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B
ESTRIDING, Colossus-like, 

both our inner and outer 

worlds, the brain is the 

essential conduit for everything we 

learn. Yet despite its pivotal impor­

tance, we've only recently begun 

exploring it. That's because the 

risks and side effects of available 

technology formerly precluded 

the study of the normal brain. 

As a result, we knew more about 

diseased and injured brains than 

properly functioning ones. 

Now thanks to new and safer 

technologies we're able to visualize 

the healthy brain in color-coded 

three dimensional images. These 

images have provoked widespread 

excitement and research. As a 

result, we've learned more about 

the brain during the last 20 years 

than the previous 500. Yet our 

knowledge is still limited. 

Neuroscientists are feverishly 

pursuing the so far elusive goal 

of an overarching explanation of 

how the brain works. At times the 

search is reminiscent of the child­

hood game of trying to jump on 

one's own shadow: We're learning 

about the brain via the perspective 

provided by our brain. 

While this self-referential aspect 

of neuroscience doesn't present 

an insurmountable obstacle, it 

BY RICHARD RESTAK, M.D. 

does require us to employ a kind 

of double bookkeeping system. 

On one hand we must study the 

brain with the objectivity befitting 

any other area of inquiry. On the 

other hand we have to remain alert 

that our brain's ways of perceiving, 

thinking, and acting may lead us 

to incorrect conclusions. 

For instance, when we sleep 

our conscious world temporar­

ily ceases. Based on this nightly 
. . , . 

expenence, It s temptlllg to assume 

that our brain goes into a corre­

sponding temporary suspension 

of activity. But our brain doesn't 

shut down; it continues to consoli­

date and enhance the knowledge 

acquired during our waking hours. 

This insight awaited the develop­

ment of the electroencephalogram 

(EEG) in the 1920s followed by the 

demonstration, 10 years later, that 

EEG patterns change dramatically 

over the course of a night's sleep. 

Throughout our lives, we're 

establishing pathways within the 

brain composed of millions of nerve 

cells. As we mature these pathways 

increase in complexity-a process 

similar to the branching of a tree 

as it grows. Our cognitive abili­

ties evolve as an accompaniment 

to this anatomical and functional 

brain complexity. 

But here's the most inspiring of 

insights about the brain: We can 

enhance our brain's performance 

by our own efforts. Thus learning 

about the brain provides a wonder­

ful mix of instruction, amazement, 

and self improvement. As you gain 

knowledge, you're in a better posi­

tion to improve its functioning 

and thereby increase the quality of 

your life. 

Which brings me to Brain, that 

rarest of treasures: an easily read­

able book on a difficult and com­

plex subject that is understandable, 

encompassing, entertaining, and 

just plain fun to read. (And after 

writing 20 books on the brain I 

trust I can claim, without seeming 

immodest, that I recognize a good 

"brain book" when I read it.) 

Michael Sweeney has done an 

admirable job here in fashioning a 

one-volume synthesis of an incred­

ible amount of information. For 

the reader new to the subject, Brain 

provides a valuable and rewarding 

introduction. And for those read­

ers who are already "hooked" on 

the brain, they will find in this 

volume a marvelous compendium 

of the current state of our knowl­

edge, as well as provocative sugges­

tions about the future direction of 

brain research. 

OPPOSITE: Whirring cogs and spinning gears represent the flurry of activity driven and controlled by the brain. 
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I I OW I 0 l J S F I I II S BOO K 
T

HE NINE chapters found 

in Brain: The Complete Mind 

are packed with riveting 

information. Complementing the 

engaglllg narrative-which covers 

the brain's anatomy, its myriad func­

tions, and its interactions with the 

world-are hardworking reference 

elements that pepper every page with 

facts and figures, amazing stories of 

breakthrough developments and the 

plOneenng thinkers behind them, 

descriptions of ailments and mala­

dies, and helpful strategies to keep-

ing the brain at its best. Each feature 

brings out the fascinating dimensions 

of the human brain. 

SUBSECTION 

o 

W
HAT [S YOUR moti ­

vation to experience 

love and joy? You 

might as well ask why you need !O 

breathe. The phYSiological SenSa­

tions of ,arisfaction and warmth. 

coupled wilh Ihc awarcness of 

how righl the emotion fcds . are 

their own reward. Joy. love. hap­

piness-they are what make life 

worth living. 

LOVE 
Of all the positive, pleasurahle 

Slates, none has commanded so 

much attention from scientists . 

ani.,ts, and poets 3., lovc. In the 

laboratory, love has gone under 

the microscope, to be dissecled 

into categories and probed for 

possible clockwork mechanisms, 

Helen fisher. a Rmgers Universiry 

CROSS REFERENCE 

Falling in Love 

Emotion. in the amygdala. 

anThropologist, charts three kinds 

of phYSiological and emotional 

kinds of love: lust , attraction. and 

attachment. All arose through evo­

Imion to promote the continua­

tion of the spedes through mating 

and parenTal bonding. 

Accord ing to Fishu. each type 

of love ha, it., own .pedal purpose 

and chemistry, Lust sends people 

out into the world looking for a 

mate. It's associated with the hor­

mones estrogen and androgen. 

Attraction focuses that physical 

energy on one rem," instead of 

spread ing il toO thin. Its link to 

the desire for emotional connec­

tions i, believed to he associated 

with serotonin. Attachment keeps 

Mom and Dad together for the 

evolutionary advantage of having 

tWO parents. "Ihe neurotransmitters 

OSUBSECTIONS: Divide a chapter into 

segments on the major subjects 

an injury or an illness occurs, various 

treatments, and current research 

o DIAGRAMS: Show the Illner work-

Illgs and anatomy of the brain, its 

processes, and its functions 

o FLOW CHARTS: 

and functions 

stand format 

III 

Illustrate processes 

easy to under-an 

o FAST FACTS: Present fascinating bits 

of information and figures 

o CHAPTER GLOSSARIES: Define 

terms found within each chapter 

key 

o TABLES: Organize key information 

into a quickly understood format 

o FACT BOXES: Feature entertaining 

explanations and interesting anecdotes 

that you didn't know about the brain 

o CROSS-REFERENCES: Make valuable 

flj) BREAKTHROUGH SIDEBARS: Chronicle 

the amazing discoveries that deepen 

our understanding of the brain 

fllSTAYING SHARP SIDEBARS: Document 

smart practices and strategic tactics 

for keeping the brain healthy 

connections to related information 

in areas throughout the book 

f!l HISTORY SIDEBARS: Reveal the sto­

nes behind historical neurosCience 

beliefs and practices and the men and 

women who shaped them 

G WHAT CAN GO WRONG SIDEBARS: Dis­

cuss what happens to the brain when 

DIAGRAM 

101', LOVE, 
& HAPPINESS 

Dec.,jon ao;d ,t .... togy fOt action. 

that keep two r«'ple together have 

been harder to find , but experi ­

ments with animals have turned up 

neurochemicals that promOle pair 

bonding. "Ihe different dfcc1S of 

biochemistry during stages of love 

make sense when viewc<;j Ihrollgh 

the lens of personal history" Who 

hasn't felt the butterAies and rac­

ing heartbeat of the early stages of 

love, only to see those feelings be 

replaced with a calm confidence as 

relationships develop? 

CHEMICAL ROMANCE 
Brain scans of pcopk in love show 

activation in the caudate nudeus, 

putamen. and insula. along with 

the anterior cingulate and the 

FAST FACT TABLE 

cerebellum. Other areas of the 

brain became deactivated by love. 

S(l("Cifically, and surprisingly, (he 

depres,ed brain regions have heen 

associated with sadness, anxiety, 

and other negative emotions. Low 

apparently not only makes you 

giddy but also smothers feelinss 

that might topple your dation. 

those that contain rcceptors for 

oxytocin and arginine va.\opre~in. 

orAV P. 

Oxytocin .,cem, to increase the 

general level of (rust people have 

for each othcr. including strang­

ers . That would explain why some 

people make social decisions [hat 

seem stupid when the chemicals 

Maternal love may . hare some of wear off. Consider the impaired 

the same neural circuits as roman- judgment found in a 2009 srudy 

tic love. 11." ncuromodulator oxy- conductcd in Britain . Researchers 

tocin . released in the brain during gave men and women a whiff of 

female orgasm, also is released oxytocin and asked {hem to rate 

during child birth and promotes the attl"'.Ictlveness of others. The 

mother_child bonding. Men aiM) 

have their reward areas of the brain 

activated during orgasm, including 

experi mental group rated strang­

ers as more anractive than colltrol 

groups did . 

+ THE CHEMICALS OF LOVE + 

HOrmOnM and neurotransm itte rs play importam pam in how 
the brain and body function when W~ fall in love 

NAME 

E.trogen, 
tMto;t~rone 

Dopamine 

Norepinephrine 

Serotonin 

OxytOCin 

Arg inine 
Va50prMl in (AV P) 

Phenylethylamine 
(PEA) 

Sex pheromones 

DESCRIPTION 

Hormone$ respon$ible for the lexual drive. Te-ltOlterone in ­
creas", in wo men when they' re in lo"~, but ded inM in men. 

Neurotra nsmitter released in the brain's reward systems 
Brings on a fee ling of biisl 

Causes raci ng heart, fl ushed skin , With dopamine produces 
elation, focused attention. higher ene rgy states, and craving 

Lowered levels of th is neurotransmitter duri ng stages of love 
may contribute to fee li ngs of obsession with an oth~ r perso n 

A ho",-,one that buil ds t rust and hel ps form social oonds 

found in reward areas of the brain activated by romant ic lov~ 

in ooth sex~s and orgasm in m~n 

Re leases dopamine in the limbic system, causing pleasu re. 
Occurs natu rally in the br~m, but al", is fOWld in chocolate 

Chemica l me"engers pa,sed b~ween malel and females of 
the .ame speciM to induce mat ing. 

FACT BOX 

PRAIRIE VOLES ore """N, brown otxIent>. 

They ",",~ fo.- life, ""d if OM poonn...- die~ 

lhe other ....... 1Iy refuses to m.lIo OS"" 

Me>dow ",,"eo ore ""all, brown rodents 
'00 They don'. form ~r """cis, ond they 
rrlate promi<cuoully 

Scienti<l< at Aorida St.te Uni""<1ity 
di",,,,,,,red thaI <Lff"r~nl levels of t"", 

neurornoduidto<s, o,ytocin dod ~inrn~ 

"asoprc.~ n (AVP), led the two 'p«lC' 
towocd tho .. different matlOg hob ... 

When the ",' eMcile" induced tho 

"'f're" iOfl of AVP in the_tr.1 p.illidurn 

01 the promi'-Cuou, me.dow voles, they 

co"lI<'tt~d to monogamy 

GENETIC TENDENCIES 
Today. most cultures limit people 

to one marital partner. Histori ­

cally, polygamy has b«n much 

mol"C common, from the harems 

of the Old Testament to the mul ­

tiple wives taken by some men in 

the Mormon Church in the 19th 

cenrury. It's that way in the animal 

kingdom tOO, with only 3 to 5 per­

cem of mammals mating for life. 

Children raised in cultures where 

bonding occurs (in pairs or other­

wise) become conditioned to their 

environment; they sec relationships 

around them as normal, whatever 
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FLOWCHART 

Memory Formation 

Im,,1 

for ettln 

Stimuli work th, i, lWIymrough compl'" ",ural ci",uit< to ,""r m"",,'l oroblivion. 

Usin g wo rking memory, the brain 

interacts with the world in the 

here and now. More sophisticated 

communication reqUlrtS an e>:pan ­

sion of memory far beyond that 

of other animals . A spea ker and a 

liste ner need ~"' tensive short- and 

long- term memory to communi­

cate (hrough symbols . Ils ing words 

t hat they ha ve ag reed to assign to 

pa rticuln o bjects. M emory must 

keep track of the word s and their 

meanings. as well as the syntX< (hat 

p ll t5 them togethe r. 

As communication expand ed to 

incl ude long speeche, and w riuen 

documents in hllman hislOry, both 

adapted . Short- term memory 

allows the brain 10 track the prog­

ress of ind ivid ual phrases a nd bring 

order (0 sentences and parag ... aphs, 

Long- term memo ry call, up the 

meaning of simple words as well as 

more abst ra ct forms such as figures 

o f speech and metaphors ; it suf· 

fered a blow when narrat ive works 

could be put Oil pa per instead of 

re.iding ill oral traditions . 

PERSONAL CONNECTIONS 

One o f the most importa nt social 

functions of memory is the recog­

ni t ion of faces. Mos t people can 

remember as many as 10,000, 

.hort- and long- term m emory a nd can ide nt ify as many as 90 

W HEN JILL PR ICE, a.mool 

adm inistrator in los "' nge­

les. pi(!u res ju.t another day- say 

August 19-,~e i, invaded by t~e 

' ighls. <me ll,. ~und$. ~nd taste, 

of August 19th, from 10. 20, or 30 

years ago_ Price i< one of only loor 

p""pie in the United States known 

WHAT CAN GO WRONG SIDEBAR 

10 have hyperthyme,tic syndrome, or a 

' superior memory" for one's own life 

Price sa)'$ she view! the worl d throug~ 

a sensory splil <er..,n in wh ich the piI,t 

and present are con.tantlycompeting for 

allenlioo. Since 2000, neur= ientis15 al 

Ihe Universily of Gll ilorn i.> at Irvine r.a.e 

$twi<ed Price . Sca ns of hcr bra,n. when 

percent of their school classmate, 

by their yearbook p hOIOS .fter a n 

absence of35 years. Memory func­

tion, for facial recognition a rc not 

perfectly integrated. however . ... 

evidenced by the all too Common 

ability 10 rewgnize someone but 

nol remember a name or how Ihat 

person is familiar. Thrc<: regions of 

the hrain activate when you rec­

ognize a face, First is the inferior 

occipital gyri, which lie at the hack 

of the brain whete visual process­

ing occurs, l his pa ir of s(rUClUres 

analyzes the bi ts and pieces Ihal 

make up the fact: . including the 

shape o f the nose , lips, and eyes; 

wrinkles ; skin lOne; and other 

characteristics . Second is the right 

fusiform gyrus, which recognizes 

the face . And third is the anterior 

tempo ... ..J cortex, where memories 

of specific fdces arc stored. ~lJow­

ing comparison betwccn the Tttog­

n ized face dnd the storehouse thai 

provides identi fi cation . If the infe­

rior occipital gyri f~il 10 do Iheir 

job, Ihe brain may miss impo rtant 

identifying informalion . Break ­

down of the righ t fusiform gyms 

comp.>red wilh images 01 thou .. nds 01 

"normal" bra in ., h.lve revea led ~ew!ral 

reg""'! that are .... bstantially larger than 

av~rage, SpecificoHy, the caudate nuclei. 

which are responsible for the formallon 

ofhabn,. as wd l as a f>Ort of the lempO' 

ral lobe that <tore, facts and figures, are 

abnormally IMge ,n ntr bratn 

STAYING SHARP SIDEBAR 

Much of it does SO withom need o f 

any conscious cond uctor to direct 

the ongoing melody, 

The brain makes the lungs expand 

with the inrush of air, the heart 

pump blood. and ,he immune 'y'­
tem fight off infection. It monitors 

pain ano pleasure. signals when 

to cat and when 10 sleep, houses 

memories and thoughts. and InJn­

u factures dre~ms and ideas. It pro­

cesses sounds and sights , smells and 

tastes. and feeling' ra nging from 

the subtle to the sublime. 

THE HUMAN ORGAN 

Beyond the work the brdin docs 

automatically comes somNhing 

far different than !IIere mechan­

ics. Our of the human bra in arises 

consciousness-the unique ability 

of Homo s"pirm, "thinking man." 

to be ~wa re of being ~Wdre. Con­

sciousness , sometimes rdCrrcd to 

a. mind or possibly ... soul. is dit~ 

ficult to d efine . A person in a deep 

STAYING SHARP 

YOUR WIN DOES not remaon 'U!>C, 
.... d there .re W"'f' to improve it< per­

forman<e. l ike the m<uel .. of yo"' body, 

your bra01 gel> .Ironger ......... It'. g .... n 

a workout Creativity. imagi .... l ion •• nd 

other """hodo 01 cog~on impr""" 

when your b, ..... rmct< to ""w ~r<.p­

l ions, p¥ti<ularly if you "t......+y try to 
""P"",n.:e the world", lresh~. Read 

and think. Soak up the orl at. mlM'Um 

listeo to cornple>< mu.i<, ,nd Jel j<>Ur 

m inde.<pl~ ,t! pattern.. Enjoying mU>ic 

,tirnuiat .. many section. of the Onin .nd 

pre",nts the opponunny/or<re.'rng new 
bra .. crcuilry Som<o ",;enlilic ....... arch, 

wt>i<hw .. ~,edin.bookby r*'Y' 
""" Gonion L SMw, .ugg .... th.>t ~"en-
ingtople"""abIe mlllic.uch ... Monrt 

""""'<aU><':S •• hon-te-rmi""r""",.,the 

.billy to """" >patr.1 problelm 

knowing about the knowing. is 

p~ rt of the defin ition, 

The eonseious brain chooses and 

anS. It assembles words through 

l~nguage dnd cornmunic~tes ide .... 

It commands muscles to move , 

to bond with their pa rents. It is 

responsible tor Shakespeare's plays, 

M ozart's music . and Einstein', 

malhematic~1 form ulas. 

THE BRAIN AT WORK 

T ruly. the thoughts. feelings, and 

memories thaI arise in the human 

brain arc w hat defi ne Ihe species 

:IS well :IS being what make each 

person a unique member o f the 

human family. 

All of (he", marvels occur beyond 

the resolution of the human eye. As 

it labors, the brain does nOI expand 

like the lungs or contract li ke a 

lIIusele. It C1rties Out its work dec­
trochemic~lly at Ihe molecular level. 

M uch of the process of observing 

the brain rest, on the anility 10 scan 

its interior with sophisticated com­

pllter.generatcd images requiring 

the USe of x-r~ys . rad ioactive iso­

topes, ano magnets. Small wonder, 

th~n . that only recently h ... science 

hccn able to examine the b ... ~in 

sb,p ora coma lacks ~n awareness. directing Ihe backhand "olley of in detail ano b.:gin (0 e>:plain its 

an alertness. that a waking person a tennis racket and the driving of workings . Relying on macroscopic 

possesses. This heightened Slate a race ca r. It allows parents 10 rec- observation alone , r\:Search into the 

of knowing about the world . ~nd 

BREAKTHROUGH SIDEBAR 

ognize their children. and children 

"I ... DD ICTED MYSELF 10 the openi ng 

of heaill: wrote Thomas w,n". the 

lounder 01 neurology_ Wrll i, (1621 -

1675) found dtrKi exami nation of the 

huma n brain $0 much mOre enlightening 

than the cou,,,, of study that had domi­

nated medic ine for 2,000 )",a", reading 

the wor ksof "'ristotle and Ga len 

brain started extrcmely slowly. 

Will i, dreamed of nothing less than 

to "unlock the sec",t place, of man ', 

mrnd: He pe rlormed countless autop­

sies during hI< practice as a doclor in 

Oxford, England, He knew that th~ clas­

sic de'oCnptions of th~ brain didn't match 

what he $,lW with hi' own e~., Thw;, he 

.sel about re moving and di$$ecting brains. 

ANTERIOR TEMf'ORALCORTDL T~ .. 

,,&Oon oftl-e temf'O"l e",I •• ,I""" he .. 1 

memory.nd play<a~ey role., lac"" 

,,",ogni"on.nd lden"fU lOon 

ANTEROGRADE AM NEStA. lo>, of 

the .b~rty 10 "ea.le mem", ... 01 ~u 

.nd .xper .. rxes loD"""ng' Ira""" tt>at 

ARCUATE fASCICUWS, A bundle 01 

nOfVe f,b." <o"""Cl,ng Ilro<.', and W..-­

n,<'<e',..-"" 

ASSOCIATIVE l EARNING, A proce" in 

whid1leamOlE o«u" by .. """i.>'Olg.n 
action with il> ,on .. ~utnc. 

BROCA'S AREA. Reg,on in the Jelt Irontal 

cO<l" ofthei>r.in r<'<pon~bIIo f'" mot"" 

mo".."",nt< inthe production of.~ 

CHU NI(I NG. T~. I"'hniq ueol divoding. 

larg. amount 01 ",forma1Oon into "".lIer 

group. to faoo,"". memorization. 

CLASSICAL CONDITION ING. A P""'" 

of beI1a",oral too inoog on ...to"'" • pre"i 

ousIy .... wol.t>mul'" ....-0 .... f>"rti<uiar 

r''POn .. Ihrough "peoted p. iring wilh . 

"r mulu,th"n.n""'I I)-..,.oi<.~ rt. 

CONF ... 8ULAnON .... d=rd .. rn whirn 

an ",d",d",1 unmten""".1Iy labri<" .. 

oc<u" • .-..:es to lill gop. in hi. or her 

memolie., belie>-ing thm to be <><curat. 

DtSSOCtATIVE ~UGUE_ A p.ych .. t'" 

disord<o\ olt.n ondoctxl by !Ir .... tht 

" ch.raClenzM by arnne<i.> of ",II or 

perwn.ohty_ 

DYSCALCULIA . ... I .. mmg ,""bdrty that 

,,<h'''<lerized by ........ e d rffi<;t;lty on 

undersUnd iog m" h 

THE ANCIENT BRAIN 

More than 4.000 years ago . Egyp­

tian priests considered the brain 

to be worthless. After a person's 

death, the mOSt important organs 

were of len removed and preserved. 

PrizcO above a ll waS the human 

heart, which the priests believed 

contained Ihe soul ~nd Ihe mind . 

In preparing a body for mummi _ 

fication . they slithered ~ hooh-d 

tool through the nose , removed 

the brain , discarded it, ~nd packed 

the empty skull with eloth . 

The G reek philosopher Aristotle 

(384- 322 B.C.) was of the ume 

mind as the Egyptians, believing 

the brain to be merely an ela borate 

series of channds designed to cool 

the nlood as it circula ted Ihrough­

out the body. Like the Egyptians, 

he considered the heart to be Ihe 

paramount organ of the mind and 

of thought, 

Although science h .. , since dis­

carded the idea of the heart as the 

home of hllttlan ity's essence, our 

language is replete with examples 

of Ihe ancient idea cl inging to (he 

imagination. ' Ihis is especially truc 

He examined the cerebe llum, cerebral 

hemi'pntres, m~dulla oblongata, and 

other distinct part<. He Iried 10 show 

how damage to parti<;ular areas of the 

brain might correspond with ,ym ptoms 

of diseases obs~I'\ied befor~ death 

Willi, experi ment~d on a dog to dem· 

onstrate that blood reached Ihe bra in 

GLOSSARY 

DYSGR ... PHt .... ... "'"n,ng di"bihly 

aflecton8 iUl indrvKlu.aI', abil~y 10 wm. 

Tho< may al/ect both fi"" motor hand 

r;ontrol.nd id •• pro<e>srng 

DYSLEXI .... A .... r""'g dr"bi l.ty of ""u­

roJogi",I"';g" thaI imf>"i<s Ihe obi lily to 

p'o.:<'<. i.>nguage, leading to difficult ... in 

"",bng, re.ding, and wn"ng 

ELA80RATION. A memO!)' Imniq u. in 

whICh new ",form""", " """''''ted WIth 

pr .... IOLlSIy Je.med materrol, .idOlS on long 

termsto ... g. 

ENGRAM_ A term f,.-the pI1y.i<.1 ,''''" 

thai memory formation may "'av. on 
f>"rtotip.hngn.u,on •. 

EPISOD IC MEMORY. A Iype of d.d .... -

'",e memory that Cornr'" of stored .uto­

biogr.phool remembr>"" .. of per>OMI 

EXPLlCtT MEMORY. M.""" ... th.t are 

consOously '«aIJed 

HYPERTHYMESTfC SY NDROME. A 

condition in which an .,divtdLl.1I M< a 

wpeno< .utobiog",pI1io.l "",mory 

IMPLICIT MEMORY, Memory recall.d 

uncOn><IOUoIy dun ng phyll<al ><'iv"y 

I(ORSAKOFF'S PSYCHOSIS. A form of 

.mne~ •• often """,ed ~ ,.'·ere >1<:01'01-

i"". in whi<h an ind<vid",1 ~ u .... bieto 

form or "or. n....- me""""',and 0< murn 

&I'Ien to con/.buI,,,on 

MEOI ... l TEMPORAL LOB£. R.gtOn of 

the b",rn tMt .,dud .. the hopf>OCMY'pu, 

.nd .mygdal •. This "ea ~ <"",.Itothe 

formalion •• Iorag".nd ""S'n itation 
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THE BRAIN should need no intro-

duction. You should know it inti­

mately. After all, the brain is what 

makes you you. But it's a para­

dox that the organ that lets you 

know and connect with the world 

understands so little about itself. 

Now, thanks to stunning research 

building upon decades-no, cen­

turies-of investigation, science 

is peeling away the layers of mys­

tery to reveal how three pounds 

of flesh create an entire universe 

inside your head. 

A magnetic resonance image of the 

human brain reveals its complex 

internal structure. 



KNOWING II SFI F 
I

T'S NOT MUCH to look at. 

Hippocrates, the Greek healer 

identified with the birth of 

medicine more than 2,000 years 

ago, thought it was made of moist 

phlegm. English philosopher Henry 

More, writing in the 1600s, com­

pared it to bone marrow, a bowl of 

curds, or a cake of suet. Modern­

day neurologist Richard Restak 

says it resembles nothing so much 

as a large, wrinkly, squishy walnut. 

Looks can be deceiving. 

The brain, a three-pound chunk 

of organic matter, is not only the 

body's most marvelous organ, it 

is the most complicated object 

known. It is "wider than the sky," 

wrote poet Emily Dickinson. "For, 

put them side by side, / The one 

the other will contain / With ease, 

and you beside." 

UNDERSTANDING 
THE BRAIN 

It is humbling to consider the 

brain and all that it does in every 

moment of our lives. In this cor­

rugated mass of flesh, a stag­

geringly complex symphony of 

electrochemical reactions plays out 

every second of every day. Much 

of it does so without need of any 

conscious conductor to direct the 

ongoing melody. 

Nerves and spina l cord fan out from the brain in this stylized view of the neck and head. 

The brain makes the lungs expand 

with the inrush of air, the heart 

pump blood, and the immune sys­

tem fight off infection. It monitors 

pain and pleasure, signals when 

to eat and when to sleep, houses 

memones and thoughts, and 

manufactures dreams and ideas. It 

processes sounds and sights, smells 

and tastes, and feelings ranging 

from the subtle to the sublime. 

THE HUMAN ORGAN 

Beyond the work the brain does 

automatically comes something 

far different than mere mechan­

ics. Out of the human brain arises 

consciousness-the unique ability 



of Homo sapiens, "thinking man," 

to be aware of being aware. Con­

sciousness, sometimes referred to 

as mind or possibly as soul, is dif­

ficult to define. A person in a deep 

sleep or a coma lacks an awareness, 

an alertness, that a waking person 

possesses. This heightened state 

of knowing about the world, and 

knowing about the knowing, is 

part of the definition. 

The conscious brain chooses and 

acts. It assembles words through 

language and communicates ideas. 

It commands muscles to move, 

directing the backhand volley of 

a tennis racket and the driving of 

a race car. It allows parents to rec­

ognize their children, and children 

to bond with their parents. It is 

responsible for Shakespeare's plays, 

Mozart's music, and Einstein's 

mathematical formulas. 

THE BRAIN AT WORK 

Truly, the thoughts, feelings, and 

memories that arise in the human 

brain are what define the species 

as well as being what make each 

person a ullique member of the 

human family. 

All of these marvels occur 

beyond the resolution of the 

human eye. As it labors, the brain 

does not expand like the lungs or 

contract like a muscle. It carries 

out its work electrochemically at 

the molecular level. Much of the 

process of observing the brain rests 

on the ability to scan its interior 

with sophisticated computer­

generated images requiring the 

use of x-rays, radioactive isotopes, 

and magnets. Small wonder, then, 

that only recently has science been 

External stimuli can physically 
alter the brain. For example, 
stress weakens the encoding 
of memories. 

able to examine the brain in detail 

and begin to explain its workings. 

Relying on macroscopic observa­

tion alone, research into the brain 

started extremely slowly. 

THE ANCIENT BRAIN 

More than 4,000 years ago, Egyp­

tian priests considered the brain 

to be worthless. After a person's 

death, the most important organs 

were often removed and preserved. 

Prized above all was the human 

heart, which the priests believed 

contained the soul and the mind. 

In preparing a body for mummi­

fication, they slithered a hooked 

tool through the nose, removed 

the brain, discarded it, and packed 

the empty skull with cloth. 

The Greek philosopher Aristotle 

(384-322 B.C.) was of the same 

mind as the Egyptians, believing 

the brain to be merely an elaborate 

series of channels designed to cool 

the blood as it circulated through­

out the body. Like the Egyptians, 

he considered the heart to be the 

paramount organ of the mind and 

of thought. 

Although science has since dis­

carded the idea of the heart as the 

home of humanity's essence, our 

language is replete with examples 

of the ancient idea clinging to the 

imagination. This is especially true 

in love and romance. We speak of 

losing a heart to a loved one, suf­

fering a broken heart, and being 

heartsick. In reality, falling in and 

out of love is a matter of losing 

our brain-or perhaps, as anyone 

insane with romance could tell 

you, our mind. 

STAYING SHARP 

YOUR BRAIN DOES not remain static, 

and there are ways to improve its per­

formance. Like the muscles of your body, 

your brain gets stronger when it's given 

a workout. Creativity, imagination, and 

other methods of cognition improve 

when your brain reacts to new percep­

tions, particularly if you actively try to 

experience the world in fresh ways. Read 

and think. Soak up the art at a museum. 

Listen to complex music, and let your 

mind explore its patterns. Enjoying music 

stimulates many sections of the brain and 

presents the opportunity for creating new 

brain circuitry. Some scientific research, 

which was summarized in a book by phys­

icist Gordon L. Shaw, suggests that listen­

ing to pleasurable music such as a Mozart 

sonata causes a short-term increase in the 

ability to solve spatial problems. Neurolo­

gist Richard Restak concurs with this find­

ing. He believes that listening to Mozart 

for a few minutes each day may boost 

your cognition across many levels, from 

simple perceptions to deeper thoughts. 

Eine kfeine Nachtmusik, anyone? 
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THE GREEKS eT THE BRAIN 

The Greeks were the first to begin 

to recognize the brain's paramount 

status. About 2,500 years ago, a 

Pythagorean philosopher named 

Alcmaeon of Croton favored the 

head over the heart as the home of 

sensory awareness. Consciousness 

arose in the brain, he said. Alc­

maeon is reported to have peered 

into the skull of a dead animal after 

removing the eyes. He speculated 

on the possibility of life-giving 

spirits moving through open chan­

nels in the body, such as those he 

saw leading backward from the eye 

cavities. However, he probably did 

little to examine the human brain 

directly, given the Greek taboo 

against dissection. 

Hippocrates (circa 460 B.c.-377 

B.C.) took a similar view of the 

brain's importance a half century 

later. "The eyes and ears and tongue 

and hands and feet do whatsoever 

the brain determines," he wrote. "It 

is the brain that is the messenger to 

the understanding [and] the brain 

that interprets the understanding." 

Furthermore, the brain gives rise to 

joys, sorrows, griefs, and all other 

emotions, he said. 

Hippocrates saw the brain as 

the potential generator of mad­

ness, depression, and other ill­

nesses. He believed that four 

HISTORICALLY, GREAT thinkers have 

placed the mind-sometimes referred 

to as the soul or the psyche-at various 

places in the human body. Some candi­

dates across time: 

+ Aristotle: The heart. It's in the center of 

the body and is the first organ to be dis­

cerned in an embryo. 

+ Thomas Aquinas: The ventricles, or 

empty spaces, of the brain. Being pure 

spirit, it survives beyond death. 

+ Rene Descartes: The pineal gland. 

"humors"-black bile, yellow bile, 

blood, and phlegm-governed the 

body's health, as well as imbalances 

that led to illness. The brain was 

phlegm, he said, and if it became 

too wet its condition might lead to 

disorders such as epilepsy. 

A PLATONIC VIEW 

Aristotle's teacher, Plato, reasoned 

that the mind had to exist inside 

The idea that the mind survives the body's death appears quite ancient. Burial 
sites from 100,000 years ago reveal bodies interred with tools and food, possibly 
to help on journeys in the afterlife. Cave art possibly depicts spirit worlds. 

the brain because of geometry and 

pure logic. The brain was round, 

he said, and close to the perfect 

roundness of the sphere. It also 

inhabited the part of the human 

body closest to heaven. 

Plato and other Greek philoso­

phers theorized about the existence 

of a force that kept people alive and 

left them at death. They called this 

force psyche, or soul, and several said 

it resided in the brain. Some split 

the soul into three spirits. Humans 

and all living creatures took in life­

giving essence from pneuma, or air. 

As pneuma moved through the 

body, it changed in ways that ani­

mated and strengthened its host. 

Digested food provided energy 

for the liver, where the pneuma 

became "natural spirit." This spirit 

traveled to the heart to become the 

"vital spirit." Then it traveled to the 

brain, where it transformed into 

the "animal spirit" that creates the 

conscious mind. Plato considered 

the soul that resides in the brain to 

be immortal, surviving the death 

of the body. 

GALEN LOOKS INSIDE 

Centuries later, Galen, a Roman 

physician who lived in the east­

ern Mediterranean in the second 

century of the Christian era, went 

beyond such mental exercises to 

test the brain for himself. He took 

a more hands-on approach and cut 

the sensory and motor fibers in 

pigs' brains to observe the results. 



Galen became the first to specu­

late that particular functions are 

carried out in specific parts of the 

brain. Furthermore, as a healer to 

wounded gladiators, Galen peered 

into holes rent in human bodies by 

the violent combat of the arena. 

He made rudimentary descriptions 

of the body's major organs and 

fleshed out the description of what 

he saw as the varieties of human 

spirit. The liver created desire and 

pleasure, he said. The heart gave 

rise to courage and the warmer 

passions. And the brain contained 

the rational soul. 

Vital spirits swirling in the spaces 

of the brain carried the spark of 

human intelligence. He believed 

they navigated throughout the 

body via a network of hollow nerve 

fibers. The brain's instructions thus 

Hippocrates, physician of ancient Greece, dissects a cow's head in a 76th-century woodcut. 

moved through tunnels like puffs 

of wind in pneumatic tubes. 

Feelings, understanding, and 

consciousness arising in the physi­

cal structure of the brain? Unseen 

spirits causing the physical body to 

move? These were ideas that raised 

serious questions. If the qualities 

of thought that set humans apart 

from other animals-be it the sense 

of self, the mind, or the soul­

resided in a physical organ, where, 

exactly, could such thoughts be 

found? And if thoughts and feel­

ings had no substance, how could 

they act upon the physical matter 

of the human body? 

MIND-BRAIN PROBLEM 

Thus was born a conundrum that 

has sparked debate for many cen­

turies. It's called the mind-body or 

mind-brain problem. Attempts to 

solve the problem had to await the 

rebirth of the Renaissance. Direct 

observation and systematic testing 

of hypotheses provided the keys. 

The first direct, systematic obser­

vation of the human brain occurred 

in the 1300s when Italian medical 

schools began allowing human 

cadavers to be dissected. Authori­

zations came slowly at first, with 

one university permitting only 

one male and one female body to 

be cut up each year. With time, 

however, human autopsies became 

more commonplace. 

Leonardo da Vinci (1452-1519) 

drew his extensive knowledge of 
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anatomy from dissecting bodies. 

He fashioned a wax cast of an ox 

brain and assigned functions such 

as imagination, reason, and mem­

ory to its various parts. Without 

a way to test his hypothesis, how­

ever, he left room for disagreement 

II 
Are you a morning or evening 

" person? Your brain is wired to 

prefer one or the other. 

about what he observed. Critics 

said the part of the brain Leonardo 

assigned to the function of imagi­

nation was more likely related to 

sensation. As it was close to the 

sense organs, they said it must be 

the home of sensus commums, or 

common sense. 

COGITO, ERGO SUM 
More than a century later, math­

ematician and philosopher Rene 

Descartes aimed to ascertain more 

about the brain, and with greater 

clarity and certainty. The way to 

ascertain things with certainty, he 

believed, was to break them into 

their smallest parts and solve the 

pieces first. 

Descartes began in the 1620s 

by addressing how humans know 

about the world. He wondered 

whether he could trust the real­

ity he perceived with his senses. 

Such questions flourished in an 

age when Galileo and Copernicus 

were rewriting the laws that gov­

erned the movement of celestial 

bodies. Descartes knew that the 

rising and setting of the sun were 

functions of the Earth's rotation 

instead of the physical movement 

of the sun around the Earth, but 

his eyes tricked him into believing 

the sun actually rose in the east and 

set in the west. To get at the heart 

of how he could know something 

with certainty, Descartes sat inside 

a Dutch inn and pondered the 

nature of knowledge. He looked 

at the furniture and asked himself 

how he could know for certain it 

existed. The answer: he could not. 

All he could settle on was that his 

+ A 17-century Jamestown colony skull 

shows signs of brain surgery. 

+ William Macewen removed a tumor 

from a young woman's brain in 1879. She 

survived the surgery. 

+ American physician Harvey Cushing 

(1869-1939) removed more than 2,000 

brain tumors. 

+ Portuguese doctor Antonio Egas Moniz 

performed the first prefrontal lobotomies 

on humans in the 1930s. While the sur­

gery, which cut key fibers in the frontal 

lobes, had the desired effect of calming 

agitated patients, it also drained them of 

emotion. Lobotomies now are considered 

radical procedures. 

perception of the furniture existed. 

His consciousness, his awareness 

of the world, lay beyond the pale 

of any doubt. Cogito, ergo sum: I 

think, therefore I am, he said, and 

thus the ultimate reality of the 

world lies in the mind's perception 

of it. To Descartes, if a tree falls in 

a forest and there is nobody there 

to hear it, the lack of perception 

guides the answer as to whether it 

makes any sound. 

DESCARTES DISSECTS 
Not content to just consider the 

function of the brain, Descartes 

began to physically examine brain 

and nerve specimens to gather 

more data. He bought the car­

casses of slaughtered animals at 

the butcher shops of Amsterdam 

and dissected them to learn more, 

through his observation, about the 

brain, nerves, and body. "These are 

my books," he told visitors who 

asked to see his library. 

Despite adopting first principles 

that demanded skepticism, Des­

cartes took some leaps of faith as 

he examined brain and body. He 

considered nerves to be tubes that 

swelled and pulsated with living 

spirits, which pushed and pulled 

at muscle tissue. Nerves swollen 

with animal spirits could pull a 

foot back from a fire or turn the 

gaze from one object to another. 

Much of the action of movement 

was pure reflex, he said, carried 

out independent of will. (It's not 



hard to see where this idea arose: 

Push your fingertip into a candle 

flame and see whether the idea to 

remove it occurs before you yank 

it back to safety.) According to 

Descartes, mechanical operations 

of the body and brain, working 

like an elaborate clock, recorded 

images through the eyes, engraved 

memories in the mind, and moved 

the body through the coordination 

of nerves. 

BRAIN er SOUL 

Descartes saw no physical soul in 

his tours of the body. Instead, he 

conceived the soul as noncorpo­

real and thus above the mechanics 

that animated all flesh. Operating 

within the machine but not part 

of it, the soul oversaw humanity's 

consciousness, will, and all other 

attributes that separate mankind 

from the animals. Furthermore, he 

said, "There is only one soul in us, 

and that soul does not have in itself 

any diversity of parts." 

Where, specifically, could that 

soul, or mind, reside within a per­

son? Descartes sought his answer 

by going to his "books." Dissect­

ing the brains of calves-even 

though they supposedly had no 

souls-Descartes settled on a tiny 

gland deep in the brain. The pineal 

gland appeared to reside in a cen­

tral location where nerves and the 

ventricles, or spaces, of the brain 

converged. Thus, he thought it a 

perfect candidate for the role of 

GHOST IN THE MACHINE 

The turning of clock gears once provided a simple, mechanical metaphor for the brain. 

OUR UNDERSTANDING of how 

the brain functions often is 

expressed in the language of metaphor. 

The brain is sometimes a computer, a 

phone bank, a black box. The choice 

of metaphor often builds upon the 

dominant technology of the day. 

Rene Descartes, the 17th-century 

philosopher, likened the brain to the 

animated statues in Paris's Royal Gar­

dens of Saint-Germain. Descartes 

described how the weight of a visitor's 

foot on particular garden tiles opened 

or closed hidden valves and redirected 

water flowing through a network of 

pipes. Streams of water flowing inter­

nally caused the statues, called autom­

atons, to move. Descartes pictured the 

mind as an engineer who chose to open 

or close certain valves and redirect vital 

fluids through the brain's ventricles. 

With the dawn of the industrial rev­

olution, scientists turned to clockwork 

mechanics for metaphors. Philosopher 

Gilbert Ryle coined the phrase "ghost 

in the machine," a bodiless substance 

somehow throwing switches and mov­

ing axles and gears, in framing one of 

the popular theories about the mind. 

Telephone metaphors arose in the 

20th century but were not complex 

enough to describe the vast, organic 

circuitry of the brain. The function 

of brain circuitry and the importance 

of neuronal networking gave rise to 

metaphors including computers and 

the integrated complexity of the 

Web. But even the most sophisti­

cated computer cannot rewrite its 

own programming or be aware of its 

own existence. The brain so far has 

eluded the perfect metaphor. 
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central actor in the drama of per­

ception and action. 

"Let us then conceive here that 

the soul [mind] has its princi­

pal seat in the little gland which 

exists in the middle of the brain," 

he wrote, "from whence it radiates 

forth through all the remainder of 

the body by means of the animal 

spirits, nerves, and even the blood, 

which, participating in the impres­

sions of the spirits, can carry them 

by the arteries into all the mem­

bers." Inside the pineal gland, at 

an infinitesimally small point, Des­

cartes envisioned the mind orches­

trating the actions of the body. 

+ A CRUDE MAP + 

SCIENTISTS CAN trace some of the ear­

liest efforts to map the brain to Thomas 

Willis. In some of his experiments, he used 

live test subjects to illustrate his findings. 

In one particularly gruesome one, Willis 

tried to show that the brain 's functions are 

localized by removing a dog's cerebellum, 

which he erroneously believed controlled 

heartbeat and respiration. No surprise­

the dog died. 

Thomas Willis was buried in Westminster Abbey. Poet Nathaniel Williams eulo­

gized him as one who "knewst the wondrous art, / And order of each part, / In 

the whole lump, how every sense / Contributes to the health's defense." 

This dualism separating the mind 

and brain has been thoroughly 

challenged by modern science. 

The mind cannot exist without the 

brain; damage to the brain results 

in compromises to the mind. Nev­

ertheless, the view espoused by 

Descartes still colors our view of 

ourselves to this day. Neurologists 

treat disorders of the brain. Psy­

chiatrists and psychologists treat 

disorders of the mind. Only now, 

as neuroscience begins to tease 

out the biological processes at the 

root of emotional and behavioral 

illnesses, are the mind and brain 

coming together again. 

BIRTH OF NEUROSCIENCE 
Today's scholars of the human 

brain and mind owe a great debt 

to Thomas Willis. Working in 

England in the middle of the 17th 

century, he meticulously observed 

and cataloged the anatomy of the 

human brain through dissection. 

"I ADDICTED MYSELF to the opening 

of heads," wrote Thomas Willis, the 

founder of neurology. Willis (1621-

1675) found direct examination of the 

human brain so much more enlightening 

than the course of study that had domi­

nated medicine for 2,000 years: reading 

the works of Aristotle and Galen. 

Working in a medieval house at 

Oxford known as Beam Hall, Wil­

lis-a short man with a mop of hair 

an observer once described as "like a 

dark red pigge"-cut open cadaver 

skulls to observe and examine the 

brains and nervous tissue inside. 

He snipped the nerves that held 

fast to the nose and eyes. Then he 

flipped the brain to gently remove 

the membranes clustered around 

the nerves, veins, and arteries at its 

base. Finally, he held up the brain 

and described it for his audience of 

natural philosophers, doctors, and 

the merely curious who had assem­

bled to watch the spectacle. 

Watching carefully, Willis's assis­

tant sketched the brain as he saw 

it laid bare. That anist, who illus­

trated Willis's 1664 book Cerebri 

Anatome (Anatomy of the Brain), 

was none other than Christopher 

Wren, who went on to design St. 

Paul's Cathedral in London. Wren's 

careful drawings of the human 

Willis dreamed of nothing less than 

to "unlock the secret places of man's 

mind." He performed countless autop­

sies during his practice as a doctor in 

Oxford, England. He knew that the clas­

sic descriptions of the brain didn't match 

what he saw with his own eyes. Thus, he 

set about removing and dissecting brains. 



brain reproduce with nearly pho­

tographic clarity the contours and 

divisions easily recognized by mod­

ern medical students. 

Wren developed a revolution­

ary method of inserting chemicals 

into the blood vessels of animals 

to better highlight the networks 

between them. Working with 

Willis, Wren injected india 

ink mixed with a hardening 

agent into vessels entering 

the brain. The ink made 

the vessels stand out like 

rivers and their tributar­

ies drawn on a map. 

A BETTER ASSESSMENT 

I 

Willis examined the com­

plicated flesh of the brain and 

discarded the notion that its key 

functions lay in its ventricles, or 

spaces, where the ancients had 

conceived of spirits flowing and 

animating flesh. Instead, he cor­

rectly settled on the substance of 

the brain itself as the location of all 

the action. 

Willis fancied fanciful language. 

He likened the brain's two main 

He examined the cerebellum, cerebral 

hemispheres, medulla oblongata, and 

other distinct parts. He tried to show 

how damage to particular areas of the 

brain might correspond with symptoms 

of diseases observed before death. 

Willis experimented on a dog to dem­

onstrate that blood reached the brain 

hemispheres to a pair of military 

towers, stronger for their reliance 

on each other. He also compared 

Christopher Wren's 1664 drawing traces 

the brain's blood supply. 

two masses that shared an artery 

to two provinces bordering a river. 

But in the significance of his obser­

vations, Willis, who was a founder 

of the Royal Society, stayed true 

even if all but one artery were tied off. 

He got the idea from a human autopsy. 

The man had complained of headaches, 

but they went away and he lived for 

years. After the man's death, Willis's 

autopsy revealed that one carotid artery 

had become clogged, while the other 

had grown larger than normal. Willis 

to sCience. He argued that in 

the brain's convoluted folds and 

wrinkles, all memories, ideas, and 

passions found a home. All had a 

physical basis in the brain, he said. 

His studies became the first scien-

tific investigation of the brain and 

nervous system. He called his 

work neurologie. 

Willis's dissections were 

crude by modern standards. 

Yet neuroscientists continue 

to follow the methods 

of Willis and Descartes: 

Look at the brain and the 

nervous system. Examine 

their parts. Trace the work­

ings of the small bits and 

try to assemble them into a 

greater whole. 

How far down the rabbit hole 

can the process go? Today's neu­

roscientists are examining not just 

molecules, but also the atoms­

and subatomic particles-that the 

universe of brain chemistry com­

prises. Like peeling an onion, each 

layer takes the researcher deeper 

and deeper, closer to the heart of 

the matter. 

guessed that the initial blockage of 

one artery had caused the head­

aches, and the enlargement of the 

other had made them disappear. 

Willis and his experiments with a 

dog set him on a path any modern 

scientist would have recognized: 

observe, hypothesize, and test. 
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NERVE eEl IS THE BRAIN'S WORKFORCE 

T
HE FUNDAMENTAL 

units of the brain, too small 

to see in Willis's time, are 

two types of nerve cells. One type, 

the neuroglia (or glial-"glue"­

cells), has the rather pedestrian task 

of supporting the nervous system. 

Neuroglia play a role in guiding 

neurons toward making connec­

tions, promoting neuron health, 

insulating neuronal processes, and 

otherwise influencing neuronal 

functioning and, thus, information 

processing in the brain. Glial cells 

continue to divide over the course 

of a lifetime and fill in spaces in 

the brain. Glial cells come ill SiX 

varieties, with some playing a key 

role in physical health by attacking 

w invading microbes. 
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The human brain has about 
100 billion neurons and about 

50 trillion neuroglia. 

NEURONS 
The other type of cell in the brain 

is the nerve cell, or neuron. In the 

late 1800s, a Spanish neuroscien­

tist, Santiago Ramon y Cajal, used 

a special solution containing silver 

to stain nerve cells and examine 

them under a microscope in great 

detail. Ramon y Cajal's method 

worked on only about one in a 

hundred cells. Nevertheless, he was 

able to observe enough of the sil­

ver-encrusted neurons to describe 

Nucleus~ 
Motor Neuron 

( 
Cellbody--

-- Nissil bodies 
(produce neurotransmitters) 

them in vivid detail. The nerve 

cell was the "aristocrat among the 

structures of the body," he said, 

"with its giant arms stretched out 

like the tentacles of an octopus to 

the provinces on the frontier of 

the outside world, to watch for the 

constant struggles of physical and 

chemical forces." 

Axon--

Myelin sheath - ­
(formed by Schwann cells) 

Node of Ranvier------E 

-- Axon terminal 

fiber 

L ',0'." 00. 
(for axon terminal of 
presynaptic neuron) 

Seen en masse in the outer regions 

of the human brain, neurons appear 

gray to the naked eye. Hence, scien­

tists exploring the brain described 

neurons as gray matter. When 

Agatha Christie's fictional detective 

Hercule Poirot brags of the detec­

tive work of his "little gray cells," he 

is praising his neurons. 



ANATOMY OF A NEURON 
Each neuron has a main cell body. 

Like all cells, the neuron contains 

a nucleus and an exterior mem­

brane, which sometimes receives 

electrochemical messages from 

other neurons. Chains of neurons 

send messages from the body to 

the brain: "Here is pain, in the left 

wrist." "Here is the odor of soup." 

"Here is a stony surface beneath 

the feet." Chains also send mes­

sages from brain to body: "Shake 

h d ""E ""'T' k " your an. at. la e a step. 

Each neuron has an array of 

branching fibers called dendrites 

that extend outward toward other 

neurons. Dendrites expand the 

surface area of the neuron, increas­

ing its sensitivity to its neighboring 

neurons. While some neurons have 

only a few dendrites, others have 

hundreds. They act as receptors for 

signals traveling from other neu­

rons, carrying information toward 

the main body of the nerve cell. 

Each neuron also contains one 

electrically sensitive fiber called an 

axon extending from one end of the 

cell body. Axons may be as short 

as a fraction of an inch or as long 

as several feet, as is the case with 

axons extending from the spine 

to the toes. At the axon's terminal 

end, as many as 10,000 branches 

spread out toward the dendrites of 

other neurons. Every branch ter­

minates in a knoblike projection, 

like the business end of a paper 

match. These bulbs are called axon 

COMPETITIVE DISCOVERIES 

Santiago Ramon y (ajal, in a 7906 portrait, documented the existence of synapses. 

OFTEN THE spirited competi­

tion between two great minds 

can yield amazing discoveries. Such 

was the case between Spanish neu­

roscientist Santiago Ramon y Cajal 

(1852-1934) and his Italian contem­

porary, Camillo Golgi (1843-1926), 

who shared the Nobel Prize in physi­

ology or medicine in 1906. Ramon y 

Cajal was recognized for his deduc­

tion on the anatomy of a neuron; 

Golgi, for the staining process that 

made that deduction possible. Like 

most scientists at the time, Golgi held 

that neurons operate as one con­

tinuous, tangled network. Nerve cells 

must be fused, he said, to pass electri­

cal impulses. Ramon y Cajal, howeveG 

envisioned chemical codes traveling 

across a synaptic gap between a single 

axon and the dendrites of the next 

cell . In 1887, Ramon y Cajal learned 

of Golgi's staining technique and 

realized its superiority. He modified 

it, finding it worked well with thicker 

sections of nervous tissue. Bird sam­

ples and tissue from younger animals 

were best, he surmised, because their 

axons lacked the protein sheath that 

obscures most nerve fibers. When 

impregnated with silver nitrate and 

viewed by microscope, these nerve 

cells jumped out as inky strokes on 

a yellowish background. La reazione 

nera-"the black reaction," as Golgi 

called it-illuminated the infinitesimal 

as well as the road toward Ramon y 

Cajal's revelation. 
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+ TYPES OF G LI A L CELLS + 

TYPE FUNCTION 

Most abundant type. Support neurons' connections to 
Astrocytes capillaries, guide neuron migration and synapse formation. 

Control chemical environment around neurons. 

Microglia 
Monitor health of neurons. Protect neurons under attack and 

"clean up" dead ones. 

Ependymal cells 
Line the central cavities of brain and spinal cord. Help circu-

late cerebrospinal fluid filling those spaces. 

Oligodendrocytes 
Form insulating myelin sheaths around the axons of neurons 

in central nervous system. 

Schwann cells 
Form myelin sheaths around the axons of cells in the 

peripheral nervous system 

Satellite cells 
Surround nerve cell bodies in peripheral nervous system. 

Regulate chemical environment around neurons. 

terminals, synaptic knobs, and 

boutons, or buttons. 

Around the length of most 

axons lies a special wrapping of 

fatty tissue called a myelin sheath. 

The sheath is formed by two kinds 

of glial cells, called Schwann cells 

in the peripheral nervous system 

and oligodendrocytes in the cen­

tral nervous system. The wrap is 

not continuous; small gaps called 

nodes of Ranvier separate the cyl­

inders of fatty tissue that surround 

the axons. The axon's encompassing 

myelin acts as insulation, speeding 

the transmission of information in 

the form of nerve impulses moving 

at 9 to 400 feet per second. 

When an electrical impulse 

reaches an axon terminal, it com­

municates across a tiny gap, called 

a synapse, separating it from the 

dendrite of another neuron. A few 

can connect directly with tissues 

of the skeletal muscles and glands, 

allowing direct communication. 

Neurons differ in shape and com­

plexity. Most, in particular the vast 

majority of those in the brain, are 

multipolar-they have one axon 

and a multitude of dendrites. The 

rest of the neurons are bipolar or 

unipolar. The former can be found 

in the retina, where neurons have 

a single dendrite. The latter, found 

in the peripheral nervous system, 

have a single extension from the 

main cell body that divides, like the 

cap of the letter "T," into branches 

for an axon and dendrites. 

NEURONS AT WORK 

Neurons serve different functions. 

Motor neurons carry impulses 

to activate glands and muscles. 

Sensory neurons send impulses 

from the skin and other body 

parts to the central nervous sys­

tem. Interneurons, residing in the 

brain and spinal cord, integrate 

the signals and are crucial in mak­

ing decisions. Thus, neurons allow 

for information from the body to 

reach the brain, be processed, and 

sometimes result in responses. 

Some liken the neuron to an old­

fashioned, landline telephone. The 

body of the neuron compares to 

the body of the phone, where sig­

nals are processed. The telephone 

receiver compares to the dendrites 

and their ability to gather informa­

tion. And the axon compares to a 

telephone line, sending informa­

tion processed in the phone body 

along an electrically conductive 

wire. It has the potential to pass 

information along to any other 

phone on the planet. 

+ NEW CIRCUITS + 

IF NEURONAL CIRCUITRY rewires itself 

in response to stimulation, do the brains of 

teens raised on the Internet and high-tech 

gadgets differ from those of older genera­

tions? The answer most likely is yes. 

UCLA psychiatrist Gary Small believes 

tech-savvy children strengthen synaptic 

connections for electronic communica­

tion while their circuitry for a face-to-face 

world, such as reading body language, 

fades. Meanwhile, late adopters of tech­

nology lag in their ability to master new 

communication media. 



MAKING CONNECTIONS 

The human brain contains ill 

the neighborhood of 100 billion 

neurons. Each neuron reaches 

out toward others with an array 

of dendrites and axon terminals. 

Each is capable of communicating 

with any other and, in the process, 

forging thousands of synaptic con­

nections through the thickets of 

dendrites and axon terminals. All 

told, the brain has hundreds of 

trillions of synapses. No computer 

can match the human brain for its 

complexity and its potential for 

creative thought. 

Communication occurs where 

two neurons come together. 

Camillo Golgi, a contemporary 

of Ramon y Cajal's, believed that 

neurons physically touched each 

other, forming a continuous net­

work of neural fibers. Ramon y 

Cajal disagreed. In his sketches, he 

painstakingly drew neurons whose 

dendrites invariably terminated 

at a tiny gap that prevented them 

from touching other neurons. His 

drawings did not lie. 

In the synaptic cleft, a neuron 

communicates with its neighbors 

by issuing electrochemical com­

mands that may be strictly local­

ized or extend the length of the 

longest chains ofaxons. 

PLASTICITY 

Neurons are not physically bound 

to each other like so many lengths 

of pipe, so they have the flexibility 

CONNECTIONS 

Axons and dendrites spread in ghostly webs 

from the bodies of nerve cells. 

ACTIONS 

Nerve cells flash with electrochemical activ­

ity in a three-dimensional rendering. 

GROWTH e;- SUPPORT 

Cortical neurons and a supporting neuro­

glial cen top left, grow in a culture. 

to make, break, and remake rela­

tionships with other neurons. The 

ability to reshape neural interac­

tions in the brain is referred to 

as plasticity. The brain's ability to 

rewire itself helps it stay sharp. 

As the brain ages, it loses indi­

vidual neurons, but it retains its 

power to form new connections 

that increase the mind's complex­

ity. In short, if new educational 

experiences challenge the brain to 

form new synaptic connections, its 

neurons will do more with less. 

Experimental data with labora­

tory animals demonstrate the prin­

ciple of "use it or lose it." When lab 

animals are placed in an environ­

ment with challenging toys, their 

brains develop a far greater num­

ber of neuronal connections than 

those raised in a dull environment. 

The brains of animals from stim­

ulating environments will even 

weigh more because of the greater 

number of synapses. 

The number of synapses may 
be as high as one thousand 
trillion, or the number 1 fol­
lowed by 15 zeroes. 

COMMUNICATIONS 

Tim Berners-Lee, a creator of the 

World Wide Web, likens the brain's 

complexity to the nearly infinite 

capacity for Web sites to connect to 

each other. "A piece of information 

is really defined only by what it's 

related to," he said. "The structure 

is everything. There are billions of 
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Communicating with another cell, neurotransmitters journey across a synapse. 

neurons in our brains, but what 

are neurons? Just cells. The brain 

has no knowledge until connec­

tions are made between neurons. 

All that we know, all that we are, 

WAKING IN THE middle of 

the night on the eve of 

Easter, 1921, German-born pharma­

cologist Otto Loewi (1873-1961) 

recalled an inspiring dream that 

gave him an idea for an experiment 

that would shatter scientists' con­

ception of neural communication. 

comes from the way our neurons 

are connected." 

Transmissions between neurons 

take place in two stages. The first 

is electrical. An electrical discharge 

Most turn-of-the-century brain SCI­

entists believed nerves sent impulses 

via electric waves, firing sparks across 

the synaptic gap, neuron to neuron. In 

this way, they thought, motor inten­

tions born in the cerebral cortex could 

be transmitted to receptor muscles 

and organs throughout the body. Only 

travels the length of an axon. When 

it reaches the axon terminal that 

abuts the synaptic space, it sets the 

second stage in motion. This but­

ton, like the rest of the nerve cell, 

has an outer wall called a mem­

brane. Its envelope contains a solu­

tion of messenger chemicals. These 

electrically charged chemicals 

move in the solution, constantly 

poised to respond to an impulse 

and exit through small openings 

of the membrane and into the syn­

apse. When an electrical impulse 

arrives from the axon, if it is of 

sufficient strength it trips a trigger 

that releases one of the messenger 

chemicals, called a neurotransmit­

ter, from storage in the button. 

NEUROTRANSMITTERS 
The neurotransmitting chemical 

then enters the synapse. Like a fer­

ryboat crossing a small stream, the 

neurotransmitter traverses the syn­

aptic cleft and attempts to link up 

with the dendritic membrane of a 

receptor cell. The journey across the 

synapse takes only a thousandth of 

a second. The receptor cell's surface 

a handful of scientists-most notably 

Loewi and his English counterpart, Henry 

Dale-argued that chemical neurotrans­

mitters are released at the synapse. An 

accelerant, noradrenaline, causes the 

heart to beat more quickly, Dale said. 

An inhibitor, acetylcholine, induces the 

opposite. Yet Dale was unable to extract 



+ NEUROTRANSMITTERS + 

NEUROTRANSMITTER LOCATION FUNCTION 

Parts of the nervous system 
Makes muscles contract. Also plays a key role in attention, 

Acetylcholine associated with motion, including 
memory, and sleep. 

the brain's motor cortex. 

Brain and the peripheral 
Important for body motion and reward experiences, 

Dopamine including pleasure. Sufferers of Parkinson's disease lack 
nervous system 

normal levels of dopamine. 

Endorphins 
Brain, pituitary gland, and 

Powerful, natural opiates, endorphins block pain. 
spinal cord 

Gamma-aminobutyric Acid Retina, spinal cord, hypothalamus, 
The most common inhibitory neurotransmitter, it quiets 
rather than excites neurons. Exists in as many as a third of 

(GABA) and cerebellum 
all synapses. 

Crucial for learning and memory. At small doses, glutamate 
Glutamate Brain and spinal cord excites cells to higher states of activity. At larger doses, 

however, glutamate kills neurons. 

Norepinephrine 
Brain and the peripheral nervous 

Regulates moods, blood pressure, heartbeat, and arousal. 
system 

Serotonin 
Brain stem, cerebellum, pineal Crucial for proper sleep and appetite. Linked to depression 

gland, and spinal cord 

contains specially shaped docking 

sites, so particular neurotransmit­

ters can dock only at the appropri­

ate places, just as a key needs exactly 

the right shape to fit into a lock. The 

either chemical organically, and lacking 

proof, his case remained dormant. 

Then, as Loewi recalled, a fateful frog 

experiment flashed to him in a dream, 

and he dashed to his laboratory. He 

began with two frogs' hearts. Stimulat­

ing the vagus nerve of one to slow its 

beating, he applied a residual solution 

neurotransmitter either excites the 

receptor cell into action or dampens 

it into inaction. Once the receptor 

cell has been stimulated by the 

neurotransmitting chemical, the 

from this donor to a second heart, from 

which he'd severed the vagus nerve. The 

second heart immediately slowed, as if 

discouraged by an unseen force. Loewi's 

hypothesis was correct: A neurotrans­

mitter (acetylcholine) had slowed the 

first heart, leaving a trace fluid-enough 

to slow the second, isolated heart. 

and anxiety. 

communication reverts to an elec­

trical signal. It travels the length 

of the new cell until it reaches 

the synapse of another receptor 

cell, and starts the process all over 
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Precursors to axons and dendrites, in yellow and blue, respond to nerve growth stimulation. 

again. After they have done their 

job in the synaptic space between 

nerve cells, neurotransmitting 

chemicals are reabsorbed by the 

transmitting neuron and prepared 

for rerelease (a process known as 

reuptake) or broken down and 

metabolized by enzymes in the 

synaptic space. It sounds like a lot 

of work, but neurons can repeat 

the electrochemical firing process 

up to a thousand times a second. 

II 
The brain devotes huge 

• • amounts of neural circuitry to 
the hands, lips, and tongue. 

Dozens of neurotransmitters 

have been identified, and more 

discoveries are expected. Certain 

neurotransmitters make muscles 

contract, help regulate sleep, and 

block pain. Research into the role 

of neurotransmitters in mental 

and physical health is constantly 

expanding, and neurotransmit­

ter disorders have been linked to 

Parkinson's disease, depression, 

Alzheimer's disease, schizophre­

nia, and a host of other illnesses. 

LIFE SPAN 

Amazingly, the cells that perform 

the complicated ballet of electro­

chemical transmission can live 

more than a hundred years, but 

they do not get replaced like most 

other body cells. Except for the 

hippocampus and the olfactory 

bulb, where new neurons have been 

shown to grow from stem cells, the 

neurons a person has at birth are 

all he or she will ever have. Dur­

ing the busiest times of neuron 

generation in the developing brain 

of a fetus, about a quarter million 

neurons are created every minute. 

They start from precursor cells and 

then migrate and differentiate. 

When a neuron in the central 

nervous system dies or its long 

fibers are cut, it does not regen­

erate. Medical science currently 

has no cure for catastrophic nerve 

injuries of the spinal cord, and 

once a major communication line 

to or from the brain has been cut, 

it cannot be repaired. But new 

research with neural stem cells sug­

gests neurons may yet be coaxed 

into regeneration . 

+ REEVE'S RESEARCH + 

RESEARCH INTO HOW TO regenerate 

nerve tissue after injuries like transections, 

a complete severing of the spinal cord, 

owes a great deal to the late actor Chris­

topher Reeve. In 1995, Reeve shattered a 

cervical vertebra in a horseback riding acci­

dent and became paralyzed from the neck 

down, a condition known as quadriplegia. 

The injury was not quite a transection-he 

eventually regained some sensation-but 

nevertheless proved devastating. His pub­

lic appearances in a wheelchair until his 

2004 death drew attention to spinal inju­

ries and ultimately raised millions of dol­

lars to help seek a cure for nerve damage. 



AMYGDALA. An almond-shaped section 

of the forebra in. This component of 

the li mbic system plays a central ro le in 

response to fear and terror. 

ARACHNOID. The weblike middle layer 

of the three membranes surrounding the 

brain and spinal cord. 

AXON. The electrically sensitive fiber of 

a neuron responsible for the transmission 

of information away from the nerve cel l. 

AXON TERMINALS. The knobl ike end­

ings of the terminal branches of an axon. 

BLOOD-BRAIN BARRIER. Membranes 

in the brain's blood vessels with li mited 

permeability that inh ibit the t ransfer of 

many substances from the blood into 

brain tissues. 

CENTRAL FISSURE. Groove separating 

the fronta l lobe from the parietal lobe. 

CEREBROSPINAL FLUID. Plasmalike 

fluid that cushions and protects the brain 

and spinal cord and provides nour ishment 

to brain t issues. 

CRANIUM. The fused bones that encases 

and protects the brain and the organs for 

equi librium and heari ng; skul l. 

DENDRITES. Branching fibers ofaxons 

that act as receptors of information . 

These receive messages from other neu­

rons and deliver them to the main body 

of the nerve cell. 

DURA MATER. The tough outermost 

layer of the three membranes surrounding 

the brain and spinal cord, located directly 

beneath the cran ium. 

GLOSSARY 

ENDORPHINS. Proteins that reduce the 

perception of pain. 

FISSURES. The deepest inward folds or 

grooves of the brain. 

GYRI (SING., GYRUS). The outward, 

elevated fo lds of the cerebral cortex. 

HYPOTHALAMUS. Brain region located 

direct ly above the brain stem. The center 

of emotional response. Regulates body 

temperature, hunger, th irst, and sleeping. 

INTERNEURONS. Neurons confined to 

the brain and spinal cord that integrate 

information between motor and sensory 

neurons. 

LONGITUDINAL SULCUS. A deep 

groove that separates the cerebral hemi­

spheres. 

MEDULLA OBLONGATA. Part of the 

brain stem, it connects the spinal cord to 

higher brain centers. Controls heartbeat 

and respiration. 

MOTOR NEURONS. Neurons carrying 

impulses away from the central nervous 

system to activate muscles and glands. 

MYELIN SHEATH. An insulating and 

protective wrapping of fatty t issue that 

surrounds axons and increases the speed 

of the transmission of nerve impulses. 

NEUROGLIA. Glial cel ls; these brain cells 

insulate, guide, and protect neurons. 

N EURON. Nerve cel l; a central nervous 

system cel l that gene rates and transm its 

information from nerve impulses. 

NOCICEPTOR. Pain receptor that 

responds to potential ly harmful stimuli. 

NODES OF RANVIER. Regular gaps in 

the myelin sheath occurring along the 

coated axons. 

PIA MATER. The innermost cerebral 

membrane, this thin layer of connective 

tissue clings to every dip and curve of the 

cerebral cortex. 

PLASTICITY. The brain's abi lity to 

reshape neural interactions. 

PONS. Part of the brai n stem that serves 

as a bridge between the medulla and mid­

brain and aids the medul la in resp iratory 

regulation. 

PRECENTRAL GYRUS. Area of the cere­

bral cortex containing the primary motor 

complex and thus responsible for body 

movement. Located on the fronta l lobe of 

each hem isphere. 

PREFRONTAL CORTEX. Brain region 

located in the anterior frontal lobe. 

Responsible for reason ing, planning, 

judgment, empathy, abstract ideas, and 

conscience. 

SENSORY NEURONS. Neurons that 

send impulses from the skin and parts of 

the body to the central nervous system. 

SULCI (SING., SU LCUS). Inward fo lds of 

the cerebral cortex, more shallow than 

fissures. 

SYLVIAN FISSURE. Groove separating 

the parietal lobe from the temporal lobe. 

SYNAPSE. Tiny gap between the axon 

terminals of two neurons through wh ich 

communication occurs. 

TRANSECT. To completely sever. 
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T
HE FIRST STEP to a bet­

ter understanding of the 

brain is getting acquainted 

with its parts. From the protective 

structures on the outside to the 

hardworking parts on the inside­

knowing where each structure is 

and how it interacts with the world 

gives greater insight into brain 

DIFFERENT PARTS, DIFFERENT RESPONSIBILITIES 

function and the problems that 

mayanse. 

PROTECTION 

To take a tour of the human brain, 

begin with the crown of the skull, 

a collection of 22 bones that house 

the brain and protect it from 

harm. Except for the mandible 

(or jawbone), all of these bones 

are fused together and immovable. 

The topmost and rearmost bony 

parts form the cranium, the brain's 

tough, protective shell. 

Inside, three membranes present 

themselves to provide more layers 

of protection. Immediately under­

neath the skull is the dura mater, 

The eight bones that form the cranium shield the brain from injury. 



Latin for "hard mother." The next 

layer, the arachnoid, overlays the 

brain's network of crevasses. 

Early observers likened it to the 

spun lace of a spider, giving 

it a name that means "cob-

web." The lowest of the 

three membranes, the pia 

mater ("tender mother"), 

is filled with tiny blood 

vessels. It embraces 

the brain surface like a 

mother cradling a child 

in her arms; every dip 

and rise in the brain 

matter is form-fitted by 

the pia. The ridges are 

called gyri, which means 

"twisters," while its grooves 

are sulci, or furrows. 

BRAIN CUSHION 

Flowing between the arachnoid 

and pia membranes IS the brain's 

cerebrospinal fluid. This liquid 

bathes the brain's gyri and sulci, 

including the deepest grooves, 

which are known as fissures. Fluid­

filled ventricles-the hollows 

that some philosophers such as 

Thomas Aquinas considered home 

to the mind-curve deep into the 

brain and connect to the spinal 

cord's central canal. Cerebrospinal 

fluid cushions the brain, provides 

Poet Lord Byron 's brain weighed 
79 ounces, well above the aver­
age human brain 's weight of 
48 ounces. 

Layers of coverings combine to cushion, 

protect, and support the brain. 

nourishment for tissues, and per­

haps acts as an internal channel of 

chemical communication. 

PROTECTION 

The body has evolved formidable 

defenses to protect its most vital 

organ. While capillaries in other 

parts of the body allow cells to 

absorb harmful substances from 

the blood, the brain has the so­

called blood-brain barrier with only 

limited permeability. Thick, tight 

membranes in the brain's blood 

vessels screen out many substances 

in the bloodstream. Crucial chem­

icals such as oxygen and glucose 

can cross into the brain, as well 

as a few harmful ones, such 

as alcohol and nicotine. 

Frustratingly, many benefi­

cial chemical compounds, 

such as drugs designed 

to attack tumors, are 

turned back. 

FOUR DIVISIONS 

Moving inward, we 

come to the organ 

itself. The brain may 

appear to be a Ulll­

form mass of folded, 

pink tissue. But a closer 

look reveals different lobes, 

regions, structures, and parts 

that all help regulate body func­

tions, interpret information from 

the body, and react to stimuli. 

The brain has four main parts: 

the cerebrum, diencephalon, cer­

ebellum, and brain stem. 

+ THE BARD + 

SHAKESPEARE WEIGHS IN on the human 

brain in his plays: 

+ "Tell me where is fancy bred, Or in t he 

heart, or in t he head?"-The Merchant 

of Venice 

+ "The brain may devise laws for t he 

blood, but a hot temper leaps o'er a cold 

decree." - The Merchant of Venice 

+ "Her beauty and her brain go not 

together. " - Cymbeline 

+ "He has not so much brain as ear-wax." 

- Trai/us and Cressida 
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CEREBRUM 

This largest, topmost layer of the 

brain is the cerebrum. It's what 

most people visualize when they 

use their brains to picture their 

brains. The external layer is called 

the cerebral cortex. Its outer por­

tion is gray from the presence of 

billions of nerve cell bodies, while 

the inner portion is white from 

-=-- Cerebrum 

- -:-"'--- --=---'!::-- .....,..- Pineal 
gland 

Cerebellum 

the tangle ofaxons coated in their 

myelin sheaths. 

In the cerebral cortex lies the 

core of information processing 

that separates humans from other 

animals, including reason, lan­

guage, and creative thought. Homo 

sapiens has more of its brain in the 

cerebral cortex-approximately 76 

percent-than any other animal. 

In 1999, scientists discovered that Albert Einstein's inferior parietal lobe, associ­

ated with mathematical and spatial reasoning, was 15 percent wider than that of 

an average brain. 

(Chimpanzees rank second at 72 

percent, while dolphins have only 

60 percent.) 

FISSURES eT HEMISPHERES 

The cerebrum is divided into parts 

by deep fissures . The largest of the 

brain's fissures is immediately evi­

dent to the naked eye. Down the 

center of the cerebrum, separating 

it into left and right hemispheres, 

is the longitudinal fissure. The left 

and right halves of the cerebrum 

appear to be nearly mirror images 

of each other. 

While they look alike, the two 

halves perform and control very 

different functions. The left hemi­

sphere long has been considered 

the dominant half because of its 

role in processing language, but 

the right hemisphere is gaining 

new attention for its role in emo­

tions and spatial cognition, as well 

as the integrative function that 

helps bring bits of information 

together to create a rich image of 

the world. 

Connecting the two hemispheres 

are bands of nerve fibers that allow 

information to be passed back and 

forth between the two halves of the 

brain. The largest bundle, contain­

ing about 200 million nerve fibers, 

is the corpus callosum. 

Two divides known as the Syl­

vi an fissure and central sulcus lie 

on the outside edges of the hemi­

spheres. Their locations serve as 

boundaries on a map, dividing 



the hemispheres further into four 

lobes. The frontal lobe lies forward 

of the central fissure. Between the 

Sylvian and central fissures are 

two lobes that merge together, the 

parietal followed by the occipital. 

Behind the Sylvian fissure is the 

temporal lobe. 

THE FRONTAL LOBE 

A portion of the frontal lobe of 

each hemisphere called the precen­

tral gyrus controls the body's move­

ments. Oddly, each hemisphere 

moves the opposite side of the 

body, as if the brain's wiring some­

how became crossed. Hence, the 

movements of the right hand and 

right foot, as well as the rightward 

gaze of both eyes, are governed by 

the left side of the brain. This phe­

nomenon has been observed for 

centuries. Hippocrates noted that 

a sword injury to one side of the 

head impaired movement on the 

body's opposite side. And while 

observing combat wounds during 

the Prusso-Danish War of 1864, 

German doctor Gustav Theodor 

Fritsch noted that if he touched 

the cerebral cortex as he dressed a 

head wound, the patient twitched 

on the opposite side of his body. If 

one hemisphere's precentral gyrus 

is destroyed-during a stroke, for 

instance-paralysis will result in 

half the body. 

In front of the precentral gyrus 

lie the premotor cortex and the 

prefrontal fibers. The former orga­

nizes the body's complex physi­

cal movements, whereas the latter 

inhibit actions. Inhibition is useful 

in a variety of social settings, such 

as preventing shouting in a quiet 

movie theater. 

Crossword puzzles and other challenges keep the brain sharp. 

-~-
=- - -

D 

••• - l .... ,-
· -:+: .. II' •• •• .. , -. - .. ". -... 

c , 

" 

.... .. ,. .. ':f.... ~ II •• • 

'" -. • " II ••• • 

STAYING SHARP 

THE BRAIN NEEDS regular exercise if 

its neurons are to remain sharp. Repeti­

tion of newly learned tasks helps make 

those new connections stronger. With­

out stimulation, dendrites recede and 

the brain settles into simpler patterns of 

operation. Neurologist Robert Friedland 

has shown that posing new challenges to 

the brain can help in the defense against 

Alzheimer's disease. 

Perhaps not surprisingly, "Use it or 

lose it" appears to be true not on Iy 

of mental exercise but also of physi­

cal stimulation of the brain. The brain 

is like other organs and works better 

when the body is healthy. Exercising the 

body regularly appears to help ward off 

Alzheimer's disease, as do reducing body 

weight, lowering blood pressure, and 

eating a more healthful diet. General 

exercise that builds up cardiovascular 

endurance improves blood flow to the 

brain. A healthy heart usually is linked to 

a healthy brain, especially in the brain's 

"executive function, " which is crucial to 

a slew of mental tasks. 

A combination of physical exercise 

and mental gymnastics protects the 

brain against deterioration with age. To 

spur on the brain to make new neuronal 

connections and protect the ones it has, 

there are a number of activities to try, 

such as: 

./ Learning a new language . 

./ Listening to classical music. 

./ Solving mental puzzles and games, 

like crossword puzzles and Sudoku . 

./ Eating a healthful diet. 

./ Walking, jogging, or cycling regularly 

to promote cardiovascular health . 

./ Maintaining a healthy weight. 
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PARIETAL LOBE eT 

TEMPORAL LOBE 
In the parietal lobe lies the soma­

tosensory cortex, which takes in 

stimulations of touch and other 

sensations. While lower parts of 

the brain register pain and pres­

sure, the sensory cortex helps local­

ize such feelings. Damage to the 

sensory cortex may result in confu­

sion about which part of the body 

may be registering pain. 

The temporal lobe is home to the 

functions of hearing and apprecia­

tion of music and to some aspects 

of memory. Self-experience also 

resides in this lobe. Electrical stim­

ulation of the temporal lobe may 

dredge up intense feelings from the 

memory-the experience of reliv­

ing the past, known as deja vu-or 

do just the opposite, causing famil­

iar people and objects to become 

unrecognizable. 

At its base, the temporal lobe 

connects with the limbic system, 

a series of brain structures also 

known as the animal brain. This 

system allows humans to experi­

ence intense emotions such as 

anger and fear as well as react to 

these feelings . 

Elements of the diencephalon link the left and right hemispheres. 

OCCIPITAL LOBE 
Behind the temporal lobe, near 

the rear of the head, lies the brain's 

visual center in the occipital lobe. 

Far from the eyeballs, which take in 

visual information, this portion of 

the cerebral cortex processes elec­

trical impulses that begin with light 

waves striking the retina. Wounds 

to the back of the head injuring 

the visual cortex can sometImes 

cause blindness. 

DIENCEPHALON 
In the center of the brain, between 

the cerebrum's two hemispheres, 

lies the diencephalon. It consists 

largely of three important struc­

tures: the thalamus, hypothalamus, 

and epithalamus. 

The thalamus acts as a relay for 

sensory information on its way 

to the cerebrum and is crucial to 

memory and emotions. 

The tiny hypothalamus exerts 

control over the autonomic ner­

vous system and performs other 

functions, including regulating 

body temperature. 

The epithalamus includes the 

pineal gland, which drew Des­

cartes's attentions. Instead of hous­

ing the soul, scientists now know it 

helps to regulate the body's rhythms 

of sleeping and wakefulness. 

CEREBELLUM 
At the back and bottom of the 

skull rests the cerebellum. Like the 

cerebrum, it too is divided into 



Misunderstanding of the work of neuroscientist Roger Sperry in the 1970s fed 
the notion that everyone is either "left brained" or "right brained." Although 
each hemisphere has special functions, the two halves work closely together in a 
healthy mind. Humans are whole brained. 

halves and deeply fissured. Its role 

is to coordinate movement and 

balance. Precise physical activities 

that must be practiced to be per­

formed well-hitting a golf ball, 

doing gymnastics, picking a pat­

tern of notes on the strings of a 

guitar-are processed in the cer­

ebellum. The cerebellum also is 

known to play a role in emotion 

and action. 

MEDULLA OBLONGATA 

Where the brain meets the spinal 

cord is the brain stem. The spinal 

cord, the central route of nerve 

cells connecting brain and body, 

terminates in a 1.2-inch extension 

into the lower brain known as the 

medulla oblongata, home to motor 

and sensory nerves. Here is where 

the nerves from the body's left and 

right sides cross each other on their 

way toward the cerebrum. Basic 

body functions such as heartbeat 

and respiration are controlled in 

the medulla. 

Above the medulla lie the pons 

and midbrain. Pons means "bridge," 

and that's what it does-it acts as 

a bridge between the medulla and 

other brain regions. The midbrain 

links the pons to the diencephalon 

and controls reflexes of the ear and 

eye, such as the jolt the body expe­

riences when startled. 

FUELING THE BRAIN 

Blood pumped from the heart 

pushes upward into the brain 

through two main sets of blood ves­

sels, the internal carotid and verte­

bral arteries. Spiderwebs of smaller 

vessels, like distributary waterways 

at a river's mouth, send blood into 

every region of the brain. 

The brain uses oxygen III a 

hurry. While the brain weighs 

only about three pounds, a mere 

fraction of body weight, it burns 

20 percent of the body's oxygen 

and glucose. Most of that energy 

is mere upkeep, keeping the brain 

on the razor-sharp edge of action 

by maintaining the electric fields 

of the membranes surrounding the 

synaptic clefts. Actually thinking 

adds very little to the demand for 

energy-a fact that is somewhat 

counterintuitive for anyone who 

has ever struggled with a particu­

larly difficult math problem or for­

eign language translation. 

To get fuel to hungry brain cells, 

the body relies on the constant 

circulation of glucose. It's a kind 

of sugar that circulates via the 

bloodstream. Neurons can't stock­

pile glucose like coins in a bank, 

so they require a ready supply of 

this source of chemical energy. 

Neurons use the fuel of glucose 

to manufacture and transport 

molecules of neurotransmitters 

and enzymes. They also use plenty 

of energy- half of the brain's 

total, in fact-to transmit electro­

chemical signals from cell to cell. 

The body obtains glucose from 

starches and sugars in the daily 

diet. Good sources include grain, 

fruits, and vegetables. During 

periods of intense concentration, 

glucose levels decline in brain 

regions associated with memory 

and learning. Such a decline can 

cause a feeling of fatigue in the 

body and the brain. 

AN OLD BRAIN can be an amazingly 

healthy and creative one. Consider: 

+ Ben Franklin left public service at age 82. 

+ Mary Baker Eddy founded The Christian 

Science Monitor at age 86. 

+ Robert Frost published his last collection 

of poems at age 88. 

+ George Bernard Shaw was still writing 

plays at age 94. 

+ Grandma Moses received a painting 

commission at age 99. 
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lOOKING INSIDE 
O 

NeE THE brain's true 

purpose was ascertained, 

scientists began find­

ing new ways to observe it and its 

functions. Starting with noninva­

sive methods, like IQ tests, they 

tried to learn more about the living 

brain and measure how it worked. 

These intelligence tests painted a 

picture of how the brain collected 

information, processed it, and then 

made conclusions. 

Peering inside a living brain was 

virtually impossible-most of what 

scientists knew abour the brain's 

anatomy was based on autopsies. 

But in the late 19th century, the 

invention of the x-ray made it 

CT scans open windows into the brain's interior structure. 

SEEING THE 
BRAIN AT WORK 

possible to take a look inside the 

skull. In the 20th century, new 

scanning methods came along and 

gave greater insight into how the 

living brain works. 

OUTSIDE LOOKING IN 

Scientists have long dreamed of 

exammmg how the brain works 



within a living body. The problem, 

though, was figuring out how to 

get inside the head without caus­

ing injury or even death. Doctors 

treating wounds from wars and 

accidents have been able to get 

glimpses of living brain tissue, but 

aside from poking or prodding, 

have had little to do with experi­

mental observation. 

Some early noninvasive attempts 

included phrenology, the pseu­

doscience developed in the early 

19th century that measured the 

bumps on the outside of the skull 

as a means of analyzing the men­

tal powers and characteristics. 

They stemmed from the theories 

of a German doctor, Franz Joseph 

Gall, who argued in the late 18th 

century that the separate faculties 

of the brain must manifest them­

selves in the shape of the overly­

ing bone. Phrenology's popularity 

peaked between the 1820s and the 

1840s but soon waned as the cen­

tury progressed. 

Overall, at least half of all cases 

of dementia- formerly known 

as sen il ity-can be traced to 

Alzheimer's disease. 

