the 

midbrain’s superior colliculus. 

Once there, the sensations of 

sound are synthesized with those 

of other senses to begin creat

ing a unified experience of the 

world—such as hearing a boom 

and smelling gunpowder when 

witnessing the flash of a musket  

at a pioneer celebration. 

Auditory sensations then  

rise through the thalamus to 

reach the primary auditory com

plex, where they interact with 

other neural networks that link 

sound to memory, other senses, 

and awareness. 

Processing sound is not evenly 

divided between the brain’s 

hemispheres. The left hemisphere 

decodes musical rhythms better 

than the right, while the right spe

cializes in the quality, or timbre,  

of sound. �

Hearing & listening  
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Blown Away
(Above) When sound 
volume increases, more 
neural networks become 
active, giving the sensa-
tions greater intensity.  
(Left) After striking the 
eardrum, sound waves 
are converted inside the 
ear to nerve impulses 
that are carried to the 
brain’s auditory center.
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How We Hear
Low  
frequency

Middle  
frequency

High frequency

1.  Auditory 
canal ampli-
fies sound 
waves.

2. Eardrum vibrates.

3.  Bones in middle ear vibrate, 
intensifying sound.

4.  Hair cells in spiral 
organ convert 
vibration into 
electrical signals.

5.  Nerve carries 
impulses to brain.
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A Fine Nose
Smell and taste, 
though different 
senses, are linked, 
and work together  
to maximize the 
pleasure of food  
and drink.

36did you know...
Smells such as 
ammonia trigger 
pain receptors in 
the nose.

smell and taste are separate 

senses, but they have much in 

common. They analyze molecules 

entering the body from the out

side world. They screen out harm

ful threats, and together maximize 

appreciation of food and drink.

Smell Smell is the most ancient 

of senses. Unlike other senses, 

which all pass through the thala

mus, smell takes a direct path to 

the brain, its signals going straight 

into the amygdala and olfactory 

cortex. Smell is also hardwired 

to the brain’s emotional cen

ters. Smells can trigger a rise in 

heartbeat and blood pressure or 

bring on a feeling of calm and 

wellbeing. Direct wiring into the 

brain’s emotional and memory 

centers also empowers odors to 

trigger past events. And con

trary to previous opinions, recent 

research has shown that humans 

have an excellent sense of smell—

we’re able to detect at least one 

trillion odors. 

Taste About threequarters 

of what the brain perceives as 

taste also enters our perception 

through the nose. Only a frac

tion of a flavor enters through the 

taste buds of the tongue, along 

with the perception of the food’s 

texture and temperature.

When you sip orange juice, the 

chemicals that give it its flavor mix 

with saliva, contact the taste pores 

of the taste buds, and touch the 

gustatory cells of the tongue. Nerve 

fibers forward taste sensations to 

the medulla, and from there, to the 

thalamus and gustatory cortex. 

Gustatory fibers also connect to the 

hypothalamus and limbic system. 

In a region called the orbitofrontal 

cortex the brain forms its apprecia

tion of the orangey flavor. �

Smell & taste
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did you know...
“Haptic touch” 
refers to handling 
objects to sense 
their tactile qualities.

researchers believe human 

contact plays a crucial role in 

development. In a famous set of 

experiments in the 1960s, psychol

ogist Harry Harlow tested infant 

rhesus monkeys. The monkeys had 

the choice of accepting one of 

two mothers. The first was draped 

in terry cloth but had no food; the 

second had a body of bare wire 

and a baby bottle filled with milk. 

The monkeys preferred to cling 

to the terry cloth mothers, whose 

reassuring contact was apparently 

more important than food.

Babies begin experiencing the 

sense in the uterus and are born 

with their neural wiring for touch 

significantly further developed 

than networks for vision and hear

ing. As a newborn reaches out to 

touch its environment, it develops 

its cerebral cortex. 

Receptors for touch Pressure,  

heat, vibration, pain, and other sen

sations of touch register on spe

cialized receptors in the skin and 

organs. Receptors are unevenly  

scattered all over the skin, and the 

brain allocates space for analysis 

based on how many receptors  

the body part contains. Thus, the 

number of neurons devoted to  

sensations from the face, a rela

tively small area, is larger than the 

number allocated for several other 

body parts combined. �

mental muscle
The benefits of touch
Given the importance of touch and the abundance of receptors 
in the skin, it’s not surprising that touch can have therapeu
tic value for people of any age. Fullbody massage has been 
shown to ease the symptoms of diabetes and hyperactivity and 
improve the immunity of HIVpositive patients. Massage can 
relieve the pain of migraines, help people with asthma breathe, 
and increase the mental focus of children with attention deficit 
disorder. The rubbing action 
of massage stimulates neural 
networks that cause the 
brain to lower the levels of 
the stressrelated hormones 
cortisol and epinephrine. 

Touch also communicates 
at a basic level, more pro
foundly than words. A gentle 
caress says “I love you” bet
ter than words.

Touch
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Close Comfort 
A mother holds her sleeping baby. 
Newborns require physical contact 
for proper development. 



Crossing the Wires
(Above) Ferrets whose neurons 
were rewired at birth, switching 
the receptors for visual and audi-
tory processing, learned to  
see with new areas of the brain. 
(Left) An MRI of the brain shows 
right hemisphere regions that 
move the left hand.

6 6   YO U R  B R A I N :  A  U S E R ’ S  G U I D E



1 0 0  T H I N G S  YO U  N E V E R  K N E W   6 71 0 0  T H I N G S  YO U  N E V E R  K N E W   6 7

38did you know...
People with  
associative agnosia 
can’t recognize  
objects.

although neural networks are 

attuned toward registering 

perceptions of light, sound, and 

so on, they often work together. 

Perception functions particularly 

well when objects are appreciated 

by a variety of senses. A person’s 

walk, for example, registers in the 

brain as visual stimulation as you 

watch the moving body, as well 

as auditory stimulation from the 

clacking of a walker’s heels. An 

examination of a handful of coins 

is perceived not only as the sight 

of the images on “heads” and 

“tails,” but also as the tactile 

stimulation of the hard, round, 

and smooth or ridged edge. 

Rerouting vision Sensory 

stimuli are associated with specific 

regions of the brain, but these 

areas apparently are not predeter

mined genetically. This was dem

onstrated by a series of classic 

experiments on plasticity between 

1990 and 2000. Neurophysiologist 

Mriganka Sur of the Massachusetts 

Institute of Technology took new

born ferrets and surgically rewired 

their brains, routing the ferrets’ 

visual impulses to the regions 

normally associated with audi

tory processing. The ferrets soon 

began seeing the world with brain 

tissue normally used for hearing. 

The new wiring wasn’t a per

fect substitution; the ferrets lost 

some of their visual acuity, having 

perhaps 20/60 vision instead of 

20/20. Nevertheless, the experi

ment raises the intriguing idea 

that blindness at birth could one 

day be corrected by surgery to 

reroute visual signals to healthy 

neural networks in other regions. 