Toward the end of the 19th cen­

tury, a new method of probing the 

hidden workings of the brain arose, 

again in central Europe. Wilhelm 

Wundt, known as the founder of 

experimental psychology, created 

a laboratory in the mid-1870s in 

Leipzig to perform research into 

TESTING INTELLIGENCE 

A 1937 Stanford-Binet intelligence test includes miniatures and printed matter. 

ALFRED BINET (1857-1911) made 

the first serious effort to chart 

intelligence. In 1905, France commis­

sioned him to create a test to identify 

students whose intelligence was below 

average. Binet and his doctoral student, 

Theodore Simon, devised a series of 

tasks for children. They then tested 

how well children of various ages 

performed the tasks, which gradually 

increased in complexity. Their work led 

them to create a scale of normal mental 

functioning. Binet's intelligence scores 

compared a child's mental abilities with 

those of h is or her peer group. The test 

has been updated many times. 

During World War II, the Ameri­

can government gave Army recruits 

intelligence tests to screen them for 

war work. Plenty of other groups 

have been given IQ tests since then, 

allover the world. If you look only at 

their scores, you might think humans 

are getting smarter all the time. New 

Zealand political scientist James 

R. Flynn observed that standard­

ized intelligence test scores from 20 

countries historically have kept rising 

by about three points a decade. The 

reason isn't entirely clear, but it's pos­

sible that improvements in nutrition, 

coupled with the more stimulating 

environments in which children are 

raised, contribute to greater neu­

ronal complexity. 

Today, scientists still wrestle not 

only with what intelligence is, but 

also how it can be measured. Har­

vard University's Howard Gardner 

believes at least seven types of intel­

ligence exist, from the mathematical 

to the athletic. 
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WIIAI IS IN I FI IIGFNCF? 
P

ERHAPS NO scientific book 

of the past half century 

stirred up as much contro­

versy as The Bell Curve: Intelligence 

and Class Structure in American 

Life. The 1994 book, by Richard 

]. Herrnstein and Charles Mur­

ray, begins simply: "That the word 

intelligence describes something 

real and that it varies from 

Does the brain's biology deter­

mine intelligence, and thus lock 

humans in to paths toward success 

or failure? It's a potent question. 

DEFINING INTELLIGENCE 

Part of the problem lies in the defi­

nition of intelligence. Neuroscien­

tists don't agree on what the word 

. . 
person to person IS as Ulllver-

sal and ancient as any under­

standing about the state of 

being human." From there, 

the authors delve into defi­

nitions of intelligence and 

how it can serve as a good 

predictor for success in life. 
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his lectures by showing students 

images of two PET scans. Each 

reveals the level of brain activity of a 

student doing a problem in a Raven's 

Colored Progressive Matrices test, 

which aims to measure "fluid intel­

ligence," or the ability to solve an 

unfamiliar kind of problem. In one 

scan, the image is illuminated in red 

, ... 

and orange, representing an 

increase in brain activity. In 

the other, the cool shades of 

blue and green represent a less 

intense level of brain func­

tion. When Restak asks the 

students to guess which of the 

two students scored higher 

on the Raven's test, and thus 

(one assumes) possesses supe­

rior intelligence, the students 

invariably pick the brain 

lighted up like a Christmas 

tree. Instead, the student 

with the less active PET scan 

Then they argue that differ­

ent levels of intelligence lead 

to social outcomes, instead of 

the other way around-a per­

son oflow intelligence is more 

likely to end up a criminal or 

unemployed, for instance­

and that intelligence levels 

have an observable correla-

Studies of identical twins have shown that certain regions of the 

brain are highly inheritable, affecting overall intelligence. 

posted a higher Raven's score. 

The explanation: The brain 

that finds a problem easy to 

tion to biology. 

Following the track linking genet­

ics to intelligence, the authors make 

claims linking racial differences to 

intelligence, and thus the positive 

and negative social outcomes that 

define modern life. If a group of 

people can't change their biology, 

goes this hypothesis, they cannot 

change their social outcomes. 

means. Nor do they agree on what 

intelligence tests are actually measur­

ing. Tests don't measure motivation, 

persistence, social skills, and a host 

of other attributes of a life that's well 

lived. Some say, only half facetiously, 

that IQ tests measure only one's abil­

ity to perform well on IQ tests. 

Neurologist Richard Restak likes 

to deliberately cloud the issue during 

solve doesn't have to work as hard. 

TYPES OF SMARTS 

There are several aspects of intelli­

gence. Most are related, but histor­

ically not all have tested what they 

set out to test . For example, some 

early IQ tests measured knowledge 

of facts, which actually is a func­

tion of education and memory 



rather than the ability to reason. In 

general, however, a person's perfor­

mance on a test of fluid intelligence 

is a good predictor of performance 

on a wide range of mental exercises. 

For example, increased fluid intel­

ligence correlates to a high level of 

"working memory"-one's ability 

to remember information tem­

porarily-which can range from 

remembering where you parked 

your car to which words or num­

ber combinations you tried 

and rejected in doing a cross­

word puzzle or Sudoku. Peo­

ple with powerful working 

memories are more focused 

in solving problems. 

says the evil Professor James Mori­

arty when he first lays eyes on Sher­

lock Holmes in a story by Arthur 

Conan Doyle. As scientists have 

discovered, the size of the prefron­

tal cortex in healthy brains gener­

ally correlates to fluid intelligence. 

(Perhaps Moriarty subscribed to the 

theory of phrenology and believed 

cortex size correlated to the bulg­

ing of a forehead. It's not so.) 

But the size of a cortex doesn't 

environments, they show only a 72 

percent correlation in intelligence. 

FAMILY INFLUENCE 

At best, genetics accounts for only a 

substantial fraction of intelligence. 

Perhaps heredity sets an upper 

limit for intelligence (through the 

potential ability to make neuronal 

connections), which then becomes 

subject to other forces. An envi­

ronment with plenty of books and 

Scientists use the term 

"g-factor" when discuss­

ing the general measure of 

mental ability, found III 

vocabulary size, mechanical 

reasoning, and arithmetical 

computations. They relate it 

to the properties of efficient 

neural functioning, rather 

than the value of knowledge 

in its own right. The prefron­

tal cortex, right behind the 

Psychologist John Raven devised the Raven's Colored Progressive 

challenging toys plays a key 

role in increasing aspects of 

a child's intelligence but so 

does willingness to exercise 

the brain. Political scientist 

James R. Flynn noted that 

IQ scores have dramatically 

increased over the past several 

decades in many countries. 

He attributes the so-called 

Flynn effect to increases in 

modern humans' greater 

ability to solve abstract prob­

lems, possibly from living in 

a more intellectually stimu­

lating world. 

Matrices Test in 1938, a non-verbal test of intelligence in children. The brain's ability to rewire 

forehead, is the most likely home 

for much of the neural processes 

associated with one's g-factor abili­

ties. When it's damaged, a person 

suffers a variety of impairments to 

abstract reasoning, and it lights up 

during brain scans taken during a 

variety of intelligence tests. 

"You have less frontal develop­

ment than I should have expected," 

mean, QED, that biology causes 

intelligence the same way gravity 

causes an apple to fall. Identical 

twins vary in their performance on 

IQ tests. In some cases, one twin 

develops schizophrenia or some 

other disorder, and the other does 

not. Furthermore, when identi­

cal twins are separated at birth 

and raised separately in similar 

neuronal networks no mat­

ter how old the nerve cells provides 

the means to improve mental func­

tion. Instead of looking at family 

or ancestral heritage and deciding 

it determines mental performance, 

humans can set about learning new 

skills and tasks. Challenging the 

brain may not raise the score on a 

particular IQ test, but it will help 

the brain to perform better. 
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An angio-MRI of a 27-year-old woman reveals the arteries that provide oxygen to her brain. 

psychology. The word derives from 

the Greek psyche, meaning "mind" 

or "soul." Wundt considered his 

research a way to get at the work­

ings of the mind, which many still 

considered to be separate from the 

tissue of the brain. 

In particular, Wundt aimed to 

examine the elements that made 

up consciousness and explain how 

they worked together to create the 

mind. Wundt concentrated on 

stimulus-response experiments, as 

he considered sensation the contact 

point between the external, physi­

cal world and the inner, psycho­

logical world. He recorded when 

and how sensations entered con­

sciousness, including such mun­

dane facts as whether one musical 

tone sounded higher or lower than 

another one did. 

A contemporary ofWundt's, the 

American William James, also took 

up psychology as a tool to probe the 

mind. In his famous 1890 textbook 

7he Principles of Psychology, James 

described processes including the 

sense of self, memory, movement, 

and sensation. 

Assessing the brain's perfor­

mance through intelligence testing 

was another way science attempted 

to access the living brain. In the 

1900s, French psychologist Alfred 

Binet created the first IQ test as a 

way to measure intelligence. That 

test, designed to see which French 

schoolchildren needed special assis­

tance, became the genesis of all IQ 

tests that followed. 

II 
Your brain uses about 12 watts of 

" power-a fraction of the energy 
of a household lightbulb. 

Meanwhile, in Austria, Sigmund 

Freud (1856-1939), the founder 

of the psychoanalytic school of 

psychology, turned his interest in 

neurology into the study of the 

workings of the brain and the ways 

in which they affect behavior. He 

predicted, correctly, that someday 

the study of the physical workings 

of the brain would dovetail with 

his observations about uncon­

scious drives. 

FIRST GLIMPSE 

The first technology to peer into 

the brain was the x-ray, invented 

by Wilhelm Rontgen (1845-1923) 

in 1895. The German scientist dis­

covered a form of radiation that 

could penetrate the body; the rays 

were absorbed by dense bones, 



which then appeared as shadows 

on film . 

When applied to the brain, 

simple x-rays, harnessed to make 

photographic images of bone, per­

mitted doctors to make a basic 

examination of the structure of the 

head. However, x-rays give only a 

two-dimensional view, and show 

relatively little of the soft tissues 

of organs. As the human brain is a 

three-dimensional object, whatever 

appeared in a 2-D image usually 

was murky and confusing. Often, 

structures lying in different planes 

of the brain overlapped each other, 

making analysis difficult. 

A BETTER LOOK 

Scientists first peered at real-time 

brain functions in 1929 with the 

invention of the electroencephalo­

gram, or EEG. Electrodes fitted to 

the scalp record electrical activity 

within the brain as neurons discharge. 

Unusual brainwave activity registered 

on an EEG may indicate brain disor­

ders. This technique records electri­

cal activity in real time. 

More recently, scientists have 

employed a variety of tools to get 

a more detailed and localized look 

at structure and action inside the 

brain. 

COMPUTERIZED VISIONS 

Computerized axial tomograms, 

or CT scans, have substantially 

improved the ability of x-rays to 

probe the secrets of the brain. A 

patient receiving a CT scan lies 

inside a doughnut-shaped array 

+ BRAI N IMAGING + 

SWEDISH SCIENTISTS in 2008 created 

the illusion of shaking hands with yourself. 

They had volunteers and a mannequin wear 

virtual reality goggles Images in the volun­

teers' goggles came from the dummy. Most 

test subjects felt the weird sensation of the 

dummy's point of view when shaking their 

own hands. 

of sensitive detectors while a mov­

able x-ray emitter rotates around 

the brain. Computers convert the 

images into a three-dimensional 

TYPE FULL NAME DESCRIPTION 

EEG Electroencephalogram 
Electrodes on the scalp record brain waves. Unusual activity 

may indicate brain disorders. 

CT scan or CAT scan Computerized Axial Tomography 
Series of x-rays of the head are taken from many different 

directions. Useful for quickly assessing brain injuries. 

MRI Magnetic Resonance Imaging 
Yields a more detailed, three-dimensional image. Allows 

precise mapping of the physical shape of the brain. 

fMRI 
Functional Magnetic Resonance Uses changes in blood flow to generate images that show brain 

Imaging activity and performance. 

Magnetic sensors placed on the skull reveal neural activity with 
MEG Magnetoencephalograph little interference from other structures. Used to locate tumors 

and to determine functions of brain parts. 

Radioactive isotopes injected into the blood are then tracked 
PET Positron-Emission Tomography by a computer through the brain. Reveals blood flow, oxygen 

levels, and glucose metabolism. 
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image of the brain. Slices of the 

interior-the word tomos is Greek 

for "section"-can be teased from 

the data and shown on a screen 

to give doctors a narrow look at 

particular points in the brain. For 

example, a CT scan might reveal a 

tumor located deep inside the tis­

sue of a living brain, far too deep 

to be visible during routine explor­

atory surgery. 

BRAIN MAPPING 

Magnetic resonance imaging (MRI) 

gives a more detailed 3-D picture 

WHEN THE DENTIST asked British phi­

losopher Bertrand Russell where he felt 

pain, Russell replied, with humor and hon­

esty, "In my mind, of course." Russell knew 

the brain uses the senses to collect data 

about the world and construct a version 

of "reality." Whether that world actually 

exists independent of the mind makes 

little difference to the sufferer of a tooth­

ache-the pain hurts just the same. In 

fact, some philosophers, such as George 

Berkeley (1685-1753), have questioned 

whether "reality" exists. 

Addictive drugs work by mimicking neurotransmitters or altering their work. Brain 
scans reveal physical changes in the synaptic activity of a drug user. The drug known 
as Ecstasy, for example, can permanently damage neurons that produce serotonin. 

than a CT scan. An MRI relies on 

an intense magnetic field generated 

in a cylinder that surrounds the 

patient. It allows precise mapping of 

the physical shape of the brain. Its 

magnetic field is so powerful that it 

causes some of the atoms inside the 

brain to jerk into alignment. Then a 

series of radio waves from the MRI 

scanner bounce off the affected 

atoms and push them slightly out 

of line. When the energy from 

the radio signals is turned off, the 

atoms move back into their mag­

netic alignment, emitting telltale 

energy patterns along the way. 

Computers read these minuscule 

bits of energy and assemble images 

of cross-sections of the brain. Slices 

can be placed atop each other, like 

the layers of a cake, to represent the 

entire brain in three dimensions, or 

they can be examined individually, 

providing a closer look at localized 

phenomena. Comparisons of MRI 

scans of a single brain over time 

can show its growth-or reveal its 

deterioration. 

In addition to mere structure, an 

MRI can also capture a snapshot of 

thought. A variation called a func­

tional MRI, or fMRI, builds upon 

the fact that a blood cell's mag­

netic properties change according 

to how much oxygen it contains. 

Receptor cells use oxygen as they 

take in signals from surround­

ing cells; burning oxygen causes 

cells to require more oxygen-rich 

blood. As blood surges toward 

neurons where synapses are firing 

with thought, emotion, or other 

impulses, the oxygen they carry 

gives off a traceable signature of 

radio waves. Different thoughts 

light up different areas of the brain 

in an MRI. The processes of peak­

ing, reading, appreciating humor 

and music, and recognizing faces 

illuminate various groups of neu­

rons. MRI techniques thus help 

localize areas associated with cer­

tain brain functions. 

SEEING THOUGHTS 

Magnetoencephalography (MEG) 

also relies on magnetism to exam­

ine the brain. In this case, it's the 

body's ambient magnetic fields, 

not those generated by an exter­

nal machine, that form the basis 

of brain imaging. These magnetic 

fields are extremely weak-perhaps 

only a billionth of the power that 

causes a compass needle to point 

toward the north magnetic pole. 

Yet, when read by sensors placed 

on the skull, MEG scans reveal the 

electrical currents created by neural 

discharges. The resolution is as fine 

as a thousandth of a second and 

as small as a cubic centimeter. The 



A patient receives a PET scan to pinpoint regions of the brain that are most active. 

MEG scan and EEG are the only 

observational techniques capable 

of anything approaching real-time 

revelations. When a patient thinks 

a specific thought, it shows up, in 

progress, on an MEG. 

Mental functions also can be 

localized with a technique called 

positron-emission tomography, or 

PET. A radioactive isotope is 

injected into a patient. Because all 

radioactive atoms decay into stable 

atoms at a known rate, the decay 

of the isotope, which is usually 

paired with glucose, is recorded 

and turned into images with com­

puter programs. Like MRI and 

CT scans, PET scans let observers 

localize activity inside the brain. 

The array of brain-imaging tech­

niques serves like the variety of 

hammers, saws, and other tools in 

a mechanic's toolbox. A scientist 

observing the brain chooses the 

right tool based on what kind of 

information is needed. A CT or 

MRl scan would be the choice if 

a doctor suspects the growth of 

a tumor or physical damage to 

part of the cerebrum. A PET scan 

might be the appropriate choice 

for investigation of deficiencies 

associated with language or reason. 

And lack of oxygen use in stroke­

damaged sections of a brain would 

call for a functional MRI. 

True to the rational and obser­

vational methods of Descartes 

and Willis, science has made great 

strides in describing how the brain's 

parts, both large and small, func­

tion. But understanding any organ 

that is "wider than the sky" is not 

as easy as toting up small pieces of 

information. The brain is an inte­

grated unit, with its complexity 

arising from the synergy created by 

the simultaneous functioning of 

its billions of neurons and trillions 

of synapses in nonlinear ways. 

Science has learned much about 

movement, sensations, emotions, 

and the sense of self. Yet much is 

yet to be gleaned about the most 

complicated object in the universe. 

There will always be more to learn 

about the brain. 
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CHAPTER TWO 
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SYSTEM 
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PAGE 52 

WH ETH ER IT BE a surprise, a star­

tle, or a scare, how the brain reacts 

to a situation is determined by 

the information that is gathered 

by the nervous system. Through 

this vast interconnected network, 

the brain is able to collect data, 

interpret them, and then react to 

them in a matter of milliseconds-

governing such things as how 

fast our heart races, how hard we 

laugh, or how loud we scream. 

Every reaction, thought, action, 

and emotion is regulated by the 

nervous system, which excels at 

communication and control. 

The shock of an ice-cold victory 

celebration causes a full-body 

startle reaction. 
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IN IIARMONY HOW THE NERVOUS SYSTEM 
RUNS THE BODY 

~­
, 

Just as the conductor of an orchestra directs the flow and tempo of music, so the brain controls the flow and tempo of the body. 

T
HINK OF THE brain 

as a symphony orchestra. 

When everything goes 

right, the brain remains in constant 

communication with the entire 

body at all times. Sometimes, as 

when musicians are warming up or 

the mind's attention is unfocused, 

the signals are muted or lack direc­

tion. But when the conductor 

walks to the podium and taps the 

baton, all snap to attention. 

Then, with the downsweep 

of the maestro's arms, everyone 

springs into action. Each musician, 

like every nerve that registers and 

transmits information, watches for 

instructions. Upon recognizing the 

conductor's intent, each carries out 

orders to speed up or slow down, 

emphasize or downplay a particular 

action, or otherwise fine-tune the 

adjustments that create music out 

of a hundred different sounds-or 

the thoughts of the brain into 

physical action. 

The conductor, like the brain's 

executive function, also is watching 

Cells in your brain, as in all tissues, have their own genetic code made up of just 

four nucleotide bases. They're usually referred to by their first letters: G, C, T, and 

A, for guanine, cytosine, thymine, and adenine. Out of these letters come the 

combinations that make you unique. 



for incoming signals. Each mUSI­

cian's performance makes an 

impression upon the maestro, who 

processes the information and calls 

for any necessary changes. At the 

same time, the brass section per­

haps may be reacting to the percus­

sion without any intervention by 

the conductor, just as some reflexes 

travel only from a nerve in the leg 

to the spinal cord and back again. 

As the musicians play together, 

their individual contributions 

unIte in harmonious song. Thus, 

the brain has its many functions 

that, when added together, lead 

not only to consciousness, but also 

to overall health. 

MANY PARTS 

Much of what goes mto making 

music takes place without thought. 

Professional musicians don't stop to 

ask themselves, How do I playa C 

major chord? Instead, their actions 

have become automatic. Likewise, 

some learned actions are so rou­

tinely processed that they pass out of 

the conscious thoughts of the cortex 

and are pushed deeper into the rote 

performance of the cerebellum. 

The similarities continue. The 

noise of some instruments may be 

drowned out by the trumpets and 

drums, but those sounds are still 

there, just as the brain's control of 

breathing and heartbeat continues 

regardless of whether they register 

on the mind. The conductor may 

step down from the podium and 

The Nervous System 
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PH RENOLOGY 

As A SCHOOLBOY of nine, Franz 

Joseph Gall (1758-1828) was 

intrigued by a classmate with large, 

protruding eyes and a knack for rote 

memorization. The student's appear­

ance and skills made a lasting 

impression, one that 

years later Gall would 

trace to his theory of 

cortical localization. 

All the best memo-

rizers, the German 

anatom ist recalled, 

seemed to share these 

bulging, "ox-like" eyes. 

So it followed, Gall 

concluded, that the 

function of verbal 

memory is governed 

by the frontal lobe of 

the cerebral cortex. The 

better the memory, the 

determined the human brain to house 

27 faculties. Each, he said, is controlled 

by different areas of the brain. 

Among those faculties we share 

with animals, Gall included "reproduc­

tive instinct" "pride" and" destruc-, , 

• .: tiveness, carnivorous instinct, 

or tendency to murder." 

Unique to humans were 

"poetic talent," "reli­

gious sentiment," and 

"wisdom." 

Determining each 

faculty's cortical coor­

dinates was simple 

enough. A large per­

centage of pickpockets, for 

example, had a sizable bulge 

on the side of the head. This 

area, Gall assumed, was the 

location of a faculty he called 

"desire to possess things." The 

larger the lobe, and hence logic of Gall's classification 

the jutting eyes. An ivory phrenological head system had made it widely 

Though he did not maps skull lumps for pseudo- appealing by the 1830s. 

coin the term-and 

shuddered at its usage-

scientific analysis. Phrenology has since 

been lumped with the 

likes of astrology, palm reading, and 

graphology (handwriting analysis). Yet 

Gall would become a leading exponent 

of phrenology, the pseudoscience of 

interpreting personal characteristics 

and mental abilities from cranial knobs 

and knots. 

In interviewing hundreds of person­

alities across the continent and amass­

ing a collection of some 600 skulls-not 

the interviewees', fortunately-he 

Gall unwittingly contributed to true 

science. His theory of cortical local­

ization would prompt future neuro­

scientists to rethink their concept of 

the brain, paving the way for ground­

breaking discoveries at the turn of 

the century. 

lower his arms; the brain rests and 

the body falls asleep. Or the pianist 

may have injured an arm and play 

badly or not at all, just as the sig­

nals to or from the brain may fail, 

and the body consequently suffers. 

HEADer BODY 

The human body has been shaped 

through cephalization, an evolu­

tionary force that concentrates 

nervous and sensory tissue at one 

end of the body. Animals under­

going this process enjoy advan­

tages in natural selection. When 

vision, hearing, smell, and other 

faculties work with a nearby brain, 

they provide a rich picture of the 

world. Specifically, having a head 

improves efficiency in locating 

food and avoiding predators. 

A narrow gap between brain and 

sensory organs, such as eyes, creates 

the shortest pathways for infor­

mation to move back and forth 

between the two. That reduces 

reaction time. Imagine the alterna­

tive: if you had organs of vision in 

your toes, it would take a moment 

longer for any images they register 

to reach a brain at the other end 

of your body, and another moment 

or two for the brain to send them 

feedback. That's a long delay when 

the eyes detect a potential threat. 

There's not typically a lot of varia­

tion from one head to another. 

Each brain lies encased within 

a hard, bony skull, a series of 22 

fused bones that protect it. Inside 



Divisions of the Nervous System 

Nervous System 

I I 
Central Peripheral 

Nervous System Nervous System 
I 

I I 
Motor Division Sensory Division 

I 

I I 
Somatic Autonomic 

Nervous System Nervous System 
I 

I I 
Sympathetic Parasympathetic 

Nervous System Nervous System 

Each division is responsible for the collection of and response to different stimuli. 

the skull is a series of protective 

membranes called meninges that 

cover the brain tissue and blood 

vessels, and a shock-absorbing liq­

uid called cerebrospinal fluid. The 

average man's brain weighs about 

3.5 pounds; the average woman's, 

3.2. Taken as a pure ratio between 

brain size and body mass, that's not 

a significant difference. 

Like a captain on the bridge of 

a ship, the brain issues commands 

atop the spinal cord, which also 

lies within protective membranes, 

a column of bones called verte­

brae, and cerebrospinal fluid. The 

brain communicates with most of 

the body through nerves that pass 

through the thumbwide bundle of 

the spinal cord inside the verte­

brae, and branch out in 31 pairs of 

spinal nerves, each serving its own 

region. A few nerves, such as those 

that serve the face, connect directly 

to the brain. 

ORGANIZATION 

The brain's internal orgalllza­

tion makes performances like the 

orchestra's possible. Resembling 

Russian dolls that nest one inside 

another, the systems of the brain 

are organized with greater or lesser 

degrees of scale, but with the same 

principles. At the brain's behavioral 

level-the largest doll-humans 

carry out actions originating in the 

cortex. These behaviors include 

speech and written language. 

At the next level, the microscopic, 

behavioral activity is processed by 

the sum of electrochemical signals 

pinging among the brain's bil­

lions of neurons. At a still smaller, 

molecular, level, behavior is influ­

enced by the neurotransmitters 

that pass information across the 

synaptic clefts that separate indi­

vidual neurons. 

For communication to occur 

through, say, language, every level 

has to operate in harmony and 

virtually simultaneously. Electro­

chemical processes must pass infor­

mation from neuron to neuron; 

neural pathways must interact; 

and those interactions must come 

together to create speech. 

CENTRAL er PERIPHERAL 

The very concept of the brain's 

whole being greater than its parts 

continues throughout the nervous 

system. The body contains only one 

nervous system, but for purposes 

of study it often is divided into 

parts, each of which has smaller and 

smaller divisions. 

The nervous system's two big­

gest parts are the central nervous 

system and the peripheral ner­

vous system. The former consists 

of the brain and the spinal cord. 

It interprets sensations and issues 

commands in the form of motor 

responses, which are based on cur­

rent sensations, reflexes, and expe­

riences. The peripheral consists 

mainly of the axons that branch 

out of the brain and spinal cord, 

carrying nerve impulses to and 

fro. Spinal nerves send impulses 

to and from the spinal cord, while 

cranial nerves do the same for 

the brain itself. All cranial nerves 

terminate in the head and neck 
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Thanks to evolution's hard wiring for survival, gazelles in Botswana react without thinking when a lioness attacks. 

except for the vagus nerve, which 

extends into the chest and abdo­

men. Cranial nerves in the head 

include those that interact with 

eyes, ears, nose, and tongue. 

DIVISIONS 

The peripheral nervous system has 

two key parts. The sensory divi­

sion is sometimes called afferent, 

for the Latin for "carrying toward." 

It sends signals from sensory 

receptors all over the body toward 

the central nervous system. Sensors 

in the skin, muscles, and joints are 

called somatic ("body") afferent 

fibers, while those from the inter­

nal organs are called visceral affer­

ent fibers. 

The other part, the motor or 

efferent division, sends signals 

from the central nervous system to 

the muscles and glands. As these 

signals cause, or "effect," changes, 

Handwriting analysts claim forward-sloping handwriting indicates an outgoing 
personality, while a backward slope signifies bashfulness. This discounts or ignores 
contradictory evidence, such as noted extrovert Bill Clinton's backward slant. 

they create the motor responses 

that make the body move. Most 

nerve cells act as two-way streets, 

sending signals back and forth 

between the brain and extremi­

ties. Purely afferent or efferent 

cells are rare. 

The motor division also IS 

divided into parts. The somatic 

nervous system sends signals from 

the central nervous system to the 

skeletal muscles. As it is usually 

under conscious control, this is 

sometimes called the voluntary 

nervous system. The other part is 

the autonomic nervous system, 



which compnses visceral motor 

fibers that automatically activate 

the heart, digestive tract, and other 

body functions. 

THE CEREBRAL CORTEX 

Seven-tenths of the volume of the 

human nervous system lies in the 

cerebral cortex. Given that the 

human cortex is many times larger 

than that of any other creature, 

scientists are convinced its huge 

size is the main source of what sets 

humans apart from the animals. 

Creativity, emotion, perception, 

language, imagination-all have 

strong connections to the work­

ings of the cortex. 

Beginning in the late 19th cen­

tury, researchers began cataloging 

variations in the thickness and 

structure of the cerebral cortex. 

Korbinian Brodmann, a German 

neuroscientist, created a numbered 

map of the cortex in 1906, based 

on the organizational architecture 

of the cells that he observed after 

staining them. He numbered 52 

sites in the brain, now called Brod­

mann areas. While the significance 

of these areas has been widely 

debated, further investigation has 

linked some of the sites to particular 

functions of the brain. PET scans 

and functional MRI scans have 

linked specific motor and sensory 

functions to specific cortical areas 

called domains. Brodmann areas 1, 

2, and 3, for example, reside right 

behind the central sulcus and are 

closely linked to the primary soma­

tosensory cortex, while Brodmann 

areas 41, 42, and 43 are associated 

with hearing. 

The map is not a preClse atlas 

with domains neatly separated by 

boundary lines, the way countries 

are separated by political divisions 

inked on paper. Many functions 

such as language and memory 

overlap domains and may in fact 

be scattered throughout much of 

the brain. 

Nor is the map an indicator of 

destiny, as other scientists would 

find. In the early 19th century, 

Franz Joseph Gall made his own 

maps of the brain and skull, but 

they proved faulty. He examined the 

+ GRAPHOLOGY + 

IS IT POSSIBLE to have handwriting like 

a serial killer's? Does a physician's scrawl 

indicate a love for humanity? Much like 

the phrenologists who thought a bumpy 

skull could reveal insights into the human 

psyche, so do today's graphologists, or 

handwriting experts, believe that pen­

manship can tell us a great deal about 

who we are. Handwriting analysts have 

succeeded more than phrenologists in 

selling their pseudoscience. Witness the 

TV ads in 2008 that analyzed car buyers' 

signatures. Proponents claim that because 

the brain controls psychological traits and 

muscles that produce handwriting, they 

must be linked. No causal link has been 

found. Graphologists lack scientific rigor, 

often analyzing the writing of people with 

known traits-kind of like shooting an 

arrow at a barn, then drawing a bull's-eye 

around it. 

bumps on the head and drew erro­

neous conclusions about the func­

tions of the underlying portions 

of the brain. Physical variations in 

the size and shape of the head have 

nothing to do with the workings 

of the brain power beneath. Dam­

age to a particular Brodmann area, 

however, may manifest itself in 

predictable ways, such as language 

deficiencies resulting from lesions 

in areas 44 and 45. 

THE AUTONOMIC 

NERVOUS SYSTEM 

Much of what the brain does 

takes place beyond our ability to 

sense it-or appreciate it. In the 

midbrain's pons and medulla lie 

the centers that regulate the vital, 

everyday functions of life. Think 

about it: How fortunate you are 

that you don't have to concentrate 

in order to breathe, or make your 

heart pump blood. 

The first rule of the living brain 

is to go on living. Thus, these cru­

cial areas of the midbrain, called 

the autonomiC ("involuntary") 

nervous system, are not easily over­

ruled by the higher functions of the 

cortex. While it's possible to hold 

your breath while underwater or 

throwing a tantrum, the midbrain 

will eventually overrule the efforts 

of the cortex and force the lungs to 

inhale. However, some drugs, such 

as tranquilizers and stimulants, can 

affect the autonomic nervous sys­

tem, altering things like the heart 
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STAYING SHARP 

OVERREACTI NG TO stress hurts the brain 

through chronic exposure to hormones 

like cortisol. Stress can worsen psychiatric 

disorders and damage the hippocampus, 

impairing the ability to store memories 

and to learn new things. To lessen the 

impact, lower the cortisol through stress 

management. Some proven methods: 

.ISlow your thoughts through medita­

tion, deep-breathing exercises, and yoga. 

.I Maintain ties with family and close 

friends. Strong social connections foster a 

sense of well-being. 

.ILaugh. Laughter increases oxygen 

intake and the release of endorphins, the 

feel-good neurotransm itters. 

.IStay rested. Being overtired can raise 

levels of stress hormones, but sleep can 

lower them. 

.IExercise. Physical activity lowers corti­

sol levels. 

rate and blood pressure for good 

or ill. 

TWO BRANCHES 
Like day and night, the autonomic 

nervous system has two equally 

important halves. They are recipro­

cal and complementary. The day­

light side of wakefulness and work 

is called the sympathetic branch. 

It works when the body's sense of 

self-preservation, developed over 

eons of evolution, calls for energy. 

In extreme cases, the sympathetic 

branch triggers the so-called fight 

or flight response. When a threat 

looms, the body prepares to meet 

it or quickly escape from it. Blood 

pressure and heartbeat skyrocket, 

breathing speeds up, and in a mul­

titude of other ways the midbrain 

signals to the body to prepare itself 

for action. 

The parasympathetic branch is 

the calmer, quieter side of the ner­

vous system. It's responsible for 

the so-called relaxation response. 

The midbrain signals to the body 

to lower breathing rate, heartbeat, 

and blood pressure. As a result, the 

brain promotes and recognizes a 

feeling of well-being. 

Modern pharmacology can bring 

about a similar result, but much of 

the self-help books of the past few 

decades have focused on meditation 

and other forms of stress manage­

ment to stimulate the parasympa­

thetic branch while soothing the 

sympathetic. 

SHOCK TO THE SYSTEMS 
When you're startled, the two 

branches work together, regulat­

ing the body without any con­

scious thought needing to be 

involved. Thanks to these auto­

matic responses, the brain's cor­

tex is allowed to remain free to 

do other things-process sensory 

information, register emotion, 

pursue rational thoughts, and 

initiate voluntary movements. This 

can happen because the parasym­

pathetic nervous system briefly 

lowers the heart rate, breathing, 

and other functions. That gives the 

cortex time to do its job, assess­

ing any possible threats from the 

external world. Within a flash, the 

sympathetic nervous system sends 

signals to release neurotransmitters 

that put the body on full alert to 

prepare for the next step . 

Meanwhile, the cortex uses the 

data it has collected to make a deci­

sion on an appropriate response 

to the startling stimulus. If the 

cortex perceives a real threat-a 

tiger on the loose from the zoo, for 

example-the brain automatically 

sends signals straight to the hypo­

thalamus. The hypothalamus then 

releases a stress hormone known as 

eRE It increases anxiety, puts the 

senses on extreme alert, and orders 

the release of the stress hormones 

cortisol and epinephrine (adrena­

line) from the adrenal glands. 

Next, the hypothalamus also 

signals to the pituitary gland to 

release hormones into the blood­

stream that energize all of the 

body's organs. Thanks to all this 

interaction and coordination, a 

person is now primed to run from 

the tiger, climb a tree, or fight back 

if necessary. 

The tiny hypothalamus, less than one percent of the brain, is rich in neural connec­
tions and receptors for hormones, and it strongly influences the pituitary gland. 

Damage to the hypothalamus weakens the immune system and its response to 
viruses and germs. Conversely, electrical stimulation boosts immunity. 



ABSENCE SEIZURES. M ild epi le pt ic 

se izures in wh ich consciousness is lost and 

facial muscles twitch briefly. Most occur in 

young chi ldren and disappear by age ten. 

Forme rly known as petit mal se izures. 

AUTONOMIC NERVOUS SYSTEM. 

Invo luntary nervous system. Consists of 

visceral motor fibers that activate the 

heart, digestive tract, and glands. 

BRODMANN AREAS. Fifty-two sites 

located and mapped on the cerebral cor­

tex by neuroscientist Korbinian Brodmann 

in 1906. Damage to a particular area mani­

fests itse lf in a d istinct, predictable way. 

CENTRAL NERVOUS SYSTEM. The 

brain and spinal cord. This control hub 

integrates incom ing sensory information 

and issues motor responses. 

CEREBRAL CORTEX. The outermost 

layer of the brain, responsible for creativ­

ity, p lann ing, language, and percept ion. 

CHEMORECEPTORS. Neural receptors 

that respond to the presence of chem icals. 

CORTICOTROPIN RELEASING 

HORMONE. Released by the hypothala­

mus, increasing anx iety, putting the body 

on alert, and causing adrenal ine and the 

stress hormone cortisol to be re leased. 

CRANIAL NERVE. Carries information to 

and from the bra in. Except for the vagus 

nerve, all term inate in t he head and neck. 

DIABETES INSIPIDUS. A condit ion 

caused by a lack of sufficient amounts of 

antid iuretic ho rmone (ADH ) in the body. 

Patients experience extreme thirst and 

frequent urinat ion. 

GLOSSARY 

DIABETES MELLITUS. A condit ion 

caused by a lack of insuli n, resulting in 

heavy blood sugar loss through urinat ion. 

DOMAINS. Specific cortical areas that 

have been linked to specific motor and 

sensory functions by PET scans and fMR ls. 

ENKEPHALINS. Natural pain suppres­

sants that inhib it the discharge of pain­

exciti ng neurotransm itters. 

FIGHT OR FLIGHT RESPONSE. Trig­

gered by the sympathet ic branch of the 

automatic nervo us system, the brain's 

response to flee from or defend itse lf 

against a potent ial or perceived threat. 

G-FACTOR. Sho rt for "general intell i­

gence factor." A psychological measure of 

cogn itive menta l abi lities. 

HOMEOSTASIS. A state of eq ui librium 

refe rring to the body's abi lity to remain 

internally stable whi le external environ­

ments va ry. 

HYPERALGESIA. An increased sensitivity 

to pain. 

MECHANORECEPTORS. These recep­

tors create nerve impulses when their 

shape is deformed by a mechanical force 

such as pressure or touch. 

PARALLEL PROCESSING. The transm is­

sion of information through the body 

whereby one neuron excites multiple oth­

ers and several paths are uti lized at once. 

PARASYMPATHETIC BRANCH. This 

branch of t he autonom ic nervous system 

is responsible for re lax ing the body. It 

lowers heart rate and blood pressure and 

reduces breath ing rate. 

PERIPHERAL NERVOUS SYSTEM. The 

nerves that branch out of the bra in and 

spinal cord. 

PHOTORECEPTORS. Neurologica l recep­

tors that react to light energy. 

PHRENOLOGY. Pseudoscience popular 

in the 19th century bel ieving that personal 

characteristics and mental ab ilit ies can be 

derived from knots and knobs of the skull. 

REFLEX. An automatic and uncontrol led 

reaction to stimuli. 

SERIAL PROCESSING. Transmission of 

information along a d irect chain of neu­

rons; a single neuron is excited at a t ime. 

SOMATIC NERVOUS SYSTEM. Volun­

tary nervous system. Sends signals fro m 

the central nervous system to the skeletal 

muscles. Usually under conscious contro l. 

SPINAL NERVES. The nerves branch ing 

o ut from and re lay ing information to and 

from the spina l cord. 

SYMPATHETIC BRANCH. A branch of 

t he autonom ic nervous system that puts 

the body on alert and suppl ies it with 

energy in response to fear or excitement. 

THERMORECEPTORS. Neuroreceptors 

that reg ister changes in temperature. 

TONIC-CLONIC SEIZURES. The most 

severe epi leptic seizures, often causing 

loss of bowel and bladder control, tongue 

biting, and strong convulsions. Formerly 

known as grand mal se izures. 

WORKING MEMORY. Where informa­

t ion is stored temporarily in the brain. 

Also cal led short-term memory. 
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1. Stimulus­
receptor 
activation 

Dorsal root 

RELAYING INFORMATION 
TO & FROM THE BRAIN 

2. Sensory neuron 
activation 

Reflex Arc 

Relay sensation 
to the brain 

5. Skeletal muscle activation 
L""---'\---;-~<---+--Interneuron 

Response 

4. Motor neuron activation 

-f--Spinal cord 

L 3. eNS-information processing 

Ventral root 

Reflexes are almost instantaneous. They provide protective, involuntary reactions to a stimulus. 

HE COMPLEXITY of the 

brain and how it collects 

data and reacts to them lies 

in the very integration of its many 

neurons. Neural integration not 

only results in the interplay of sensa­

tions associated with motor activity 

but also influences the ways humans 

remember, think, and create. In the 

central nervous system, neurons 

form organizations called neuronal 

pools that process information 

brought in from either the periph­

eral nervous system or the neighbor­

ing neuronal pools. 

SERIAL PROCESSING 
Sometimes, one neuron excites only 

one other neuron, which excites only 

one other neuron, and so on, like a 

single row of toppling dominoes. 

The result of such "serial processing" 

is a clear-cut response. You can see a 

good example when the doctor taps 

your knee with his hammer, and the 

reflex action makes you jerk your 

leg. The links in the chain, called a 

reflex arc, must include a receptor 

responding to an external stimu­

lus, a sensory neuron to carry the 

information to the central nervous 

system, an integration center III 

the spinal cord, a motor neuron to 

carry a return signal, and a muscle 

or gland to react. 

II 
Indigestion can hurt your chest. 

•• Packed spinal nerves sometimes 
confuse paths of pain signals. 

PARALLEL PROCESSING 
Other times, sensory information 

branches into many pathways. A 

single neuron may excite several 

others, like one domino setting a 

dozen rows in motion. This causes 

"parallel processing" of information 



+ ITCH (21 SCRATCH + 

NERVE ENDINGS sensitive to the sen­

sation of itching proved hard to find. 

Not until 1997 were these receptors iso­

lated in the skin; their extreme thinness 

helped hide them from prying eyes. The 

sensation-the itch-and its response-the 

scratch-still remain mysterious for neuro­

scientists. In 2008, findings showed that 

there are different kinds of itches, which 

activate different neural pathways. The 

relief of a scratch depends on the type of 

itch. Insight into how an itch works can 

help neuroscientists understand how to 

control it-and other sensations, like pain. 

as circuits diverge and converge in 

the central nervous system. Each 

neural circuit delivers different 

information at the same time. 

For example, seeing a kitten may 

remind you of the cat you raised 

as a child; the scar on your hand 

that you got when you bathed your 

kitty the first (and possibly last) 

time; the subtle hints your daugh­

ter has made in the last few days 

that she would like to own a pet; or 

the pleasant purring a happy kitten 

makes when you gently stroke it. Or 

all of these associations may appear 

in quick succession. Each response 

to the stimulus-"kitten"-is 

ullique, not only among every 

human, but also from instance to 

instance in a single brain, thanks 

to the addition of new experiences 

and environments. 

Parallel processing creates com­

plexity several orders of magni­

tude above serial processing. For 

instance, when you see a driver's 

license, you quickly recognize it as 

such because your brain's neuronal 

circuits are assimilating vanous 

inputs from it at the same time. The 

shape of the license, its colors, the 

photograph of a face on one side, 

the identifying information about 

the card's owner, the state's name 

and artwork, and perhaps the fact 

that you saw it being removed from 

a wallet-all pass along through a 

variety of parallel circuits to allow 

a bartender to quickly say, "You're 

underage," or a traffic officer to 

remark, "You need to renew that 

next month." In contrast, it takes 

a much longer time for a computer 

using serial processing to analyze 

the object and declare what it is. 

Its circuits are not as efficient as the 

brain's systems. 

RECEPTION 
A healthy brain needs a constant 

stream ofincoming information. Pic­

ture what happens without it: When 

volunteers enter a sensory depriva­

tion tank-a body-temperature pool 

of water in which they are forced to 

go without sights, sounds, smells, 

tastes, and skin sensations-they 

begin to hallucinate; their brain cre­

ates stimuli to stay occupied. Insan­

ity awaits those whose brain starves 

for external stimulation. Conversely, 

a healthy body needs the brain to 

send it signals. Deprived of adequate 

motion because of nerve damage or 

a sedentary lifestyle, for example, 

once strong muscles of the body will 

quickly atrophy. 

Sensory receptors come III five 

types. The mechanoreceptors create 

nerve impulses when their physical 

Touching a devil's club thorn stimulates pressure-sensitive mechanoreceptors and, possibly, 

pain-sensitive nociceptors in the fingertips . 
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For example, the warmth of a fire 

on a wickedly cold day feels good 

on the feet because it stimulates 

thermo receptors in the skin. If the 

toes get too close to the flames, 

however, extreme heat activates 

the nociceptors and the sensation 

changes from pleasure to pain. 

PAIN GATEWAY 

Photoreceptors in the eye begin the neural circuitry that registers sensations of visible light. 

The nervous system does have nat­

ural responses that can ease minor 

pains, like the sting of a scrape or 

ache of a bump. When you were a 

child and trying to learn to roller­

skate, perhaps you once fell and 

skinned your knee. To stop your 

tears, Mama may have given you 

a kiss, rubbed the area around 

the injured flesh, cleaned up the 

wound, and given you a bandage 

to show off to your friends. Mirac­

ulously, you felt better. 

shape changes in response to exter­

nal force, such as pressure or touch. 

Photoreceptors respond to light. 

Curiously, not all photoreceptors 

exist in the eyes; some are found in 

the skin. Scientists at Cornell Uni­

versity and at White Plains, New 

York, found they could combat jet 

lag and insomnia by shining lights 

on the back side of the sufferer's 

knees. Thermo receptors register 

heat and cold. Chemoreceptors 

register the presence of chemicals, 

such as the sugars in an orange 

when you bite into it. 

And last are the nociceptors, 

which respond to external stimuli 

that have the potential to create, or 

do create, pain. The body needs to 

process painful feelings in order to 

warn it of possible larger dangers 

that pose threats to life and limb. Turns out it was no miracle. 

Nociceptors are able to act in con­

cert with other sensory receptors. 

Mama really did know best. 

According to research published in 

NAME 

Mechano­
receptors 

Photo­
receptors 

Thermo­
receptors 

Chemo­
receptors 

Nociceptors 

+ SENSORY RECEPTORS + 

DESCRIPTION 

Create nerve impulses in response to external forces such as: 
pressure, touch, itch, stretch, and vibration 

Respond to light. Found in the eyes as well as parts of the skin 

Register temperature changes 

Register the presence of chemicals, as in smell, taste, and 
changes in blood chemistry 

Respond to potentially damaging and/ or painful stimuli 



the 1960s about the so-called gate 

control theory of pain, stimulation 

of the injured skin through rub­

bing temporarily overwhelms the 

brain. These tactile sensations send 

a second set of sensations along 

the bundles of nerve fibers whose 

neighbors are already sending pain 

signals to the brain. As the brain 

doesn't have the ability to entirely 

focus on multiple tactile sensations 

at once, the second set of sensa­

tions (the mother's touch) lowers 

the perceived intensity of the first 

set (the skinned knee). The gateway 

to pain closes a bit. Researchers call 

this competitive inhibition. 

II 
About 100,000 genes interact to 

" create a human being. Perhaps 
30,000 are specific to the brain. 

Rubbing also results in the release 

of natural painkillers that act like 

opiates. They interact with recep­

tors in the synapses of the amygdala 

and hypothalamus. Those collec­

tions of neurons, in turn, send sig­

nals via the medulla and spinal cord 

to offset the afferent pain signals 

from the nociceptors. The result: a 

decrease in the transmission of pain 

sensations. That's great for a skinned 

knee. But what if the pain is more 

acute, or even life-threatening? 

BIG PAIN 

It turns out, the brain has auto­

matic defenses cued up for a quick 

response to more serious pain. The 

perception of pain warns the brain 

of actual or potential tissue dam­

age. The brain's recognition of pain 

sets in motion actions to reduce or 

remove it, and thus the threat. 

Most pain receptors consist of 

the bare ends of sensory nerves 

embedded throughout all body tis­

sues, except the brain, whose cells 

cannot experience sensation. These 
. " . " nOClceptors react to any noxIOUS 

stimulation, anything that dam­

ages the body's cells. 

Damage makes the cells release 

chemicals that activate neurotrans­

mitter receptors (substance P is the 

transmitter for pain) and send pain 

signals via the peripheral nervous 

system to the central nervous sys­

tem, where it may take a while to 

be felt. Pain doesn't reach the brain 

instantly because of the distance 

the signal must travel; in a tall man, 

injury to the toe may take rwo sec­

onds to register in the brain. 

In the skin, muscles, and joints, 

cell damage is likely to cause rela­

tively brief and sharp pains. That's 

because nerve cells in the spinal cord 

release natural pain suppressants 

known as enkephalins, which inhibit 

the discharge of more pain-exciting 

neurotransmitters and keep the sen­

sation short. As a result, sharp pains 

usually fade into dull aches. 

Deeper cell damage is more likely 

to create burns and aches that last 

longer. The difference lies in the 

kinds of nerve fibers that transmit 

the pain signals, and how quickly 

that information travels. 

HIPPOCRATES, the founder of modern 

medicine, knew that chewing willow bark 

alleviated pain. Thousands of years later, 

scientists discovered why: The bark contains 

salicylic acid. When cells are damaged, they 

release an enzyme called cyclooxygenase-2. 

That chemical in turn produces prostaglan­

din, which signals to the brain that partofthe 

body is in pain. Prostaglandin also causes the 

injured flesh to swell and become inflamed. 

Salicylic acid binds to cyclooxygenase-2, 

blocking the creation of prostaglandin. Less 

prostaglandin means fewer pain signals 

reaching the brain, and less inflammation 

of the cells around the injury. 

Damage to the internal organs, or 

viscera, usually results in dull aches, 

burning sensations, and gnawing 

pain. As the pathways for the vis­

ceral and somatic nerves of organs 

and body converge in the spinal 

cord, the brain sometimes gets con­

fused and assigns visceral pains to 

other parts of the body that are not 

actually injured. A heart attack, for 

example, may seem to cause shoot-
. . 
mg arm pams. 

PATHWAYS 

Pain signals take rwo tracks on their 

way to the brain. The express line, 
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Many Hollywood movies depict characters with unusual states of mind. While some 
include pure fancy-machines wiping the memory clean, for example-others are 
more or less accurate. Among the latter: Awakenings, A Beautiful Mind, and Memento. 

like a nonstop train between cities, 

sends signals through the spinal 

cord and connects directly to the 

thalamus. While some pain signals 

are diverted along the way, those 

that reach the thalamus are relayed 

to the cerebral cortex, where they 

quickly get analyzed. 

When you cut your finger while 

slicing an onion, the quick path­

way of pain activates the cortex to 

figure out how much pain you feel 

and where you feel it. The brain's 

quick recognition of the danger 

may stop you from bringing down 

the knife blade again and slicing 

your finger a second time. 

The other, slower pathway trav­

els through slow, narrow nerve 

fibers with frequent synaptic con­

nections, lumbering like a com­

muter train that stops at every little 

burg. These sensations register in 

the brain stem and hypothala­

mus, as well as in other deep brain 

regions, before a portion of them 

reach the thalamus. Effects include 

longer-lasting aches as well as emo­

tional reactions to pain, such as 

the sheepishness of realizing you 

injured yourself through either 

clumsiness or negligence (or both). 

These slow-action pains include the 

unremitting discomfort of chronic 

diseases such as cancer. 

GRAY MATTER 

But not all pain sensations termi­

nate in the thalamus. Many halt at 

a portion of the brain stem known 

as the mesencephalic central gray 

matter. It's a tiny spot that is dif­

ficult to locate. But as a conver­

gence zone for pain impulses, this 

area is highly sensitive. When lab 

animals have their mesencephalic 

gray matter stimulated by electric­

ity, they can be operated on with­

out painkillers. Yet they maintain 

their sensitivity to touch, heat, 

and other sensations in the pain­

affected body parts. 

CAPTAIN AHAB asked his ship's car­

penter for a special bit of work in 

the novel Moby-Dick. Ahab, who had lost 

a leg to the teeth of a white whale, hoped 

a replacement limb might expunge 

the feeling of "another leg in the same 

identical place with ... my lost leg." 

"Phantom" limbs, such as Ahab's lost 

DEGREES OF PAIN 
Similar pains don't always register 

with the same intensity. Although 

nearly all humans-besides the 

very few who lack the ability to feel 

pain-recognize extreme heat or a 

deep cut as painful, they can react 

differently. Some tolerate pain 

more easily, whereas others feel it 

more intensely. Physical, cultural, 

and psychological variables may 

also influence a person's individual 

degree of pain tolerance. 

Cultural and psychological influ­

ences on an individual's tolerance 

of pain are more ethereal and hard 

to measure than physiological 

influences. During World War II, 

British soldiers injured in the bru­

tal fighting at Anzio, Italy, in 1943 

routinely refused morphine to kill 

their pain, while civilians who 

suffered far less serious wounds 

demanded it to ease their pain. The 

surgeon who noted the difference 

came to the conclusion that certain 

kinds of pain could be a matter of 

mind, not of the body. 

Long-term, intense pain can cre­

ate a different perception in the 

leg, have been reported since ancient 

times. American neurologist Silas Weir 

Mitchell cataloged many varieties in the 

Civil War. About 70 percent of phantom 

limbs proved excrUCiatingly and chroni­

cally painful. How could a missing leg 

create the illusion of existence, or even 

pain? The answer lies in the brain. 



Ritual mortification of the flesh at the Hindu festival of Thaipusam in Malaysia demonstrates the power of brain over pain. 

brain. This chronic sensation may 

confuse the central nervous system 

and result in hyperalgesia, or pain 

amplification. Such pain registers 

on the same kind of synaptic recep­

tors that are activated during certain 

Neural networks that process stimuli 

from a limb remain primed to respond to 

signals even after it's gone. Random sig­

nals may get misinterpreted as tingling, 

itching, pain, or some other sensation. 

Neuroscientist Vilayanur Ramachan­

dran found he could create sensations 

in phantom limbs by applying pressure 

kinds oflearning. Under the worst­

case scenarios, the chronic pain 

causes the spinal cord to "learn" 

hyperalgesia, and pain's sensitivity 

increases. Examples include the lin­

gering pain of phantom limbs-the 

to various skin surfaces. His conclusion: 

The cerebral cortex relocated sensation 

pathways associated with the old limb. 

These pathways may always have existed 

in a weak state, but loss ofthe limb ampli­

fied them. Unfortunately, neural net­

works that continue to recognize "pain" 

signals from a missing limb become 

sensation of pain from an ampu­

tated arm or leg. 

GOOD FEELI NGS 

Pleasure also has its centers In 

the brain. A Tulane University 

more strongly primed to repeat the 

mistake. Treatments for phantom 

pain range from drug therapy to 

acupuncture and deep brain stimu­

lation. Newer treatments, using 

mirrors or virtual reality goggles, 

trick the brain into thinking it can 

control the amputated limb. 
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neurologist stumbled across one 

such center in the 1950s when 

he tried to electrically stimulate 

the brains of schizophrenics to 

break them out of their pas­

SIVIty. His patients told him 

their implanted electrodes 

created pleasant sensations. 

The neurologist, Robert G. 

Heath, seized upon the results, 

focused his attention on the 

brain's pleasure centers, and 

published the 1964 book The 

Role of Pleasure in Behavior. 

Together with the discovery 

of pain centers in the brain, 

research on the physical causes 

of the sense of pleasure seemed 

to prove the ancient wisdom 

that humans seek to act in 

ways that bring them pleasure 

and reduce or avoid pain. New 

paths of investigation have led 

to innovative treatments for 

addiction, which is a form of 

behavior based on compulsive 

forms of pleasure seeking. PET 

scans reveal how drugs such as 

cocaine and heroin activate 

the brain's pleasure centers. 

Cocaine, for example, blocks a 

neuron's reuptake mechanism, 

which causes dopamine to lin-

living-arise from the sensations of 

security, warmth, and social well­

being combined with an awareness 

of the rightness of such feelings. A 

FIRST THE PLEASURE 

A desirable purchase activates nucleus accumbens. 

ger in the synaptic cleft. THE NTH EPA I N 

Insula reacts to a shopper learning item's high price. 

PLEASURE CENTERS 

Joy, happiness, pleasure-what- healthy brain recognizes the condi-

ever you want to call the posi- tions that give rise to pleasure and 

tive feelings that bring rewarding responds to them appropriately. An 

sensations and make life worth unhealthy brain, or one that has 

learned negative behaviors such as 

addiction, can miss out on experi­

encing life's joys. Both are primar­

ily a matter of chemistry. 

The sensation of pleasure reg­

isters in several brain regions, 

including significant centers in 

the hypothalamus and nucleus 

accumbens, which lies below 

a portion of the basal ganglia 

linked to movement. All such 

pleasure centers rely on the 

chemical work performed by 

endorphins and neurotrans­

mitters, particularly dopamine, 

to create and sustain a happy 

mood. Experiments with rats 

have demonstrated the key role 

of dopamine. In the 1950s, 

scientists wired rats' brains so 

that when they pressed a bar, 

they received a mild electric 

shock to the hypothalamus. 

This stimulation registered as 

pleasure; the rats would rather 

press the bar than eat. How­

ever, in later experiments, rats 

wired for self-stimulation first 

received injections of drugs 

that block the receptors where 

dopamine normally binds, 

denying its pleasure-giving 

action. The rats no longer felt a 

pleasant reward from pressing 

a lever to stimulate their brain, 

and they stopped doing so. 

When humans take a similar dop­

amine-lowering medication, often 

in order to ward off hallucinations 

and other psychotic behavior, the 



When the skin warms, the sympathetic division of the autonomic nervous system 
dilates blood vessels near the surface and activates the sweat glands. When body 
temperature cools, the autonomic nervous system narrows surface vessels to send 
blood to deeper, more vital organs. 

drug's success comes at a price. 

Delusions may leave, but so do joy 

and motivation. Conversely, drugs 

like amphetamines that increase 

the activity of dopamine in the 

brain lower the threshold for the 

perception of pleasure. Too much 

of a drug-induced pleasant sensa­

tion, however, can lead to addic­

tion and manic moods. 

"The greatest pleasure of life is 

love," said the Greek playwright 

Euripides nearly 2,500 years ago. 

Like other forms of pleasure, love 

is processed by brain chemistry, 

specifically by heightened levels of 

neurotransmitters in the pleasure 

centers. MRI scans of the brain 

relate the feeling of lust to estrogen 

and androgens; attraction-more 

emotional than physical-appears 

to be associated with serotonin and 

dopamine. The brain chemistry 

that supports long-term relation­

ships such as lifelong commitment 

has been harder to pin down. 

Playing key roles in the sensation 

of pleasure are oxytocin, endor­

phins, and phenylethylamine, or 

PEA, sometimes called the love 

drug. These chemicals help foster 

the "high" felt in the first stages of 

love, as well as the euphoria some­

times reported by long-distance 

runners. Even a small pleasure, 

such as finding your lost car keys, 

begins with a tiny rise of these and 

similar neurotransmitters in the 

brain's pleasure centers. 

WORKING TOGETHER 

How do all of these systems-central 

and peripheral, somatic and auto­

nomic-and receptors work together 

in the symphony of the brain? From 

simple actions to complex ones, these 

systems must work in concert. 

Consider the "simple" act of catch­

ing a ball. It's an amazingly complex 

process that requires some basic 

anatomical structures and neural 

circuitry before it can be attempted. 

Obviously, most animals cannot 

toss an object. Nearly all lack hands 

with fingers and opposable thumbs, 

as well as the dexterity that has 

developed in human beings, across 

millennia of evolution, through 

the growth of increasingly com­

plex neural circuits in the cerebel­

lum and cerebral cortex. Thanks to 

evolution providing the basic tools 

of manual dexterity and the expan­

sion of specialized brain functions 

such as those children develop when 

learning how to throw a ball, adults 

have basic skills ready to be activated 

when a ball comes their way. 

SEEING THE BALL 

The simplified version goes like 

this. When someone throws you 

a ball, photoreceptors in your eyes 

register the action and send it along 

afferent nerve fibers to specific por­

tions of the frontal lobes of the 

cerebral cortex. Parallel processing 

of various sensations-including 

the motion of the pitching arm, 

the path of the ball as it travels 

through the air, and its speed-oc­

curs within milliseconds. The cor­

tex registers the perception "The 

ball has been thrown" and works 

with the cerebellum to calculate its 

likely point of arrival. 

If it's thrown particularly hard, 

say, and right at your head, the 

"OUR ENTIRE psychical activity is bent 

upon procuring pleasure and avoiding 

pain," Sigmund Freud said in 1920. More 

than a century earlier, British philosopher 

Jeremy Bentham had a similar idea: What 

humans seek to do is maximize pleasure 

and minimize pain. 

But what is pleasure? Bentham equated 

it with happiness. Freud named things 

(especially sex) that make us feel good. It's 

not an abstract argument for neurochem­

ists. So-called recreational drugs affect the 

centers of the brain that register pleasure. 

How ironic that Freud championed cocaine 

as a treatment for neural disorders. 
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Catching a baseball requires a complex chain of actions in the sensory and skeletal muscle nerves, cerebrum, cerebellum, and basal ganglia. 

autonomic nervous system regis­

ters the action as a possible threat, 

sends out efferent signals that 

release a chemical soup of neu­

rotransmitters, and may prompt 

you to duck. But if the ball arrives 

as an ordinary pitch you've experi­

enced a thousand times, the motor 

areas of the cortex, which control 

voluntary movement, work with 

the cerebellum and basal ganglia 

to move your gloved hand to the 

right place for the catch. 

HERE COMES THE BALL 

The cerebellum, at the rear and bot­

tom of the brain, is a key brain area 

for practiced, complex motor skills. 

Lou GEHRIG, the "Iron Horse," played 

in 2,130 consecutive games for the 

New York Yankees from 1925 to 1939. In 

May of his final year as a Yankee, when his 

batting average dipped to an uncharac­

teristic .143 and he began feeling inexpli­

cably weak and sluggish, he took himself 

out of the lineup. He told the manager 

It maintains the body's balance dur­

ing the catch and coordinates with 

the portions of the cerebral cortex 

that involve thinking. You may 

realize, "Here comes the ball," but 

little thinking is involved in mov­

ing your hand to make the catch 

if you've practiced that motion. 

Instead, the cerebellum moves 

he thought the club would do better if 

someone else replaced him at first base. 

Two months later; Gehrig knew the rea­

son for his sluggishness. Doctors at the 

Mayo Clinic diagnosed him as suffering 

from a degenerative disease of nerve 

cells in the brain and spinal cord. Two 

years after that, he was dead. 



Luigi Galvani discovered in the 18th century that nerves use electricity. It was an 
accident. An aide touched a frog nerve with a scalpel, and its legs contracted. Gal­
vani substituted electric sparks and got the same effect. His name lives as a verb: 
when sparked into action, we are "galvanized." 

the body smoothly and quickly in 

response to the cortex's analysis of 

the sensory stimuli. The movement 

occurs because somatic motor neu­

rons were prompted to release the 

neurotransmitter acetylcholine at 

their synapses in the skeletal muscle 

fibers. Acetylcholine always excites 

action rather than suppressing it. 

Once acetylcholine's effect reaches 

a threshold, the fibers of the mus­

cles in the arms and legs contract, 

moving the hand into position to 

make the catch. Continuing sen­

sory input from the eyes creates 

a feedback loop of information 

between the brain and the hand. 

The brain continues to make fine 

motor adjustments as the ball 

comes near. 

AGOODCATCH 
When the ball hits the glove, 

mechanoreceptors in the hand reg­

ister the arrival as pressure. Those 

in the ear, attuned to the vibrations 

His disease was amyotrophic lateral 

sclerosis. Such was the sudden drama 

of his situation that the illness claiming 

his life is sometimes called Lou Geh­

rig's disease. This devastating disease 

gradually destroys motor neurons. As 

motor nerves lose their ability to send 

signals that move muscles, the muscles 

of sound waves, record the thwack 

of ball hitting leather. (And if the 

leather in the palm is too thin, cell 

damage in the hand may release 

noxious chemicals such as prosta­

glandins, which set off a chemical 

chain reaction ending with noci­

ceptors initiating pain signals to 

the brain.) The cortex processes 

the new sensory stimuli, perceives 

that the ball has arrived, and sets in 

motion, with the cerebellum's help, 

the voluntary muscle contractions 

that squeeze the gloved fingers. 

Another way to think of the 

integration of brain functions, in 

a metaphor of psychiatry professor 

John J. Ratey's, is to picture a house. 

Some functions exist on only one 

floor-the furnace kicks on auto­

matically in the basement when the 

thermostat tells it to-but others 

require communication among all 

the floors. The basement has the 

brain stem and spinal cord, which 

automatically oversee reflexes and 

atrophy. Those afflicted lose their abil­

ity to speak and swallow, and eventually 

even to breathe. Researchers hypothe­

size that the motor neurons are killed by 

an attack of the sufferer's own immune 

system, the production of too much of 

the neurotransmitter glutamate, or both. 

In making his farewell to 62,000 fans at 

respiration. The first floor houses 

basal ganglia and the cerebellum, 

which oversee the basement and 

communicate information to the 

upper floors. The second floor has 

centers of increasing control over 

the nervous system such as the 

motor and premotor cortex. The 

top floor is home to the prefrontal 

+ MANUAL DEXTERITY + 

EVOLUTION HAS selected for the 

development of eye-hand coordination 

in human beings. As humanity's ances­

tors swung from branches, they refined 

their performance by figuring out how to 

grasp one limb after another. Later, as they 

stood on two feet, they freed their hands 

for manipulating objects. Manual dexter­

ity improved through brain-hand feed­

back, leading to the creation of tools and 

other developments that aided survival. 

Today, the hand is so closely integrated to 

the neural circuitry of the brain that neu­

rologist Richard Restak suggests it is best 

thought of as an extension of the brain. 

cortex, decision-maker of the brain. 

The top floor's decisions get com­

municated downward, recelvmg 

feedback as they are carried out. 

Yankee Stadium on July 4, 1939, 

Gehrig called himself "the lucki­

est man on the face of the Earth." 

For his performance on the field, as 

well as his demeanor while faCing a 

final opponent he could not defeat, 

Gehrig is remembered as a "Gibral­

tar in cleats." 
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DEI ICAI F BAI ANCF THE BRAIN'S 
EQh!ILIBRIUM 

Buddhists in Java engage in meditation, which has been found to decrease stress and anxiety and promote calm feelings. 

T
HANKS TO THE auto­

nomic nervous system, the 

human body pretty much 

takes care of itself without con­

scious effort. The weather changes 

but core temperature is main­

tained, food gets digested, cycles of 

ABOUT ONE in a hundred 

Americans older than age 65 

suffer from Parkinson's disease, a 

neurological condition that mys­

teriously kills off cells in the brain. 

They include preacher Billy Gra­

ham and former Attorney General 

Janet Reno. Younger people, like 

sleeping and waking follow upon 

one another, and the body's status 

remains fairly even from one day 

to the next. It's a system in a deli­

cate balance, self-regulating in an 

attempt to keep the entire body 

stable and healthy. 

actor Michael J. Fox, can also be stricken 

with the disease. Symptoms of the dis­

ease first appear with the onset of small 

tremors during voluntary movements. 

Over time, it becomes harder to initiate 

motion. Finally, muscles grow rigid, and 

even making the simplest movements 

takes extended time and effort. The con-

HOMEOSTASIS 
American physiologist Walter 

Cannon came up with the word 

homeostasis to refer to the body's 

ability to stay relatively stable while 

internal and external environments 

are changing. While homeostasis 

dition is caused when cells in a region of 

the brain beneath the cortex that pro­

duces and stores the neurotransmitter 

dopamine die. This region, including the 

basal ganglia and an area called the sub­

stantia nigra (because it appears black in 

autopsies), plays a key role in coordinat­

ing movement. 



literally means "unchanging," the 

body does indeed change when 

sensory receptors detect changes 

in the environment and automati­

cally react, causing the release of 

appropriate neurotransmitters and 

hormones to help the body adapt 

to the world around it. The body 

then reacts to the changes, those 

alterations get fed back into the 

nervous system, and the process 

repeats itself 

This is known as dynamic equi­

librium. It occurs when change 

after change keeps the body healthy. 

And it's complicated. Think of the 

body's constant need to adjust 

heartbeat and respiration, regulate 

temperature, as well as maintain 

the smooth functioning of neu­

rons throughout it. Think of how 

distracting it might be if the brain 

didn't adjust to our environment 

on a regular basis; hearts would 

beat rapidly long after a moment of 

fear had passed; the body wouldn't 

adjust to changes in temperatute. 

The unconsciOUS efforts of the 

brain go by virtually undetected as 

the body goes about its business. 

Treatments vary. Neurochemical treat­

ments seek to replace the dopamine 

depleted by the death of the brain's 

dopamine-producing cells. Drugs like 

levodopa, also known as L-dopa, are able 

to pass through the blood-brain barrier. 

Once inside the brain, L-dopa is trans­

formed into dopamine. It works only up 

BALANCING ACT 

Some feedback mechanisms sup­

press actions in the brain and body. 

Others excite them. Their delicate 

balance keeps the body between 

extremes. To have too much or too 

little of one can throw the system 

out of whack. 

To take one example, the lack or 

overabundance of neurotransmit­

ters such as dopamine causes health 

problems-Parkinson's disease in 

one case, schizophrenia III the 

other. Because the brain and body 

are so closely interrelated-you 

could think of the glands, organs, 

bones, muscles, and other parts of 

the body as functionally integrated 

appendages of the brain-damage 

to the brain and the rest of the ner­

vous system can knock the body 

dangerously out of homeostasis. 

II 
Transplants of fetal neurons pro­

" dueing dopamine show promise 
as a Parkinson's treatment. 

Physical damage to the brain is 

an obvious source of homeostatic 

imbalance. Shrapnel from an artil­

lery shell, tumors and lesions that 

to a point, and it can have side effects, 

including hallucinations. Furthermore, as 

the disease progresses, larger and larger 

doses are required to get the same ben­

efits, with an increased risk of bad reac­

tions. The drug interferes with other 

neurotransmitters, so large doses often 

have multiple reactions. 

anse organically, and atrophy or 

death of neural groups in the brain 

reduce and sometimes destroy the 

brain's ability to monitor the body 

and respond to its needs. Head­

aches, seizures (and epilepsy in 

particular), diabetes, and Parkin­

son's disease are examples of the 

consequences of a body getting out 

of a healthful dynamic balance. 

HEADACHES 

In the waning days of the Civil 

War, Union general Ulysses S. 

Grant was suffering from a ter­

rible headache. He stopped at a 

farmhouse in the rear of his army, 

which had been pressing the forces 

of Confederate general Robert E. 

Lee. "I spent the night in bathing 

my feet in hot water and mustard, 

and putting mustard plasters on 

my wrists and the back part of my 

neck, hoping to be cured by morn­

ing," Grant wrote in his journal on 

April 9, 1865. 

Shortly afterward, Grant was 

visited by a messenger who carried 

a note saying Lee, who had refused 

to surrender the previous day, had 
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changed his mind and would be 

willing to meet to discuss a formal 

end of hostilities. "When the offi­

cer reached me," Grant said, "I was 

still suffering from the sick head­

ache; but the instant I saw the con­

tents of the note I was cured." 

Grant probably suffered from a 

muscle-contraction, or "tension," 

headache. Typically, a tension 

headache begins when the neck, 

scalp, and face muscles are tensely 

held stiff for a long time. The most 

usual source is prolonged anxiety, 

Red indicates pain in a map of common headache sites, none of which is in the brain itself 

a debilitating form of stress. Grant 

needed Lee to surrender; Lee's 

announcement of his plans took 

the worries, and the agony, away. 

"The pain in my head seemed to 

leave me the moment I got Lee's 

letter," Grant reportedly told an 

aide as he rode off to end the war. 

CATEGORIES 
Even as it serves as an indicator that 

homeostasis is being disrupted, a 

headache is not a disease per se. 

Instead, it maya symptom of some 

other problem. It can manifest 

itself in response to irritation of 

blood vessels in the head, or to an 

injury or imbalance, or to inflam­

mation of bodily tissues, to disor­

ders related to stress-or to a host 

of other possible triggers. While it 

may feel as if the brain screams in 

pain, a headache can only occur 

outside the brain itself, which con­

tains no pain receptors. 

Headaches come in dozens of 

varieties. An easy way to catego­

rize them is by the ways they cause 

pain. Muscle contractions such as 

Grant's are one of the most com­

mon sources, especially among 

those living with high levels of 

stress. Dilation of blood vessels 

is a second typical cause. When 

arteries expand in the head, they 

squeeze against surrounding tis­

sues, producing viselike pressure 

and pain. Fever, migraines, drug 

reactions, changes in blood pres­

sure, and carbon dioxide poisoning 



+ KI N DS OF HEADACHES + 

A headache may seem to punish your brain, but it's just not so. The brain has no pain-sensitive nerve fibers. It cannot "ache." 
However, the brain plays a role in headaches. Although the exact reasons for onset remain unclear, headaches occur when nerves 

of the head's muscles and blood vessels send pain signals to the brain. 

KIND SYMPTOMS DESCRIPTION 

Tension 
Constant ache or pressure around the head; Most common form of headache for adults and adolescents; 

headaches 
strongest at temples or base of the neck. Caused typically come and go for a prolonged period. Can be treated 

by muscle contractions. with over-the-counter drugs. 

Migraine 
Last a few hours to a few days; typically return. Related to distension of larger blood vessels within the brain, 

headaches 
Moderate to severe pain often associated with along with activation of the trigeminal cranial nerve and its 

light sensitivity, odors, noises, and nausea. connections to the brain stem and upper spinal cord. 

Cluster 
Rare form carries intense pain characterized by "Cluster" name arises from attacks coming in patterns of 

headaches 
constant burning, piercing, or throbbing. Pain one to three a day for weeks or months. Strikes more men 

settles behind one eye. than women. 

Sinus 
Characterized by pain in cheeks, forehead, or Pain spikes when the head is moved suddenly. A doctor 

headaches 
bridge of nose; often accompanies nasal dis- should diagnose the infection and may prescribe antibiotics 

charge and other symptoms of sinus problems. to treat the root cause of the headache. 

Rebound 
Occurs daily, usually in the morning. Persists Caused by overuse of pain medication and/or caffeine. 

headaches 
throughout day with worsening pain as with- Reducing intake may worsen the headaches at first but will 
drawal from medication or caffeine increases. 

can provoke dilation. Internal trac­

tion-an abnormal growth in the 

head, for example-is a third trig­

ger. When a tumor presses against 

other tissues, or the brain itself 

begins to swell, the pressure causes 

The word migraine evolved 
from the Greek word hemikra­
nia, meaning "half-skull." 

pam. Inflammation is a fourth 

common source. Allergic reactions 

and infections such as meningitis 

can irritate pain-sensitive receptors 

in the head. Finally, headaches can 

occur without an obvious physical 

cause. These headaches are called 

psychogenic, meaning they arise in 

the psyche. They may spring from 

an emotional problem, as the suf­

ferer converts emotional pain into 

real, physical symptoms. 

Many of these disorders strike 

not next to the brain, but in the 

eyes, sinuses, and other facial 

organs and tissues. Cranial nerves 

intimately connect the face and 

neck muscles to the brain, so it 

is no wonder pain sensations can 

spread until they feel as if they 

overwhelm the entire head. 

Treating chronic headaches 

requires a proper diagnosis. Given 

the wide range of headaches and 

their causes, as well as the possi­

bility of triggers working in com­

bination, medical treatment often 

relies on detective work. At least, 

eventually break the cycle. 

however, the efficacy of treatment 

has advanced since humanity first 

tried to cure a headache. A thou­

sand years ago, Arabs recom­

mended applying hot irons to the 

head, while a French medical trea­

tise written in Latin urged sufferers 

to mix the brain of a vulture with 

oil and shove it up the nose. Today, 

modern pharmaceuticals, relax­

ation techniques, and proper diet 

target dilation, tension, and other 

causes. One of the most effective 

pain relievers is common aspirin. 

SEIZURES 
Abnormal electrical activity in the 

brain produces seizures, which have 

a broad range of manifestations. 
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HE DAMAGE caused by 

headaches is eye-popping. 

About 45 million Ameri­

cans suffer them regularly, and about 

half of the sufferers find the pain 

severe and sometimes disabling. The 

result: lost time from work, play, 

the day-to-day stuff of life. Count­

ing only the 30 million who suffer 

migraine headaches-one of 

the 150 described categories 

of headaches-American vic­

tims lose 157 million work 

days each year. 

ALL IN YOUR HEAD? 

Victims often describe the 

pain as throbbing or pound­

ing. Other related symptoms 

include sensitivity to light, 

sound, and odor. Some expe­

nence nausea, abdominal 

pain, or vomiting, and some 

sufferers report seeing auras 

or streaks of light shortly 

before the pain begins. Young 

victims may also complain 

of blurred vision, fever, dizziness, 

and upset stomach. A few children 

get migraines about once a month 

accompanied by vomiting; such 

headaches are sometimes referred 

to as abdominal migraines. About 

5 percent of children younger than 

15 report having had migraines, 

compared with 15 percent who 

experienced tension headaches. 

ANATOMY OF A MIGRAINE 

Headaches occur when nerve cells 

that are pain sensitive, for reasons 

that are still not clearly understood, 

begin sending pain signals to the 

brain. These nociceptor cells often 

act in response to stress, tension, 

hormonal changes, or the dilation 

of blood vessels. 

Pain from migraine headaches is typically located on 

only one side of the head, behind the eye. 

Some researchers theorize that 

chronic headache sufferers lack 

normal levels of pain-blocking 

neurotransmitters called endor­

phins, a Greek word that means 

"the morphine within." This defi­

ciency means that their pain sig­

nals are more likely to cause severe 

discomfort than those in people 

who have higher endorphin levels. 

Migraines are particularly dev­

astating because of their severity 

and recurrence. They begin with 

impulses in hyperactive nerve cells. 

These impulses tell blood vessels 

in the head to constrict, and then 

to dilate. The process releases sero­

tonin, prostaglandins, and other 

chemicals that inflame nerve cells 

surrounding the blood vessels 

in the brain. Specifically tar­

geted are the trigeminal cra­

nial nerve and its connections 

to the upper spinal cord and 

brain stem. The result: pain. 

Researchers long believed 

migraines arose from the 

narrowing and expanding of 

blood vessels on the surface of 

the brain; now, the most com­

mon theory traces migraines 

to hereditary abnormalities 

of the brain itself. 

TRIGGERS 

Emotional stress, anxiety, 

changes in weather, depres­

sion, lights, loud noises, alterations 

in sleep routines, and foods and 

beverages have been identified as 

migraine triggers. Stress causes the 

release of so-called fight or flight 

hormones, which can prompt 

changes in blood vessels that 

bring on headaches. Chemicals in 

foods and food additives also are 

commonly linked to the onset of 



migraines. These include choco­

late, aged cheese, red wine, yeast, 

monosodium glutamate, wheat, 

tea, meat containing sodium 

nitrates, coffee, oranges, milk, and 

corn syrup. 

ALL IN THE FAMILY 
Family genetics tell the tale: When 

one parent suffers migraines, his 

or her child has a 25 to 50 percent 

chance of befalling the same fate, 

but when both parents are 

victims, their child's risk rises 

to 70 percent. 

nonsteroidal anti-inflammatory 

drugs, or NSAIDs, such as ibupro­

fen or naproxen sodium. Stronger 

migraines may respond to drugs 

containing acetaminophen, aspi­

rin, caffeine, or trip tans, which 

mimic the neurotransmitter sero­

tonin. Even when taken under a 

physician's care, these drugs can 

have unpleasant side effects. Doc­

tors often advise patients to stop 

taking them as soon as possible. 

methods often help reduce stress 

or anxiety; among headache suf­

ferers, a common technique aims 

to alter the pulse or raise the tem­

perature of one or both hands, 

diverting blood there and helping 

restore circulatory balance to the 

head. However, some researchers 

believe biofeedback works bet­

ter with other forms of headaches 

than with migraines. Showing 

new promise in lowering the pain 

and frequency of migraines, 

according to a study in the 

journal Headache, is a mix of 

yoga, relaxation techniques, 

and breathing exercises. 

RESEARCH 

Then there's the genetics 

of the two sexes. Boys who 

suffer from migraines tend 

to outgrow them by the 

time they get to high school. 

Girls, however, are more 

likely to see their migraines 

become more frequent after 

they enter puberty because 

of body changes related to 

female hormones. Teenage 

girls are three times more 

likely than teenage boys to Triggers for migraines range from foods including red wine and 

The link between body 

chemistry and migraines was 

underscored by a study asso­

ciating migraines with depres­

sion. The study, conducted 

by the Henry Ford Health 

System, found that compared 

with people who are free from 

headaches, migraine suffer­

ers are five times more likely suffer migraines. 

PREVENTION 
Eliminating or reducing severe 

stress and the intake of risky foods 

may help stop migraines from 

returning. In addition, physicians 

may prescribe regular doses of 

antidepressants, anti-seizure medi­

cine, and cardiovascular drugs 

to ward off migraines. Migraines 

that are mild may respond to 

aged cheese to stress and changes in the weather, 

TREATMENT 
Biofeedback also has shown prom­

ise for some sufferers as a treat­

ment, and particularly as an early 

response to the onset of a migraine. 

A headache sufferer who has learned 

biofeedback techniques mOlll­

tors vital body signals and then 

attempts to control them through 

"mind over matter." Biofeedback 

to develop major depression. 

Likewise, people who began the 

study suffering from depression 

were three times as likely to develop 

migraines as those who weren't 

depressed. Researchers concluded 

that the two disorders are biologically 

related, perhaps through hormones 

or neurochemistry. If one disease 

exists, they say, doctors should be on 

the lookout for the other. 
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+ TYPES OF SEIZURES + 

NAME SYMPTOMS 

Tonic-clonic 
Unconsciousness, convulsions, muscle rigidity 

("Grand mal") 

Absence 
Brief loss of consciousness 

("Petit mal ") 

Myoclonic Sporadic jerking movements 

Simple motor Jerking, muscle rigidity, spasms, head-turning 

Simple Unusual sensations affecting taste, smell, 
sensory hearing, and touch 

Complex 
Impairment of awareness, repetitive movements like lip smacking, 

Some are so minor that they may 

occur unnoticed, while others can 

cause violent spasms and convul­

sions. Victims may even lose con­

sciousness. They can be a one-time 

event or occur frequently. 

A number of things can cause 

seizures: Serious conditions like 

strokes, brain tumors, and severe 

head injuries can generate them, 

as well as other seemingly harmless 

things like bright, rapidly flashing 

lights and low blood sugar. 

There are two general types of 

seizures: generalized and partial. 

fidgeting, and pacing 

Generalized seIZures involve both 

sides of the brain from the begin­

ning of an episode while partial 

seizures begin in specific regions 

of the brain and may spread to the 

entire brain. Generalized seizures 

have several subtypes, from tonic­

clonic seizures (formerly known 

as grand mal) to absence seizures 

(also known as petit mal). 

MAPPING SEIZURES 

Seizures may occur in any part 

of the brain; their point of origin 

often can be mapped. Some occur 

FIRST THEY felt hyperactive and 

frenzied. Then their body motions 

became more violent, and they would 

twitch and convulse. Finally, they fell into 

a deep trance. And there they remained, 

these sufferers of the disease encephali­

tis lethargica, until neuroscientist Oliver 

Sacks found them in the 1960s-40 years 

as a result of lesions in specific 

domains. Nineteenth-century doc­

tor John Hughlings Jackson, an 

aloof but meticulous researcher, 

posited that lesions would produce 

two effects. He based this belief 

on the idea that most of the neu­

rotransmitters in the brain at any 

given moment inhibit action. A 

minority of neurons at anyone time 

release neurotransmitters that bind 

to receptors. Others do nothing. 

Thus, Jackson said lesions would 

produce negative reactions because 

of the destruction of brain tissue. 

However, they also would have the 

opposite reaction of freeing other, 

healthy areas of the brain, which 

previously had been suppressed. 

II 
Four ions-sodium, potassium, 

" calcium, and chloride-regulate 
electrical charges in synapses. 

The mmus and plus aspects of 

brain damage appeared to match 

the observed effects of a brain 

tumor in a teenage girl named 

Bhagawhandi in the 1970s. A 

neuroscientist who observed the 

girl diagnosed a malignant brain 

later. As depicted in the movie Awaken­

ings (1990), Sacks gave them L-dopa, 

which the brain transforms into dop­

amine. The dopamine levels in the pos­

tencephalitic patients had been greatly 

diminished by their disease. The patients 

woke up from their stupor, and health 

seemed to be restored to them. 



A photomicrograph of L-dopa, suggestive of an abstract painting, hints at the complex world of neurochemistry. 

tumor. As the tumor grew to press 

on her temporal lobe and her brain 

started to swell, she suffered a 

series of seizures. They grew more 

frequent. However, whereas her 

initial seizures were intense grand 

The beauty ofL-dopa lay in aseemingly 

simple but startling idea for treatment: If 

the neurons' ability to make dopamine 

had dramatically decreased, why not 

merely supplement the supply of the 

drug in the brain? Not only did L-dopa 

help the encephalitis lethargica patients, 

it also became a popular treatment for 

mal convulsions, her new manifes­

tations, localized in the temporal 

lobe, were weaker. She began expe­

riencing dreamy states in which she 

saw visions of her home in India. 

Far from being unpleasant, they 

a far more common disease, Parkinson's 

disease, marked by muscle rigidity and 

loss of motor control. 

Despite its ability to ease suffering, 

though, L-dopa is no "magiC bullet," 

no magic cure. Sacks's patients began 

relapsing into their former patterns of 

tics and frenzies. Parkinson's sufferers 

made her happy-"They take me 

back home," she said. She remained 

peaceful and lucid during her epi­

sodes. The seizures killed her in a 

few weeks, but doctors often noted 

the rapt expression on her face as 

also found that over time, L-dopa 

lost some of its power to help 

them. Still, the tangible results of 

L-dopa treatments have encour­

aged neuroscientists to seek the 

right combination of medications 

to restore balance to brain chemis­

try for a variety of illnesses. 

--I 
I 
m 

Z 
m 
;:::0 

< 
o 
c 
c..n 

c..n 
-< 
c..n 
--I 
m 

o 
t"'i 

l -



A woman wears an EEG sensor net that aids in epilepsy analysis. 

she moved deeper into her visions. 

Only a few diseases of the central 

nervous system produce pleasure. 

Anything that pushes the brain 

out of homeostasis is more likely 

to bring pain and discomfort to 

the body. 

EPILEPSY 
On a summer day, storm clouds 

can suddenly gather and transform 

an afternoon of sunshine into a vio­

lent monster of rain, hail, lightning 

bolts, and the occasional twister. 

Sunlight and warmth get blotted 

out. So it is with the nervous sys­

tem. The brain's higher functions, 

working in harmony with the 

body, promote consciousness and 

a sense of well-being. But because 

the brain functions through the 

medium of electrochemical reac­

tions, the occasional storm knocks 

the brain out of balance. 

Epilepsy is a flood of electri­

cal discharges in groups of cra­

nial neurons. While the brain 

suffers through its own electri­

cal storms, no other signals get 

passed through. Those who suffer 

an attack may fall to the ground, 

black out, foam at the mouth, and 

jerk about uncontrollably. Epi­

leptic seizures can last from a few 

seconds to a few minutes, and can 

vary widely in their ferocity. 

TYPES OF EPILEPTIC SEIZURE 
The mildest used to be called petit 

mal, French for "little illness." 

Now they're referred to as absence 

seizures. Sufferers, usually young 

children, lose consciousness for a 

few seconds, often staring blankly 

into space. They typically do not 

know what has happened to them. 

Such seizures usually go away by 

age ten. 

Stronger, convulsive seizures are 

called tonic-clonic, which replaces 

the old term, grand mal, French 

for "big illness." Epileptics in the 

midst of a tonic-clonic seizure lose 

consciousness and may experience 

loss of bowel or bladder control, 

as well as muscle contractions so 

severe they have been known to 

break bones. After a few minutes, 

when a major seizure dissipates, the 

+ DIVINE ILLNESS + 

A NEUROSCIENCE JOURNAL article in 

1997 listed religious figures thought to be 

linked with epilepsy because of recorded 

accounts that match its symptoms. The 

historical figures included: 

+ Saint Paul, apostle and writer of much of 

the New Testament. 

+ Joan of Arc, 15th-century saint and 

heroine of France. 

+ Emanuel Swedenborg, 18th-century 

theologian. 

+ Ann Lee, 18th-century leader of the 

"Shaking Quakers," or Shakers. 

+ Joseph Smith, 19th-century founder of 

the Church of Jesus Christ of Latter-day 

Saints, commonly called the Mormon 

Church. 



sufferer slowly regams awareness. 

Some tonic-clonic attacks give fair 

warning. Sensory hallucinations 

known as auras, including smells 

and bright lights, give the sufferer a 

chance to lie on the floor before the 

onset to avoid the potential injury 

of falling. 

CAUSES eT TREATMENTS 
Epilepsy has a variety of causes. 

Some are genetic in origin and 

caused by an inherent problem 

in the brain. Typically, the disease 

strikes far more men than it does 

women. Other cases have their 

onset after physical injuries to 

the brain, such as strokes, fevers, 

tumors, or head wounds. 

About the size of an almond, 
the small hypothalamus plays 
a big role in both the nervous 
and endocrine systems. 

Treatment options include anti­

convulsive drugs and vagus nerve 

stimulation. In the latter, stimu­

lators are implanted in the chest 

to send regular pulses of electric­

ity through the vagus nerve to the 

brain. These pulses aim to keep the 

brain's electrical activity from tip­

ping from order to chaos. 

New possibilities include the 

implantation of monitoring devices 

combined with electrical stimula­

tors or drugs. The idea is to detect 

the subtle electrical changes that 

signal an oncoming epileptic sei­

zure, then deliver a small shock or 

dose of medicine to ward off the 

attack before it strikes. 

THE ENDOCRINE SYSTEM 
The nervous system isn't the only 

method by which the brain con­

trols the body and maintains 

homeostasis. The direct, electro­

chemical means by which the 

nervous system collects informa­

tion from stimuli and then for­

mulates responses is augmented 

by the endocrine system, which 

works with the nervous system to 

regulate the body's cells. The auto­

nomic nervous system responds to 

changes in the body's dynamic bal­

ance by releasing electrochemical 

impulses to the body's endocrine 

organs. These include the testes 

and ovaries, pancreas, adrenal 

glands atop the kidneys, thymus 

and parathyroid glands, and three 

glands in the brain: the pineal, 

hypothalamus, and pituitary. 

Endocrine glands respond to the 

nervous system's orders by releasing 

hormones into the bloodstream. 

Hormones (from the Greek for "to 

excite") bind to specific cell recep­

tors and affect virtually every cell in 

the body. For example, instructions 

Abnormal neuronal firing causes intense electrical activity of frontal lobe epilepsy. 
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STAYING SHARP 

FOR A HEALTHY BRAIN, good foods are 

a key part of optimizing your brain's per­

formance. Here are some foods your brain 

will welcome: 

./'Fresh fruits and vegetables. These 

include blueberries, leafy vegetables, 

broccoli, and cauliflower. They contain 

high amounts of acetylcholine and useful 

vitamins. Certain vitamins, notably vita­

mins C and E, and beta-carotene, a pre­

cursor to vitamin A, act as antioxidants. 

They neutralize destructive molecules 

and atoms known as free radicals, which 

damage brain cells by stealing electrons 

from cellular molecules or atoms. 

./' Unsalted nuts. Their omega-3 fats 

help keep the brain and nervous system 

healthy. Neurons require fats in their 

myelin sheaths to function properly. 

./'Fish. It's a better source of proteins 

than high-fat meat, and it's another 

source of omega-3 fats. 

./'Chicken without the skin and lean 

meats. Protein in the meat helps build tis­

sue and supply the amino acids that form 

neurotransm itters . 

./'Fruit juice. It's a natural source of ben­

eficial vitamins, including antioxidants. Be 

sure to drink plenty of water, too, to keep 

your brain and body hydrated . 

./'Small amounts of alcohol, such as one 

glass of wine a day. This may increase 

blood flow to the brain and lower the 

risk of strokes . 

./'Small amounts of caffeine. It activates 

the cerebral cortex and helps release the 

neurotransmitter epinephrine . 

./'Pasta, cereal, and bread. They contain 

carbohydrates for energy as well as being 

rich in serotonin. 

from the brain, given at the proper 

time, order the endrocrine glands 

to release the hormones responsible 

for sexual development to trigger 

puberty at adolescence. Other hor­

mones maintain the body's balance 

of energy, keep the blood's supply 

of electrolytes in balance, and mus­

ter the immune defenses against 

infection. The nervous system and 

the endocrine system share a spe­

cial relationship, as their functions 

can seem intricately intertwined. 

DIABETES INSIPIDUS 

When the nervous and endocrine 

systems get out of balance, the 

resulting dearth or overabundance 

of hormones can cause havoc. 

Consider just one hormone. The 

pituitary gland in the brain stores 

antidiuretic hormone (ADH), also 

called vasopressin, which is created 

by the hypothalamus. ADH helps 

regulate the body's water content 

through its ability to prevent the 

formation of urine, which contains 

water expelled by cells. 

Neurons in the hypothalamus 

monitor the water content of the 

blood and call for the release or 

withholding of ADH when the 

blood contains too much or too 

little water. The dry mouth you 

experience on the morning of Jan­

uary 1 may be a result of too much 

partying the night before; excessive 

alcohol consumption suppresses 

the release of ADH, causing exces­

sive urination-and thus dehydra­

tion and cotton mouth. 

When the hypothalamus and 

pituitary fail to regularly create 

and release enough ADH, often 

through damage to the hypothala­

mus or the pituitary, the result is 

diabetes insipidus. Patients with 

this disorder urinate frequently 

and are constantly thirsty. Mild 

forms of diabetes insipidus can 

be treated simply: As long as the 

brain's ability to recognize thirst 

is undamaged, patients can com­

pensate for dehydration by drink­

ing plenty of water whenever they 

feel the need. 

Blueberries are rich in acetylcholine and antioxidants, making 

them an excellent food for brain health. 



DIABETES MELLITUS 
Diabetes mellitus creates a lack 

of the hormone insulin, result­

ing in heavy losses of blood sugar 

through urination. Insulin arises in 

the pancreas, a gland that produces 

enzymes important for digestion. 

Insulin's influence is most apparent 

just after a meal, as it works to take 

glucose out of the bloodstream to 

use it for energy in the body's cells. 

Insulin also helps store fat and syn­

thesize proteins. 

Diabetes mellitus occurs when 

the pancreas doesn't produce 

enough insulin. Its lack leads to 

excess blood sugar levels, result­

ing in dehydration through urina­

tion, fatigue, weight loss, nausea, 

abdominal pain, as well as extreme 

thirst and hunger. The most com­

mon treatment is for the afflicted 

to test their blood sugar levels and 

inject themselves with insulin when 

needed. Accidental overdoses are 

the most common cause of hypo­

glycemia, which occurs when too 

much insulin in the bloodstream 

lowers blood sugar dangerously. 

Eating a piece of candy or sipping 

a glass of orange juice helps restore 

sugar levels. 

Regular tests help diabetics monitor levels of glucose in the bloodstream. 

CLASSIFICATIONS 
Diabetes formerly was classified into 

"juvenile onset" and "adult onset" 

varieties because of the typical time 

frame for diagnoses-ages eight 

to twelve in children, and forty to 

sixty in adults. The classification 

system changed when doctors ana­

lyzed symptoms that did not match 

up well with ages. Patients whose 

body produced no insulin at all 

were reclassified as "insulin depen­

dent," while those whose body 

made insufficient amounts became 

"non insulin dependent." The for­

mer now is called Type 1, and the 

latter Type 2. 

Type 1 diabetes IS commonly 

diagnosed in children, teens, and 

young adults. Symptoms usually 

come in a rush, shortly after the 
. , . 

patient s Immune system turns 

on itself and destroys the insulin-

Diabetes mellitus gets its modern name from the Greek for "overflow" (diabe­

tes) and the Latin for "honey" ( mellitus). Overflow is a reference to the symptom 

of frequent urination, and honey refers to the glucose that appears in the urine. 
Ancient physicians would diagnose the condition by tasting urine for sweetness. 

producing cells of the pancreas. 

Lack of insulin used to be a death 

sentence. Now patients survive 

with regular injections of insulin, 

either by syringe or an automatic 

pump and catheter. 

Type 2 is the more common 

variety and can begin at any age. 

It usually starts because the body's 

liver, fat, and muscle cells fail to 

use insulin efficiently. That causes 

glucose levels to rise in the blood­

stream. Feedback mechanisms 

in the peripheral nervous system 

detect the increase and trigger 

production and release of more 

insulin in the pancreas to offset 

the higher glucose levels and main­

tain homeostasis. However, the 

pancreas cannot keep up the extra 

production forever. Diet, exercise, 

weight loss, and medication are 

common methods of keeping Type 

2 diabetes in check. 
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FROM THE single-celled product 

of conception, the human animal 

grows into a complex, uniquely 

cognitive being. Evolution has built 

upon older, more primitive animal 

brain forms to lead humanity to 

emotion and rational thought. 

Over eons of time, neural circuitry 

has developed to promote-and 

continue to promote-individual 

and collective survival. That's 

because the human brain is "plas-

tic," primed from an extremely 

young age to learn and change. 

A six-month-old girl examines her 

reflection. From birth, humans 

appear to be drawn toward faces. 



EVOI lJ liON GROWTH & ADAPTATION 
OF THE HUMAN BRAIN 

T
HE DEVELOPMENT of 

the human brain is written 

in millions of years of evo­

lution, its story still unfolding. 

Neurons began to emerge with 

the appearance of multicellular ani­

mals. The earliest neural connec­

tions formed primitive networks of 

cells in tiny life-forms swimming 

in primordial oceans. Today, such 

systems can still be found in simple 

life-forms such as jellyfish. 

SIMPLE BRAINS 

Animals with only the barest col­

lection of neurons can function 

An octopus's brain is dime 
size, but it can solve simple 
problems such as moving bar­
riers to get food. 

with surprising sophistication. The 

marine snail Aplysia has only about 

2,000 neurons, yet it is capable 

of movement, reaction to touch, 

sensation, and all of the things 

that make a snail live like a snail. 

It even can learn despite lacking a 

true brain. Aplysia's neurons orga­

nize themselves into clumps called 

ganglia at various points on its tiny 

body, creating a maze of connec­

tions. These neural clumps can 

amplifY or tamp down electro­

chemical signals as they pass from 

neuron to neuron; its neural con­

nections can be strengthened or 

weakened just as in human brains. 

Scientists have found that when 

they shock Aplysia's tail, it reacts 

by reflex-its neural network con­

tracts the affected flesh to pull it 

away from the source of the shock. 

However, things get interesting 

when the shock is preceded by a 

light touch against the snail's flesh. 

After a few repetitions, the lowly 

Aplysia has enough neural com­

plexity to connect the two sensa­

tions: touch, followed by pain. In 

time, the light touch alone, with 

no electric shock afterward, is 

enough to make the snail recoil as 

if in pain. 

CHARLES DARWIN KNEW he had 

opened a tinderbox when he pub­

lished On the Origin of Species in 1859. He 

laid out a theory of evolution through 

natural selection: Individuals that have a 

biological advantage are more likely to 

outlive their peers and pass their edge 

to offspring. A gazelle that is a bit faster 

GROWING COMPLEXITY 

If 2,000 neurons are sufficient 

for simple learning, imagine the 

explosion of complex behavior that 

accompanied the growth of neural 

complexity about 530 million years 

ago. Larger clumps of neurons 

in the diverse animal population 

that seemingly emerged overnight 

encouraged the flourishing of new 

animal species. The variety of new 

species could better react to, and 

survive, changes in their environ­

ments. Ocean life diversified into 

the ancestors of today's worms, 

mollusks, and crustaceans. 

The forward tip of the neural 

cords in the first proto-vertebrates 

began swelling and folding to cre­

ate primitive brains. Neural net­

works in those early brains began 

to diversifY. Some connections 

began to specialize in vision. Some 

took on the function of hearing. 

Among the sharks, neural connec­

tions specializing in smell became 

hypersensitive, empowering them 

than another may outrun the lion and 

breed fast children the next day. Cui­

dado, Darwin wrote in his notebook, 

using the Spanish for "careful." Taken to 

its logical conclusion, even humans fell 

under his theory-an idea Darwin down­

played at first because he knew it would 

be unpopular. 



A developing spinal cord is already visible in a three-day-old chicken embryo developing inside its eggshell. 

to detect blood in concentrations 

as small as 1 part per 25 million of 

water. That allowed them to smell 

bloody prey a third of a mile away 

(and, not coincidentally, strength­

ened their chances for survival in 

the constant interspecies combat 

of evolution). 

Darwin explicitly put humans in the 

crosshairs of his theory with the 1871 

publication of The Descent of Man. 

Human bodies-and brains-evolved and 

continue to do so. 

The human brain differs physically 

from those of other mammals in its size, 

complexity, and dominance of its cerebral 

As animals began crawling out of 

the ocean onto the shore, around 

360 million years ago, their brain 

didn't begin anew. Instead, new 

experiences and new evolutionary 

developments were laid down atop 

their existing neural networks. 

Birds and reptiles added new levels 

cortex. Just like speed and strength, early 

advantages in the brain such as analytical 

power ("How can I trap that animal?") 

and capacity for speech ("How can I get 

others to help me trap that animal?") 

improved the odds of early humans' sur­

vival. Advantages spread to new genera­

tions and became common. 

of behavior, and new brain matter 

developed as well. Mammals put 

their own layers on top of their 

evolutionary predecessors. And 

finally, humans with their gigantic 

brain added the newest and most 

complex layers in the wrinkly pink 

walnut of the cerebral cortex. 

Networks of synapses constantly 

compete with each other; roughly 

like animal species fighting for lim­

ited food. Networks that get steady 

stimulation grow stronger; while 

others atrophy. Nobel laureate 

Gerald Edelman calls the process 

neural Darwinism. 
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EVOLUTIONARY CLUES 

Some of humanity's evolution­

ary history can be observed in the 

development of a human fetus. 

As chicken and human embryos 

develop, for example, they experi­

ence a stage where they both have 

a tail, as well as arches and slits 

in their neck remarkably like the 

gill slits and arches found in fish . 

Thus, scientists in the late 20th 

century concluded that chickens 

and humans most likely shared a 

fishlike ancestor, based not only on 

visual evidence but also on DNA 

and fossil records. Not all ancestral 

characteristics become evident dur­

ing fetal development, but enough 

similarities exist to suggest an evo­

lutionary thread. 

A few days after conception, a 

human embryo's cells begin to spe­

cialize. Some form a simple neural 

plate, which changes into a groove 

and then a tube. The huge cere­

bral cortex that distinguishes the 

human brain develops last, in the 

final months before birth, just as 

it evolved from humanity's simian 

ancestors two million years ago­

relatively late on the evolutionary 

tree. Like an hour-long film com­

pressed into a few seconds, the 

pageant of growth and diversity in 

the fetal brain roughly condenses 

a half billion years of animal evo­

lution into nine months of flesh­

and-blood transformation. 

The common animal ancestors 

of humans and other animals are 

PAVLOV'S DOGS 

Ivan Pavlov observes one of the dogs he subjected to conditioned-behavior experiments. 

AT FIRST; Russian physiologist Ivan 

Pavlov (1849-1936) wanted 

only to know the neural link between 

dinner and dog drool. To find outJ 

he anesthetized his test subject and 

detached its salivary ductJ lightly 

stitching this to the dois outer 

cheek. ThenJ placing food in the 

dogJs mouthJ he could eaSily collect 

and calculate its salivary response. In 

this way he hoped to unlock the mys­

teries of the canine nervous system. 

After repeated experimentsJ unfor­

tunatelYJ the dog seemed to catch on 

and began to salivate before the food 

hadarrived. Clearly this was a problem. 

How could Pavlov understand salivary 

response to food in the mouth if the 

response occurred in the absence of 

food? Initially puzzledJ Pavlov real­

ized heJd stumbled upon something 

even more intriguing than his original 

objective. As environmental factors 

determine evolutionary adaptations 

within a speciesJ he conciudedJ so too 

must external forces mold the behav­

ior of an individual. 

From a knee-jerk defense mecha­

nism to the performing of Rachmani­

noffJ acquired reflexes are the building 

blocks of learning. And if dogs J brains 

were sophisticated enough to make 

such connectionsJ imagine what 

human brains could do. 

Pavlov soon discovered he could 

condition animals to respond to arbi­

trary stimuli. If a snack was repeatedly 

paired with buzzer, whistleJ or A-minor 

triad on the piano-he rarely used that 

legendary bell-the dog would begin 

to salivate at sound alone. But a slight 

variation-B-flat minor, perhapsJ or 

A minor in a different octave-trig­

gered no response. The same held for 

shapesJ clocksJ shades of graYJ melodic 

patternsJ lightJ and rotating objects. 



suggested by common elements of 

animal brains. The more complex 

structures of the late developers 

overlie the simpler forms of crea­

tures that evolved earlier, and thus 

lower on the evolutionary tree. 

THE THREE BRAINS 

Neuroscientist Paul MacLean sug­

gested in 1967 that the human 

brain functions as three separate 

"brains," each of which represents 

a stage in evolutionary develop­

ment. He referred to the three-way 

unity as humanity's triune brain. 

Through evolution's penchant for 

preserving genetic code that proves 

useful for survival and discard­

ing mutations that prove useless, 

MacLean suggested that human 

brains evolved by adding to suc­

cessful brain structures of earlier 

vertebrates. Thus, both fish and 

dogs have brain structures in com­

mon with people. But instead of 

BRAIN LAYER NICKNAME 

R-complex Reptilian brain 

Paleomammalian 
Limbic system 

system 

Cerebral cortex 
Neomammalian 

brain 

Charles Darwin observed that domesticated animals have thinner cortical layers 
than their wild cousins in the forest. Wild animals' exposure to a wider variety of 
environmental stimuli may create richer neural connections. 

the evolutionary structures being 

uniformly mixed throughout the 

human brain, they nest one inside 

another like Russian dolls. The 

most primitive lies deepest in the 

brain, under more modern layers. 

MacLean's first "brain" is the 

R-complex, which takes its name 

from its resemblance to the simple 

brains of reptiles. The R-complex 

formed from an extension of the 

upper brain stem. It's enough to 

keep a snake or a salamander alive 

as well as ensure the continuation 

of the species. The R-complex over­

sees sleeping and waking, breathing 

and heartbeat, temperature regula­

tion, and automatic muscle move­

ments. It also plays a crucial role 

in the processing of sensory signals 

from the peripheral nervous system. 

+ THE TRIUNE BRAIN + 

LOCATION 

MacLean's experiments with a 

variety of animals demonstrated 

that the neural connections in the 

R-complex provide sufficient men­

tal firepower for hunting, mating, 

establishing territory, and fighting. 

In other words, everything neces­

sary for finding food, competing 

with other animals for survival, 

and passing along the genes of the 

dominant, strongest individuals. 

Humans may think of themselves 

as being far above turtles and alli­

gators, but their brain shares the 

same mechanics for regulating 

basic body functions. Further­

more, whenever humans engage in 

a schoolyard scuffie or compete for 

the affections of another, they're 

exercising the reptilian cores of 

their brain. 

FUNCTION 

Oversees tasks crucial to physical survival and 

Brain stem and cerebellum 
regulation of the body: sleeping and waking, breathing 
and heartbeat, temperature regulation, and automatic 

muscle movements. 

Amygdala, hypothalamus, Houses primary centers of emotion. Plays important 
hippocampus role in simple memory formation . Coordinates and 

refines movement. 

Responsible for language, including speech and 

Cerebrum 
writing. Handles problem solving, memory, and 

planning for the future. Controls voluntary movement. 
Processes sensory information. 
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Swinging through forest has been linked in theory to brain hemisphere specialization. 

The second "brain" is the limbic, 

or paleo mammalian, system. It's 

common to all mammals, includ­

ing humans, but is lacking in rep­

tiles. The limbic system coordinates 

and refines movement. It gives rise 

to emotions and simple memory, 

as well as the rudimentary social 

behaviors they make possible. 

When MacLean destroyed part 

of the limbic system in the brain 

of young mammals, their behav­

ior regressed toward the reptilian. 

They stopped playing and exhib­

ited weaker mother-offspring 

bonds. Humans who flush with 

anger when they get slapped across 

the face, or glow with happiness 

when kissed, are using their limbic 

systems. If they choose to ignore 

the slap or the kiss, however, they 

need to exercise the third and high­

est level of the brain. 

The third "brain" is the cere­

bral cortex. Many mammals pos­

sess a cortex, but it is most highly 

developed in humans. It adds 

the benefits of problem solving 

and both long-term and complex 

working memory to the lower 

two "brains." The neomammalian 

brain, as MacLean dubbed it, gives 

humanity its capacity for language, 

culture, memory of the past, and 

anticipation of the future. It also 

makes humans the first species 

with empathy, the ability to see the 

world through the eyes of others. 

"It is this new development that 

makes possible the insight required 

to plan for the needs of others as 

well as the self ... In creating for 

the first time a creature with a con­

cern for all living things, nature 

accomplished a 180-degree turn­

about from what had previously 

been a reptile-eat-reptile and dog­

eat-dog world," MacLean said. 

SPECIALIZATION BEGINS 

As modern humans evolved from 

their hominid ancestors, their 

brain development continued with 

increasing specialization of regions 

and functions. One hypothesis sug­

gests that the differences between 

the left and right hemispheres of 

the human brain can be traced to 



humans' simian ancestors swinging 

through trees. Grasping one limb 

after another requires the arms to 

act independently instead of in 

unison. Perhaps the ancestors of 

humans began emphasizing the use 

of one arm over another, encourag­

ing greater neuronal development 

in the hemisphere that controlled 

action on that side of the body. 

One of the most pronounced 

differences between brain hemi­

spheres can be observed in dissec­

tion of cadavers. The brain region 

mainly responsible for speech, the 

planum temporale, is larger in the 

left hemisphere of two-thirds of 

human brains. The left-handed 

nature of language is evident across 

time and stage of life. Full-term 

fetuses exhibit larger, speech-related 

regions in the left hemisphere than 

in mirror locations on the right 

hemisphere. The same was true 

of Neanderthals, according to the 

telltale marks on the inside of their 

50,OOO-year-old skulls made by 

contact with their gyri and sulci. 

GENDER DIFFERENCES 

The two sexes also experience dif­

ferences in brain function. Men 

are more likely to be left-handed, 

dyslexic, hyperactive, and autis­

tic. Women are more likely to 

suffer migraines and, on average, 

have weaker spatial functioning. 

Women, though, generally outper­

form men in the fine motor skills 

of their fingers, and they learn to 

Neuroradiologist Majorie LeMay examined the Sylvian fissures of human skulls 
30,000 to 300,000 years old. These fissures revealed an asymmetry that sug­
gested dominant left hemispheres. Perhaps the asymmetry provides evidence of 
an ancient capacity for language, which favors the brain's left side. 

speak their native language earlier 

and foreign languages more easily 

than men. The bottom line, how­

ever, is that if you were to look at 

two brains on a laboratory table­

one from a man, and the other from 

a woman-you probably wouldn't 

be able to tell any difference. 

In men, the third interstitial 

nucleus of the hypothalamus 

THE SEXES DIFFER in cognitive ways. A 

big one involves spatial orientation. Men 

typically use mental maps, while women 

prefer landmarks. Men would likely give 

directions by saying, "Drive north 2.2 

miles, turn east, and drive 1.5 miles," 

whereas women would more likely say, 

"Drive toward the mountains until you 

see the barn, turn right, and go to the 

pond." Small wonder that one sex may get 

frustrated giving directions to the other. 

Women take the prize for remembering 

objects' locations-where are those keys?­

while men win at abstract spatial reason­

ing, such as mentally rotating objects. As 

a group, men have a wider dispersal of 

scores on some mental tests. 

typically is twice as big as it is in 

women's brains. The hypothalamus 

is crucial to sexual behavior, as well 

as regulation of body temperature, 

eating, and drinking. Furthermore, 

women's and men's brains differ 

in response to orgasm. PET scans 

show less activity in a woman's 

prefrontal cortex and in a man's 

amygdala during sexual climax, 

while both sexes experience more 

neuronal firing in the cerebellum. 

PREPROGRAMMING 

Much human behavior arises from 

culture and environment. Some, 

however, appears to be prewired 

into the brain. The capacity for 

language appears to be so strongly 

encoded that children raised with­

out exposure to any language will 

make up their own. 

Communication is an evolu­

tionarily favored social activity that 

helps humans compete with other 

animals for resources necessary 

for life. Similarly, the brain's abil­

ity to process and integrate visual 

stimuli exists almost immediately 

after birth. At only a few weeks 

old, an infant raises its arms to 

protect itself from the approach of 

an object. Sight, texture, and size 

appear to be aspects of object rec­

ognition that the brain is prewired 

to bring together for self-defense. 
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A NEW BRAIN FROM THE WOMB TO CHILDHOOD 

Brain Development 
in the Womb 

3 weeks 11 weeks 

As an embryo develops into a fetus, the brain grows and differentiates rapidly. 

HEN SPERM meets 

egg, the merger of a 

father's and mother's 

DNA triggers the start of a new life. 

Encoded in the tens of thousands 

of genes that make up a human 

being are a substantial fraction 

that will create the brain and cen­

tral nervous system. You won't find 

the child's personality, emotions, 

and ideas buried in the code; they 

arise instead as the brain develops 

and interacts with its environ­

ment after birth. Nevertheless, the 

explosion of cell development that 

begins with conception is the first 

step toward forming the brain and 

all of the hopes and dreams it will 

one day contain. 

DIVISIONS e;, LAYERS 

In its first phases of development, 

the fertilized egg, or zygote, under­

goes a rapid series of divisions. 

One cell becomes two, two become 

four, four become eight, and so on 

until the exponential divisions cre­

ate a tiny, hollow ball of hundreds 

of cells nearly uniform in design. 

Two weeks after conception, the 

sphere of cells, still dividing, takes 

the first step in the series of physi­

cal changes to construct a differen­

tiated body and begin the process 

of becoming human. 

First, a dent appears in the sphere. 

Cells move into the indentation, 

which folds under the surface of the 

sphere. The folding creates three 

layers of cells: an outer layer called 

the ectoderm, an inner layer called 

the endoderm, and a middle layer 

called the mesoderm. In the follow­

ing weeks, these three layers grow 

into the tissues that give rise to the 

body's major systems: Endoderm 

becomes digestive tract; mesoderm 

creates muscles, skeleton, heart, 

and genitalia; and ectoderm forms 

brain, spine, nerves, and skin. 

BUDDING BRAIN 

The nascent brain makes its first 

appearance at about four weeks 

after conception, when a thin, 

spoon-shaped layer of cells called 

a neural plate emerges at the head 

end of the embryo. Major charac­

teristics of the future brain already 

are in place just one month into 

fetal development. Hemispheres 

later will develop on either side of 

a groove down the center of the 

neural plate, creating the bilateral 

symmetry of the human brain. 

As the fetus grows, the bowl of 

the spoon will become the brain 

itself, while its handle grows into 

the spinal cord. And as the neural 

plate folds to form a tube, swellings 

Lots of gentle handling produced increased serotonin, a neurotransmitter that 
dampens aggression, in baby rats. Grown into adults, the rats lived longer and 
handled stress better. 



in the original spoon shape become 

the forebrain, midbrain, and hind­

brain. As they develop, they work 

together to form the major sections 

of the brain, from the cerebrum at 

the top of the head to the thala­

mus, hypothalamus, cerebellum, 

and spinal cord at the back and 

lower end. 

NEURON MIGRATION 

The most dynamic growth occurs 

in the cerebral cortex, the largest 

and outermost layer of the brain. 

+ STAG ES 

TRIMESTER WEEK 

First 
Conception to 

14 days 

First About day 14 

First Around week three 

First Around week four 

Weeks four 
First 

through eight 

First Week 11 

Second Five months 

Third 
Six through nine 

months 

During the first months of fetal 

development, when 250,000 new 

nerve cells are being created every 

minute, neurons begin to take on 

specialized tasks. 

the neurons must travel as well 

as their ability to navigate surely 

along the tangled pathways of the 

developing brain. Millions of neu­

rons migrate a distance equivalent 

to a person hiking from Los Ange­

les to Boston. Amazingly, they 

manage to arrive at Paul Revere's 

house, the U.S.S. Constitution, or 

Faneui! Hall without ever consult­

Ing a map. 

First, they inch their way from 

where they were formed by cell 

division 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 

quite remarkable for the distance 

Once the migrating neurons 

reach their destination, they 

develop axons and dendrites to 

IN FETAL BRAI N DEVELOPMENT + 

EVENT 

Fertilized egg divides repeatedly, creating a ball of cells. 

Cells of embryo fold and turn to create three layers: mesoderm, 
endoderm, and ectoderm. 

Brain development emerges from the ectoderm as glial cells form and 
young neurons known as stem cells divide and create neuroblasts, or primitive 
nerve cells, at a rate of a quarter million every minute. Neurons begin migrating 

and forming connections. 

The ectoderm grows thicker and forms a spoon-shaped neural plate. The plate folds 
on itself to create a neural groove, dividing the plate into hemispheres. The groove 

closes to make the hollow neural tube. 

The neural tube develops with the explosive growth of neurons and glial cells, giving 
rise to the spinal cord and brain. By week eight, the developing brain forms three 

major regions-forebrain, midbrain, and hindbrain-seen in adults. 

The hemispheres of the cerebrum are evident in the developing forebrain. So too are 
the midbrain and, in the hindbrain, the cerebellum, pons, and medulla. 

Cerebral hemispheres enlarge to dwarf other brain components, but they continue 
to appear smooth on the surface. 

Cerebrum folds continuously, creating gyri and sulci that create the mature brain's 
characteristic look of a wrinkly pink walnut. 
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You can't clone a brain. And even if you could, it wouldn't turn out like the origi­
nal. Sensitivity to initial conditions in the womb coupled with differences in envi­
ronment after birth would significantly alter development despite the identical 
genetic code. 

reach out and make connections 

with other neurons. Like roads that 

connect to create a grid for traffic, 

neurons set up systems of commu­

nication that link all parts of the 

brain. Some pathways receive huge 

amounts of sensory traffic and 

become the equivalent of informa­

tion highways. Others turn into 

dead ends or decay into crumbling 

blacktop from lack of use. 

UNDERSTANDING 

MIGRATION 

The brain reacts with extreme 

sensitivity to anything that influ­

ences neuronal migration. Only 

a few decades ago, neuroscientists 

believed that each neuron had its 

own special, predetermined loca­

tion when it set out on its trek 

across the brain. Now, researchers 

have found that neurons take on 

different characteristics because of 

their journey and their destination. 

To take just one example, neurons 

that process oral commUOlcanon 

are not inherently preprogrammed 

to be speech neurons. Instead, they 

become speech neurons by migrat­

ing to the areas of the brain associ­

ated with language. 

This discovery prompted new 

understanding of a wide variety 

of brain disorders. If something 

interferes with neurons migrating 

to their intended destinations­

and not overshooting or under­

shooting their targets-the results 

can be powerful. Such disorders 

as autism, schizophrenia, dyslexia, 

and epilepsy have been at least 

partly linked with abnormalities 

in neuronal migration. 

Fetal alcohol syndrome has also 

been linked to problems in migra­

tion. The brain's hypersensitivity 

to toxins that impede migration 

underscores the warnings given to 

expectant mothers to avoid expos­

ing a developing baby to alcohol, 

tobacco smoke, drugs, or other 

FIRST DESCRIBED 4,000 years ago, 

spina bifida is a malformation of the 

fetal spinal column that has been linked 

to a diet deficient in folate, a B vitamin, 

in pregnant women. 

From the Latin for "spine split in two," 

the birth defect occurs in 1 to 2 births 

per 1,000. One or more vertebrae, 

chemicals that may interfere with 

healthy brain development. 

SUPPORT eT SURVIVAL 

Migrating neurons are helped 

along by glial cells. They support 

and nourish the neurons on their 

journeys. Some help regulate the 

neurons' metabolism, and others 

coat the nerve cells' axons with 

myelin, a fatty substance that pro­

vides electrical insulation and thus 

controls the speed of communica­

tion along neural networks. 

Although the brain of a fetus at 

about eight months after concep­

tion weighs only a pound, or about 

a third of an adult's, it contains 

twice as many neurons. Chemical 

signals called trophic factors influ­

ence how individual neurons con­

nect to each other, but the survival 

of those connections depends on 

repeated communication across 

the synapses. 

The brain cannot possibly sus­

tain biochemical reactions across 

all of its neural connections, and 

so the weakest connections begin 

to die, through a process known as 

particularly in the small of the back, 

don't grow the bony projections called 

vertebral arches that point away from 

the center of the body. Often a cyst 

bulges outward from the spine, encom­

passing spinal tissues, cerebrospinal fluid 

and even parts of the cord itself. Large 

cysts likely signal severe neurological 



A fetal brain at 24 weeks, with spinal cord at left, has yet to develop characteristic cerebral folding. 

pruning. In the last stages of fetal 

development in the womb, about 

half of all neurons die. The loss 

is normal; it eliminates many of 

the connections that are weak or 

improper for efficient brain func­

tion, leaving behind the strongest 

and fittest neurons. 

impairment; a portion of the body's 

central nervous system, designed to 

be safely protected from the outside 

world behind walls of tissue and bone, 

lies exposed. When the spinal cord is so 

compromised as to lose function, the 

infant may suffer paralysis of the legs and 

bladder, as well as bowel incontinence. 

NEWBORN NEURONS 
As a baby emerges from the womb, 

brain development expands to 

include processing responses to the 

baby's new experiences-sights, 

sounds, smells, actions, sensations, 

and emotions. Networks of neu­

rons, primed to receive new stimuli, 

As a preventative measure, since 1998 

all bread, pasta, and flour produced 

In America contains supplemental 

amounts of folate. The vitamin, found in 

green, leafy vegetables, helps the body 

grow new cells, but how its lack can trig­

ger the disorder remains unclear. Genet­

ics playa role, as the highest incidence 

compete for survival. It's a random 

battle at first, but soon becomes 

more organized as environmental 

stimuli strengthen some connec­

tions while others wither. If the 

baby is exposed to a broad vocab­

ulary and a wide range of music, 

the connections for language and 

rates occur among the citizens of 

Ireland and Wales as well as their 

immigrant descendants. 

Surgery often can close open­

ings over the exposed portion of 

a spine and reconstruct misshapen 

vertebrae, but many impairments 

remain for a lifetime. 
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HE WISDOM linking a 

pregnant mother's health 

to that of her baby is as 

old as the Bible. In Judges 13:7, 

an angel appears to the wife of 

Manoah and proclaims, "Behold, 

thou shalt conceive and bear a son; 

and now drink no wine or strong 

drink, neither eat any unclean 

thing." Manoah's wife did 

as she was told and received 

her reward: A son not just 

healthy, but exceedingly 

strong. His name? Samson. 

Not all women are fortu­

nate enough to receive pre­

natal advice from an angel, 

but luckily thousands of 

years of science have led to a 

set of recommendations that 

pregnant women can follow 

to increase the chances of 

their baby's having a strong, 

healthy brain. 

EAT WELL 

The first, and easiest, thing 

a mother-to-be can do is to eat 

for two: This doesn't mean dou­

bling up on servings-it means 

remembering that the vitamins 

and minerals from a well-balanced 

diet not only nourish mom's brain 

and body but the brain and body 

of her developing baby. Pregnant 

women need proper amounts of 

folic acid, vitamin Bl2 (crucial to 

the functioning of the central ner­

vous system), fatty acids, iron, and 

other nutrients. She should con­

sult her obstetrician about taking 

prenatal vitamins, which contain 

many of these substances and fill 

in any nutritional gaps in her diet. 

Good nutrition is vital for 

healthy brain development. Lack 

Getting plenty of exercise is important to both the 

mother and her developing baby. 

of nutrients at crucial moments in 

fetal brain development leads to a 

drop or even a halt in the creation 

of neurons. Babies born after suf­

fering malnutrition often display 

a smaller brain and have cogni­

tive disabilities. Lack of folic acid 

(found abundantly in bread, beans, 

pasta, spinach, and orange juice) 

raises the chances of a child being 

born with spllla bifida. On the 

other hand, too much of a good 

thing can be bad. Overabundance 

of certain vitamins, including A 

and D, can cause toxic reactions in 

the fetal brain. The best advice for a 

mother-to-be is to consult her doc­

tor about the best diet for her, one 

with lots of fresh fruits, leafY green 

vegetables, legumes, whole 

grains, and lean meats. 

AVOID ALCOHOL 

To decrease the chances of 

neurological defects, moms­

to-be should also avoid many 

substances that can harm an 

unborn child's brain, such 

as alcohol. In 1899, William 

Sullivan, a doctor who stud­

ied babies born in an English 

women's prison, discovered 

much higher rates of still­

births among mothers who 

drank heavily. He suspected 

a link between alcohol and 

fetal health when he noted 

that mothers who gave birth to 

babies with severe birth defects 

in the outside world had healthy 

babies in prison, where they were 

denied alcohol. 

It would take more than seven 

decades before researchers at the 

University of Washington cata­

loged the recurring patterns of birth 

defects as fetal alcohol syndrome. 



When pregnant women drink 

heavily, their children are at high 

risk of having a malformed heart 

and limbs, a smaller brain, reading 

and math disabilities, hyperactivity, 

depression, and distinctive facial 

abnormalities. Mental retardation 

also is possible. Unfortunately, 

alcohol's most devastating impact 

on a developing fetus occurs early 

in the pregnancy, when the mother 

may not even know she is carrying 

a child. And small amounts 

in the first trimester cause 

more damage than greater 

alcohol consumption later 

on, apparently because of 

alcohol's impact on the 

migration of developing 

neurons In the fetal brain. 

Normally, neurons stop their 

travels when they reach their 

intended destinations. The 

presence of alcohol makes 

them overshoot and die. 

JUST SAY NO 

Other substances harmful 

to adults are even more so 

to a developing fetus, whose 

brain is especially sensitive to its 

chemical environment. Tobacco, 

illegal drugs such as cocaine, and 

environmental toxins, all of which 

do some level of harm to an adult's 

body, deliver hammer blows to a 

developing fetus and can even cause 

harmful impacts on sperm cells, so 

men should consider their levels 

of exposure before trying to start a 

family. Sperm live for about three 

months. To minimize the chances 

of their sperm being adversely 

affected by alcohol, tobacco, drugs, 

and toxins, fathers-to-be should 

avoid exposure to such harmful 

substances for 90 days. 

For pregnant women, tobacco 

smoke is the most common envi­

ronmental hazard to a fetus. 

Nicotine in tobacco causes blood 

vessels to constrict; an affected 

Drugs taken by pregnant women can cause 

abnormalities in the developing fetus. 

fetus gets less blood, and its heart 

rate decreases. Furthermore, nico­

tine becomes more concentrated 

in the fetus's body than in that of 

the mother. Like alcohol, nicotine 

is believed to interfere with neu­

ronal migration, connection, and 

development. Spontaneous abor­

tion rates nearly double for moth­

ers who smoke. Babies carried to 

term are more likely to be men­

tally retarded and have congenital 

abnormalities. 

SEEK OUT HIDDEN RISKS 
Toxins harmful to a fetus range 

from obvious hazards such as the 

poisons in pesticides to common 

and seemingly harmless substances 

such as vitamin A, which in high 

concentrations (such as in acne 

medication) harms a fetus's brain. 

Lead particles, many over­

the-counter and prescription 

medicines, x-rays, and some 

cancer drugs also poison a 

developing brain. 

The jury is out on the pos­

sible impact of antidepres­

sants. A pregnant woman's 

use of Prozac, a common 

prescription-only treatment 

for depression, so far has 

been shown to have no 

impact on her child's behav­

ior, language, or intellectual 

abilities. Yet children of 

mothers who took Prozac 

during pregnancy have been 

found to have a higher rate 

of minor congenital abnormalities, 

such as more wrinkles in the palms 

of their hands. Because the effects 

of medication on mother and child 

are complex and in many cases not 

fully understood, women who are 

pregnant or plan to become preg­

nant should consult with their 

doctors about their use of prescrip­

tion drugs. 
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sound recognmon grow stronger. 

If the baby is kept in an environ­

ment lacking in toys and visual 

stimulation, the baby's analytical 

powers may be slow to develop. 

ESTABLISHING NETWORKS 

Defects in infants' eyes illustrate 

the sensitivity of a newborn's brain 

and the competing neural net­

works. When a child is born with 

a cataract in one eye, that eye is 

deprived of normal vision, and the 

portion of the brain that processes 

+ NEWBORN SIGHT + 

WE CAN'T KNOW for certain what the 

world looks like to a newborn; babies don't 

answer interviewers' questions. However, 

scientists who study the makeup of new­

borns' eyes and test for whether babies 

will gaze at objects believe that for the first 

months of life, children lack the ability to 

see fine lines and a full spectrum of colors. 

The world probably looks like a blurred, 

faded photograph as seen through a card­

board tube. 

Newborns appear to be hardwired for 

looking at faces. Shortly after birth, infants 

will look at faces longer than they will look 

at any other object. 

A hemispherectomy surgically removes one hemisphere of a damaged brain. 
Infants who undergo one generally grow up just fine. Their neural networks are 
so plastic they rewire themselves. After childhood, however, hemispheres become 
so specialized that removal makes full recovery extremely difficult. 

information from that eye suffers 

lack of stimulation. The baby's one 

normally functioning eye begins to 

process all visual information. 

The "use it or lose it" principle 

starts to work-with a vengeance. 

Neural connections develop for 

the good eye but fail to do so for 

the eye with the cataract. Unless 

the cataract is removed shortly 

after birth, the child will remain 

blind in that eye. Even if the cata­

ract is removed later, the brain has 

lost its one chance to develop the 

neural circuitry to process visual 

signals from the eye; the eyeball 

may appear healthy, but it cannot 

communicate with the brain. 

If surgery removes the cataract 

in time, the strong, already existing 

neural connections of the stronger 

eye give it a favored place in brain 

development. In order to make 

both eyes work with the same acu­

ity, doctors often patch the stron­

ger eye for a few hours every day. 

PREMATURE births pose special 

challenges to the brain. The child 

emerges from the womb before its neu­

ral networks have been established and 

have gone through initial stages of prun­

ing. Much of the brain development 

rnust occur in the buzzing confusion 

of the world rather than a calm womb, 

That way, for extended periods, 

all of the neural development for 

vision is processed via the weaker 

eye. Its brain circuitry grows stron­

ger by not having to compete all 

the time with the good eye. 

The process of establishing and 

strengthening connections in the 

brain to process vision underscores 

the fact that certain periods are 

absolutely critical to proper func­

tional development. While the 

brain retains a measure of plasticity 

among existing networks, it also 

seldom offers a second chance for 

establishing those networks at an 

early age. In other words, the brain 

cannot expand and reconnect a 

neural network that doesn't exist­

or one that exists, like a dead-end 

road, without functional traffic. 

NEURAL DARWINISM 

Some scientists argue that as the 

brain incorporates new experi­

ences and makes new connections 

which psychologist Sigmund Freud called 

the baby's stimulus barrier. Development 

of the preemie's brain occurs without the 

nutrients and protection of the uterine 

environment. I n addition to difficulties 

involving regulation of body tempera­

ture, digestion of food, and weakened 

breathing, many preemies suffer brain 



A newborn's brain (seen above in an MRI) is ready to begin making, remaking, and pruning neural connections by the million. 

among neurons, it expresses a form 

of evolution through the competi­

tion of its various neural networks. 

Nobel Prize-winning neuroscientist 

Gerald Edelman suggests that the 

brain's many networks vie against 

each other in "neural Darwinism." 

hemorrhages. Babies who survive amid 

the chaos of lights and sounds in a hos­

pital nursery may have their brain over­

stimulated and may develop problems 

such as attention disorders and learning 

disabilities later in life. 

Brigham and Women's Hospital in 

Boston has attempted to re-create the 

While genes determine how the 

brain begins to grow in an embryo, 

the brain's extreme complexity and 

plasticity make it nearly impossible 

to predict how it will develop in 

response to a particular stimulus. 

The complexity of the brain makes 

conditions of the womb in its neonatal 

intensive care unit. A preemie's brain 

reacts with extreme sensitivity to light 

and loud noises, so the hospital keeps its 

NICU dark and quiet. Babies get plenty of 

skin-to-skin contact, to mimic the touch 

of the womb. They feed on demand. 

And they're allowed some freedom of 

it like the weather. Short-term 

weather forecasts are possible with 

some degree of confidence, but 

long-range forecasts become more 

and more difficult because of the 

interaction of so many variables. 

The so-called butterfly effect, which 

movement, as they would experi­

ence inside the womb, rather than 

being swaddled tightly The result: 

These babies leave the hospital ear­

lier than those raised in a standard 

intensive care unit and have an 

accelerated developmental curve 

compared with other preemies. 
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was discovered during computer­

generated weather simulations in 

the 1960s, posits that under the 

right conditions, the flapping of a 

butterfly's wings in China can be 

magnified until it causes a tornado 

in Texas. As expressed in the brain, 

a small change in biochemistry 

under sensitive conditions may 

have a tremendous impact on the 

brain's future development. 

Consider how neural Darwin­

ism finds expression in the early 

stages of fetal brain growth. Neu­

rons forming from stem cells move 

through the brain, guided by basic 

genetic coding. Genes determine 

how the neurons connect, axon 

to dendrite, to create the founda­

tion and basic architecture of the 

brain. However, the precise chemi­

cal environment surrounding the 

newly formed neurons strongly 

influences how far they migrate and 

which neighboring neurons they 

link with. Exposure to substances 

in the womb, such as alcohol, can 

disrupt neuronal migration, but 

there is no guarantee that exposure 

will or won't lead to fetal alcohol 

syndrome. The unpredictability 

of the complex system that is the 

human brain makes such preClse 

calculations impossible. 

Babies don't learn to walk until 
about a year after birth, but 
they are born with the neural 
program already hardwired. 

As people grow older, they take 

in new experiences. There may 

be changes in climate, social net­

works, formal education, and 

career. To get on in life, people 

have to adapt to change. Successful 

adaptation is a matter of rewiring 

the brain by creating new neuronal 

connections. Links that promote 

Toys and a mentally stimulating environment help a baby's brain grow complex neural connections. 



survival and well-being grow stron­

ger. Those that lose their useful­

ness grow weaker. In a process that 

resembles natural selection, they 

lose the competition to stronger 

neural networks, and they die. 

Neural Darwinism provides a 

new perspective on the brain's plas­

ticity: As neural networks compete, 

those that function best get stron­

ger. Changes in the environment 

encourage changes in the brain 

by giving new neural networks a 

chance to flourish. Such evolution 

of a single brain continues over an 

entire lifetime. 

CHANGES IN PLASTICITY 

By the time a baby is three or four 

months of age, its behavior pro­

vides clues to its having reached 

new milestones in brain devel­

opment. At that age, individual 

infants differ widely in their reac­

tion to events and in their patterns 

of brain activity as measured in 

EEG scans. 

A pattern of responses known 

as behavioral inhibition, which 

includes shyness and fear when 

exposed to new people and experi­

ences, occurs in one in five healthy 

four-month-olds. Their brains 

show higher levels of electrical 

activity in the right frontal lobes. 

Likewise, older babies who cry 

upon being separated from their 

mother have more activity in the 

prefrontal cortex of their right 

hemisphere than do children who 

ALBERT & THE RAT 

An 11-month-old called Little Albert plays his part in a famous behaviorist experiment. 

INA 1913 manifesto, John B. Wat­

son introduced the term behav-

iorism, which, he wrote, eliminated 

the "dividing line between man and 

brute" in asserting that emotions 

are determined not by DNA but by 

external stimuli. Watson built on Ivan 

Pavlov's foundation of conditioned 

stimulus response. Foreshadowing 

the 1932 publication of Aldous Hux­

ley's novel Brave New World, Watson 

theorized that "man and brute" alike 

can be made to order. He guaranteed, 

for instance, to rear any of 12 random 

infants to take on the occupation of 

his choosing. Yet Watson is remem­

bered most, perhaps, for instilling in 

an infant boyan irrational fear of all 

things white and furry. 

In 1919, Watson began to work 

with 11-month-old Little Albert, 

conditioning him to fear a white 

rat. To begin with, Albert liked his 

pet, trying to touch and even hold 

it. Watson believed this reflected a 

curiosity innate in all children. Later, a 

new stimulus was introduced: When 

Albert reached for the rat, Watson 

banged a metal bar with a carpen­

ter's hammer. Albert fell face-forward 

on the mattress, whimpering. The 

rat was shown repeatedly, with gong 

and without, until Little Albert's con­

genital fear of loud noises was trans­

ferred to the rat. This phobia, Watson 

later learned, applied also to white 

rabbits, dogs, a fur coat, and even a 

Santa Claus mask. Presumably, Wat­

son wrote, Albert could eventually 

become unconditioned, but the boy 

was adopted before further experi­

ments could be performed. 
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JAPANESE WHO BEGIN studying the 

English language as adults struggle with 

the sound of the letters Rand L. It's not 

the tongue that's to blame-it's the brain. 

Newborns can distinguish all phonemes, 

or language sounds. Between six months 

and one year of age, however, children lose 

the ability to process previously unheard 

language sounds. Their loss is called pho­

neme contraction. Since the Japanese 

language slurs Rand L phonemes, adults 

who are exposed to the separate sounds 

in English for the first time cannot hear, or 

articulate, the difference. It's the same for 

English speakers learning Japanese. They 

can learn the words, but it's too late for 

the neuronal circuits to get the sounds 

exactly right. 

remam calm when mom disap­

pears from sight. 

LEARNING LANGUAGE 

The enhancement and pruning of 

neural networks occurs most appar­

ently as the baby begins to develop 

language. Spoken languages can 

sound very different from each 

other. In all, human languages pro­

duce about 200 different spoken 

sounds, called phonemes. Spoken 

English contains just over one­

sixth of those possible sounds. 

Brain scans of newborns reveal 

that in the first few months of life, 

their brain recognizes the subtle 

differences in phonemes other 

than those spoken at home. Japa­

nese infants easily recognize the 

difference between the sounds 

made by the letters Rand L. How­

ever, as the Japanese language has 

no sound like the letter L, adults 

raised speaking Japanese lose their 

ability to distinguish it from the 

letter R. Similarly, English speakers 

learning Spanish as adults struggle 

to separate the subtle sounds of the 

letters Band P in spoken Spanish. 

But babies are able to tell such 

differences. That's why it's far eas­

ier to learn a variety oflanguages as 

a child. However, as infant brains 

focus on processing the auditory 

signals of their native languages, 

starting at about age 11 months 

they lose their ability to differen­

tiate some nonnative phonemes. 

Children and adults who learn 

new languages after having under­

gone "phoneme contraction" speak 

with an accent. 

YOUTH eT PLASTICITY 

The younger the brain, the more 

plastic it is. Young brains have 

the ability to learn and adapt with 

great ease. Young brains even have 

the potential to rewire themselves, 

and are thus able to overcome 

severe trauma, such as damage to 

an entire hemisphere. 

For example, a seven-year-old 

named Michael in upstate New 

York began suffering as many as 

300 or 400 seizures each day. Doc­

tors said the only way to stop the 

crippling seizures was to remove 

the site of their origin in the 

brain-the left hemisphere. Its 

removal resulted in the right side 

of Michael's body initially being 

paralyzed. 

But thanks to plasticity, the 

right hemisphere of Michael's 

A Japanese-language keyboard suggests some of the potential complexity of learning language. 



brain reorganized itself to take on 

the tasks that had formerly been 

performed by the left. He slowly 

regained the use of his right leg 

and arm as his brain recruited neu­

ral networks for new motor skills. 

Speech returned more slowly, how­

ever, as the right hemisphere is not 

organized as efficiently as the left 

side for processing and articulat­

ing words. 

At 14, Michael was speaking in 

simple sentences and racing mini 

stock cars. 

Adults use only half the glu­
cose in their brains com­
pared with brains of children 
between ages 3 and 10. 

SPECIALIZATION 

As brains age, they lose a large mea­

sure of plasticity. Things become 

harder to learn, and recovery 

from brain damage gets progres­

sively more difficult. But there is a 

trade-off that benefits the matur­

ing brain: specialization. It creates 

a more complicated, and therefore 

more sophisticated, brain. 

Neurologist Richard Restak lik­

ens the benefits of specialization 

of neural connections to the con­

struction of a house. Imagine, he 

says, if your house were built by 

people who specialized in particu­

lar construction tasks. Plumbers 

connect the water and gas pipes, 

carpenters put up the walls, electri­

cians run the wires, and carpet lay­

ers install the floor coverings. Such 

Cerebrospinal fluid (red) fills space in an MRI of a near-total hemispherectomy to ease seizures. 

a house should look good and be 

completely functional. 

Now, he says, imagine the same 

house if it were built by people 

who had special skills but didn't use 

them on their assigned tasks. The 

plumbers do the carpentry, and the 

electricians shingle the roof. While 

each set of specialists is familiar 

with the others' work, your house 

nevertheless probably would look 

like a dog's breakfast-the doors 

don't close right, the walls don't 

meet at 90-degree angles, there's no 

water pressure in the shower, and 

the paint is uneven and splotchy. 

It's the same with the brain. Spe­

cialization in the various neural 

systems makes each perform at a 

high level. When many systems 

work at their best, the result may 

be an Einstein or a Mozart. Or it 

may be an ordinary person work­

ing at peak performance. 
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WAVES OF CIIANGES ANA~~~~~CENT 
S CHILDREN become 

teens, the brain contlll­

ues to develop, grow, and 

change along with the rest of their 

body. Brain specialization becomes 

more apparent at adolescence. The 

adolescent brain can imagine and 

ponder at a much higher level than 

a child's brain. 

Whereas a child tends to dwell 

on immediate sensory expen­

ences, adolescents gradually gain 

the capacity to imagine a variety of 

futures. They start analyzing prob­

lems instead of merely reacting to 

them. They develop a preference 

for wrestling with issues instead of 

other people. In short, they begin 

to grasp abstract concepts and test 

them in their imagination. 

They also develop these qualities 

at different rates, and some not at 

all. Plenty of adults still haven't 

developed these specialized brain 

functions. Even among adoles­

cents whose neural networks begin 

to make the transition, however, 

their brain still cannot be consid­

ered mature. That of adolescents 

may lack the nuanced reactions of 

the brain of most mature adults, 

and they thus may strike others 

as indecisive, moody, and rebel­

lious. Often idealists, adolescents 

argue and overreact, or react inap­

propriately, when challenged. Yet 

while the adolescent brain begins 

to experience the push and pull of 

adulthood, it has not left behind 

all the ways of childhood. In this 

twilight zone between impul­

siveness and control, between 

plasticity and specialization, the 

adolescent brain represents possi­

bilities in transit to realities. 

II 
The brain of six-year-old boys is 

" about equally developed verbally 
to that of five-year-old girls. 

DEVELOPMENT RATES 

As the child grows into an adoles­

cent, different regions of the brain 

develop at different rates. For 

example, the regions that govern 

YOUNGADULTSdostrangethings­

and not just among humans. 

Among a variety of mammalian species, 

animals advancing from youth to matu­

rity lose a measure of impulse control, 

take more risks, put greater emphasis on 

social activities, and derive greater joy 

from doing new things. 

reflexes and the ability to process 

new information are as mature in 

a teenager's brain as in that of an 

adult. Teenagers learn facts quickly 

but often forget them just as eas­

ily. Their brain still is in its peak 

learning time, like that of chil­

dren, but not yet fully developed, 

like that of adults. A mature brain 

makes strong connections, starting 

at the back of the head and work­

ing its way toward the front, as 

myelin gets laid down over neural 

networks to make them conduct 

signals more quickly. The last place 

to be fully covered in myelin is 

the prefrontal cortex in the adult 

brain. Thus, while the adult brain 

may lack the learning power of a 

teenager's brain, it typically makes 

up for it with faster, sharper judg­

ment in the frontal lobes. 

GENDER DIFFERENCES 

Boys' and girls' brains mature at 

different rates. Girls typically are a 

year or two ahead of boys in the 

Between ages six and sixteen, the 

body grows to resemble an adult's but at 

age six, the brain is already at 90 percent 

of its adult volume. As the brain adds 

that last 10 percent, it slowly improves 

its capacity for emotional self-control, 

memory, and ability to focus attention 

and forecast behavior. Some of the last 



tlmmg of their myelination. The 

brain in boys finishes laying down 

myelin when they are in their late 

teens and early 20s, while that of 

girls completes the job in the mid 

to late teenage years. Some observ­

ers have said that might be a good 

reason to teach academic subjects 

earlier to teenage girls than to 

teenage boys. Others, however, say 

that because brains vary not only 

between the sexes but dramati­

cally among individuals, the best 

instruction ideally would be tai­

lored to each student. 

GAINING CONTROL 

Control of physical movements 

is nearly complete among ado­

lescents. A teenager may have an 

adult's command of the physi­

cal skills of basketball or tennis. 

However, the regions of the brain 

that control emotions may still be 

under development in the teenag­

er's brain. Small wonder, then, that 

a young athlete may be able to hit 

a golf ball 250 yards yet struggle to 

avoid an emotional eruption when 

it slices into the woods. 

complex neural systems to develop form 

in the prefrontal cortex, which plays a 

key role in making plans and deciding 

what's right and wrong. The teenage 

brain rewards them for behaviors that 

provide im mediate gratification, without 

the warnings that a mature brain would 

provide about long-term consequences. 

Child/s Changing Neuron Network 

r J 
, I 
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9 months 2 years 4 years 

Growth and pruning of a child's neurons at nine months, two years, and four years. 

During adolescence, neurons 

create connections that may last a 

lifetime. But they do so in an envi­

ronment where the hormones of 

puberty change the cellular struc­

ture of brain and body. The result 

is a volatile time of brain develop­

ment that matches the chaos of the 

body's adolescent years. 

Take just the gray matter-the 

neurons-as an example. Neuro­

scientists at the National Institute 

of Mental Health (NIMH) in 

Scientists examining behavior and 

the brain have focused their attention 

on neurotransmitters and the sensi­

tivity of dopamine receptors. In early 

adolescence, the dopamine balance in 

the prefrontal cortex appears to reward 

new kinds of behaviors. Later, however, 

the system shifts to favor rewarding the 

Bethesda, Maryland, found sur­

prising changes in preadolescent 

and adolescent brains when they 

performed a series of MRI scans in 

the 1990s and first decade of the 

21st century. While white matter 

stayed nearly constant over the age 

range, the volume of gray matter 

underwent two shifts-increasing 

toward the end of childhood, and 

then decreasing with the onset 

of adolescence. The researchers 

believe the brain undergoes a wave 

comforts of familiar actions and 

surroundings. 

During the time from childhood 

to adulthood, the cortex is sensitive 

to stress. Depression, anxiety, and 

other psychiatriC disorders often 

appear as a result of the volcanic 

brain chemistry of the teenager. 
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The brain of teens can master learned movements such as basketball skills but lag in control of emotion-laden behavior. 

of neuronal connections around 

age 11 in girls and 12 in boys, fol­

lowed by a wave of pruning. It's as 

if a plant sent out too many roots, 

and then let die the ones that failed 

to find water. 

Jay Giedd of NIMH described 

the adolescent brain as follows: 

"There's an enormous potential 

for change through the teen years. 

And this is great because those 

years are a time when choices have 

to be made and skills acquired as 

adolescents learn how to adapt to 

their environment. During the 

process, adolescents must learn to 

gain control over their sexual and 

aggressive impulses, adapt their 

behavior to the reasonable expec­

tations of parents and teachers, 

accept authority, and generally get 

along with others." 

ATTAINING MATURITY 

The frontal lobes, last to receive 

their myelin coating, playa crucial 

role in choosing proper behavior, 

inhibiting inappropriate behaviors 

and selecting the best actions for 

meeting goals. If not fully myeli­

nated, a teenager's brain may not 

be well equipped to make good 

choices. Teenagers most likely react 

to events with more of an emotional 

charge because their limbic system, 

including amygdala, is more fully 

formed than their frontal lobes. 

The prefrontal cortex, the part of 

the frontal lobe closest to the fore­

head, takes a long time to mature. 

It first expresses function with the 

ability to pay attention, which 

develops a few weeks after birth 

as infants focus on and anticipate 

events around them. By a year old, 

a child can move an object out 

of the way to get to a toy, which 

demonstrates a choice of action as 



the means to an end. At the same 

time, the child begins to use lan­

guage and symbols to represent the 

world, a crucial step in the forma­

tion of memories. Self-control, 

an important executive function, 

develops over the next year or two. 

Attention and alertness increase 

through age six, and major corti­

cal development occurs between 

ages seven and fifteen. Afterward, 

pruning sharpens the prefrontal 

cortex as the youth acquires greater 

control over behavior. Until the 

youth's prefrontal cortex is able to 

make good decisions, parents and 

teachers help regulate behavior 

with their more highly developed 

frontal lobes. 

WINDOWS OF VULNERABILITY 

In the meantime, the adoles­

cent brain is vulnerable. The pre­

frontal cortex's inhibitions-its 

ability to avoid choosing risky 

behaviors-aren't fully developed 

at the age when many youths are 

most tempted to engage in such 

acts. Unprotected sex, drug use, 

smoking, and drinking-all are 

temptations with well-advertised 

consequences, yet the adolescent 

who encounters them lacks the 

adult's ability to weigh long-term 

actions and say no. For a variety 

of reasons, adolescents who give 

in to peer pressure and decide to 

take drugs or engage in other risky 

behaviors are unlikely to be doing 

so because of weak moral character. 

Most never exhibited such risky 

behavior as children, argumg 

against a deeply rooted character 

flaw. Instead, many turn to risky 

behaviors as a result of mental dis­

orders including attention deficit 

hyperactivity disorder (ADHD) 

and depression. Many of their 

family members likely experienced 

similar attractions and addictions, 

suggesting a genetic component 

to heightened risk of dangerous 

behaviors. Taken together, these 

clues point toward addictions­

whether to physical substances or 

to the thrills of new sensations­

as a brain disorder linked to neu­

rotransmitter functions. 

ATTENTION DEFICITS 

Much scientific research has his­

torically focused on the brain of 

+ BOY VS. GIRL + 

NEARLY EVERY psychiatric disorder dif­

fers between girls and boys. Only eating 

disorders appear to be more common 

in girls, who also suffer more migraines 

because of hormonal changes. Boys 

are more likely to have autism, ADHD, 

Tourette's syndrome, dyslexia, and a host 

of other complications. Researchers note 

that females have larger basal ganglia than 

males and wonder whether that differ­

ence influences women's greater protec­

tion against some mental disorders. Basal 

ganglia assist the frontal lobes in perform­

ing their executive function. Could it be 

that greater influence of the basal ganglia 

provides some protection against certain 

learning disabilities? 

infants as they begin to develop 

their mental abilities, and on dis­

eases that begin to sap the brain­

power of elderly. Only recently 

has the adolescent and teenage 

brain gotten its proper due. Neu­

roscientists are probing not only 

the sensitive stages where the 

brain makes a healthy move from 

childhood to adulthood but also 

the potential snags that can upset 

the transition. 

II 
Gray matter is thickest in girls 

" at age 11, in boys at 12 years 
of age. 

ADHD can occur m children 

when the prefrontal lobes of the 

brain haven't developed enough 

for an adolescent to exercise self­

control. About 4 percent to 5 

percent of children share this dis­

order, which becomes increasingly 

important as children are forced to 

assimilate information rapidly to 

keep up in an increasingly techno­

logical world. 

"As the number of sensations 

increase, the time which we have 

for reacting to and digesting them 

becomes less . . . the rhythm of 

our life becomes quicker, the wave 

lengths of our mental life grow 

shorter," wrote historian James 

Thurlow Adams. "Such a life tends 

to become a mere search for more 

and more excmng sensations, 

undermining yet more our power 

of concentration in thought. Relief 

from fatigue and ennui is sought in 
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mere excitation of our nerves, as in 

speeding cars and emotional mov­

ies." Adams wrote those words in 

1931, bur his observations abour 

more sensations arriving at the 

brain with more and more rapidity 

could have been penned yesterday 

and applied to our current under­

standing of modern adolescent 

confusion. 

Adolescents grow up in an envi­

ronment that places increasing 

demands to do multiple tasks at the 

same time. Their brain attempts to 

adapt by rapidly shifting attention 

from one thing to another. While 

many manage the problem and 

still function well in a learning 

environment, others find it impos­

sible to maintain their attention 

long enough for significant learn­

ing to occur. 

SIGNS OF ADHD 
Children with ADHD typically 

squirm and cannot sit still, have 

trouble playing quietly, have dif­

ficulty managing their time, talk 

all the time, fail to focus on the 

details of their school lessons, and 

are easily distracted. The disorder 

usually appears before age seven, 

but it lingers in most cases into the 

teenage years and about half the 

time into adulthood. 

Adolescents who take medi­
cation for ADHD cut their 
risk for subsequent alcohol 
use by two-thirds. 

In the brain of a child with 

ADHD, the lack of development 

of the prefrontal cortex causes the 

brain to process information in 

other, less efficient regions. Some 

neuroscientists hypothesize that a 

fully functioning prefrontal cortex 

may act as a damper, preventing 

the rapid choice of an inappropri­

ate action before it can happen. 

Lacking the ability to focus on 

lessons, children with ADHD 

often fall behind in school and 

may experience a decline in their 

grades. As a result, their self-image 

may suffer, and they become more 

at risk for substance abuse. Some 

may try to self-medicate by turn­

ing to drugs to help them focus or 

relieve their depression or anxiety. 

RITALIN IS THE best known medi­

cation for treating attention defi­

cit hyperactivity disorder. Apparently it 

works by binding to dopamine recep­

tors in the brain. Dopamine molecules 

cannot link up with their docking sites 

because Ritalin got there first, so they 

linger in the spaces between neurons. 

CAUSES er TREATMENTS 
Research points to a lack of effi­

cient dopamine use in the brain 

of those with ADHD. Medica­

tions such as Ritalin, Cylert, and 

Dexedrine increase the amount of 

dopamine and other neurotrans­

mitters, either through introducing 

more of them into the synapses or 

inhibiting their reuptake so exist­

ing neurotransmitters linger longer 

between axon and dendrite. 

The disorder appears to have 

a genetic component. Parents of 

many children who have atten­

tion deficit hyperactivity disor­

der often have the symptoms of 

adult ADHD, or upon being 

interviewed recall exhibiting the 

telltale behaviors in their own ado­

lescence, before the disorder was 

widely diagnosed. However, there 

also appears to be a wide range of 

ADHD cases without any genetic 

history, suggesting that the dis­

order also may be introduced by 

environmental factors. 

Beeping and buzzing electron­

ics, multimedia available at the 

click of a button or a mouse, and 

Doctors first prescribed the drug in the 

1950s as a treatment for narcolepsy, an 

illness in which patients suddenly fall 

asleep during the day. A rise in available 

dopamine stimulates the brain like high­

octane fuel in an engine, thus warding 

off sleep. A decade later doctors began 

prescribing Ritalin for attention disor-



An aggressive four-year-old boy screams. Most psychiatric disorders are more common in boys than girls. 

instant communication-and grat­

ification-have created a learning 

environment for adolescents far 

different from the text-and-voice 

world of the 19th century. The 

result may help explain the large 

number of ADHD diagnoses. The 

ders because the increased stimulation 

it provided appeared to help patients 

focus their thoughts. 

The action of Ritalin in the prefrontal 

lobes and an underlying region known 

as the striatum acts to brake sudden 

impulses. Properly administered, Rit­

alin helps people with ADHD to slow 

disorder can be thought of as an 

addiction to the present, accord­

ing to psychiatry professor John ]. 

Ratey. Children with ADHD orga­

nize their tasks to turn first toward 

those that offer the swiftest grati­

fication. They fail to break away 

their thoughts, consider their actions, 

and live more productive lives. But it 

can be overused and abused. Pressure 

from parents, from teachers, and from 

society to improve children's behavior 

and boost their grades may be behind 

the phenomenon of perhaps 10 percent 

of American children being prescribed 

from the moment to ponder or 

evaluate the long- and short-term 

consequences of their actions. 

"With so many distracted peo­

ple running around, we could be 

becoming the first society with 

Attention Deficit Disorder," said a 

Ritalin at one time or another. And 

that's not counting the many col­

lege students who buy the drug 

illicitly online and use it to help 

them pull all-nighters as they study 

for tests-they say it helps them 

concentrate without the buzz-and­

crash effects of caffeine. 
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cyberspace analyst writing in Wired 

magazine. ADHD, he said, might 

be the "official brain syndrome of 

the information age." It also may 

be so prevalent a response to the 

high-tech world that it deserves 

classification not as a disorder but 

rather as a particular type of brain 

organization. 

SCH IZOPH REN IA 

As the prefrontal cortex completes 

its final wiring, about one percent 

of adolescents and young adults 

develop the brain disease schizo­

phrenia. People with the disease 

typically hear voices, experience 

other delusions and hallucinations, 

and have emotional disturbances. 

+ MADNESS + 

U NTI L TH E 19th century, observers 

viewed mental illness as a form of mad­

ness. They burned the afflicted at the 

stake or locked them up. Doctors typi­

cally considered mental illnesses incur­

able and lumped them together under 

the common label dementia praecox (or 

early insanity). Not so Swiss psychiatrist 

Eugen Bleuler. In 1911 he divided mental 

illnesses into groups that shared symp­

toms and dubbed a common group of 

abnormalities schizophrenia, for the split­

ting of emotion and reason in a patient's 

mind. Bleuler noted that some patients 

in a Zurich mental hospital got better 

on their own, sometimes spontaneously. 

Unlike his contemporaries, he believed 

schizophrenia could be treated as a dis­

ease, a tenet that's commonly accepted 

in the medical community today. 

Stress is believed to contribute to the severity of schizophrenia. An environment 

that lowers stress, such as a supportive family, can help delay the disease or lessen 

its impact. 

Neuroscientists believe that the 

foundation for the disease is laid 

in infancy, as neurons migrate 

throughout the brain. 

The complex process creates the 

possibility of faulty connections. 

Somehow, in a process not fully 

understood, the defective neuronal 

networks lie dormant until activa­

tion during adolescence or early 

adulthood. 

The schizophrenic experiences 

spontaneous stimulation of sen­

sory areas of the brain. Neurons 

wired for the sensation of sound 

discharge on their own, like gas­

soaked rags igniting spontane­

ously in a hot, dark garage. In 

the absence of sights and sounds, 

the schizophrenic's brain creates a 

powerful illusion of reality. 

RESEARCH eT TREATMENT 

Research for treatment and a 

future cure focuses on imbal­

ances of dopamine and other neu­

rotransmitters in the brain's neural 

networks. In particular, the excit­

atory neurotransmitter glutamate 

is believed to play a significant 

role in schizophrenic episodes. 

Imbalances damage brain cells, 

and the longer the disorder goes 

untreated, the more brain cells are 

harmed or destroyed. CAT scans 

of schizophrenics reveal decreased 

brain volume in the medial tempo­

ral lobe, and increased size in the 

ventricles, possibly as a result of 

changes in volume of gray matter. 

Such scans also reveal the right and 

left hemispheres to be the same 

size, as opposed to the right side 

being slightly larger in unaffected 

brains. As the brain usually devel­

ops its slight asymmetry during 

fetal development, the more rigid 

symmetry of the schizophrenic's 

brain is believed to have begun 

forming in the uterus, evidence of 

a further link to the fetal origins of 

schizophrenia. 

The disease's appearance in ado­

lescence appears to follow physi­

cal and mental triggers that occur 

during and after puberty. Being 

a teenager is a very stressful time. 

The body goes through significant 

anatomical changes in response 

to the release of hormones and 

other biochemicals. Add on the 

stresses of the developing brain 

from school, social relationships, 

self-image, and the battle between 

emotions and reason, and it's easy 

to understand how schizophrenia 

might be awakened from its sleep. 

"The frontal lobe is fighting to 

adapt to the environment, to deal 

with all these instinctual urges," 

said Daniel Weinberger, a psychia­

trist at the National Institute of 



Mental Health. "Indeed, it's diffi­

cult enough for people with a nor­

mal frontal lobe to make it through 

adolescence. But we believe that 

patients with schizophrenia don't 

have normal frontal lobes. We 

believe they didn't develop nor­

mally from early in life." 

AGE DIFFERENCES 

Basic research is beginning to fill in 

the gaps of knowledge between the 

more commonly studied young 

and old brains to reveal more 

about the changes experienced by 

the brain as it grows. According to 

neurologist Frances E. Jensen at 

Children's Hospital in Boston, the 

brain of teens and young adults 

forms an exciting new frontier. 

"We kind of needed the two ends 

of life to sort of anchor us so then 

we could move in and understand 

there's a huge difference from early 

life to late life and from early life to 

adult," she said. "The early adult's 

brain development does not fin­

ish until sometimes 23, 24, 25, so 

there's a whole story there that's 

probably yet to be mined." 

Adding significance to such brain 

research are the rites of adulthood 

available to those whose brains 

have not yet fully matured. Ameri­

cans can legally drink at 21, vote 

at 18, and marry sometime in their 

teenage years. Yet many apparently 

lack the fully developed capacity 

to completely weigh the potential 

consequences of their actions. 

JOHN NASH'S LONG JOURNEY 

John Forbes Nash, Jr., during an economic colloquium in Beijing in 2005 

ECONOMIST and mathematician 

John Forbes Nash, Jr., started 

hearing things when he was young. 

He became convinced that aliens 

were communicating through the 

New York Times, and he rambled 

through Europe in a vague quest of 

becoming a refugee. At Princeton 

University he scribbled late into the 

night on blackboards, earning him 

the nickname "The Phantom." 

Yet he learned to ignore the voices. 

He got tired of delusional, irratio­

nal thinking, he said. "I think people 

become mentally ill when they're 

somehow not too happy-not just after 

you've won the lottery you go crazy. It's 

when you don't win the lottery." 

Schizophrenia typically strikes men 

in late adolescence and women in 

their early 20s. Symptoms include 

delusions, hallucinations, disorga­

nized speech, and chronic fear. 

Delusions and fears led Nash to 

believe he played a role in a great 

game among the superpowers. He 

viewed others as supporters or oppo­

nents and his hospitalization for 

schizophrenia as a coup for the bad 

guys. He received a variety of treat­

ments, eventually returning to the 

academic world. 

Nash went on to win science's 

version of the biggest prize when he 

shared a Nobel in economics in 1994. 

The actor Russell Crowe portrayed 

him in the 2001 movie A Beautiful 

Mind. Nash is philosophical about 

schizophrenia and his struggles. The 

stigma of mental illness will disappear 

only when the disease does the same, 

he said. 
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MAl LJRII Y FINDING BALANCE AS THE BRAIN AGES 

An MRI shows emotional activity in the frontal lobe of the human brain. 

FTER ADOLESCENCE, 

the brain transitions into 

adulthood. A fully func­

tioning prefrontal cortex is the 

highest expression of the human 

brain. The balance of reason and 

emotion marks the emergence of 

the adult brain. Only in functional 

adulthood does society expect a 

person to have the ability to imag­

ine the consequences of possible 

actions, understand their possible 

emotional impact, and make rea­

soned choices. For this reason, 

children and the mentally retarded 

are not held to the same legal stan­

dards in criminal cases as are clear­

thinking adults. In secular society, 

convicted juveniles go to deten­

tion centers, while adults go to jail. 

Similarly, the Catholic Church 

insists that youths must reach an 

age of reason before they can be 

held responsible for the choices 

they make. 

REGISTERING EMOTIONS 

The adult brain associates external 

stimuli with a broad range of emo­

tions. The news of a long-absent 

relative coming home to live for a 

while creates mental images of the 

future event. Depending on the 

relationship with the relative, these 

images may be paired with emo­

tions such as love, anxiety, anger, 

depression, joy, or relief. 

Mapping of electrical activity in 

the adult brain suggests that each 

emotion has its own particular 

neural links, and it activates, as well 

as turns off, different regions. PET 

scans reveal activity in widespread 

regions of the brain as it cycles 

through emotions. To take just 



Where can an old brain find new challenges) Leonardo da Vinci said: "Stop ... and 
look into the stains of walls, or ashes of a fire, or clouds, or mud or like places, in 
which, if you consider them well, you may find really marvelous ideas." 

one example, the emotion of love 

activates regions deep in the brain: 

the caudate nucleus, putamen, and 

insula; the anterior cingulate and 

cerebellum; and the hippocampus 

in both hemispheres. 

Meanwhile, other regIOns get 

deactivated by the emotion of 

love. These regions, located pri­

marily in the right hemisphere, lie 

on the surface of the brain, except 

for the deep-seated amygdala. 

The amygdala plays a crucial role 

in response to fear and terror 

and is increasingly active among 

unhappy people; other regions 

suppressed during the emotional 

ecstasy of love include those linked 

to depression, anxiety, and sadness. 

Love makes life's highs higher while 

tamping down the lows. No won­

der it delivers such a heady cocktail 

of sweetness. 

EMOTIONAL APPRAISALS 

The mature brain has the ability 

not only to register emotions but 

also to reappraise them before tak­

ing action. Adults, unlike children 

and adolescents, can mentally 

detach themselves from the emo­

tions they experience, label them, 

and place them in context-in 

short, realize what they feel, why 

they feel it, and how they choose 

to react to it. 

It's a useful skill in many situ­

ations, particularly when faced 

with stress or a profound emo­

tional disturbance. Reappraising 

a situation can make you feel bet­

ter or worse about it. Adults who 

crash the car on an ice-covered 

road initially may feel anger or 

embarrassment. However, after a 

few moments' reflection, they can 

choose to think about how much 

worse the accident could have 

been. Nobody was injured, the car 

was insured, and as soon as the tow 

truck arrives, they can get on with 

the day. An adolescent brain, with 

a less developed prefrontal cortex, 

may dwell on the negatives and 

not see the other sides of the issue. 

That's why, to a teenager, a roman­

tic breakup may indeed seem to be 

the end of the world. 

Researchers at the University of 

California at Los Angeles reported 

in 2005 that adults can decrease 

their emotional responses if they 

examine them with an outside 

observer's detachment. Neuro­

scientist Golnaz Tabibnia found 

activity in the amygdala signify­

ing an emotional response when 

test subjects looked at pictures of 

angry faces. As soon as the sub­

jects thought to themselves, That's 

anger, they activated the linguistic 

regions of their prefrontal cortices, 

and the emotional activity in their 

amygdala decreased. Labeling the 

emotion reduces its impact, Tabib­

nia said. 

EMOTIONAL CONTROL 

Further research indicated a differ­

ence between adults and children 

STAYING SHARP 

CHILDREN RAISED in a home where 

two languages are spoken grow up flu­

ent 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 plastic­

ity of the child's brain. Young children rec­

ognize a greater range of language sounds 

than an adult. They pick up vocabulary and 

syntax more easily. And they process lan­

guages more efficiently, activating smaller 

regions of their brain than do adult learn­

ers, who draw on more widespread corti­

cal regions when communicating in their 

nonnative tongues. 

Although the brain is particularly sen­

sitive 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 cognitive skills and memory, as 

well as exposing the learner to new ideas. 

Studies in Britain in 2004 revealed that 

those who spoke a second language had 

denser gray matter in their left inferior 

parietal cortex. Age even offers certain 

advantages to learning a second language: 

The mature learner already knows some­

thing about grammar and has a wide set 

of skills for learning, including literacy 

skills and memory aids. 
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in their ability to lessen emotional 

responses. Mario Beauregard of 

the University of Montreal dem­

onstrated the importance of age in 

emotional control with a two-part 

experiment. In the first part, he per­

formed fMRIs on women between 

ages twenty and thirty, and on girls 

between ages eight and ten. While 

being brain scanned, both groups 

watched clips from motion pic­

tures designed to induce sadness. 

Both groups' brain activated the 

usual regions associated with sad­

ness, including the ventrolateral 

prefrontal cortex and the anterior 

temporal pole. 

In the follow-up test, Beaure­

gard continued the fMRIs and 

asked both groups to suppress 

their feelings of sadness. This time, 

the scans differed. Both groups' 

brain activated its prefrontal cor­

tex and anterior cingulate, but the 

girls also showed activity in their 

hypothalamus, a region associated 

with intense emotion. The women 

had no such reactions. Beaure­

gard's conclusion: The women had 

a fully developed prefrontal cortex, 

allowing them greater control over 

their emotions. The girls lacked 

such development and therefore 

the associated self-control. 

Like a brakeman on a train, 

a mature prefrontal cortex in a 

healthy adult functions as an emo­

tional modulator. It can release to 

express emotions at appropriate 

times, such as joy at births and 

A MATURE VISION 

Primitive-style artist Anna NGrandma N Moses took up painting in her late 70s. 

SHE WAS BORN on a New York 

farm before the Civil War, when 

high technology meant steam rail­

road engines and telegraph lines. By 

the time of her death, America had 

sent rockets into space. In between 

those events, Anna Mary Robertson 

"Grandma" Moses learned to adapt, 

not only with the changing times but 

also with her own talents. She took 

advantage of her mature brain's plas­

ticity and focus, becoming an artist 

whose skills flowered at an age when 

many are happy simply to retire and 

take it easy. 

Grandma Moses (1860-1961) 

spent much of the first seven decades 

of her 101 years doing farmwork 

and creating embroidery. When she 

passed age 76 and arthritis made 

holding a needle too painful for 

delicate work, Grandma Moses took 

up painting. She had her first one­

woman show in 1940 and attracted 

a broad audience with her delightful, 

primitive country scenes. Even more 

impressive, she painted many of 

her historical images from memory. 

Among her more than 3,600 paint­

ings are ones that hang in the White 

House and Smithsonian Institution. 