Creating detours around damaged 

neurons would also open new 

avenues for treating strokes and 

other injuries.

Integration 
 THE

 PERCEPTIVE
 BRAIN
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case history
The Mind’s Eye
Think about a familiar building—say, the house you grew up 
in. Can you visualize it? Do its color, shape, yard spring into 
your mind as one image? For most people, the answer is “of 
course.” But for a very few, no visual image appears at all, not 
for places, or people, or for anything in their surroundings. 
This condition, which was described only recently, is known 
as aphantasia.

In brain scans, people who cannot form mental images 
will show normal activity in visual regions of the brain when 
they look at an image. However, when they are asked to call 
an image to mind, those 
regions stay unnaturally 
dark. Some people seem 
to be born this way, while 
others develop the condi
tion after brain damage: 
Most manage to compen
sate for it over time.
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Gestalt perceptions In the brain, 

neural networks act together 

to integrate sensations. Many 

networks actually do double duty, 

reacting with a primary response 

to one sense and a secondary 

response to another. Among cats, 

for example, cells in the superior 

colliculus respond to both sights 

and sounds. And in the human 

brain, an old idea of common 

threads among the senses is gain

ing new adherents. Yale University 

psychologist Lawrence Marks 

argues that all senses evolved 

from the tactile function of the 

skin, and still retain connections 

to it. He suggests that stimuli such 

as “brightness” exist across the 

senses. �

Integration

Method in Motion
A woman who follows a recipe is 
executing a series of motor func-
tions, including analysis  
and prediction.
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did you know... 
39 40

49

Every retina has a

blind spot
where the optic nerve

exits to the brain.

People with just one  
kind of cone typically

cannot distinguish
between red and green.

Some odor receptors
can detect just 
a few molecules

among
billions.

The brain recognizes some  
smells, such as rotting food,

at birth.

41 43
42

46
47

48

Birds have
four kinds

of cones in
their eyes.

Humans have about

10,000
taste buds.

“Grid cells” 
in the brain 
may help us 
navigate.

The sparsest  
concentration

of touch
receptors
is in your back.

You cannot tickle yourself, 
because your

brain anticipates
the touch.

Some smells can

trigger
a rise in blood
pressure.

4544
Some 60 percent 

of people with 
amputations feel a 

phantom
limb.
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Synchronized Signals
Nicholas McCrory 
and David Boudia 
execute a complex 
sequence of precise 
movements during 
their diving routine in 
the 2012 Olympics.

50did you know...
Reflex responses, like 
a knee jerk, come 
from the spinal 
cord, not the brain.

on the surface, the study of 

motion seems so simple: The 

brain sends out the appropriate 

stimulus through its network of 

nerves. And voilà, muscles move.

But motion has proved to be 

far more complicated than that. It 

may be voluntary or involuntary, 

or some mix of the two. It may 

involve skeletal muscles activated 

by the central nervous system, 

or, in the case of peristalsis (the 

rhythmic contractions that push 

food through the digestive tract), 

it may automatically call into play 

the smooth muscles of internal 

organs. It may occur consciously, 

take place at a level below aware

ness, or even, in the case of a 

reflex, not involve the brain at 

all. It may be executed through 

a hardwired set of instructions 

available at birth, or learned and 

refined after much practice.

Imagining movement All motion 

requires events in sequence. What 

may be surprising, however, is that 

when the brain simply ponders 

action, its neural firing patterns 

appear similar to ones for execu

tion of actual movements.

Think about the layout of your 

house. In your imagination, take  

a walk through its rooms. As  

you performed this mental task, 

you probably didn’t move any 

muscles other than to scan your 

eyes across the page before you. 

But your brain “moved.” Merely 

thinking about moving from 

room to room activated both 

cognitive and motor regions in 

your brain. Synapses fired in your 

occipital, parietal, and frontal 

lobes, as well as in the cerebellum, 

just as they would have if you  

had actually gotten up to make 

the trip. �

 THE
 PERCEPTIVE

 BRAIN

Motion





Invisible Controls
Without unconscious management 
of such tasks as regulating heart-
beat, moving muscles, processing 
emotions, and so on, your con-
scious mind would bog down in 
the demands of simply living.



Asleep or awake, the brain is always active. It works in times of razor-sharp alertness, in the chaos 

of dreams, and at levels below self-awareness. Even when the body rests deeply in a coma, beyond 

the reach of sensation and thought, the brain works to pump blood, move air into and out of the 

lungs, and digest food. At the other extreme of mental activity, drugs may push the brain into 

altered states of hyperactivity or distorted perception for good or ill.

Humans are the only known animals capable of thinking about thinking, and when they do, they 

focus much of their attention on how the brain perceives the world and processes information to 

reach the state of awareness we call cognition. Yet research shows us that the supposedly uncon-

scious mind can register sensations and store memories. Where is the dividing line between the 

unconscious and the alert, conscious brain? 

CHAPTER 

THREE
the 
un-
conscious
brain
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experiment
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Step 1.
Imagine you’re in a college acting class. A professor assigns you 
to prepare a dramatic speech as if you were someone famous. 
To challenge yourself, you choose a political figure (though not 
a monstrous one) you dislike. The big day comes, and you give a 
great speech. 

Step 2. 
Ask yourself: 
Have you changed your attitude about the person you mimicked?

Now turn the page. 

An active mind

The illusion
of intention





Acting the Part
Tina Fey (left) and Amy Poehler 
(right) played the roles of Governor 
Sarah Palin and Senator Hillary 
Clinton on the television show 
Saturday Night Live.



?what 
happened
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Your appreciation of the famous figure likely would grow. Scientists have 

replicated versions of this experiment many times and found that to be true.

But that’s not all. After giving the speech, you also might rationalize 

the choice by unconsciously altering memories of your old attitudes. Like 

Aesop’s fox who wanted the grapes but pronounced them sour after he 

could not reach them, your brain plays with your intentions after you act.

Psychologist Leon Festinger argued in proposing his theory of cognitive 

dissonance that people revise feelings to be consistent with actions. Any 

inconsistency, such as your giving a well-received speech in the role of a poli-

tician you dislike, causes mental discomfort. The brain resolves the conflict by 

changing attitudes to match behaviors. If you buy a car knowing that it has a 

bad transmission, you might actually come to value the car more because of 

the defect, as if you had decided it must be terrific despite the flaw.

Neural circuitry that carries out action is distinct from circuitry that 

explains action. People not only can, but also often do, act unconsciously. 

Then they feel a need to justify their actions because of their perception 

of conscious will. In the case of cognitive dissonance, “the theory suggests 

that actions can ‘sneak by’ without sufficient intention,” wrote Harvard 

psychologist Daniel M. Wegner, “but that once having sneaked, they can 

become unpleasantly inconsistent with those contrary prior intentions and 

prompt the revision that creates a new intention.”

did you know...
Ads often use unidenti-
fied celebrities’ voices, 
which may unconsciously 
influence consumers.