Typical scenes depict happy children 

and farmworkers, rural vistas, and the 

charm of the changing seasons-in 

short, works that, like Grandma 

Moses, defy the passage of time. 



weddings, and conversely it can 

dampen emotions at inappropri­

ate times, such as sexual arousal or 

rage at an office party. 

"The ability to modulate emo­

tions is at the heart of the human 

experience; a defect in this abil­

ity may have disastrous social and 

emotional consequences," Beaure­

gard said. 

THE AGING BRAIN 

As the adult brain ages, it contin­

ues to experience pruning while 

still being open to new opportuni­

ties for making new connections 

among neurons. Unless compro­

mised by disease, the adult brain 

remains plastic and grows more 

efficient. Adults remain capable of 

learning new tasks-grandmothers 

replacing their handwritten let­

ters with email, for example-and 

finding fulfillment through cre­

ative and intellectual pursuits. 

The aging of the brain begins 

in the early 20s and continues 

steadily onward. Variations in 

human brains lead some people 

to a healthy intellectual life into 

their ninth and tenth decades, 

while others suffer from degenera­

tive disorders such as Alzheimer's 

disease at a much earlier age. No 

doubt the individual's biologi­

cal predisposition toward healthy 

or unhealthy aging plays a role, 

but the brain's lingering plasticity 

affords the opportunity to make 

the most of one's gray matter no 

matter how old or young. Keeping 

the brain active and challenged is 

the single most important factor 

in maintaining a brain at its peak 

possible performance level. 

CHANGES IN PERFORMANCE 

Nevertheless, some decline m 

brain function is inevitable as we 

age. The first system to show its age 

is memory. Brains begin requiring 

more time to learn and store infor­

mation in late middle age. 

At the same time, the prefron­

tal cortex experiences a drop in 

its ability to hold information in 

so-called working memory. Dr. 

Restak likens working memory 

to the desktop of a computer. It's 

where information is kept ready 

at hand for immediate use, such 

as when each new sentence you 

read in a romance novel builds 

on what you've read immediately 

before. Or, it's what you use when 

you enter a grocery store and check 

off items from your mental list of 

things to buy. 

As both long-term and working 

memory decline, the brain takes 

longer to file information for later 

use, longer to retrieve it when it's 

needed, and longer to make deci­

sions. People in their late 60s or 

older typically find it harder to fil­

ter out the "noise" of distractions 

and concentrate on tasks at hand. 

An overabundance of information, 

all too common in a heavily wired 

world of instant communication, 

may overload the elderly person's 

mental desktop in ways that a 

younger mind could more easily 

handle. 

Deterioration of the frontal lobes' 

ability to maintain sufficient work­

ing memory explains why elderly 

drivers often struggle with traffic 

that they easily negotiated in their 

youth. As you drive, your prefron­

tal cortex constantly manipulates 

information arriving through the 

peripheral nervous system. Speed, 

direction, information on road­

side signs, weather conditions, and 

constant feedback on the position 

of vehicles and pedestrians must 

get processed simultaneously as 

you change lanes, keep an eye on 

the cars around you, and search 

for your exit. A young adult's brain 

handles such variables with little 

difficulty. An older driver's brain, 

however, may get overwhelmed. 

As a result, grandpa may prefer to 

drive the old highway rather than 

the eight-lane interstate. 

YOUNGerOLD 

Brain scans reveal the different 

ways young and old brains process 

information. When young and 

Certain brain activities need not decrease as we grow older. The frontal lobes of 

a young adult and a healthy 75-year-old glow with equal brightness in a PET scan 

when taking the same memory test in an experiment. 
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+ 10 PERCENT MYTH + 

ITS A MYTH that humans use only a 

tenth of their brain. Perhaps this error 

can be traced to author Norman Vin­

cent Peale, who wrote (without attribu­

tion) that people use 10 to 20 percent 

of their mental capacity. Or perhaps 

the source lies with the observation 

that humans sometimes recover from 

extreme brain damage. Mathematically, 

it's impossible to figure a percentage of 

active or inactive neurons in a human 

brain. Brain scans don't keep a tally of 

neurons as they fire, and nobody knows 

exactly how many nerve cel ls exist in a 

healthy adult brain. So the numerator 

and denominator of any fraction rep­

resenting the activity of neurons in the 

brain are mere guesses. 

old test subjects look at pictures, 

the young brains experience most 

activity in the right hemisphere, in 

a region known as the right visual 

cortex. Older brains activate the 

visual cortices of the right and left 

hemispheres about equally. When 

asked to observe a picture and hold 

the image in their mind, young 

people activate their frontal cor­

tex more than older adults, whose 

brain lights up more diffusely ill 

the temporal and parietal lobes. 

Failure to remember names IS 

an example of decreased memory 

performance of the aging brain. 

Although it's common for people 

of all ages to struggle with names 

from time to time, the problem 

becomes pronounced among 

the elderly. Theories about the 

increased difficulty of storing and 

retrieving names from long-term 

memory focus not only on the gen­

eral decline of such memory func­

tion of the aged, but also on the 

lack of context that would more 

easily call names forth. A person's 

name usually has no connection 

with how he or she looks, dresses, 

or talks. Thus, there's no associa­

tive link to aid memory retrieval, 

as there would be for, say, a 

woman named Rose who has pink 

hair. Without such a link, names 

have no ready place for storage 

in memory. Futhermore, elderly 

brains with their overtasked work­

ing memory may be more prone 

to distraction during introduc­

tions. If you hear someone's name 

for the first time while simultane­

ously thinking about other things, 

it's likely you'll have more trouble 

remembering it. 

MENTAL FITNESS 
There is good news, however. 

When an elderly brain gets regular 

mental exercise and remains free 

of disorders such as dementia, it 

maintains capacities for abstract 

and analytical thinking, expres­

sion, and other higher functions. 

If memory remains intact, vocabu­

lary and knowledge of the world 

expand with time, and communi­

cation can become more sophisti­

cated. The storehouse of wisdom 

accumulated in a well-aged brain 

becomes a treasure of experience 

built up over a lifetime. An elderly 

brain may not react as quickly as a 

youthful one, but it can be just as 

complex, or even more so. 

Frontal lobe deterioration, affecting working memory; impairs the driving ability of the elderly. 



ADRENAL GLANDS. Produce hormone 

and regulate metabolism and blood flow 

and vo lume. Play an active ro le in the fight 

or flight response. 

ATTENTION DEFICIT HYPERACTIVITY 

DISORDER (ADHD). A common disor­

der in wh ich individua ls have d ifficu lty 

concentrating and mult itasking and are 

eas ily distracted. Affects 4 to 5 percent of 

chi ldren and may continue into ado les­

cence and adulthood. 

BEHAVIORAL INHIBITION. A group of 

responses that develop in some chi ldren 

faced with new people or situat ions, who 

may express fear or shyness, and may cry 

or seek comfort in a familiar person. 

BEHAVIORISM. The science of predict­

ing and contro ll ing behavior through use 

of st imuli and conditioned responses. 

ECTODERM. Outermost layer of cells of 

a develop ing embryo that becomes the 

skin and nervous system. 

ENDODERM. Innermost layer of cel ls of 

a develop ing embryo that becomes the 

d igest ive tract. 

EPINEPHRINE. Also called adrenal ine. 

Primary hormone produced by the adre­

na l medulla. This works with norepineph­

rine to put body systems on alert. 

FETAL ALCOHOL SYNDROME. A range 

of deve lopmental disorders and birth 

defects caused by excessive drink ing during 

pregnancy. Ch ildren may be born with 

abnormal features and malformed organs 

and are at risk of mental retardation. 

GLUTAMATE. Excitatory neurotransm itter 

prevalent in the central nervo us system. 

GLOSSARY 

HEMISPHERECTOMY. The surgical 

removal of one of the hemispheres of the 

brain. 

MESODERM. The middle layer of cel ls 

in a develop ing embryo. This forms the 

muscles, skeleton, heart, and gen ital ia. 

NEURAL DARWINISM. A term coined 

by Nobe l laureate Gerald Edelman, this 

descr ibes t he process in which neurons 

that receive constant simulation grow, and 

those that do not atrophy. 

NEURAL GROOVE. In a deve loping 

embryo, the second stage of brain and 

spinal cord development, th is occurs as 

the neural plate begins to fold inward. 

NEURAL PLATE. Fo rmed during the third 

week of embryon ic development as the 

ectoderm th ickens. The fi rst stage of brain 

and spinal cord format ion. 

NEURAL TUBE. Formed as the neural 

groove fuses together. Occurs by day 22 

in embryonic development. 

NEUROBLASTS. Prim itive nerve cel ls. 

NEUROLEPTICS. Antipsychotics, a class 

of d rugs generally used to t reat sch izo­

phrenia and other psychotic d isorders. 

NEURONAL MIGRATION. Process 

where new neurons created in the 

prefrontal cortex re locate to other parts 

of the brain and assume new tasks. This 

occurs during the fina l months of fetal 

development . 

NOREPINEPHRINE. A ne urotransm it ­

ter and adrena l medullary ho rmone, this 

works with epinephrine to activate the 

sympathetic branch of t he autonom ic 

nervous system. Also involved in arousal 

and the regulation of sleep and mood. 

PHONEME. The smallest sound e le­

ment in a language that can be altered 

to change the mean ing of a word. These 

have no meaning on the ir own. 

PHONEME CONTRACTION. The loss 

of the abil ity to hear and d ifferentiate all 

language sounds. Occurs between the age 

of six months and one year. 

PLANUM TEMPORALE. Region of the 

brain associated with speech and sign 

language comprehension. l arger in the 

left hemisphere in two-th irds of the 

population. 

PRUNING. A natural process of the brain 

where weak neural connections d ie off. 

Occurs on a large scale during fetal deve l­

opment and during teenage years, and on 

a lesser scale through adulthood. 

SCHIZOPHRENIA. A chronic ne uro­

logical disease of distorted tho ughts and 

perceptions. Th is affects both men and 

women and usually surfaces during ado­

lescence or young adulthood. Symptoms 

incl ude de lusions and hal lucinations. 

TRIUNE BRAIN. A 1967 theory on the 

evolution of the brain suggested by 

Paul Maclean in wh ich there are three 

separate areas of the brain representing 

evolutionary development. 

TROPHIC FACTORS. Proteins that pro­

mote the surv ival, function, and growth 

of neurons, and that are respons ible for 

t he correct wiring of neurons during brain 

development. 

ZYGOTE. A fert il ized egg. 
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WE EXPERIENCE the world 

through sensations. Pictures in 

our head, complete with sounds, 

smells, and other data gathered 

through the senses and supple­

mented by uniquely human cogni­

tion, create an internal universe to 

match the external one. The brain's 

ability to gather and decode infor­

mation beyond the body is crucial 

not only to survival but also to the 

emotions, feelings, and complex 

social behavior that can give life 

richness and meaning. 

Travelers in a Spanish train station 

gawk at the illusion of a performer 

who appears attached to a wall. 
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L
OCKED UP safely within 

the skull, the brain expe­

riences the outside world 

through the senses, five major ways 

we gather information about our 

environment. Seeing, hearing, tast­

ing, 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 opin­

ions, assess situations, generate 

reactions, and then store what it 

HOW THE BRAIN EXPERIENCES 
THE OUTSIDE WORLD 

has learned as memories. Informa­

tion that enters the brain through 

the senses powerfully influences 

thoughts, emotions, and personal­

ity. Put another way, what you see 

and hear-and taste, smell, and 

touch, for that matter-has much 

to do with who you are and what 

you think about the world. 

THE SENSING PROCESS 

Sensory receptors are specialized 

neurons that react to environmental 

changes, known as stimuli when 

they register on the nervous sys­

tem. Sensation is the awareness of 

the stimulus, such as the knowl­

edge of music coming from your 

stereo. Perception is an interpreta­

tion of what the stimulus means, 

such as that the music is a little 

bit too loud or that the song is a 

favorite. Both occur in the brain, 

after information is carried there 

by both the peripheral and central 

nervous system. 

Alice's Parlo~ an optical illusion room at the Virginia Science Museum, makes visitors question what they see. 



Science once perceived sensation 

much like philosopher and math­

ematician Rene Descartes's mecha­

nistic view of the brain, based on 

the observation that stepping on 

stones in Paris's Royal Gardens 

triggered the rush of water through 

pipes and caused statues to move. 

In this view, sights and sounds and 

other stimuli hit the brain and, by 

some invisible process like water 

passing through unseen channels, 

automatically led to perception 

and action. 

RICKIE'S BRAIN 

It's much more complicated than 

that, as the experience of a girl 

named Rickie demonstrated. Cor­

nell University researcher Fred­

eric Flach in his 1990 book Rickie 

related the case of a girl who began 

perceiving the world in an unusual 

way when she was three years old. 

As she stood with her father and 

looked through a picture window 

at a stand of trees, she began trem­

bling and yelling, "The trees are 

coming into the house! They're all 

coming in here!" Her father dis­

missed the incident as merely part 

of a child's vivid imagination. He 

was wrong. 

Architect Buckminster Fuller 
wore earplugs and special 
glasses to block out sensory 
stimuli and free his mind. 

As she grew, Rickie had trouble 

learning in school and particularly 

SEEING THINGS 

A 'face" on Mars, caused by shadows, in a 1976 image from NASA's Viking 1 orbiter. 

IT WAS AS IF THE longtime mayor 

of Rosemont, Illinois, didn't want to 

say goodbye. Two months after Don­

ald E. Stephens died in 2007, residents 

spied his face amid the peeling bark of 

a 50-foot sycamore tree near a health 

club-a tree that Stephens twice had 

saved from being cut down . So many 

people jammed around the sycamore 

that police erected a crowd-control 

barricade. It's highly unlikely-and 

impossible to prove-that Stephens's 

ghost created his image in the bark. 

A more rational explanation is called 

pareidolia, the human capacity to see 

significance in random patterns. It 

provides a scientific reason for such 

visions as a giant human face spotted 

in 1976 on the surface of Mars, as well 

as an image of the Virgin Mary in the 

blackened bread of a grilled cheese 

sandwich that sold for $28,000 dur­

ing an online auction in 2004. 

"We're hardwired to pay attention 

to faces," said Stewart Elliott Guth­

rie, a cultural anthropologist who 

wrote the book Faces in the Clouds: 

A New Theory of Religion. The brain's 

predilection to sift sensory stimuli 

for meaning underlies the interpre­

tation of Rorschach tests. Swiss psy­

chiatrist Hermann Rorschach created 

the set of ten inkblots in 1921 as a 

means to examine the mind. Patients 

interpret splotches of black on white 

cards; descriptions of what they see 

are assumed to arise from underly­

ing personality issues. While the cards 

are still used today to assess mental 

health, detractors say they yield no 

more than other tests, and that doc­

tors often read too much into them. 
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struggled with reading. Sometimes 

as she looked at things, the world 

disappeared except for the object 

on which she focused her atten­

tion. Even then, she had to con­

centrate to keep that object sharply 

within her field of vision. 

Tests revealed nothing physically 

wrong with Rickie's eyes. Doctors 

mistakenly diagnosed her with a 

variety of psychological disorders. 

Some even suggested a lobotomy 

to resolve Rickie's way of interpret­

ing the world. 

FINDING AN ANSWER 

Rickie's problem began to become 

clear when a doctor performed a 

series of vision tests on the girl. The 

WH EN ATTENTION is narrowly focused, 

people can miss some big changes in 

their surroundings. Psychologists call this 

change blindness. In a famous test, Har­

vard researchers showed a video clip of 

two teams, dressed in white and black, 

tossing and dribbling a basketball. View­

ers were told to count the white team's 

passes. Halfway through the clip, someone 

wearing a gorilla costume walked through. 

Most of the test subjects never even saw 

the gorilla. 

British arts professor Alexander Wallace Rimington applied for a patent in 1893 
for a "colour-organ," a device that matched colors to musical tones. He based his 
work on Sir Isaac Newton's idea that colors and sounds are both vibrations. 

doctor asked Rickie to focus her 

eyes on an object, then look away. 

"When you look at something, 

how long does the image stay," he 

asked Rickie. "Does it stay or does 

it disappear, vanish?" 

"It stays. I mean, I can make it 

stay," she answered. As the doc­

tor asked follow-up questions, it 

became apparent that when Rickie 

focused her vision on something, 

her brain soon began to shut out 

visual stimuli from surrounding 

objects. She had to work harder 

and harder to keep the object of 

her attention in sight as her vision 

narrowed into a tunnel, and then 

the tunnel collapsed. 

It's hard to describe what Rickie 

saw, but some likened it to look­

ing into a room through a door's 

keyhole. The anomaly of her visual 

processing erased depth percep­

tion and had led to her vision of 

the moving trees when she was a 

little girl. 

She had thought everyone expe­

rienced the world that way, and 

thus never considered telling oth­

ers about the "normal" way she 

saw things. It would have been like 

a fish remarking on the amazing 

qualities of water to other fish. 

The doctor fitted her with a spe­

cial pair of glasses that allowed her 

to focus for longer periods of time 

without the images breaking apart. 

After months of wearing them and 

working through visual exercises to 

realign her perception of the visual 

world, the neural networks of her 

brain began to change. After six 

months, Rickie saw the world like 

most everyone else. 

SENSES SHAPE THE WORLD 

The lesson taught by Rickie's expe­

rience is the crucial role of sen­

sory perception in how the brain 

creates a simulacrum of the "real" 

world based on input from the 

five senses. Vision is nothing more 

than the creation of symbols in 

our head that represent what exists 

outside the body. Similarly, hear­

ing decodes auditory stimuli in 

ways that give them meaning, and 

we react to that meaning-when 

we hear a car backfire and we think 
" h "J: 1 guns ot, lOr examp e. 

Touch, smell, and taste interact 

with molecules outside the body 

to create their own sensations in 

the brain, leading to everything 

from pleasure to disgust. In each 

instance, we react to the symbols, 

not to the reality upon which they 

are based. 

Rickie's case underscores how 

distortions in perception create 

distortions in the complex webs 

of neural networks in the cerebral 



Moviegoers wearing 3-D glasses with special blue and red lenses react to the illusion of objects coming at them. 

cortex that synthesize informa­

tion. Eventually, they may affect 

the emotional centers in the limbic 

system and the decision-making 

functions of the prefrontal lobes. 

As a result, some problems diag­

nosed as psychological may be 

strictly perceptual. 

This is not to say that one set of 

perceptions is "right" and another 

" "l h wrong, on y t at some are more 

common than others. Since we 

react to the pictures in our head 

instead of to the world itself, who 

is to say that one set of images is 

the only correct one? The brain 

plays the crucial role in determin­

ing what it is reality. 

Poet and mystery writer Edgar 

Allan Poe could have been talk­

ing about the role of perception in 

defining the world when he wrote, 

''All that we see or seem is but a 

dream within a dream." 

PATTERNS er STEREOTYPES 

As the brain collects information 

from the outside world, it becomes 

accustomed to patterns of percep­

tion. For instance, when you see a 

cocker spaniel, your brain processes 

its shape, the length and quality of 

its hair, the yip of its bark, the smell 

of its fur, the colors and texture 

of its coat, its height and length, 

and other details. The brain then 

reaches the conclusion that you are 

seeing a dog of a particular breed. 

If you've seen enough cocker span­

iels, your brain makes this connec­

tion more quickly than if you were 

seeing the breed for the first time. 

Such rapid processing of sensory 

information has its uses. Walter 

Lippmann, a 20th-century journal­

ist, observed that political propa­

ganda works most effectively when 

it plays upon preexisting attitudes, 
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This person 's silhouette registers in the brain as a man because it fits a masculine stereotype. 

formed over time by the repetition 

of sensual experience. The brain 

categorizes new mental images 

according to what it has already 

experienced previously. Images of 

the world get filtered through a 

personal lens, making a crowded 

city street a symphony of light and 

sound for one viewer, and a dismal 

garbage dump for another. Both 

categorize the same observations 

by different experiences. Lipp­

mann called the process stereo­

typing, a reference to the process 

of producing printing plates from 

molds-the plate matches the pre­

existing form. 

SIMPLIFYING THE WORLD 

And it's not just propaganda that 

relies on the volume of preexist­

ing perceptions. Lippmann saw 

stereotyping as crucial to every­

day understanding of the world. 

If everyone saw every detail of life 

afresh at each moment, they would 

be overwhelmed by the constant 

mass of sensory information. 

Some autistic people process 

sensory input more slowly 

than others and can easily 

become overstimulated. 

The brain often simplifies per­

ceptions to get through the day; ste­

reotypes lead to expectations about 

the world. They allow humans to 

anticipate actions and reactions 

and to prepare for them in ways 

to minimize harm and maximize 



pleasure. It is the stereotype of 

a snarling, barking dog that the 

brain recognizes as a threat. "We 

do not first see, and then define," 

Lippmann wrote, "we define first, 

and then see." 

Potential danger arises when the 

pictures in our head don't match 

the world outside-when we jump 

to conclusions based on fitting a 

deficient amount of new percep­

tions to our stereotypes. Perhaps 

that dog is a wolf, and not a cocker 

spaniel. Perhaps that person roll­

ing on the ground is suffering a 

seizure, and not dancing. Perhaps 

that clear liquid in the glass is alco­

hol, and not water. 

EXPOSURE TO THE NEW 

When neurons are repeatedly 

exposed to a particular stimulus, 

they self-organize to recognize 

and then respond quickly. A dog 

can recognize a bell as a call to 

dinner or the stirring of 

its master's legs under 

the bedcovers as an 

indication that it's 

time to get up and 

go for a morning walk. 

An infant hears her mother's 

voice over and over and soon 1S 

able to pick it out from all others. 

A trombonist listens to a record­

ing of his favorite symphony 

and discern the trombone's 

notes from the rest of the brass 

section. The smell of percolat­

ing coffee practically galvanizes 

a slugabed before he even takes the 

first sip. The cerebral cortex learns 

these expenences, then pushes 

them into the lower regions of the 

brain so they can be automatically 

processed without senous COglll­

tive effort. 

New experiences add to the 

brain's neural connections, build 

up patterns, and refine how we see 

the world. Just as muscles expand 

and grow stronger with repeated 

exercise, neural networks become 

more efficient in their responses 

to external stimuli. Recording 

new information and new experi­

ences keeps the brain fit and sharp. 

The process of creating and react­

ing to forms of expectations, or 

Lippmann's stereotypes, can easily 

involve distortion. 

STAYING SHARP 

"SEEING IS ALREADY a creative opera­

tion, one that demands an effort," artist 

Henri Matisse wrote. Matisse's instruc­

tion anticipated modern neuroscience. 

While a century ago researchers con­

sidered the brain's processing of vision 

and other senses to be a somewhat pas­

sive synthesis of information, they now 

understand a subtle difference. Visual 

experience is a synthesis of separate 

streams of sensation. These include color, 

motion, the outlines of forms, and so on. 

Each aspect gets processed separately 

and simultaneously, then synthesized. 

Seeing art~really seeing art~chal­

lenges and expands not only the brain's 

sensory networks but also its creative 

powers and memory. 

Neurologist Richard Restak suggests 

the following ideas: 

./Buy a bonsai and get to know its 

every branch and leaf through mental 

exercise. 

./First, put the miniature tree on the 

floor and look closely at it from above. 

Memorize its shape and patterns of 

branches. Close your eyes and envision 

it with your memory. Then open your 

eyes and check for accuracy. Repeat, 

with the tree at eye level. 

./ Visually zoom in, like a camera lens, 

to see the exact number of branches. 

See the number of leaves on a single 

branch. Close your eyes and re-create 

the exact shape in your mind. Keep your 

thoughts focused on images, not words. 

./ As you improve your ability to "see" 

the bonsai's details, with eyes open or 

shut, you'll be developing your powers 

of perception and their associated neu­

ral networks. 
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SIGIII S eT SQlJNDS HOW VISION & 
HEARING WORK 

Visual Field 

Right visual field 

Left visual field 

Retina Optic chiasma 

Retina Optic nerves 

Optic tracks 

Primary 
visual areas 

Each eye takes in a slice of the visual world, which gets processed in the opposite hemisphere before integration into a coherent image. 

P
EOPLE ARE often asked 

the hypothetical question 

"Which sense would you 

rather lose: vision or hearing?" It's a 

tough choice as both senses are criti­

cal to how we perceive and interpret 

the world around us. The important 

roles they play in feeding informa­

tion to the brain cannot be overes­

timated. Both the eyes and ears are 

processing data constantly, from a 

near-infinite number of sources. 

COMPLEXITY OF VISION 

Consider your sense of sight. As 

you read this sentence, the visual 

networks of your brain are taking 

in more than 100 million bits of 

information. Your eyes constantly 

flit from place to place, usually 

never landing longer than a split 

second on anyone word. Periph­

eral vision outside the dimensions 

of this page is a blur of color and 

shape; only a tiny region in the 

center of the eye called the fovea 

contains enough photoreceptors to 

see with great sharpness. 

You may think you see the entire 

world as a sharp and seamless 

whole, but your retinas are segre­

gating information into various 

categories, such as color, shape, 

and line, and permit acuity only 

on a small spot in the center of 

your field of vision. This screen­

ing process keeps the brain from 

getting overwhelmed by too much 

visual stimulation. Instead, it col­

lects what the brain needs to create 

a useful image of the world as you 

shift the focus of your attention. 

A MILLION LITTLE PIECES 

As you perceive attributes of an 

object, whether it is a word on a 

page or a car going by on the street, 

your brain synthesizes the streams 

of information, matches them 

to images stored in memory, and 

makes the connection-and you 



recognize what you see. Because 

you reach these conclusions based 

on sketchy information, your brain 

fills in the blanks of perception. For 

example, each eye has a blind spot 

at its connection point with the 

optic nerve, a point where there 

are no photoreceptors. The overlap 

of binocular vision fills in that gap. 

You're probably not aware of the 

blind spot with either monocular 

or binocular vision until someone 

else tests for it by moving an object 

slowly across your field of vision. 

Such perceptive synthesis fills in 

the gaps, for example, when you 

spot a deer on the other side of a 

latticed fence. After you spot it nib­

bling in the garden, it startles and 

runs away: You are actually seeing 

a hundred bits of deer through 

the multiple gaps of the fence, but 

your brain integrates them into a 

whole animal. 

For most people, the brain relies 

on information from two eyes. 

As the brain develops in a young 

child, it learns to process infor­

mation from both eyes into one 

coherent image. The evolution­

ary benefit of this development is 

depth perception. If you close your 

left eye, then open it and close your 

right, you will note that the differ­

ence between the two images is far 

greater for objects close to your face 

than far away. Judging distances is 

useful in fine tactile work, such as 

threading a needle, and in avoid­

ing potential threats. 

CONES er RODS 

Vision begins with light of wave­

lengths between 400 and 700 

nanometers 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. Three of these 

neurons are varieties of cones, 

which react to wavelengths of 

bright light associated with green, 

red, and blue. As the intensity of 

the color grows stronger, these neu­

rons ratchet up the strength of the 

electrochemical signals that even­

tually wend their way to the visual 

OPTICAL ILLUSIONS occur because 

brains decode stimuli to create mean­

ings that don't match reality. When we 

recognize the illusion, our brain usually 

compensates to create new meaning. 

But it's not always so simple. In illusions 

such as the one shown above, the brain 

decodes the image as a young girl in a 

fur or an old woman. As the brain cannot 

construct contradictory meanings at the 

same time, perception switches between 

the two. 

center located in the occipital lobes 

at the back of the brain. 

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 

match the combination of colors of 

II 
The average human eye con­

•• tains 91 million rods but just 

4.5 million cones. 

paint. If you blend red and green 

paint, you get brown. However, 

mixing red and green wavelengths 

of light creates yellow, which you 

can demonstrate by affixing red 

and green filters to the front of two 

flashlights and then overlapping 

the beams. 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 oflight-sensitive 

neurons are 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. Rods rely on the 

extremely light-sensitive chemical 

rhodopsin, which contains vitamin 

A. It's concentrated in spinach, 

fruit, sweet potatoes, and carrots, 

which explains why eating carrots 

(just as your mother told you!) 

does indeed improve your vision. 

VISION MECHANICS 

Rods and cones work with other 

neurons. Some compare the relative 
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In the 1970s, Svyatoslav Fyodorov, a pioneering Russian eye surgeon, developed 
the first surgical procedure to correct eyesight. The surgery, called radial kera­
totomy, involved making small cuts in the cornea, the clear protective tissue over 
the eye. As the cuts healed, the cornea contracted, and vision improved. 

brightness of two points of vision 

that are next to each other, which 

helps define the edge of an object. 

Brightness varies by day and night, 

making objects look different in 

different light and sometimes 

tricking the brain into wrong pat­

terns of recognition. For example, 

a coat hanging on a rack in a dark­

ened room may be interpreted as a 

threatening human figure. 

Some neurons register the dis­

tance to an object based on visual 

cues, including stereoscopic vision. 

The bricks in a cobblestone street 

provide just such a cue; as you 

watch the street recede into the 

distance, bricks of uniform Size 

appear smaller. 

Other neurons register motion, 

an important artifact of evolu­

tion that allowed our ancestors to 

quickly recognize potential preda­

tors. Interestingly, various kinds of 

motion register in different neural 

networks. Straight-line motion, 

such as the fall of an apple from 

a tree on a windless day, activates 

one neural network. Spirals, such 

as debris in a tornado or the vortex 

of a whirlpool, register on another 

network. And expansion, such as 

the flyaway lines of stars when a 

starship jumps to light speed in 

the Star wars movies, registers on 

a third. 

SIGHT er THE BRAIN 

How does it work? Imagine stroll­

ing down a hallway in the Louvre 

and suddenly seeing Leonardo's 

painting of the "Mona Lisa." Light 

waves of sufficient intensity cause 

synapses III the visual neurons 

to fire. That sends electrochemi­

cal signals via the optic tract into 

the lateral geniculate body of the 

thalamus and the superior collicu­

Ius. The latter, among other things, 

adjusts the head and eyes to maxi­

mize visual input. The former acts 

as a way station for visual signals on 

M ACULAR degeneration, a dis­

order affecting the center of 

the retina, ranks as the leading cause 

of severe vision loss among Americans 

older than 55. It affects nearly two mil­

lion. The disease harms the macula, a 

thin film of tissue about a fifth of an inch 

in diameter; situated on the inside back 

their way to the visual cortex in the 

occipital lobes. In the visual cortex 

lies an area known as VI, which 

redistributes the electrochemical 

information to at least 30 neural 

networks for further processing of 

visual attributes including color, 

shape, and texture. 

Each lobe, in the right or left 

hemisphere, receives half the visual 

information. These regions inte­

grate the two images and finally 

forward a unified single image to 

the frontal cortex for analysis. It is 

there that awareness occurs: Only 

then does the brain realize it is 

looking at one of the world's most 

famous paintings. 

RECOGNITION 

The revelation that different neu­

rons respond selectively to different 

kinds of visual stimulation led to 

experiments in which single neu­

rons were wired with electrodes to 

record what made them fire. Scien­

tists once joked about finding the 

"grandmother" neuron that fired 

upon seeing and recognizing your 

lovable granny. 

wall of the eyeball. Normally, proteins in 

the macula's light-sensitive rod and cone 

cells slowly degrade as they react to light 

and get shed as waste. For unknown rea­

sons, macular degeneration interferes 

with the elimination of waste, causing a 

blurry buildup of yellow, fatlike depos­

its. As the neurons of the macula are 



Rods, rendered in green by a colorized scanning electron micrograph, and pink cones detect and pass light signals to the optic nerve. 

Recognizing your grandmother 

relies on more than one cell, how­

ever. The brain has learned to pay 

particular attention as it processes 

visual information about faces. Dif­

ferences in the width of someone's 

responsible for sharp detail in the center 

of the field of vision, their degradation 

interferes with reading, driving, recog­

nizing faces, and working with close eye­

hand coordination. The disease strikes 

more often among women, whites, the 

elderly, the overweight, and smokers. No 

treatment can reverse the disease, but 

eyes, tilt of a nose, or color of hair 

get synthesized into recognition 

of one person instead of another. 

Even tiny differences, as between 

twins, are noted and become the 

fundamental basis of identification. 

between 2005 and 2009, neuroscIen­

tists using MRls demonstrated that the 

visual cortices of macular degeneration 

patients remap themselves in response 

to it. Patients who lose sharp central 

vision begin to focus with other por­

tions of their visual field. Neurons in the 

cortex that lose signals from the retina's 

Flexible neural networks process 

varieties of information that may 

change. It is these networks that 

allow you to recognize your grand­

mother, even though since the last 

time you saw her, she lost some 

center begin to respond to stimuli 

from other parts of the retina, 

than ks to plasticity. If the neurons 

originally wired to receive informa­

tion from the center of the retina 

remain active, a hypothetical treat­

ment could one day reconnect the 

pathways for sharp central vision . 
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weight and is sporting a different 

hairdo and a new wardrobe. 

Recognition depends on decod­

ing information, and every object 

has its own characteristics. "It is no 

good painting a picture of a fork 

if it looks as if it is made of India 

rubber," said artist Anthony Green. 

"A fork is a hard thing, and it has 

a certain shine to it, which gives it 

its personality. It has got three or 

four prongs on it. It is forky. This 

applies to ears, noses, mouths, 

whiskers, whatever you want." 

Through experience, the brain 

comes to recognize the essence 

of objects, which even the most 

sophisticated machines still strug­

gle to do. The essence of objects 

allows their recognition even when 

important details are stripped 

away. That's why editorial cartoons 

of famous people-a handful of 

lines to represent an entire human 

face-remain recognizable. The 

artist has seized on the basic ele­

ments of the face and screened out 

the noise. 

HOW THE BLIND SEE 

Given the importance of vision, 

how do blind people "see" the 

world when their eyes are not col­

lecting data? They certainly rely 

more than sighted people on their 

German physiologist Adolf 
Fick developed the first wear­
able contact lens in 1887. It 
was made of blown glass. 

other senses. Hearing takes on 

greater importance as the detection 

and analysis of sounds help them to 

navigate through the world, such 

as listening for echoes from a tap­

ping cane to detect objects around 

them. They also tend to have 

excellent memories, especially for 

In a PET scan of a blind Braille reade0 tactile sensations light the parietal region; upper right. Cognition appears at lower right. 



language and spatial arrangements. 

Blind bards of pre-literate Europe 

memorized thousands of lines of 

stories and poems. Then, as now, 

blind people also call upon their 

spatial memories to map the ori­

entation of objects around them. 

Since they can't see the location of 

a desk or a coffee cup on top of it, 

they must remember those spatial 

facts or face bumps and burns. 

But the brain of the blind does 

adapt in response to the loss of 

sight. Blind people apparently 

make new use of neural networks 

that process visual information 

among the brain of people who 

can see. 

For example, when blind people 

remember verbal information, they 

typically call upon neural pathways 

in the primary visual cortex. When 

researchers generate a magnetic 

field near a blind person's visual 

cortex, its electrical disruptions 

interfere with the ability to choose 

verbs. The field interferes with a 

sighted person's vision but doesn't 

affect language. 

HEARING eT LISTENING 

Next to sight, hearing is one of the 

senses often ranked as most impor­

tant. The brain collects vital infor­

mation about the environment 

through the noises and sounds cre­

ated around it. A creaky floorboard 

lets you know someone is sneaking 

up on you, while a leaky faucet 

can tell you to call a plumber. A 

favorite song summons you to get 

up and dance. 

The main tools of sound col­

lection are our ears. Inside the ear 

lie groups of mechanoreceptors 

that perform different functions. 

The first registers the existence 

MAGICIANS DON'T NEED black arts. 

They need to understand the brain. It's 

crucial to many a stage act to misdirect 

attention. Sudden movements, sounds, 

introduction of new objects-anything 

can divert sensory focus from the nitty­

gritty of the trick. The viewer's brain, not 

registering the true cause and effect, fills 

in the blanks of perception, and-voila!­

"magic." "The principle of misdirection 

plays such an important role in magic that 

one might say that Magic is misdirection 

and misdirection is Magic," said magician/ 

journalist Jean Hugard. 

of sound, including its pitch and 

intensity. The second acts indepen­

dently to continually monitor and 

adjust movements of the head and 

the body in response to movement 

and orientation to gravity. 

SOUNDS IN THE BRAIN 

Sound is created by disturbances of 

pressure in a conducting medium, 

such as au. The brain registers 

sound when pressure stimulates 

the auditory region of the tempo­

ral lobe of the cerebral cortex. To 

get to that region, pressure waves 

must transfer their energy through 

the air to membranes, fluids, and 

bones in the ear, and on to receptor 

cells of the so-called spiral organ 

(organ of Corti) in the inner ear. 

It's a long and somewhat com­

plicated chain of vibrations. First, 

sounds strike the tympanic mem­

brane and make it vibrate at the 

same frequency as the incom­

ing sound waves. The louder the 

sound, the more the membrane 

moves back and forth. The tym­

palllC membrane transfers ItS 

energy to the middle ear, where it 

gets concentrated and magnified. 

The increased pressure sets 

waves in motion in the fluids of 

the cochlear canals of the inner ear. 

These waves move through other 

structures of the ear until they 

impact the fibers of the basilar 

membrane. Long fibers resonate 

in response to low-pitched sounds, 

while shorter fibers resonate to 

sounds of higher pitch. 

All of this processing of variet­

ies of sound occurs before they 

reach the organ of Corti, which 

rests atop the basilar membrane. 

This special organ consists of sup­

porting cells and hearing receptors 

called cochlear hair cells. The hair 

cells and associated sensory neu­

rons bend in response to particular 
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RAVEL & APHASIA 

In a cruel twist, composer Maurice Ravel's brain lost its ability to appreciate music. 

AFTER 14 MINUTES of invariant 

repetition, composer Maurice 

Ravel's Bolero stridently shifts from 

C to E major; then back again, as the 

delicately forged framework of rhyth­

mic ostinato and mounting melody at 

last falls apart. In 1928, the year of the 

piece's composition, the mental equi­

librium of its 53-year-old composer 

had started its own march toward col­

lapse. Toward the end of his life, Ravel 

suffered from a debilitating combina­

tion of apraxia-the inability to per­

form coordinated movements-and 

aphasia combined with amusia, neu­

rodegenerative conditions that affect 

the ability to express and understand 

language or mUSIC, respectively. 

Aphasia sets in after stroke, disease, 

or head injury-anything that results 

in damage to the brain's dominant (in 

most cases, left) lobe, where speech is 

formed and processed. Since the abil­

ity to comprehend music is housed in 

both hemispheres, including Broca's 

area on the left side and regions of 

the right hemisphere devoted to 

sound quality, some patients under­

stand neither speech nor song, while 

others suffer only from aphasia. Ravel 

suffered from aphasia and amusia. 

Had modern music-speech thera­

pists been available, they couldn't 

have helped him. As the diseases pro­

gressed, Ravel could hardly differen­

tiate notes on a keyboard. Attempts 

to relearn the alphabet failed. By 

December 1937, his left lobe had 

atrophied to the point of collapse, 

and he died. "I haven't said anything 

yet, and I have still so much to say," he 

once lamented. 

vibrations of the basilar membrane. 

As the cochlear hair cells react, 

they initiate electrochemical sig­

nals that get sent to the brain­

stem via the auditory nerve. This 

nerve contains only about 25,000 

fibers, far fewer than the number 

of nerve bundles associated with 

vision. Therefore, the fibers must 

act efficiently. Even in the absence 

of sound, they remain primed to 

carry information. 

PROCESSING SOUNDS 
When the auditory stimuli reach 

the brain stem, neural networks 

sort them by tone and by quality. 

The brain stem simplifies com­

prehension by eliminating those 

echoes that are commonly created 

by vibrations bouncing off walls, 

ceilings, and floors. If a sound is 

new or strange, though-a poten­

tial threat, for example-the brain 

stem lets it through. The brain 

stem also begins the processing of 

phonemes to initiate the compre­

hension of speech. 

Auditory impulses then are 

routed to the midbrain's superior 

colliculus. Once there the sensa­

tions of sound get synthesized 

with those of other senses to begin 

creating 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 



Sometimes the ears hear sound when there is none. Chronic ringing or clicking 

amid silence is called tinnitus. The loss of neurons in the auditory system creates a 

sensory void that nearby neurons fill, creating signals interpreted as noise. 

such as specific consonant combi­

nations of spoken language, better 

than the right. 
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Evolution of the brain has left the Z 

primary auditory complex, where 

they interact other neural networks 

that link sound to memory, other 

senses, and awareness. The audi­

tory complex has vast numbers of 

neurons to process different sound 

frequencies. 

To appreciate the complexity of 

neural integration, consider that 

watching someone's lips move 

without speaking aloud activates 

networks in the auditory complex, 

while a facial movement unrelated 

to speech does not. At another 

level of integration, the brain's 

How We Hear 

1. Auditory 
canal amplifies 
sound waves. 

emotional centers can add mean­

ing to music, sparking a bright 

cheerfulness for orchestral works 

in a major chord or sadness for 

works in minor chords. 

REACTIONS 

Neural processmg of auditory 

information is not evenly divided 

between the brain's hemispheres. 

The left hemisphere decodes musi­

cal rhythms better than the right, 

while the right specializes in the 

quality, or timbre, of sound. The 

left side also processes fast sounds, 

fight or flight response to threaten­

ing sounds in the deep portions of 

the brain. When there's no time to 

think about whether a sound repre­

sents danger, the thalamus handles 

sounds quickly and efficiently. 

The upper portion of the brain, 

including the auditory complex 

in the temporal cortex, takes lon­

ger to process and react. Mixes of 

frequencies create patterns that the 

cortex compares with its library of 

experience and then acts upon. An 

incredible range of sounds, from 

a baby's cry to a whale's song, set 

High frequency 

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

5. Nerve carries 
impulses to brain. 

3. Bones in middle ear 
vibrate, intensifying sound. 

2. Eardrum vibrates. 

Sound waves are converted in the ear to nerve impulses that are carried to the brain's auditory center. 
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Appreciation of music often inspires creativity in other forms of expression. Dissident 
Russian writer Alexander Solzhenitsyn listened continually to Beethoven's Ninth Sym­
phony while writing a long treatise against the abuses of communist censorship in 1967. 

groups of neurons firing in the 

cortex. Blending the neural stimuli 

creates fine shades of difference, 

such as distinguishing the hard 

"th" of the word that, versus the 

soft "th" of thought. 

FINE-TUNING 

Most of the sensory neurons in the 

inner ear send information to the 

brain, but some cells in the outer 

ring of cochlear hairs receive infor­

mation from the brain. The brain 

uses this feedback circuit to protect 

the ears. When the brain detects 

incoming sounds as dangerously 

loud, it sends signals to the inner ear 

to dampen sensations by spreading 

their energy over a broader portion 

of the basilar membrane. Sounds 

that are too loud can cause the loss 

of cochlear hair cells, a permanent 

condition that ends with some 

measure of deafness. 

When the range of 

sounds includes more 

. . 
mcommg 

than one 

pitch or volume, more than one 

group of hair cells on the basilar 

membrane vibrates in resonance. 

Two or more sounds get processed 

by the cortex. As a result, a music 

lover listening to a symphony per­

forming Beethoven's Eroica Sym­

phony can pick out individual 

instruments or sections within the 

wall of music. 

Like the brain's system of visual 

processing, which separates and 

then synthesizes attributes of sight, 

the auditory region of the tempo­

ral cortex contains neurons that 

perform small, specific functions. 

Some neurons fire at the start of 

tone, and others fire at the end. 

Some fire quite easily, while others 

resist firing. 

In general, louder sounds and 

noises release more neurotrans­

mitters, more often, causing more 

neural networks to activate and the 

brain to interpret the heightened 

action as greater volume. Neurons 

in the brain stem interpret differ­

ences in the intensity and timing 

with which sound waves strike the 

+ TUNING IN 0' OUT + 

IT'S CALLED THE cocktail party problem: 

At a loud wingding, your friend says, "Hey, 

do (whomp! bang!) want (boom! bash!) or 

not?" Try as you might, you can't make 

out the words. You might have a prob­

lem resulting from high-frequency hear­

ing loss-or perhaps a brain that's trying 

to keep from getting swamped by sound. 

Brains overwhelmed by sound tell their 

auditory-processing neurons to reduce 

input, allowing greater understanding. 

Young brains have a pretty good "dim­

mer switch," but it grows weaker with age. 

Researchers are looking at degradation of 

cells in the dimmer switch circuitry and loss 

of vibration-sensitive hairs in the ear. 

two ears, which helps the brain 

locate the source of a sound. 

Hearing aids work on the prin­

ciple of amplifying sound waves 

that reach the ear. Early versions of 

these devices caused some confu­

sion because they amplified every­

thing without any discrimination. 

Modern refinements adjust the 

balance of sound to noise and help 

the impaired focus only on certain 

sounds, so they are able to block 

out background noise in favor of 

more important sounds. 

The same thing happens natu­

rally at a party. When you're 

attending a gathering at which lots 

of people are talking, your brain 

registers all of the sounds. You 

can follow your own conversation, 

however, because the brain classi­

fies some sounds as significant and 

others as noise. 

ON BALANCE 

In addition to the role that they 

play in hearing, the ears contain 

structures that are vital in keep­

ing the body upright and even, a 

property that is better known as 

balance. The lower brain stems 

of all vertebrates also function to 

maintain balance and an awareness 

of spatial orientation. 

The jellylike otolithic membrane, 

containing tiny calcium carbonate 

otoliths (Greek for "ear stones"), 

detects gravity. The membrane 

works with semicircular canals 

that detect rotation and forms the 



Wh en sound volume increases, more neural networks become active, prompting sensations of greater intensity. 

brain's vestibular organ. It registers 

changes in the body's spatial orien­

tation, such as when the body tilts 

one way or another, during such 

activities as swinging a golf club or 

a tennis racket. This organ works 

with vision and the motor complex 

to maintain balance. 

The vestibular organ's perfor­

mance in the presence of gravity 

worried space scientists as they 

considered the potential impact 

of long periods of weightlessness 

in space. Their fears were over­

blown. Astronauts got used to not 

knowing which way was "up." It 

even became fun to spin and turn 

without restraint. However, when 

astronauts returned to Earth they 

required a period of adjustment 

to regain their ability to balance 

under normal gravity. 

Balance is an amazing state of 

body equilibrium. It keeps printed 

type steady in your field of vision 

if you move your head from side 

to side. Unpleasant disorders result 

when balance breaks down. Motion 

sickness, common at sea, occurs 

when the brain receives conflicting 

sensory information from eyes and 

the vestibular system. Passengers in 

a ship's cabin see the room as stable, 

but their otoliths insist their center 

of gravity is shifting beneath them, 

suggesting movement. Standing 

on the deck, so the motion of the 

sea registers on both eyes and ears, 

lessens the effect. 

About two million Americans 

seek medical treatment per year for 

vestibular balance disorders. Treat­

ments vary with the causes. Often, 

doctors will treat symptoms with 

medication, such as drugs to alle­

viate vertigo. Physical therapy may 

also be added to target the root of 

the problem. 
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MELL AND TASTE are 

usually thought of as sepa­

rate senses, but they have 

much in common with each other. 

They analyze molecules entering 

the body from the outside world. 

They screen out harmful threats . 

And they work together to maxi­

mize appreciation of food and 

drink, two of life's great pleasures. 

A DIRECT SENSE 

Compared with the sense of smell, 

the other senses take a long, some­

what roundabout road to the brain. 

Smell, the most ancient of senses, 

takes a more direct path. Taste, 

touch, hearing, and a portion of 

vision send their electrochemical 

signals to the brain via the brain 

stem, which then relays them to 

the thalamus and on up to the 

cerebral cortex. Sensation of smell 

goes straight into amydgala and 

olfactory cortex, both parts of the 

limbic system, without stopping at 

the thalamus along the way. 

IASIF 
Smell also is hardwired to the 

brain's emotional centers. When 

you smell something, the sensation 

rushes, practically unfiltered, into 

the frontal lobes. There's an evo­

lutionary reason for the hotline. 

If you prepare to eat food that's 

spoiled, or ingest a noxious chemi­

cal, the nose acts as a screening 

system. Animals without a strong 

sense of smell faced a greater likeli­

hood of dying before reproducing 

than those that had a keen nose. 

As the amygdala directly influ­

ences the sympathetic branch of 

the nervous system as well as the 

nurturing bonds of family, smells 

can trigger a rise in heartbeat and 

blood pressure or bring on a feeling 

of calm and well-being. The latter 

forms the basis of aromatherapy. 

The direct wiring into the emo­

tional and memory centers of the 

brain also empowers odors to trig­

ger powerful recall of events from 

the distant past. The limbic system, 

which processes smells, contains 

THE HUMAN NOSE can distinguish 

among thousands of scents, but 

how can subtle differences be expressed 

in words? German psychologist Hans 

Henning (1885-1946) developed an 

"odor prism" in 1916 in an attempt to 

chart the differences among smells. 

He recruited several volunteers to sniff 

COOPERATIVE SENSES 

pleasure centers, and plays a crucial 

role in emotional response. How a 

smell is interpreted can be highly 

individual. The mixture of gaso­

line and cow manure, two odors 

generally considered unpleasant, 

may dredge up memories of happy 

summers spent with cousins on a 

Kansas farm. 

Nasal cavities contain pain 
receptors, so some smells, like 
hot chilies or ammonia, actu­
ally trigger pain. 

RELATIONSHIP TO TASTE 

Smell also plays a crucial role 10 

taste, which is why these two senses 

frequently are studied in tandem. 

Much of the enjoyment of the 

flavor of a meal is actually chemi­

cal information that is released as 

odor from plate or bowl or wafting 

upward as food is crushed by being 

chewed. Without the sense of 

smell, the world seems like a silent 

black-and-white movie compared 

with a noisy color cartoon. 

more than 400 odorants and, after strip­

ping each to its "bare sensory quality," 

classify them. Henning took the par­

ticipants' responses and tried to chart 

them, without success, until he hit upon 

the form of a prism. He claimed that all 

odors could be located on the surface of 

a prism whose four-sided base consisted 



Smell circuitry includes receptor cells in the nose; olfactory bulb; cerebrum; and limbic system. 

THE OLDEST SENSE 
Smell is believed to be the oldest of 

the senses because layers of olfac­

tory neural networks were the first 

to emerge atop ancient animals' 

of fragrant; ethereal, spicy, and resinous 

odors, and whose peak ranged from 

putrid to burned smells. Henning tried 

to apply chemistry to the system, claim­

ing, for example; that fragrant smells 

originated from adjacent corners of the 

ring ofthe benzene molecule. H is system 

has been challenged on several grounds, 

primitive nerve cords. As a mat­

ter of fact, the limbic system is 

believed to have grown out of the 

primitive brain's need to interpret 

smells as possible sources of food 

including its simplicity. Some smells seem 

to be charted inside the prism instead of 

on its surface, and problems with what 

researchers call inter-coder reliability­

in this case, the degree to which two or 

more people agree on how to catego­

rize a smell-have undermined attempts 

at objective measurement. Furthermore, 

and to emit chemical messengers 

called pheromones, which send 

sexual and social information to 

other animals. 

Some pheromones act like magic 

bullets on insects and fish, initiat­

ing everything from sex to com­

bat. Humans, though more highly 

evolved, are not immune. They 

release pheromones in all body flu­

ids. Women who share living space 

tend to have their menstrual cycle 

begin within a day of each other, 

thanks to the presence of phero­

mones. Research even showed they 

didn't need shared living quarters­

merely to have one woman's sweat 

rubbed on the upper lip of another 

woman sometimes triggered men­

strual synchronicity. 

As the brain evolved, visual, audi­

tory, and other sensory networks 

became more important, and their 

portion of the brain expanded. 

Meanwhile, the day-to-day impor­

tance of smell has remained impor­

tant but has not grown to keep 

pace with the neural networks of 

the other senses. The cerebral cor­

tex contains relatively few neurons 

many biological smells are not by 

any means "pure." They may incor­

porate snippets of tens or hun­

dreds of different odors in varying 

ratios, defying simple classification. 

Still, Henning prepared the way for 

scientific classification of smell that 

continues to undergo refinement. 
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Madeleine cakes sparked concrete memories of childhood for author Marcel Proust. 

NOTHING BRINGS memories 

alive like a familiar odor. Mar­

cel Proust, author of Remembrance of 

Things Past, found as an adult that the 

aromas of a cup of tea and a made­

leine transported him to his childhood 

home, where his aunt gave him the 

same treat on Sundays. "The entire 

town, with its people, and houses, 

gardens, church, and surroundings 

taking shape and solidity, sprang into 

being from my cup of tea," he wrote. 

Smell powerfully evokes memo­

ries because it is the only sense hard­

wired into the brain's limbic center. 

Other senses pass through intermedi­

ary circuitry. The scent of a perfume 

worn by a speCial person many years 

ago may evoke powerful emotional 

memories. For this reason, some real 

estate agents suggest that would-be 

sellers fill their home with the scent 

of flowers or freshly baked bread or 

cookies to promote warm emotional 

responses among potential buyers. 

Neurologist Richard Restak recom­

mends exploring pleasant scents with 

friends or family members as a means 

of enhancing emotional memory. His 

daughter Jennifer suggested an aro­

matic exercise in which three or four 

friends gather around a table where 

they have brought their favorite 

scents, such as sandalwood, leather; 

and fresh cookies. Each person sam­

ples the scents, describes which had 

the most pleasant effect and why, and 

shares memories associated with the 

smell by talking or writing about feel­

ings the smells evoked. 

associated with smell. Thus, It IS 

difficult to imagine a smell. 

The brain recognizes some smells, 

such as rotting food, at birth. Oth­

ers must be cultivated, such as the 

delicate odors of some perfumes. 

In all, the olfactory network can 

recognize about 10,000 smells . 

DETECTION OF SMELLS 

The detection of smell begins when 

molecules from the surface of an 

object are released into the air and 

reach the nose. When air enters 

the nose, it carries molecules across 

the olfactory epithelium, a yellow 

blanket of sensory cells on the roof 

of the nasal cavity. The epithelium 

contains millions of sensory cells 

shaped like little bowling pins. 

Chemicals that reach the olfactory 

epithelium must dissolve in its 

mucous sheath and then bind with 

protein receptors if they are to be 

detected. When the neurons' action 

potential is reached by a minimum 

concentration of molecules, they 

fire to signal the presence of odor 

to the olfactory bulbs at the far end 

of the olfactory tract. 

Complex neural structures called 

glomeruli activate for specific 

odors. Just as neurons in the visual 

and auditory systems identify indi­

vidual characteristics of sight and 

sound, glomeruli have specialized 

functions. They're not as simple as 

taste, which recognizes five basic 

flavors, but they're not so com­

plex that each odor has its unique 



In 1908 Tokyo researcher Kikunae Ikeda discovered the fifth flavor while studying 

the taste of stock made from kelp. He isolated glutamate, or glutamic acid, as the 

source and christened its complex, savory flavor umami. 

receptor. Perhaps one thousand or 

so "smell genes" encode receptor 

proteins, each of which responds 

to a variety of odors. 

Meanwhile, each odor binds to 

a variety of receptor genes. Some 

receptors are so sensitive that they 

fire in the presence of only a few 

molecules-an infinitesimal frac­

tion of the ten billion billion mol­

ecules in a cubic centimeter of air. 

When the glomeruli activate, their 

signals get amplified and refined 

by neurons called mitral cells and 

then sent via the olfactory tract to 

the limbic system. 

The human nose isn't nearly as 

efficient as a dog's. Fido's olfactory 

receptors cover a much larger area 

inside the nose and process smells 

at least a thousand times better 

than a human olfactory system. 

The human nose is poorly designed, 

with a relatively small olfactory 

epithelium located beyond a sharp 

turn inside the nasal cavity. To 

get a good whiff of molecules sus­

pended in air often requires sniff­

ing or deeply breathing. 

Like Pavlov's dogs, humans 

respond to external stimuli, like 

appetizing smells-by salivating 

and stimulating the digestive tract. 

POWER OF TASTE 
Remember the last time you had a 

really nasty cold-itchy eyes, sneez­

ing, fever, and a nose clogged with 

mucus? Your dinner probably lost 

most of its flavor. The stuffiness in 

Papillae on the tongue} revealed by a colored scanning electron micrograph sense the touch and taste of food. 
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your nose probably prevented the 

aromas of your food from reaching 

the olfactory receptors inside your 

nasal passages. 

About three-quarters of what 

the brain perceives as taste actually 

enters our perception through the 

nose. So, during the time the nose 

is blocked, a fraction of a particu­

lar flavor enters through the taste 

buds of the tongue, along with the 

perception of the food's texture 

and temperature. 

The English word taste comes 

from the Latin taxare, meaning "to 

touch" or "to judge." Tasting has 

an ancient association with verifi­

cation. "0 taste and see the good­

ness of the Lord," says Psalm 34. 

Tasting, like smelling, allows close 

interaction with the environment. 

Chemicals that make up our sur­

roundings get closely analyzed as 

they touch the tongue before being 

taken inside the body. The body 

recognizes potential threats in food 

by their unpleasant taste and smell, 

causing protective reflexes such as 

choking and vomiting. 

TASTE BUDS 
Humans have about 10,000 taste 

buds, most of which cover the 

tongue in a blanket of peglike 

bumps. Others reside on the soft 

palate, the insides of the cheeks, 

pharynx, and epiglottis. Each bud 

contains 50 to 100 epithelial cells 

made up of gustatory and basal 

subgroups. The gustatory cells 

project hairs through a taste pore 

to the surface of the epithelium, 

where they are bathed in saliva and 

serve as the receptors for gustatory 

cells. Because cells in the taste buds 

constantly experience friction and 

heat from chewing food, they often 

suffer damage. Fortunately, the last 

time you burned your tongue on 

hot mozzarella didn't forever ruin 

your taste for Sicilian pizza. Basal 

cells in the taste buds constantly 

+ THE F I V E FLAVORS + 

TASTE REGION OF TONGUE FOODS 

Bitter Back of tongue 
Food with alkaloids: coffee, citrus 

peel, unsweetened chocolate 

Salt 
On the sides of the front Foods with sodium ions: anchovy, 

of the tongue salted popcorn 

Sour 
On the sides in the 

Foods with acids: lemon, grapefruit 
middle of the tongue 

Sweet The tip of the tongue Foods with sugars: candy, ripe fruit 

Umami 
Concentrated on the Beef, lamb, Parmesan cheese, soy 

pharynx sauce, fish sauce 

+ HOT PEPPERS + 

CAPSAICIN PUTS t he pep in peppers. 

This tasteless chemical irritates tongue 

receptors and registers as a spicy burn . 

Those same receptors register pure 

heat- in other words, they recognize two 

kinds of "hot." When receptors detect 

capsaicin, they relay both signals to neu­

ral processing. The brain, tricked into 

sensing body heat, lowers skin tempera­

ture through sweat. Capsaicin prompts 

the release of endorphins, which encour­

age good feelings. This helps explain the 

love of spicy food. 

divide and differentiate to create 

new gustatory cells, replacing the 

surface cells every week or so. 

FIVE FLAVORS 
Receptors on the tongue differenti­

ate among five basic tastes: sweet, 

sour, salty, bitter, and umami. 

Each taste can be mapped to a gen­

eral region on the tongue. Divi­

sions of taste receptors on a map 

of the tongue are only approxima­

tions. All tastes can be elicited to 

some degree from any surface that 

contains taste buds. Furthermore, 

most buds react to two or more 

tastes, accounting for the broad 

spectrum of distinct flavors. 

Taste buds at the front of the 

tongue react most strongly to 

sweet sensations, caused by expo­

sure to sugars, saccharine, alcohol, 

and some amino acids. That's why 

the most effective way to enjoy a 

high-sugar lollipop is to lick it with 

the tip of the tongue. 



Sour tastes, like lemon juice, 

arise from exposure to acids, which 

contain hydrogen ions. Like salty 

tastes, which come from metal 

ions, sour flavors are best experi­

enced on the sides of the tongue. 

Bitter tastes, perceived in alkaloids 

such as caffeine and nicotine, cre­

ate the strongest reaction on the 

back of the tongue. A fifth taste, 

unidentified until the 20th cen­

tury, is umami. It arises from the 

amino acids glutamate and aspar­

tate and is linked to the charac­

teristic tastes of beef and cheese. 

Umami receptors are concentrated 

on the pharynx. 

HOW TASTE WORKS 
When you take a sip of orange 

juice, the chemicals that give it 

its flavor mix with saliva, contact 

the taste pores of the taste buds, 

and touch the gustatory hairs. The 

chemicals of taste, called tastants, 

bind to receptors on the gusta­

tory cells. If the orange juice hasn't 

been watered down, the chemical 

flavors of the orange, including its 

acids and sugars, cause the recep­

tors to release neurotransmitters 

that bind to sensory dendrites and 

begin a reaction along three neural 

pathways to the brain-the facial 

nerve, glossopharyngeal nerve, 

and vagus nerve-to recognize the 

orange flavor. 

These nerve fibers forward taste 

sensations to the solitary nucleus 

of the medulla, and from there to 

Taste Regions 

Bitter 

Salty-~ ~-Salty 

Umami (not shown) 

Sweet 

While found allover the tongue, taste receptors are concentrated in different regions. 

the thalamus and gustatory cortex. 

Gustatory fibers also connect to 

the hypothalamus and limbic sys­

tem. There, in regions associated 

with emotions, the brain forms its 

appreciation of the flavor. Without 

the connections to the lower por­

tions of the brain, the orange juice 

would still have its flavor but it 

wouldn't elicit that mmm reaction. 

Sensitivity of the receptors varies 

with the flavor. Bitterness carries an 

extremely low threshold for recog­

nition, an evolutionary artifact in 

which quick recognition of spoiled 

food can prevent poisoning. 

A cold beer's low temperature dulls your taste buds, making it harder to taste. As the beer 
warms up, your gustatory receptors register its actual flavor. Really good beer tastes Just 
fine at or slightly below room temperature, when your taste buds function normally. 
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I REGISTERING A MULTITUDE OF SENSATIONS 

\.. ~ " 

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

T
HINK THE SENSE of 

touch isn't as important 

as, say, vision or hearing? 

Think again. Among newborns, it 

can mean the difference between 

life and death. 

Researchers believe human contact 

plays a crucial role in a child's devel­

opment. Its lack can have serious con­

sequences. "The easiest and quickest 

way to induce depression and alien­

ation in an infant or child is not to 

touch it, hold it, or carry it on your 

body," said developmental psycholo­

gist James W Prescott. He suggests 

that society's high levels of violence 

stem from insufficient mother-child 

bonding through touch. 

A SOFT TOUCH 
In a famous set of experiments 

in the 1960s, psychologist Harry 

Harlow tested infant rhesus mon­

keys. 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 bot­

tle filled with milk. The monkeys 

preferred to cling to the terry cloth 

mothers, which offered a reassur­

ing contact, something apparently 

more important than food. Affec­

tion and emotional connection, 

given in small measure by the soft 

touch of the terry cloth, is crucial 

to the mother-child relationship, 

Harlow said. 

He later went on to do studies 

that showed the complete psycho­

logical deterioration of monkeys 

that were kept in social isolation. 

IMPORTANCE OF TOUCH 
Unfortunately, similar experi­

ments, whether planned or spon­

taneous, suggests the same is true 

for humans. In the 13th century, 



Haptic touch refers to manipulation of objects to sense tactile qualities like tex­
ture and hardness. If you manipulate a penny and a dime in your pocket, you can 

tell them apart. But if the coins are on a tabletop and your eyes are closed, you 

won't learn enough to tell them apart. 

SENSATIONS 
Touch receptors feel a variety of 

sensations. Pressure, heat, vibra­

tion, pain, et cetera, register on 

specialized receptors in the skin 

and organs. Receptors are unevenly 

scattered all over the skin. One of 

the sparsest concentrations lies in 

the middle of the back, while the 

highest concentrations exist in the 

fingertips, followed by the face. 

That's why you gain the most tac­

tile information by running your 

fingertips over a surface, and why 

a kiss sets off a multitude of neural 

fireworks. The brain allocates space 

for tactile analysis based not on the 

size of a body part, but on how 

many receptors it contains. Thus, 

the number of neurons devoted 

to analyzing physical sensations 

against the skin of the face, a rela­

tively small area, is larger than the 

number allocated for several other 

body parts combined. 

Receptors in the skin send vol­

umes of information to the central 

nervous system, to the benefit of 

the brain and body. Imagine if it 

were not so. If you walked bare­

foot onto the broken glass of a pop 

bottle or across the fiery sands of 

the desert, you would have no sen­

sation of pain or burns. Your mind 

Frederick II of the Holy Roman 

Empire set out to find the original 

language of humanity. He ordered 

that a group of newborns be raised 

in the absence oflanguage. In addi­

tion, their nurses, who fed them, 

were forbidden to touch them. All 

of the babies died before they could 

talk. Similarly, children found in 

Romanian orphanages after the 

fall of communism there in 1989 

suffered from lack of touch. They 

were packed into cribs and fed 

from bottles propped over their 

cribs. They had high stress levels 

and low mental development, act­

ing only about half their age. In Harry Harlow's experiment, infant monkeys prefer a cloth mother to a wire one. 

THE FIRST SENSE 
Touch develops before all other 

senses. 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. Rooting, a reflex that causes a 

baby to turn its head when its face 

or cheek is touched, helps locate 

the mother's nipple when it's feed­

ing time. Infants also reflexively 

grip a finger that touches their 

hands. As a newborn reaches out 

to touch its environment, it devel­

ops its cerebral cortex. Touch liter­

ally relates to the initial stages of 

in telligence. 
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TRESS HURTS the body. 

Stress hurts the brain. Stress 

can even kill. If you think 

that's the bad news, wait for the 

kicker: Stress levels keep rising. 

The faster pace oflife in the 21 st 

century, the constant sound and 

fury of the information age, and 

the lack of slow, quiet time keep 

raising stress to new heights. 

About two-thirds of Ameri­

cans surveyed say their stress 

levels are too high, and fur­

ther report that they've got 

more stress than a few years 

ago. And it's not just adults. 

The suicide rate of U.S. ado­

lescents has increased four­

fold since 1950. 

STRESSFUL SYMPTOMS 
Symptoms of too much 

stress include a constant 

sense of being mentally tired, 

help mobilize the body for fight or 

Right in an emergency. Too much 

of them, however, destroys neurons 

by greatly reducing their ability to 

store energy. 

One specific site that is affected 

by the die-off is the hippocam­

pus, which initiates the encoding 

of memories. In addition, chronic 

child, on the list of top ten srres­

sors. Not surprisingly, the death 

of the people closest to us ranks as 

the most stressful event, followed 

by divorce and marital separation. 

Death of a wife or husband and the 

start of a serious bout of depression 

have been linked with higher rates 

of cancer. 

CONTROL ISSUES 

Spa treatments, such as massage or the application of hot a lack of focus, difficulty 

concentrating, and trouble 

making decisions. Stress 

increases the number of neurons 

Stress also relates to social 

status and control. Among 

societies of baboons on the 

Serengeti III East Africa, 

the animals with the high­

est social rank have the least 

stress and the lowest levels 

of glucocorticoids. The pri­

mates at the lowest levels of 

the social ladder suffer from 

chronic stress and its atten­

dant maladies: high blood 

pressure, increased cho­

lesterol levels, and weaker 

in the hypothalamus that produce 

a hormone known as corticotro­

pin releasing factor, or CRF. That 

hormone stimulates the release of 

another hormone, called ACTH, 

that releases a group of stress hor­

mones called glucocorticoids from 

the adrenal glands. Glucocorticoids 

perform an essential role when they 

stones to the back, can help relieve dangerous stress. 

stress can trigger a chain of bio­

chemical events that deposit fat in 

the coronary arteries. 

Stress is a part of the fabric of 

life. A scale of the most stressful 

events, developed by two doc­

tors, Thomas Holmes and Richard 

Rahe, includes joyful events like 

marriage and gaining a new fam­

ily member, such as the birth of a 

immune systems. Moving to 

the jungles of America's big­

gest corporations, a 1974 study 

of mortality rates by the Metro­

politan Life Insurance Company 

found that men in the top rung of 

executive positions in Fortune 500 

companies had substantially lower 

mortality rates than their peer 

group. One key reason for the dif­

ference appears to be the degree of 

control people exercise over their 



life. Both animals and humans are 

wired to prefer to choose when 

they experience stress and to have 

some meaningful response to it. 

Evidence comes from an experi­

ment at the University of Colorado. 

Two groups of rats received electric 

shocks. One group could avoid the 

shocks by rotating a wheel. The 

other group had no recourse but to 

suffer through them. Without even 

the slimmest sense of control over 

the shocks, the latter group 

entered a state of "learned 

helplessness," resulting in a 

noticeably weaker Immune 

system. Among humans, 

who have stresses the rats 

and baboons never dreamed 

of, the same holds true. No 

action creates more stress 

than facing a physically or 

emotionally painful experi­

ence without any measure of 

control over it. 

Witness the Zen practice of breath 

control as well as the 14th-century 

Christian practice of eliminating 

physical activity and blocking out 

distracting thoughts to approach a 

closer spiritual state. 

You don't have to be a religious 

mystic to practice relaxation. If you 

can change the stressful situation, 

do so. If you can't, then change 

your attitude, and do whatever you 

can to compensate. 

to make the book rise. Such deep 

breathing gets air into all parts of 

the lungs and maximizes the uptake 

of oxygen. Try inhaling slowly for 

five seconds and exhaling slowly 

for the next five seconds. 

Next, unclutter your mind. Then 

slow it down. Try reading a classic 

bit of literature while you simulta­

neously listen to a recorded version. 

You'll find it difficult to skip ahead. 

The slow pace of reading aloud will 

bring your mind in line with 

the storytelling cadences of a 

calmer century. 

A touching tactic: Get a 

massage from someone who 

knows how to give one. 

Massage has been shown to 

reduce stress and anxiety in 

depressed children, cancer 

victims, and people trying to 

quit smoking. Its manipula­

tion of muscles and soft tis­

sues, resulting in a relaxation 

response, even boosts the 

immune system. POWER OF RELAXATION 

Now the good news. Stress During meditation, the front part of the brain, which focuses And last, think positively 

before stressful situations. can be managed, within lim- attention, is more active (increased red activity). 

its. The body and brain can 

be induced to relax and lessen the STRESS FIGHTERS 

impact of stress by techniques that 

lower blood pressure and slow the 

heartbeat. Oxygen use declines, as 

does the expulsion of carbon diox­

ide. Muscles relax and the brain 

enters a calm state. Religious think­

ers and meditation practitioners 

have known about the benefits of 

relaxation techniques for centuries. 

To fight back when stress sets in, 

there a number of things to try. 

First, take control of your breath­

ing. Shift from being a "chest 

b h " " hb h" reat er to a stomac reat er, 

like a newborn baby. Try lying on 

your back and putting a book on 

your stomach. With your stom­

ach muscles relaxed, inhale deeply 

For instance, if you encoun­

ter stress from public perfor­

mances, such as speaking to a large 

group, avoid dwelling on potential 

negative consequences. They tend 

to become self-fulfilling prophe­

cies. If you can replace the nega­

tive images and your anxiety with 

a focus on positive outcomes, you 

will have prepared the brain for 

optimal performance. 

.' - ~ -

· 4 
• 

----I 
I 
m 

t/) 

m 
Z 
t/) 

m 
t/) 

:;;0 

t'T1 

o 
C 

n 
-z 
CJ 



Motor and Sensory Areas 

Primary ------j~ 
motor cortex 

Designated 
motor activity 

'------ Primary 
somatosensory 
cortex 

Designated 
sensory activity 

The primary motor cortex (blue) controls voluntary movement; the somatosensory 

cortex (purple) touch. The larger the representative body part on each, the more 

cortical tissue is involved in its control. 

would have no information about 

the potential danger to the body 

from blood loss or infection, and 

the need to seek first aid. Your body 

also would have no way to sense a 

dangerous rise or drop in environ­

mental temperature. When it gets 

cold, your blood loses heat. Recep­

tor cells detect the loss and signal 

the brain to constrict the body's 

blood vessels to conserve warmth. 

Tiny muscles, surrounding the base 

of each hair, pull the hairs upright 

to trap an insulating layer of air 

next to the skin. A rise in tempera­

ture causes receptors to register the 

heat and signal for blood vessels 

ill the skin to dilate in response. 

Either extreme can be deadly-as 

any high school chemistry student 

can tell you, heat speeds chemical 

reactions, which can kill cells, and 

cold slows such reactions and may 

halt cellular activity. 

BENEFITS OF TOUCH 

Given the importance of touch and 

the abundance of receptors in the 

skin, it's not surprising that touch 

can have therapeutic value for peo­

ple of any age. Full-body massage 

has been shown to ease the symp­

toms of diabetes and hyperactiv­

ity and improve the immunity of 

HIV-positive patients. Massage can 

relieve the pain of migraines, help 

asthmatics breathe, and increase 

the mental focus of children with 

attention deficit disorder. The rub­

bing action of massage stimulates 

neural networks that cause the 

brain to lower the levels of the 

stress-related hormones cortisol 

and epinephrine. 

Touch also communicates at a 

basic level, more profoundly than 

words. A gentle caress says I love 

you better than words. 

COMPUTERS AND TOUCH 

Touch is also being used in amaz­

ing new technologies. For instance, 

imagine a delicate operation being 

performed on a patient hospi­

talized in southern Africa. Now 

imagine the surgeon's scalpel being 

manipulated from a hospital in the 

United States. 

It's not a far-fetched idea. In 

2008, Ralph Hollis of the Robot­

ics Institute at Carnegie Mellon 

+ SELF-TICKLING + 

EVEN IF YOU'RE the most ticklish person 

in the world, it is impossible to tickle your­

self. Your brain keeps track of your body's 

motions through proprioceptors and 

anticipates the resulting sensations. That's 

why you can't do it: You know where 

you're wiggling your fingers and what it 

will feel like. The cerebellum distinguishes 

your fingers from someone else's but can't 

predict the outsider's actions, which leads 

to the tickling sensation. 



University in Pittsburgh demon­

strated a computer interface that 

allows users to experience a highly 

sophisticated sense of touch when 

manipulating objects in a virtual, 

three-dimensional world. The tex-

In social situations, the French 
touch each other about 200 
times in a half hour. Americans 
do so twice. 

ture, shape, movement, and hard­

ness of the object register on the 

hands of the user, making possible 

a computer-to-computer connec­

tion that could extend a person's 

tactile sensations to the other side 

of the planet. 

Hollis's so-called haptic inter­

face-haptics being the science of 

touch-relies on the use of pow­

erful magnets that cause a metal 

handle to levitate inside a device 

that looks like an upside-down 

umbrella connected to a computer. 

The user grasps the handle to 

manipulate objects on the screen 

of the computer. 

Magnetic repulsion causes the 

handle to float freely. As the user 

moves the handle to control objects 

on the screen, the magnetic system 

creates tactile feedback, such as the 

resistance of a solid. While other 

virtual systems exist, the benefit of 

magnetic flotation lies in the sense 

of direct connection between the 

skin of the fingers and hands and 

the immediate feedback created via 

the handle. 

ACUPUNCTURE 

ACUPUNCTURE, the insertion of 

needles into the body for pain 

relief and therapeutic purposes, is an 

· " 

was coined by Willem Ten Rhyne, a 

Dutch physician who visited Japan in 

the 17th century. 

ancient technique that seems to 

work for many medical patients 

but has defied a clear scientific 

explanation . It relies on cen­

turies of observation and 

refinement in Chinese 

..... ~ .. -:-- ... 

Chinese philosophy holds that 

acupuncture acts on the chi, a 

form of bodily energy. Needles . "\ .,' 
• • , , supposedly block or rebal­

ance the flow of energy 

when they are inserted 

at key points along lines 

· ~ 
• •• •• 0 • 

medicine. 

Although the practice 

has been documented 

for about 2,000 years, 

some historians believe 

it had its first crude flow­

• , 

ering in the Stone Age. 

Early practitioners may have 

used stone knives and other 

sharp tools to puncture and 

drain abscesses. These tools 

were known by the character 

Bian, and the modern term 

Bi, representing a painful dis­

ease, probably came from the 

use of Bian stones in ancient 

medicine. Needles of stone 

and pottery, and later 
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called meridians. West-

ern science cannot 

document the exis­

tence of chi, and con­

sequently has difficulty 

explaining acupunc­

ture's success rate. Per-

haps, for some patients 

it has a placebo effect-the 

brain expects the body to feel 

better, and the expectation is 

enough to bring relief. 

The practice first received 

extensive news coverage In 

the West after New York Times 

of metal, replaced sharp 

stone tools, giving rise 

to the modern practice 

of slipping thin needles 

reporter James Reston, prepar­

ing for President Richard 

Nixon's groundbreak-Principal acupuncture 

points, called Xue, lie along 

lines of vital energy. 

ing trip to China in 1971, 

wrote about doctors suc­

cessfully using acupunc­

into highly specific points on the body 

to bring relief from a variety of com­

plaints. The Chinese refer to this prac­

tice as Chen, which means /Ito prick 

with a needle./I The term acupuncture 

ture to treat his severe abdominal 

pain. California licensed its first acu­

puncturists as primary care providers 

in 1978. Today, thousands of Ameri­

can physicians practice acupuncture. 
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I N lEG RA I ION BRINGING THE SENSES TOGETHER 

Drawing on a multitude of senses-vision, touch, and balance-a gymnast executes a handspring on the balance beam. 

HE SENSES all work 

together to create a com­

plete rendering of the 

world around the body. Each one 

provides its own dimension, allow­

ing the brain to collect and inter­

pret the most information it can 

about a situation, a place, and 

a time. As discrete as each of the 

senses is, they all rely on common 

EXPOSED TO new situations, 

the brain works to integrate 

them with experience. New sensa­

tions expand the brain's associated 

neural networks. That's plastic­

ity: Neural connections spring up 

from interaction with touch, sight, 

sound, smell, and taste. How this 

neural networks and receptors to 

sense and respond to a whole vari­

ety of stimuli. 

SENSORY RECEPTORS 
Vision, smell, hearing, taste, and 

the touch of skin rely on a class of 

sensory neurons called exterocep­

tors. That's a fancy way of saying 

they react to events happening 

occurs was suggested in the 1980s by 

neuroscientist Michael Merzenich at the 

University of California, San Francisco. 

Images he obtained of brains process­

ing new information provided a window 

onto the physical changes of plastic­

ity. Merzenich put electrodes into the 

cerebral cortex of six squirrel monkeys 

outside the body. These receptors 

register touch, pain, pressure, and 

temperature in the skin, as well as 

taste, vision, smell, and hearing. 

A second set of neurons are 

interoceptors, which lie inside the 

body and react to stimuli such as 

chemical changes in the blood, 

hunger, thirst, and the stretch­

ing of tissues. A third set, called 

around the neural networks associated 

with fingers. He then put a cup con­

taining a banana-flavored food pellet 

in a cup outside each monkey'S cage. 

When the monkeys mastered retriev­

ing the pellet from the cup, he made the 

cup narrower. Merzenich went through 

four cups, each narrower than the one 



proprioceptors (from propria, 

Latin for "one's own"), react to 

internal stimuli but are confined 

to skeletal muscles, tendons, liga­

ments, joints, and possibly the 

equilibrium region of the inner 

ear. They register sensations that 

the brain interprets as location and 

movement of the body. 

Without proprioceptors, it 

would be impossible to maintain 

balance while walking or to smash 

an overhead volley in tennis with­

out falling over. Diseases that affect 

the proprioceptors and their asso­

ciated regions of the brain can cre­

ate the impression of being cut off 

from one's own body. Patients so 

II 
Classical Indian philosophy 
holds that all human senses . . 
emerged from a single unity. 

affected report the odd symptom 

of looking at their hands and feet 

and not feeling as if they belong to 

their body. 

WORKING TOGETHER 

While neural networks are attuned 

toward registering perceptions 

before, until the monkeys easily fished 

the pellet out of the final cup. As the 

monkeys advanced from cup to cup, 

scans showed neural networks for their 

fingers had expanded significantly. But 

after the monkeys mastered the final 

cup, the networks shrank. Merzenich 

concluded that by then, the monkeys' 

+ TYPES OF NEURAL RECEPTORS + 

TYPE OF RECEPTOR FUNCTION 

Exteroceptors 
Sensory neurons that register external sensations like 

touch, pain, pressure, and temperature 

Interoceptors 
React to internal changes, such as changes in blood 

chemistry, hunger; and thirst 

Proprioceptors 
Register the sensations associated with movement 

and location. Helps maintain balance 

of light, sound, and so on, they 

often work together. Perception 

functions particularly well when 

objects are appreciated by a vari­

ety 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 

the walker's heels. 

An examination of a handful of 

coins registers 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. A rich sensual image 

emerges when many senses com­

bine to provide an appreciation of 

art and beauty. 

cerebral cortex no longer had to activate 

so many neurons to process the same 

old sensory information from eyes and 

fingers. Instead, the information, once 

learned, moved to lower portions of the 

brain that control practiced motor skills. 

That freed space in the upper brain to 

process new things. 

REWIRING THE SENSES 

Sensory stimuli are associated with 

specific regions of the brain, but 

these areas apparently are not pre­

determined genetically. This was 

demonstrated 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 brain. 

Sur routed the ferrets' visual 

impulses to the regions of the brain 

normally associated with auditory 

processing. The ferrets soon began 

seeing the world with brain tis­

sue normally used for hearing the 

world. The new wiring wasn't a 
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BEFORE SHE LEARNED to speak, Helen 

Keller (1880-1968) lost all vision and 

hearing to "brain fever." When she was 

six, teacher Anne Sullivan used her fingers 

to form signs in the girl's hands. One day 

at the pump, Sullivan spelled w-Q-t-e-r, 

and Helen's brain made the connection. 

Keller learned to read Braille and to speak. 

Deprived of two senses, her brain com­

pensated for the loss through touch. Plas­

ticity let her learn language without visual 

or auditory input. 

perfect substitution; the ferrets lost 

some of their visual acuity, seeing 

the world with perhaps 20/60 vision 

instead of 20/20. Nevertheless, the 

experiment raises the intriguing 

idea that blindness at birth, while 

the brain still retains the ability to 

respond to visual stimuli, could 

be corrected by surgery to reroute 

visual signals to healthy neural net­

works in regions other than those 

associated with sight. Sur told the 

New York Times his research team 

is exploring ways that neurochem­

istry might rewire both developing 

and mature human brains. Creat­

ing detours around damaged neu­

rons would open new avenues for 

treating strokes and other injuries. 

COMMON SENSE 

The ancient Greeks observed that 

humans have many senses yet seem 

to possess an undivided experience 

of the world. They asked, how can 

the experience of unity arise out of 

separate entities? 

Ancient Greek philosopher Aris­

totle argued for the existence of an 

unseen body function that inte­

grates sensations. He called it sen-

sus commUniS, or common sense, 

which perceives and integrates the 

common elements of sight, sound, 

and the other senses. Aristotle 

never got to probe for the physi­

cal site of this common sense, and 

anyway would have ignored the 

brain as a likely candidate. Yet his 

ideas had enough staying power to 

influence the thoughts of Thomas 

Aquinas, a 13th-century Italian 

theologian. 

Philosopher and 

Thomas Aquinas 

theologian 

ill the 13th 

century posited the existence of 

three chambers in the brain pro­

cessing external stimuli. Accord­

ing to Aquinas, the first chamber 

contained the common sense, 

which integrated the information 

gathered by the five senses. The 

second chamber housed the fac­

ulties of reason, cognition, and 

judgment. It acted with the third 

chamber, which contained memo­

ries formed from prior perceptions, 

to evaluate information. 

The notion of a common sense 

remained fixed in human under­

standing across time even though it 

could not be confirmed as a fixed 

region of the brain. Today, some 

neurologists suggest the limbic sys­

tem as a candidate for integration 

of the senses because nerve fibers 

from exteroceptors converge there. 

THEORIES OF PERCEPTION 

Early in the 20th century, German 

psychologists proposed a gestalt 

theory of human perception. They 

argued that when you look at, say, 

the seashore through a window, 

you don't build up your percep­

tion based on thousands of bits of 

color, sound, and other sensations. 

Instead, you see it all at once and 

identify it as beach, sky, and ocean. 

Only when your attention zooms 

in on detail-what color is that 

bit of cloud?-do you see the frag­

ments that form the brain's mosaic 

of external reality. 

At mid-century, French philoso­

pher Maurice Merleau-Ponty noted 

variance in gestalt perceptions. He 

A 1990s study mapped the brain regions blind people use in reading Braille and 
found that not only did feeling letters' raised dots activate tactile networks, it also 
activated the visual cortex. Those neurons, normally used for processing visual 
stimuli, got recruited to help decipher the shapes of raised letters on a page. 



traced differences in gestalt per­

ception to the individuality of the 

human body and brain. 

Each body has itS ullique 

strengths and weaknesses in decod­

ing information that is gathered by 

the senses, Merleau-Ponty said. 