Alien hand syndrome
When he was 56, a patient identified as J. C. suffered a stroke 
in his left frontal lobe. It extended into his corpus callosum, the 
fibers that connect the brain’s hemispheres. Four weeks later, 
his right hand seemed to become possessed. 

J. C. tucked his shirt into his pants with his left hand; his right 
untucked it. He grabbed papers with his left hand; his right ripped 
them free. He restrained his right hand but couldn’t tame it.

His condition, called alien hand syndrome, is very rare—only 
about 50 cases had been documented between the first in 
1909 and J. C.’s in 2006. It springs from damage to the medial 
frontal lobe, the corpus callosum, or both. Research into this 
syndrome has found that 
unplanned movements 
begin in the brain’s “motor 
strip” without a cue from 
the frontal lobe. This seem-
ingly spontaneous firing has 
defied explanation.

Aware and unaware
case history

52 

did you know...
About 1 out of every 
1,000 people will 
remain aware for 
part of the time  
during anesthesia.

although the brain acts 

mechanically, it is nothing  

like a motor or a lightbulb. Except 

in the most extreme circum-

stances, it doesn’t simply turn on 

and off.

Listening in Consider anesthe-

sia. Until 1959, doctors who gave 

patients anesthesia before surgery 

assumed they would be unable to 

perceive anything while uncon-

scious. However, in that year, a 

University of California at San 

Francisco physician, D. B. Cheek, 

discovered that after the patients 

woke up, they could sometimes 

recall word for word under the 

influence of hypnosis what their 

doctors had said while they were 

supposedly insensate.

Such studies underscore how 

difficult it is to define conscious-

ness. However, scientists are now 

turning their attention to connec-

tions within the brain, rather than 

particular regions of the brain, as 

being essential to the sensation 

of consciousness. For instance, 

researchers can track the way sen-

sory signals travel, or “ping,” from 

one part of the brain to another. 

In conscious brains, signals ping 

all over the place. In unconscious 

brains, the signals stay put and 

then fade away. Consciousness 

may be a matter of communica-

tion, not information. �

 THE
 UNCONSCIOUS

 BRAIN
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Under but Not Out
The mind may be aware of  
its surroundings even while  
under anesthesia.



Rise and Shine
All humans follow a regular sleep–
wake cycle. During sleep, the brain 
works to consolidate memories.



1 0 0  T H I N G S  YO U  N E V E R  K N E W   8 11 0 0  T H I N G S  YO U  N E V E R  K N E W   8 1

Cycles 
 THE

 UNCONSCIOUS
 BRAIN
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neurons in your brain con-

stantly communicate with 

one another, even if they are not 

performing specific tasks. You 

must sleep, but a healthy brain 

never totally does.

Waking or at times while sleep-

ing, all regions of the cerebral 

cortex hum with a background 

electrical energy of 40 cycles 

per second, or hertz. This back-

ground pattern is one of many 

bands of “brain waves,” which are 

rhythmic electrical pulses cre-

ated by actions in various brain 

regions. Patterns tend to be 

relatively stable for individuals and 

reveal underlying brain states. As 

measured by an electroencepha-

logram (EEG), they range from 

slow to rapid cycles per second, 

with each band assigned a Greek 

letter for identification: delta, 

theta, alpha, beta, and gamma. 

Each set of brain waves has been 

associated with different states of 

mind and with different functions. 

Delta waves (0.1 to 4 hertz), for 

instance, occur most commonly 

during deep, dreamless sleep, 

when you’re unconscious, and 

in the brains of newborn babies. 

Beta waves (12 to 13 to about 30 

hertz) are present when the brain 

is actively engaged in problem 

solving, decision making, and ana-

lytical thinking. 

Circadian rhythms Your men-

tal states also go through daily 

cycles. The sleep–wake cycle, or 

circadian rhythm, governs our 

daily routine, from the most sub-

dued moments of brain activity,  

to the most hyperactive, moun-

taintop experiences where 

thoughts flow lucidly and cre-

atively, to the deepest, darkest 

sleep where dreams cease to play 

in our minds. �

did you know...
Alpha brain waves 
dominate when 
people feel calm 
and in control.
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54did you know...
Sleepy people get 
an energy boost at 4 
a.m., no matter how 
much they’ve slept.

who can put a price on 

a good night’s sleep? 

Without it, humans have trouble 

remembering what they’ve 

learned. They experience emo-

tional upheavals and make poor 

decisions. They also may suf-

fer health problems including 

increased risks of diabetes  

and obesity. 

Despite evidence about the 

importance of sleep, science is 

only beginning to scratch the 

surface of why humans and other 

creatures need sleep and how  

the brain regulates sleeping  

and wakefulness.

The evolution of sleep Some 

animals, such as the bullfrog and 

salamander, may never really 

sleep. Instead, these animals, 

which were among the first to 

evolve as land creatures, alter-

nate between long periods of 

rest and short periods of motion. 

Among reptiles and other lower 

vertebrates, sleep induces a slow, 

rhythmic pattern of brain waves, 

somewhat like the slow-wave 

EEGs recorded when humans 

enjoy deep stages of sleep. As 

evolution created a more com-

plex brain in birds and mam-

mals, sleep stages expanded to 

include patterns that appear to 

resemble wakeful stages.

Human sleep occurs in five 

stages. After transitioning 

through all five, the cycle repeats 

itself. Stage 1 is light sleep; in 

Stage 2, about half of the adult 

sleep cycle, brain wave activity 

decreases and eye movements 

stop. Stage 3 and Stage 4 form a 

very deep layer of sleep, in which 

it is difficult to awaken sleepers. 

Stage 5, or REM sleep, is marked 

by rapid eye movements and 

vivid dreaming.

The mystery of sleep
 THE

 UNCONSCIOUS
 BRAIN



Room for Rest
Japanese capsule hotels employ 
streamlined mass production for 
business travelers seeking a single 
night’s rest.

The mystery of sleep
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case history
Narcolepsy
Narcolepsy affects 200,000 Americans, even those who typically 
get a good night’s rest. In daytime attacks lasting from a few sec-
onds to a half hour, they may experience sudden muscle weak-
ness, drowsiness, hallucinations, and periods of sudden sleep.

The disorder appears to cause symptoms of REM sleep to 
break through during periods of wakefulness. Working with 
dogs in 1999, Stanford University researchers, including William 
C. Dement (below) and lead researcher Emmanuel Mignot, dis-
covered a gene that causes narcolepsy. It leads to severe lack 
or absence of hypocretin, a neurotransmitter that promotes 
wakefulness. Mignot studies the neurons that create hypocretin, 
which die in people with 
narcolepsy and late-stage 
Parkinson’s disease. He 
believes that the research 
will expand what science 
knows about how and 
why people sleep.
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Sleep’s Purpose It’s believed that 

sleep allows the brain to con-

solidate memories and enhance 

learning. In 2014, neuroscientist 

Wen-Biao Gan literally saw this 

happen in mouse brains. Using 

mice bred to have fluorescent pro-

teins in their neurons, he studied 

what happened when the mice 

learned a new skill (balancing on 

a spinning rod). Mice allowed to 

sleep afterward—deep, nondream-

ing sleep—had activity in the same 

motor region that was active dur-

ing exercise. During sleep, these 

neurons developed a number 

of new branches. Mice deprived 

of sleep showed much less cell 

growth. To learn something well, it 

seems, you have to sleep on it. �

The mystery of sleep

The Science of Sleep
Sleep researcher Jacques Touchon 
studies the effect of aging on 
sleep. In the background are  
EEG traces used to measure  
brain activity.
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Heart attacks increase  
by 5 percent in the week after

daylight savings time starts.

About 10 to 15 percent 
of adults have
chronic 

insomnia.

People taking 
prescription 

sleeping pills gain only 

11 minutes of sleep.

The longest bout of

sleeplessness
on record is

18 days.

Starving
or thirsty people 

rarely dream
of eating or drinking.

About 20 percent
of children will have 

at least one
 sleepwalking episode.

Milk, cheese,  
and peanuts  

can help induce

sleep.

East Coast sports  
teams perform  
worse when they play in 

the West.

Sleep-deprived
drivers have reaction 
times like those of 
drunk drivers.

The idea for  
Frankenstein came  

to Mary Shelley

in a dream.
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did you know... 



65did you know...
Dreams of being 
chased occur 
in 80 percent of 
the population.

The dreaming brain 
 THE

 UNCONSCIOUS
 BRAIN

the science of dreams, like the 

mechanics of sleep, is a vast 

jungle that science has only begun 

to explore. Although dreams and 

their interpretations have carved 

out a huge space in human his-

tory, religion, and literature, mod-

ern researchers believe dreams 

arise from basic brain functions. 

Harvard University researchers  

J. Allan Hobson and Robert  

McCarley developed the “activa-

tion synthesis” theory of dreams 

in 1977. It says dreams aren’t 

stories with symbolic meaning 

but rather the brain attempting to 

impose order on the static caused 

by the random firing of neural net-

works connecting the pons and 

the cerebral cortex. 

Some researchers believe 

dreams rehash fragments of daily 

life in a process known as incorpo-

ration. In a 1978 experiment, test 

subjects fitted with red goggles 

for several days began to see 

more and more red-tinted objects 

in their dreams. 

Not-so-sweet dreams How-

ever, if dreams incorporate bits 

and pieces of everyday life, they 

pick up on stress and anxiety in 

disproportionate amounts. In the 

1940s, researcher Calvin S. Hall of 

Case Western Reserve University 

cataloged the content of more 

than 1,000 test subjects’ dreams. 

Anxiety ranked as the most com-

mon emotion of those dreams, 

and negative content outnum-

bered positive content. 

Out of all the dreams we 

dream, many, if not most, are 

forgotten quickly. Only the ones 

that, by chance, seem to correctly 

predict the future become the 

stuff of legend. �

A Message in the Night?
(Above) Brain scans show 
the brain during normal sleep 
(top) and REM sleep. (Right) 
Most dreams occur during 
REM sleep, but their purpose 
is unknown. They may rehash 
parts of daily life, or they 
may be the result of random 
neural signals. 
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Asleep

REM
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Mixed Messages 
Altered states of con-
sciousness often bring 
on distorted perceptions. 
They can be caused by 
mental disorders such as 
schizophrenia or by sub-
stances such as alcohol 
or drugs.

66did you know...
Like cocaine and 
heroin, nicotine acti-
vates the brain’s 
dopamine systems. 

altered states of conscious-

ness arise from conditions 

that push the brain into something 

other than the normal waking state. 

Problems processing information 

may arise from internal causes, 

such as schizophrenia, or from 

external stimuli, including sub-

stances such as medications, illegal 

drugs, alcohol, or tobacco.

The brain on drugs Most mind-

altering substances change the 

functioning of neurotransmit-

ters. Some mimic the work of 

the brain’s neurotransmitters, 

whereas others prevent them 

from doing their jobs. Imbal-

ances in a class of neurotrans-

mitters called monoamines, 

including dopamine, serotonin, 

and adrenaline, play key roles 

in disorders such as depression, 

Parkinson’s disease, schizophre-

nia, and irregular sleep patterns. 

The current epidemic of opioid 

addiction stems in part from the 

drugs’ resemblance to the brain’s 

own chemicals. Opioid chemicals, 

such as those found in heroin, oxy-

codone, or hydrocodone, closely 

mimic natural neurotransmitters. 

In the brain, these endogenous 

(natural) opioids block pain. Pre-

scription opioids attach them-

selves to the same brain receptors 

and not only inhibit pain but also 

create a feeling of euphoria. These 

drugs easily become habit form-

ing, exerting a powerful influence 

on the neural networks associated 

with rewards.

The similarity of the reward 

response to drugs and to natural 

stimuli makes it tough to treat 

addictions. Future research might 

be able to identify prime candi-

dates for addiction and find ways 

to modify genes or block addictive 

behavior. �

Altered states
 THE

 UNCONSCIOUS
 BRAIN





Caption Head
In Us dolupti onsequiatus eiciatu 
rempora dolupta tenimus milluptur 
magnam ipsae aciat ut exerep.

Ups and Downs
Physical and emotional reactions 
are intertwined, as in the experi-
ence of riding a roller coaster.
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There’s motion inside the word emotion, and for good reason. Emotions not only bring on highs and 

lows but also communicate via gesture and expression. These physical manifestations provide the 

crucial distinction separating emotion from other behaviors. Emotions manifest themselves out-

wardly in visible changes to the body, such as muscle contractions, blood vessel dilations, and facial 

expressions. Powerful emotions can deeply carve events into memory, alter behavior and physical 

health, contribute to good (or bad) decision making, and even cause a person to be literally scared 

to death. Scientists are only beginning to understand their importance.

Aristotle classified more than a dozen emotions, including envy and pity. Today, most scientists 

recognize fear, anger, sadness, and joy, while some add surprise and disgust, referring to the com-

plete list of six as “primary” or “universal” emotions. Many casual observers would add love to the 

list, but researchers are divided over classifying it as emotion or drive. 

CHAPTER 

FOURthe 
emotional
brain
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experiment

Read this:
They say the eyes are windows to the soul. Can you identify a person’s 
emotions by gazing only at the eyes? Look at each pair below and pick 
the emotion they express.