The stream of impressions that 

flood the senses exist at a variety 

of levels, including some that are 

experienced below the level of con­

sciousness. Only some sensations 

rise to the level of awareness, he 

said, and just as bodies differ, so do 

sensation-based perceptions that 

arise in the mind. 

In the brain, neural networks 

act together to integrate sensa­

tions. Many networks actually do 

double duty, reacting with a pri­

mary 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, the Aristotelian idea 

of some common threads among 

the senses is gaining new adher­

ents. Yale University psycholo­

gist Lawrence Marks argues that 

all senses evolved from the tactile 

function of the skin, and still retain 

connections to it. He suggests, in a 

view Aristotle would have shared, 

that stimuli such as "brightness" 

exist across the senses. 

CONJOINED SENSES 
The human brain appears to natu­

rally associate various senses. Sights 

and sounds, for example, often get 

paired. We think of sad music as 

being blue, while fast and furious 

high notes played by brass instru­

ments in a major chord strike us as 

red-hot. The latter observation was 

noted by 17th-century British phi­

losopher John Locke, who wrote 

Proprioception forms the body's sense of its location in space. Lacking this sense; like wandering in a maze; proves unsettling. 
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When test subjects were shown curvy and jagged shapes and asked to name one 
bouba and one kiki, they almost always matched curves with the former and jag­
ged with the latter. Psychologists see evidence of a common, mild synesthesia: 
Round sounds equal round shapes. 

of a blind man who described 

scarlet as being like the sound of a 

trumpet. Today, in rare cases, neu­

roscientists recognize a condition 

known as synesthesia, in which the 

senses are conjoined. People who 

have this condition describe seeing 

colors when hearing music, and 

vice versa, as well as other sensual 

combinations. 

In a sense, we're all born synes­

thetes. Sights, smells, sounds, and 

tastes are all ingredients in our 

nascent sensory soup, though we're 

unable to differentiate between 

them at first. Most are able to 

sort out the differences by three 

months of age. But for synesthetes, 

it seems, two or more normally 

independent areas of the sensory 

cortex remain cross-wired. Science 

has yet to fully explain why. 

A conservative estimate puts 

the number of synesthetes at 1 

in 20,000. However, since most 

synesthetes are unaware of their 

"condition," the number could 

be much higher. A recent test of 

1,700 subjects suggests as many 

as 1 in 23 people has some synes­

thetic ability. 

SIGNS OF SYNESTHESIA 
Startling evidence of the inborn 

cross-wiring of senses emerged in 

2008, when psychologists induced 

synesthesia among volunteers. 

Suddenly the test subjects could 

see numbers as colors. Neurosci­

entists believe newborns have mul­

tiple connections among the brain 

regions associated with the senses. 

One explanation for the rarity of 

these connections among adults 

is that most people grow out of 

them. However, synesthetes, in an 

unknown process, keep the con­

nections active or grow new ones. 

Another theory holds that syn-

esthetic connections atrophy 

with age but can be prompted to 

reemerge. The experimental emer­

gence of synesthesia through hyp­

nosis supports the latter theory, 

although there remains a question 

about whether induced synes­

thesia is the same as the naturally 

occurring kind. "The fact that 

they induced it so quickly means 

that the brain's not sprouting new 

+ COLOR OF MUSIC + 

TO SOME SYNESTHETES, musical notes 

and letters have colors. Contemporary 

composer Michael Torke can't imagine 

music without color. The key of G major, 

for instance, appears bright yellow, while 

its G minor is a toned-down ochre. Rus­

sian writer Vladimir Nabokov saw the 

letter q as "browner than k, while 5 is not 

the light blue of c, but a curious mixture of 

azure and mother-of-pearl." 

neurons or making new connec­

tions," said Marks, who studies 

synesthesia but was not involved 

in the 2008 research. "Maybe the 

connectivity always exists." 

In the experiment, researchers 

Roi Kadosh of University College 

London and Luis Fuentes of Spain's 

University of Murcia hypnotized 

three women and one man, then 

instructed them to recognize the 

number one as red, two as yellow, 

et cetera. 

Under hypnosis, the volunteers 

had trouble picking out numbers 

printed in black ink against a back­

ground that matched its suggested 

color. For example, they could not 

find the number one if printed 

against a red background because 

they saw the black numeral as red. 

Upon being released from hypnosis, 

however, the volunteers lost their 

synesthetic abilities. The research­

ers suggested that hypnosis broke 

through the barriers that segregate 

sensory regIOns. 

If synesthesia has roots in brain 

development, who's to say it's a 

"wrong" perception? Perhaps the 

richness of integrated sensations 

compares with ordinary sensations 

as color vision compares with color 

blindness. "If you define it in a very 

basic sense as something beyond 

the ordinary that will light you up 

when you feel less than lit up, then 

that's what synesthesia is," said 

Marks. "And if I were to design the 

world, I'd give it to everybody." 



AMUSIA. Neurodegenerative condition 

affecting the abi lity to understand or 

express music. Often occurs with aphasia. 

APHASIA. Neurodegenerative condi­

t ion affecting the abi lity to unde rstand or 

express language, general ly as a result of 

stroke or simi lar brain trauma. 

APRAXIA. Disorder of the nervous 

system in which an individual is unable 

to preform learned coordinated muscle 

movements although both muscles and 

senses work properly. 

COCHLEAR HAIR CELLS. Hearing recep­

tors located in the inner ear that al low 

the processing of sound. They bend in 

response to vibrations entering the ear 

and transm it signals to the brain stem via 

the audatory nerve. 

CONES. Photoreceptive cel ls on the 

retina that provide color vision. They 

respond to the wavelengths of red, bl ue, 

and green. 

EPITHELIAL CELLS. Cells that form the 

taste buds. Consist of supporting, basal, 

and taste receptor cel ls. 

EXTEROCEPTORS. Sensory neurons that 

respond to external stimuli and are the 

basis for the five senses. 

FOVEA. Center of the retina. This region 

contains the highest concentration of 

photoreceptors and is the area of highest 

visual acuity. 

GLOMERULI . Cells located in the olfac­

tory bulb that respond to particular odors. 

HAPTIC TOUCH. The physical manipu­

lation of objects in order to determ ine 

GLOSSARY 

tactile qualit ies such as texture, hardness, 

and shape. 

INTEROCEPTORS. Sensory neurons that 

register internal stimuli, such as chemical 

changes. 

LATERAL GENICULATE. Located in 

the thalamus, this serves as a visual relay 

center for signals in transit to the visual 

cortex in the occipital lobes. 

MITRAL CELLS. Neurons in the olfactory 

bul b that refine and amplify signals from 

glomeruli and re lay the information to the 

o Ifacto ry tract. 

OLFACTORY EPITHELIUM. A flu id­

coated patch of sensory cel ls that is ab le 

to detect odor. It is located on the roof of 

the nasal cavity. 

OTOLITHS. Crystals of calcium carbon­

ate located in the otolithic membrane 

in the ear. Playing a vital role in balance, 

these structures both detect gravity and 

aid in the awareness of the head's spatial 

orientation. 

PERCEPTION. The interpretation of t he 

mean ing of a stim ulus. 

PHEROMONES. Chemicals produced by 

insects and other animals that transm it 

messages to or affect the behavior of 

other individuals. 

PROPRIOCEPTORS. Sensory neurons 

that are responsible for the sense of self, 

and the awareness of body position and 

movement. 

RETINA. The sensory membrane that 

lines the interior of the eye. Composed of 

several layers, including one of rods and 

cones, it receives the image formed by the 

lens, converts it to signals, and transm its it 

to the optic nerve. 

RODS. Photoreceptors that register dim 

light. Located on the retina, these al low 

vision at low-light levels. 

ROOTING. A reflex that causes an infant 

to turn toward fac ial stimulation. Believed 

to faci litate feed ing. 

SENSATION. The brain 's registration and 

awareness of a stimulus. 

STIMULUS. A change in the environment 

that evokes a reaction from the brain. 

SUPERIOR COLLICULUS. Located in the 

midbrain, this region adj usts the head and 

eyes to achieve maximal visual input. 

SYNESTHESIA. A condition in wh ich the 

stimulation of one sense is simultaneously 

percieved by another sense or senses. 

TASTANTS. Chemicals that stimulate the 

sensory cells in taste buds. 

TINNITUS. Hearing disorder characteried 

by chronic ringing or clicking in the ears in 

an otherwise silent environment. 

TYMPANIC MEMBRANE. The eardrum, 

which conducts sound wave vibrat ions 

from the ear canal to the bones of the 

middle ear. 

UMAMI. The fifth fl avor, linked to foods 

containing glutamate and aspartate. 

VESTIBULAR ORGAN. Nonauditory 

portion of the inner ear. Responsible for 

the body's detection of the spatial orenta­

t ion and movement of the head and for 

maintaining balance and posture. 
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NERVES CARRY out instructions 

to move the human body, mak­

ing every sneeze or martial arts 

attack an extension of the brain. 

The brain rehearses many of the 

motions performed every day 

before signaling their execution. 

It learns through repetition to 

do many of them without your 

having to think about them at 

all. Researchers are learning that 

movement profoundly affects 

memory, learning, and emotion, 

underscoring the connections 

that bridge the gap between 

mind and body. 

A jumping side kick executes a 

sequence of precise movements 

charted by the brain. 
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BRAIN IN AC liON 
T

HE HUMAN BODY 

enjoys an astonishing vari­

ety of movements. The 

tapping of a finger, puckering of 

lips for a kiss, beating of a heart, 

and striding of a brisk walk are all 

carried out by muscles responding 

to instructions from 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 

voila, the muscle moves. 

THOUGHTS & 
MOVEMENTS 

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. 

fMRI of the brain (frantallobes, top) shows right hemisphere regions that move the left hand. 

It contributes vitally to learn­

ing, emotion, and memory. It 

helps bridge the gap between 

thoughts and actions. In short, 

as an extension of the brain, the 

body's movements contribute to 

the definition of who we are. 

Nearly all motions of the human 

body occur because of the nerve­

induced muscle contractions. 

Someone a long time ago observed 

that contractions beneath the skin 

look something like the scurrying 

of mice, and named the contracting 

tissues muscles, from the Latin for 

"little mouse." Muscles come in 

three types: skeletal, cardiac, and 

smooth. Skeletal muscles, which 

attach to the bones of the skeleton, 

are the only ones that respond to 

the dictates of the conscious mind, 

although they may also act invol­

untarily. When the brain tells the 



Neurologist Richard Restak says, "All proposed divisions within the brain are highly 
artificial and are based on our need to separate things into neat, easily under­
standable units. We must always remember that the brain functions as a whole." 

fingers to type, it is sending elec­

trochemical commands through 

networks of neurons to contract 

skeletal muscles in the shoulders, 

arms, wrists, and fingers. Cardiac 

muscles pump blood through the 

heart and into the network of blood 

vessels. And smooth muscle tissue 

forces body fluids and other sub­

stances through internal organs. 

All such motion requires events 

in sequence. The brain orders one 

action after another. It gathers 

sensory feedback from motions in 

progress to refine them and pre­

pare for others to follow. What 

may be surprising, however, is 

that the sequencing of thoughts 

also involves portions of the brain 

devoted to the sequencing of 

actions. As you call up memories, 

make plans, or get teary-eyed from 

a sad movie, your brain works in 

sequences. Neural circuits fire, one 

after another. The process moves 

electrical signals and neurotrans­

mitters throughout the brain-and 

when the brain ponders action, 

those firing patterns appear simi­

lar to ones for execution of actual 

movements. 

Even when the body seems at 

rest, it is always in motion. From 

the expansion of the lungs to the 

contractions of the intestinal tract 

to the electrochemical impulses 

that ping among trillions of syn­

apses, the brain monitors and 

controls everything in its restless 

empire of the body. 

MOVEMENT IN THE MIND 

Think about the layout of your 

house. Create in your mind an 

image of the front door. As you step 

from your front porch and move 

through the door frame, what do 

you see? There may be a stairwell 

to one side, perhaps a living room 

with carpet and a fireplace sur­

rounded by bookshelves. Off to 

one end is a hallway that leads to 

a kitchen or a bedroom. Step into 

that bedroom in your mind's eye 

and envision the details of the 

blanket on the bed, the books on 

the nightstand, the drawer where 

you put your glasses, and the peg 

in the closet where you hang up 

your pants. Now, figure how many 

shoes you have under the bed. 

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, as well as zooming in 

on details such as the placement 

of shoes or furniture in your bed­

room, activated both cognitive and 

motor regions in your brain. 

Your brain made mental images 

of your passing from room to 

room, and perhaps kneeling to pull 
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back the covers and count the two Z 

sneakers and two loafers you have 

under the bed. Synapses fired in 

your occipital, parietal, and frontal 

lobes, as well as the cerebellum, just 

as they would have if you had actu-

ally gotten up to make the trip. To 

get the answer to the question in 

YOU SIT AT THE PIANO for a recital in 

front of hundreds of people. Your hands 

shake and sweat, and you feel tightness in 

your chest-the classic symptoms of stage 

fright. Until recent decades, you would 

have had to cope as best you could. Now, 

you can take beta blockers. These drugs 

block the receptor sites for adrenaline, 

which the brain calls forth in response 

to stress. Adrenaline still circulates in the 

blood, but it can't find enough open 

receptors to alter heartbeat and blood 

pressure. The result: You are still ready to 

play, but you don't have to contend with 

the physical symptoms of stress. 
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STAYING SHARP 

OVER EONS of competition for scarce 

food, natural selection favored individuals 

who had the body fat to survive famine 

better than their skinny neighbors. Today, 

the brain still recognizes body weight as 

important to survival. It devotes about a 

dozen neurotransmitters to increasing it 

and about the same number to decreas­

ing it. Between the two, homeostasis 

favors a particular "set point" of body 

weight for each individual. 

If you try to lose weight by eating less, 

your brain counters with a variety oftricks 

to return you to that set point. Your brain 

lowers your metabolic rate while you rest 

to burn less energy, and it also releases 

chemical messengers to tell you to take 

in more calories- in other words, you feel 

hungrier when you diet. Fat cells help 

communicate metabolic information to 

the brain by releasing a chemical called 

leptin, which circulates in the blood. As 

the nervous system senses changes in 

leptin levels, the brain reacts by creating 

feelings of hunger or fullness. 

So, how can you overcome your brain's 

defenses and lose weight? These changes 

will reset your set point: 

.fExercise daily to raise your everyday 

metabolic rate. 

.fLower the number of calories your 

body stores . 

.fEat lower calorie foods . 

.fconsume smaller portions more often 

instead of a few big meals, which tends to 

pack on the fat. 

.f Make a lifetime commitment to diet 

and exercise. If you relapse into old pat­

terns, your brain will return to a homeo­

stasis that best fit our ancestors' lifestyles 

by building emergency reserves of fat. 

the first paragraph, "Four shoes," 

you had to use portions of your 

brain that oversee not just count­

ing but also movement. 

THINKING IS FOR DOING 

For decades, researchers believed 

the motor cortex functioned as a 

sort of in-out processor for move­

ment-it executed orders for move­

ments and then adjusted them III 

response to sensory feedback. 

But more than a century ago, 

psychologist William James had 

a radical idea. "Thinking is for 

doing," he wrote. In that one simple 

sentence, he packed a lot of infor­

mation. He meant, first of all, that 

thinking about an action expands 

the likelihood of doing it, as any 

dieter could attest when thinking 

about making a raid on the refrig­

erator and eating the last piece of 

apple pie. But James also argued a 

then-incredible notion that think­

ing about a particular motion acti­

vates neural networks in the brain 

that also fire up 

when carrying 

out the motion. In other words, 

the border between thought and 

action is at best permeable, and 

perhaps a mere illusion. 

In the 1990s, PET scans of 

human brains proved James right. 

Neurologists pinpointed a brain 

region called the anterior cingulate 

that gets activated both by think­

ing about a word or action and by 

saying the word or performing the 

action. Other regions have similar 

electrical firings for both doing 

and acting. 

Now, continuing research indi­

cates that motion plays a crucial 

role in a vast array of cognitive 

functions. These include language, 

memory, and learning. Even 

emotion-whose name contains 

a hint to the motion on which it 

depends-is emerging as a mental 

state partially dependent on the 

brain's processing of movement. 

Just as the cerebral cortex at 

the top and front of the brain has 

been shown to integrate thought 

Exercising, eating right, and maintaining a 

healthy weight are excellent for mind and body. 



A teenager who follows a cake recipe is executing a series of motor functions, including ana~sis and prediction. 

and action, so too does the cer­

ebellum at its rear and base. It 

has long been recognized as a 

region that coordinates sequences 

of physical action, such as the 

motions necessary to maintain 

balance on a bicycle. However, 

it also appears to playa key role 

in the sequencing of thoughts. 

When you pictured moving from 

room to room in your home, your 

cerebellum activated to help form 

those memories in a certain order 

and allow you to take your virtual 

tour. Your behavior-your deci­

sion to act in a certain way, fol­

lowed by the execution of those 

actions-is merely a sequence of 

motions both mental and physical 

determined by your brain. 

Neurons need lots of energy. 

Fewer than one percent of 

them in the cortex can fire at 

anyone time. 

THINKING ABOUT COOKING 

Take the decision to go cook a spe­

cial dinner, for example. As you 

decide whether to cook it tonight, 

your brain processes facts ("There 

is a recipe here I've always wanted 

to try" and "I have all of the ingre­

dients"), opinions ("I think I could 

do a good job"), thoughts ("This 

looks as if it will feed everyone for 

a couple of days"), memories ("My 

mother made something like this 

when I was a kid"), and predictions 

("This will be a hit"). Your brain 

creates a plan for getting all of the 

ingredients on the counter and 

following the recipe, step by step. 

Every piece of that mental puzzle 

depended on motor functions-the 

weighing of options, the sequenc­

ing of events, the completion of 

the whole picture, and the predic­

tions of a successful meal. The same 

sequence of neural networks begin 

to fire, in the same sequence, when 

you actually start to cook. 
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If this is your first time cooking 

the special meal, you might have 

had to actively think about the 

action with your frontal cortex. 

You would carefully read the rec­

ipe card, measure ingredients, and 

follow the directions as best you 

could. However, after you've made 

the dish many times, you would 

no longer have to think so much. 

You probably wouldn't even need 

to look at the recipe card, as your 

cooking skills would have become 

automatic. As you no longer 

sweat the details you've mastered, 

the skills involved in cooking get 

pushed from the frontal lobes, 

where decision-making takes place, 

to the lower regions of the brain 

where they are stored as automatic 

sequences. 

Learned motor skills become 

unthinking habits. The first time 

you sit at a keyboard, you have to 

map out the location of each key. 

After months of typing, however, 

you no longer think, you just strike 

with your fingers. Your brain has 

relocated the motor sequences 

required for typing from the fron­

tal cortex to the cerebellum, where 

they are recalled and executed 

upon demand. Furthermore, if you 

try to focus your active thoughts to 

locate the "R" key in your mind's 

eye, you may have trouble saying 

exactly where it is. But when you 

sit at the keyboard and start typ­

ing, your fingers fly straight to 

it-third row up, fourth from the 

left-thanks to your cerebellum's 

storage of that information for 

automatic retrieval. 

PERFORMANCE 

According to neuroscientist John 

Ratey, "Becoming a super athlete 

or piano player may require an 

efficient mechanism for the trans­

fer and storage of these programs. 

A person who can push down 

Kavya Shivashankar of Kansas moves her hands in the Scripps National Spelling Bee. Thought paired with motion enhances learning 



more and more intricate motor 

sequences [into the cerebellum, 

brainstem, and basal ganglia] can 

be engaged in complex motion and 

still have a quiet frontal cortex." 

Such a person could then devote 

more of the cortex to reacting to 

observations about the unfolding 

game or symphony. 

If "muscle memory" handles all 

the basic needs, the star athlete 

and musician can concentrate on 

the extras-the anticipation of 

the next pass, or the interplay of 

instruments on a difficult stretch 

of notes-and elevate their perfor­

mances far beyond the norm. 

If you want to explore the inti­

mate connections between motion 

and thought, take a walk. "I think 

better on my feet," says the person 

who paces a lot. That statement may 

literally be true. The motor activity 

of walking or jogging invigorates 

the body and brain, getting the 

blood flowing and ideas moving. 

Writers sometimes get their best 

ideas while hiking in woods, along 

streams, in mountains, or along the 

sidewalks of their neighborhood. 

The reason: parallel integration of 

brain functions. The cerebellum, 

the primary motor cortex in the 

cerebrum, and the midbrain work 

together not only to coordinate 

the movement of the body, but 

also the movement of one thought 

into another. Walking and running 

trigger patterns of firing in neural 

networks deep within the brain. 

FOCUSING ATIENTION on potential 

bad outcomes during periods of stress-as 

in, "Don't miss this crucial field goal"­

often brings about the very thing the 

thinker tried to avoid. Athletes "choke" 

because they fail to maintain concentra· 

tion on positive performance and give in 

to the panicky fight or flight response, 

which causes physical and psychological 

impairment. Choking is all too natural, all 

too human, but little consolation to fans 

and teammates as Buffalo Bills kicker Scott 

Norwood discovered after missing a last­

minute field goal that would have won 

Super Bowl XXV in 1991. 

It's likely that these firing patterns 

stimulate similar activity among 

patterns of complex thoughts. Cre­

ative ideas and answers to nagging 

questions sometimes walk into the 

conscious mind as the body takes 

itself out for exercise. If you have 

trouble with either mind or body, 

try working the other. Readers 

sometimes speak aloud when they 

encounter an unusual word for the 

first time, unaware that by doing 

so they activate multiple motor 

functions that aid cognition. In 

the 2006 movie Akeelah and the 

Bee, an ll-year-old girl from South 

Los Angeles becomes a spelling bee 

champion by learning to spell words 

to the rhythm of her jump rope. As 

Akeelah struggles for a moment in 

a major competition, she mimes 

jumping her rope and finds the let­

ters emerging from the fog of her 

mind. The filmmakers based the 

ritual on repetitive motions such as 

kicking and stepping in half circles 

they observed among competitors 

in the National Spelling Bee. 

BRAIN REGIONS 

erMOVEMENT 

Scientific observations Into the 

brain's control over movement 

date to the 19th century. One of 

the first experiments raised many 

questions. During the early 1850s, 

England fell under the spell of 

spiritualism, including an occult 

fad called table tipping. Partici­

pants at a seance sat in a circle 

around a light table and rested 

their hands on top. Despite their 

promises not to move anything 

with their hands, the tables nev­

ertheless rotated. Some observers 

Young children are able to communicate in gestures and movements before they 
are able to speak words. For example, babies can shake their head "No" and wave 
"Bye-bye" before mastering the words and phrases themselves. 
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attributed the phenomenon to 

paranormal forces . Chemist and 

physicist Michael Faraday, inven­

tor of the forerunner of the mod­

ern battery, set out to prove them 

wrong. He believed the seance 

participants unknowingly exerted 

force through their hands. He 

created devices to measure the 

application of lateral pressure and 

placed them between the table tip­

pers' hands and the tabletop. The 

instruments didn't lie: The sitters' 

hands had pushed in one direc­

tion or another until the table 

began to spin even as they swore 

they pressed only straight down. 

Faraday labeled the phenomenon 

"a quasi-involuntary muscular 

action." What he had discov­

ered was a divorce between will­

ful intention to act ("don't shift 

the hands") and the unconscious 

execution of motion. The partici­

pants probably secretly wanted the 

table to turn and unconsciously 

acted on that desire. The experi­

ment demonstrated what modern 

neuroscientists call the cognitive 

unconscious, the brain's processing 

of information at levels beyond 

awareness. Some actions-some 

movements-are voluntary, some 

are involuntary, and some occupy 

a gray area in between. Faraday's 

discovery didn't fit the age's under­

standing of free will, but it pointed 

toward future understanding of 

how patients with obsessive com­

pulsive disorder or Huntington's 

disease can act and move despite 

their best intentions not to do so. 

II 
The brain works most effi­

" ciently when it focuses on one 

task at a time. 

STUDIES IN MOTION 

The first insights directly linking 

brain regions with movement arose 

in 1864. In that year, German doc­

tor Gustav Theodor Fritsch treated 

the victims of the Prusso-Danish 

War. As he dressed a head wound, 

Fritsch touched one of the victim's 

cerebral hemispheres, which had 

been exposed by the injury. In 

response, the opposite side of the 

man's body twitched. 

Fritsch shared his observations 

with a Berlin doctor named Eduard 

M USCLES take their marching 

orders from the brain. Nowhere 

is this more evident than in the range of 

neurological disorders known as cere­

bral palsy. The condition strikes new­

borns and young children and persists 

throughout life, getting neither worse 

nor better as they mature. 

Hitzig, and together they decided 

to explore the phenomenon more 

thoroughly. They set up shop on 

the dressing table of Hitzig's wife 

and began electrically stimulating 

the cerebral hemispheres in dogs' 

brains. Dog or man, the result 

was the same: Stimulation to one 

hemisphere jerked the other side of 

the body. They hypothesized that 

movement of each side of the body 

is controlled by the opposite side 

of the brain. 

Theirs was the first theory of 

cerebral localization for control of 

movement. They left refinement of 

the theory to their contemporary, 

English physician John Hughlings 

Jackson, who did groundbreaking 

work on the clinical description of 

epilepsy. He carefully observed the 

patterns of loss of muscle control 

as his beloved wife, Elizabeth, suf­

fered a series of epileptic seizures 

that eventually led to her death. 

The seizures always progressed 

from one body part to another in 

a precise, repeated pattern . Jack­

son concluded that the pattern 

resulted from the electrical storm 

While cerebral palsy manifests itself 

as poor control or paralysis of voluntary 

muscle groups, its origin lies not in the 

muscles themselves, but in the portions 

of the brain that regulate movement. 

One of the most common causes of 

cerebral palsy is attributed to a tempo­

rary lack of oxygen to the brain during a 
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Seance participants circle a table in a 19th-century woodcut. Involuntary hand movements led to paranormal claims. 

of the seizure moving from one 

brain region to another, stimulat­

ing a series of body parts along the 

way. That meant particular body 

parts were represented in the brain 

in regions now called the motor 

cortex. Today, the motor cortex is 

associated with Brodmann areas 

4 and 6 (described in Chapter 2), 

difficult birth. Starved for oxygen, some 

brain cells die and cannot be replaced. 

Researchers are examining not only the 

mishaps of birth, but also investigating 

other possible causes, such as other 

genetic factors, epileptic seizures, circu­

lation problems, and abnormal bleeding, 

as possible contributors to the disorder. 

with the primary motor region in 

area 4 of the precentral gyrus. 

The conclusion rocked the 

neuroscientific world, which had 

considered the cortex the singu­

lar empire of cognition, and laid 

the groundwork for clinical neu­

rophysiology. Jackson sniffed, 

"There seems to be an insuperable 

Affecting three In every thousand 

children, cerebral palsy ranks as the 

most common cause of childhood phys­

ical disability. Most have it from birth, 

although its presence may not be clear 

for months or even years. A few develop 

the disorder through later brain damage 

or infections. 

objection to the notion that the 

cerebral hemispheres are for move­

ment. The reason, I suppose, is 

that the convolutions of the cortex 

are considered to be not for move­

ment but for ideas." 

Jackson argued that brain func­

tions follow organizational lines. A 

proud man, he would have loved 

Typical signs include lack of 

coordination, stiffness, exagger­

ated reflexes, a leg or foot that's 

dragged, or an unusual gait. Some 

also have difficulties with vision 

and speech . Half of cerebral palsy 

patients are mentally retarded, and 

half have seizures. 
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to have lived long enough to have 

seen solid scientific evidence of his 

pronouncements. 

PENFIELD'S PROGRESS 
That evidence came in the mid-

20th century in the work and writ­

ings of an American neurosurgeon 

who immigrated to Canada, Wilder 

Penfield. He performed surger­

ies on the brain of patients who 

suffered epileptic seizures. As the 

brain contains no sensory neurons 

for pain, Penfield operated without 

anesthesia. Dulled only by local 

painkillers, his patients could listen 

to and answer his questions. As he 

electrically stimulated their brain 

to try to pinpoint troubled regions, 

he listened to their thoughts and 

memories and watched to see how 

their body moved. 

He had his first aha! moment 

in 1934 when a female patient 

told him during her temporal 

lobe surgery that she felt as if she 

were reliving the moment she gave 

birth. Over the next two decades, 

Penfield acquired stacks of stories 

from patients connecting stimu­

lation of particular brain reglOns 

with particular results, leading 

him to create the first maps of 

the motor cortex and associated 

areas. One patient heard orchestral 

music "when a point on the supe­

rior surface of the right temporal 

lobe was stimulated after removal 

of the anterior half of the lobe." 

The patient believed Penfield must 

JOHN HUGHLINGS JACKSON 

John Hughlings Jackson hit upon his theory of neural organization by watching his wife. 

SELF-TAUGHT neurologist John 

Hughlings Jackson (1835-1911) 

owed his scientific success to his keen 

sense of observation and the woman 

he married. Jackson noted that his 

wife's disorder, now known as Jack­

sonian epilepsy, was characterized by 

seizing fits that seemed always to orig­

inate in the hand and crawled up the 

forearm, elbow, and shoulder to the 

face . The convulsions then marched 

down the torso before terminating at 

the leg on the same side. 

Jackson hit upon the theory of 

motor cortex localization, radically 

suggesting that the brain's cere­

bral hemispheres are geographically 

arranged with regard to motion and 

not just to thought. 

Each region of the brain, Jackson 

said, corresponds with an individual 

part of the body. Some regions, such 

as those that control hand and wrist, 

are as closely oriented as the body 

parts themselves. 

The uncontrollable activation of 

neighboring cortical areas, as dur­

ing a fit of apoplexy, explained how 

his wife's seizures appeared to travel 

throughout her body. 



have had a record player in his 

operating room. When Penfield 

stimulated the same spot again, 

the patient heard the same musical 

piece, beginning on the same note. 

Others, he noted, twitched highly 

II 
Physical play lets young chil­

" dren develop social skills and 
master physical movements. 

localized muscles on one side of 

the body when he stimulated the 

precentral gyrus on the other side 

of the brain. 

MAPPING MOTION 

Inquiries into the mappmg of 

motor functions led to the creation 

Motor 
Homunculus 

Motor homunculus 
showing proportional 
somatotopical 
representation. 

of a visual chart of the brain 

overlaid by the body parts they 

influenced. This so-called motor 

homunculus distorts the size and 

shape of the human body because 

body parts appear larger when 

they have more neural networks 

devoted to their control. Fingers 

and thumbs appear huge, in keep­

ing with the fine motor control of 

eye-hand coordination. The torso 

and hips appear relatively tiny, as 

most people (other than, perhaps, 

ballet dancers) don't devote much 

energy to precise control of those 

body regions. 

Maps that began with Pen­

field's are not the same as the 

pseudoscience of phrenology. The 

brain is much too complex and 

nonlinear to mark a spot with an 

X and say, "Here lies the site for 2 

plus 2 equals 4." Updated charts 

of the brain divide it into areas 

of influence, with some functions 

more localized than others. 

Overall, however, the mapmak­

ers of this vast frontier realize that 

it operates as an integrated whole, 

and that movement is fundamen­

tal to its healthy functioning. An 

appreciation of the role of motion 

throughout the brain is an impor­

tant key for ultimately understand­

ing the most complex thing in 

the universe. 

Sensory 
Homunculus 

Sensory homunculus 
showing proportional 
somatotopical 
representation. 

In motor and sensory homunculi, the larger the body part the more neural circuitry is dedicated to the area. 
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511 EN I RlJNNING INVOLUNTARY 
MOVEMENTS 

A swimmer underwater must not only will the arms and legs to move, but also suppress the natural movements of breathing. 

T
HE HUMAN BODY 
carries out many motions 

without thinking-thank 

goodness. Imagine having to 

devote part of your constant con­

sciousness to remember how to 

M ULTIPLE SCLEROSIS, a 

disease of the immune sys­

tem, causes the body to eat away 

at the fatty coating of myelin that 

insulates nerves. As the protective 

sheath degenerates, the brain loses 

its ability to communicate effi­

ciently with the body. The process 

walk or drink a glass of water-not 

to mention how to breathe. 

At the most basic level, things 

move inside your body through 

the action of the autonomic (invol­

untary) and somatic (voluntary) 

is similar to the erosion of telephone 

wire insulation. When wires lose their 

protective sheaths, electrical messages 

sent along their length may get slowed, 

interrupted, or lost. In the human body, 

nerves that lose their coat start to dete­

riorate, and their myelin turns into hard, 

nonfunctioning lesions called scleroses. 

nervous systems. The autonomic 

nervous system regulates the body's 

internal state through webs of 

motor neurons that activate the 

heart muscle, organs, and glands. 

These internal tissues constantly 

Patients, usually diagnosed between 

the ages of 20 and 40, may lose their 

ability to walk or talk. They may suf­

fer from visual impairments, weakness 

or clumsiness in their muscles, urinary 

incontinence, and, ultimately, paralysis. 

The reasons for the onset of the 

disease are unclear; but genetics and 



send information to the central 

nervous system, and as their name 

suggests, the autonomic nerves 

act on their own to adjust body 

activities to maintain homeostasis. 

Detection of a drop in temperature, 

for example, may cause the auto­

nomic nervous system to speed the 

heartbeat and alter the diameter of 

blood vessels. Most of these actions 

take place beyond conscious aware­

ness. Awareness occurs only when 

the autonomic action impinges on 

consciousness, as when you hear 

the pounding of your heartbeat 

after running or your painfully full 

bladder announces itself. 

NETWORKS IN ACTION 

Controlling these actions is spread 

throughout several regions of the 

II 
An average adult at rest 

" breathes between 12 and 20 

times per minute. 

brain, including the spinal cord, 

brain stem, hypothalamus, and 

cerebral cortex. The hypothala­

mus processes incoming stimuli 

and sends responses to the central 

childhood infections have been tar­

geted as likely contributors. Factors that 

heighten risk of developing multiple scle­

rosis include northern European ances­

try and exposure to Epstein-Barr virus. 

In addition, women are twice as likely as 

men to get the disease. At least 300,000 

Americans have been diagnosed. New 

+ MAJOR MUSCLE REFLEXES + 

Reflexes produce rapid, automatic responses to stimuli. 
A particular stimulus always brings about the same reaction. 

REFLEX DESCRIPTION 

Stretch reflex Keeps a muscle at a set length by contracting it. 

Golgi tendon Keeps a muscle at a set length through its relaxation and the 
reflex contraction of other muscles. 

Flexor (with- Causes quick withdrawal of a body part from a painful stimulus, 
drawal) reflex such as a finger under a sharp knife. 

Crossed- Often works with flexor reflex in rapid withdrawal and 
extensor reflex redistribution of weight. 

nervous system. This tiny portion 

of the brain regulates the heart, 

blood pressure, the correct amount 

of water in the body's cells, endo­

crine activity, and body tempera­

ture, as well as playing a role in 

emotions and biological drives. 

Although the cerebral cortex usu­

ally is thought of as a source of 

conSCIOusness, it also modifies 

the autonomic nervous system 

at a subconscious level, working 

through the limbic system. How­

ever, some conscious thoughts do 

alter the body through the auto­

nomic nervous system. Consider, 

drugs including interferon and glati­

ramer have shown promise in slowing 

the development of symptoms and 

decreaSing complications. 

Famous people with multiple sclero­

sis include actress Teri Garr, writer Joan 

Didion, actress and singer Lena Horne, 

and talk show host Montel Williams. 

for example, how remembering a 

scary movie made your heart race 

or dwelling on the taste of your 

mother's homemade soup made 

your mouth water. Some studies 

have even demonstrated that test 

subjects can exert a measure of 

control over their heart rate and 

blood pressure through techniques 

such as biofeedback. 

Involuntary and voluntary 

movements are controlled by dif­

ferent networks of the brain, even 

if they both connect to the same 

part of the body. Stroke victims 

who suffer paralysis to part of 
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their mouth cannot smile on com­

mand with both sides of their face. 

However, when such patients hear 

a funny joke and laugh involun­

tarily, they smile equally with both 

sides. Scientists would explain this 

phenomenon by pointing out that 

even if the cerebral cortex has lost 

its control over voluntary action, 

the basal ganglia remain capable of 

autonomic response. 

In contrast, the somatic nervous 

system works by activating motor 

neurons embedded in skeletal mus­

cles. The cell bodies of these neurons 

reside in the central nervous system, 

and their axons stretch as far as the 

most distant toes and fingers. Their 

fibers are thick and well coated with 

myelin to conduct electrochemical 

impulses efficiently and quickly. All 

somatic motor neurons-the ones 

that move your body in response 

to external stimuli as well as men­

tal instructions-work by releasing 

acetylcholine into their synapses. 

When acetylcholine concentrations 

reach a trigger point, surround­

ing muscles contract. When you 

stretch your legs after sitting at the 

computer, you may think you are 

elongating muscle fibers, but in fact 

the stretching occurs because fibers 

elsewhere have gotten shorter. 

RESPONSES eT REFLEXES 

Some muscle contractions occur in 

response to extremely simple neu­

ral connections-so simple they 

never get close to the brain itself. 

The tap of a reflex hammer initiates motion 

independent of the brain. 

One such reaction IS the "knee 

jerk" reflex in response to the tap 

of a doctor's hammer. It works on a 

closed loop connecting the knee to 

the spinal cord, and it's as predict­

able as night following day. 

As more and more neurons get 

recruited to formulate responses 

to external stimuli, the reflexive 

response becomes less automatic. 

Primitive fight or flight responses 

get processed quickly for evolu­

tionary reasons. More complicated 

stimuli such as the irritants of a 

sneeze take longer to process and 

get forwarded beyond the spinal 

cord to the brain. 

Charles Darwin said the move­
ments of expression "reveal 

the thoughts ... of others 

more truly than do words." 

Take the vestibular reflex, for 

example. It occurs in the brain stem 

and automatically adjusts muscle 

tone in the neck and body to main­

tain the posture of the head. Oto­

liths in the inner ears constantly 

send signals to the brain stem about 

the orientation of the head to grav­

ity. Changes in that relationship, as 

well as sudden linear acceleration, 

send impulses through neural con­

nections to the brain stem. Mean­

while, the ears' semicircular canals 

detect angles of the head's accelera­

tion as it moves from side to side. 

If you are walking and you trip, the 

sudden movement of your head 

jerking forward and possibly to the 



left or right causes the brain stem 

to automatically contract muscles 

in the neck and limbs to keep the 

head level and maintain balance. 

Sensory information gathered by 

the peripheral nervous system gets 

incorporated into complex webs of 

potential responses. If you're lying 

on a beach and the sun's getting 

hotter and hotter, when and how 

do you decide to go inside? Chances 

are, given the incredible complexity 

of the brain, nobody could predict 

for certain the instant you would 

analyze changes in skin tempera­

ture, air temperature, wind, the 

nascent pain of sunburn, and other 

environmental factors, not to men­

tion your state of mind-weren't 

you planning to stay out long 

enough to get some color?-and 

decide to get inside your lakeside 

cabin. Neuroscience has turned 

more and more toward examining 

the processes of cognition instead 

of simpler cause-effect reflexes. 

INVOLUNTARY MOTION 

But even our conscious thoughts, 

and the actions they influence, 

contain many unconscious move­

ments. Awareness of the impor­

tance of acting without thinking 

has long been crucial for the devel­

opment of athletic excellence. In an 

1887 article in Harvard Monthly, 

A. T. Dudley wrote of the superior 

athlete: "Ask him how, in some 

complex trick, he performed a cer­

tain act, why he pushed or pulled 

POLIO & THE PRESIDENT 

President Roosevelt's memorial in Washington, D.C., depicts him appropriately seated. 

IN HIS 30s, Franklin Roosevelt was 

"the handsomest, strongest, most 

glamorous, vigorous physical father 

in the world." That's how son James 

recalled a man who enjoyed tennis, 

gol( and horseback riding. Such vigor 

disappeared literally overnight. After 

swimming in August 1921, Roosevelt 

went to bed exhausted. The next 

day, after suffering fever, the future 

President was permanently paralyzed 

below the waist. 

The culprit was polio, ingested in 

contaminated water. Polio attacks 

the neurons of the lower brain and 

spinal cord, and like a spy cutting a 

telegraph wire, it destroys the com­

munication lines connecting the brain 

and extremities. 

Vaccine programs begun in the 

1950s have nearly wiped out the 

disease. Unfortunately, some survI­

vors now suffer from a new disease, 

post-polio syndrome. Its trigger 

remains unclear, but speculation cen­

ters on ordinary aging. Humans lose 

neurons as they grow old. Survivors of 

polio, their store of neurons already 

depleted, struggle because they have 

fewer to lose. 

Roosevelt tried to regain use of his 

legs through exercise and bathing in 

the spa at Warm Springs, Georgia. 

Nothingworked. However, the disease 

may have made him a better politi­

cian. Historian Doris Kearns Goodwin 

argues that paralysis stretched the 

wealthy man's empathy for the poor 

and underprivileged, "people to 

whom fate had dealt a difficult hand." 

Put another way, as Roosevelt's body 

withered, his soul expanded. 
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Irritants in the nasal passages-like pollen and dust-and illnesses-such as the com­
mon cold and hay fever-can trigger a sneeze. But sneezes can also be triggered by 
taking a quick look at a bright light, like the sun. Called the photic sneeze reflex or 
sun sneezing, the phenomenon and its causes are puzzles to researchers. 

at a certain instant, and he will tell 

you he does not know; he did it by 

instinct; or rather his nerves and 

muscles did it of themselves .... " 

Such involuntary movement 

is born out of much training and 

practice. Repeated motions, both 

self-initiated and in response to 

others' actions, eventually become 

automatic, even though they may 

contain complex sequences. The 

basketball center who fakes left, 

spins right, and lays the ball into 

the hoop with a finger roll at one 

time chose each of those actions. 

After much practice, the center 

carries out the sequence with little 

or no conscious thought. Thus, the 

lines between involuntary and vol­

untary actions become less clear. 

FREE WILL? 

Further blurring the boundaries 

between voluntary and involun­

tary action is the concept of free 

will, which recedes the more it is 

studied. Humans define them­

selves as creatures with the power 

to choose. Entire institutions, such 

as the church and the legal system, 

include the ability to make choices 

as mechanisms for reward or pun­

ishment. Yet brain scans raIse 

intriguing questions. 

In 1985, San Francisco neuro­

logical researcher Benjamin Libet 

fitted the scalps of volunteers with 

caps to record electrical activities in 

their brain, and then asked them to 

make a simple decision: move a fin­

ger at a time of their choosing. He 

discovered that his EEG recorded a 

brain readiness potential a half sec­

ond to a full second before the sub­

jects moved their fingers. 

Libet decided to refine his exper­

iment. He asked his volunteers 

to look at a clock face and note 

the exact moment they reached 

the decision to initiate the finger 

motion. They then moved their 

finger, and afterward gave Libet 

the exact timing of their decision. 

He compared those self-reported 

times with the readiness potentials 

+ SNEEZE ANATOMY + 

IRRITANTS THAT REGISTER on the sen­

sory neurons of the nose may trigger the 

explosive reflex of sneezing. The irritating 

sensation is passed along the trigeminal 

cranial nerve, which connects the face and 

the brain stem. In the brain stem, the sen­

sation finally reaches the lateral medulla, 

which triggers the sneeze as an explosive 

burst to expel the irritants from the upper 

airways. Damage to the lateral medulla 

can cause animals to lose their ability to 

sneeze. Because the trigeminal nerve also 

carries signals from the eye, bright lights 

sometimes cause sensory impulses to spill 

over into other nerve fibers and set off 

sneezing in about one in four people. 

recorded by his instruments and 

came to an odd conclusion: Electri­

cal activity in the volunteers' brain 

manifested the decision 300 milli­

seconds before the subjects became 

aware of it themselves. The correla­

tion became so precise and so pre­

dictable that Libet could watch the 

EEG scans for the telltale activity, 

then know with confidence that 

the subjects were about to move 

their fingers. Despite the results, 

the volunteers believed they acted 

when they chose to act. How could 

it be otherwise? 

Libet's findings suggested that 

the brain knows what a person will 

decide before the person does. But 

if that's the case, the world must 

reassess not only the idea of move­

ments divided between volun­

tary and involuntary, but also the 

very idea of free will itself. Libet 

showed that the conscious deci­

SIOn to act occurs only after the 

action, as measured by brain activ­

ity, is already under way. The brain 

produces motion, but part of the 

decision to move already had been 

made before the conscious mind 

becomes aware of it. 

The paradox exists when observ­

ers consider the mind, the brain, 

and the body as separate entities. 

The problem vanishes, though, 

according to neurologist Richard 

Restak, once we realize, "We are 

our brain." The power to choose 

behavior lies in the influence of the 

brain on the brain. 



ACETYLCHOLINE. Neurotransmitter 

that causes muscles to contract. 

ATHETOSIS. A movement diso rder, 

linked to an overactive basal ganglia, char­

acte ri zed by slow continuo us movement. 

BASAL GANGLIA. A gro up of nuclei con­

sisting of the caudate nucleus, putamen, 

and globus pallidus. Bel ieved to playa role 

in movement reg ulation and coord ination. 

BETA BLOCKERS. A class of d rugs t hat 

lower blood pressure by blocki ng t he 

effects of epinephrine (ad rena line). 

CEREBELLUM. Region of the brain that is 

most responsible for producing smooth, 

coord inated muscle movement. 

CERVICAL NERVES. Eight pairs of spinal 

nerves that issue from t he first seven ver­

tebrae and supply movement and feeling 

to t he arms, neck, and upper chest. 

CHOREA. A movement disorde r charac­

terized by invo luntary, irregular, je rki ng 

motions of the limbs and trunk. 

CHRONIC TRAUMATIC ENCEPHAL­

OPATHY (CTE). A degenerative bra in 

d isease fo und in individua ls with a history 

of frequent concussions. Characterized by 

depression, memory loss, aggress ion, con­

fusion, and the ear ly onset of dementia. 

COCCYGEAL NERVE. Single pair of 

nerve ce ll s that issue from t he coccyx, 

or tailbone. Supplies feeling to the ski n 

between the coccyx and the an us. 

COGNITIVE UNCONSCIOUSNESS. 

Takes in most of the information that 

al lows individua ls to conscio usly act with in 

and know their environment. 

GLOSSARY 

CONCUSSION. A high-veloc ity impact 

injury to the brain that may interfere with 

movement, balance, speech, and memory 

and can have short- and long-term effects. 

HEMIBALLISMUS. Uncontrol led move­

ment of t he limbs as a res ult of damage to 

the basal gangl ia. 

HUNTINGTON'S DISEASE. A hereditary 

condition causing degenerat ion of the 

neurons in the basal gangl ia and cerebral 

cortex. It is ul t imately fata l. 

JACKSONIAN EPILEPSY. A type of 

ep il e psy characterized by predicable fits 

confined to certain parts of the body. 

LEPTIN. A hormone produced by fat cel ls 

that he lps to regulate metabol ism and 

food co nsumption. 

LOCKED-IN SYNDROME. A neurologi­

cal condition resulting in loss of vol unta ry 

muscle movement in al l regions of the 

body except the eyes, tho ugh cognitive 

awareness and reason ing remain normal. 

LUMBAR NERVES. Five pairs of sp inal 

nerves that supply the lower back, fronts 

of the legs, and feet . 

MIRROR NEURONS. Ne urons that fire 

d uring a fam iliar act ion and when t hinking 

of or observ ing others performing it. 

MOTION BLINDNESS. Loss of t he ability 

to detect changes in movement. Motion 

ap pears as a series of differing sti ll images. 

MOTOR HOMUNCULUS. A diagram 

li nking body parts to the corresponding 

region of the motor cortex, with sizes of 

body parts shown in proportion to t he 

number of neural connections. 

OBSESSIVE-COMPULSIVE DISORDER 

(OCD). An anxiety d isorder characte rized 

by int rusive, unwanted t houghts (obses­

sions) and/or st rong urges to perfo rm 

countering actions (compuls ions). 

PATELLAR TENDON. Connects the 

kneecap to the sh inbone and aids in leg 

extension. Site of the knee jerk reflex test. 

SACRAL NERVES. Five pairs of sp inal 

ne rves that issue from t he sacrum below 

t he lower back. These ne rves supply t he 

backs of t he legs and sexual organs. 

SELECTIVE SEROTONIN REUPTAKE 

INHIBITORS (SSRls). Drugs that inh ibit 

seroto nin reabsorptio n. Used to treat 

depression, anxiety disorde rs, obsess ive­

co mpulsive d isorder, and eating d isorders. 

SUPERIOR TEMPORAL SULCUS. Brain 

region containing t he ne ura l networks 

respo nsible for motion detection/analysis. 

THORACIC NERVES. Spinal nerves t hat 

issue from the 12 vertebrae of the upper 

back. They se rve the trunk and abdomen. 

TOURETTE'S SYNDROME. Ne urological 

d isorder character ized by repetitive and 

invo luntary motor t ics and vocalizations. 

TRIGEMINAL CRANIAL NERVE. Con-

nects the face to the bra in stem. Respons i­

ble fo r fac ial sensation and motor control. 

VESTIBULAR REFLEX. Automatic adj ust­

ment to the muscle tone in the body and 

neck to maintain t he posture of t he head. 

VESTIBULOOCULAR REFLEX. Causes 

automatic adjustments to t he eye muscles 

to maintain a stable gaze regardless of 

head movement. 
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SIIARED ROI ES DIFFERENT REGIONS 
UNITED IN MOTION 

B
RAIN SCANS like Libet's 

and those of German 

neurophysiologist H. H . 

Kornhuber demonstrate that no 

single brain region is responsible 

for specific motions. Conscious 

movements that occur as you will 

your fingers to pick up a pencil are 

primarily governed by the cerebral 

cortex, which processes sensory 

information and chooses particular 

actions. However, the impulse to 

move apparently originates in net­

works of motor neurons in regions 

below the cortices. There, years of 

neural development have created 

pathways that carry out instruc­

tions for finely detailed movement 

beyond the scope of perception. 

You may choose to pick up the 

pencil, but you cannot articulate 

the firing of neurons that make 

your fingers reach, bend, and grasp 

it. The mechanism that connects 

the thought to the movement lies 

beyond conscious thought. This 

does not mean that the connec­

tion between the brain and motion 

should not be studied. Far from 

it. Action, from facial gestures to 

bodily movement to vocalizing one's 

thoughts, is what defines an indi­

vidual. And action is movement. 

MULITPLE REGIONS 

Brain scans indicate that the impulse 

of motion arises from a variety of 

Cerebral Cortex Functions 

Complex, 
skilled movement 

Planning, 
emotion, 

judgment 

Hearing 

Voluntary movement 

;::--- Sensation 

----,h---Sensory interpretation 

Speech 
interpretation 

interpretation 

Vision 

Areas of the cerebral cortex are designated, though not exclusively, to certain functions. 

regions working in concert. Neu­

ral networks discharge among the 

high and low regions of the brain 

in the four-story house metaphor 

described in Chapter 2. The brain 

has no single "decision center" for 

movement. Information constantly 

flows in and among all levels, from 

the basement rooms of the brain­

stem and spinal cord, through the 

first and second floors of the basal 

ganglia, cerebellum, and motor 

cortices, to the topmost floor of the 

executive function of the prefrontal 

cerebral cortex's frontal lobes. 

Electrical discharges observed in 

brain scans occur in the cerebellum, 

basal ganglia, and cerebral cortex 

nearly simultaneously when a per­

son decides to move a finger or a 

toe, and these discharges appear 

on screen well before the twitch 

of either digit. This finding shakes 

the foundation of theories by 

such pioneers as John Hughlings 

Jackson, who argued for a hierar­

chically organized brain with local­

ized functions. Instead of a "higher 

brain" ordering movement, many 

brain regions-including some of 

the most primitive, in evolutionary 

terms-play significant if not equal 

roles in distributing the impulses 

for movement. 



WORKING TOGETHER 
The close integration of brain 

regions can be observed in the 

way neural networks work with 

each other through the marriage 

of movement and emotion: When 

you smile a genuine smile, you feel 

happy, and when you feel happy, 

you smile. Similarly, maintaining 

good body posture as you read or 

write helps you concentrate. 

II 
"Muscle memory" is the com­

mon name for how the neuro-

" muscular system learns skills. 

Restak uses the act of writing as 

an example to illustrate the advan­

tages of the distribution of func­

tions throughout the brain and 

the mix of conscious and uncon­

scious movement. If you write by 

hand, you must activate neurons 

to control the muscles of your fin­

gers, hand, arm, neck, and head­

the latter two so you can turn your 

gaze between your notes and your 

paper. If you used a keyboard, you 

would call upon the same neurons 

that move your fingers, but the act 

of writing by tapping keys would 

differ from sliding the tip of a pen 

across a page. 

You also have the options of 

dictating to a tape recorder, or 

to a secretary, as the dyslexic 

Agatha Christie did when writ­

ing her many mystery novels. You 

could even tap out your message 

uSlllg Morse code. No matter 

which method you choose, the 

communication would contalll 

the same information because of 

the orgalllzlllg purpose of your 

choosing to write. 

However, each form activates 

completely different brain areas­

neural networks for handwriting 

aren't the same as the ones for typ­

ing or dictating. The purpose of 

the act of writing calls forth what­

ever brain activities are required, 

from ritual skills such as typing 

to voluntary components-what 

should you write?-that cannot be 

localized in the brain. "The inter­

mingling of voluntary and reflex 

activity lends majesty and power 

to the human brain," Restak said. 

"We are not simply reflex organ­

isms ... nor are we totally unre­

strained in our behavior." 

THE CEREBELLUM 
How much each region of the brain 

operates during a particular move­

ment depends on the specific form 

of the motion, its intensity, and 

the trigger that initiates voluntary 

or involuntary action. Although 

the brain works as an integrated 

whole, some regions seem to play 

a more important role than others 

in particular actions, such as the 

speech centers of the left temporal 

lobe. Neuroscientists focus much 

of their attention on the cerebel­

lum for its role in coordinating 

movement at a level below aware­

ness. The cerebellum lies amid the 

ancient, reptilian complex at the 

STAYING SHARP 

COMPETITIVE ATHLETES long have 

sought an edge over their opponents, 

but some modern competitors have sub­

stituted small doses of drugs: synthetic 

hormones known as anabolic ("tissue­

building") steroids. These substances are 

dangerous, and when abused, can cause a 

host of mental and physical problems. 

Synthetic anabolic steroids act like tes­

tosterone in the body by aping its action 

in binding to receptor sites in cells. Ana­

bolic steroids bind to a high number of 

cell receptors, boosting protein produc­

tion beyond normal limits and allowing 

the athlete to work harder, longer, and 

enjoy a shorter recovery time. Former 

professional athletes, such as football's Bill 

Romanowski and baseball's Jose Canseco, 

have admitted to steriod use and benefits 

from greater size and strength. But ste­

riod use has a high mental and physical 

cost that can take a serious toll. Profes­

sional wrestler Chris Benoit, who killed 

his wife and son before committing sui­

cide in 2007, had ten times the normal 

level of testosterone in his body and a 

cache of steroids in his home. 

The National Institute on Drug Abuse 

calls anabolic steroids "dangerous drugs" 

and links their abuse to mental disorders 

including rage, aggression, mania, and 

delusions, as well as damage to the heart, 

liver, and kidneys. Studies conducted at 

Northeastern University in 2002 probed 

their possible impact on the brain. The 

researchers believe adolescent humans' 

developing brain would exhibit extreme 

sensitivity to steroids. Researchers found 

that hamsters given high doses of ana­

bolic steroids had significantly lowered 

levels of the neurotransmitter serotonin. 

The decrease was especially evident in 

brain regions associated with aggression 

and violence. 
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back of the brain, near the brain 

stem, and connects with the cere­

bral cortex through neural fibers 

in the pons. The cauliflower-like 

cerebellum has two apple-size, 

heavily convoluted hemispheres 

connected by a wormlike vermis. 

Like the cerebrum, the cerebel­

lum has an outer cortex of gray 

matter, an inner body of white 

matter, and deep, paired masses of 

still more gray matter. The white 

matter looks like the branches of a 

tree, giving it the name arbor vitae, 

or "tree of life." The cerebellum 

contains representations of the 

motor and sensory networks of the 

entire body. 

Each hemisphere is subdivided 

into three lobes: anterior, pos­

terior, and flocculonodular. The 

anterior and posterior lobes coor­

dinate motions of the body. Mus­

cles of the trunk are influenced by 

the medial portions of those two 

sets of lobes, while intermediate 

regions influence hands and feet 

and skilled movments. The most 

lateral portions of the hemispheres 

work with the cerebral cortex to 

integrate information and appear 

to help plan movements. The floc­

culonodular lobes communicate 

with the inner ears to maintain bal­

ance during the process of stand­

ing, walking, and sitting. 

Damage to the cerebellum, such 

as that caused by a wartime injury 

or a lifetime of alcohol abuse, may 

cause a person to stagger, lose 

Learned motor skills fall into two categories: fine and gross. Fine skills, like typing, 

primarily involve the hands. Gross skills, like rowing a boat, involve large groups of 

muscles allover the body. 

balance, and flail an arm or leg 

when trying to do something as 

simple as scratch an itch. 

CEREBELLUM FUNCTIONS 

The cerebellum works to inte­

grate information with sequences 

of events, which are essentially 

motions through time and space. 

A sense of sequence and of time is 

crucial to learning, thinking, and 

memory. Without a proper sense 

DURING INTENSE competition, an ath­

lete trained to focus on physical achieve­

ment can temporarily push through or 

ignore pain. This mental toughness tem­

porarily dampens the pain pathways to 

the brain. Attitude plays a role, particularly 

in reassessment. "If you are distressed by 

anything external," wrote Roman emperor 

Marcus Aurelius, "the pain is not due to 

the thing itself but to your estimate of it; 

and this you have the power to revoke at 

any moment." After the sporting event's 

conclusion, when the need for concentra­

tion decreases, the athlete may feel the 

extent of the injury. 

of timing, you would not know 

whether you can safely accelerate 

your car into the gap in oncoming 

traffic. Your correct assessment of 

whether to keep your foot on the 

brake pedal or stomp on the gas 

depends on your memory of pre­

vious episodes in the interstate on 

ramp as well as your own sense of 

timing developed over a lifetime of 

feedback from motor activities-of 

both the automotive and biologi­

cal kind. 

The cerebellum acts as a library 

for stored information about 

learned movements, the kind 

you don't have to think about to 

perform. Sports figures provide a 

good example of how the motor 

skills stored in the cerebellum 

work with the cerebral cortex to 

initiate action. 

ANATOMY OF A GOLF SWING 

When professional golfer Tiger 

Woods addresses a golf ball, he 

wouldn't even be able to spread 

his feet shoulder-width apart and 

maintain his balance without his 

cerebellum constantly recelvmg 

information from his eyes and ears 

and making involuntary adjust­

ments to keep him stable. Woods 

selects his club for a particular shot 

and without thinking forms the 

proper grip. As he stands over the 



ball, waiting to begin his swing, he 

must make an intentional decision 

to start drawing the club head back 

in its characteristic arch. 

Neuroscientists believe that this 

decision requires Woods's cerebral 

cortex to fire synapses in regions 

associated with movement, which 

then send impulses to the lateral 

cerebellum. The cerebel-

lum creates a program of 

action and sends it via 

the thalamus to the 

motor cortex of the 

two hemispheres of 

the cerebrum. This 

program IS a pattern 

of neuronal firing that 

Woods has played out 

many times before, so he doesn't 

have to think about the mechanics 

of a good golf swing. 

However, each shot presents its 

own challenges. Perhaps there's a 

crosswind, or the ball is half buried 

in mud. Woods then may choose, 

using his cerebral cortex, to adjust 

the pattern, taking his usual swing 

but consciously attempting to fade 

or hook the ball onto the green. As 

he swings at the ball and follows 

through, his cortex adjusts the 

swing from instant to instant based 

on sensory feedback processed in 

the cerebellum. 

Woods practices visualization 

techniques before he attempts any 

shot. He rehearses his swing in 

his mind and pictures the flight 

of the ball. It's always a detailed 

A section of the cerebellum exhibits its cauliflower-like structure. 

reconstruction of a perfect golf 

swing, with perfect results. 

Woods being Woods, when 

he hits the ball, it's probably not 

much different from his imaginary 

version. There's now a scientific 

explanation for why such tech­

niques improve performance. 

VISUALIZATION 

As a person visualizes an earlier 

experience, the mental imagery 

shares much of the same neu­

ral circuitry as the sensations 

of the original events. Imagin­

ing the breathtaking view from a 

mountaintop re-creates the sense 

of calm experienced on the sum­

mit. The same brain regions acti­

vated by being there get activated 

by reliving the experience, and 

the person may begin to relax 

and breathe slowly. Furthermore, 

if the person remembering the 

trip is asked to describe the val­

ley below, her brain will tell her 

eyes to look downward. Scientists 

trace this phenomenon to "mirror 

neurons" in the cerebral cortex. 

They respond not only to actions 

but also to mental images of those 

actions, as well as action words. 
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ROFESSIONAL GOLFER 

Jack Nicklaus always played 

a shot twice. The first shot 

took place only in his imagination, 

albeit in great detail. Once it felt 

right, he played the ball a second 

time, for real. 

"I never hit a shot, not even in 

practice, without having a sharp, 

in-focus picture of it in my 

head," Nicklaus said in his 

book Golf, My Way. "It's like 

a color movie. First I 'see' the 

ball where I want it to fin­

ish, nice and white and sit­

ting up high on bright green 

grass. Then the scene quickly 

changes, and I 'see' the ball 

going there-its path, tra­

jectory and shape, even its 

behavior on landing. Then 

there is a sort of fade out 

and the next scene shows me 

making the kind of swing 

that will turn the previous 

images into reality." 

Nicklaus went on to win 

18 major tournaments. Close 

behind him on the all-time list is 

Tiger Woods, who borrowed Nick­

laus's technique of seeing every shot 

in his mind's eye before hitting it. 

MENTAL TOUGHNESS 

The power of mental visualiza­

tion has strengthened the games 

of many other athletes, who have 

applied similar imaging techniques. 

U.S. speed skater Dan Jansen, for 

example, had tremendous skill as 

a speed skater but had missed out 

on medaling at both the 1988 and 

1992 Olympics. 

At the 1994 Olympics at Lille­

hammer, Norway, Jansen tried 

again for a medal, but he slipped 

Speed skater Dan Jansen competes in the 1994 

Winter Olympics at Lillehamme~ No rway. 

in his first event-the SOO-meter 

sprint-and failed to win the race. 

When he lined up at the 1,000-

meter event, in what was widely 

considered his last shot at a gold 

medal, he carried the mental weight 

of having failed repeatedly in pre­

vious events he could easily have 

won. But he won anyway, shatter­

ing a world record and then taking 

his eight-month-old daughter on 

a victory lap around the Olympic 

rink. 

James Loehr, a sports psycholo­

gist who helped train Jansen, said 

he knew the skater had the mental 

toughness to accomplish what his 

body could do physically. He just 

needed to bring it to bear. "Men­

tal toughness is the ability 

to bring to life whatever tal­

ents and skills you have-on 

demand," Loehr said. "That 

may come down to an ability 

to fight sleepiness, or to stay 

relaxed and calm or to not 

surrender your spirit when 

the odds are against you." 

THINK POSITIVE 

The power of positive think­

ing has helped many win­

ners. If you apply visioning 

techniques to your own 

actions, you won't avoid fail­

ure forever because human 

beings aren't perfect. Still, 

you can turn failures into successes. 

Remind yourself of a previous per­

formance where you achieved what 

you intended, and then create a 

new image of yourself once again 

performing at that same, high 

level. Stay focused on the positive 

and avoid the stress of negativity 

through relaxation techniques. It's 

a sure way to increase your chances 



of winning, either on the athletic 

field or in the corporate arena. 

In short, think like a champion. 

Your body will believe your brain 

and respond to it. If you run long 

distance and come to a steep rise, 

tell yourself how much you enjoy 

running uphill. You'll do much 

better than if you groan and tell 

yourself you'll never make it. If you 

rehearse hitting a curve ball in your 

mind before you swing your bat, 

you'll improve your chances 

of smacking a line drive when 

the baseball drops through 

the strike zone. 

Loehr likens the effect 

of such thinking to soft­

ware running a computer. 

Your body, your hardware, 

can have powerful tools to 

manipulate data, but it won't 

work right until you load 

and run the proper software, 

your attitude, in your mind. 

SUCCESS STRATEGIES 

Feel good about your performance 

before you begin. Physical and men­

tal fitness will improve your atti­

tude, but something as small as 

wearing an attractive uniform or 

matching workout sweat suit, or 

having a new club or racket, can 

also make a difference. Looking 

good can help you to build your 

confidence before you ever take 

the field. 

Feel as if you belong. Being in 

For example, try to remember 

the feeling of sweat on your fore­

head and the tang of the drop that 

trickled into your mouth when 

you accomplished an athetic feat. 

Recall, if you can, the smell and 

temperature of the air, the feel of 

the clothes you wore, and anything 

else that could place you in the 

memory of a past triumph. 

Star in your own mental movie. 

Envision the action that you want 

to create, making sure that 

the movie plays out from 

your point of view-as if the 

camera were in your head. 

Play the movie in real time, 

not slow motion, so that 

you see the action unfold at 

the right speed. Don't pause 

at critical spots; keep going 

until the end, and then play 

it again. 

Here are some mental exer- Confidently visualizing movements, such as steps required for 

climbing a wan prepares the brain for making them happen. clses for improving per­

formance from Richard 

Gordin, a professor of health, rec­

reation, and physical education at 

Utah State University, and Michael 

Sachs, physical education professor 

Set specific goals. Having 

something to shoot for will 

motivate you to reach it. 

Challenge yourself: You'll 

perform better if you tell 

yourself to do a high number 

of sit-ups rather than do the 

at Temple University: 

Be motivated. If you have moti­

vation to perform well, you will do 

better than if you act for no good 

reason. Find a good reason to keep 

trying and working. 

harmony with your surroundings, 

such as the comfort of feeling wel­

comed in a workout room by the 

others using it, can affect perfor­

mance. Surround yourself with 

positive people who support your 

efforts and their "good vibes" will 

push you forward. 

Explore the memory of a previous 

success down to the smallest detail 

best you can. 

Finally, don't obsess. The trick of 

applying all of the previous sugges­

tions to achieve optimum perfor­

mance is to know them and apply 

them without making them into 

tyrannical lists. When a specific 

physical activity becomes natural 

and fun, you'll do it well because it 

becomes its own reward. 
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Mirror neurons fire when physi­

cal activities that have already been 

learned are rehearsed in the mind. 

Rehearsing a physical exercise 

such as a martial arts kata causes 

the brain to prepare the muscles 

involved in that kata for increased 

activity. The more strongly the 

kata is imagined, the more the 

brain exerts control over heartbeat 

and breathing, just as if the chops, 

punches, and kicks were real. 

Mirroring grows more power­

ful when the brain assigns special 

importance to the movements. For 

example, the brain of a black belt 

LEGENDARY track star Jim Thorpe 

played professional baseball and football. 

Acclaimed cellist Yo-Yo Ma showed early 

promise on the violin and piano. Folk 

musician Gordon Lightfoot, who studied 

piano as a young child, took up guitar at 

age 15 and went on to become highly 

skilled at acoustic fingerpicking. Why is 

it that a great athlete in one sport tends 

to be far above average in others? Or a 

musician tends to achieve on a second 

instrument beyond the skills of a per­

son who takes up music as an adult? In a 

word, work. Great athletes and musicians 

take years to develop their talents. 

holder in karate would respond 

more strongly to observation of 

another's kata or to visualization 

of one's own than would the brain 

of a novice martial artist. 

Similarly, the neurons in a piano 

player's brain fire more strongly 

when he is watching another per­

son play Chopin than do the neu­

rons of another observer with no 

musical training. 

PRACTICE MAKES PERFECT 

If the human brain mirrors actions 

that it observes or imagines, it 

follows that visualizing an action 

before doing it will improve the 

performance. But practice is an 

essential part of the equation, as 

visualization alone won't get you 

there. Mastery of the skill will 

come in time, of course-nobody 

makes a perfect high dive the 

very first time off the board, and 

nobody will shoot 90 percent from 

the free-throw line one week after 

taking up the game of basketball. 

Still, the expansion of physical 

skills requires mental discipline. 

"We learn to skate in summer and 

play tennis in winter," said Wil­

liam James, referring to the way 

the brain integrates experiences 

while the body is at rest. 

When the mind is relaxed, it 

can rehearse actions that later can 

be called into play. When rehears­

als let a competitor walk through 

actions without the stress of com­

petition, they may encode patterns 

in the brain that later play out in 

real life. 

SEEING IS DOING 

Particularly important to the exe­

cution of any motor action is the 

maintenance of a stable field of 

vision. Without it, coordination 

between the body and the eye 

becomes difficult, if not impos­

sible. If you wave your fingers in 

front of your eyes, they appear as 

a blur, but if you hold your hands 

steady and move your head back 

and forth, your vestibulo ocular 

reflex, which relies on the vestibular 

center of your inner ear, minimizes 

blurring. It's what allows athletes 

to orient themselves during even 

the most fast-paced games. 

Social mammals such as 

wolves, dogs, and bears learn 

through play, which also rein­

forces social bonds. 

The significance the brain places 

on recognizing and reproduc­

ing movement can be explained 

through evolution. Animal brains 

are hardwired to analyze motion 

and detect potential threats, such 

as a jungle cat creeping through 

the underbrush. True, the brain 

would recognize the shape of a 

panther as well as its characteris­

tically slinky walk, but the brain 

recognizes the motion of the crea­

ture before the form. 

Imaging studies suggest the 

brain's superior temporal sulcus 



Mentally rehearsing a practiced motion, such as a martial arts punch, fires mirror neurons in the brain. 

houses the neural networks most 

important for recognizing motion. 

It synthesizes two separate streams 

of information flowing from the 

visual centers in the occipital 

lobes. The top stream deals with 

motion and is informally called 

the "where" pathway. The bottom 

stream deals with recognition of 

objects by their forms; it is infor­

mally the "what" pathway and 

deals with recognition of things 

from moment to moment. Infor­

mation from the "where" pathway 

reaches the superior temporal sul­

cus about 20 milliseconds before 

data from the "what" pathway, 

demonstrating the evolutionary 

preference of detecting movement 

over shape. 

For further proof of the brain's 

hardwired attention to movement, 

try going alone into a bar, sitting 

down near a television, and ignor­

ing the flickering images on the 

screen . As the commercials roll 

by, it will be hard to shut them 

out entirely. Your attention will 

be diverted, especially to those 

spots featuring motion. Televi­

sion advertisers and the makers of 

promotional clips for blockbuster 

motion pictures know the impor­

tance of movement in capturing 

an audience. They fill their spots 

with action after action, lest a 

quiet moment allow the viewer to 

look away. 

Damage to brain reglOns that 

sense motion can cause a condition 

known as motion blindness. The 

brain no longer processes physical 

changes from instant to instant. 

A person walking into the room 

appears to click from one posi­

tion to another, like a collection of 

snapshots, instead moving fluidly, 

as in a motion picture. 
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MO liON SICKNESS DAMAGE & 
DISORDERS 

M
ANY DISORDERS and 

injuries can interrupt 

the normal functioning 

of the brain's control over move­

ment. Some of these problems can 

be the result of physical injuries 

such as a fall or a blow to the head. 

Other problems have their sources 

within the brain itself, where 

neurochemical issues, like Hun­

tington's disease and Parkinson's 

disease, can lead to different kinds 

of problems with movement. 

BRAIN INJURIES 
A physical blow to the head can 

bring on a concussion, an impact 

injury to the brain. It is an ailment 

caused by motion that also often 

affects motion. The brain is soft 

and sits amid a cushion of cere­

brospinal fluid separating it from 

the protective shield of the skull. 

A high-velocity impact, such as a 

hard tackle in a football game or 

the bump of a head against the 

dashboard of a car that suddenly 

stops, jolts the brain against the 

inside of the skull, tearing nerve 

fibers and blood vessels. On occa­

sion these tears can lead to tragic 

and even fatal consequences, as 

happened with movie actress 

Natasha Richardson after a skiing 

accident in March 2009. Athletes 

are at higher risk than most peo­

ple because of the nature of con­

tact sports. However, having one 

concussion raises the likelihood of 

having another, no matter how the 

first was inflicted. Furthermore, 

having a concussion doubles a 

person's chances of developing 

epilepsy within five years. 

Damage to the brain can be 

severe or mild, and sometimes 

the recipient doesn't even realize 

he or she has suffered injury. The 

blow typically causes an immediate 

sense of confusion and short-term 

amnesia. Concussions also have 

longer-term effects, depending on 

the severity of the blow and the 

region of the brain that suffered 

DURING TEN SEASONS with the 

New England Patriots, former 

NFL linebacker Ted Johnson incurred 

more than 100 concussions before inju­

ries forced him to retire in 2005. After 

retirement, Johnson fell into a deep 

depression, which he believes may have 

been caused by his chronic concussions. 

damage. Concussions can interfere 

with movement, balance, speech, 

memory, reflexes, and judgment. 

II 
Parkinson's patients' symp­

" toms may improve with regu­
lar practice of tai chi. 

Most concussions are mild, and 

the brain usually recovers, but 

even routine sports concussions are 

nothing to trifle with. Researchers 

from the University of Montreal 

reported in 2009 that former ath­

letes' mental and physical func­

tions performed at subpar levels 

more than 30 years after they suf­

fered concussions. The researchers 

found that those who had suffered 

concussions only once or twice had 

slower movements and decreased 

abilities in memory and focusing 

attention, compared with peers 

who had suffered no concussions. 

Symptoms include dizziness, head­

aches, slurred speech, ringing in the 

ears, and nausea. Anyone suspected 

of having suffered a concussion 

Johnson has since become a strong pub­

lic advocate for more education on the 

long-term effects of head injuries on 

athletes like him. 

Surrounded by spinal fluid, the brain 

normally floats inside its protective 

skull casing. During a sudden whip­

lash or collision, however, this natural 



A boy jerks uncontrollably with the symptoms of Sydenham's chorea, also called St. Vitus' dance, sometimes associated with rheumatic feve~ 

should stop physical activity and 

seek medical attention. 

LOSS OF CONTROL 
When involuntary movement 

breaks free from conscious control, 

shield turns into a weapon. The cere­

bral cortex, which is the consistency of 

gelatin, bounces against bone, causing 

a concussion. The force of impact may 

twist or tear brain tissue. Concussions 

may be severe enough to cause loss of 

consciousness or so mild as to seem 

but a dream. Other symptoms include 

the results can range from embar­

rassmg to dangerous. Several 

diseases of motion spring from 

damage to the basal ganglia or its 

overproduction or underproduc­

tion of dopamine. These include 

dizziness, ringing ears, and impaired bal­

ance, to name a few. 

Recent studies by the Boston Uni­

versity School of Medicine have shed 

light on the long-term damage caused 

by concussions. Neuroscientists at that 

school analyzed the brains of several 

dead athletes, including Andre Waters, a 

Parkinson's disease (described in 

Chapter 2), hemiballismus, cho­

rea, and athetosis. 

In hemiballismus, damage to a 

portion of the basal ganglia called 

the subthalamic nucleus, often 

onetime National Football League 

player whose deep depression and 

ultimate suicide at age 44 have 

been linked to chronic concus­

sions. Waters's brain, the study 

found, bore microscopic protein 

tangles much like those of Alzheim­

er's patients nearly twice his age. 
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WOODY GUTHRIE 

Iconic songwriter Woody Guthrie sings and plays his guitar in an undated photo. 

FOLK SINGER and songwriter 

Woody Guthrie (1912-1967) 

began acting strange when he reached 

his late 30s. The author of such 

American standards as "This Land Is 

Your Land" and "Roll On, Columbia" 

had always had a wry sense of humor 

and a scrappy personality. But as he 

aged, he began displaying depression, 

mood swings, and weird, uncontrol­

lable jerky movements that got worse 

no matter how hard he tried to stop 

them. Dementia followed. Doctors 

diagnosed alcoholism and schizo­

phrenia before settling on Hunting­

ton's chorea, which had killed his 

mother in 1930. Today the condition 

is called Huntington's disease. 

The condition causes degeneration 

of neurons in the basal ganglia and 

cerebral cortex. It's genetically trans­

ferred; each childofa parentwith Hun­

tington's has a 50 percent chance of 

inheritance. The gene's location was 

pinpointed in 1993. As it expresses 

itself and damages the brain through 

a means not fully understood, it frees 

involuntary muscle movement from 

conscious control. Medication can 

treat the symptoms, but nothing can 

stop the neurological decline. Woody 

Guthrie had eight children. Of the 

five who lived to adulthood, two died 

of Huntington's, and three, including 

singer Arlo Guthrie, escaped the ter­

rible legacy. 

caused by stroke, can bring on 

uncontrolled movements of the 

arms and legs. No matter how the 

patient tries to will the motions 

to stop, they continue. Typically, 

the movements, which some­

times resemble the pitching of a 

baseball, grow weaker when the 

patient is at rest. 

DANSE MACABRE 
Chorea, the Greek word for 

"dance," is any of several disorders 

marked by uncontrolled jerking 

and twitching movements in the 

limbs and trunk. The most well­

known condition is Huntington's 

chorea, a genetically transmitted 

illness in which the caudate nucleus 

atrophies. The uncontrolled move­

ments of Huntington's disease 

prove even nastier than those of 

Parkinson's. Worse, while Parkin­

son's often responds to treatment, 

there is no relief or cure for Hun­

tington's chorea-now called Hun­

tington's disease-as the patient 

slowly loses control over move­

ment and dies. 

Athetosis IS a slow, unbroken 

stream of writhing movements 

usually involving the hands and 

feet, but also affecting the face. 

An overactive basal ganglia has 

been identified as a contributor. 

Dopamine-blocking antipsychotic 

drugs have shown treatment results, 

as they have in some choreas. 

The basal ganglia's crucial role 

in movement was underscored 



by an unusual disorder described 

m 1982. A 25-year-old Parisian 

nearly died of carbon monoxide 

II 
The word choreography is 

•• derived from the same Greek 

root word as chorea. 

pOlsonmg. Breathing the noxiOUS 

gas damaged a region in his basal 

ganglia called the globus pallidus. 

When the man woke up, he dis­

covered that the damage had taken 

away his ability to will himself to 

move. Unless prompted to act by 

the touch or words of another per­

son, the man would spend all day 

in bed, neither moving nor talking. 

He told interviewers that although 

he looked sluggishly inactive, his 

mind teemed with ideas he could 

not act upon. 

Diseases affecting movement, 

such as Parkinson's and Hun­

tington's, often interfere with a 

patient's memory and sense of tim­

ing. Among Parkinson's patients, 

for example, one study found a link 

between how much they had lost 

control of their motor functions 

and how difficult they found it to 

recall certain tasks. Such physical 

and cognitive links occur because 

the basal ganglia and cerebellum 

do more than coordinate motion. 

They also affect thoughts and mem­

ories through their roles in shap­

ing sensory inputs on cognition 

and control of motor functions. 

When the basal ganglia malfunc­

tion, they may fail to dampen the 

activation of undesired movements 

and thoughts. Neural impulses 

normally overridden by the brain 

then lead to unwanted tics and 

jerky motions despite consciOUS 

efforts to control them. Even the 

behaviors of obsessive-compulsive 

disorder (OeD), in which patients 

fixate on unwanted thoughts and 

carry out ritualistic actions despite 

their best efforts to avoid them, 

Colored PET scans depict OCD-active areas. As symptoms strengthen, top row shows activity increasing, and bottom row activity falling. 
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can be traced in part to abnormali­

ties of the lower areas of the brain, 

although the exact cause has yet to 

be determined. 

OBSESSIVE-COMPULSIVE 
DISORDER 
In his book the Mind and the Brain, 

UCLA psychiatry professor Jeffrey 

M. Schwartz tells of a middle-aged 

woman who sought treatment 

from him at the Obsessive Com­

pulsive Disorder Research Group 

at the university's medical center 

in Westwood. "Dottie" spilled out 

her sad story: Ever since she was a 

girl, the sight of the number 5 or 6 

transfixed her with fear. After she 

grew old enough to drive, her see­

ing a 5 or 6 on another car's license 

plate prompted her to pull over to 

the side of the road to await the 

arrival of a car with a luckier num­

ber on its plate. If she didn't spot 

such a car, she could not move on 

without feeling her actions spelled 

some unspeakable misfortune to 

her mother. Later, after she gave 

birth to a son, she fell under the 

spell of a new irrational fear: that 

some action or inaction of hers 

would cause her son to go blind. 

Dottie suffered from obsessive­

compulsive disorder. Symptoms 

include series of intrusive, unwanted 

thoughts (the obsessions) that bring 

on intense urges to perform coun­

tering rituals (the compulsions). 

The obsessive thoughts can domi­

nate the mind, yet patients with the 

disorder report that they seem to 

come from outside the self, as if an 

outsider had hijacked a portion of 

the brain. They may feel compelled 

to check over and over again to see 

if a door is locked, even though 

they know they just locked it. 

British essayist and poet Sam­

uel Johnson (1709- 1784) IS 

believed to have had oeD. 

Like the fictional television 

detective Adrian Monk, they may 

count steps or obsess over germs 

or repeatedly make lists or insist 

on life's everyday rituals being per­

formed in specified orders. The dis­

order isn't as rare as Monk's creators 

might have you believe: Roughly 

one in forty Americans has some 

FROM THE LATE 1960s through 

the early 1990s, the most common 

psychological treatment used to treat 

obsessive-compulsive disorder forced 

patients to graphically confront the 

source of their problems. 

A behavioral therapy called expo­

sure and response prevention, or ERP, 

degree of obsessive-compulsive 

disorder. Typically, symptoms first 

appear in the years between adoles­

cence and early adulthood. Unlike 

the repeated actions of addicts, 

OCD patients get no joy from their 

repeated, ritualistic behaviors. 

PET scans revealed extreme lev­

els of activity in the orbital frontal 

cortices of OCD patients' brain, 

right behind their eyes, as well as a 

tendency toward heightened activ­

ity in the caudate nucleus and cin­

gulate gyrus. Studies about the role 

of the orbital frontal cortex suggest 

it acts as an error detector. It alerts 

the brain, for example, to receiving 

one stimulus when a different one 

was expected, as when you drink 

a glass of water that turns out to 

be gin. When expectations match 

reality, the orbital frontal cortex 

calms down. 

Schwartz hypothesized that 

problems with the orbital frontal 

cortex could create difficulties with 

error detection, creating a feeling 

of something being out of order 

even when it's not, and bringing 

on unwanted corrective behaviors. 

was pioneered by psychologist Victor 

Meyer at Middlesex Hospital in London 

in the mid-1960s. Meyer exposed his 

patients to the trigger that brought on 

their obsessive thoughts and com pulsive 

behavior. He began with triggers that 

the patient ranked low on the degree of 

distress they would cause. For example, 



A Parkinson's patient receives treatment through implanted electrodes, revealed by x-ray. 

When the so-called worry circuit 

locks on to the feelings associated 

with errors, OCD can result. 

Freudian analysis considered 

obsessive-compulsive disorder to 

have roots in-surprise!-repressed 

sexual conflicts and childhood 

memories. Today, neuroscientists 

if the patient obsessed about germs 

but experienced a relatively low level 

of stress in response to germ exposure, 

Meyer might have the patient touch all 

of the doorknobs in a public building 

but prevent hand washing afterward. 

The treatment then progressed to trig­

gers that caused greater amounts of 

believe the disease springs in part 

from biochemistry, with genet­

ics playing a role. Quite by acci­

dent, a drug called clomipramine 

hydrochloride, used in the treat­

ment of depression, was found 

to relieve OCD symptoms in 

patients in the 1960s and 1970s. 

distress-touching a half-eaten apple or 

shaking hands-as patients gained some 

acceptance of the triggers' existence 

and control over their reactions. 

Prevention of compulsive action by 

the patient ranged from gentle coer­

cion to actual physical restraints. Not 

surprisingly, the patients often became 

One of the drug's many reactions 

is to make serotonin linger in syn­

apses. Researchers followed up by 

creating new kinds of drugs called 

selective serotonin reuptake inhibi­

tors (SSRIs), which raise serotonin 

concentrations without some of 

the unpleasant side effects of clo­

mipramine hydrochloride. SSRIs 

include Prozac, Zoloft, and Celexa. 

All seem to reduce symptoms in 

about 60 percent of OCD patients. 

Schwartz also has had good results 

using cognitive therapy, in which 

patients come to grips with the 

causes of their conceptual errors, 

relabel them as manifestations of 

brain functions, and reassess their 

behaviors in ways that bring out 

changes in their neural processing. 

He tells his patients, "The brain's 

gonna do what the brain's gonna 

do, but you don't have to let it 

push you around." 