1. (a) surprised 
(b) worried

2. (a) angry 
(b) frustrated

3. (a) joyful 
(b) pained

4. (a) anxious 
(b) serious

5. (a) sad 
(b) surprised

6. (a) focused 
(b) bored

Now turn the page.

Facial cues

The eyes 
have it

1 2

3 4

5 6



Gymnast Gabrielle Douglas 
hugs her coach, Liang Chow, 
after a winning performance  
at the 2012 Summer Olympics  
in London.



WORRIED

JOYFUL SERIOUS

BOREDSAD

ANGRY



?what 
happened
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67did you know...
A study found that play-
ing with dogs increased 
levels of joy-inducing 
hormones.

Answers:

1 (b) worried

2 (a) angry

3 (a) joyful

4 (b) serious

5 (a) sad

6 (b) bored

If you identified at least four expressions correctly, you’re on target. Most people 

can accurately name an emotion, based only on the eyes, at least 60  

to 80 percent of the time. 

Why are humans so sensitive to tiny facial cues? Many biologists invoke our 

evolutionary history. We are social animals and always have been. Understanding 

another human’s emotional state, particularly if it involves anger or fear, would at 

one time have been crucial to survival—and can still be vital when, for instance, 

encountering a stranger on a dark street. Thus, the brain is exquisitely sensitive to 

recognizing faces and the emotions they project. The eyes, with their wide range 

of muscle shifts and angles, can convey a wealth of information. Scientists have 

found that if they swap the eyes between two photos of emotional expression, 

viewers will read the emotion in the eyes, not in the rest of the face. Babies as 

young as seven months will respond appropriately to the eyes of someone gaz-

ing at them—and in particular, to the whites of the eyes and their changes in size 

and direction. 



9 6   YO U R  B R A I N :  A  U S E R ’ S  G U I D E

68did you know...
Emotions help 
memories form 
and stick.

emotions appear to be pro-

cessed in complex ways. 

There is no single emotion circuit; 

instead, a number of brain regions 

induce emotions, which then are 

processed by a variety of neural 

networks. Given their ancient evo-

lutionary history, it’s not surpris-

ing that most of the significant 

emotional centers lie below the 

cerebral cortex, which separates 

humans from all other animals. 

These “subcortical” emotional 

regions include the brain stem, 

the hypothalamus, and the basal 

forebrain. PET scans reveal that 

the brain processes sadness, for 

example, mainly in the brain stem 

and hypothalamus, as well as the 

cortical region known as the ven-

tromedial prefrontal cortex. 

Right and left Although emo-

tions are not encoded in par-

ticular neurons, brain scans have 

led researchers to generally 

assign negative emotions such as 

sadness to the right hemisphere 

and positive emotions such as joy 

to the left hemisphere. For at least 

a century, neuroscientists have 

noted a link between damage to 

the brain’s left hemisphere and 

negative moods, including depres-

sion and uncontrollable crying. 

Damage to the right, however, 

has been associated with a broad 

array of positive emotions. In the 

past two decades, University of 

Wisconsin researcher Richard 

Davidson has seen similarities 

in healthy, undamaged brains. 

Patients with more general activ-

ity in the left hemisphere tend to 

be happier than people with a 

more active right hemisphere. �

Mapping emotion
 THE

 EMOTIONAL
 BRAIN



Tears of Joy
Actress Halle Berry’s emotions 
burst forth as she accepts her  
Best Actress Oscar in 2002.
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69did you know...
Seeing someone in 
distress makes “mirror 
neurons” in your brain 
cause similar feelings.

humans communicate emo-

tions through facial gestures. 

Control of these expressions lies 

in the brain stem and amygdala, 

beyond consciousness. Evidence 

for this conclusion comes from 

patients who have pseudobulbar 

palsy, a disease that impairs volun-

tary control of emotional display. 

Such patients cannot control the 

muscles of their face. However, 

they still laugh and cry and show 

features of true emotions when 

moved by involuntary responses.

Mimicking emotion We begin to 

recognize emotions in others at an 

early age and copy what we see. 

Imitation helps create the parent–

child bond during the first months 

of a child’s life. This urge to mimic 

the emotional behavior of others, 

called emotional contagion, con-

tinues throughout life. When you 

look at another’s facial expression, 

you often take on aspects of that 

expression yourself. The brain per-

ceives an emotion in the face of 

another and automatically signals 

its own emotional circuits. 

Many people with autism 

struggle with decoding the emo-

tional content of faces, bodies, and 

sounds. Their inability to see things 

from another’s perspective makes it 

hard for them to recognize sarcasm 

or deceit. Autopsies have found 

correlations between autism and 

cellular anomalies in the cerebel-

lum, hippocampus, and amygdala, 

as well as shrinkage of the cerebel-

lar vermis. Other findings indi-

cate that autism may result from 

disorders in the portions of the 

brain that specialize in imitation. 

So-called mirror neurons are less 

active in children with autism than 

in control groups of people without 

autism asked to imitate or merely 

observe facial expressions. �

Seeing emotions
 THE

 EMOTIONAL
 BRAIN

Seeing Eye to Eye
(Above) Emotional activ-
ity lights up the frontal 
lobe in this magnetic 
resonance image. (Right) 
Newborns and their par-
ents strengthen emotional 
bonds as they mirror each 
other’s expressions.





Love Potions
Scientists are unromantically 
beginning to link the pleasurable 
state of love to neurotransmitters 
and pheromones.
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70did you know...
Exposure to oxy-
tocin increases the 
level of trust people 
have for each other.

of all the positive, pleasur-

able states, none has com-

manded so much attention as love. 

In the laboratory, love has gone 

under the microscope, to be dis-

sected into categories and probed 

for possible clockwork mecha-

nisms. Helen Fisher, a Rutgers 

University anthropologist, charts 

three kinds of physiological and 

emotional love: lust, attraction, and 

attachment. All arose through evo-

lution to promote the continuation 

of the species through mating and 

parental bonding.

Fisher claims each type of love 

has its own purpose and chemis-

try. Lust sends people out into the 

world looking for a mate. It’s asso-

ciated with the hormones estrogen 

and androgen. Attraction focuses 

that physical energy on one person 

instead of spreading it too thin. 

The desire for emotional connec-

tions is believed to be associated 

with serotonin. Attachment keeps 

Mom and Dad together for the 

evolutionary advantage of having 

two parents. The neurotransmit-

ters that keep two people together 

have been harder to find, but 

experiments with animals have 

turned up neurochemicals that 

promote pair bonding. 

Chemical romance Maternal 

love may share some of the same 

neural circuits as romantic love. 

For instance, the brain releases the 

neuromodulator oxytocin during 

childbirth to promote mother-child 

bonding. Researchers find that 

when baby mice fall out of the 

nest, mice who are mothers will 

rescue them, but virgin mice are 

indifferent. When virgin mice are 

dosed with oxytocin, they run to 

the rescue, possibly because the 

chemical makes their brain more 

attuned to social information.

The bright side 
 THE

 EMOTIONAL
 BRAIN
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Joy Happiness, or joy, one of 

the universally recognized emo-

tions, seems to be more nature 

than nurture. Neuroscientists have 

determined that more than 60 

percent of an individual’s ten-

dency to have a character domi-

nated by positive emotions comes 

from his or her genetic makeup. 

The rest is learned through experi-

ences, emotions, and thoughts. 

Research has targeted some of 

the regions for happiness. They 

include the hypothalamus along with 

the nucleus accumbens and septum. 

Each pleasure region releases neu-

rotransmitters and endorphins, as 

well as dopamine, which has gained 

the most attention as an inducer of 

positive emotions. �

The bright side

case history
Happy dogs
Domestication of the dog has resulted in friendly pets. But 
are there physical traits associated with domestication? 
Russian geneticist Dmitry Belyaev began an experiment 
breeding Russian silver foxes in 1959, choosing tolerance for 
human contact as his sole criterion for reproduction. The 
40-year project yielded a group of kits that were as playful 
as golden retrievers and 
also possessed doglike 
floppy ears, rolled tails, 
and white patches of fur. 
The opposite process 
has also been seen: Feral 
dogs in Moscow are now 
becoming increasingly 
wolflike, running in packs 
and losing the ability to 
wag their tails.

Naturally Happy
Much of the ability to feel happi-
ness is determined by a person’s 
genetic makeup.
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Strong ties  
to friends and family

increase levels
of happiness.

In the long run,  
lottery winners
are no happier
than anyone else.

Older people are more

satisfied
with their lives than

younger people.

Distress over  

heartbreak and 

physical pain  
activates the same  
brain regions.

When exposed to the neuro-
chemical arginine vasopressin,
promiscuous voles became
monogamous.

73
75
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Charitable 
actions

increase levels  
of happiness.

Anthropologists have 
found accounts of

romantic love
in 147 of 166 societies.

Experiences
make people

happier
than possessions.

Some mice pass

pheromones
through the male’s

tears.

Psychologist Martin Seligman lists 
three components of happiness:

pleasure, engagement, 
and meaning.

Men are more likely 
than women to 

hide the symptoms

of depression.
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82did you know...
Pain is not an emo-
tion, although it can 
bring on emotional 
reactions.

the human brain exhibits what 

psychologists call a negativ-

ity bias. Bad news sticks longer 

in memory than good news, and 

unpleasant encounters affect 

the brain more powerfully than 

pleasant ones. The brain’s super-

sensitivity to negative emotions 

emerged at the dawn of the 

human species. Fear, anxiety, and 

anger prepared the body for fight 

or flight.

Fear and anger The physical 

manifestations of fear are well 

known. Fear activates the auto-

nomic system and releases stress 

hormones, including adrenaline. 

The amygdala and thalamus mobi-

lize the body by increasing heart 

rate and blood pressure, as well 

as by sharpening the focus of the 

senses. Meanwhile, slower sensory 

signals move from the thalamus 

to the frontal cortex to identify 

and reassess the source of fear’s 

signal. The fast response of the 

amygdala has the evolutionary 

advantage of preparing the body 

for a worst-case scenario, while 

the slow response of the cortex 

keeps the body from running 

away from every shadow. 

Anger, like fear, manifests itself 

through a variety of pathways 

starting with the limbic system. 

Anger releases cortisol in the 

brain, which promotes feelings 

of stress and frustration. Habitu-

ally angry people appear to have 

reduced neural activity in their 

frontal lobes, which communi-

cate with the amygdala as the 

mind seeks a balance between 

reason and emotion. High and 

low levels of serotonin and high 

testosterone levels also contribute 

to aggressive behavior, through 

mechanisms that are not entirely 

understood.

The dark side
 THE

 EMOTIONAL
 BRAIN

Agony Versus 
Ecstasy
Negative feelings 
such as sadness, fear, 
and anxiety affect 
the brain more pow-
erfully than positive 
feelings do.





An Unbalanced Perspective
Depression occurs when neu-
rotransmitters are out of balance 
in many regions of the brain.
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People with depres-
sion suffer the most 
in the early morning.

Feeling down The emotions of 

sadness and grief serve practi-

cal purposes. They may have 

evolved to let the brain slow 

down and recognize the impact 

of loss and the effect of negative 

behaviors. 

Brain scans associate sadness 

with increased activity in the right 

prefrontal cortex and decreased 

activity in the left prefrontal cor-

tex. Long bouts of sadness may 

inhibit neurotransmitters in the 

frontal lobe and amygdala, lead-

ing to a numb and empty form  

of depression.

Depression Symptoms of 

depression, as opposed to sad-

ness, include persistent sad or 

empty moods, a chronic drop in 

energy, loss of pleasure in things 

that usually bring enjoyment, 

guilty and helpless feelings, and a 

general feeling of not being one’s 

usual self. 

Research suggests depression 

arises from imbalances of neuro-

transmitters. It involves many 

regions of the brain, including 

the cerebral cortex, amygdala, 

hypothalamus, and other regions. 

People with depression exhibit 

shrinkage of the hippocampus,  

a brain region that is sensitive  

to stress. Antidepressants such  

as Prozac can start to reset the  

balance among these regions  

of the brain. �

case history
Junior Seau
In his 20 years in the NFL, All-Pro linebacker Junior Seau was 
known for his energy and exuberance. So family and friends 
were shocked when he committed suicide by gunshot at the 
age of 43. However, a postmortem examination of Seau’s 
brain revealed what some had already suspected: The football 
player suffered from chronic traumatic encephalopathy (CTE). 
First identified in 1949, this degenerative brain condition 
comes about as the result of repeated trauma to the brain. Its 
symptoms resemble those of mental illness, including depres-
sion, erratic behavior, poor judgment, and suicidal thought.  
In 2017, researchers reported finding CTE in 99 percent of  
former NFL players’ 
brains, submitted by 
their families; hockey 
players, pro wrestlers, 
and others have also 
been found with  
the condition.  

The dark side
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84did you know...
Studies show that 
men are more likely 
than women to 
develop “in-group” 
biases.

the mind needs both uncon-

scious intuition and reasoned 

judgment. Intuition reaches quick 

conclusions about things being 

good or bad. It’s a fast and easy 

pathway to decisions. Many intui-

tive decisions are also logically 

sound because the brain accesses 

emotional memories from similar 

situations in the past and applies 

them to a snap decision in the 

present. However, many people 

assume that their decisions are 

made as part of a conscious and 

logical process, when in fact they 

stem from instant deep-brain 

responses.

Us vs. them For instance, when 

we meet a new person, our brain 

reacts to their appearance long 

before we are consciously aware 

of it. Experiments show that the 

brain recognizes the social status 

of a person in a photo in less than 

40 milliseconds (well under the 

threshold of conscious percep-

tion). We register race in less 

than 100 milliseconds and gender 

within 150 milliseconds. Emotional 

reactions also occur instantly, and 

don’t reflect well on our psyches: 

When presented with a face from 

a different race, the amygdala, 

the brain’s fear center, instantly 

activates. 