TOURETTE/S SYNDROME 
An aristocratic Frenchwoman, the 

Marquise de Dampierre, began act­

ing strange when she was seven. Her 

arms flailed in short bursts until she 

extremely agitated during the initial 

phases of treatment. Many refused 

to undergo the first treatment after 

learning what it involved. Practi­

tioners claim high success rates, but 

that includes only those who agree 

to complete the treatment in the 

first place. 
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Neurons stimulated by nerve growth factor send out neurites that will be axons and dendrites. 

could regain control of them, only 

to have them start moving again 

on their own. Her tics and jerks 

spread to her neck and face. She 

began screaming and speaking in 

gibberish too, yet retained aware­

ness of her seemingly inexplicable 

actions. The marquise's affliction 

continued until her death at 80. 

RESEARCH at the University of 

Colorado at Denver has Ste­

phen Davies believing that effec­

tive therapies for paralysis induced 

by spinal trauma lie only a few 

years in the future. "I can't prom­

ise complete recovery, but perhaps 

the major recovery of function," 

In 1884, physician Gilles de la 

Tourette described nine patients, 

including the marquise, afflicted 

with such compulsive motions and 

vocal outbursts. Today, the dis­

ease he described bears his name: 

Tourette's syndrome. In the last 

few decades it has been diagnosed 

as its own neurological disorder, 

said Davies, whose work was financed 

in part by a donation from the founda­

tion begun by actor Christopher Reeve. 

Reeve's foundation gave $150,000 to 

Davies, who used the money to help 

him get a $1.2 million grant from the 

National Institutes of Health. That 

money now is at work financing ground-

although not without controversy 

over the details of separating it 

from other diseases. Symptoms 

include an excess of nervous energy, 

strange motions and mannerisms, 

grimaces, curses, and an outlandish 

sense of humor. 

Neuroscientists in recent years 

have confirmed Gilles de la Tour­

ette's hunch that the disease had an 

organic origin in the central ner­

vous system. Tourette's excites both 

motion and emotion and seems 

to have its cause in the thalamus, 

hypothalamus, limbic system, and 

amygdala. The disease appears on 

the other end of the spectrum from 

Parkinson's. The latter stems from a 

lack of dopamine in the synapses of 

the brain, and the former appears 

to spring from an overabundance. 

Most patients with relatively mild 

symptoms get through life without 

treatment. Drugs like haloperidol 

(Haldol) have proved effective III 

suppressing some symptoms. 

THE FUTURE OF TREATMENT 

The science of treatment for motor 

disorders stands at the edge of a 

breaking research on treating spinal inju­

ries that, unfortunately, comes too late 

for the actor who played Superman. 

Davies's research demonstrates that 

axons can be induced to grow great dis­

tances along the injured spinal cords of 

rats if not blocked by scar tissue. He has 

worked with a chemical called decorin 



vast ocean, ready to set sail. Con­

ventional wisdom once held that 

localized damage to the central 

nervous system ruined the physi­

cal functions associated with that 

reglOn. Now, researchers have 

new models to give them hope. 

Patients with significant brain and 

spine injuries have made recoveries 

ranging from the startling to the 

miraculous. Neural plasticity and 

an astonishing array of new treat­

ments for movement disorders is 

raising hopes. 

Transplants of neural cells from 

one brain to another may be the 

most promising, and controversial, 

treatment. Surgeons can implant 

healthy neural tissues from aborted 

fetuses into the brain and spine of 

ailing patients to take over some 

of the functions of damaged nerve 

cells. Parkinson's and Huntington's 

patients are most likely to benefit 

from implants that help restore 

balance to the mix of neurotrans­

mitters in their brain. 

The ethical issues of using fetal 

stem cells in medical research 

have sharply divided American 

that, when administered immediately 

after an injury, prevents scar tissue from 

forming and thus opening pathways for 

neural growth. And he has discovered 

how to make a specific type of astrocyte 

support cell from speCialized, stem cell­

like glial precursors that, when injected 

into rats suffering from spinal injuries, 

Children known as PANDAS (pediatric autoimmune neuropsychiatric disorders 
associated with streptococcal infections) became obsessive-compulsive as a result 
of strep throat. 

citizens and political parties. In 

March 2009, President Barack 

Obama made federal funds avail­

able to researchers working with 

embryonic stem cells. Meanwhile, 

researchers continue working on 

other lines of stem cells, including 

some created from adult human 

cells. Although adult cells show 

some promise, fetal stem cells still 

appear to be the most efficient at 

producing dopamine in the brain 

of Parkinson's patients. 

Another potential source for 

stem cells exists within patients 

themselves. Stem cells have been 

discovered in adult brains and 

likely could be induced, given the 

right stimulus, to start producing 

new neurons. Under this scenario, 

healthy cells could be harvested 

from a patient with a motor disor­

der, grown in a lab, and then rein­

serted into the patient's brain with 

no chance of the body rejecting the 

cells as foreign. 

create new neural connections in the cen­

tral nervous system. Treated rats return to 

nearly normal levels of spinal function. 

Davies believes that breakthroughs 

in restoring movement to people para­

lyzed by spinal injuries will come about 

through the right combinations of effec­

tive and affordable treatment. 

IMPLANTS 

Electronic implants soon are likely 

to be available for implantation 

into patients suffering from nerve 

damage. Radio-powered stiumu­

lators may bring back voluntary 

movement to paralyzed limbs, and 

not long after that, nanotechnol­

ogy may create microchips capable 

of firing like neurons and restor­

ing channels of communication in 

damaged spinal cords. Already, a 

device called the VNS pulse gener­

ator can be implanted in a patient's 

neck to ward off depression and 

epileptic seizures through stimula­

tion of the vagus nerve. 

Electrical stimulation also shows 

promise in treating motion-related 

disorders. Surgical procedures for 

OCD patients have sought relief 

through destroying a collection of 

axons called the internal capsule, 

but electrical stimulation without 

the damaging invasion of surgery 

may provide similar results. 
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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 hyperactiv­

ity or distorted perception for 

good or ill. 

A CT scan vertical cross-section of the 

brain depicts the cerebrum, home 

of consciousness. 



DAilY ROlJ liNES THE CONSCIOUS & 
UNCONSCIOUS MIND 

Pedestrians on the Via Scarlatti in Naples shift attention as they move through the tasks of daily life. 

HEN AN ICEBERG 

calves off a Greenland 

glacier and drifts into 

the North Atlantic, passengers on 

passing ships see it as a rock-solid 

mountain of ice. But that's just 

the top 10 percent of the iceberg. 

Nine-tenths of it is lurking below 

the ocean's surface. 

The brain is like that iceberg. 

Humans are the only animals capa­

ble 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. 

However, research conducted 

over the past century has demon­

strated that most of the brain's work 

resembles the larger, submerged 

portion of an iceberg. Throughout 

much of the day, the brain labors 

in states other than consciousness. 

And during periods of wakeful­

ness, the brain still reacts to and 

incorporates the unconscious pro­

cessing of information. 

States of mind range from comas 

and unconsciousness, to awareness 

and the processing of sensory per­

ception, to periods of hyperaware­

ness and the altered states induced 

by drugs. All stem from the expres­

sions of a functioning brain, a leap 

of understanding that first arose 

a little over a century ago. "There 

is not a single one of our states 

of mind, high or low, healthy or 



morbid, that has not some organic 

process as its condition," said psy­

chologist William James. 

A GRAY AREA 

Although the brain acts mechani­

cally, it is nothing like a motor or 

a lightbulb. Except in the most 

extreme circumstances, it doesn't 

simply turn on and off. 

Consider anesthesia. Until 1964, 

doctors who gave patients anesthe­

sia before surgery assumed they 

would be unable to perceive any­

thing while unconscious. How­

ever, in that year a University of 

California at San Francisco physi­

cian, D. B. Cheek, studied patients 

II 
Many U.s. schools start later in 

" the morning to coincide with 
teenagers' circadian rhythms. 

who had given their doctors some 

trouble before surgery. While 

those patients were anesthetized, 

the doctors who operated on them 

freely shared some less than flatter­

ing comments with one another. 

Cheek discovered that after the 

patients woke up, under the influ­

ence of hypnosis they could some­

times recall word for word what 

their doctors had said while they 

were supposedly insensate. In a 

separate study a year later, doctors 

staged mock crises during surgery 

and voiced aloud their concerns 

that their patients might die. The 

experiment seems a bit unethical in 

hindsight, but it yielded fascinating 

results. When they awoke, some of 

the patients became quite agitated 

when asked to recall anything that 

happened during surgery. 

Such studies underscore the dif­

ficulty of making black-and-white 

distinctions about states of the 

brain. Many ordinary observers 

would draw a clear line between 

wakefulness and sleep, between 

the conscious and the unconscious 

mind. Yet if the supposedly uncon­

scious mind can register sensations 

and store memories, it is difficult 

to say with certainty that it stems 

from a phase shift from the alert 

and conscious brain. Attention, 

consciousness, and memory work 

together to create states of mind. 

In a typical day, every person goes 

through two obvious states, wak­

ing and sleeping, each of which has 

sublevels of awareness based upon 

controlled and automatic mental 

processes. The brain goes through 

many transitions every day. Some 

occur naturally. Others, such as the 

fatigue and irritability of jet lag, 

come in response to changes in the 

external environment. 

THE RANGE OF 

MENTAL STATES 
The alarm clock rings at 7 a.m. 

and you slam your hand down on 

the "off" button. As you get out of 

bed and wobble about to find your 

slippers and make breakfast, for 

several minutes your mind mirrors 

your stumbling body and performs 

its own clumsy dance as it slowly 

emerges from sleep. Quite possibly, 

in the preceding predawn hours as 

you slept, your brain played out a 

strange narrative or two combin­

ing images and sounds from your 

memories that seemed so real you 

felt real terror-or joy. In your 

+ HEARTS 0' MINDS + 

MANY ANCIENT SOCIETIES believed 

the soul and mind dwelled in the human 

heart. Science has long since proved oth­

erwise, but the ancient idea lives on in the 

English language. To have learned some­

thing fully is to know it "by heart." To suf­

fer emotional pangs at the loss of romantic 

love is to have a "broken heart." And to 

understand something at an unconscious 

level is to know it "in one's heart." 

Those statements may actually hint at 

an unconscious understanding of layers 

of awareness in the brain-and that the 

mind works at levels beyond conscious­

ness to understand the world. 
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half-awakened state, recalling how 

you romanced that Hollywood star 

in your dreams, your brain slowly 

resolves itself into an alert state. 

Finally, you can focus your atten­

tion on the sports section of the 

newspaper before working your 

way toward the news on the front 

page. Then, a quick shower, with 

a burst of cold water at the end, 

makes you yelp and feel as if you're 

finally, fully awake. 

Off to work you go, where you 

concentrate on the information 

on your LCD monitor, alternating 

periods of intense concentration 

and analysis with moments of day­

dreaming and perhaps a mindless 

game of computer solitaire. A big 

lunch makes your thoughts slow 

and sticky, like honey, but after 

you take a walk around the block, 

you feel rejuvenated. 

At day's end, back home you 

go, driving along the same route 

you normally take, allowing your 

brain to seemingly cruise virtually 

on autopilot. As you pull into your 

driveway, you find you can't really 

remember much about the trip 

home, but somehow your relaxed 

state of mind has come up with the 

perfect solution to the problem you 

were unable to solve that afternoon 

when you tried to wrestle it into 

submission with your most 

determined critical analysis. 

Satisfied and relaxed, you 

eat dinner, do the dishes, 

watch some TV sitcom on 

television that doesn't tax your 

mind too much, and get ready 

for bed. As you drift off, you lin­

ger in oblivion for a while before 

your dreams return to haunt or 

charm you. 

+ BRAI N WAVES + 

Now the question IS, which 

of your mental states was the 

"real" you? Are you, in essence, 

the dreamer? The half-awake 

automaton? The deep 

thinker? Or the 

unconscIOus one? 

Indeed, you are all 

of the above. 

Circadian rhythms, matched to passage of 

time, strongly influence states of mind. 

Electroencephalographs give real-time readings of brain activity through impulses detected by electrodes placed 
on the scalp. EEGs record these impulses as brain waves. Like radio stations across the AM or FM dial, 

brain waves exhibit various frequencies. From lowest to highest, they are: 

NAME EEG PATTERN FREQUENCY DESCRIPTION 

Delta waves ~ 0.1 to 4 Hertz 
Occur most commonly during deep sleep, unconsciousness, and in 

newborns. As they increase, attention to the world dissolves. 

Theta waves ~ 4 to 8 Hertz 
Occur during prayeJ; daydreaming, and some sleep stages and 

between waking and sleeping. May promote learning and memory. 

Alpha waves ~ 8 to 12 Hertz 
When dominant, people feel calm, in control. Common during 

alertness when the brain is not focused on problem solving. 

Beta waves 
12 to 13 to about Associated with active mental states, including solving problems, 

~ 30 Hertz exercising judgment, making decisions, and thinking analytically. 

Gamma waves ~ 36 to 44 Hertz 
Continuous in nearly all brain states. May help synthesize various 
brain functions. Deficiencies linked to some learning disabilities. 



While their heart rate and breathing may slow, people placed under hypnosis 

generally retain normal brain wave patterns during their trance states However, 

hypnosis can alter brain activities, such as ability to remember-or forget . 

DAILY BRAIN WAVES 
Throughout every state, neurons in 

your brain constantly communi­

cate with one another, even if they 

are not performing specific tasks. 

You must sleep, but a healthy brain 

never totally does. 

babies. As delta waves increase, 

attention to the world dissolves. 

Theta waves (4 to 8 Hertz) are 

commonly measured during times 

of deep reflection, daydreaming, 

spurts of creativity, and intuition. 

Theta waves are also exhibited dur­

ing the groggy states between wak­

ing and sleeping. Next are the alpha 

waves (8 to 12 Hertz), which are 

associated with feeling calm and 

in control. Alpha waves are most 

commonly found during periods 

of alertness when the brain is not 

focused on solving problems, such 

as when adults are relaxed but are 

not drowsy. 

Beta waves (12 to 13 to about 

30 Hertz) are present when the 

brain is actively engaged in prob­

lem solving, decision-making, and 

analytical thinking. Beta waves at 

the high end of the scale have been 

found to accompany feelings of 

agitation. Last are gamma waves 

(36 to 44 Hertz), which are con­

tinuous in nearly all mental states 

and are believed to promote the 

synthesis of various simultaneous 

brain functions. 

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 background 

pattern is one of many bands of 

"brain waves," which are rhythmic 

electrical pulses created by actions 

in various brain regions. Patterns 

tend to be relatively stable for indi­

viduals and reveal underlying brain 

states. As measured by an electroen­

cephalogram, they range from slow 

to rapid cycles per second, with 

each band assigned a Greek let­

ter 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. 

Stretching helps the body wake up. During sleep, the brain works hard to consolidate memories. 

Electroencephalographs (EEGs) 

record these impulses as brain 

waves, each one exhibiting various 

frequencies measured in Hertz, or 

cycles per second. Delta waves (0.1 

to 4 Hertz), the lowest, occur most 

commonly during deep, dreamless 

sleep; when you're unconsciOUS, 

and in the brains of newborn 
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MANY MOODS 
HAT YOU GET out 

of life depends in great 

measure on what you 

bring to it. Moods, which are rela­

tively long-lasting emotional states, 

strongly influence how much you 

enjoy life-or don't. 

When you are in a good mood, 

small setbacks don't get you down, 

you feel as if you can do 

anything, and daily activi­

ties bring you pleasure. But 

when you are in a bad mood, 

you snap over minutiae that 

you normally ignore, or you 

get stuck in a pit of depres­

sion where nothing seems 

like fun. 

HAPPY ON THE INSIDE? 

But that's not exactly true. Accord­

ing to psychologist Robert Thayer, 

author of Calm Energy, moods arise 

more from internal than external 

circumstances. Think about it, he 

said: Events are so random that 

if you charted everything good 

and bad that happened to you 

"but they happen on top of a 

biological edifice that gives them 

greater or lesser importance." 

Thayer links moods to energy 

and tension. He argues that every­

one feels four basic moods every 

day: calm energy, calm tiredness, 

tense energy, and tense tiredness. 

Calm energy is the supreme state 

of mind for getting things 

done. In this mood, you feel 

energetic without any sense 

of being tired. You are in 

your most creative and pro­

ductive zone. You get a lot 

accomplished and feel good 

about it. 

Language is full of expres­

sions tying mood to exter­

nal events. "He got up on 

the wrong side of bed this 

morning," you say about the 

boss who grouches over the 

smallest mistake. Or, observ­

ing an upbeat friend, you 

remark, "Everything's going 

More than the world of rushing crowds or quiet moments, 

Calm tiredness occurs after 

the prolonged expenditure 

of energy or attention. After 

an evening spent studying 

for a big exam, or hours of 

physical labor, or even while 

digesting a terrific meal, you 

feel satisfied, relaxed, peace­

ful, and tired. 

h " er way. 

Such sayings underscore what 

seems to be common sense: Moods 

spring from external events. When 

things go right-you get a big tax 

return or find a ten-dollar bill-you 

are in a good mood. When they go 

wrong-your car breaks down or 

you lose your lucky T-shirt-you 

are in a bad mood. 

the brain's internal world shapes one's changing moods. 

last week, you'd find little correla­

tion between events and feelings. 

Instead, moods link up closely with 

sleep, exercise, diet, and time of 

day. These variables cause changes 

in hormone and neurotransmit­

ter levels, muscle tension, blood 

pressure, and other components of 

health. "Events and circumstances 

do influence mood," said Thayer, 

Tense energy also can be 

a productive mood, but it comes 

without any feeling of calm con­

tentment. This mood creates the 

sensation of being "wired" or on 

edge, even though you perform 

tasks with a high degree of skill. 

Mountain bikers careering down a 

rocky slope, on the brink of losing 

control and crashing, experience 

tense energy as exhilaration. They 



have a sensation of risk that makes 

fun seem sharper and brighter. 

Tense tiredness is the pits. It's 

the black mood that envelops you 

when you're overworked, over­

stressed, tired, irritable, depressed, 

or otherwise incapable of facing 

the world. Think of a sleepy two­

year-old fighting off a very much 

needed nap, and you get the pic­

ture: cranky, antisocial, and unable 

to focus. 

MOOD MANAGEMENT 
To figure out which moods 

you are likely to experience 

at particular times, first 

determine whether you're 

a lark or an owl. Larks are 

"morning people," who start 

the day fresh and alert. Owls 

are "night people," who like 

to stay up late and get their 

best work done after dark. 

Take advantage of your body 

rhythms. Time your most 

important work to coincide 

When you're feeling tense tired­

ness, take a tip from the mother of 

that crabby two-year-old: sleep. If 

it's the middle of the day, find time 

for a brief nap. A short snooze after 

lunch can divert your body's energy 

stream from tense tiredness to calm 

tiredness. Rest is the only way to 

climb out of tense tiredness. 

If you're in a period of calm tired­

ness, the easiest way to return to the 

peak efficiency of calm energy may 

miles east or west has experienced 

jet lag. It occurs when the brain's 

natural rhythms governing when 

to eat, sleep, and work get thrown 

off by rapid travel, changes in work 

shifts, and daylight saving time, all 

of which cause circadian rhythms 

to be out of phase with local cycles 

of day and night. Exercising before 

and after flights, as well as while on 

board a plane (where possible), has 

been shown to reduce jet lag. 

Fight the temptation 

After mental or physical exercise, a mood of calm tiredness, 

suggested by a Hawaiian beach, promotes feelings of satisfaction. 

with your hours of calm 

energy and tense energy. If 

you're a lark who's at your 

mental peak from sunup to mid­

morning, that's when you should 

write your book, compose your 

sonata, or figure your income 

tax. Save routine tasks-washing 

dishes, bathing the dog, cleaning 

out the garage-for the hours when 

you enter the state of calm tired­

ness, as your body comes down off 

its mountaintop of energy. 

to chemically boost your 

energy levels with food and 

drink. The sugar of a candy 

bar snaps your metabolism 

like a rubber band. It cre­

ates a brief, artificial burst of 

energy, followed by a down­

ward rebound that depletes 

your energy for a much lon­

ger period. Use caffeine with 

care. Moderate amounts, 

found in coffee, tea, and cola 

drinks, boost attention and 

concentration but can exac­

erbate the feeling of tense 

tiredness by bringing on 

anxiety and jitters. A heavy 

be to take a brisk walk. According 

to Thayer, walking for about ten 

minutes boosts energy levels and 

keeps them at a heightened state 

for at least an hour. 

YOU'VE GOT RHYTHMS 
All too often, circadian rhythms 

get out of sync. Nearly everyone 

who has flown several hundred 

lunch also fights off the return of 

a calm energy mood, so don't plan 

to eat steak and potatoes and then 

tackle your toughest assignments. 

If you can begin to assess your 

energy levels and know your moods 

at any time of day, you're on track 

to have your brain work in tandem 

with your body and get the most 

out of every moment. 

V> 

--1 
» 
--1 
rn 
V> 

o 

z 
o 

3: 
o 
o 
CJ 
(fl 



OSCILLATION 

In some cortical regions, the oscil­

lation occurs in phase-lock, a state 

in which the waves match up 10 

perfect unison. Research­

ers suggest the phase-locked 

oscillation occurs because 

a variety of brain regions 

respond to a neural feed­

back loop controlled by the 

intralaminar nuclei of the 

thalamus. This loop, com­

posed ofaxons that connect 

input from the eyes, ears, and other 

organs. During sleep, the cortex 

works to create its own mean­

ing out of the electrical activity, 

24 Hours 

I I 
Day Night 

I I 

6:45 a.m. 7:00 p.m. 

Sharpest blood Highest body 
pressure nse temperature 

I I 

7:30 a.m. 9:00 p.m. 

Melatonin Melatonin 

sensation come together to form 

consciOusness. Cognition arises 

in all regions, working together, 

apparently to the synchronized 

40 Hertz beat led by the 

intralaminar nuclei. Clearly, 

these neurons playa key role 

in cognition. Scientists have 

discovered that if they suffer 

severe damage, the patient 

enters an irreversible coma. 

many parts of the brain, 

synchronizes electrical 

activity at 40 Hertz, creat­
secretion stops secretion starts 

CYCLES er RHYTHMS 

Humans like to think of 

themselves as creatures 

defined by mental abilities 

unique in the animal king­

dom. Cognition, conscious­

ness, awareness-these are 

what separate people from 

the animals. However, 

the human brain experi­

ences varied states of mind, 

including some shared with 

animals, such as the nearly 

universal need for sleep. 

The sleep-wake cycle, or 

circadian rhythm, governs 

our daily routine, from the 

most subdued moments of 

brain activity to the most 

hyperactive, mountaintop 

experiences where thoughts 

flow lucidly and creatively, 

ing so-called gamma waves 

that can be detected by an 

EEG. The oscillation occurs 

during waking and during 

the dream stage of sleep 

I 

10:00 a.m. 

High alertness 

I 

2:30 p.m. 

I 

10:30 p.m. 

Bowel movements 
suppressed 

I 

2:00 a.m. 

but not in sleep's oblivious, 

nondreaming stages. Dur­

Best coordination Deepest sleep 

I I 

3:30 p.m. 4:30 a.m. ing waking states, flashes of 

electrical activity tuned to 

slower cycles per second, like 

Fastest reaction Lowest body 
time temperature 

I 

5:00 p.m. 
bass notes to accompany the 

steady 40 Hertz beat, light 

up brain regions in response 
Greatest cardio- Circadian 

Rhythms 
to sensations, thoughts, 

motor activities, and other 

vascular efficiency 

brain functions. The intra­

laminar nuclei go dormant 

during nondreaming sleep, 

temporarily shutting off the oscil­

lation, but spring back into action 

with the onset of dreams. 

Regional electrochemical activ­

ity also returns, even though the 

brain is not responding to sensory 

I 

6:30 p.m. Typical circadian rhythms 

Highest blood match times to high and 

pressure low performance levels. 

making dreams out of patterns of 

electrical discharges. 

Observation of the brain's elec­

trical patterns during its various 

states suggests that there is no one 

place where separate streams of 

to the deepest, darkest sleep where 

dreams cease to play in our mind. 

Even during a coma, when cere­

bral activity plummets, the human 

brain still flickers with life and 

activity. 



ALIEN HAND. A rare neurological condi­

tion in which one hand acts indepen­

dently of an individual's conscious control. 

ALPHA WAVES. Brain waves common at 

times of relaxed alertness. Important state 

for learning and using new information. 

ASCENDING RETICULAR FORMA­

TION. Part of a branch of interconnected 

nuclei located in the brainstem. Respon­

sible for the waking state. 

ATTENTIONAL BLINK. The brain's 

inability to detect a new target object 

flashed milliseconds after the first. Gener­

ally observed during testing involving 

rapid presentation of visual stimuli. 

BETA WAVES. Brain waves associated 

with periods of active mental states, such 

as problem solving and critical thinking. 

BRAIN DEATH. The brain's lack of elec­

trochemical activity and loss of function. A 

brain-dead individual cannot recover. 

CIRCADIAN RHYTHM. Any pattern an 

organism's body follows in an approxi­

mately 24-hour period, such as the sleep­

wake cycle in humans. 

COMA. A deep level of unconsciousness 

in which an individual cannot be awak­

ened and does not respond to stimuli. 

COMPLEX REGIONAL PAIN SYN­

DROME. A chronic condition causing 

swelling and pain in a limb and differ­

ences in skin coloration and temperature. 

Believed to be caused by a dysfunction of 

the central or peripheral nervous system. 

CORPUS CALLOSUM. A thick band on 

nerve fibers that connects and allows for 

GLOSSARY 

communication between the left and 

right hemispheres of the brain. 

CORTISOL. A hormone released by the 

adrenal cortex in periods of extended 

stress. Has anti-inflammatory properties. 

DELTA WAVES. Brain waves that occur 

most often during sleep or in periods of 

unconsciousness. Common in newborns. 

ENVIRONMENTAL DEPENDENCY 

SYNDROME (EDS). A neurological 

condition in which an individual feels 

compelled to mimic others' actions or to 

use tools within their environment. 

GAMMA WAVES. Brain waves that occur 

continuously in all states except for non­

dreaming sleep. Believed to promote vari­

ous brain functions, especially memory. 

HIPPOCAMPUS. Region of the brain 

aiding in converting new information to 

long-term memory. 

HYPOCRETIN. A neurotransmitter that 

promotes wakefulness. 

INTRALAMINAR NUCLEI. Located in 

the thalamus, nuclei aresponsible for 

creating the brain's gamma waves. 

JET LAG. A circadian rhythm disruption 

caused by rapid long-distance flights. Irri­

tability, fatigue, digestive problems result. 

KETAMINE. A drug that blocks NMDA 

receptors in the central nervous system. It 

is used as an anesthetic and in some cases 

to treat chronic severe pain. 

LATERAL PONTINE TEGMENTUM. A 

region of the pons responsible for induc­

ing REM sleep. 

MONOAMINES. A class of neurotrans­

mitters that includes dopamine, serotonin 

and adrenaline. 

NARCOLEPSY. The inability to regulate 

sleep-wake cycles. Linked to the absence 

of or lowered amounts of hypocretin in 

the brain. 

NUCLEUS ACCUMBENS. Region of the 

brain associated with feelings of pleasure 

and reward. 

PERSISTENT VEGETATIVE STATE. A 

condition in which the brain maintains 

functions necessary to keep the body 

alive, but not cognitive function. 

RAPID EYE MOVEMENT SLEEP (REM). 

The fifth stage of sleep, characterized 

by high levels of activity in the cerebral 

cortex. Stage in which dreaming occurs. 

SEROTONIN. Inhibitory neurotransmitter 

that plays a role in sleep, mood regulation, 

memory and learning. 

SLEEP APNEA. A sleep disorder in which 

an individual frequently stops breathing 

for short periods of time. 

SLEEP REGULATORY SUBSTANCES. 

Proteins that accumulate in cerebrospinal 

fluid during wakefulness that induce sleep 

upon reaching threshold levels. 

THETA WAVES. Experienced between 

waking and sleeping, during prayer, 

daydreaming, creativity, and intuition. 

Thought to promote learning, memory. 

TRYPTOPHAN. An essential amino acid 

that aids in the body's production of sero­

tonin and vitamin B3. Prevalent in turkey 

and dairy products. 
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AWARENESS KNOWING THE WOR.LD AR.OUND US 

C
ONSCIOUSNESS and 

unconsciousness often 

work in tandem with 

each other. But telling 

the difference between 

the two states is cru­

cial to understanding 

the important roles 

they both play. States of 

mind are defined by elec-

trochemical processIng 

of information along neural 

pathways. To understand the 

nuances of such process­

ing, it is useful to explore 

two sets of distinctions. 

PROCESSING DATA 

The first is between automatic 

and controlled processing. Much 

human behavior arises out of a 

necessary mix of these two. Auto­

matic processes arise primarily in 

the back, top, and side lobes of the 

brain. Controlled processes rest 

primarily in the front half of the 

brain, with the executive, decision­

making function centered in the 

region right behind the forehead. 

For instance, when you drove 

to work, you probably didn't con­

centrate much on the route you 

took, the turns you made, or the 

speed you drove; these actions 

were monitored by automatic 

processing. Repetition made such 

actions nearly automatic, freeing 

Auguste Rodin's sculpture "The Thinker" 

(1902) depicts a man immersed in thought. 

your controlled mental functions 

to keep an eye out for emergency 

vehicles on the road and ice on the 

pavement. But when you sat at 

Masters of meditation, such as Zen practitioners, can lower their brain waves from 

the alpha to theta range. Studies of Tibetan monks locate intense responses to 

meditation in their left prefrontal cortices. 

your computer and typed an email, 

your controlled processes kicked 

into high gear, analyzing and select­

ing concepts, words, and sentence 

structure. Even so, your operation 

of the email software and clicking 

of the computer keys contained 

many automatic elements. like­

wise, most every action activates 

a multitude of brain regions and 

mixes automatic and controlled 

processes. The mix almost always 

favors the automatic. 

REGISTERING INFORMATION 

The second distinction sepa­

rates cognition from emo­

tion. A definition in a popular 

textbook defines cognition as 

"the ability of the central 

nervous system to attend, 

identify, and act on com­

plex stimuli." Neurolo­

gISt Richard Restak 

suggests an alternate, 

shorthand version: Cog-

nition encompasses all the ways 

we know the world around us. It 

ranges from daydreaming to figur­

ing partial differential equations. 

Emotions affect cognition but 

are believed to be generated auto­

matically at a level below con­

sciousness. For instance, emotions 

such as anger and fear arise from 

evolutionary programs that cause 

physical reactions to internal and 



external stimuli. They're important 

for the survival of the species, but 

they tend to interfere with cogni­

tion until they subside. 

During conSCIousness, three 

regions of the human brain con­

stantly communicate among 

themselves. The prefrontal cortex, 

basal ganglia, and cerebellum work 

together to analyze sensations and 

time-stamp them. As these brain 

regions process the passage of time, 

they create images of the world in 

which causes produce events. 

To become conscious of exter­

nal stimuli, the brain must first 

attend to them, and then con­

tinue to attend to them. "Working 
" . memory regIsters current events 

while communicating with long­

term memory to shape awareness 

of the world. According to a the­

ory by British neuroscientist and 

DNA researcher Francis Crick, 

"the mind" emerges when working 

memory, long-term memory, and 

expectations of the future link up 

to form thoughts. The so-called 

memory of the future allows the 

brain to compare current actions 

with future events, allowing for 

choices, judgments, and anticipa­

tion of consequences. 

Other brain theorists, such as 

Gerald Edelman of the Scripps 

Research Institute, say conscious­

ness arises from the brain's forming 

relationships between perceptions 

and prior experiences. This con­

stant comparison, carried out over 

and over again, creates an aware­

ness of the moment. Conscious­

ness, although hard to define, 

apparently includes a component 

of understanding time. 

Recent neurological research 

suggests that several mental dis­

orders may be the result of the 

brain having a faulty timekeeper. 

Problems with the brain's internal 

A Buddist monk teaches a pupil meditation to sharpen the mind in Shao/in, China. 

STAYING SHARP 

BRAIN SCANNING TECHNIQUES have 

let neuroscientists exam ine what hap­

pens to the brain of trained meditators. 

In a walnut shell, their findings indicate 

that meditation may sharpen the brain's 

attentional powers to more efficiently 

use its limited processing capacity. 

For example, training in meditation 

techniques improved the ability of vol ­

unteers at the University of Wisconsin 

in 2008 to perceive numbers flashed 

for only a split second on a screen. They 

were told to look for two numbers 

flashed amid a series of letters. In a phe­

nomenon known as attentional blink, the 

brain has trouble identifying the second 

number if it's flashed a split second after 

the first. When trained in meditation for 

three months, the volunteers experi­

enced a significant increase in their ability 

to name the second number. Brain scans 

revealed the trained subjects devoted 

less brain energy on identifying the first 

number, freeing more attention to focus 

on the second. 

Other research indicates that medi­

tation can reduce the sensation of pain 

one feels when exposed to hot water 

and thicken the sections of the brain 

associated with focusing attention and 

processing information from the senses. 

It can even lower levels of stress hor­

mones after a math quiz. Chinese sci­

entists reported in 2007 that students 

given 20 minutes of meditation instruc­

tion each day for five days substantially 

reduced concentrations of cortisol in 

their saliva shortly after taking a stress­

ful test of mental arithmetic. The group 

also reported having more energy and 

less anxiety. A control group taught a dif­

ferent method of relaxation also posted 

reductions, but they were not as great as 

those of the novice meditators. 
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COMA THERAPY 

Rabies survivor Jeanna Giese greets Dr. Willoughby after her coma therapy. 

LARGE DOSES of the drug ket­

amine, which blocks electrical 

signals between the brain and spinal 

column, bring on controlled comas 

that have potentially therapeu­

tic value. In the past few years, the 

extremely painful and mysterious 

nerve condition complex regional 

pain syndrome has responded to 

ketamine comas in Germany and 

Mexico, where some doctors in the 

u.s. have sent their patients while 

the treatment awaits approval. The 

disease, first documented by Civil 

War surgeon S. Weir Mitchell, sends 

excruciating pain signals to the brain 

in response to the slightest touch. 

Studies suggest the disease arises 

after a dynamic change in the struc­

ture of central pain neurons causes a 

malfunction in their so-called NMDA 

receptors. Ketamine comas lasting 

five days are believed to "reboot" 

the nervous system and eliminate or 

lessen the malfunctions. 

Rodney Wi Iiough by, Jr., ofthe Med­

ica� College of Wisconsin in Milwau­

kee successfully used ketamine coma 

to treat Jeanna Giese, a Wisconsin 

teenager who unknowingly had been 

infected with rabies after being bit­

ten by a bat in 2004. Too much time 

had elapsed before the deadly disease 

was discovered for usual treatment, 

a series of vaccine injections, and 

ketamine had demonstrated some 

anti-viral properties in animal stud­

ies. Willoughby gave Giese a cocktail 

of drugs to treat the infection during 

the week she remained in a coma. She 

became the first person on record to 

survive rabies without vaccine. 

clock may play significant roles in 

everything from Parkinson's dis­

ease, autism, and schizophrenia to 

attention deficit disorder and the 

behavior of war veterans who suf­

fered significant head wounds. 

INTERNAL CLOCKS 

A finely tuned internal clock affects 

how humans spend their energy. If 

they perceive enough time for a 

task, they're more likely to do it. 

Dividing the future into blocks of 

time, each of which gets allocated 

particular tasks, is an effective way 

to set goals and earn rewards. 

The difficulty in studying the 

brain's time circuit is that there is 

none-at least, no independent 

region that acts as a biological 

clock. Rather, the complex circuitry 

of the brain makes the entire organ 

act as a timekeeper. Researchers 

suggest that the brain works most 

effectively when it focuses attention 

in bites of two and a half seconds. 

Call it the brain's construction of 

"now," based on perception, mem­

ory, and the unconscious mind. 

When a person's interval describ­

ing "now" is significantly less than 

two and a half seconds, the result 

may be the person falling prey to 

easy distractions and other prob­

lems focusing attention on par­

ticular tasks. With longer spans of 

"now," a person may lock in too 

long on particular actions and not 

shift easily to new stimuli as the 

environment changes. 



Neuroscientist David Eagleman 

of Baylor University says schizo­

phrenics experience a form of 

"fragmented cognition"; they typi­

cally underestimate and overesti­

mate the passage of time. Among 

A Polish railway worker, Jan 
Grzebski, went into a coma 
after a train accident in 1988 
and awoke in 2007. 

Parkinson's patients, who often 

misestimate the timing of physi­

cal actions, the administration of 

medication to boost dopamine 

levels swiftly acts on the temporal 

anomalies and restores the patients' 

normal sense of timing. The advan­

tage of a healthy temporal process­

ing network is that it sets up the 

brain to react to events and predict 

results, staying one step ahead of 

whatever happens next. 

UNDERSTANDING 
UNCONSCIOUSNESS 
To better understand cognition, 

it may be useful define what hap­

pens when it is absent. In the 2003 

movie Kill Bill, a female assassin 

awakens from a months-long coma 

and is able to kill man who is about 

to attack her. Fat chance. 

The mass media often use the 

word coma indiscriminately, blur­

ring the lines separating brain death, 

a persistent vegetative state, coma, 

and the so-called locked-in syn­

drome. Brain death encompasses 

a complete lack of electrochemical 

activity in the higher functioning 

regions of the cortex; patients in 

such a state will never wake up. A 

persistent vegetative state severely 

depresses brain functions, often as 

a result of trauma to the cerebral 

cortex, but while its patients lose 

Jean-Dominque Bauby wrote a bestseller about his personal experience with locked-in syndrome. 
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+ BIG-SCREEN COMAS + 

HOLLYWOOD FILMS depicting comas 

rarely do so realistically, concluded a neu­

rologist who with his son viewed inter­

pretations of comas in thirty Hollywood 

films and found accuracy in only two. 

Eelco F. M. Wijdicks of the Mayo Clinic 

College of Medicine and his son, Coen, 

examined "realistic" movies released 

from 1970 to 2004 that included a coma­

tose character. They found a common 

error, in which the filmmakers depicted 

the coma victim as tanned, fit, and seem­

ingly asleep. The patients constructed by 

Hollywood often awake swiftly and get 

on with their life as if nothing happened. 

The researchers said a more accurate por­

trayal would show muscle atrophy, pallor, 

feeding tubes, and incontinence. 

The films that got it relatively right? 

Reversal of Fortune (1990) and The Dream­

life of Angels (1998). 

higher cognitive functions their 

brain still works with some degree 

of effectiveness to pump blood, 

inhale and exhale air, and digest 

food. With good medical care, 

patients in a persistent vegetative 

state can live for months or years, 

albeit without the mental func­

tions that many observers define as 

separating humans from lower ani­

mals. If a patient doesn't awaken 

in the first three months of a per­

sistent vegetative state, he or she is 

unlikely ever to do so. Locked-in 

syndrome paralyzes all voluntary 

muscle control except for some 

facial movements. Patients remain 

aware of their environments but 

cannot interact with the outside 
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Brain activity in problem-solving regions increases when we daydream (top row) much more than when focused on a routine task (bottom row). 

world except by blinking their eyes 

to communicate. 

TRUE COMAS 

A true coma is a deep level of 

unconsciousness in which a person 

cannot be awakened, even when 

subjected to extreme forms of 

stimulation. Causes of coma range 

from overdoses of alcohol or drugs, 

to epilepsy, infections, strokes, and 

insulin reactions. Coma patients 

retain noncognitive functions, and 

their brain goes through normal 

sleep patterns. While in a coma, 

patients may spontaneously move 

their limbs or eyes, or even grimace 

or cry. They may move their eyes in 

response to external stimuli. How­

ever, they have lost awareness of 

Journalist Jean-Dominque Bauby blinked one eye to communicate the text of 

The Diving Bell and the Butterfly, his 1997 book about his experience with locked-in 

syndrome. It took several months to "write" the memoir. 

their surroundings; their reactions 

spring from automatic instead of 

controlled brain functions. 

When a coma patient is out of 

danger from brain injury, medi­

cal care focuses on preventing 

infections, avoiding bedsores, and 

providing proper nutrition. Coma 

patients also often have physical 

therapy to maintain a minimal level 

of tone in their undertaxed skeletal 

muscle fibers. Coma patients often 

revive in a few weeks, but awaken­

ings usually occur gradually, with 



greater awareness and response 

building until reaching a threshold 

of cognition accompanied by clear 

communication. 

Comas sometimes are induced 

medically as treatment for illnesses 

such as complex regional pain syn­

drome, a neurological disorder that 

causes extreme pain and in some 

cases has been shown to subside 

when the patient's central nervous 

system is "reset" by coma. 

THE UNCONSCIOUS MIND 

In a conscious state, the brain turns 

its attention to one thing after 

another, like a spotlight swing­

ing through a dark night. In this 

metaphor, the unconscious mind 

takes in information at the edge of 

the light, and sometimes even in 

the darkness. Some neuroscientists 

believe the communication of the 

conscious and unconscious mind 

occurs across the corpus callosum, 

which connects the left and right 

hemispheres. Under this theory, 

normal consciousness requires both 

to function adequately. 

The unconscious mind IS con­

stantly at work even though, by 

definition, we are not aware of it. 

Unconsciously received sensations 

influence thoughts and actions and 

can be quite powerful. According 

to psychologist Phil Merikle of the 

University of Waterloo, Ontario, 

"Unconsciously perceived infor­

mation leads to automatic reac­

tions that cannot be controlled 

FREUDIAN ANALYSIS 

Sigmund Freud, shown in 1938, sought specific reasons for troubling behavio~ 

M EDICINE once categorized a 

woman suffering from paral­

ysis, pains, and other symptoms with 

no apparent origin as having a wan­

dering uterus. The Greek for uterus 

was hystera, so these women were, 

clinically, "hysterical." But in the 

1880s, doctors in Vienna observed 

men suffering hysterical symptoms. 

An up-and-coming doctor; Sig­

mund Freud (1856-1939), and his 

mentor; Josef Breuer, noticed that 

when hysterical patients were urged 

to talk about early memories of 

symptoms, those symptoms gener­

ally abated. Freud developed theo­

ries linking many mental disorders to 

repressed memories and the uncon­

scious. He created psychoanalysis to 

help patients find reasons for their 

mental troubles. 

Freud tied basic human drives to 

generally repressed feelings about 

sex and death. He postulated the 

supreme importance of the uncon­

scious mind on behavior. Detractors 

scoffed at his psychoanalytic method 

and his analysis of dreams. The worst 

wounds came in the 1960s from critic 

Karl Popper; who said a genuinely sci­

entific theory must be subject to ref­

utation, and later decades saw a rise 

in prescriptions as treatment. 

But to dismiss Freud is to overlook 

his contributions. Freud insisted that 

neurotic behavior be treated as the 

product of a specific cause. Personal­

ity became something driven by men­

tal energy, and the more science went 

looking for the source of free will in 

the human brain, the more difficult it 

became to pin it down. 
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by a perceiver. In contrast, when 

information is consciously per­

ceived, awareness of the perceived 

information allows individuals to 

use this information to guide their 

actions so that they are able to fol­

low instructions." 

Merikle demonstrated the power 

of unconscious processing with an 

experiment. He had volunteers sit 

before a screen, upon which he 

flashed words, one after another, at 

a rapid rate. Some words came too 

swiftly to be perceived consciously, 

whereas others remained long 

enough to register. Merikle then 

presented the first three letters of 

a word that had been flashed and 

asked the volunteers to complete 

the word stem with letters that 

made a new word. For example, if 

the flashed word had been dough, 

they could correctly answer doubt 
or double. When the volunteers 

saw the word on the screen long 

enough to process it consciously, 

they had no difficulty completing 

alternative words. When the word 

dough had been flashed too briefly 

for conscious attention, however, 

they had great difficulty suppress­

ing that word as their choice. 

A classic test of unconsciOUS 

processing dates to 1911 . Swiss 

psychologist Edouard Claparede 

described an experiment he con­

ducted on a patient who could recall 

Ads often use unidentified 
celebrities' voices, which may 
unconsciously influence con­
sumer behavior. 

nothing that happened to her only 

a few seconds before. Claparede 

hid a pin in his hands and stuck the 

tip into the woman's flesh when he 

shook her hand. After a minute or 

two, the woman completely forgot 

the incident. Yet when Claparede 

reached out again to shake hands, 

the woman held back. When he 

pressed her to shake, the woman 

protested that she thought people 

sometimes hid pins in their fingers 

but remained incapable of making 

a concrete accusation based upon 

her memory of being stuck. Her 

unconscious mind, unencumbered 

by the effect of memory loss on the 

conscious mind, had saved her. 

SOME BEHAVIOR happens outside 

conscious control. Two examples 

are "alien hand" (left) and environ­

mental dependency syndrome, or EDS. 

Alien, or anarchic, hand causes one of 

a patient's hands to act independently 

of his or her willful control. Patients 

describe the hand's actions as foreign, 

POWER OF SUGGESTION 

Unconscious processing occurs all 

the time in advertising. Consumers 

respond defensively to overt adver­

tising because they know adver­

tisers stand to profit from their 

pitches and may provide less than 

objective information. That's why 

a new wave of advertising aims to 

tap straight into the unconscious 

mind, primarily through the use 

of product placements in mov­

ies and television. This is not the 

same as subliminal advertising, 

which briefly captured the nation's 

attention a half century ago before 

turning out to be a hoax. In 1958, 

television networks banned sub­

liminal ads after reports claimed 

that movie audiences could be 

induced to buy soft drinks and 

popcorn by the flashing of writ­

ten commands onto the projection 

screen for three-thousandths of 

a second. It turned out that such 

ads rarely had any effect on con­

sumer behavior. Today, however, 

marketers who have plugged into 

the latest neurological research 

know that repeated exposure to 

or not part of the body. The alien hand 

may slap or pinch, much to the embar­

rassment of the patient. Or it may undo 

the actions of the other hand, as when 

one hand buttons a shirt and the other 

unbuttons it. 

The syndrome usually arises after a 

person has undergone brain surgery, 



Marketing agents know that sales decisions, such as whether to buy a dress modeled on a runway, often involve the subconscious mind. 

consumer products affects a cus­

tomer's desire for such products. 

A threshold level of exposure, such 

as a series of images of actors in a 

film wearing logo-branded cloth­

ing (or James Bond wearing a cer­

tain brand of wristwatch), raises 

observers' preference for the mar­

keted object, even though they 

may not be aware of the branding, 

stroke, infection, or brain trauma. Grasp­

ing movements may occur after frontal 

lobe injuries, whereas complex actions 

such as unbuttoning are related to 

strokes, aneurysms, and tumors. No 

treatment currently exists; patients can 

try to keep the alien hand busy by hav­

ing it grasp an object. 

according to a 2008 study by Mark 

Changizi of Rensselaer Polytechnic 

Institute. Limited exposures sug­

gest to the unconscious brain that 

the advertised product is scarce 

and thus has value. Changizi sug­

gests this leads to the phenomenon 

of widespread adoption-the fad 

of new bands, new clothes, new 

cars. Once the exposure reaches a 

EDS occurs when a patient mimics 

others or feels impelled to engage in 

behavior triggered by environmental 

stimuli, even though he or she has no 

intention or idea of doing so. Patients feel 

compulsion to mirror the movements of 

those around them, combing their hair 

when someone else does, or standing 

level where the unconscious brain 

perceives the object as common 

and thus easily obtained, it loses its 

value. Changizi's research points 

the way toward a potential wave 

of neuromarketing, where adver­

tising campaigns are designed to 

sell products not on the basis of 

rational choice but rather through 

nonconscious appeal. 

or sitting in response to others. Or 

while undergoing a medical exam, 

they may pick up a tongue depres­

sor and begin to examine the doc­

tor. The syndrome has been linked 

to frontal lobe lesions; when EDS is 

brought on by acute stroke, symp­

toms may decline in a few weeks. 
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B RA I N A IRE 5 I SLEEPING & 
DREAMING STATES 

Japanese capsule hotels invoke streamlined mass production for business travelers seeking a single night's rest. 

HO CAN PUT a price 

on a good night's sleep? 

Without it, humans 

have trouble remembering what 

they've learned. They often expe­

rience emotional upheavals and 

make decisions that are less than 

optimal. They also may suffer a 

variety of health-related issues 

including increased risk of diabe­

tes and obesity. 

The brain treats lack of sleep as 

stress, resulting in the production 

of the hormone cortisol, which 

eventually damages the immune 

system. According to the Guin­

ness Book of World Records, the 

longest certified bout of human 

wakefulness is 11 days. The refer­

ence book no longer recognizes 

attempts at the record because of 

the health risks involved. Men­

achem Begin, who served as prime 

minister of Israel from 1977 to 

1983 and was tortured with sleep­

lessness by Soviet agents as a young 

man, said, ''Anyone who has expe­

rienced this desire [to sleep] knows 

that not even hunger and thirst are 

comparable with it." 

Even an extra day or so of good 

or bad sleep can have profound 

health effects. Researchers at Swe­

den's National Board of Health 

and Welfare examined their 

nation's comprehensive medical 

records from 1987 through 2006 

and found heart attacks increased 

by 5 percent during the week after 



clocks sprang forward an hour in 

spring for daylight saving time, 

and dipped the same amount for 

the week in autumn when they 

"fell back." The lead researcher, 

Imre Janszky of the Karolinska 

Institute, said that he came up 

with the idea for the study after the 

spring adjustment left him groggy 

on a bus ride. 

Despite evidence about the 

importance of sleep, science is only 

beginning to scratch the surface of 

why animals need sleep and how 

the brain regulates the mechanisms 

of sleeping and wakefulness. 

II 
Insomnia, once considered a 

•• disease, is now considered 

a symptom. 

For centuries, observers con­

sidered sleep a somewhat passive 

process. The ancient Greek phi­

losopher Aristotle traced the onset 

of sleep to the evaporation and 

condensation of food and drink in 

the stomach and bowels, carried 

upward to the head by rising heat. 

Hypnos, Greek god of sleep, rendered in 

a first- or second-century bronze. 

Aristotle, who didn't think 

much about the brain, got his 

facts wrong: It's the brain, not 

the belly, that brings on sleep 

and wakefulness. He also erred 

in claiming that all animals sleep. 

Some fish, such as skipjack tuna, 

never fully sleep because they 

must constantly swim to keep 

oxygen flowing over their gills. 

And some amphibians, such as 

the bullfrog and salamander, 

never really sleep. Instead, these 

animals, which were among the 

first to evolve as land creatures, 

alternate 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, 

indicating the firing of many neu­

rons in harmony. The patterns are 

somewhat like the slow-wave EEGs 

recorded when humans enjoy deep 

stages of sleep. As evolution cre­

ated a more complex brain in 

STAYING SHARP 

LACK OF SLEEP is bad for you. If you 

don't get enough, you're likely to have 

more stress, a lowered ability to make 

good decisions, and a propensity to gain 

weight. And that's just the beginning. 

Inadequate sleep has been linked to a 

higher risk of heart attacks. To get a good 

night's rest, try the following: 

./'Schedule regular times for going to 

bed and getting up. The body grows 

accustomed to daily rhythms. 

./'Don't consume caffeine within eight 

hours of trying to go to sleep. 

./' Get some aerobic exercise, such as 

walking, swimming, or jogging, during 

the afternoon. Don't do it within two 

hours of bedtime. 

./'Sleep in a room that has good venti­

lation, no swings between high and low 

temperatures, and windows that can be 

adjusted to block as much light as pos­

sible. If you can't darken the room suf­

ficiently, try a sleep mask. 

./'Don't use an alarm clock that has a 

light or big, glowing numbers. 

./' Use a source of white noise, such as 

a fan, to block external noises that could 

disturb you. As an alternative, consider 

earplugs . 

./' Nibble on foods that induce sleep. 

Turkey is famous for being a source of 

tryptophan, a chemical that helps pro­

duce the neurotransmitter serotonin, 

which brings on drowsiness. Milk, cheese, 

and peanuts also induce sleep . 

./'If you can't fall asleep within 30 min­

utes of goi ng to bed, get up and do some 

relaxing activity. Lying in bed stressing 

about the inability to sleep only makes 

matters worse. 
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birds and mammals, new kinds of 

sleep arose. Sleep stages expanded 

beyond the simple brain waves of 

snakes and fish to include patterns 

that appear on brain scans in ways 

that resemble wakeful stages. 

SLEEP STAGES 
It took a graduate student working 

on a degree in physiology in 1953 

at the University of Chicago to 

detect and describe complex sleep 

patterns that finally destroyed the 

myth of sleep as a passive process. 

Eugene Aserinsky, working in a 

ward late at night, noticed that 

patients experienced jerky, sym­

metrical eye movements, accom­

panied by accelerated breathing 

and heartbeat, periodically as 

they slept. Aserinksy and his 

Ph.D. adviser, Nathaniel Kleit­

man, found that if they awakened 

the patients during these times of 

"rapid eye movement," or REM, 

they remembered vivid dreams 

but rarely recalled any if awakened 

when their eyes did not move. 

REM sleep accompanied a char­

acteristic electrical signature that 

indicated activity in the cerebral 

cortex. The electrical firing patterns 

in the neural networks spiked in 

ways that suggested the cognition 

of someone who was awake, earn­

ing REM sleep its nickname, para­

doxical sleep-so given because it 

doesn't seem very sleepy. Clearly, 

some mental stimulation occurred 

while patients snoozed. 

DREAMLESS SLEEP 

A PET scan of a brain in a dreamless state 

shows relatively little activity. 

REM SLEEP 

During rapid eye movement (REM), the 

sleeper's brain resembles wakefulness. 

NORMAL SLEEP 

The brain quiets when not in REM. 

Human sleep has Slllce been 

found to occur in five stages, with 

REM the fifth stage. After trans i­

tioning through all five, the cycle 

repeats itself. Stage 1 is light sleep, 

a level in which the sleeper can be 

awakened easily and may experi­

ence sudden muscle contractions. 

In Stage 2, which accounts for 

about half of the adult sleep cycle, 

brain wave activity decreases and 

eye movements stop. Extremely 

slow brain waves called delta waves 

appear in Stage 3 and predominate 

in Stage 4. These two stages form 

a very deep layer of sleep, in which 

it is difficult to awaken sleepers. 

Their muscles and eyes do not 

move, and if awakened they feel 

groggy for a few minutes. Stage 5, 

or REM sleep, accounts for about 

30 percent of an adult's sleep time 

but 50 percent of an infant's. 

Fish and reptiles don't expe­

rience REM sleep. As they rely 

on a comparatively primitive 

brain stem, they demonstrate the 

importance of the mammalian 

cerebral cortex in dreaming and 

make the case that dreams may 

not be necessary for life. Scientists 

believe that all mammals experi­

ence REM sleep, and evidence 

for this sleep stage also has been 

found in some birds. In humans, 

its onset usually occurs about 70 

to 90 minutes after the beginning 

of sleep. Breathing becomes irreg­

ular, fast, and shallow, and the eyes 

flit about in various directions. 



Stages of Sleep I 
"------

••••••••••• 
Posture shifts 

Stage 3 

Stage 4 

Dreams 

Eye m,.,,,,prnpr,t. 

Changing brain waves correlate to shifts in sleeping patterns as recorded on an observational chart. 

Limbs become paralyzed as the 

cerebral cortex inhibits the body's 

movements to keep it from acting 

out its dreams. A weak or non­

functioning neural command to 

disable movement allows some 

people to sleepwalk. When the 

movement-inhibiting center IS 

removed surgically from the brain 

of cats, they spit and claw in mock 

combat while they are experienc­

ing REM. Apparently, cats dream 

a lot about fighting. 

Sleepers often recall vivid 

dreams during REM. Afterward, 

the sleeper returns to Stage 1 to 

begin the cycle again. The lon­

ger the sleep continues, the more 

the REM stage lengthens and 

the deep sleep of Stage 3 and 4 

decreases. By morning, sleep con­

sists almost entirely of Stages 1, 2, 

and 5, with REM lasting about an 

hour at a time. 

How much sleep each person 

needs on an average night depends 

on age, health, and prior sleep pat­

terns. Infants need about 16 hours 

a day. Teenagers require about nine 

hours, and adult men and women 

seem to function best when getting 

seven to eight hours, although indi­

vidual requirements vary for opti­

mum sleep each night. Researchers 

at the Johns Hopkins University, in 

a paper published in 2007, suggest 

that gender may affect sleep pat­

terns. Adult women have better 

sleep quality compared with men, 

the researchers said. Furthermore, 

men who wake up before getting 

seven hours of sleep do better at 

tasks than similarly sleep-deprived 

women. According to the study, 

58 percent of men could func­

tion at their best on such short 

sleep schedules, compared with 

43 percent of women. (Part of the 

difference may reside merely in 

how the two sexes described their 

sleep to the university observers. 

The researchers found that women 

Thirty-five percent of Americans surveyed in 2002 reported one of the following 

occurred regularly: difficulty falling asleep, waking a lot, waking and not being able 

to get back to sleep, or waking unrefreshed. 
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were more likely to report sleep 

problems, whereas men were less 

likely to complain.) 

For both sexes, the need for sleep 

increases when they have been 

deprived of adequate shut-eye. 

Think of going without sleep as tak­

ing out a loan from the sleep bank. 

The loan accrues interest, getting 

bigger and bigger the longer the 

debtor goes without sleep. Sooner 

or later, the brain demands that 

the debt be repaid. Until accounts 

are settled, the brain functions at a 

subpar level, with slower reaction 

times, impaired judgment, and 

emotional instability. 

THE ONSET OF SWEET SLEEP 
How and why the brain induces 

sleep is hotly debated by experts. 

Conventional wisdom about the 

brain, which emerged in the last 

half of the 20th century, suggests 

that certain regions of the brain 

stem regulate sleep and wakeful­

ness in response to fatigue and 

diurnal rhythms. Scientists have 

noted, for example, that neurons 

in the ascending reticular forma­

tion send electrochemical signals 

via the thalamus, hypothalamus, 

and basal forebrain to the cerebral 

cortex during wakefulness. While 

the brain is in a wakeful state, the 

cerebrospinal fluid that surrounds 

it accumulates proteins called sleep 

regulatory substances, or SRSs. A 

threshold level of SRS concentra­

tion in the fluid induces sleep. 

Neurons in the pons appear to 

be sufficient to generate REM. 

These neurons send signals to the 

thalamus, which in turn commu­

nicates with the cerebral cortex. A 

small region of the pons called the 

lateral pontine tegmentum, occu­

pying just a few cubic millimeters 

of brain tissue, apparently initiates 

a wave of changes in brain activ­

ity that bring on REM sleep. In 

lab experiments, REM sleep can 

be induced by injecting the neu­

rotransmitter acetylcholine directly 

into the pons. 

A NEW THEORY OF SLEEP 
In a 2008 challenge to this so­

called top-down model, sleep 

scientists at Washington State Uni­

versity published a hypothesis that 

the brain has no control center for 

sleep. Instead, they proposed that 

A polarized light micrograph reveals the inner structure of crystals of acetylcholine, a neurotransmitter linked to REM sleep. 



sleep occurs as an "emergent prop­

erty" through the spread of fatigue 

among neural networks. In this 

view, sleep creeps up on the brain 

bit by bit, as first one group of neu­

rons becomes tired and switches 

to a low level of activity, and then 

others follow like dominoes. When 

a threshold number of neural net­

works go dim with fatigue, sleep 

quietly arrives. 

The idea of sleep arriving in bits 

and pieces explains such phenom-

II 
Sleepy people feel more 

" energy at 4 a.m. or so, no mat­

ter how much they've slept. 

ena as sleepwalking, in which the 

sleeper's neural networks governing 

balance and movement are awake 

but those for consciousness are 

not, and the sluggishness of sleep 

inertia, which dulls cognition for a 

few minutes after awakening. 

Researcher James Krueger noted 

that observers would expect the 

entire brain to react at once if spe­

cific regions dictated the condi­

tions of sleep in a top-down model. 

What Krueger and his research 

team found more closely resembles 

an orchestra that does not have a 

conductor. 

While most sections play in 

excellent time with each other, 

a few lag behind or zip ahead. In 

this analogy, if the "woodwind" 

neurons have been performing 

a fast and furious piece for some 

time, they are more likely to grow 

fatigued and enter the sleep state 

than the "brass" neurons, which 

had to work only during the over­

ture and the finale. They noted 

that when a drop of SRS protein 

falls onto a few hundred neurons, 

they go to sleep without affecting 

other brain regions, demonstrating 

how sleep can be localized. 

Neurons release adenosine tri­

phosphate (ATP) , the energy source 

for cells, when they communicate 

electrochemical signals to other 

neurons. ATP prompts glial cells 

to produce SRS proteins. Over 

time, these proteins enter nearby 

neurons and reach a concentration 

point in which they bring on a wave 

of chemical changes, altering how 

neurons react to neurotransmitters 

and bringing on sleep. Krueger 

and his co-researchers developed 

WHEN SLEEP-DEPRIVED drivers get 

behind the wheel of a simulator, their 

reaction times and judgment become as 

impaired as those with elevated blood­

alcohol levels. Drinking alcohol and being 

sleepy severely affect the sensory, motor, 

and analytical skills of drivers. Every year, 

about 100,000 accidents occur in the U.s. 

because drivers were overly tired, accord­

ing to the National Highway Traffic Safety 

Administration; about 1,500 drivers died. 

To avoid being a statistic, if you can't stop 

yawning, can't remember having driven 

the last few miles, or can't focus your 

vision, leave the road and get some sleep. 

a mathematical model to show 

how the shift to a sleep state in one 

group of neurons could spread to 

others until the entire animal goes 

to sleep. Still, there's room for the 

POllS, thalamus, and other "sleep 

centers" in this proposed model, 

Krueger said. He believes they 

coordinate the sleep-wake states of 

neuronal groups to achieve peak 

performance and react appropri­

ately to external stimuli, such as 

nightfall and daybreak. 

Scientists wrestle with the alge­

bra of sleep because just how 

much a person really needs does 
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Alcohol may make you feel sleepy at first, but it has been shown to disrupt a good 

night's sleep. Alcohol interferes with sleep's rhythms, lowers oxygen consump­

tion, and inhibits memory formation. 

not seem to be a constant-I( 

doesn't accumulate arithmetically 

over time. For example, if you 

stayed up past midnight reading a 

good book, you might have found 

that around 3 or 4 a.m. you felt 

more awake than you did a couple 

of hours before. The same goes for 

long-distance driving: A burst of 

wakefulness arrives just before the 

dawn, as you pull into a truck stop 

for breakfast after driving a couple 

of hundred miles. 

"Since you start to get less sleepy 

as you approach the early morning 

hours just before dawn, it indicates 

that people don't get sleepy sim­

ply on the basis of missed sleep," 

said Thomas Wehr, a researcher 

of sleep and biological rhythms 

at the National Institute of Men­

tal Health. "If that were true, you 

would get sleepier and sleepier the 

longer you stayed up. Instead, the 

pattern is typical of a cyclic inter­

nal program." 

THE PURPOSE OF SLEEP 
Some scientists believe that sleep 

allows the brain to "consolidate" 

memories. When you learn facts, 

faces, events, and other information 

about the world, those data initially 

are collected, sorted, and dispersed 

by the hippocampus. Gradually, in 

a process not fully understood, the 

data in those memories get redi­

rected to long-term storage in vari­

ous brain regions. How and where 

those memories get sent, as well 

as how they reconnect in neural 

networks, remains a mystery, but 

scientists are confident that sleep 

plays a role. Researchers at Israel's 

Weizmann Institute noted in the 

1990s that when they awakened 

test subjects 60 times a night dur­

ing REM sleep, the human guinea 

pigs completely lost the ability to 

learn new information. However, 

similar interruptions during non­

REM sleep had no such effect, 

suggesting REM sleep plays a key 

NARCOLEPSY targets about 

135,000 Americans, even those 

who typically get a good night's rest. 

They have daytime attacks from a few 

seconds to a half hour, during which 

they may experience sudden muscle 

weakness, drowsiness, hallucinations, 

and periods of sudden sleep. The dis-

role in organizing information and 

forming the links to make lasting 

memones. 

Observers have noted that people 

almost never dream about things 

that happened to them in the hours 

before they went to sleep. Only 

after a delay of a few days do the 

memories of events work their way 

into dreams. Sam Wang, a neuro­

scientist and molecular biologist at 

Princeton University, suggests that 

this may be because sleep helps 

people process those events. 

Humans repeatedly awakened 

during REM sleep, the period of 

vivid dreams, need to have more 

and more REM sleep to make up for 

their deficit. The greater the REM 

deprivation, the greater the need for 

substantial REM "rebound." Such 

experimental findings support the 

theories of psychoanalyst Sigmund 

Freud, who argued a century ago 

that people need dreams to make 

sense of the world and fulfill basic 

desires. If we forgo the dreams of 

REM sleep, we find ourselves rush­

ing back to them as soon as possi­

ble. Freud would have interpreted 

order appears to cause symptoms of 

REM to break through during periods 

of wakefulness. Humans typically enter 

sleep cycles in shallow stages that lead 

within about 90 minutes to REM sleep. 

Patients with narcolepsy enter the deep 

REM stage very soon. The disorder usu­

ally appears in people between 15 and 
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An infant spends over 40% of sleep in REM while adults spend 20% or less in REM. 

that as a strong need for humans 

to work out unresolved issues 

through the unconscious medium 

of the dream. 

DREAMS 
Like the mechanics of sleep, the sci­

ence of dreams is a vast jungle that 

science has only begun to explore. 

Dreams and their interpretation 

have carved out a huge space in 

human history, literature, science, 

and religion. In the Old Testament, 

25, although it can strike at any time and 

often goes undiagnosed. Stimulants and 

antidepressants often help lessen the 

effects. And if they take daytime naps 

of 10 to 12 minutes, avoid heavy meals, 

and keep away from nicotine, alcohol, 

and caffeine, they may reduce the disor­

der's impact on daytime activities. 

Joseph and Daniel gained a mea­

sure of power by interpreting the 

dreams of kings. Mary Shelley had 

the germ of Frankenstein come to 

her in a dream; Robert Louis Ste­

venson got the idea for the Strange 

Case of Dr. Jekyll and Mr. Hyde in 

the same way. In 1845, Elias Howe 

dreamed of a mechanical improve­

ment that would make his sewing 

machine practical. And a few days 

before he was shot in 1865, Presi­

dent Abraham Lincoln famously 

Working with dogs in 1999, Stanford 

University researchers, including William C. 

Dement (opposite, holding a dog before 

and after a narcoleptic attack) and lead 

researcher Emmanuel Mignot, discovered 

a gene that causes narcolepsy. It leads to 

severe lack or absence of hypocretin, a neu­

rotransmitter that promotes wakefulness. 

told his wife that he dreamed of 

his own assassination. 

In modern science, Otto Loewi's 

grasp of how neurotransmitters 

carry information across the syn­

aptic cleft came to him in a dream, 

and Belgian scientist Friedrich 

August Kekule von Stradonitz deci­

phered the ringlike structure of the 

benzene molecule upon awakening 

from a dream in 1865. The mol­

ecule's structure had confounded 

chemists, who couldn't diagram it 

with a linear alignment of atoms. 

Kekule fell asleep in front of the 

fire, as he had many times, and 

dreamed of atoms "gamboling" 

about and forming connections. 

Snakelike chains began moving 

about in his dream. "One of the 

snakes had seized hold of its own 

tail, and the form whirled mock­

ingly before my eyes," Kekule 

recalled. "As if by a flash of light­

ning I awoke; and this time also I 

spent the rest of the night in work­

ing out the consequences of the 

hypothesis." The snake grabbing 

its own tail in its mouth provided 

the clue: Benzene molecules form 

Mignot has since turned his atten­

tion to the same defective genes in 

humans. He asks: What makes neu­

rons that create hypocretin die in nar­

coleptics and in late-stage Parkinson's 

patients? He believes that the answer 

will expand what science knows about 

how, and why, people sleep. 

Vl 

-1 
» 
-1 
rn 
Vl 

o 

z 
o 

-

> 
-1 



rings, not lines. Kekule told his col­

leagues, "Let us learn to dream!" 

MESSAGES TO THE SELF? 
Such stories would appear to sug­

gest that dreams open a doorway 

of communication between the 

conscious and unconscious mind. 

Freud would have agreed, as he 

famously called dreams the royal 

road to the unconscious. He chose 

to interpret dreams as manifesta­

tions of unconscious desires, many 

of which dealt with repressed sexu­

ality. When the conscious mind is 

unwilling or unable to deal with 

important ideas or emotions, 

Freud said, the unconscious mind 

performs like a psychic safety valve, 

resurrecting the conflicts and play­

ing them out to a resolution-al­

beit in symbolic forms that require 
. . 
mterpretatlOn. 

Neurologist Richard Restak 

observed that Freud's description 

+ INTERPRETATION + 

THERE'S NO REASON why dream inter­

pretation's biases can't creep into the 

work of dream interpreters. Freud found 

what he suspected he would in many 

dreams-sex. "Freud himself suggested 

that dreams of flying revealed thoughts 

of sexual desire," dream researcher Carey 

Morewedge said. "Interestingly, in the 

same text [Interpretation of Dreams], Freud 

also suggested that dreams about falling 

also indicate succumbing to sexual desire. 

One might interpret this as evidence that 

scientists are just as self-serving as lay­

people when interpreting their dreams." 

Dreaming 
Brain 

Prefrontal cortex - 7-

Not shown 
Hippocampus 

Sensory input 
blocked during 
REM sleep 

-:\----"_ -- Parietal cortex 

Visual cortex 

~~-Thalamus 
~--:-:: 

-=~- Pineal gland 

Hypothalamus 

0--- Cerebellum 

Motor output 
blocked during 
REM sleep 

The purpose of dreaming is not fully understood, but the dreaming brain is very active. 

of the function of dreams relies 

on the metaphors of 19th-century 

engineering. According to this 

view, human psychology runs like 

a steam engine, building up pres­

sure through powerful combus­

tion, and unless the steam finds 

an outlet, it could explode. Freud 

had no room in his theories for the 

idea that dreams might arise from 

the normal, physical functioning of 

the brain. Most modern research­

ers have discarded Freud's theories, 

finding natural processes in dreams 

arising from basic brain functions. 

Harvard University researchers 

J. Allan Hobson and Robert McCar­

ley developed the "activation syn­

thesis" theory of dreams in 1977. It 

says dreams aren't stories with sym­

bolic meaning bur rather the brain 

attempting to impose order on the 

static caused by the random firing 

of neural networks connecting the 

pons and the cerebral cortex. The 

two researchers found a group of 

neurons in the pons that fire more 

frequently during sleep than during 

wakeful hours. When REM sleep 

begins, these cell groups send signals 

to the cerebral cortex. According 

to Hobson and McCarley's theory, 

the cortex then tries to create some 

measure of coherence out of the 

random information it receives. 

The reason so many dreams contain 

weird and fantastic elements is that 

the brain faces the task of construct­

ing narratives our of chaos. 

As elegant as their theory may 

appear, it doesn't explain every­

thing. Who hasn't had a dream that 

came true, like Lincoln? And who 

hasn't found inspiration for solv­

ing a problem, like Kekule? And, 

finally, who hasn't had a dream in 

which even an amateur, armchair 

psychoanalyst couldn't have found 



some symbolic, sexual meaning? 

"There are more things in heaven 

and earth, Horatio, than are dreamt 

of in your philosophy," said the 

melancholy Dane Hamlet. 

II 
The word dream appears 74 

" times in the King James ver­
sion of the Bible. 

WISDOM OF DREAMS? 
Stanford University researcher 

William C. Dement, who began 

investigating sleep after being 

inspired by fellow student Eugene 

Aserinsky at the University of 

Chicago, has found that creative 

minds can use dreams like keys 

to unlock puzzles. In his college 

course on sleep and dreams, he 

gives his undergraduates brain 

teasers and encourages them to 

"sleep on it ." In one test, he gave 

500 undergraduate students the 

letters 0, t, t, f and f and told 

them that they formed the begin­

ning of an infinite series. He 

asked them to come up with the 

next two letters. Two students 

figured it out while awake, and 

seven got the answer while asleep. 

One student who dreamed the 

answer told of his dream-state 

body walking through a gallery 

and counting pictures. The stu­

dent counted the first five paint­

ings, then found numbers six and 

seven had been ripped from the 

wall. That was the solution-the 

letters represented the numbers 

one, two, three, four, and five. 

The next letters were 5 and 5, for 

six and seven. 

Obtaining solutions to prob­

lems while dreaming raises q ues­

tions. Did the unconscious mind 

Goggles alert observers that sleep researcher Stephen LeBerge of Stanford University has begun dreaming. 
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Surreal combinations of objects suggest dreams or alternate realities in 1953's "The Enchanted Domain III" by Belgian artist Rene Magritte. 

have the answer while the con­

scious mind did not? And if the 

alert mind could not solve the 

problem, how could the sleeping 

mind do so? 

DAILY REVIEW? 
Some researchers believe dreams 

rehash fragments of daily life in a 

process known as incorporation. 

Incorporated events usually take 

a few days to appear in a dream. 

SLEEP APN EA, a blocking of the 

windpipe that temporarily cuts 

off oxygen to the sleeping brain, 

afflicts about 18 million Americans, 

most of them men. It occurs most 

often when loss of muscle tone or 

a buildup of fat partially obstructs 

the windpipe during sleep, when 

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. 

Tore Nielsen, a dream researcher 

at the University of Montreal, 

hypothesizes that the delays of 

incorporation might be an indi­

cation of the unconscious mind 

"working through" problems. 

Dreaming, Nielsen said, "facili­

tates adaptation to the stresses 

the body's muscle groups relax. Misfir­

ing of neural networks associated with 

breathing also can bring on apnea. 

When the movement of air through the 

windpipe decreases suffiCiently, the air 

entering the lungs gets cut off for a few 

seconds. The brain recognizes a drop in 

oxygen levels in the blood and awakens 

and emotional difficulties of inter­

personal relationships." Others, 

such as Mark Mahowald of the 

Minnesota Regional Sleep Disor­

ders Center, scoff at the idea that 

dreams help the brain deal with 

emotional or psychological issues. 

He noted that scary dreams do not 

become more common after seeing 

a horror movie and that starving or 

thirsty people rarely report dreams 

of eating and drinking. 

the sleeper enough to adjust the mus­

cles around the windpipe and get air 

flowing again. The patient usually gasps 

or snorts and goes back to snoring. The 

cycle of clOSing, gasping, and awaken­

ing repeats itself throughout the night. 

Apnea patients typically are tired the 

next day, but the disorder can also lead 



However, if dreams incorporate 

bits and pieces of everyday life, 

they pick up on stress and anxi­

ety 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 common emotion of those 

dreams, and negative content out­

numbered positive content. 

Patricia Garfield, author of Cre­

ative Dreaming, said that the sen­

sation of being chased-surely, a 

negative phenomenon-occurs in 

the dreams of about 80 percent of 

humans. Dreams of falling affiict 

about 60 percent. Why this is so 

may stem from the array of brain 

regions electrically firing during 

REM sleep. 

According to Michael Stephen­

son, a sleep researcher at the Uni­

versity of Wisconsin, "During 

REM sleep, the parts of the brain 

that control emotional response 

and fear are more active. That 

facilitates having strange or bizarre 

elements in dreams." 

to stroke, hypertension, irregular heart­

beat, and heart failure. It can contribute 

to poor performance in school or at 

work, as well as motor vehicle crashes 

from drowsy drivers. 

Besides gendeG risk factors include 

being older than 40 (although apnea 

targets people of all ages), being 

On those occasions when strange 

and bizarre dreams seem to presage 

a creative breakthrough or act as 

premonitions of doom, they get 

remembered and written down. 

Far from being harbingers of psy­

chic phenomena, such dreams may 

be mere relics of chance. Out of all 

the dreams we dream, many, if not 

most, get forgotten quickly. Only 

the ones that, by random chance, 

seem to correctly predict the future 

become the stuff of legend, such 

as Lincoln's death dream. Bizarre 

dreams that lead nowhere don't get 

counted on a statistical scoreboard 

of hits and misses. 

A DREAMER'S MIND 
The meaning of dreams, though, 

lies not in the dream itself, but in 

the dreamer. 

II 
Humans spend an average of 

more than two hours each . . 
night dreaming. 

A series of studies conducted by 

psychologists Carey Morewedge 

of Carnegie Mellon University 

and Michael Norton of Harvard 

overweight, having a thick neck or large 

tonsils, and family history of apnea. 

Treatments range from weight loss, to 

adjusting sleeping positions (not on the 

back), to special masklike devices that 

alter the pressure relationships at the 

back of the throat, to surgery aimed at 

preventing obstructions from forming. 

and reported in 2009 suggest 

that bias about dreams is in the 

eye of the beholder. They asked 

more than 1,000 people in India, 

South Korea, and the United 

States about the significance they 

placed on their dreams. Perhaps 

unaware of modern research into 

the "static" of random impulses, 

most responded with Freudian 

and Jungian notions of dreams 

opening pathways to unconscious 

emotions. Many saw omens. They 

said they would be more likely to 

cancel a plane trip if they dreamed 

of a plane crash than if they saw 

a news report of a plane accident 

along their intended flight path. 

Personal biases appeared during 

interpretations about people. Sig­

nificance increased for dreams in 

two kinds of categories: negative 

dreams about people the dreamers 

disliked and positive dreams about 

people they liked. The research­

ers termed this the motivated 

approach to dream interpretation. 

In other words, dreamers tend to 

interpret dreams along the lines of 

their personal biases. 
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AI I FRED SIAl ES 
LTERED STATES of Opiate 

Receptor Sites 

Frontal cortex ---j"-----

Nerve pathways 

Hypothalamus 

Thalamus 

EFFECTS & PR.OBLEMS 

Limbic 
system 

Brain stem 

consciousness arise from 

conditions that push the 

brain into something besides the 

normal waking state. Problems in 

the brain's ability to process infor­

mation may arise from internal 

causes, such as schizophrenia and 

Parkinson's disease, or from exter­

nal stimuli. People often induce 

altered states through substances; 

some are medications, prescribed 

to treat problems, while others, like 

drugs and alcohol, can also change 

brain functions to create an altered 

state of mind. Opiate, or morphine-type, drugs involve many organs in the brain. 

Most mind-altering substances 

change the functioning of neuro­

transmItters. Some mImIC the 

work of the brain's stockpile of 

neurotransmitters while others 

prevent those neurotransmitters 

from doing their jobs. Common 

targets of mind-altering drugs are 

the brain's metabotropic recep­

tors, a special type of neurotrans­

mitter receptor-the "lock" to 

the neurotransmitter's "key"-that 

unleashes chemical signals to regu­

late the action of cells and the tis­

sues they make up. Metabotropic 

receptors and their neurotransmit­

ters interact within neural networks 

to regulate personality, movement, 

mood, attention, and sleep. 

MEDICATIONS 

Imbalances in a class of neu­

rotransmitters called monoamines, 

including dopamine, serotonin, 

and adrenaline, play key roles in 

disorders such depression, Par­

kinson's disease, schizophrenia, 

and irregular sleep patterns. Of 

particular interest is serotonin. As 

serotonin interacts with more than 

a dozen receptors, it's difficult to 

predict how altering its function 

may affect someone. However, 

Foods rich in carbohydrates, like sugary snacks or potato chips, cause serotonin­

producing cells to release the feel-good neurotransmitter. Serotonin, in turn, 

regulates appetite and helps prevent overeating. 

drugs that mimic or alter levels 

of serotonin typically affect mood 

and sleep. 

Prozac, among the most com­

monly prescribed medications 

for depression, is one such drug. 

It needs to build up in a patient's 

brain before it takes full effect, 

and that can take several weeks 

of daily ingestion. When it does 

go to work, it prevents serotonin 

in the synaptic cleft from being 

reabsorbed by neighboring neu­

rons, making Prozac a "serotonin 

reuptake inhibitor." As a result, 

serotonin molecules remain avail­

able in the spaces between axons 

and dendrites to forward electro­

chemical communications for lon­

ger periods of time. Exactly how 



that lingering effect alters mood 

remains unknown. 

A DANGEROUS HIGH 

The street drug Ecstasy (technically 

known as methylenedioxymetham­

phetamine, or MDMA) brings 

about a euphoric "high" by work­

ing the same way as Prozac, except 

a single dose works almost imme­

diately and lasts for three to fout 

hours. It prevents a particular pro­

tein from transporting serotonin 

through the cell walls of nearby 

neurons, causing it to linger in the 

synaptic clefts. During the 1960s, 

some psychotherapists used it to 

bring about feelings of well-being 

in their patients. Some patients 

also experienced hallucinations. 

Because of Ecstasy's ability to 

create mild euphoria and feelings 

of empathy, it became popular rec­

reationally in the early 1980s. The 

U.S. Drug Enforcement Admin­

istration declared it illegal in 

1985, and the National Institute 

on Drug Abuse has found that it 

damages serontonin-releasing neu­

rons. Ecstasy's use has been linked 

to damage to the kidneys and the 

learning centers of the brain, but 

its likelihood of being abused 

appears to drop with long-term use 

because its emotional impact less­

ens with time. Why Ecstasy works 

so swiftly compared with Prozac is 

unknown. Possibilities include the 

rates at which Ecstasy and Prozac 

enter the brain, as well as Ecstasy's 

DISCOVERING A DRUG 

Albert Hofmann calfed LSD "My Problem Child" and spoke of it until his death at 702. 

As CHEMIST Albert Hofmann 

worked on the alkaloids of ergot 

fungus at his lab in Basel, Switzerland, 

in April 1943, he began to feel light­

headed. He went home and fell into a 

"kaleidoscope" of hallucinations. His 

curiosity aroused, Hofmann decided 

to deliberately try to re-create the 

experience three days later by expos­

ing himself to lysergic acid dieth­

ylamide (LSD), a chemical he had 

been working on when he first felt 

dizzy. He ingested 250 micrograms 

in ten cubic centimeters of water. His 

limbs stiffened; he felt disoriented 

and experienced a "marked desire to 

laugh." In perhaps the most famous 

bicycle ride in history, Hofmann ped­

aled for home. He did not feel he was 

moving, but objects around him 

did-they spun and changed shape 

before his eyes. Faces morphed into 

colorful and hideous masks. After the 

horrors passed, he entered a state in 

which images opened and closed and 

sounds registered as colors. The drug 

had no lasting physical effect, but it 

powerfully opened the mind to new 

sensations. Perhaps LSD's greatest 

danger lies in lowering inhibitions 

and impairing judgment. LSD users 

have accidentally killed themselves 

by falling from buildings and walk­

ing into traffic, and the drug'S effects 

have exacerbated the symptoms of 

users with preexisting mental disor­

ders. The u.S. outlawed the drug in 

1966 after declaring it unsafe. 
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side effect of partially blocking 

dopamine uptake. Such a chemi­

cal effect would make Ecstasy have 

a short-term impact on the brain 

like the dopamine-altering drugs 

cocaine and amphetamine. 

CONTROLLED SUBSTANCES 

Among drugs that affect serotonin, 

none acts as powerfully as lyser­

gic acid diethylamide, or LSD. It 

binds so tightly to serotonin recep­

tors that minuscule amounts-less 

than 50 micrograms, or one ten­

thousandth the weight of an aspi­

rin tablet-bring about profound 

alterations in the brain. Users 

report hallucinations and other 

altered states of consciousness. 

Albert Hofmann, the Swiss 

chemist who synthesized LSD in 

1938, accidentally exposed himself 

to about 25 micrograms in 1943 

and discovered the drug's tremen­

dous power to induce hallucina­

tions. Usually, the images cause no 

lasting harm, but in some cases, 

LSD has been linked to psychosis, 

particularly when taken by some­

one with an already documented 

mental disorder. Unlike many 

other drugs, however, LSD has 

not been associated with death as 

a direct result of overdose; it binds 

so strongly and so specifically to 

serotonin receptors that an increase 

would have no effect. Many other 

drugs, on the other hand, affect a 

variety of neurotransmitter recep­

tors and bring about a toxic stew 

of chemical reactions. However, 

because of LSD's powerful impact 

on the brain and its potential for 

abuse, the U.S. government classi­

fies it as a Schedule I substance, the 

same as heroin and Ecstasy, under 

the Controlled Substances Act. 

In Health magazine asked 

experts to rank drugs by their 

potential for addiction. Top­

ping the list was nicotine. 

Marijuana and caffeine act on 

metabotropic receptors through a 

different set of neurotransmitters, 

albeit in opposite ways. Marijuana's 

active ingredient, delta-9-tetra­

hydrocannabinol (THC), inhibits 

the release of the neurotransmit­

ters glutamate and GABA. THC's 

ALCOHOL ABUSE can lead to a 

plethora of problems: the inability 

to meet work, school, or family respon­

sibilities, drunk-driving arrests and car 

accidents, and drinking-related medical 

conditions. But heavy drinkers also expe­

rience unusual shrinkage of their brain. 