These lightning reactions fuel 

an instinct common to many ani-

mals: the need to divide groups 

into “us vs. them.” Research-

ers find that even when people 

are assigned to groups for 

completely arbitrary reasons, 

they automatically treat their 

own “in-group” better than the 

“out-group.” �

Emotion & decisions
 THE

 EMOTIONAL
 BRAIN



Jumping to Conclusions
The mind uses both intuition and 
conscious judgment in making a 
decision. Your unconscious mind 
may fear heights while your con-
scious mind assures you that your 
equipment will keep you safe. 



Headroom
A scan shows atrophy of the  
brain tissue, which can occur  
as people age.
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With the exception of a lightning-like stroke, an aging brain changes gradually in its abilities to 

perceive sensations, process information, create and store memories, and learn. Some neurons 

die through normal aging or through disease or injury. Yet, except for a decrease in processing 

speed, healthy mature brains perform about as well as youthful ones in any task requiring planning, 

analysis, and organization of information. Some areas of mental ability actually increase with age. 

For instance, in the absence of disease, an elderly brain enjoys a larger vocabulary and sharpened 

language skills. 

A host of disorders and diseases can affect the aging brain, from hearing loss to dementia. How-

ever, maintaining a healthy brain through mental and physical exercise, as well as medical treatment, 

can add life to one’s final years. Education, sensory challenges, cognitive puzzles, and exercises to 

improve blood flow, balance, and muscle mass all support the most important organ in the body. 

CHAPTER 

FIVEthe 
aging
brain
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Step 1.
Start at the top of the list of numbers.
Look at the number, try to memorize it, and then cover it with  
your hand. 

Step 2. 
Immediately say the number out loud, one digit at a time,  
without pausing. 
You would say the first number as “four-nine-two-six.”

Step 3.
Continue along the list of numbers. Note the point at which your 
memory starts to falter in your attempts to recall the entire number. 

Now turn the page.

Number skills

The power
of seven



4926
57843
02685

953456
684712
1537923
7430673
89314289
85371067
639818531

9278369708



Significant Seven
Some psychologists  

believe that the number 7 
has special significance in 

mythology because it is  
the largest number of  

items easily remembered.



?what 
happened
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85did you know...
Working memory 
resides in the 
prefrontal lobes.

Did the number that beat you begin with 8?

The strings of digits that start with an 8 are also eight digits long. 

Chances are, those numbers, and the longer ones below, gave you trouble.

For a long time, observers have noted that the mind can manipulate 

only so much information at one time. You may have noticed that when 

a friend tells you a new phone number, you likely forget it if your friend 

asks you a question while you write it down. Your brain cannot handle 

the overload. But at what point does the brain rebel against handling too 

much at once?

Pioneering cognitive psychologist George Miller conducted a series 

of experiments and proposed the answer in 1956 in the Psychological 

Review: “My problem is that I have been persecuted by an integer,” reads 

his paper’s famous opening. The mysterious numeral is evident from the 

article’s title: “The Magical Number Seven, Plus or Minus Two.”

Miller found most people could keep about seven new pieces of infor-

mation in memory. Through subsequent experiments, researchers have 

tweaked Miller’s numbers in certain situations and added insights into 

how different kinds of information affect memory’s boundary. Some have 

questioned Miller’s finding that active memory can hold about seven items, 

regardless of whether the data exist as numerals, letters, words, or some 

other form. Nevertheless, the end of Miller’s article asks an intriguing ques-

tion: Is it just coincidence that there are seven seas, seven ancient wonders, 

or seven deadly sins?



The Fog of Age
Vision grows worse as we age, 
when the muscles controlling the 
expansion and contraction of the 
pupils grow less efficient.



86did you know...
Age-related damage 
to the inner ear can 
result in dizziness and 
falls in the elderly.

as we age, our senses become 

less acute through changes 

in the sense organs themselves 

as well as changes in the brain. 

Minimum levels of stimulation, 

called thresholds, are required 

before the brain perceives a sen-

sation. With age, these thresholds 

rise, requiring greater stimulation 

before sensations register. 

In addition, aging brains suf-

fer a decline in working memory, 

making them more prone to dis-

traction. That’s why driving, espe-

cially in heavy traffic, becomes 

more difficult with age.

Vision and hearing Eyes and 

ears suffer the most dramatic 

ravages. Nearly everyone older 

than 55 needs corrective lenses 

at least part of the time. Some 

studies have found that impaired 

vision in the elderly is linked to 

mental decline. Why that’s so isn’t 

clear, but logic suggests the lack 

of clear vision for reading and 

performing eye–hand coordina-

tion would limit the ability to do 

brain-strengthening exercises. 

Ears also suffer abuses through 

age, with the ability to hear high-

pitched sounds the first function 

to disappear. Once considered 

a disease of old age, the loss of 

hearing in the high registers is now 

appearing in younger patients, 

thanks to our noisy world. �

mental muscle
Video games
In 2008, researchers at the University of Illinois demonstrated 
that when the elderly play video games, they improve cognitive 
skills and maintain those improvements for weeks. Even better, 
the skills transfer to tasks in the real world.

The study had 20 adults older than 60 play a game, while 
another 20 served as a control group. The game players 
outscored the nonplayers on measures of alertness, working 
memory, and ability to shift between tasks. The takeaway?

Strategy-based games could become a way for the elderly to 
maintain and perhaps even improve some of the cognitive abili-
ties that decline with aging, according to Art Kramer, author of 
the study. Video games 
can help seniors have fun 
and create or support 
social networks, while 
those that require body 
movement encourage 
physical exercise and eye–
hand coordination.

Changing senses
 THE

  AGING
 BRAIN
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87did you know...
Connections within 
the hippocampus 
break down during 
normal aging.

f or centuries, observers have 

known that people process 

information more slowly as they 

age. But as a trade-off for their 

decline in speed, the elderly  

tend to consider problems more 

carefully and then offer well- 

reasoned responses. 

One area concretely affected 

by age is memory. Recalling facts 

and autobiographical data may be 

clouded by anxiety, depression, and 

other negative states, which are 

more common among the elderly 

than young people. Nevertheless, 

when controlling for these vari-

ables, it becomes clear that aging 

weakens memory. Normal degrada-

tion of memories occurs both for 

events of the recent past and those 

long ago. Furthermore, the elderly 

lose a degree of working memory, 

the “mental desktop” that allows 

them to hold and manipulate infor-

mation for a few seconds.

Jogging memories An elderly 

brain may attempt to force the 

recall of uncertain information 

by calling on the frontal lobes to 

assist in memory, but PET scans 

reveal that older brains have 

more trouble activating these 

lobes. However, there are practi-

cal ways to combat memory loss. 