Research on Japanese subjects showed 

inhibitory properties reduce com­

munication among certain neural 

networks. Caffeine increases the 

likelihood that neurons will release 

GABA and glutamate. That's why 

taking a drink of coffee stimulates 

the brain and slightly raises cogni­

tive function. 

ADDICTION 

Some drugs become habit form­

ing, exerting powerful influence 

on the brain, particularly on neural 

networks associated with rewards. 

Users take the drug repeatedly to 

receive the neurochemical reward, 

an alteration in brain chemistry 

that, at least at first, creates feelings 

of well-being, euphoria, and calm, 

or shuts out unpleasant physical or 

emotional effects. 

Brain scans allow researchers to 

observe the influence of addictive 

drugs. Morphine acts on the cere­

bral cortex but lets the lower, older 

portions of the brain continue 

unencumbered. Cocaine activates 

the entire brain but gives an extra 

stimulus to its emotional centers, a 

clue to users' reports that the drug 

that half of heavy drinkers in their 50s 

experienced brain shrinkage, while only 

30 percent of nondrinkers exhibited 

shrinkage. Both white and gray matter 

were affected in drinkers' brain. 

The reduction in gray matter vol­

ume appears to underscore the popu­

lar notion that alcohol kills neurons, 



THe in a polarized light micrograph, is the main psychoactive drug of marijuana. 

enhances the experience of sex and 

food. In particular, cocaine been 

shown to release dopamine in the 

brain's nucleus accumbens, a region 

linked since the 1950s with pleasur­

able sensations. Heroin, an opiate 

like morphine, works on the brain's 

ventral tegmental area, which links 

to the nucleus accumbens through 

resulting in a loss of gray cells' volume. In 

fact, the loss of gray matter in the brain 

of a heavy drinker has nothing to do with 

the number of neurons being depleted; 

neuron counts remain constant. The 

loss of brain volume reflects a decrease 

in the size of dendrites, which compose 

a significant portion of gray matter. In 

a bridge of neural fibers that pro­

duce dopamine. 

One of the most addictive drugs 

is nicotine, present in tobacco. 

Laboratory research in the 1980s 

indicated that nicotine activates 

the brain's dopamine systems, 

much like cocaine and heroin. A 

1986 study by the Harvard School 

general, when a heavy drinker gives up 

alcohol, dendrites begin to form more 

complex networks of branches, and 

brain function begins to be restored. 

However; chronic, heavy alcohol abuse 

may lead to high blood pressure, irre­

versible dementia, and other serious 

cognitive effects. 

of Public Health made the parallels 

explicit: Tobacco, like addictive 

drugs, creates physical depen­

dence and withdrawal reactions, 

and like other abused substances 

usually is associated with overuse 

of other chemical stimulants and 

depressants, such as caffeine and 

alcohol. "Nicotine has a profile of 
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Genetic Markers for Addiction 
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Markers on human chromosomes have been linked with specific drug addictions. 

behavioral and physiologic effects 

typical of other drugs of abuse and, 

like heroin derived from opium, 

meets rigorous experimental cri­

teria as a drug with considerable 

potential to cause dependence," 

the Harvard study said. 

ANEW ZEALAN D study pub­

lished in the Archives of General 

Psychiatry in 2009 suggests alco­

hol may trigger depression. Ear­

lier research had suggested a link 

but did not speCify the direction. 

Depression could lead to alcohol 

abuse when those suffering from it 

But drug use does not necessar­

ily lead to drug abuse. Not every 

user of nicotine, alcohol, or an ille­

gal drug becomes an addict. The 

extreme complexity of the brain, 

and the effect of small differences 

between brains, causes some people 

drink as a form of self-medication. Or, 

as happens in about 40 percent of cases 

of heavy drinking, alcohol use brings on 

symptoms of a depreSSive illness. Some 

third condition could cause both. 

The New Zealand study looked at 

1,055 people born in 1977 who were 

assessed for signs of depression and 

to have a higher or lower thresh­

old for addiction. Genetics plays 

a role-perhaps 40 to 60 percent 

of the determination of whether 

a person becomes an alcoholic. 

Environmental and psychological 

factors also are important. Drug 

users who suffer from depression 

and anxiety, for example, are more 

likely to become re-addicted after 

giving up their habit. 

Dopamine-enhancing drugs lose 

their punch over the course of time. 

They cause the brain to reduce the 

number of receptors for dopamine, 

which in the absence of dopamine­

enhancing drugs lessens the reward 

response to normal reward-related 

behaviors, such as sex and food. 

Greater quantities of the drug are 

required to attain the level of the 

initial response. 

WITHDRAWAL 
When an addict tries to give up 

a dopamine-enhancing drug, the 

body compensates for the loss. 

Like a stretched rubber band snap­

ping back, neurons not only return 

to their initial neurotransmitter 

alcohol abuse at ages 17 to 18, 20 to 21, 

and 24 to 25. It found that problems 

with alcohol indicated a risk of depres­

sion nearly twice as high as for a control 

group of non-alcohol abusers. '~t all ages, 

there were clear and statistically signifi­

cant trends for alcohol abuse or depen­

dency to be associated with increased 



levels, they exceed them. Hyperac­

tivity often results, contributing to 

the symptoms of withdrawal. 

Some physical changes occur in 

specific regions of the brain. Scans 

of addicts' brains reveal lower lev­

els of activation in the prefrontal 

cortex. In studies of lab animals' 

brains, long-term use of addictive 

drugs has been shown to lower the 

activity of cortical neural networks 

that link with the nucleus accum­

bens. These networks influence 

response inhibition and the form­

ing of plans. Such findings sug­

gest why drug addicts demonstrate 

impaired judgment. 

The similarity of the brain's 

reward system responding to drugs 

and to natural, environmental 

stimuli such as food and sex makes 

it difficult to treat addictions. If 

the reward systems overlap, any 

medications that interfere with 

the feelings associated with drugs 

are also likely to depress other feel­

ings that are a part of everyday life. 

They may kill the craving for her­

oin, for example, but at a cost of 

killing other appetites. However, 

risk of major depression," wrote the 

research team, led by David Fergusson 

of the Christchurch School of Medicine 

and Health Sciences at the University 

of Otago. Analysis of the data indicated 

that the best model for which condition 

came first pointed to alcohol abuse or 

dependence leading to depression. 

such drugs, including rimonabant, 

may have a future as a treatment 

for overeating. 

II 
When a person is in love, brain 

•• regions associated with addic­
tion light up in scans. 

Meanwhile, ongomg research 

has found several of the genetic 

markers that indicate a greater 

likelihood of becoming an addict. 

Armed with such knowledge, 

future medical research could go 

forward on two fronts . First would 

be to identify prime candidates 

for addiction before they become 

addicted and steer them clear of 

their first encounters with drugs. 

Second would be to find ways to 

act upon the specific genes to mod­

ify or block chemical reactions that 

contribute to addictive behavior. 

GENETICS er ADDICTION 

Genetic sites linked to alcohol, 

nicotine, cocame, and opiate 

addictions have been identified in 

the past few years, with a series of 

significant breakthroughs occur­

ring in 2008. 

The researchers stressed that their 

findings "should be viewed as sugges­

tive rather than definitive." They theo­

rized that alcohol may trigger genes that 

encode for depression . They also noted 

that environmental issues, such as social 

and financial troubles, might bring on 

contributive stress reactions. 

At the University of Califor­

nia, San Francisco, researchers 

announced the discovery of a 

sequence of DNA on the 15th 

human chromosome that has a sig­

nificant correlation to how strongly 

a drinker feels the effects of alcohol, 

a factor in his or her likelihood of 

becoming an alcoholic. 

A 2008 study, funded by the 

National Institute on Drug Abuse 

(NIDA), found a genetic marker 

that increases susceptibility to 

nicotine addiction and raises the 

risk of developing lung cancer and 

peripheral arterial disease. More 

NIDA-funded research in 2008 

found genetic markers for alcohol 

and cocaine abuse on the fourth 

chromosome, as well as DNA asso­

ciated with nicotine and opiates. 

NIDA also reported sites linked 

to opiate dependence on the 17th 

human chromosome. 

Once scientists understand the 

mechanisms of addiction, they 

may be able to find ways to repair 

the brains of addicts at the molec­

ular level, or to immunize against 

addictive drugs. 
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THERE'S MOTION inside the 

word emotion, and for a good rea­

son. Emotions not only bring on 

highs and lows but also commu­

nicate via gesture and expression, 

such as facial changes that signal 

joy and anger. Powerful emo­

tions 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. Science 

is only beginning to understand 

their importance. 

The sensations of riding a roller 

coaster bring on internal and external 

physical reactions. 



FMO liONS THE COMPLEXITY OF FEELINGS 

N
EUROSCIENCE has 

come late to the study 

of emotions. Scientific 

prejudices minimized the study of 

them during most of the 20th cen­

tury, treating them as something 

too elusive and base for serious 

examination. Reason made humans 

stand alone as rational animals, 

making it the key to understand­

ing the workings of the human 

brain. Emotions were too subjec­

tive, too far down the hierarchy 

of brain functions, to merit much 

attention. After all, dogs, cats, and 

other animals exhibit emotions, as 

any pet owner can attest. But emo­

tions are moving to center stage as 

neuroscientists explore how and 

why the brain feels as it does. 

REACTION TIMES 

Until the late 19th century, reason 

held sway in the explanation of 

emotions. The logic went like this: Actress Halle Berry's emotions burst forth as she accepts her best actress Oscar in 2002. 

The brain assesses a situation and 

assigns an emotion, which then 

moves the body to act. At the end 

of the century, psychologist Wil­

liam James flipped that idea on its 

head. He said the body reacts first, 

and then the brain responds with 

emotion. In other words, humans 

cry and then feel sorry, or prepare 

to run and then feel fear. Although 

James's theories later were dis­

carded for a variety of reasons, 

he was the first to underscore the 

importance of physical movement 

to the appreciation of emotion. 

The Greek philosopher Aristotle split emotions into opposites: anger and calm, 
amity and enmity, fear and confidence, shame and pride, and kindness and unkind­
ness, along with the unpaired pity, indignation, and envy. 

In the early 20th century, Har­

vard researchers Walter Can­

non and Philip Bard argued that 

humans become generally aroused 

by stimuli but must wait for cog­

nitive assessment of the external 

world before the brain assigns an 

emotion. Other researchers added 

to theories of the brain playing an 

active role in deciding to create 

emotions. However, in the past few 



decades science has done an about­

face. Emotions now are believed to 

be processed in the brain at a level 

far below consciousness. They also 

are accepted as crucial to maintain­

ing homeostasis, preparing for bio­

logically appropriate responses to 

external stimuli, and even making 

reasonable and logical decisions. 

Researchers now view reason and 

emotion as intertwined, with too 

much or too little emotion detri­

mental to a healthy, rational mind. 

Furthermore, some neuroscien­

tists, such as Antonio Damasio, 

believe the advantage of being able 

to recognize emotions and feelings, 

and being aware of that awareness 

so as to make choices to maximize 

pleasure and minimize pain, gave 

humans the first glimmers of con­

sciousness. If true, it is the human 

ability to know that it suffers joy or 

sadness, and to know that it knows, 

that allowed the species to step into 

the sunshine of consciousness. 

DEFINING EMOTION 

The struggle to apply science to 

emotions has ancient roots. It 

begins with the subjectivity of 

their description and classifica­

tion. What are emotions? And how 

many are there? 

To answer the second question 

first, observers have ranged from 

Aristotle, who classified more than 

a dozen emotions, including envy 

and pity, to medieval theologian 

Thomas Aquinas, who listed 11. 

PHINEAS GAGE 

WHILE WORKING with a rail­

road crew to clear rock from 

a Vermont gorge in 1848, Phineas 

Gage suffered a gruesome accident. 

He was pouring gunpowder into a 

hole in a boulder when a sudden noise 

distracted him and a nearby assistant. 

Gage thought the assistant 

had poured sand into 

the hole to snuff any 

sparks before Gage 

began to tam p 

the gunpowder 

with an iron bar. 

The distracted 

assistant had 

forgotten the 

sand, though. As 

Gage rammed the 

iron bar; it struck 

the sides of the hole 

and showered sparks 

"is ... he was alive at two o'clock this 

afternoon, and in full possession of his 

reason, and free from pain." 

Somehow, Gage survived. But he was 

no longer the same man. Whereas he 

had been a well-respected, energetic, 

and likable foreman of 25, Gage spent 

his remaining 12 years of 

life with an unpleasant, 

childlike personality. A 

doctor who observed 

and documented his 

personality changes 

described the new 

Gage as "fitful, irrever­

ent, indulging at times 

in the grossest profanity 

(which was not previously 

his custom), [and] manifest­

ing but little deference for his 

fellows." 

What had happened? 

on the powder; which 

ignited and exploded. 

A ghastly exit wound marks Gage lost the portion 

the top of the skull of railroad of his brain that reined 

The explosion pro­

pelled the three-foot, 

worker Phineas Gage. in emotion. Frontal lobe 

seven-inch bar like a shell from a 

howitzer. It entered Gage's face 

below the left eye, passed through 

the cheekbone and frontal lobe, and 

zipped out of the top of the skull. It 

was a serious injury, one that could 

have taken Gage's life. 

"The most singular circumstance 

connected with this melancholy 

affair;" reported a nearby newspaper; 

damage often interferes 

with the ability to synthesize informa­

tion gathered through the senses and 

make sound decisions based on anal­

ysis. Without a judge to weigh and 

sift the raw, primitive impulses of the 

limbic system, a brain such as Gage's 

loses its balance between reason and 

emotion. H is unfortunate accident 

gave some of the first glimpses into 

the specific tasks of brain regions. 
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The difficulty of taxonomy focused 

on shades of difference, as between 

embarrassment and shame. Aris­

totle included both shame and 

shamelessness as emotions, raising 

the issue of whether the absence of 

an emotion could be an emotion 

in itself 

The problem of classification 

endures today. Most SCIennsts 

recognize either four or six basic 

emotions. The four most elemen­

tal are fear, anger, sadness, and joy. 

Damasio adds surprise and dis­

gust, referring to the complete list 

of six as "primary" or "universal" 

DOMESTICATION ofthe dog has resulted 

in friendly pets. But are there physical 

traits associated with domestication? Rus­

sian geneticist Dmitri Belyaev began an 

experiment breeding Russian silver foxes 

in 1959, choosing tolerance for human 

contact as his sole criterion for reproduc­

tion. His 40-year project yielded a group 

of kits as playful as golden retrievers. In 

1985, the fox colony not only exhibited 

docility, but also floppy ears, rolled tails, 

and white patches of fur, which suggests 

that the genes that encode for human­

pleasing behavior are associated with a 

variety of physical traits. 

emotions. Many casual observ­

ers would add love to the list, but 

researchers are divided over classi­

£)ring it as emotion or drive. Emo­

tions are easily recognized across 

cultures and around the world-a 

Mongolian farmer could look at a 

Dinka fisherman and recognize by 

face and body movements whether 

he was happy or angry. In fact, the 

movement provides the crucial dis­

tinction separating emotion from 

other behaviors. Emotions mani­

fest themselves outwardly in visible 

changes to the body, such as muscle 

contractions, blood vessel dilations, 

and facial expressions including 

smiles and frowns. They occur at a 

subconscious level. The brain per­

ceives stimuli that bring on a physi­

cal reaction, helping keep the body 

in homeostasis and providing an 

edge in the battle for survival. 

MAPPING EMOTION 

Emotions appear to be processed 

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 evolutionary history, 

it's not surprising that most of the 

significant emotional centers lie 

below the cerebral cortex, which 

separates humans from all other 

animals. These "subcortical" emo­

tional regions include the brain 

stem, the hypothalamus, and the 

basal forebrain. PET scans reveal 

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. 

II 
Emotions help memories form 

" and stick, but they don't help 
with recall of facts. 

Although emonons are not 

encoded in particular neurons, 

brain scans have led researchers to 

generally assign negative emotions 

such as sadness to the right hemi­

sphere 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 depression and 

uncontrollable crying. Damage to 

the right, however, has been associ­

ated with a broad array of positive 

emotions. In the past two decades, 

University of Wisconsin researcher 

Richard Davidson has seen similar­

ities in healthy, undamaged brains. 

Patients with more general activity 

in the left hemisphere tend to be 

happier than people with a more 

active right hemisphere. 

EVOLUTION OF EMOTION 
Charles Darwin believed that 

many of our emotions are inborn. 

The "chief expressive actions" of 

humans and animals are inherited, 

he said. "So little has learning or 

imitation to do with several of them 

that they are from the earliest days 



Newborns and their parents strengthen emotional bonds via facial expressions. 

and throughout life quite beyond 

our control." 

Infants are hardwired to express 

certain emotions. They laugh and 

cry at birth or soon afterward. 

Bodily expressions, particularly in 

the face, form the first means of 

communication between a child 

and its parents. 

Other emotions are learned. 

Secondary emotions such as 

guilt require social conditioning 

through negative feedback; a child 

learns to feel ashamed for steal­

ing, for example. Humans also can 

learn to react with primal emo­

tions in modern situations. There 

were no guns in the ancient world, 

but the sight of one in the hand of 

a stranger today can bring on a fear 

response as solid as one created by 

predators in the African jungles. 

Darwin reasoned that emotions 

must have emerged through evolu­

tionary development by providing 

some edge in the battle for sur­

vival. For example, when the brain 

detects an unpleasant odor in a 

potential source of food, it causes 

the physical reaction of revulsion. 

The reaction prevents ingesting the 

possibly poisonous food or causes 

food already ingested to be vom­

ited. Darwin noted the physical 

similarities in the face between 

disgust and the look of someone 

reacting violently to the smell or 

taste of rotten food. 

PHYSICAL REACTIONS 
Besides facial features such as 

smiles and frowns, emotions 

manifest themselves through 

body movements that evolution 

chose for particular purposes. We 

tremble when scared because of 

the onrush of adrenaline, which 

shakes up the muscles and organs 

for fight or flight. We cry when sad 

both to remove chemicals, such as 

manganese, that lower stress when 

expelled from the body and to sig­

nal our sadness to others. We blush 

with anger or embarrassment 

when adrenaline dilates blood 

vessels near the skin and flushes 

the face and neck with extra red 

blood cells. Blushing is perhaps 
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Author of How to Win Friends and Influence People and self-improvement guru 

Dale Carnegie said, "When dealing with people, remember you are not dealing 

with creatures of logic, but creatures of emotion." 

an evolutionary holdover from the 

time before human speech. No 

words are needed to communicate 

anger when an enemy flushes red, 

stands erect, and scowls. 

When the brain reacts to stim­

uli by inducing emotion, it sets 

off a chain of body modifications 

through two channels to prepare 

for a physical response. One IS 

to the central nervous system to 

prepare for instant action. In ani­

mals, this reaction may be to fight 

another animal, run away, or initi­

ate sex. In humans, the reaction is 

essentially the same, although (one 

hopes) filtered through the execu­

tive function of the prefrontal cor­

tex. The second reaction regulates 

the body's internal state, such as 

supplying more oxygen and glucose 

to the muscles. These emotional 

reactions lie beyond the control of 

the conscious mind. "We are about 

as effective at stopping an emotion 
• n 

as we are at preventmg a sneeze, 

Damasio said. Who hasn't tried to 

speak at a particularly sad time, such 

as a funeral, and found it impossible 

not to choke up or tremble? 

FEELINGS 

Feelings differ from emotions m 

that they are inward and private. 

Feelings register on the mind at 

a conscious or unconscious level. 

They aid in survival by alerting 

animals to deal with the problems 

signaled by emotions. Feelings pro­

vide incentives to adapt and to act. 

A further advantage is conveyed by 

a higher brain function, which is 

awareness of the feelings and how 

responsive actions may alter them. 

In most but not all cases, the 

brain becomes aware of its feelings 

as they register on consciousness. It 

is possible to go for some time feel­

ing a vague sense of dread or anxiety 

before realizing the feeling exists. 

Usually, however, humans not only 

express the physical manifestations 

EFFORTS TO IDENTIFY lies through 

technology began in the 1920s with 

the invention of the polygraph machine. 

It measures common physical reactions 

associated with lying, including changes 

in breathing, heart rate, and the electri­

cal conductivity of the skin. Polygraphs 

purported to follow the principles of 

of emotions but also process their 

feelings and, ultimately, recognize 

they are happy, sad, or experienc­

ing some other mood. Therein lies 

one of the key differences between 

humans and animals. While a dog 

may wag its tail with happiness, it 

lacks the consciousness to recog­

nize the emotion. 

PERCEIVING EMOTIONS 

Humans communicate emotions 

through facial gestures. Nervous 

control of laughing and crying 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 in the motor cortex. 

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. 

Physical manifestations of true 

emotions are hard to define pre­

cisely, but people know them when 

they see them. Sensory organs pick 

up on the finest of details when 

emotion, measuring supposedly invol­

untary physical changes. They have been 

found to have two problems. First, some 

people have managed to gain a mea­

sure of control over their autonomic 

responses and can fool a machine. Sec­

ond, polygraphs take their measure­

ments not at the source of the lie-the 



exammmg the sights and sounds 

of emotions. 

Take the simple smile: It origi­

nates in the cingulate region of the 

brain stem, which initiates a series of 

commands to contract the muscles 

in the face. When a smile reflects 

genuine joy, facial muscles shift in 

a way that observers recognize as 

joy. However, when someone tries 

to falsifY a smile, tiny miscues in 

voluntary muscle contraction pat­

terns give the faker away. 

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 the child's life. 

The urge to mimic the emotional 

behavior of others, called emotional 

contagion, continues throughout 

life. When you look at another's 

facial expression, you often take on 

aspects of that expression yourself. 

That's because the brain perceives 

an emotion in the face of another 

and automatically signals its own 

emotional circuits. A genuine smile 

or laugh in another person can 

quickly spread to nearby people. 

brain-but far out along the peripheral 

nervous system. 

Going straight to the source, Daniel 

Langleben of the University of Pennsyl­

vania uses fMRI scans to examine the 

brain of people who choose to commu­

nicate the lie. When told to lie, the sub­

jects show increased blood flow to their 

Emotional activity lights up the frontal lobe in this magnetic resonance image. 

The ability to manifest emotion 

and recognize it in others lies pri­

marily in the right hemisphere. 

This conclusion arose from the 

observation of patients who suf­

fered disorders that compromised 

right hemispheric functions. They 

could not read faces . An angry 

face, a bored face, a disgusted face 

anterior cingulate cortex. It's a brain 

region associated with error recognition 

and inhibition. Suppressing the truth 

requires energy, and thus the increased 

oxygen associated with blood flowing to 

the anterior cingulate cortex. 

Defense attorneys in San Diego intro­

duced fMRI imaging from a private 

-they registered as mere collec­

tions of eyes and mouths, devoid 

of emotional meaning. 

The task of decoding human 

emotions takes on an added dimen­

sion when sound is added. Prosody 

is the meaning imparted to lan­

guage through means other than 

words. Tones of voice can convey 

company, No Lie MRI, in a juvenile 

sex-abuse case in spring 2009, then 

withdrew the report. The company 

says its lie-detection techniques 

are accurate more than 90 percent 

of the time, and that its evidence 

eventually will find its way perma­

nently into the courtroom. 
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A visitor at the Vietnam Veterans Memorial pauses for a reflective moment. 

disbelief, sarcasm, and other shades 

of meaning. Imagine the difference 

between saying "I love you" as if 

you really mean it, and saying it in 

a clipped tone. As with the decod­

ing of human faces, the brain's 

right hemisphere acts to evaluate 

the nuances of speech. 

PROBLEMS WITH 

PROCESSING 

Many autistic people struggle with 

decoding the emotional content of 

faces, bodies, and sounds. Doctors 

think of autism as a "spectrum" 

disorder, a group of disorders with 

similar featutes but a wide range 

of possible symptoms, including 

problems with language, repeti­

tive motions, impaired social 

skills, and self-destructive behav­

ior. However, autistic people also 

may have enhanced abilities such 

as powerful memories and artistic 

skills. Whatever their symptoms, 

autistic people typically have diffi­

culty socializing with others. Their 

inability to see things from anoth­

er's perspective gives them trouble 

in recognizing sarcasm or deceit. 

Autopsies have found correla­

tions between autism and cellular 

anomalies in the cerebellum, hip­

pocampus, and amygdala, as well 

as shrinkage of the cerebral vermis. 

Other findings indicate that autism 

may result from disorders in the 

portions of the brain that special­

ize in imitation. These so-called 

mirror neurons are less active in 

autistic children than in nonautis­

tic control groups when they are 

asked to imitate or merely observe 

facial expressions . 

EMOTION eT MEMORY 

Emotion improves memory. Appar­

ently, memories get encoded in dif­

ferent ways in the brain depending 

on whether they have emotional 

content. Simple memories, with no 

emotional content, get encoded by 

the hippocampus. However, when 

emotional content accompanies the 

memory, the amygdala takes on a 

significant role in memory process­

ing. Sensations that promote strong 

emotional responses stimulate the 

amygdala, which communicates 

with the hypothalamus and sets 

off the release of hormones and 

other chemicals. So-called flash­

bulb memories linger in our mind 

because they were encoded with 

the most powerful of emotions. 

The shock affects brain regions far 

beyond the usual encoding circuits, 

and the brain reacts by recruiting 

Pain is not an emotion. It may, 

however, help bring on reac­

tions such as despair, depres­

Sion, or anger. 

many more neurons to encode the 

memory. Details such as the weather, 

the clothes you wore, and what you 

said or did become linked with the 

memory of the disaster, whereas on 

a normal day such mundane minu­

tiae would quickly be forgotten. 



ANTERIOR CINGULATE CORTEX. 

Region of the brain associated with error 

recognit ion and inhibit ion. 

AUTISM. One of a group of developmen­

tal disorders characterized by significant 

communication and social interaction 

impairments and unusual interests and 

behaviors. 

BIPOLAR DISORDER. A neurological 

condition characterized by extreme mood 

swings from man ia to depress ion. 

DYSTHYMIA. A chronic depress ion less 

severe than major depress ion, character­

ized by occurrence of depress ive symp­

toms near ly daily for over two years. 

EMOTION. A spontaneously occurring 

mental state characterized by strong feel­

ing and often accompan ied by physio logi­

cal and behavioral changes. 

EMOTIONAL CONTAGION. The 

process of emotion transfer from one 

individual to another by the unconscious 

mimicking of the emotional behavior of 

others in the vicinity. 

ESTROGEN. Female sex hormone pro­

duced in the adrenal glands and ovaries. 

These fem inizing hormones are found in 

both sexes, but in a much higher quantity 

In women. 

GONADOTROPHIN-RELEASING HOR­

MONES. A hormone produced in the 

hypothalamus that induces the produc­

tion of luteinizing and fo ll icle-stimulating 

hormones in the pituitary gland. 

INSULA. Region of the cerebral cortex 

responsible for the recogn it ion and per­

ception of disgust in others. 

GLOSSARY 

LEVATOR ANGULI ORIS. Facial muscle 

that raises the angle of the mouth. 

LEVATOR LABII SUPERIORIS. Facial 

muscle in the upper lip and cheek that 

ra ises the upper lip when one is smi ling. 

LONG-TERM POTENTIATION (LTP). 

The strengthening of neural connections, 

considered to be the cel lular basis of 

memory. 

MAJOR DEPRESSION. The most severe 

form, characterized by profound interfer­

ence with normal dai ly activities. May 

occur as a single episode after sign ificant 

trauma or repeatedly through life. 

MELATONIN. A hormone produced in 

the pineal gland that helps regulate the 

sleep-wake cycle. 

MONOAMIDE OXIDASE INHIBITORS 

(MAOls). Antidepressant drugs that 

boost mood by preventing monoamide 

oxidase from metabolizing seroton in, 

norepinephrine, and dopamine. 

NEGATIVITY BIAS. A psycho logical phe­

nomenon by which individuals react more 

strongly to unpleasant situations and 

stimuli than to their positive counterparts. 

ORBICULARIS OCULI. Facial muscles 

responsible for crinkl ing the eyes when an 

individual smiles. 

OXYTOCIN. A hormone produced in 

the pituitary gland that is re leased during 

pregnancy and intercourse, promoting 

trust and pair bonding. 

PHENYLETHYLAMINE (PEA). A neu­

rotransmitter found in smal l amounts in 

the brain and in foods such as choco late. 

This releases dopamine into the limbic 

system, creating fee lings of pleasure. 

PHOBIA. An unreasonable fear that may 

cause avo idance and panic. 

PROSODY. Additional meaning imparted 

to language through the rhythm and 

intonation of speech. 

PSEUDOBULBAR PALSY. A condition in 

which an individual is unable to vo luntarily 

control the muscles of his or her face. 

RISORIUS MUSCLES. Facial muscles 

responsible for the lateral movement of 

the corners of the mouth. 

SEASONAL AFFECTIVE DISORDER 

(SAD). A type of depression that occurs 

most often with the onset of winter. 

SEPTUM. Region of the brain associated 

with orgasm. 

TESTOSTERONE. Male sex hormone 

produced primarily in the testes. This mas­

culin izing hormone is found in both sexes, 

but in much higher quantity in men. 

VAGUS NERVE. One of the primary 

communications pathways between the 

brain and the body's majo r organs. 

VENTRAL PALLIDUM. One of the 

brain's main reward circuits; associated 

with attachment and stress rel ief. 

VOMERONASAL ORGAN (VNO). 

A small olfactory organ found in most 

vertebrates that detects pheromones and 

sends corresponding signals to the brain. 

ZYGOMATICUS MUSCLES. Facial 

muscles involved in sm iling. These lift the 

corners of the mouth. 
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DARK FMO liONS 

The left amygdala glows yellow and red in a colored PET scan to indicate recognition of fear. 

HE HUMAN BRAIN 

exhibits what psycholo­

gists call a negativity bias. 

Bad news sticks longer in memory 

than good news, and unpleasant 

encounters affect the brain more 

powerfully than pleasant ones. The 

brain's supersensitivity to negative 

emotions emerged at the dawn of 

the human species. Fear, anxiety, 

and anger prepare the body with 

what it needs to survive, creating 

the fight or flight response. 

Unfortunately, the evolution­

ary wiring to respond to neganve 

emotions does not always work 

appropriately in the modern age. 

Overreacting to life's ordinary trou­

bles can bring on panic attacks, pho­

bias, migraines, ulcers, high blood 

pressure, and even heart attacks. 

DIFFERENT RESPONSES 
Not everyone has the same bias 

toward negativity. Everyone has 

friends who seem plagued by anxi­

eties and dark thoughts, but they 

also probably know people who 

are chronically cheerful. A theory 

developed within the past few years 

UN DERSTA N DING FEA R, 
ANXIETY, & ANGER 

by Edward and Carol Diener of 

the University of Illinois explains 

different temperaments by posit­

ing the existence of emotional "set 

points." Each person has an equi­

librium point for mood that marks 

a basic level of happiness or sad­

ness. Events may push one higher 

or lower, but eventually the person 

returns to his or her baseline. 

People who are prone to nega­

tive emotional states are generally 

pessimistic, anxious, and likely to 

avoid other people. Those prone to 

positive states generally are active, 

outgoing, and confident. Brain 

scans reveal the two groups' brains 

react differently when confronted 

with other people's emotions. Pho­

tographs of fearful faces provoke 

stronger reactions in the amygdala 

of the former group, whereas smil­

ing faces produce the opposite 

reaction, with stronger responses 

in the brain of upbeat people. 

Research indicates that negative 

emotions play an important role in 

making rational decisions. Antonio 

Damasio described a patient of his 

with abnormal calcium deposits in 

her amygdala as suffering from lack 

of an appropriate fear response. 

Neurons in her amygdala could not 

function normally. Patient 5, as he 

called her, had no problem learning 

new information. However, with­

out the fear- and anger-generating 



mechanisms of her amygdala intact, 

she approached new people and 

new situations with an invariably 

rosy attitude and could not feel or 

recognize fear: She could not iden­

tifY telltale signs of potential threats 

or unpleasantness in social encoun­

ters, and she could not learn coping 

mechanisms for scary or intense 

situations. Without fear, anger, and 

other negative emotions supplying 

information about danger and risk, 

the brain makes poor decisions. 

RECOGNIZING FEAR 

The physical manifestations of fear 

are well known. Triggering fear 

activates the autonomic system and 

releases stress hormones, includ­

ing adrenaline. The amygdala and 

thalamus mobilize the body by 

increasing heart rate and blood pres­

sure, as well as sharpening the focus 

of the senses. The body is imme­

diately ready for fight or flight. 

Meanwhile, slower sensory signals 

move from the thalamus to the 

frontal cortex to identifY and reas­

sess the source of fear's signal. The 

fast response of the amygdala has 

the evolutionary advantage of pre­

paring the body for the worst-case 

scenario, while the slow response 

of the cortex keeps the body from 

running away from every shadow. 

The slow response of the cortex, if 

it finds no actual threat, overrules 

the amygdala and the rest of the 

limbic system and inhibits the fight 

or flight response. Blood pressure, 

A fear of heights can be chemically blocked or treated with relaxation techniques. 

STAYING SHARP 

A HEALTHY RESPECT for potentially 

dangerous creatures, like spiders and 

snakes, can save your life. Having but­

terflies in your stomach before perform­

ing in front of an audience isn 't anything 

special. But sometimes everyday anxiet­

ies can turn into intense, paralyzing fears 

called phobias. If left untreated, these 

fears can prevent a person from enjoy­

ing everyday things in life . 

To an observer the cause of a person's 

fear may not appear to be much of a 

real threat, like thunder or public spaces; 

nevertheless, the fear becomes every bit 

as real as if caused by genuine danger. 

These phobias, such as fear of heights, 

open spaces, spiders, or public speaking, 

usually start in childhood or adolescence, 

although most of the people who suffer 

from them cannot recall specific trig­

gers. They appear to have at least some 

genetic component. 

Modification of phobias is one of the 

most successful psychiatric treatments. 

Therapists use behavioral therapy, some­

times with fear-blocking drugs, to get 

their patients to slowly face and reassess 

their fears in order to eventually over­

come them. Repeated, controlled expo­

sure without negative consequences 

lessens the fear. Small steps are crucial. 

To treat the fear of heights, for exam­

ple, a therapist might begin by showing a 

patient an image taken from the roof of 

a low building. Gradually, as the patient 

becomes more comfortable with the ini­

tial steps, the therapist raises the intensity 

of the exposure in controlled environ­

ments. The patient might be asked to 

imagine a balcony and then be taken to 

safe, elevated places on which to stand. 

Eventually, the patient's anxiety fades 

to an acceptable level, and the extreme, 

paralyzing fear dissipates. 

----I 
I 
m 

11 

m 
m 
I 

z 
C) 

z 

o 
z 



MODEl S OF II IE MIND 
M 

OOELS OF THE brain 

and human activity rely 

on the popular science 

of the day, from Newtonian ideas 

to the advent of quantum physics. 

As scientific knowledge about the 

way the world works has increased, 

knowledge about the brain's inner 

workings has followed 

PHYSICS e,- THE BRAIN 

First came mechanical mod­

els. The classically deter­

ministic science of Sir Isaac 

Newton held out hope that 

neuroscientists could under­

stand the physical rules that 

governed the working of the 

mind. Human deeds became 

the result of actions that pre­

ceded them, like a baseball 

soaring through the sky after 

being struck by a bat. 

out encoded instructions, society's 

entire system of rewards and pun­

ishments, to say nothing of reli­

gion and politics, becomes moot. 

Nobody is responsible for nega­

tive emotions and bad behavior. 

Nevertheless, behavioral scientists 

such as psychologist John Watson, 

working in the early 20th century, 

sprouting early in the 20th cen­

tury, even though its advocates ini­

tially applied it only to the realm 

of physics. The classical view held 

that any action could be explained 

if observers could only see, and 

measure with sufficient precision, 

its causes and effects. German 

If researchers could find 

each link of the causal 

physicists Max Planck and Werner 

Heisenberg, among others, 

shot that theory full of holes. 

Planck presented a paper in 

1900 proposing that electro­

magnetic radiation, such as 

light, travels not in continu­

ous waves but in tiny, discrete 

bursts of energy. He called 

them quanta. He developed 

quantum theory to explain 

the behavior of heated, glow­

ing objects, and it soon proved 

better than Newtonian phys­

ics in a variety of applications. 

Heisenberg expanded on this 

theory in the mid-1920s with 

a theory that has come to be 

Chaos theory holds that minute stimuli, such as the flap of 

chain, they could trace every 

thought and action back 

to hardwired brain circuitry. To 

take the matter back even further, 

they might trace brain circuitry to 

a person's DNA, which itself is a 

mechanical combination of two 

strands of parental DNA. 

Such a model poses certain dif­

ficult questions. Where is free will? 

Where is responsibility? If humans 

are nothing but machines carrying 

butterfly wings, can profoundly alter physical systems. 

embraced mechanical explanations 

for human actions. According to 

Watson, instead of expressing love, 

humans exhibit a "conditioned 

love response," and instead of fear, 

a "conditioned fear response." 

UNPREDICTABILITY 

Seeds of a new paradigm to 

explain human behavior began 

known as the uncertainty 

principle. Precise measurement­

the basis for a physically determin­

istic world-becomes impossible at 

the smallest scale. One can never 

determine the exact location and 

motion of an electron simultane­

ously because observation changes 

reality. There is always uncertainty, 

and thus we can never fully know 

the world-or the brain. 



CHAOS 

A new science called chaos theory, 

discovered in 1961 by MIT mete­

orologist Edward Lorenz, demon­

strated that physical systems such 

as the weather react deterministi­

cally but cannot be predicted accu­

rately. The movement of air masses 

and water vapor over the Earth's 

surface is constantly affected by 

forces too small to measure accu­

rately. Under the right conditions, 

a butterfly flapping its wings 

in China could set off torna­

does in Kansas. Scientists call 

this phenomenon sensitive 

dependence on initial condi­

tions, and it is the cornerstone 

of chaos. Chaotic systems are 

found everywhere, from for­

est fire patterns to human 

enterprise such as stock mar­

ket activity. Like quanta, 

chaotic systems have room 

for possibilities, such as that 

one-in-a-trillion-trillion but­

terfly, to effect change. 

not just some pie-in-the-sky idea, 

as it has been bolstered by count­

less experiments done with extreme 

precision-there is no "real" world 

independent of the defining act of 

observation. 

These new, unsettling theories 

are taking neuroscience away from 

determinism. Chaos theory has 

applications both to the study of 

the brain and to human action. In 

2009, scientists at the University of 

ability to store information and rec­

ognize sensory inputs. 

Chaos and quantum theories 

suggest that life is not predeter­

mined. If you're in a bad or hope­

less mood, there's nothing in the 

scientific world that says you must 

stay there. Small changes in your 

life, like the butterfly flapping its 

wings, can have a huge impact. 

Quantum theory suggests that 

electrochemical actions in your 

brain are possibilities, not 

certainties. 

Physicists in the 20th cen- Jeffrey M. Schwartz describes how patients overcame OeD 

Using quantum theory, Jef­

frey M. Schwartz, an expert 

on obsessive-compulsive dis­

order, posited in his contro­

versial 2002 book The Mind 

and The Brain that the act of 

the brain observing itself­

the force of attention to one's 

own thoughts and feelings­

could alter brain circuitry at 

the molecular level. Con­

centrating on altering one's 

own feelings of obsession or 

depression could push them 

from one path to another, 

just as observing an electron 

tury came to some strange 

conclusions as they wrestled 

using fundamentals of quantum physics and chaos theory. 

with the implications of the new 

science. Experiments have dem­

onstrated that subatomic particles 

behave both like particles and like 

waves, depending on how they are 

observed. Quantum theorists talk 

of electrons as clouds of uncertain-

ties that snap into definite existence 

only through the act of observation. 

According to this theory-actually, 

Cambridge in England discovered 

chaos theory-like patterns in the 

brain's synchronization of electro­

chemical activity among different 

functional regions. Chaos's telltale 

clusters-called strange attrac­

tors-also have been found in EEG 

patterns. Computer models suggest 

that the brain's self-organization 

along chaotic lines maximizes its 

alters its course. He reported results 

not only in his patients' behaviors, 

but also in their brain scans. Nega­

tive feelings (and their neural net­

works) grew quieter, and positive 

ones became stronger. If Schwartz 

is correct, there is new life for the 

concept of free will and a new burst 

of hope for patients who feel stuck 

with negative feelings. 
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STAYING SHARP 

ANGER MANAGEMENT aims at con­

trolling the physical reactions caused by 

the onset of the emotion of anger. It 

doesn't change the source of anger, or 

its ability to irritate. And it avoids the dis­

credited advice to "let it all hang out"­

it's been shown to be counterproductive 

to relationships and mental health to 

vent anger like a volcano spewing lava. 

Rather, anger management reduces the 

emotion's impact on the body and allows 

a person to control his or her experience 

of the emotion. 

You can take an enti re course or read 

a series of books on anger management. 

Typically, they elaborate on the following 

simple steps: 

"'Breathe deeply from the belly. Repeat 

a calming word or phrase, such as "relax," 

as you breathe. 

"'Visualize a calm scene from your 

memory or imagination, such as a sea­

shore or mountain meadow. 

"'Exercise with slow, nonstrenuous 

movements. 

"'Use imagery; visualize a relaxing expe­

rience, such as lying in a hammock, from 

your memory or your imagination. 

"'Remind yourself that acting out your 

angry feelings and impulses won't fix 

your problem. Purposeful, calculated 

action will. 

"'Learn to communicate better with 

those around you. Listen. Talk calmly. 

"'Reassess your situation and use a posi­

tive vocabulary to describe your situation. 

Instead of cursing or describing your life 

as hopeless, look at your situation logi­

cally. Say things aren't so bad, and you'll 

get through them. 

heartbeat, and other body changes 

return to normal. 

The fear response can be over­

come by blocking the receptor sites 

for adrenaline in the heart muscle. 

Drugs that plug the appropriate 

neurotransmitter "keyholes" pre­

vent circulating adrenaline mol­

ecules from initiating the fight or 

flight reaction. So-called beta block­

ers stop the fear without interfering 

with rational thought. 

In addition to chemical curbs, 

the fear response can be countered 

by cultivation of the relaxation 

response through breathing exer­

cises, which can lower the heartbeat 

and enhance slow-wave brain activ­

ity. Some fears can be reduced or 

eliminated through conditioning. 

ANGER 

Anger is natural. Violent aggression 

evolved among animals to produce 

strong males through combat, and 

to protect offspring when mothers 

direct anger at potential threats. 

Genes that encode for a propen­

sity toward anger are evident in 

the rat colonies bred by Dmitri 

Belyaev. Mating to produce one 

colony of docile rats and another 

of rage-filled, aggressive rats, Bely­

aev created creatures that throw 

themselves at the bars of their 

cages in fits of rage and "go crazy" 

if humans try to pick them up. 

The modern world presents dif­

ferent challenges to humans today. 

Anger still plays an important role 

in human society, though. People 

get angry to defend a mate, terri­

tory, possessions, and themselves. 

Most humans learn to exercise 

some control over their anger at 

an early age. Still, about one in five 

adults reports difficulty control­

ling rage. In small bursts, anger 

can alter behavior in advantageous 

ways. But too much can contribute 

to coronary heart disease and dys­

functional relationships. 

Anger is one of Christianity's 

seven deadly sins. (The other 

six are lust, greed, gluttony, 

sloth, envy, and pride.) 

Psychologist and anger expert 

Mike Obsatz has identified eight 

different kinds of anger. Chronic 

anger manifests itself as ongoing 

resentment that is directed out­

wardly. Volatile anger comes III 

waves, building to crests of rage 

that explode in aggression. Judg­

mental anger belittles or shames 

others. Passive anger comes out 

through sarcasm and avoidance. 

Overwhelmed anger occurs when 

people resort to aggressive out­

bursts to deal with feelings of 

stress. Retaliatory anger is, just as 

its name suggests, a way to get back 

at another person. Self-inflicted 

anger targets the sufferer as pun­

ishment for some negative behav­

ior. And finally, constructive anger 

turns the negative emotion toward 

positive ends, perhaps as motiva­

tion for a change. 



Anger explodes into rioting by supporters of an opposition political faction in the West African nation of Togo. 

Anger, like fear, manifests itself 

through a variety of pathways 

starting with the limbic system. 

Researchers are still investigating 

its triggers and its controls. How­

ever, anger releases cortisol in the 

brain, which promotes feelings 

of stress and frustration. People 

who habitually get angry appear 

to have reduced neural activity in 

their frontal lobes, which com­

municate with the amygdala as 

the mind seeks a balance between 

reason and emotion. A weakened 

prefrontal cortex fails to exert a 

normal level of control over the 

aggressive behavior programmed 

in the deep, ancient regions of the 

brain. High and low levels of sero­

tonin and high testosterone levels 

contribute to aggressive behavior, 

through mechanisms that are not 

entirely understood. 

COPING WITH ANGER 

Therapeutic treatment of anger 

includes talking about it. It some­

times serves to help violent people 

if they are able to verbalize the 

causes of their anger. Verbalizing 

about aggression becomes less suc­

cessful, though, if the perpetrator 

has learned to receive a psychic 

reward for aggressive acts, in which 

the action brings a temporary relief 

from physical stress. 

Three main strategies allow peo­

ple to cope with anger: expressing, 

suppressing, and calming. Express­

ing anger in a calm, nonaggressive 

way communicates a person's needs 

in a healthy way. 

Suppressing occurs when the 

emotion of anger is inhibited. 

Sometimes, suppression redirects 

anger toward constructive behav­

ior. In other cases, suppressed 

anger may turn inward, causing 

depression and heart disease, or 

passive-aggressive behavior. 

Calming involves the attempt to 

physically slow the body's internal 

responses, as with the relaxation 

response reducing fear. 
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GOOD FEEliNGS 

Love registers through recognition. 

~ "'YHAT IS YOUR moti­
vation to experience 

V love and joy? You 

might as well ask why you need to 

breathe. The physiological sensa­

tions of satisfaction and warmth, 

coupled with the awareness of 

how right the emotion feels, are 

their own reward. Joy, love, hap­

piness-they are what make life 

worth living. 

LOVE 

Of all the positive, pleasurable 

states, none has commanded so 

much attention from scientists, 

artists, and poets as love. In the 

laboratory, love has gone under 

the microscope, to be dissected 

into categories and probed for 

possible clockwork mechanisms. 

Helen Fisher, a Rutgers University 

Falling in Love 

Emotions in the amygdala. 

anthropologist, charts three kinds 

of physiological and emotional 

kinds of love: lust, attraction, and 

attachment. All arose through evo­

lution to promote the continua­

tion of the species through mating 

and parental bonding. 

According to Fisher, each type 

of love has its own special purpose 

and chemistry. Lust sends people 

out into the world looking for a 

mate. It's associated with the hor­

mones estrogen and androgen. 

Attraction focuses that physical 

energy on one person instead of 

spreading it too thin. Its link to 

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 neurotransmitters 

JOY, LOVE, 
& HAPPINESS 

Decision and strategy for action. 

that keep two people together have 

been harder to find, but experi­

ments with animals have turned up 

neurochemicals that promote pair 

bonding. The different effects of 

biochemistry during stages of love 

make sense when viewed through 

the lens of personal history. Who 

hasn't felt the butterflies and rac­

ing heartbeat of the early stages of 

love, only to see those feelings be 

replaced with a calm confidence as 

relationships develop? 

II 
In 2005, researchers found that 

" some mice pass pheromones 
through the male's tears. 

CHEMICAL ROMANCE 

Brain scans of people in love show 

activation in the caudate nucleus, 

putamen, and insula, along with 

the anterior cingulate and the 



cerebellum. Other areas of the 

brain became deactivated by love. 

Specifically, and surprisingly, the 

depressed brain regions have been 

associated with sadness, anxiety, 

and other negative emotions. Love 

apparently not only makes you 

giddy but also smothers feelings 

that might topple your elation. 

Maternal love may share some of 

the same neural circuits as roman­

tic love. The neuromodulator oxy­

tocin, released in the brain during 

female orgasm, also is released 

during childbirth and promotes 

mother-child bonding. Men also 

have their reward areas of the brain 

activated during orgasm, including 

those that contain receptors for 

oxytocin and arginine vasopressin, 

or AVP. 

Oxytocin seems to increase the 

general level of trust people have 

for each other, including strang­

ers. That would explain why some 

people make social decisions that 

seem stupid when the chemicals 

wear off. Consider the impaired 

judgment found in a 2009 study 

conducted in Britain. Researchers 

gave men and women a whiff of 

oxytocin and asked them to rate 

the attractiveness of others. The 

experimental group rated strang­

ers as more attractive than control 

groups did. 

+ THE CHEMICALS OF LOVE + 

Hormones and neurotransmitters play important parts in how 
the brain and body function when we fall in love. 

NAME DESCRIPTION 

Estrogen, Hormones responsible for the sexual drive. Testosterone in-
testosterone creases in women when they're in love, but declines in men. 

Dopamine 
Neurotransmitter released in the brain's reward systems. 

Brings on a feeling of bliss. 

Norepinephrine 
Causes racing heart, flushed skin. With dopamine produces 
elation, focused attention, higher energy states, and craving. 

Serotonin 
Lowered levels of this neurotransmitter during stages of love 
may contribute to feelings of obsession with another person. 

Oxytocin A hormone that builds trust and helps form social bonds. 

Arginine Found in reward areas of the brain activated by romantic love 
vasopressin (AVP) in both sexes and orgasm in men. 

Phenylethylamine Releases dopamine in the limbic system, causing pleasure. 
(PEA) Occurs naturally in the brain, but also is found in chocolate. 

Sex pheromones 
Chemical messengers passed between males and females of 

the same species to induce mating. 

PRAIRIE VOLES are small, brown rodents. 

They mate for life, and if one partner dies, 

the other usually refuses to mate again. 

Meadow voles are small, brown rodents 

too. They don't form pair bonds, and they 

mate promiscuously. 

Scientists at Florida State University 

discovered that different levels of two 

neuromodulators, oxytocin and arginine 

vasopressin (AVP), led the two species 

toward their different mating habits. 

When the researchers induced the 

expression of AVP in the ventral pallidum 

of the promiscuous meadow voles, they 

converted to monogamy. 

GENETIC TENDENCIES 
Today, most cultures limit people 

to one marital partner. Histori­

cally, polygamy has been much 

more common, from the harems 

of the Old Testament to the mul­

tiple wives taken by some men in 

the Mormon Church in the 19th 

century. It's that way in the animal 

kingdom too, with only 3 to 5 per­

cent of mammals mating for life. 

Children raised in cultures where 

bonding occurs (in pairs or other­

wise) become conditioned to their 

environment; they see relationships 

around them as normal, whatever 
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they are. However, research pub­

lished in 2008 discovered a genetic 

code in men that strongly cor­

related to whether they lived in 

monogamous relationships with 

women, had multiple relationships, 

or never married. Variations in a 

gene that codes for a receptor for 

the AVP receptor predicts whether 

they will shy away from long-term 

commitment or be devoted hus­

bands, according to researchers at 

the Karolinska Institute who stud­

ied 552 Swedish men. 

They focused on AVP after read­

ing of previous research that found 

that variations in AVP receptors in 

two species of prairie voles make 

one mate for life and the other pro­

miscuous. Human males can have 

zero, one, or two copies of a gene 

section called RS3 334. The higher 

the number, the lower the men 

performed on measurements of 

pair bonding. Men with two cop­

ies were more likely to be unmar­

ried, or if married, to have had a 

marital crisis. The researchers had 

no immediate explanation for how 

the extra copies of RS3 334 may 

alter the probability of someone 

enjoying a happy, monogamous 

relationship. 

According to evolutionary theo­

ries developed in the past decade, 

women tend toward monogamy 

for reasons of survival. A million 

years ago, on the plains of Africa, 

women worked to prevent male 

infidelity because of worries about 

SEXUALITY 

Testosterone; a steroid hormone; plays a key 

role in sexual and aggressive behavior. 

REWARD 

Dopamine; here in crystal form; gets 

released by the brain;s reward system. 

REPRODUCTION 

Progesterone is crucial for preparing 

the womb for pregnancy. 

the potential loss of their mate, 

which would leave them without 

resources to raise a family. On the 

flip side, males developed jealousy 

over their mate because they did 

not want to waste resources feed­

ing children who were sired by 

other men. 

LUST eT ATTRACTION 

Sexual behavior is programmed 

deeply in the brain. The drive for 

sex is controlled by the hypothala­

mus and the pituitary gland, two 

ancient parts of the brain. The 

hypothalamus, which also plays 

a crucial role in eating, drink­

ing, and the regulation of body 

temperature, stimulates the cre­

ation and release of testosterone 

in males, and sex hormones such 

as estrogen in females. In men, the 

tuberal region of the hypothalamus 

secretes gonadotrophic-releasing 

hormones, discovered in 1971, into 

the anterior pituitary gland. The 

pituitary then releases luteinizing 

and follicle-stimulating hormones. 

They act upon the testes to stimu­

late the release of testosterone and 

the creation of sperm. In women, 

gonadotrophic-releasing hormones 

prompt the ovaries to release sex 

hormones. Estrogen makes a loop 

through the bloodstream and back 

to the brain, stimulating the ven­

tromedial hypothalamus to pro­

duce a sexual response. Sexual 

activity also gets a boost from 

the medial preoptic area of the 



A male brain reacts with sexual excitation to erotic images of women. 

hypothalamus when prompted by 

the introduction of testosterone, 

primarily responsible for the libido 

of both sexes. The medial preoptic 

area is more than twice as large in 

men as III women. 

II 
Stimulation of the medial 

" preoptic area in animal brains 

induces copulative behavior. 

Rhythmical applications of 

gonadotrophic-releasing hormones 

have restored the sex drive of 

patients who had suffered hypo­

thalamus damage. When the 

hormones were cut off from com­

municating with the pituitary, the 

loss halted testicular functions 

necessary for sex drive and sperm 

production. The start of sexual 

behavior among adults seems to 

rely on the production of testos­

terone. But sex is more than just 

pure chemistry. Anthropological 

studies have revealed patterns of 

flirtation across cultures that con­

tain surprisingly similar behaviors. 

That suggests flirtation, a sexually 

loaded form of communication, 

could have a significant biological 

component. 

R. Douglas Fields, a neurosci­

entist at the National Institutes 

of Health, is convinced that hard­

wired biochemistry strongly influ­

ences sexual attraction. He believes 

that a little-known cranial nerve, 

called nerve zero, may be a miss­

ing link in research on human 

pheromones-the chemicals that 

carry behavioral messages between 

insects and other animals far below 

humans on the evolutionary scale 

and thought to playa possible role 

in human attraction as well. Fields 

said in 2007 that he considers nerve 

zero, which connects the nose with 

the regions of the brain involved 

in sexual reproduction, to be a pri­

mary candidate for lust-inducing 

chemical communication. 

Smell is also known to have a 

role in sexual communication. 

Claus Wedekind, a researcher at 

the University of Bern in Switzer­

land, asked an experimental group 

of women in 1995 to smell a vari­

ety of T-shirts worn by men they 

did not know. Women preferred 
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odors produced by men whose Z 
immune system differed widely 

from their own. Mating between 

such couples would be likely to 

produce healthy children. 

Nerve zero, first described III 

1913, often gets overlooked III 

medical schools because its thinness 

+ PHEROMONES + 

THE JURY IS OUT on whether humans 

respond to sex pheromones. Among 

reptiles and mammals, a tiny olfactory 

area known as the vomeronasal organ, 

or VNO, detects pheromones. Humans 

cannot smell pheromones, but they do 

have a VNO. One study done in 1998 on 

38 men suggested that synthesized male 

pheromones brought about more physi­

cal contact with women, including sexual 

intercourse, but more studies are needed. 



Hormonal changes during pregnancy, childbirth, and breast-feeding promote mother-child bonding. 

and its position at the top of the 

brain cause it to be removed as 

brains are prepared for dissection. 

Some scientists consider nerve zero 

a likely branch of the olfactory 

system or perhaps an evolutionary 

dead end, like the appendix. Some 

THE JOURNAL NATURE car­

ried an intriguing headline in 

2005: "Trust in a bottle." 

It was accurate, to be sure. The 

accompanying story reported on a 

Swiss research team that created a 

nasal spray containing oxytocin, a 

powerful hormone associated with 

scoff at Fields's claims, or suspend 

belief until they see more evidence. 

Fields, however, defends nerve 

zero with evidence from 1987 

experiments on hamsters. When 

their nerve zero was severed, they 

stopped mating. 

the forming of social relationships, and 

induced experimental subjects to take a 

whiff. The subjects and a control group 

then played out a make-believe scenario 

in which they gave their money to inves­

tors. After sniffing the oxytocin, the 

volunteers handed over more money, 

knowing that the trustee could either 

FORMING BONDS 

Sex may keep the world filled with 

people, but attraction and attach­

ment provide it with families. 

Brain researchers describe attrac­

tion as a period in which a person 

fixates on another person and his 

invest it and share big returns with the 

"investor" or keep all of the money. 

The researchers, at the University of 

Zurich, said that out of 29 subjects given 

oxytocin, 13 gave the trustee all of their 

cash. The control group, which sniffed a 

placebo, had only 6 of 29 hand over all 

of their investment credits. 



or her special attributes. Self­

reports of emotions felt by the 

afflicted include hope, elation, 

fear, and uncertainty. During this 

early stage of love, the brain exhib­

its heightened levels of phenyleth­

ylamine (PEA), a chemical cousin 

of amphetamine. It accounts for 

the "high" feeling of early love, as 

well as the loss of appetite. The rush 

continues for up to three years. 

Couples bond by sharing the rush 

of love. At some point, however, 

the fireworks of love settle into 

steadier patterns. Scientists specu­

late that the change may reflect the 

fact of the brain becoming accus­

tomed to heightened levels of PEA, 

much like a drug addict's failure 

to get high after habitual doses of 

neurostimulants. 

Once the couple enters a period 

of calm confidence, they begin a 

phase known as attachment. Dur­

ing this phase, the brain boosts 

the production of endorphins as 

well as the hormones oxytocin and 

AVP. Strong bonds form as these 

hormones lllcrease, particularly 

during the time of childbirth. New 

The effect disappeared when the sub­

jects interacted with a random-number 

generator, demonstrating that oxytocin 

promotes social trust instead of the will­

ingness to gamble. 

Altering oxytocin levels promises 

breakthroughs in treatments of social 

disorders where patients trust too much 

parents nurture their children, cre­

ating strong parental-child bonds, 

and also increase their nurturing 

of each other. They see themselves 

as mutually supporting and find 

comfort in each other's company. 

II 
Buddhists seek a state of bliss 

" through meditation- an appli­
cation of the brain upon itself. 

The existence of a third stage 

beyond the first two has drawn the 

support of some neuroscientists, 

who call it the detachment phase. 

Separation and divorce occur with 

all too much regularity, as anyone 

can attest. Brain chemistry may 

playa role in this post-attachment 

phase. It is possible that endorphin 

receptors lose their heightened lev­

els of sensitivity and that individu­

als with a temperament for novelty 

and risk may react to feelings of too 

much security. Divorce statistics 

suggest biological drives contrib­

ute to the breakup of relationships. 

Most divorces occur around the 

fourth year of marriage, after the 

attraction phase has worn off. Typ­

ically they occur among no-child 

or exhibit social phobias. Or the tech­

nique could be used by unscrupulous 

marketing agents to promote good feel­

ings about inferior products. Imagine a 

political candidate seeking your vote in 

an auditorium spritzed with oxytocin, or 

a used-car salesman trying to unload a 

lemon after spiking the water fountain . 

or one-child families, with most 

divorced people remarrying before 

they exit their procreative years. 

This suggests the significance of 

the reproductive role of bonding. 

Family bonding with new­

borns begins at birth. Oxytocin, 

which promotes trust and feel­

ings of closeness, must be pres­

ent for mother-child bonding to 

occur. Experiments with rodents 

reveal that when females who have 

never had pups are injected with 

oxytocin, they approach others' 

pups and attempt to mother them. 

When rodents' oxytocin receptors 

are blocked during the birth of 

offspring, the mothers fail to form 

parental bonds. Female mammals, 

including humans, release oxyto­

cin during the vaginal stimulation 

of sex as well as childbirth. Initi­

ating feelings of closeness at the 

very moment child and parent are 

introduced to each other makes 

sense from an evolutionary point 

of view-mothers feel compelled 

to care for their infants until they 

can care for themselves. Later in 

human relationships, oxytocin 
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STAYING SHARP 

HAPPINESS AND HARMONY can 

extend your life. 

That's the message from author Dan 

Buettner, who visited world regions 

where people live a long, long time. He 

sought the formulas for longevity in the 

Nicoyan Peninsula of Costa Rica; Sardinia, 

Italy; Okinawa, Japan; and Loma Linda, 

California. In those pockets of long life 

and happiness, people live on average a 

decade longer than their peers and have 

a fraction of the rates of cancer and car­

diovascular disease. 

In a 2009 newspaper interview, Buett­

ner advocated gardening as a way to add 

up to 14 years to one's life. "The world's 

longest-lived people tend to do regular, 

low-intensity physical activity like walk­

ing with friends and gardening," he said. 

In contrast, Americans tend to overdo 

strenuous exercise, he said. 

In his book The Blue Zones, he pro­

posed nine rules, gathered from his 

observations, for extending life: 

./ Move naturally. Do enjoyable activi­

ties every day. Get your exercise in fun 

ways, such as walking instead of driving. 

./ Cut caloric intake by 20 percent. Try 

using smaller plates, bowls, and glasses . 

./Increase the proportion of fruits, veg­

etables, and nuts in your diet. 

./ Have a glass or two of red wine each 

day. 

'/Find the purpose of your life. 

./Seek rei ief from stress. Relax. 

'/Join a spiritual group. 

./Put your family above other things. 

./Surround yourself with people who 

share your values. Be likable. 

contributes to every type of bond­

ing imaginable: sexual, parental, 

fraternal, and even the love of one's 

self The brain has adapted bio­

chemistry to create social groups, 

which allow humans to care for 

one another and support the con­

tinuation of the species. 

Once the child is born, the sensa­

tion of touch is crucial to long-term 

health and the creation of parent­

child bonds. Infants respond 

instinctively to the sensation of 

touch, as when they root toward a 

breast to feed. As the infant suck­

les, oxytocin in the mother's blood 

makes the breast's milk ducts con­

tract to expel milk into the infant's 

mouth. Breast-feeding thus under­

scores mother-child bonding. 

JOY 

Happiness, or joy, is one of the uni­

versally recognized emotions. As 

with other emotions, it has eluded 

simple categorization. However, it 

seems to be more a matter of nature 

than nurture. In the past few years, 

neuroscientists have determined 

that more than 60 percent of an 

individual's tendency to have a 

character dominated by positive 

emotions comes from his or her 

genetic makeup. The rest is what a 

person learns through experiences, 

emotions, and thoughts . 

States of happiness are associated 

with top physiological function­

ing and the belief that one's life 

is running smoothly. Joyful states 

also are associated with calmness 

and clarity of thought, warmth 

and relaxation, and ease in decid­

ing how to act. Such feelings pro­

mote not just survival, but richness 

in life that makes people want to 

continue living. The Dutch philos­

opher Baruch Spinoza associated 

joy with the achievement of states 

closer to perfection. Joyful people 

have a greater sense of freedom and 

of power. 

Is happiness a warm puppy? A 
2004 study found that playing 
with dogs increased levels of 
joy-inducing hormones. 

The right to pursue happiness 

is enshrined in the Declaration of 

Independence. The definition of 

what brings happiness, however, 

probably varies from person to per­

son. Neuroscience has only recently 

turned to the investigation of hap­

piness by focusing on the related 

states of pleasure and desire. Both 

involve reward behaviors. 

INVESTIGATING HAPPINESS 
As with the darker emotions, the 

brain is hardwired for elation . 

Researchers James Olds and Peter 

Milner discovered this by accident 

in the 1950s when they implanted 

an electrode in the hypothalamus 

of a rat and connected the wiring 

to a bar so the rat could administer 

small electric shocks to itself. The 

rat hit the bar up to 4,000 times an 

hour, forgoing food and sex. Small 



wonder Olds and Milner consid­

ered that the rat most likely took 

great pleasure from the stimulus. 

Further research, on human 

brains, has pinpointed 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. Dopamine plays 

a key role in reward mechanisms in 

the brain. 

Follow-up research on the plea­

sure centers of the brain in the 

1960s branched out into some 

ethically questionable directions . 

Researchers at Tulane University 

in New Orleans tried to manipu­

late the brain's pleasure circuits to 

"cure" patients of homosexuality 

through activation of electrodes. 

Such research was halted. 

Research by Kent Berridge of the 

University of Michigan pointed 

to the likelihood that the electri­

cally stimulated regions in the rats' 

brains in Olds and Milner's study 

may have been associated with 

desire instead of pleasure. Based 

on his studies, Berridge proposed 

a difference between desire and 

pleasure both in the brain regions 

affected and in neurochemical trig­

gers. He associated dopamine with 

desire and the opioid system and 

its morphine-like neurochemicals 

with pleasure. In such a system, 

happiness might exist as a state of 

contentment, bringing pleasure 

without desire. 

The appeal of illegal drugs IS 

their ability to boost the availabil­

ity of dopamine in neural networks 

artificially to promote desire. Their 

chemically induced highs promote 

addiction and, all too often, physi­

cal rebounds that leave their abus­

ers feeling worse than before. 

Mirror neurons can spread emotions, such as the laugh-filled joy of these California children, from person to person. 
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IMPAC I S OF lOSS SADNESS, GRIEF, 
& DEPRESSION 

No translation is necessary- a homeowner's face and posture say it all after she lost her home to an Oklahoma tornado. 

HE EMOTIONS of sad­

ness and grief serve prac­

tical purposes. They may 

have evolved to let the brain slow 

down and recognize the impact of 

DEPRESSION that sets in dur­

ing midwinter, after the holi­

days, may be a holdover from our 

evolutionary past. Animals caught 

in the depths of winter, cut off from 

bountiful food, may have trimmed 

their metabolism or hibernated to 

survive. Despite central heating and 

loss. Sadness may also call attention 

to negative behaviors and contrib­

ute to the motivation to change 

them. In its mildest form, sadness 

can be a simple melancholy that 

refrigerators stocked with food, humans 

perhaps still face winter as a long, hard 

slog toward survival . 

Human coping mechanisms with 

winter may include eating and sleep­

ing more. Among some people, onset 

in winter of seasonal affective disorder 

(SAD) may play havoc with emotions. 

spurs a change in action or scenery. 

In its fiercest manifestations, sad­

ness can bring on everything from 

terrible grief to crippling depres­

sion and suicide. 

Patients may experience depression, 

fatigue, social withdrawal, irritability, 

and extreme lethargy, brought on by 

the shortening of days and long periods 

cooped up indoors. The brain chemistry 

responsible for such feelings arises from 

an overabundance of melatonin, which 

the brain produces during periods of 



Everyone feels sad from tIme 

to time. That's only normal. Ill­

ness, death of loved ones, financial 

setbacks, and divorce-all forms 

of stress-rank among the most 

common triggers of this emotional 

state. Causes need not be tremen­

dous life changes. Sadness can be 

caused by the smallest of life's dis­

appointments as well as genuinely 

life-altering events. Like other 

emotions, sadness can be triggered 

not only by things as they happen, 

but also by the memory of events, 

such as a funeral or the recollection 

of a missed loved one. 

Sadness that accompanies a seri­

ous illness, such as cancer, may 

interrupt normal sleeping and 

eating patterns; interfere with 

the ability to concentrate; inhibit 

social behavior; contribute to 

greater feelings of impatience and 

irritability; and generally disrupt 

established patterns of life. With 

time, however, sadness naturally 

fades in the rhythmic cycles of 

homeostasis unless it changes into 

the chronic, debilitating illness 

known as depression. 

darkness. The excessive amounts of the 

neurotransmitter reset the body's inter­

nal clock and cause havoc with diurnal 

rhythms. Treatment includes bright 

lights, administered in specific wattages 

and for specific periods oftime. The light, 

mimicking the longer hours of sunlight 

in spring and summer; tricks the brain to 

Depressed people suffer the most in the early morning, which also is a common 

time for suicide. Suicides are most common on Fridays and Mondays, when work­

related issues and loneliness loom large. 

SIGNS OF SADNESS 
In keeping with its power to force 

the body to slow down and reas­

sess the world around it, sadness 

induces flaccid muscles and a gen­

eral passivity in the body. Other 

signs of sadness include crying, 

visceral feelings of gloom and sor­

row, drooping eyelids, a protruding 

lower lip, and a rise in the mner 

edges of the eyebrows. 

In the brain, sadness seems to 

manifest itself in a left-right split 

in neural activity. Brain scans asso­

ciate the emotion with increased 

activity in the left hemisphere of 

the amygdala and the right hemi­

sphere of the frontal cortex, and 

decreased activity in the right 

hemisphere of the amygdala and 

the left hemisphere of the frontal 

cortex. Long bouts of sadness may 

inhibit the bank of neurotrans­

mitters in the frontal lobe and 

amygdala, leading to a numb and 

empty form of depression. 

alter the body clocks and ameliorate the 

symptoms of SAD. Possible side effects 

from light therapy include headaches 

and eye strain, with the possibility of 

insomnia if the exposure occurs too late 

in the day. Patients who are bipolar also 

have some risk of a manic episode being 

triggered by the light. 

DEPRESSION DIFFERENCES 
Sadness can turn into depression, 

but there's a big difference between 

the two. Depression lasts longer­

two weeks or more-and it hurts 

more. It interferes with the day-to­

day routines of life. 

Depression overwhelms an indi­

vidual, causing withdrawal from 

family and friends. It can lead to 

chronic thoughts of death, as well 

as self-injury and suicide. Symp­

toms of depression, as opposed to 

sadness, 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. Physical problems that 

do not seem to have any physi­

cal causes, such as chronic head­

aches, also may be bodily signals of 

depression. 

Efforts to find the causes of 

depression are thousands of years 
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old. The Greek physician Hip­

pocrates traced depression to 

"black bile," one of the body's four 

humors. When black bile attacked 

the body, it produced epilepsy, he 

said, and in attacking the brain 

it created depression. 

A depression patient in the 

17th century, Robert Burton, 

added social factors to the 

causes of depression, blam­

ing lack of parental affection 

(he included himself among the 

unfortunates) for the inability to 

express love. Biochemical causes 

+ FAMOUS PATIENTS + 

DEPRESSION is all too common. A 

2001-02 survey released by the National 

I nstitutes of Health revealed a I ittle over 

13 percent of Americans had experienced 

"major depressive disorder" at some time 

in their life. Famous patients include: 

+ WINSTON CHURCHILL. Inspirational 

British prime minister called his depres­

sion his "black dog." Feeling unloved, he 

channeled his energy into ambition. 

+ PATTY DUKE. Television and movie 

actress titled her memoir A Brilliant Mad­

ness. She attempted suicide and became 

hooked on drugs before getting help. 

+ ABRAHAM LINCOLN. The 16th Presi­

dent fought against depression his entire 

life. "His melancholy dripped from him as 

he walked," said his law partner, William 

Herndon. 

+ COLE PORTER. Witty composer of 

popular songs transformed from a bon 

vivant to a virtual recluse in his final years. 

He suffered horrible pain after a horse­

back riding accident and loneliness from 

the death of his wife. 

didn't emerge until 1931, when 

two researchers in India discovered 

that a medication called reserpine, 

which is derived from the tranquil­

izing rauwolfia plant, calmed psy­

chotics at the cost of drug-induced 

depression. 

DEPRESSION TODAY 
Depression can strike virtually 

anyone. Among 43,000 American 

adults interviewed in 2001 and 

2002, 5.28 percent had experi­

enced major depressive disorder in 

the previous 12 months, and more 

than one in eight had experienced 

it at some point. Demographic 

analysis found some people were 

more likely to be depressed than 

others. Being of middle age and of 

Native American ancestry boosted 

the risk of depression, as did low 

income, divorce, separation, or the 

death of a life partner. 

Oepression/s 
Impact 

A low-resolution PET scan 

Parieto-temporal area 

Prefrontal cortex 

Children as young as five or 

six can experience symptoms that 

resemble depression in adults. The 

onset of true depression increases 

sharply during the early teenage 

years, then gradually rises to peak 

around age 40. The average age 

of onset was about age 30, with 

treatment usually beginning about 

three years later. 

Heredity plays a role III the 

likelihood of developing depres­

sion. If one of a pair of identical 

twins is diagnosed with clinical 

depression, the other has a 70 per­

cent chance of following with the 

same diagnosis. In some families, 

depression can span and virtually 

fill generations. The great 19th­

century British poet Alfred, Lord 

Tennyson was one of 11 children 

who reached adulthood. Nine of 

the eleven suffered from bipolar 

illness; rage, unstable moods, or 



insanity; or, like Alfred, recurrent 

depressive illness. 

Gender also plays a role in how 

likely a person is to be depressed. 

Women were more than twice as 

likely as men to suffer depression, 

and a bit more likely to seek treat­

ment. However, male patients are 

more likely than females to report 

feelings of fatigue, irritability, and 

sleep disturbances. Men also are 

more likely to hide their depres­

sion from themselves and others 

by abusing alcohol or drugs or by 

working excessively long hours. 

DIAGNOSING DEPRESSION 

Doctors consider depression a med­

ical condition when it lasts longer 

than two weeks and has a notice­

able impact on a person's day-to­

day ability to function. There's a 

long list of potential symptoms, 

and clinical depression-the medi­

cal term for the physical disorder­

may include all, many, or just a 

couple. The most prevalent forms 

include: major depression, dysthy­

mia, and bipolar disorder (formerly 

called manic depression). 

With major depression, some 

combination of chronic physical 

and mental symptoms interfere 

with work, sleep, appetite, and the 

ability to find joy in activities that 

formerly were considered fun. A 

major depressive episode can occur 

only once in a lifetime or repeat 

over and over again. Dysthymia 

is a less intense form of long-term 

VINCENT VAN GOGH 

Vincent van Gogh levels a melancholy stare in one of many introspective self-portraits. 

N IN ETEENTH-CENTU RY Dutch 

painter Vincent van Gogh filled 

letters to his brother, Theo, not only 

with descriptions of his struggles as 

an artist but also with his depression. 

"[H]ow miserable the' dregs' of work 

are, that depression after overexer­

tion," he wrote Theo in 1883. "Life is 

then the colour of dishwater." 

Van Gogh failed at many things­

during his lifetime he sold only one 

painting. Ultimately he went into the 

hospital for his mental illness and 

committed suicide-failing at that, 

too, lingering for hours after a self­

inflicted gunshot wound. 

Johns Hopkins University psychia­

try professor Kay Redfield Jamison 

has suggested causal linkages in the 

overlapping moods and creative tem­

peraments of brilliant authors and 

musicians, including not only van 

Gogh, but also Lord Byron, Virginia 

Woolf, and Robert Schumann. 

---I 
I 
m 

11 

m 
m 
I 

z 
C) 

OJ 

;;:0 

» 
z 

o 

l 

o 
(Jl 

(Jl 



depression that nevertheless pre­

vents normal functioning. Bipolar 

disorder occurs when phases of 

depression and lethargy alternate 

with times of elation and bursts 

of activity, called mania. Mood 

changes can occur rapidly but typi­

cally move at a gradual pace. 

SYMPTOMS er SIGNS 
Depression is believed to have 

many causes, and this intangible 

quality makes some neuroscien­

tists refer to it not as a disease, on 

a par with the common cold, but 

rather as a syndrome-a mix of 

signs and symptoms. Depression 

strikes all over the brain, involv­

ing the cerebral cortex, amygdala, 

hippocampus, hypothalamus, and 

other regions. 

One common symptom is that 

depressed people exhibit shrinkage 

of the hippocampus, a brain region 

that regulates stress. It's unclear 

which comes first-the depression 

or the shrinkage-but the result is 

the same: a reduced ability to regu­

late stress, which can stoke the fires 

of depression. 

emotions isn't working properly," 

said University of Toronto neu­

rologist Helen Mayberg. "As 

a result emotion overrides 

thinking." After a regimen 

of taking an antidepressant 

such as Prozac, PET scans 

reveal the brain of depressed 

people starting to reset itself 

~/ to a normal balance of limbic 

/ versus cortical activity. 

A vagus nerve stimulator 

Major depression also affects 

the frontal lobes, lowering the 

ability to reason while ratcheting 

up the emotional limbic system. 

"In depressed people the turnoff 

switch by which thinking controls 

Two STATEN ISLAND physicians 

putting new tuberculosis drugs to 

the test in 1951 got some unexpected 

results. Not only did the drugs, isoniazid 

and iproniazid, dramatically improve the 

patients' physical health, but they also 

created what the doctors, Irving Selikoff 

and Edward Robitzek, described as a 

CHEMICAL TREATMENTS 
Research suggests depression arises 

from imbalances of neurotrans­

mitters. Many pharmaceutical 

treatments target serotonin in par­

ticular. The antidepressant Prozac, 

for example, increases the amount 

of serotonin in the synapses. Nor­

mally, after one neuron com­

municates with another through 

serotonin, the neurotransmitter 

molecule is destroyed, or reab­

sorbed by the neuron that initially 

released it. Prozac blocks the releas­

ing neuron's ability to reabsorb the 

serotonin molecule, making the 

neurotransmitter stay longer in the 

space between neurons. 

general boost to their mood-so much 

so that some had to be put under psy­

ch iatric care. 

The following year, a Cincinnati psy­

chiatrist, Max Lurie, decided to try isoni­

azid as a stimulant for patients suffering 

from depression. Amazingly, two-thirds 

exhibited improvement. Lurie and his 



As it lingers there, the molecule 

is more readily available for another 

electrochemical communication. 

The release of other molecules of 

serotonin joins with the molecules 

already in the synaptic cleft, creat­

ing a higher serotonin concentra­

tion than normal. 

Because Prozac affects serotonin 

principally, it's called a selective 

serotonin reuptake inhibitor, or 

SSRI. Other SSRIs are Zoloft, Cel­

exa, and Paxil. 

It takes a while for SSRIs to have 

a noticeable effect on a depressed 

person's symptoms because the 

drug needs time to build up in the 
. , 

patient s system. 

After two or three weeks, the 

enhanced release of serotonin 

causes the receiving neuron to 

become more sensitive to its pres­

ence. Electrochemical commu­

nication through that particular 

neurotransmitter grows swifter 

and more efficient, and the patient 

usually experiences the desired 

relief. Several more weeks typically 

are necessary to feel the full effects 

of the drug. 

colleague, Harry Salzer, coined the term 

antidepressant for the drug's impact. 

Tests on isoniazid and similar drugs 

found they lowered the action of mono­

amine oxidase (MAO), an enzyme in 

the brain that breaks down the neu-

rotransmitters dopamine, serotonin, 

and norepinephrine. These drugs are 

The melancholy title character of Shakespeare's well-known play Hamlet may have 
had literature's most famous bout of depression, stemming from his suffering 
"the slings and arrows of outrageous fortune." 

TALK ABOUT IT 

Often usage of SSRIs is coupled 

with talk therapy to help treat the 

symptoms and causes of depres­

sion. The simple act of talking 

through one's problems is time 

honored and still showing much 

success. Cognitive therapy works 

by getting depressed patients to 

mentally reframe their problems 

in ways that put a more posi­

tive spin on things. This strategy 

makes it easier to get their brain 

to heal itself by reframing an issue. 

In short, talk therapy boosts the 

brain's cognitive functions while 

lowering emotional ones. 

Researchers at UCLA reported 

in 2007 that a series of brain scans 

on volunteers found that when 

they verbalized their feelings the 

intensity of negative emotions such 

as sadness and anger decreased. 

When someone is sad or angry, 

getting that person to talk or write 

may provide emotional benefits no 

called MAO inhibitors. After a period of 

common use, they are rarely prescribed 

today because of potentially dangerous 

side effects, including spikes in blood 

pressure They worked by helping ben­

eficial neurotransm itters avoid break­

down in the space between neurons, 

contributing to an elevated mood. 

matter what the person says. Put­

ting emotions into words activates 

the right ventrolateral region of 

the cortex and lessens the activity 

in the amygdala. 

TACTICS 

Coping with depression can be a 

catch-22. Taking decisive action 

can help bring about change and 

restore emotional balance, but one 

of the symptoms of depression is 

lethargy, which severely dampens 

the ability to take such action. Try­

ing to effect change can seem over­

whelming, as if the problems are 

too big to face. 

If that's the case, you can work at 

setting and achieving small goals. 

Try calling someone you love or 

taking a walk. As you start to get 

more energy, try taking bigger 

steps. Reduce your stress. Talk to 

friends and family members. Take 

care of your health by eating, sleep­

ing, and getting exercise. 

Another class of antidepressants 

acts not by preventing neurotrans­

mitters' destruction but rather by 

preventing them from reabsorp­

tion-called reuptake in neurosci­

ence-by the neurons that released 

them. Hence, these antidepressants 

are called reuptake inhibitors. 
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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, incorpo­

rating some into its network of 

stored information and discarding 

others. The creation of memories, 

along with the application of elec­

trochemically coded information 

toward the flowering of wisdom, 

creates personal and social iden­

tity. When disease and disorder 

rob the brain of memory and lan­

guage, they take away what makes 

each person unique. 

University graduates end a stage of 

formal education but will learn from 

each experience that follows. 
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I EARNING ACQJdIRING & STORING INFORMATION 

L
EARNING AND mem­

ory make each human 

unique. Even before birth, 

the human brain takes in sensa-

tions, processes them, and begins 

to encode them into trillions of 

synapses. Those connections, and 

the electrochemical firing patterns 

that unite them, make the brain an 

organ different from what it was a 

moment before. As new connec­

tions form in response to stimuli, 

and then become strong through 

repeated use, the brain integrates 

new information and stores it until 

it is needed. Without learning and 

memory, the human brain would 

be little more than clockwork. 

Learning and memory work 

together. Some learning is trans­

formed mto 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 informa­

tion about the world, and memory 

is how you store that information 

over time. " Learning includes cog­

nitive components, such as solving 

quadratic equations; motor com­

ponents, such as tying a necktie in a 

Learning activates a wide range of regions in a child's cerebral cortex. 

perfect Windsor knot; and affective 

components, such as feeling shame 

at a social faux pas. Kandel traces 

learning to physical alterations in 

the brain's neurons, specifically to 

the interaction of neurotransmit­

ters and their receptor sites. With 

repeated stimuli, Kandel and other 

neuroscientists believe neurons 

In the animal kingdom, imitation is not only the sincerest form of flattery. It's also 
a educational strategy. For example, young chimpanzees learn how to use tools by 
watching older chimps manipulate tools. This is a form of social learning. 

physically change the number of 

neurotransmitters released and the 

sensitivity of receptor sites across 

the synaptic clefts. 

Cognitive, motor, and affective 

learning are sometimes called KSA 

domains, for knowledge, skills, 

and attitude. 

DIFFERENT LEVELS 
OF LEARNING 
The cognitive domain includes lev­

els of mental development ranging 



from the simple recall of data to the 

formation of judgments. Each level 

requires mastery of those that came 

before. These levels are: knowledge, 

the ability to recall information; 

comprehension, the understanding 

of meaning; application, the ability 

to apply a concept to a new situa­

tion; analysis, the logical examina­

tion of the concepts or parts of a 

problem to better understand the 

whole; and synthesis, the creation 

of a whole concept from individual 

parts and patterns. 

The motor domain deals with 

movement, coordination, and the 

application of motion to specific 

tasks. Motor learning occurs with 

repetition, such as the eye-hand­

foot coordination of driving. 

Mastery is evident with increased 

precision, speed, and other measures 

of excellence, such as a swimmer's 

execution of a kick-turn. 

The affective domain encom­

passes the brain's ability to deal 

with emotions and feelings, as well 

as behavioral issues such as attitude 

and motivation. It ranges from the 

ability and willingness to focus 

attention to the recognition and 

internalization of social values. 

EARLIEST LESSSONS 

When a healthy baby is born, his 

or her brain already is wired for the 

basic functions of survival, such as 

regulation of heartbeat, breathing, 

and digestion. That's nature, and 

it continues to execute orders for 

brain development that include 

the growth and myelination of 

neurons. But as soon as the baby 

enters the world, nurture begins. 

Reading aloud, a Sudanese man builds his children 's vocabulary and prepares them to read. 

STAYING SHARP 

PSYCHOLOGIST Janellen Huttenlocher 

of the University of Chicago reported in 

the early 1990s that the amount parents 

speak to children during the sensitive sec­

ond year of life significantly affects vocab­

ulary later. Just as important, according to 

the nonprofit literacy organization Read­

ing Is Fundamental (RIF), reading aloud 

is the most effective means of preparing 

children to learn to read on their own. RIF 

offers these tips: 

.t Have a special time set aside every day 

to read aloud. Before bedtime is an obvi­

ous choice, but other options may better 

fit your schedule. 