Among them is simple exercise. 

Scientists have found that exer-

cise improved the memories of 

elderly women with mild cogni-

tive impairment. Interestingly, 

aerobic exercise seemed slightly 

better for verbal memory, and 

weight training slightly better for 

associative memory—the ability 

to remember things in context. 

One factor may be the protein 

cathepsin B, released by muscles 

during exercise. In mice, at least, 

this protein builds cells in the hip-

pocampus, a brain region essential 

to memory. �

Memory & learning
 THE
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Picturing the Past
Memory, including the ability to 
recall autobiographical events,  
is affected by age. 



Coping with impairments       

The Diminished Brain
Vertical slices of a brain affected 
by Alzheimer’s disease, at left, and 
a normal brain, at right, show con-
siderable shrinkage in the former.
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88did you know...
A decline in verbal skills 
could be an early sign 
of Alzheimer’s disease.

today’s scientists know that 

dementia and strokes are not 

normal parts of the aging pro-

cess. Dementia, from the Latin 

for “away” and “mind,” describes 

a variety of symptoms that stem 

from as many as 50 disorders 

of the brain. All involve neuron 

destruction. Physicians diagnose 

dementia if two or more brain 

functions, typically including 

memory and language skills, are 

significantly impaired. 

Thunderstruck   Unlike demen-

tia, a stroke occurs in an instant. 

The ancient Greek physician 

Hippocrates described stroke as 

plesso, meaning “to be thunder-

struck.” A stroke occurs when a 

blood clot or broken artery cuts 

off the flow of blood to the brain. 

Without oxygen-rich blood, brain 

cells die, taking with them the 

cognitive and motor functions 

they make possible. 

Types of strokes Thrombotic 

strokes occur when an artery serv-

ing the brain closes through the 

buildup of fatty deposits on its 

inner walls. Embolic strokes occur 

when a fatty clot forms elsewhere 

in the body, such as in the walls 

of the heart, and flows through 

open arteries until it lodges like a 

dam in a blood vessel of the brain. 

Together, these two account for 80 

percent of strokes. Hemorrhagic 

strokes occur when an artery 

ruptures in the brain, usually as a 

result of high blood pressure.

Although strokes happen in 

the brain, they affect the whole 

body. They are one of the lead-

ing causes of death and disability 

among older people, but the brain 

has remarkable abilities to recover 

even from stroke damage. With 

therapy, most people recover some 

or all physical functions, especially 

if they receive treatment within the 

first three hours.

Coping with impairments       
 THE
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Alzheimer’s disease Alzheimer’s 

disease is the most common form 

of dementia, targeting the por-

tions of the brain that are crucial to 

remembering, thinking, and reason-

ing. It is marked by an accumulation 

of plaques and tangles in the brain. 

Dense bundles of fibers, including a 

molecule called tau inside the neu-

rons, form tangles that alter neuronal 

function, disrupting orderly pat-

terns of neural connections. Outside 

the afflicted cells lie fatty globs of 

plaque. The accumulation of plaques 

and tangles makes neurons shrink 

and disappear. Drugs are now avail-

able to treat progressive dementias 

including Alzheimer’s disease. For 

now, they offer only relief from, not a 

reversal of, disease.  �

Coping with
impairments

case history
Alois Alzheimer
“She sits on the bed with a helpless expression. What is 
your name? Auguste. Last name? Auguste. What is your 
husband’s name? Auguste, I think. Your husband? Ah, my 
husband. She looks as if she didn’t understand the question.”

So opens the first entry in a long-lost file of a woman identi-
fied only as Auguste D. The interview occurred November 26, 
1901, and the physician was neuro psychiatrist Alois Alzheimer. 
Alzheimer described Auguste’s symptoms as progressive cog-
nitive impairment, hallucinations, delusions, and psychosocial 
incompetence. He observed her until her death in 1906. That 
year, Alzheimer described what he found in Auguste’s brain 
during autopsy, including 
neurofibrillary tangles, corti-
cal shrinkage, and plaque 
buildup between neurons. 
It was the first description 
of what became known as 
Alzheimer’s disease. 

Artistic Expression
Art therapy can enrich the lives 
and improve the mood of people 
with Alzheimer’s disease and other 
dementias.
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did you know... 
89 90

98

The risk of devel-
oping dementia

decreases
in your 80s.

Musical memories

often outlast
verbal memories in  
Alzheimer’s patients.

The number of words

recognized 

stays stable 
with age.

The number of words 

recalled 
decreases 

with age.

Electrical brain 
stimulation may help a 

failing memory.

91
92

9695
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Optimistic
older people

live longer
than pessimists.

Strategy-based games

help older brains

stay sharp.

Alcohol affects older brains

more strongly
because of lower
metabolic rates.

A common trait in people 

over 100 is the ability 

to manage stress.

Tai chi can

relieve
depression.

9493



Rebuilding the Brain
Stem cells, recently discovered in 
the brain, may one day be used to 
repair areas of damaged neurons.
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New directions
case history

99 

did you know...
Magnetic pulses 
aimed at the fron- 
tal lobes may 
lessen the grip 
of obsessive– 
compulsive disorder. 

in the fetal brain, unspecialized 

stem cells grow into hundreds 

of particular kinds of neurons, 

each appropriate to its location 

and function. Until 1998, scien-

tists believed that the adult brain 

contained no stem cells and that 

no neurons could form after early 

childhood. However, the discov-

ery that year of stem cells in the 

hippocampus, and the subse-

quent recognition of stem cells in 

the olfactory bulb and caudate 

nucleus, touched off a frenzy of 

speculation about ways they might 

be induced to create replacement 

neurons for damaged parts of the 

brain. Scientists are now having 

success “reprogramming” brain 

stem cells in the lab to produce 

millions of identical copies. 

The body electric Researchers 

are also racing ahead in the new 

field of neural interfaces. Using 

computer technology, they are 

sometimes able to connect the 

brain to a disabled body, restor-

ing its movement. University of 

Houston scientists recently fitted 

an amputee with an electronic 

skullcap and prosthetic legs and 

watched him climb stairs. In 2016, 

a University of Pittsburgh team 

implanted electrodes in a para-

lyzed patient that then picked up 

sensations sent from a robotic 

hand to his brain. �

 THE
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Networked minds
Telepathy over the Internet? Bring it on. In 2013, Duke Univer-
sity researchers implanted electrodes in the brains of two rats 
and then transmitted signals from one rat’s brain to the other 
over the Internet. Not to be outdone, two University of Wash-
ington scientists wearing electrode caps arranged to send men-
tal signals over the Internet 
while playing a video game. 
The first one thought “fire” 
and the second, across cam-
pus, reached out to a key on 
his keyboard.
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did you know...
The part of your 
brain that recog-
nizes an object is 
different from the 
part that locates it.
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