.tRead not only simple books, but also 

whatever is at hand. Road signs, cereal 

boxes, and other everyday items help 

children connect printed words with 

objects and concepts. 

.tRead Mother Goose and other 

rhymes. Young children pick up on the 

cadence of the language and love to join 

in on favorite verses . 

.tRead slowly and expressively. Don't be 

afraid to play the ham . 

.tSit so the child can see the pages of the 

book, especially if it's a picture book. Point 

to new words and say what they mean . 

.tRead old favorites, especially if the 

child joins in, but also offer new readings . 

.t Be flexible. If the child seems bored, try 

another book. Ask the child what kinds of 

things he or she would like to read . 

.tTake time to answer questions . 

.tChildren like to end what they begin. 

Finish what you start to read, or stop at 

a good endi ng poi nt for the day, such as 

the end of a chapter. 
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The baby's environment enhances 

neural connections through learn­

ing. New connections may grow 

strong and become permanent, or 

grow weak and get pruned. 

The first sIgns of memory 

emerge around the age of two to 

three months, when babies cry less 

often and begin to smile 

at familiar faces. The 

smile suggests recogni­

tion, and recognition 
. . 

reqUIres companson 

with experience. This 

probably corresponds 

to the rapid develop­

ment of the brain's 

frontal lobes, which 

grow dramatically 

seven learn about the world in 

simple ways based on repetition. 

In associative learning, children 

learn that two things go together. 

A child who drops his spoon and 

sees it fall, then repeats the action 

again and again, gains a rudimen­

tary understanding of gravity. 

learn their culture, especially when 

using toys that represent materials 

in the adult world. Playing games, 

children learn the importance of 

rules-and, eventually, when it is 

appropriate to ignore them. 

HISTORY OF MEMORY 

The ancient Greeks so 

revered memory that 

they worshipped Mne­

mosyne, mother of the 

Muses, as its goddess. 

Mnemosyne, whose 

name lives on in the 

phrase " . mnemOnIC 

--=== ----.-....--' 

between ages three 

and eight months, 

at which time chil­

dren can briefly recall 

objects that get hidden 

from view. "Separa­

Far from a blank slate, a newborn brain is hardwired to learn, particularly language. 

device" for any mem­

ory aid, gave her boon 

in the form of a wax 

tablet. The philoso­

pher Plato related how 

his teacher, Socrates, 

described the work­

Ings: "[W] henever 

tion anxiety" occurs when children 

feel vulnerable at the departure of 

a parent or fearful at the introduc­

tion to a stranger. Such feelings 

must accompany memory, as the 

brain must recognize a difference 

between the present and the past. 

Between ages 18 and 24 months, 

children begin to develop a sense of 

self, including feelings, intentions, 

and interactions with other people. 

Vocabulary expands exponentially 

between two and six years as chil­

dren interact with the world. 

Children younger than about 

Associative learning includes 

classical conditioning, the kind 

Ivan Pavlov used, and operant 

conditioning, which requires 

voluntary behavior that brings 

rewards or punishments. N onas­

sociative learning demonstrates 

that two things mayor may not 

be related. 

Play is an Important method 

of social learning. When children 

play, they experiment with how 

things work. In groups, they learn 

to interact. When play imitates the 

actions of adults, children begin to 

we want to remember 

something we've seen or heard or 

conceived on our own, we subject 

the [wax] block to the perception 

of the idea and stamp the impres­

sion into it." Plato's student Aris-

tode argued that deficiencies of 

memory occur from imperfections 

in the wax. 

From wax tablets in ancient times, 

through books and libraries in the 

Middle Ages, to photography and 

telegraphy and computers, expla­

nations for memory have evolved 

to keep pace with the times and 

their science. English philosopher 



David Hartley (1705-1757) drew 

on the works of Sir Isaac Newton, 

who believed all matter contained 

subtle vibrations, to postulate on 

the encoding of memories through 

hidden motions in the nervous 

system. More than a century later, 

German physiologist Ewald Her­

ing (1834-1918) suggested that all 

organic matter contains memory. 

He defined heredity as memory 

that passed from parent to child 

through germ cells. 

The neuropsychologist Donald 

Hebb considered forgetting to 

be a function of lost communi­

cation among cell assemblies. 

Psychologist Hermann Ebbing­

haus (1850-1909) attempted the 

first systematic studies of memory 

in 1885. In one experiment, he 

forced himself to memorize long 

strings of nonsense syllables­

baf, dak, gel, kim, wauch, and so 

forth-and then say them in order 

as quickly as he could. He thought, 

correctly, that memory included 

the creation of associations in the 

brain, and he used nonsense syl­

lables because they had no preex­

isting associations. He discovered a 

correlation between the number of 

times he repeated the syllable list on 

one day and the speed with which 

he repeated the sounds the next. 

EXAMINING ASSOCIATIONS 

If the creatlon of memories 

involved associations, where might 

these associations exist? German 

evolutionary biologist Richard 

Semon (1859-1918) proposed in 

1904 that experience leaves a phys­

ical trace on specific webs of neu­

rons. He called this ghostly trace an 

engram. American neuropsycholo­

gist Karl S. Lashley (1890-1958) 

tried to find Semon's engrams and 

gave up in frustration. Lashley 

proposed a counterargument that 

said memories become encoded 

through a form of "mass action" 

throughout the brain. 

As a third alternative, Cana­

dian neuropsychologist Donald 

O. Hebb (1904-1985) argued 

for some localization of memories 

through modification of groups 

of "cell assemblies" in the brain. 

To Hebb, learning and memory 

formed real, physical changes in the 

neuronal circuits of cell assemblies. 

Under this theory, cell assemblies 

work in chains, so that one element 

of memory-say, the name of an 

object-excites another assembly 

that encodes its image. 

Hard evidence of physical altera­

tions in neuronal connections arose 

in 2007 when University of Califor­

nia at Irvine scientists demonstrated 

concrete changes in the synapses of 

rats' brain critical to learning. A 

high-tech scanning technique called 

restorative deconvolution micros­

copy found expanded synapses in 

the rats' hippocampus regions asso­

ciated with learning after the rats 

had mastered new tasks. 

WHAT IS MEMORY? 

Memory has three parts: encod­

ing, storage, and retrieval. Without 

encoding, the brain has nothing to 

process for storage. Without stor­

age, the brain would always live 

in the present. Without retrieval, 

memories stored in the brain 

would remain there to no prac­

tical purpose. Memory must be 

stable enough to allow the brain to 

build upon experiences, but flex­

ible enough to adapt to changes in 

those experiences. Some memories 

(What is my name?) need to remain 

AT AGE 14, Wolfgang Amadeus Mozart 

stole a secret from the Vatican in 1770. 

He visited the Sistine Chapel and heard 

Gregorio Allegri's 12-minute Miserere 

performed twice. Mozart re-created the 

score from memory, defying the Vati­

can's attempts to prevent duplication. It 

seemed a miracle at the time, but not so 

much today. Anyone with a musical ear, 

good memory, and a technique of memo­

rization called chunking could break the 

work into small parts and tie them to 

mental images for sequential recall. 
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constant, while others (My clothes 

are a size larger now) must be mod­

ified to navigate through life. 

Encoding requires paying atten­

tion. The strength of the memory 

may depend upon the type or 

amount of attention paid to stimuli. 

Attention to the physical charac­

teristics is encoded more shallowly 

than the sounds of words, which 

are not as deeply encoded as the 

meaning of information processed 

by the cortex. In addition, emo­

tional content enhances encoding 

and can lead to so-called flashbulb 

memories, which may include 

minute details of extremely emo­

tional moments. 

A process called elaboration asso­

ciates new information with other 

information and adds strength to 

encoding. That's why associat­

ing words with images, a com­

mon mnemonic device, increases 

the likelihood of their recall. The 

brain's executive function then 

would have two ways to grasp 

the memory: visual and verbal. 

.... ::s 
a.: 
.= Short Term 
~ 

, , 

• 

Strategies to max1m1ze encoding­

include minimizing distractions, 

managing study time effectively, 

analyzing the material instead of 

merely trying to memorize it, and 

using associative memory tech­

niques. Frequency of exposure 

helps too. 

Storage retains the informa­

tion gathered in the initial stages 

of encoding. The information 

passes into sensory memory as the 

brain processes sensations such as 

sights and sounds. Some gets pro­

cessed into short-term memory, 

and a fraction makes it into long­

term memory. Sensory memory 

lasts a fraction of a second, just 

long enough to register a percep­

tion. Short-term memory lasts for 

about 20 to 30 seconds but can 

be extended with practice. Psy­

chologist Alan Baddeley proposed 

"working memory" as a variation 

of this concept. Working memory 

holds information during cogni­

tion, including sounds, images, 

and thoughts. 

Memory Formation 

Long Term Sensory 
~ 20-30 seconds 1 second-lifetime <1 second 
E 
~ ~ ~ ~ 

Forgetting 

Stimuli work their way through complex neural circuits to enter memory ... or oblivion. 

HOW TO REMEMBER 

Long-term memory includes many 

types of stored information, from 

facts to autobiographical bits to 

motor skills developed through rep­

etition. Memories called up by the 

conscious mind are called explicit, 

or declarative; those automatically 

recalled during physical actions are 

implicit, or nondeclarative. Storage 

capacity of long-term memory is 

believed to be virtually infinite. It's 

not clear whether forgetting occurs 

because some long-term memories 

disappear, or whether they exist but 

cannot be recalled. 

II 
Visuospatial memory prompts 

" remembrance of the place­

ment of objects in space. 

Retrieval may seem random, but 

it follows an orderly, cause-and­

effect process. So-called retrieval 

cues, to dredge up memories from 

long-term storage, may come from 

specific thoughts or be suggested 

from outside, as during hypno­

S1S. Associational organization 

of information in the brain may 

cause one thought to naturally lead 

to another, which was encoded at 

the same time, or in the same way, 

or with links to other information . 

Moods and physical environments 

also can affect retrieval. 

Two types of retrieval are recall 

and recognition. Recall involves 

memories of previously digested 

information. On a high school 

biology test, recall would help you 



list the major phyla of the animal 

kingdom. Recognition is mere 

identification of learned items. On 

that same test, recognition would 

allow you to pick out animal phyla 

from a list that includes plants. 

ORGANIZING YOUR 

MEMORIES 

The brain's medial temporal lobe, 

which includes the hippocampus 

and parahippocampal regIOns, 

forms webs of rich connections to 

the cerebral cortex, helping create, 

organize, and store memories. The 

cortex itself is crucial to the long­

term storage of information such 

as events, facts, and daily routines. 

Remembrance of facts and events 

is called declarative memory, whose 

retrieval requires conscious effort. 

Brain scans indicate widespread 

regions of the cerebral cortex 

interact to support these memo­

ries. Declarative memory's major 

forms include working, semantic, 

and episodic. It's balanced by non­

declarative memory, which does its 

work without conscious direction. 

Working memory is what the 

brain keeps handy to navigate 

through the world from second to 

second. One way to think about it is 

to compare it to a computer moni­

tor, which displays a portion of the 

information held in the computer's 

memory for easy access and manip­

ulation. New experiences register 

through the senses and cognition 

and reside in the current moment 

A MEMORABLE AMNESIC 

H. M. lost his ability to form new memories because of damage to his hippocampus. 

M ORE THAN any poet, mys­

tic, or lover, H. M. lived in the 

moment. It was all he had. 

Until his death at age 82 in 2008, 

Henry Gustav Molaison was writ­

ten up in scientific literature only as 

H. M. to protect his privacy. As a nine­

year-old in Connecticut, he banged his 

head in an accident that later led to 

convulsions and blackouts. By age 27, 

Molaison could no longer earn a living 

fixing motors. Neurosurgeon William 

Beecher Scoville tried large doses of 

anti-seizure drugs before settling on a 

radical option: removing two slivers of 

Molaison's brain. 

Immediately after the operation, 

while H. M. was still in the hospital, it 

was clear that his memory had been 

adversely affected. Scoville had cut 

into the hippocampus unknowingly. 

Molaison could remember much of 

what had happened before the surgery, 

yet he could not form new memories. 

Brenda Milner, a psychologist in Mon­

treal, began traveling to Hartford regu­

larlyto test Molaison. Each visit seemed 

the first for the patient. Nevertheless, 

Molaison welcomed her tests, as well 

as studies by others. Milner's first rev­

elation was that damage to the hip­

pocampus could have such profound 

results. The second revelation, pub­

lished in 1962, was that Molaison had 

retained a form of memory based not 

on cognition but on motor skills-his 

"motor learning" evidently took place 

below the level of consciousness and 

involved other brain regions. 

"The study of H.M .... opened the 

way for the study of the two mem­

ory systems of the brain, explicit and 

implicit, and provided the basis for 

... the study of human memory and its 

disorders," neuroscientist Eric Kandel 

told the New York Times. 
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Kayla Hutchinson (left) suffered complete amnesia after a collision with a teammate. 

of consciousness, just as open doc­

uments fill the screen. Working 

memory depends on the prefron­

tal cortex's interacting with other 

regions of the cerebrum. If the pre­

frontal cortex's executive function 

calls upon long-term memories to 

enrich current experience, it inter­

acts with posterior cortical areas, 

where words, sounds, and images 

are stored for retrieval. 

STORAGE UNITS 

Semantic memory involves knowl­

edge about general facts and data. 

That includes much of the learn­

ing done in the schoolroom but 

also recognition and naming of 

people, animals, places, and things. 

Neural networks appear to be spe­

cialized for storing particular data 

and appear to be widely scattered 

throughout the cerebral cortex. 

Episodic memories are the kind 

of biographical bits in which peo­

ple recall what happened to them 

at particular times and places. Ini­

tial processing and storage of such 

episodic memories are believed to 

rely heavily on the medial temporal 

Got a song stuck in your head? Your brain is repeating "sequence recall," a func­

tion crucial to remembering everyday tasks. Try retrieving another song sequence 

to break the loop. 

lobe and parahippocampal region. 

Portions of the parahippocampal 

region process different bits of epi­

sodic memory through different 

streams, bringing together neural 

nerworks that encode for "what," 

"when," "where," and other details . 

These links then are stored in 

various cortical regions. Dredging 

up a long-term memory brings 

together the individual bits-im­

ages, sounds, times, places, and so 

forth-to complete the memory. 

Memory that is nondeclarative 

involves the rote memory of deeper 

and older parts of the brain. It's the 

memory of how to perform learned 

habits and skilled actions, such as 

typing, skiing, and dancing. Pro­

cessing and storage occurs in the 

cerebellum and basal ganglia. 

Memories that contain emo­

tional content get an extra kick 

from the amygdala, encoding 

them more powerfully than emo­

tionally neutral stimuli. When 

emotional memories are retrieved 

and expressed, the hypothalamus 

and the sympathetic nervous sys­

tem become activated, prompt­

ing physical changes in the body 

that are linked to the expression 

of emotion. 

MEMORYer INTELLIGENCE 

To heck with a better mousetrap. 

Science can build a better mouse. 

All it takes is a gene that alters 

the brain's receptors and improves 

memory. 



In 1999, Joe Z. Tsien, a biologist 

at Princeton University, created 

a new strain of mice called Doo­

gies-after the whiz-kid doctor in 

a fictional TV series-by inserting 

a gene into their hippocampus that 

extended receptor function . Nor­

mally, the receptors of nerve cells 

stay active for a fraction of a sec­

ond. The insertion of the new gene 

lengthened the activation period by 

150 percent, improving the mice's 

memory, because of the role of the 

hippocampus in memory encod­

ing, and their intelligence. Doogie 

mice easily outperformed regular 

mice in intelligence tests. Doogies 

also had greater curiosity. 

Mice brains and human brains 

have the same biological circuits, 

so it's no stretch to assume that 

increasing memory in humans also 

would increase intelligence. Neu­

rologist Richard Restak believes 

that makes perfect sense. ''An 

increased memory leads to easier, 

MEMORY TYPE 

IN 2004, clinical neuropsychologist Sallie 

Baxendale examined film depictions of 

amnesia. She found common misconcep­

tions. These included the atypical ability 

of patients to learn and retain information 

without impairment; the loss of particu­

lar memories as temporary, and likely to 

return in time; and the fallacy that a sec­

ond blow to the head may undo amnesia 

caused by an earlier blow. 

quicker accessing of information, 

as well as greater opportunities for 

linkages and associations," he said. 

''And, basically, you are what you 

b " can remem er. 

Memory supports not only intel­

ligence, but also language, motion, 

+ MEMORY TYPES + 

DESCRIPTION 

Short-term / Working 
The brief time of keeping something in mind before 
dismissing it or pushing it into long-term memory. 

and everyday cognition. Using 

working memory, the brain inter­

acts with the world in the here and 

now. More sophisticated commu­

nication requires an expansion of 

memory far beyond that of other 

animals. A speaker and a listener 

need extensive short- and long­

term memory to communicate 

through symbols, using words that 

they have agreed to assign to par­

ticular objects. Memory must keep 

track of the words and their mean­

ings, as well as the syntax that puts 

them together. 

As communication expanded to 

include long speeches and writ­

ten documents in human history, 

both short- and long-term mem­

ory adapted. Short-term memory 

allows the brain to track the prog­

ress of individual phrases and bring 

order to sentences and paragraphs. 

Long-term memory calls up the 

meaning of simple words as well as 

more abstract forms such as figures 

LOCATION 

The hippocampus and subicu-
lum store short-term memories. 

Long-term / Procedural 
An implicit memory, allowing action to be performed Stored first in the motor cortex, 

unconsciously; "how to" knowledge. then sent to the cerebellum. 

Long-term / Priming 
An implicit memory, which biases the brain to noncon- Stored in cerebral cortex regions 
sCiously recall recently experienced information quickly. that process original stimuli. 

Long-term / Episodic 
A declarative (explicit) memory, in which conscious thought The prefrontal cortex and 

recalls personal experiences. the hippocampus. 

Long-term / Semantic 
A declarative (explicit) memory, in which conscious thought Perhaps the same regions 
calls up learned knowledge, such as facts about the world. as episodic memory. 
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STAYING SHARP 

THE SAME OLD ROUTINES bring com­

fort in old age, but they do little good for 

the brain. Novelty appears to be a key to 

keep the aging brain acting young. 

Many adults in their 70s and 80s, 

and beyond, remain sharp. They play 

bridge (a game that requires an excellent 

working memory), do puzzles, attend 

plays, and take college classes. All in all, 

they seem to enjoy youthful brains. Yet 

autopsies performed on many of the 

agile-brained elderly reveal abnormalities 

such as those associated with Alzheimer's 

disease. As many as two-thirds of people 

whose autopsies revealed some evidence 

of Alzheimer's demonstrated cognitive 

acuity unti I death. 

Searching for an explanation of the 

conflicting evidence, Columbia Univer­

sity Medical Center researchers Nikolaos 

Scarmeas and Yaakov Stern, working 

over the past two decades, have settled 

on" cognitive reserve." According to their 

theory, the brain's development of extra 

neurons and significantly more axon-to­

dendrite connections over the course 

of a lifetime may provide a cushion of 

cognitive power against the effects of 

dementia and even delay its onset. 

The loss of brain function is extremely 

complex. However, many studies suggest 

that it's good to expose the brain to new 

stimuli to create a cognitive reserve. Evi­

dence points to the benefits of engaging 

in leisure activities; complex stimuli are 

good, especially if they introduce new 

problems for analysis. If you do cross­

words, graduate to Sudoku and acrostics. 

If you enjoy opera, learn the librettos. 

Read books not found on your usual shelf 

at the bookstore. Try learning a foreign 

language and chatting with native speak­

ers. Turn off vapid television programs 

and substitute classic plays and poems. 

of speech and metaphors; it suf­

fered a blow when narrative works 

could be put on paper instead of 

residing in oral traditions. 

PERSONAL CONNECTIONS 
One of the most important social 

functions of memory is the recog­

nition of faces. Most people can 

remember as many as 10,000, 

and can identify as many as 90 

percent of their school classmates 

by their yearbook photos after an 

absence of35 years. Memory func­

tions for facial recognition are not 

perfectly integrated, however, as 

evidenced by the all too common 

ability to recognize someone but 

not remember a name or how that 

person is familiar. Three regions of 

the brain activate when you rec­

ognize a face. First is the inferior 

occipital gyri, which lie at the back 

of the brain where visual process-

mg occurs. This pair of 

structures analyzes 

the bits and pieces that make up 

the face, including the shape of 

the nose, lips, and eyes; wrinkles; 

skin tone; and other characteris­

tics. Second is the right fusiform 

gyrus, which recognizes the face. 

And third is the anterior tem­

poral cortex, where memories of 

specific faces are stored, allowing 

comparison between the recog­

nized face and the storehouse that 

provides identification. If the infe­

rior occipital gyri fail to do their 

job, the brain may miss important 

identifying information. Break­

down of the right fusiform gyrus 

may lead to believing a variety of 

faces are those of one person. And 

problems in the anterior temporal 

cortex may result in a profound 

inability to name people who are 

recognized. A well-tuned ability 

to recognize faces promotes social 

bonds and social order as people 

recognize each other and the roles 

they play. 

A learning-enhanced Doogie mouse works 

its way through a memory test. 



ANTERIOR TEMPORAL CORTEX. This 

region of the temporal cortex sto res fac ial 

memory and plays a key role in facial 

recognit ion and identification. 

ANTEROGRADE AMNESIA. Loss of 

the ability to create me mories of events 

and experiences fol lowing a trauma that 

causes am nesla. 

ARCUATE FASCICULUS. A bundle of 

nerve fi bers connecting Broca's and Wer­

nicke's areas. 

ASSOCIATIVE LEARNING. A process in 

which learning occurs by associating an 

action with its conseq uence. 

BROCA'S AREA. Region in the left frontal 

cortex of the brain responsible for motor 

movements in the production of speech. 

CHUNKING. The techn ique of dividing a 

large amount of information into smaller 

groups to facil itate memorization . 

CLASSICAL CONDITIONING. A process 

of behavioral train ing in wh ich a previ­

ously neutral stimulus evokes a particular 

response through repeated pairi ng with a 

st imul us t hat natural ly evo kes it. 

CONFABULATION. A disorder in wh ich 

an individual unintentional ly fabricates 

occurrences to fil l gaps in his or her 

memories, bel iev ing them to be accurate. 

DISSOCIATIVE FUGUE. A psych iatric 

diso rder, often induced by stress, that 

is characterized by amnesia of self or 

personal ity. 

DYSCALCULIA. A learning disabi lity that 

is characterized by severe difficulty in 

understanding math. 

GLOSSARY 

DYSGRAPHIA. A learning disabi lity 

affect ing an individual's ability to write. 

This may affect both fine motor hand 

control and idea processi ng. 

DYSLEXIA. A learn ing disability of ne u­

ro logical origin that impairs the abi lity to 

process language, leading to difficulties in 

spe lling, reading, and writ ing. 

ELABORATION. A memory techn ique in 

wh ich new information is associated with 

previously learned material, aiding in long­

term storage. 

ENGRAM. A term for the physical trace 

that memory format ion may leave on 

part icipating neurons. 

EPISODIC MEMORY. A type of declara­

tive memory that consists of stored auto­

biographical remembrances of personal 

experiences. 

EXPLICIT MEMORY. Memories that are 

consciously recalled. 

HYPERTHYMESTIC SYNDROME. A 

condition in wh ich an individual has a 

superior autobiographical memory. 

IMPLICIT MEMORY. Memory recalled 

unconsciously during physical activity. 

KORSAKOFF'S PSYCHOSIS. A fo rm of 

amnesia, often caused by severe alcoho l­

ism, in which an individual is unab le to 

form or store new memories and is much 

given to confabulation. 

MEDIAL TEMPORAL LOBE. Regio n of 

the brain that includes t he hippocampus 

and amygdala This area is crucial to the 

fo rmation, storage, and organization 

of memo ry. 

NONASSOCIATIVE LEARNING. Learn ­

ing that occurs t hro ugh repeated expo­

sure to a stimul us without t he result of 

either positive or negative conseq uences. 

OPERANT CONDITIONING. A process 

of behavioral training in wh ich a voluntary 

action is re inforced th rough reward or 

diminished t hro ugh punish ment. 

PAPEZ CIRCUIT. A system of intercon­

nected brain regions, incl uding hippocam­

pus, hypothalam us, and cingulate gyrus, 

that participates in short-term memory 

formation and emotional processing. 

PROSOPAGNOSIA. A condition also 

known as face bl indness in wh ich an indi­

vidual is unable to recogn ize a person by 

his or her facia l features or to differentiate 

between faces. 

RECALL. Memory process that involves 

retrieving previously stored information. 

RECOGNITION. Retrieval process of 

memory that consists of the identificat ion 

of learned items. 

SEMANTIC MEMORY. Stored knowl ­

edge of general facts and data. 

SEPARATION ANXIETY. The distress 

fo und in some young ch il dren at the 

departure of a parent or the introduction 

to a stranger. 

VISUOSPATIAL MEMORY. A type of 

declarative memo ry, allowing the remem­

brance of the location of objects in space. 

WERNICKE'S AREA. Brain area located 

in the posterior region of the temporal 

lobe; responsible for ab ility to understand 

and produce inte lligible speech. 
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A MEMORY FORMS ENCODING, STORING, 
RETRIEVING 

HEN WE expenence 

something-perform a 

task, read a book, pick 

out notes on a piano-many parts 

of the brain are activated. Sen­

sory memory involves input from 

vision, hearing, and other senses, 

which are flashed into the sensory 

regions of the brain. Those sensa­

tions last only for a moment unless 

we pay attention to them. Then 

they register on the conscious mind 

and get transferred to short-term 

memory in the cerebral cortex. The 

thalamus is especially important to 

the ability to focus attention on 

the sensory stimuli. 

ENCODING MEMORIES 

By focusing on events, the brain 

engages short-term and working 

memories. Working memory, in the 

prefrontal cortex right behind the 

forehead, processes different kinds 

of incoming information and plays 

an important role in consciousness. 

It's working memory that allows us 

to remember decisions long enough 

to carry them out. For example, 

II 
"Brain fingerprinting" detects 
the electrical activity accom­
panying recognition. 

working memory lets a waiter at 

a restaurant remember a dinner 

order long enough to write it down 

and remember to ask about drinks 

Brain and Memory 

Prefrontal cortex ~ 
(working memory) "" 

Mamilary body 
(declarative memory) 

Not shown 
Striatum (procedural memory) 
Amygdala (emotional memory) 
Hippocampus (memory acquisition) 

, /Cortex 
/.'-. (declarative memory) 

:--~--=-,---r~-:=---=--':-- Thalam us 
(language 
memory) 

Cerebellum 
(procedural memory) 

Memory gives us the ability to store and retrieve information. 

and dessert. Short-term memory 

is a temporary storage area where 

information is held for up to 30 

seconds. Working memory may 

manipulate that information though 

conscious effort. 

Information in working and 

short-term memory exists because 

of temporary electrochemical con­

nections among neurons. It disap­

pears unless it can be transferred to 

stable neural connections in long­

term memory, which lies along the 

medial (inner) side of the temporal 

lobe. The transfer process can take 

up to 24 hours, and sleep has been 

shown to improve the process of 

consolidation. Important regions 

for long-term memory include the 

hippocampus and amygdala, as 

well as sensory pathways associated 

with the particular sensations such 

as sight and sound. 

CONSOLIDATION 

The consolidation of ephemeral 

memories requires one of several 

actions. The information can be 

repeated, a strategy that lets chil­

dren learn their ABCs. Or it can be 

analyzed so that it has meaning and 

is linked to information in long­

term storage, as when communism 

is remembered by the ways in which 

it differs from democracy. Both 

kinds of encoding involve work 

in the frontal lobes and appear to 

engage a kind of protein synthesis 

in neural pathways that locks infor­

mation into long-term memory. 



+ MEMORY BOOST + 

THE NATIONAL INSTITUTE of Mental 

Health found increased memory perfor­

mance after volunteers inhaled vasopres­

sin, a peptide hormone manufactured in 

the hypothalamus. Ampakines work on 

the cortex by concentrating neurotrans­

mitters. In experiments in the 1990s in 

Germany and Sweden, subjects who took 

a version of the drug called Amaplex 

scored twice as well as control subjects on 

short-term memory tests. 

A third way to encode memo­

ries for long-term storage lies in 

a strong emotional reaction. In 

"implicit" encoding, the amygdala 

reacts to an emotional jolt by more 

powerfully encoding the memory 

and linking it to the emotional 

response. And finally, physical skills 

get implicitly transferred from 

short-term to long-term memory 

with repetition. That's why the 

first time you ride a bike, you must 

concentrate to keep your balance, 

but with repeated rides atop the 

two-wheeler the skills of balance 

and coordination are pushed from 

the cerebrum to the cerebellum 

and motor cortex. Practiced bicy­

cle riders no longer have to think 

about riding a bike. Similarly, peo­

ple who practice their ABCs soon 

can recite them without having to 

pay serious attention to them. 

CHEMICAL ENHANCEMENT 

Drugs can enhance the perfor­

mance of memory in the short 

term. Students cramming for exams 

sometimes take amphetamines or 

other dopamine-enhancing drugs 

to put huge amounts of informa­

tion into memory. Safer, experi­

mental drugs are already being 

tested to enhance short-term mem­

ory. Success in producing pills that 

enhance long-term memory are 

not an "if" but a "when," neuro-

scientist Tim Tully of Cold Spring 

Harbor Laboratory, predicted in 

2002. His research focuses on two 

molecules, known as cyclic-AMP 

(c-AMP for short) and CREB 

(c-AMP response element binding 

protein). The former relays nerve 

signals to the nucleus of a neuron 

and activates the latter molecule, 

which sets off a chemical reaction 

that increases protein production 

in the synapses. Pills also could be 

developed to block the act10n of 

c-AMP and CREB, as well as other 

molecules involved in memory 

storage. It's not inconceivable to 

imagine swallowing a pill after a 

traumatic event to ensure it doesn't 

get stuck in long-term memory 

and cause long-term emotional 

problems. The lag time of up to a 

day for the memory to move from 

short-term to long-term storage 

means that a doctor could give the 

pill several hours after a traumatic 

event and still have it erase the 

painful memory. 

CELLULAR STORAGE 

The physical process of storing a 

memory is incredibly complicated. 

It has many steps that lead to the 

storage of information chemi­

cally through the manufacture of 

Pausing at a dead end} a hamster gets its bearings in a maze in Germany. 
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proteins that make certam syn­

apses more apt to fire. That creates 

new patterns of neural networks, 

and thus a stored memory. 

Frequent jolts along the mem­

brane of the presynaptic neuron 

excite the membrane enough to 

elevate the voltage for a sustained 

period. Because of the heightened 

voltage, a glutamate receptor called 

N -methyl-d-aspartate (NMDA) 

receptor shifts position in the 

AT LEAST 117 kinds of molecules playa 

role when neurons construct a memory. 

One of them, PKMzeta, appears in neu­

rons that get primed for quick connections 

with neighboring cells, a linking process 

called long-term potentiation. Studies at 

the SUNY Downstate Medical Center in 

Brooklyn have shown that the administra­

tion of a drug that blocks the action of 

PKMzeta prevents memories from form­

ing in lab rats. After a single dose of a drug 

called zeta inhibitory peptide (ZIP) that 

interferes with PKMzeta, the rats almost 

immediately forgot their training. 

postsynaptic neuron and allows 

calcium ions to flood into the post­

synaptic neuron. Those ions modifY 

proteins in the walls of both neu­

rons, the one that sent the signal 

and the one that received it. (The 

change in the sending neuron occurs 

through backward movement of 

chemical messengers such as nitric 

oxide, which increases the synaptic 

response to follow-up stimuli.) 

The calcium ions activate c-AMP 

molecules, which switch on genes 

in the nucleus of the postsynaptic 

neuron, creating more proteins 

for deposit at the synapse where 

the ions entered the cell. The mes­

sage to turn on the genes to boost 

protein production and synaptic 

growth is carried out by CREB. 

The end result of this chemical 

complexity is an increase in recep­

tor sites. The increase makes the 

neural connection more sensitive to 

the presence of neurotransmitters, 

and thus more apt to fire. More 

firings mean stronger connec­

tions, as neurons that fire together 

wire together. The change in the 

strength of the response of the 

receptor neuron after stimulation 

is called long-term potentiation, or 

LTP. It occurs in all brain regions 

involved in memory. Long-term 

potentiation in networks of associ­

ated neural nets creates memories. 

TAKING IT ALL IN 

To take an example of how mem­

ories get stored in the brain, try 

looking at a news story on a com­

puter screen. The brain takes in 

all sorts of information from the 

monitor. The story may have a 

digital photo and colorful graph­

ics, which is visual information. 

It surely includes words strung 

together in text, headlines, photo­

graph captions, and links to other 

stories, which is language. It also 

may have a video or audio clip, 

providing auditory information. 

The information gathered by the 

senses gets channeled along neural 

pathways initially leading to the 

hippocampus. Neurons in the hip­

pocampus, like those everywhere 

else, communicate along networks 

by sending electric signals along 

the length of their axons until 

they terminate at synapses. There 

the electric signal mayor may 

not be enough to release chemical 



Synaptic transmission links acid-sensing ion channels in Purkinje neurons (in a composite immunofluorescence micrograph) to memory. 

neurotransmitters that travel across 

the synaptic gap to dock at recep­

tor sites on nearby neurons. 

When memories get stored, the 

chemical reactions taking place 

across the synapses stabilize. When 

thousands or even millions of neu­

rons strengthen their chemical con­

nections in response to stimuli such 

as the words, pictures, and sounds 

on the computer page, they form a 

memory at the cellular level. 

Studies have determined that the 

molecular cascade touched off by 

c-AMP molecules is not crucial to 

learning or short-term memory. It 

is essential to long-term memory, 

though, as demonstrated by exper­

iments in 1999 in which geneti­

cally engineered mice received 

enhanced NMDA receptors and 

developed greater powers of learn­

ing and long-term memory. 

Studies of mice, humans, and all 

sorts of animals in between indicate 

that memories are stored in specific 

places. Canadian neuropsycholo­

gist Hebb theorized that cell assem­

blies worked in harmony to store 

and retrieve memories. One cell 

In 2004 a team at MIT discov­

ered mitogen-activated pro­

tein kinase, which increases 

synthesis of memory proteins. 

assembly might store the words on 

the computer screen, and another 

the images, and a third the sounds. 

Cell assemblies, consisting of neu­

rons that could be packed tightly 

or scattered throughout the brain, 

excite one another in chainlike 

fashion to bring forth the compo­

nents of memory, which then get 

synthesized into a more coherent 

whole. This theory explains how 

dementia can rob some aspects of 

memory but leave others intact. 

For example, memory could rec­

ognize the human face in the digi­

tal photo but forget the name that 

goes with it or fail to decode the 

text beside it. 

HOW RECALL WORKS 

When we recall a memory, we call 

upon many of the very same neu­

ral pathways that sensed the event. 

Recall nearly re-creates the event, 

as evidenced by the warm, fuzzy 

feelings you get from a good kiss 

and the memory of a good kiss. 

Sensations link into memories 
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BE I I ER MEMORIES 
BOUT 2,500 years ago, a 

Greek poet named Simo­

nides of Ceos attended a 

banquet thrown by a nobleman 

named Scopas, who asked for the 

recitation of a long lyric poem. 

As recorded by the Roman orator 

Cicero, Simonides left the banquet 

hall for a moment. While he was 

outside, the roof collapsed, 

killing all of the guests. The 

corpses were so mangled 

that family members could 

not identify them for burial. 

But Simonides knew where 

each had been sitting. 

Cicero explained in his 

De oratore that Simonides 

inferred "that persons desir­

ing to train this faculty [of 

memory] must select places 

and form mental images 

of the things they wish to 

remember and store those 

you want to remember, and situat­

ing those images in places (loci) 

that naturally form a progression. 

MODERN APPLICATIONS 

The technique still works aston­

ishingly well, as demonstrated by 

National Basketball Association 

Hall of Fame member Jerry Lucas. 

in the Memory Book, co-written 

with magician Harry Lorayne, and 

shares the rationale behind it in 

speaking engagements. 

''All children have very active 

minds, get bored easily and want 

things to do, and I was no differ­

ent," Lucas said. "I came up with 

all sorts of mental games to keep 

my mind occupied when I 

had nothing to do." 

He described the key con­

cept of his memory systems 

as "automatic learning," and 

linked it to childhood mas­

tery of language. Parents 

teach children by pointing 

to and identifying objects 

as a way to light the lamp 

of understanding. Whereas 

teachers in grade school often 

impart lessons through brute 

repetition, Lucas puts his 

focus on making intangible 

images in the places, so that Memorization works well when data are "chunked" into groups objects, such as the words on 

the order of the places will of seven-conveniently, the number of digits in a phone number. a page or spoken aloud, regis-

preserve the order of the 

things, and the images of the things 

will denote the things themselves, 

and we shall employ the places and 

images respectively as a wax writ­

ing tablet and the letters written 
. " on It. 

Simonides' technique has come 

to be called the Roman Room, or 

loci, method. It works on the prin­

ciple of inventing images for things 

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. In television appear­

ances, he astounds audiences by 

greeting them in large numbers 

and then recalling all of their 

names. He explains his techniques 

ter concretely on the mind. 

REMEMBERING WORDS 

To remember single words, Lucas 

recommends using a system of 

substitution. "When you hear or 

see a word or phrase that seems 

abstract or intangible to you, 

think of something-any thing­

that sounds like, or reminds you 

of, the abstract material and can 



be pictured in your mind." Min­

nesota and Mississippi, for exam­

ple, might become a tiny bottle 

of fizzy water (mini-soda) and a 

married woman drinking from the 

bottle (Mrs. Sip). To remember the 

French word for father, pere, pic­

ture a yellow pear holding a baby. 

PEOPLE, PLACES, eT THINGS 
Images, words, and spatial orienta­

tion can go together to help you 

remember lists. Try imag­

mmg your living room. 

Within the room, so familiar 

to you, are the objects you 

have collected and come to 

know. Perhaps as you look 

around in a clockwise direc­

tion, there's a bookcase, fire­

place, piano, and sofa. Now 

associate images representing 

the information you want to 

remember with the objects 

scattered around the room. 

If you are trying to remem­

ber the names of American 

needle stabbed through its side 

("pierce"-which is also a close 

verbal association with the word 

purse). Next to the fireplace, on the 

arm of the sofa, is a small statue of 

a ghost pulling the lanyard of an 

old-fashioned artillery piece ("boo­

cannon"). This technique can be 

expanded by adding more details, 

or by moving into other rooms 

and assigning them other objects. 

If you run out of rooms, you can 

case you're wondering, there are 

180,000 or so words in the New 

Testament, depending on the 

translation) can be remembered 

by being broken into "chunks," or 

small groups of objects, and then 

the groups retrieved in order. This 

principle was promoted in 1956 by 

Princeton University psychologist 

George Miller in a now famous 

paper titled "The Magical Number 

Seven, Plus or Minus Two," which 

tested the observations of 

William Hamilton, a 19th­

century Scottish philoso­

pher, that if you throw a bag 

of marbles on the floor, your 

brain most likely cannot 

grasp the location of more 

than six or seven at a time. 

Seven is about as many num­

bers as the average brain can 

remember at a time. Conve­

niently, that's the number of 

digits needed to make a local 

telephone call. However, 

Hamilton said larger groups 

Presidents, in order, you Chester Santos, 2008 USA Memory Championship winne~ can of objects can be broken into 

associate their names with 

concrete objects. For example 

three Presidents before Lincoln­

Fillmore, Pierce, and Buchanan­

may be hard to remember because 

they've left relatively little mark 

on American history. Assign each 

a vivid image. Fillmore could be a 

pitcher pouring a half inch of beer 

into a glass ("fill more") sitting on 

the bookcase. Next to it, on the 

fireplace, is a purse with a knitting 

memorize a shuffled card deck in five minutes. 

move to other houses or build new 

wings in your imagination, fill­

ing them with objects that would 

naturally be there, such as sink and 

bathtub in a bathroom or bed and 

dresser in a bedroom. 

NUMBERS 
Even extremely long strings of 

numbers, objects, or words (in 

small, meaningful patterns 

as a memory aid. 

Medical school students use a 

version of chunking and rhyming 

to remember the names of the 12 

cranial nerves. The first letter of 

each word in the rhyme represents 

the first letter of a cranial nerve, 

and the sections are easily commit­

ted to memory: On Old Olym­

pus's Towering Tops, a Finn and 

German Vied at Hops. 
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"Confabulation" of verbal memory can be caused by damage to the frontal lobes. 

This disorder, which was first described by neurophychiatrist Sergei Korsakoff in 

1889, confuses truth and lies. 

because we take information from 

sensations and use it in the con­

struction of ideas. Science writer 

April Holladay of USA Today 

says understanding storage makes 

retrieval easier to grasp. The hip­

pocampus, which consolidates 

new memories, is the starting and 

ending point of a loop that stores 

memories. When thinking about 

a delicious red apple, she said, the 

"red" part gets stored in the visual 

centers in the occipital cortex, and 

the sound of the crisp bite into the 

apple's flesh gets stored in the audi­

tory center in the temporal cortex, 

where the sensations of the apple 

were first observed. 

"When I remember the new fact, 

'delicious apple,' the new memory 

data converges on the hippocam­

pus, which sends them along a 

path several times to strengthen the 

links," she said. The information 

traced the so-called Papez circuit, 

starting at the hippocampus, then 

picking up any emotional informa­

tion in the limbic system, such as a 

glorious October day in an orchard, 

and spatial associations, such as the 

arrangement of trees in the orchard. 

The circuit goes to the various cor­

tical regions and then back to the 

hippocampus. Repeatedly turning 

to the memory completes the cir­

cuit again and again, making the 

neural links stable enough to exist 

without the intervention of the 

hippocampus. The individual attri­

butes of the memory of the apple 

are stored separately but linked 

with an overall neural connection. 

The enhanced pathways become 

long-term memories. 

When recalling the memory, 

the brain retrieves the information 

by firing the network connect­

ing color, sound, emotion, spatial 

orientation, any other facts stored 

with the memory, and an over­

all network that integrates all the 

information. 

W HEN JILL PRICE, left, a school 

administrator in Los Angeles, 

pictures just another day-say August 

19-she is invaded by the sights, smells, 

sounds, and tastes of August 19ths from 

10,20, or 30 years ago. 

Brad Williams, a radio reporter from 

La Crosse, Wisconsin, has the same 

FOUR CATEGORIES 
Although a keen observer could 

no doubt create a very long list of 

attributes for a delicious red apple, 

the information would fall into 

four categories of memory: sensory, 

motor, visuospatial, and language. 

Sensory memory involves the five 

senses, with smell the most power­

ful memory trigger. As the senses 

create our appreciation of the 

world, it's not surprising that many 

memories can be recalled via sen­

sory cues. A certain song, for exam­

ple, might bring up memories of a 

wedding or family reunion. People 

with powerful memories often cre­

ate visual cues in their imagination 

to increase the strength of their 

long-term memories. 

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 compli­

cated act of walking without losing 

one's balance. Motor memory is 

tied to the learning of skills. Dam­

age to brain areas that affect one 

capacity for autobiographical memory. 

Asked by one journalist what he ate for 

breakfast on December 26, 1962, he 

answered unflinchingly: Frosted Flakes. 

Price and Williams are two of only 

four people in the United States known 

to have hyperthymestic syndrome, or a 

"superior memory" for one's own life. 



invariably affect the other. Recent 

research suggests that motor mem­

ory's application 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 the play­

ing of a piano. The second stage 

occurs after the basic motions 

are mastered 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 

symphony orchestra. 

Visuospatial memory combines 

the neural pathways of the visual 

cortex and the spatial orientation of 

the temporal lobes. The left hemi­

sphere is significant in perceiving 

details, while the right hemisphere 

works to integrate the details in a 

whole. Together, they let you see 

the trees and the forest. 

Language memory leads to the 

ability to associate words with 

Williams can pick and choose which 

memories to suppress, but Price's mind 

is stuck on autopilot. She says she views 

the world through a sensory split screen 

in which the past and present are con­

stantly competing for attention. 

Since 2000, neuroscientists at the Uni­

versity of California at Irvine have studied 

objects, the crucial foundation of 

communication. The grounding of 

communication in the brain's hard­

wiring to acquire language can 

lead to serious consequences from 

Attributes of an apple- such as color, taste, 

name- get stored in separate neural circuits. 

verbal memory disorders. Not only 

can they interfere with communi­

cation, but they also can distort the 

perception of reality of someone 

who may be unable to discriminate 

Price, who was the first documented 

case of hyperthymestia in the country. 

Scans of her brain, when compared with 

images of thousands of "normal" brains, 

have revealed several regions that are 

substantially larger than average. 

Specifically, the caudate nuclei, which 

are responsible for the formation of 

between statements that have their 

source in true memories or those 

that draw on fantasies. Unable to 

tell the true stories from the false 

in his head, the person may strug­

gle with the concept of truth. 

ARE MEMORIES RELIABLE? 

Nineteenth-century British Wit 

and dramatist Oscar Wilde called 

memory "the diary that we all 

carry about with us." If that's 

so, memory never leaves a 

page unedited. The process 

of remembering by retrieving 

information from storage, and 

then restoring it, colors memo-

ries with additions, subtractions, 

and substitutions. Memory can 

change fluidly and dramatically 

over time, and the more that has 

elapsed since an event, the more 

likely the brain has rearranged the 

memory of it. Fragments of actual 

memories can be combined with 

bits of information available during 

retrieval, creating false memOrIes 

that seem true. 

Elizabeth F. Loftus, a psychol­

ogy professor at the University of 

habits, as well as a part of the tem­

poral lobe that stores facts and 

figures, are abnormally large. Sci­

entists believe these regions may 

act in tandem, which might explain 

why Price's memory for minutiae is 

as automatic as your remembering 

how to tie your shoes. 
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Emotions, such as shock and grief at the Challenger explosion, create 'j lashbulb" memories. 

California at Irvine, even suggests, 

perhaps halfin jest, that courtroom 

oaths given to witnesses should be 

amended to read, "Do you swear 

to tell the truth, the whole truth 

or whatever it is you think you can 

remember?" 

What's likely to stick correctly 

in memory is the central fact of 

an event, especially when encoded 

with emotion. Americans who 

were old enough to remember 

things in 1986 have no problem 

recalling the fact that the space 

shuttle Challenger exploded. They 

may even remember it was a cold 

day for a rocket launch in Florida 

because the frigid weather contrib­

uted to the disaster, or recall seeing 

pictures of ice on the launch towers 

on television newscasts. Memory 

for details is much more likely to 

fade. Despite a widespread belief in 

the permanence of memory, people 

"may forget where they were and 

what they were doing when they 

heard" about Challenger or the 

twin towers collapsing in 2001, 

said Harvard University memory 

expert Richard McNally. 

Even "flashbulb" memories, the 

kind that feel so immutable, are 

subject to reconstruction over 

time. Behavioral neurologist Heike 

Schmolck tested this idea by asking 

people to share their memories of 

the not-guilty verdict in the 1995 

murder trial of actor and football 

star 0.]. Simpson. Schmolck 

asked for details of subjects' memo­

ries three days, 15 months, and 32 

months after the jury announced 

its decision. After 15 months, she 

found that half of the memories 

matched the three-day accounts 

very closely. Major discrepancies 

appeared in only 11 percent of the 

accounts. But when reinterviewed 

at the 32-month mark, most peo­

ple exhibited memory drift. Only 

29 percent matched their original 

accounts; 40 percent had major 

discrepancies in the various ver­

sions of their memories. 

The power of suggestion can 

strongly affect memory. In a pro­

cess called memory morphing, 

marketing agents manipulate infor­

mation after an event to convince 

consumers that they have experi­

enced things that never happened. 

In controlled experiments, psy­

chologists have been able to get 25 

percent of adults to accept the idea 

that they were lost in a mall at age 

five. In another manipulation, 16 

percent of adults who read a rigged 

Disneyland advertisement became 

convinced that they had met Bugs 

Bunny at the theme park when 

they were children, even though 

Bugs is a Warner Bros. cartoon. 

Marketers use "backward fram-
. " . . . mg to suggest pOSitiVe reactIOns 

to a product or event, such as a 

new Hollywood movie, that a con­

sumer has already experienced. The 

suggestions can be so powerful that 



the consumer may forget initial 

negative reactions. Advertisements 

and information on television and 

in books, magazines, and newspa­

pers can become combined with 

retrieved memories and be stored 

with the original memory. 

If you want to Improve your 

memory of objects or events, use 

acronyms and the first letter of 

words in sentences to remember 

words in order, "chunk" large groups 

of items into bunches of seven or 

fewer, repeat the information to be 

stored, or incorporate rhymes and 

songs into memorization. 

Rhymes and songs link words 

with music and other verbal associ­

ations, creating an obvious and fun 

way to remember difficult informa­

tion. Kevin Roose, a 21-year-old 

student from Brown University in 

Rhode Island, learned this when 

he went undercover for a year at 

the conservative, Christian Lib­

erty University run by evangelist 

Jerry Falwell and ended up writing 

a book in 2009 about his experi­

ences. "On one exam, we had to 

name all the twenty-seven books 

of the New Testament, in order," 

Roose told a reporter. "I was up all 

night. Finally I went to one of my 

hallmates and said, 'Dude, this is 

killing me!' He said, 'It's so easy, 

just sing the song!' He taught me 

this song he'd learned in Sunday 

school. The next day, I heard this 

hum all around me of all the other 

students singing this song." 

MEMORY DISORDERS 

Doctors see plenty of patients suf­

fering from memory disorders. 

They range from the temporary 

loss of memory resulting from 

concussion to devastating erasures 

of a lifetime's worth of experi­

ence through dementia, including 

Alzheimer's disease. 

Head lll)uries, encephalitis 

(infection of the brain), and brain 

malformations affect memory. 

Concussions have provided sig­

nificant clues about the process of 

transferring short-term to long­

term memory. The process appar­

ently takes several minutes, as a 

IN EXPERIMENTS begun in the 1970s, 

researcher Elizabeth Loftus discovered 

that, given the right prompting, about 

one-quarter of adults would assert they 

had childhood experiences that never 

actually happened. A researcher pushed 

the subjects to recall made-up events. 

Imagining them made them seem familiar, 

and more likely to be called out of mem­

ory. Loftus had her own false memory of 

her mother's death suggested by an uncle. 

Some false memories are innocent, but 

the power of suggestion opens doors to 

false-yet heartfelt-court testimony. 

II 
Ads are more likely to stick in 

•• memory if they combine infor­
mation and subtle emotion. 

concussive blow wipes out not 

only the memory of events imme­

diately afterward, but also for a few 

minutes beforehand, too. 

Physical causes inhibiting the for­

mation of new memories include 

things as common as depression 

and lack of sleep. Depression leads 

to a lack of focus and attention, 

which lessen the power of sensory 

memory, the first step to forming 

and storing memories. Treatments 

to lift depression usually improve 

memory. Insomnia also inhib­

its the transfer of memories from 

short term to long term. Getting a 

good night's rest helps strengthen 

memones. 

AMNESIA 

A bizarre but not uncommon dis­

order of memory is Korsakoff's 

psychosis, an incurable form of 

amnesia that eliminates the brain's 

ability to create and store new mem­

ories. The most common source of 

the disorder is long-term alcohol 

abuse. Named for the doctor who 

first diagnosed the disorder, Korsa­

koff's seems to affect only memory, 

leaving intelligence and emotional 

responses untouched, but prompt­

ing a high level of suggestibility. 

If you meet a Korsakoff's patient, 

chat for a few minutes, and then 

leave for a few minutes, the patient 

won't recognize you when you 
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Speech pathologist Maj. Ava Craig plays a game with Sgt Dan DaRosa to help his memory at the brain injury clinic on an Alaskan base. 

return. However, if you suggest 

that you've met before, he or she 

will fabricate a story to describe 

the previous meeting. The brains 

of KorsakofFs patients reveal a 

substantial loss of neurons in the 

thalamus, near the midline. 

A KorsakofFs patient named 

Jimmie G. lived forever in the final 

days of World War II, even after he 

FOR 20 DAYS in 2008, New 

York's Hannah Upp was 

afflicted with dissociative fugue, 

a form of amnesia so rare that its 

most famous case involves a fic­

tional secret agent. 

Jason Bourne has total recall 

of a dozen or so languages and 

was admitted to a New York City 

hospital in 1975. Asked what year 

it was, Jimmie responded, "Forty­

five, man. What do you mean? 

... We've won the war, FDR's 

dead, Truman's at the helm. There 

are great times ahead." He swore 

that despite his head full of gray 

hair, he was only 19 years old­

going on 20. Yet Jimmy was quick-

an uncanny intuition for hand-to-hand 

combat, yet he can't remember his own 

name. That's because, for all intents and 

purposes, he's someone else. 

Dissociative fugue, a psychiatric dis­

order characterized by amnesia of the 

personality induced by stress, may last 

hours or days, or, in the case of Ansel 

witted, observant, and adept at 

doing puzzles. 

When asked for advice on dealing 

with Jimmie, the eminent psychol­

ogist Aleksandr Luria responded 

with compassion: "There are no 

prescriptions in a case like this. 

... There is little or no hope of any 

recovery in his memory. But a man 

does not consist of memory alone. 

Bourne-the 19th-century preacher who 

loosely inspired the fictional Jason­

months or years. 

During the fugue, muscle memory is 

retained: Surveillance footage from an 

Apple store captured Upp logging on to 

her email account, fingers automatically 

keying in her user name and password. 



He has feeling, will, sensibilities, 

moral being-matters of which 

neuropsychology cannot speak." 

Over many years in the New York 

hospital, Jimmie knew the sibling 

who shared his childhood and 

youth but could not understand 

why he looked so old; Korsakoff's 

took away Jimmie's memories but 

did not make an impression about 

the nature of his loss. Losing one's 

memory, one's deep identifY of self, 

takes away the part of the brain 

that recognizes the self. Jimmie's 

memory loss removed his ability to 

realize he had a memory loss. 

II 
Biologist Richard Semon is an 

•• advocate for "retrieval cues" 

to aid in remembering. 

Amnesia also can occur when 

oxygen is cut off to the brain at 

birth or during an accident or 

convulsions, damaging the regions 

that encode and store memories, 

and by physically or emotionally 

traumatic events. The former may 

interfere with episodic memory 

yet leave semantic memory virtu­

ally intact. According to research 

One explanation of the fugue state 

is that the individual is subconsciously 

seeking escape. Doctors theorized that 

the stress of a friend's terminal illness led 

to 40-year-old Jeffrey Ingram's month­

long fugue state. 

Ingram, right, disappeared en route 

to visit his friend. Four days after his 

+ TYPES OF MEMORY LOSS + 

There are many different forms of amnesia, with 
different causes and symptoms. 

TYPE DESCRIPTION 

Alcohol blackout 
Causes partial or total memory loss for events occurring after 

rapid, heavy consumption of alcohol. 

Dissociative fugue 
Creates confusion about identity and life events. Commonly 
accompanied by wandering. May last from hours to months. 

Korsakoff's Strikes some chronic alcoholics. Causes inability to form 
psychosis short-term memories. Patient may invent memories. 

Post-traumatic Occurs after coma. Causes disorientation, agitation, inability 
amnesia to remember anything for a while before being injured. 

Repressed memory Arises as reaction to early trauma. Memories are later 
(dissociative amnesia) recovered. Validity of claims has divided researchers. 

III 1997 by the Institute of Child 

Health in London, three British 

children who suffered hippocam­

pal damage from oxygen depriva­

tion lost their episodic memory. 

They could not tell you what tele­

vision program they had just seen 

or how to get around their neigh­

borhood, yet they went to school 

and learned how to read and write. 

Their "fact" memory had been 

spared, even while their biographi­

cal memory disappeared. The lat­

ter kind of amnesia, reported since 

departure, he turned up in Denver, Colo­

rado, with no idea who he was and then 

spent the next month searching for his 

identity. A television appearance viewed 

by his family reunited Ingram with them 

and his past. 

With the passing of the fugue state 

goes any memory of its occurrence. 

the 1800s, occurs when the brain 

suppresses conscious memory of a 

traumatic event while maintaining 

the emotional and sensory memo­

ries. Cues that trigger negative 

emotions related to the trauma can 

create a condition known as post­

traumatic stress syndrome. 

Damage to the regions of the 

brain particular to language-on 

the left hemisphere in about 97 

percent of the population-can 

cause difficulties in speaking and 

recognizing words. 
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I ANGlJAGF UNI~ELY HUMAN COMMUNICATION 

R
EADING WORDS on 

a page-understanding 

their meaning, speaking 

them aloud-involves language, 

but the functions don't exist in just 

one part of the brain. Language 

involves the front and back, as 

well as right and left hemispheres. 

Its importance to human survival 

accounts for the massive amount of 

cranial space devoted to language 

production and comprehension. 

TASKS e,- REGIONS 
Reading the letters silently on the 

page initiates action in the pri­

mary visual cortex at the back of 

the brain to sense the shapes of 

the letters and words. It also places 

demands on working and short­

term memory to hold those words 

under an umbrella of attention 

long enough for the reader to make 

sense of how they go together to 

form sentences, as well as analytical 

functions to pull those sentences 

apart for meaning. 

A child hearing words spoken 

aloud activates the auditory associa­

tion area of the brain. Understand­

ing speech requires encoding and 

decoding of language in the recep­

tive language areas, which take in 

signals from auditory association 

areas and, if the words are read on 

+ HOMESIGNS + 

UNTIL THE SANDINISTAS took power 

in 1979, Nicaragua's deaf children had 

no formal education. They developed 

"homesigns," individual gesture systems, 

to communicate. When the children first 

went to school, they thus had no common 

language. Yet by 1986, when American 

linguist Judy Kegl visited a school for the 

deaf, the students had transformed pidgin 

homesigns into a sophisticated language, 

Idioma de Seiias de Nicaragua. 

a page, from the visual association 

areas. These primary language areas 

lie in the left hemisphere for nine 

of ten people who are right-handed 

and about two-thirds of those who 

are left-handed. 

FOR A LONG TIME, scientists 

debated whether language was 

a matter of nature or nurture. Most 

observers believed newborns began 

learning all attributes of language from 

their parents. However; in 1959 MIT 

linguist Noam Chomsky, left, provided 

evidence that children's brains are hard-

The parent reading aloud uses a 

different brain circuit from that of 

the child being read to. Although 

there can be nuances in the pro­

cessing, reading generally begins 

with activation of the visual cortex, 

which sends signals to Wernicke's 

area, named for German neurolo­

gist Carl Wernicke, who described 

it in the late 19th century. Patients 

with lesions in Wernicke's area can 

speak, but what comes out is a 

jumble of sounds sometimes called 

"word salad," and they have diffi­

culty understanding language. 

Speaking aloud activates an adja­

cent region called Broca's area, after 

the French scientist's discovery 

that lesions in that section of left 

hemisphere interfered with speech. 

Speech requires the cooperation of 

Wernicke's and Broca's areas. Words 

come together through processing 

in the former and get relayed to the 

latter along a collection of nerve 

fibers called the arcuate fascicu­

lus and a brain region called the 

wired to acquire language. He reasoned 

that a "universal grammar" in a child's 

brain begins to specialize in the local 

tongue upon repeated exposure. 

Chomsky proposed the concept of 

universal grammar after examining and 

cataloging the structure of many lan­

guages. While vocabulary obviously 



A three-dimensional MRI highlights language regions: Wernicke's area (pink), Broca's area (orange), and the primary visual cortex (green). 

angular gyrus. From Broca's area, 

the nerve impulses for speech zip 

along to the motor cortex, which 

controls the muscle movement of 

the lips, tongue, and face. 

differs from language to language, there 

are on Iy a few ways to put words together 

to make sentences. In English, for exam­

ple, adjectives come before nouns, while 

in French they come afterward. Babies 

catch such differences in structure and 

adapt to their local grammatical com­

plexity, Chomsky said. 

Broca's area, Wernicke's area, and 

the basal ganglia work as a single 

unit to analyze incoming sounds 

and process outgoing language. 

Regions of the cerebral cortex that 

The concept of universal grammar 

conquered all challenges until 2005, 

when Illinois State University linguist 

Daniel L. Everett claimed exceptions in 

a language called Piraha, spoken in the 

Amazon rain forest. As is often the case 

in science, other linguists have since 

challenged Everett's findings. 

surround these areas act to con­

nect the processes of language with 

cortical regions that hold ideas and 

concepts. That makes it possible to 

speak an intelligent, grammatically 

Fresh evidence of universal gram­

mar comes from attempts to create 

artificial languages. Educators of 

deaf children sometimes invent lan­

guages. Typically, the children don't 

learn them well-until they change 

the rules so that a language con­

forms to the universal standard. 
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A LIFE WITHOUT LANGUAGE 

Rescued from an abusive home in 1970; "Genie" suffered severe language impairment. 

LANGUAGE must be acquired at 

an early age. So wrote linguist 

and neurologist Eric H. Lenneberg in 

Biological Foundation of Language. And 

so linguists believed, but they were 

unable to test that hypothesis. 

Then, in 1970 a 13-year-old girl was 

rescued from her captivity in a home 

in Los Angeles. From birth "Genie" 

was kept locked in a single room and 

beaten if she made noise. Muffled 

sounds from beyond her walls gave 

her an inkling of speech, but she 

never developed normal language. 

Four years of training gave Genie 

the basics of communication, includ­

ing sign language. She also developed 

a basic vocabulary, pairing words with 

objects. But Genie could not articu­

late sentences. The left hemisphere of 

her cerebral cortex had not received 

the sensations required for normal 

speech development. Starved for 

stimuli, Genie's speech centers had 

suffered irreparable damage. After 

years of rehabilitation, Genie wound 

up in a series of foster homes and her 

language skills regressed. 

correct sentence while thinking 

about what to say next. 

The child being read to processes 

the words in the primary auditory 

complex. Signals sent to Wer­

nicke's area allow comprehension. 

If the child reads along too, the 

brain forwards the signals for the 

words to Broca's area and finally to 

the motor complex. 

In the nondominant hemi­

sphere-the right, for about 97 

percent of healthy adults-the cor­

responding brain areas decode non­

verbal communication elements. 

The right hemisphere also plays an 

important role in nuances of spo­

ken language. A healthy brain nor­

mally can easily tell the difference 

between "dark room" and "dark­

room." People with damage to the 

right hemisphere have difficulty 

making such distinctions. 

EVOLUTION OF LANGUAGE 

Although some scientists, such as 

behavioral neurologist Antonio 

Damasio, believe the mind can 

exist without language, others 

argue that language produces mind. 

"Without language, I wouldn't say 

that it is impossible to have mental 

experiences, but I'd say the men­

tal 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. Pidgin 

languages form when people come 



together who cannot commulll­

cate 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 

II 
Kokothegorillatypicallymakes 

" sign-language sentences that 
are three to six words long. 

thus complexity. "Arrow ... deer" 

might be a command to help kill 

a deer or an announcement that a 

hunter has just done so. Interest­

ingly, children of pidgin speakers, 

whose brains are still plastic for 

speech, add the grammar to pidgin 

to create creole languages. 

Examples of pidginlike speech 

occur in very young children, who 

develop a limited vocabulary before 

the subtleties of syntax. A child 

might say "Juice ... me" instead 

of "Please pour me some apple 

juice." Bickerton believes that the 

increasing complexity of the child's 

brain and its accompanying ability 

to master speech may mirror the 

evolutionary history of language. 

Language remains one of the pri­

mary differences between humans 

and animals. 

ANIMAL COMMUNICATION 
However, animals have developed 

their own complex ways to com­

municate. Acoustic communica­

tion includes the chirping of birds 

and the songs of whales. Visual 

communication involves decod­

ing of light waves. Chemical com­

munication spreads information 

through substances that one ani­

mal leaves for another to find. And 

tactile communication sends sig­

nals through physical touch. Each 

animal's choice of communication 

method relies on its strongest and 

most sensitive neural receptors. 

Irene Pepperberg of MIT works with one of the gray parrots she studies for insight into animal communication and learning. 
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Brain scans register the active areas involved in identifying, labeling, and naming objects. 

Animals, like humans, also can 

combine sensory stimuli for more 

sophisticated communication. The 

great apes, closest to humans in 

evolutionary development, pos­

sess a communication system that 

incorporates gestures, postures, 

expressions, and vocalized sounds. 

The Gorilla Foundation taught a 

lowland female named Koko, born 

in 1971, about 1,000 words of 

American Sign Language. Her IQ 

IN 1894, BRITISH PHYSICIAN 

W. Pringle Morgan gave the first 

description of a case of dyslexia. 

Morgan wrote of a patient, II Percy F 

has always been a bright and intelli­

gent boy. ... His great difficulty has 

been-and is now-his inability to 

learn to read." 

has registered anywhere between 

70 and 95 on the human scale 

(100 is average). 

LANGUAGE INSIDE 

THE BRAIN 

Paul Broca relied on autopsies to 

examine the impact of brain dam­

age on language and speech. Fortu­

nately, advances in high-tech brain 

imaging techniques such as PET 

scans and functional MRIs have 

Early treatments for dyslexia, from the 

Greek for "impaired language/' focused 

on visual processing. Doctors thought 

a visual impairment might explain why 

dyslexics sometimes transpose letters 

when writing. In fact, dyslexics typically 

see just fine-in fact, some see better 

than average. What they usually struggle 

opened a window on the primary 

means of human communication. 

In experiments using PET scans, 

volunteers first have a radioac­

tive isotope of oxygen injected 

into their bloodstream. They rest 

quietly, looking at a blank screen 

until a single word appears, and 

then read the word aloud. In a 

final step, they produce another, 

related, word-such as the verb 

"eat" if the noun on the screen was 

"cake." Each stage produced dis­

tinctive images of where the brain 

took up needed oxygen from the 

bloodstream as registered by the 

radioactive isotope. Looking at 

the word activates the visual cor­

tex at the back of the brain. Say­

ing the word aloud activates motor 

neural networks, required for the 

II 
Tonal languages are processed 

" in the left hemisphere, not in 

regions associated with music. 

muscular contractions of speech. 

Prompting the subjects to come 

up with their own related words 

lit their brain in many regions, 

including the language areas of the 

with is decoding phonemes into words 

that have meaning. Some dyslexics also 

experience difficulty holding sounds in 

short-term memory to combine them 

into words. Others can decode pho­

nemes but only at a snail's pace. Never­

theless, dyslexics score as well as other 

groups on IQ tests. 



left hemisphere, motor complexes, 

and regions associated with stress. 

Reading and writing are perhaps 

5,000 years old. Silent reading is 

even more recent. The practice of 

reading all written material aloud 

was at one time so common that 

St. Augustine, writing in the fifth 

century about his contemporary, 

St. Ambrose, expressed astonish­

ment that when he was reading, 

"his eyes glided over the pages and 

his heart sensed out the sense, but 

his voice and tongue were at rest." 

Children today begin by sound­

ing out words on paper, like St. 

Augustine, but progress to silent 

reading, like St. Ambrose. These 

recent developments appear not 

to be evolutionary brain develop­

ments so much as the co-opting of 

existing brain regions for new pur­

poses; reading and writing are not 

encouraged by genetic program­

ming in the way speech is. 

Observational evidence suggests 

that reading and writing use differ­

ent neural networks. Some people 

can identifY letters and write but 

cannot read. Reading has its own 

Researchers focus on a variety of pos­

sible causes. Physical impairments of 

the angular gyrus at the rear of the left 

hemisphere, active during reading, have 

received attention. Others have looked 

at parallel processing in a variety of neu­

ral networks, including the visual system. 

Functional MRI scans of dyslexics reveal 

quirks; some stroke victims can 

read normally except for particular 

kinds of words, such as adjectives. 

The sites associated with reading 

vary, but people extremely adept 

at verbal communication tend to 

have reading functions located 10 

the superior temporal gyrus and 

storage of names for objects in the 

middle temporal gyrus 

+ DYSLEXICS + 

MANY NOTABLE figures~artists, scien­

tists, musicians~were dyslexic: 

+ Leonardo da Vinci 

+ Andrew Jackson 

+ Hans Christian Andersen 

+ Thomas Edison 

+ Pablo Picasso 

+ Agatha Christie 

+ Ansel Adams 

+ John Lennon 

Given the complexity of under­

standing words on paper, it's no 

wonder children take different 

routes to learning to read. Some 

perform best with phonics, which 

sounds out words. It works well 

with many words, but not so well 

decreased activity in both parietal and 

posterior temporal lobes. Some have 

abnormalities in the thalamus, where 

sensory information gets channeled. 

Many dyslexiCS are artists and musi­

cians. Research suggests they may have 

enhanced abilities to hear bass notes and 

see sharper colors in peripheral vision. 

with English words that have silent 

letters or letter combinations that 

don't say their names. (Think of 

the words cough, colonel, and cello.) 

Phonics emphasizes the mechanics 

of putting letters together and the 

rules of how letters make sounds 

in combination. 

Other children perform better 

with the "whole language" method, 

which teaches recognition of the 

shapes of words and relies on visual 

circuits. American schools tend to 

emphasize whole language in read­

ing instruction and teach reading 

by getting the kids interested in 

understanding words in context, 

such as in stories. 

It's not an either-or proposition, 

however. Most people learn to read 

by employing both systems, calling 

on a wider array of neural circuits. 

A substantial fraction struggles 

with mastering reading. Develop­

mental dyslexia, a failure related to 

reading that cannot be explained 

by intelligence or problems with 

the child's learning environment, 

touches 5 percent to 15 percent of 

the population. 
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BROCA'S PATIENT 

Neuroscientist Paul Broca preserved his patient's brain for future study. 

A MAN named Leborgne entered 

a hospital in the suburbs of 

Paris. Leborgne had lost the power of 

speech, a condition known as aphasia. 

All he could say when asked a ques­

tion was "Tan, tan," gesturing wildly. 

The staff took to calling him Tan. 

Tan's health slowly declined. Paral­

ysis spread throughout his right side 

until his lack of movement confined 

him to bed. Still, he said "Tan, tan" 

and apparently understood much, if 

not all, of what was said to him. After 

being hospitalized for more than 20 

years, Tan died in 1861. 

Surgeon and neuroanatomist Paul 

Broca examined Tan's brain during an 

autopsy. The dura mater had become 

thick and the left frontal lobe unusu­

ally soft. A section of the left hemi­

sphere the size of a hen's egg had been 

destroyed, leaving a hole filled with 

fluid. Broca argued, convincingly, that 

Tan's language impairment stemmed 

from the anomaly. The damage also 

accounted for the paralysis of Tan's 

right side. 

Today, neuroscientists take it for 

granted that damage to the left hemi­

sphere carries the risk of language 

impairment. In 1861, such a conclu­

sion was stunning. Two camps had 

been arguing over whether the brain's 

hemispheres shared functions such as 

speech or whether some might be 

localized. Tan had given Broca the 

key to settle the argument. Although 

brains differ, and localization doesn't 

fit inside strict borders, the site of the 

Parisian aphasiac's brain, in the left 

temporal lobe above the Sylvian fis­

sure, today carries the name Broca's 

area, and Tan's unfortunate condition 

is known as Broca's aphasia. Tan's 

brain-and Broca's-have been pre­

served for science. 

SPEECH DISORDERS 
Until a few years ago, doctors 

considered stuttering a nervous 

or emotional condition. Now, the 

condition that affects about three 

million Americans falls squarely 

in the realm of neurology. A new 

drug, pagoclone, has begun clinical 

trials as potentially the first medi­

cal treatment for stuttering. 

Stuttering usually begins 

between the ages of two and six, as 

children accelerate their learning of 

language. Three-quarters of those 

children spontaneously lose their 

stutters . Among adults, stuttering 

affects four times as many men as 

women. The exact cause of stutter­

ing has eluded scientific research, 

but it's believed to have a genetic 

component. Brain scans of non­

stutterers show speech processing 

most often performed in the left 

hemisphere of the cortex. Stutterers 

have an unusual amount of activity 

in the right hemisphere. This may 

indicate problems in coordination 

of the two hemispheres across the 

corpus collosum, and investiga­

tors suggest an overabundance of 

dopamine may contribute to the 

disorder. Before the drug trials, 

the most common treatments for 

stuttering included speech therapy 

and the use of an in-the-ear device 

that sends a person's voice into 

the ear canal at a slightly different 

pitch and after a brief delay. The 

changes are believed to activate 

the so-called choral effect, which 



suppresses stuttering when people 

speak or sing with others. 

LEARNING DISABILITIES 

Learning disabilities result from 

faulty reception, processing, and 

communication of information 

within the brain. Pediatricians 

can supply charts of developmen­

tal milestones, allowing parents to 

compare their children with norms 

in major stages of growth. 

II 
Lip-reading activates both the 

" visual and auditory complexes 
of the brain. 

Learning disabilities include: 

auditory processing disorder, 

which makes it difficult to distin­

guish between sounds, and visual 

processing disorder, which causes 

problems with reading, map inter­

pretation, and other work requir­

ing analysis of visual information. 

Dyscalculia interferes with math 

ability and can cause problems 

using money. Dysgraphia is a diffi­

cultywith writing that may include 

problems with handwriting, spell­

ing, and organization of ideas. 

Dyslexia is a disorder of language 

processing. Dyspraxia/apraxia is a 

sensory integration disorder that 

interferes with motor coordination 

or speech. People with apraxia or 

dyspraxia of speech, two names for 

an absent or diminished speech 

ability, can understand what's said 

to them, but have trouble articulat­

ing what they want to say. The root 

James Earl Jones overcame his stutter to achieve fame as an actor and a recognizable voice. 

cause isn't in the muscles of the lips 

or tongue but rather in the brain. 

Adults can acquire either disor­

der through a brain injury, stroke, 

or tumor. A form of the disorder 

called developmental apraxia exists 

from birth. Scientists believe it 

arises either from a problem III 

overall language development, or 

through faulty neural communica­

tion between the brain's language 

centers and the muscles that pro­

duce speech. The fact that chil­

dren with developmental apraxia 

have a greater likelihood of family 

members with communication or 

learning disabilities points toward 

a genetic component. 

,­
rn 
» 
;:0 

z 
Z 
GI 

rn 

5: 
o 
;:0 

-< 

r­
>­
Z 
CJ 
C 

>­
CJ 
t"T1 





CHAPTER NINE 

THE 
AGING BRAIN 

MATURE MINDS 
PAGE 268 

GLOSSARY 
PAGE 276 

BRAIN CHANGES 
PAGE 278 

LIVING LONGER 
PAGE 290 

THE BRAIN DOESN'T transform 

overnight. With the exception of 

a lightning-like stroke, the aging 

brain changes gradually in its abil-

ities to perceive sensations, pro­

cess information, create and store 

memories, and learn. It may move 

slowly, but it moves with greater 

purpose. Except for a decrease 

in processing speed, the healthy 

mature brain performs about as 

well as a youthful one in any task 

requiring planning, analysis, and 

organization of information. And 

with the wisdom of a lifetime, the 

elderly brain usually outperforms 

the youthful brain in judgment. 

Sunrise finds Arcadia Tagawili, an 

elderly Filipino peasant, at work in 

her vegetable fields. 



T
HE ELDERLY BRAIN 

loses an edge in some 

functions but generally 

stays active and even gains a bit in 

others. Some neurons die through 

normal aging or through disease or 

injury. Thanks to plasticity, how­

ever, a healthy elderly brain can 

actively redesign itself to respond 

to a decrease in neurotransmitters 

and loss of some neurons. Connec­

tions among neurons get pruned, 

leaving those that remain the most 

useful. The only cost is the brain's 

ability to come up with informa­

tion quickly. 

Some areas of mental ability actu­

ally increase with age. In the absence 

of disease, the elderly brain enjoys 

a larger vocabulary and sharpened 

language skills. The aging brain 

requires greater concentration to 

take in and process sensory infor­

mation, but the result may be a 

focus on the important stimuli and 

disregard for the peripheral. 

A host of disorders and diseases 

can affect the aging brain, from 

hearing loss to dementia. Depres­

sion and anxiety also are common 

among the elderly, especially when 

they lose some of their memory 

and muscle strength, and friends 

and family members die. Suicide 

and alcoholism aren't uncommon. 

However, maintaining a healthy 

brain through mental and physical 

BLESSINGS & 
CHALLENGES 

An elder receives a traditiona l greeting as a gesture of respect in the Philippines. 

exercise, as well as medical treat­

ment, can add life to one's final 

years as well as years to one's life. 

Fortunately, the brain gets stron­

ger the more it's worked. Educa­

tion, sensory challenges, cognitive 

puzzles, and exercises to improve 

blood flow, balance, and muscle 

mass all support the most impor­

tant organ in the body. Nobody 

can guarantee that doing every­

thing to maintain a healthy brain 



The brain never loses its ability to absorb new information. Plasticity and experi­

ence mean a healthy brain always has the capacity to be creative, even though its 

ability to be nimble inevitably declines. 

will shield it from the slings and 

arrows of aging. Letting the brain 

wallow and stagnate in old age, 

though, invites trouble. 

ELDERLY WISDOM 

Keeping a healthy brain into old 

age has long been seen as a blessing. 

The Old Testament Book of Levit i­

cus commands respect and honor 

for the elderly, and the ancient Chi­

nese philosopher Confucius said, 

''A youth who does not respect his 

elders will achieve nothing when 

he grows up." It was common in 

traditional, ancient cultures, where 

the average life span was much less 

than it is today, for the elderly to 

be revered because they had the 

knowledge and skills to survive. 

They also accumulated a lifetime 

of wisdom, living long enough to 

build up a much larger bank of per­

sonal experience than youth could 

possibly possess. In contrast, some 

modern, Western attitudes toward 

aging disregard it as outside main­

stream culture. Even as wise a man 

as Sigmund Freud, the founder 

of psychoanalysis, dismissed the 

elderly as unworthy of his atten­

tion. "Psychotherapy is not pos­

sible near or above the age of 50," 

he said; "the elasticity of the men­

tal processes, on which treatment 

depends, is as a rule lacking-old 

people are not educable-and, on 

the other hand, the mass of mate­

rial to be dealt with would pro­

long the duration of treatment 

indefinitely." On the other hand, 

Roman orator Cicero urged fight­

ing old age-not because it was 

to be shunned, but rather because 

it opened new doors to the mind 

and soul, "for they, too, like lamps, 

grow dim with time, unless we 

keep them supplied with oil. . . . 

intellectual activity gives buoyancy 

to the mind." 

Scientific observation of aging 

and death may have begun with 

Aristotle. He viewed the decline 

and death of the mind and body 

as somehow built into the mech­

all/sms of life. Violent death 

occurred through external means, 

he said, while natural death is 

"involved from the beginning 

in the constitution of the organ, 

and not an affection derived from 

a foreign source. In the case of 

plants the name given to this is 

withering, in animals senility." 

But just because aging and death 

are inevitable doesn't mean they 

should be passively embraced. 

The aging brain, if free of disease 

and disorder, can bring decades of 

experience to bear on the appre­

ciation of moments past, present, 

and future. 

PHYSICAL CHANGES TO CNS 

The central nervous system expe­

riences a series of natural changes 

as the body ages. Both brain and 

spine lose some of their nerve cells, 

resulting in a decrease in weight. 

This decline in mass begins in 

the brain of a young adult and 

continues steadily for the next six 

decades or so. Overall, the loss is 

relatively small and the plasticity 

of the remaining neurons so high 

that surviving neurons reconnect 

in response to new learning and 

offset many of the losses. Still, the 

remaining nerve cells in the aging 

THE 600 ADVICE GIVERS of the Elder 

Wisdom Circle answer questions from 

folks in their teens, 20s, and 30s via a 

nonprofit website created in 2001. His 

site made seniors feel more appreciated, 

founder Doug Meckelson said, but its 

popularity made him realize thatthere was 

"a whole slew of people who were inter­

ested in what the elders had to offer." 

Contributors range in age from 60 to 

105. Some work in groups at retirement 

centers, others from home. The elders' 

advice, gathered over decades of per­

sonal experience, tends to emphasize 

unselfish actions and self-acceptance. 
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STAYING SHARP 

RESEARCHERS AT THE University of Illi­

nois demonstrated in 2008 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 

playa game, while another 20 served as 

a control group. The game players out­

scored the nonplayers on measures of 

alertness, working memory, and ability to 

shift between tasks. The takeaway? 

.I'Strategy-based games could become a 

way for the elderly to maintain and per­

haps even improve some of the cognitive 

abilities that decline with aging, accord­

ing to Art Kramer, author of the study. 

.I'Video games can help seniors have 

fun and create or support social net­

works. Those that require body move­

ment encourage physical exercise and 

eye-hand coordination. 

brain begin to slow down in their 

transmission of electrochemical 

impulses. A fatty brown pigment 

called lipofuscin can build up in 

nerve tissues. Waste products in 

brain tissue can collect and, in the 

case of Alzheimer's disease, form 

plaques and tangles. As nerves 

lose mass and some begin to break 

down, reflexes may slow or disap­

pear, and stimuli may not register 

as easily upon the five senses, lead­

ing to difficulties in moving and 

interacting with the environment. 

Age also causes some decline in 

reaction time, the speed of percep­

tion, decision-making, and other 

functions of the executive centers 

of the frontal lobes. 

Some people experience a host of 

debilitating changes, while others 

seem to escape virtually unscathed. 

Seniors are turning to handheld video games to challenge their brains. 

The chances of suffering from 

dementia, a group of brain diseases 

including Alzheimer's, appears to 

increase until the 80s, when the risk 

actually decreases. Furthermore, 

the mere presence of the plaques 

and tangles of Alzheimer's disease 

doesn't necessarily cause dementia. 

II 
Mental decline occurs from 

•• disease, normal aging, and 
lack of mental exercise. 

True dementia may exist III only 

about 5 percent of the population 

over age 65. The rest of the cases 

may involve "reversible demen­

tia," a mental impairment caused 

by low blood pressure, a reaction 

to prescription drugs, poor diet, 

depression, hormone imbalances, 

and other problems that could be 

treated if properly diagnosed. 

The loss of some of the nerve 

fibers in an elderly spinal column 

may affect not only the transfer of 

sensations and voluntary muscle 

commands but also involuntary 

signals, including those that affect 

muscle coordination. The spine 

contains a posterior column of 

nerve fibers that provide the brain 

with information about the loca­

tion of the legs, feet, and toes. 

Age-related malfunctions in this 

spinal bundle impair the dynamic 

actions of maintaining equilib­

rium. Where the body actually is, 

and where the brain unconsciously 

thinks it is, may be two different 

things. The resulting impact on 



Color-enhanced CT scan of a 90-yea r-old woman reveals typical cerebral atrophy that occurs as we age. 

muscle coordination contributes 

to jerky movements and falls. 

LOSS RATES 
In the brain itself, neurons disap­

pear at different rates in differ­

ent regions . A half century ago, 

studies suggested that the cere­

bral cortex lost about 30 percent 

of its neurons as it aged, leading 

to the widespread claim that the 

brain loses 50,000 to 60,000 neu­

rons every day. Those studies gave 

highly inflated figures; the cortex 

loses only a fraction of its neurons. 

However, some subcortical regions 

do lose substantial percentages of 

neurons as the brain reaches old 

age. The acetylcholine-producing 

nucleus basalis loses about half 

of its neurons, which perhaps is 

the key reason for slowed reac­

tion time in the elderly brain. 

The dopamine-producing substan­

tia nigra loses 35 percent to 40 per­

cent. The raphe nucleus-site of 

cells that produce the neurotrans­

mitter serotonin, crucial for appe­

tite and mood-loses about 35 

percent to 40 percent. Finally, the 

hippocampus loses about 5 percent 

of its neurons in normal aging. 

Among healthy seniors, neurons 

compensate somewhat for the loss 

of their neighbors by lengthening 

their dendrites. 

Subcortical regions contain fan­

like collections of neurons that 

project upward into the cere­

brum. These neurons, which neu­

roscientist Paul Coleman calls the 

brain's "juice machines," help cre­

ate the mental energy necessary 

to maintain alertness. Age-related 

disorders in these neural fans can 

--I 
I 
m 

» 
C) 

Z 
C) 

CP 

;:::0 

» 
z 

-



DFMFN IIA 
ODAY'S scientists know 

dementia is not a normal 

part of the aging process, 

although many people who live to 

a ripe old age experience a decline 

in mental faculties. Dementia, from 

the Latin for "apart" and "mind," 

describes a variety of symptoms that 

stem from as many as 50 disorders 

of the brain. All involve neu­

ron destruction. 

DIAGNOSIS 

movements that mimic Parkinson's 

disease. Infections, nutritional defi­

ciencies, reaction to medications, 

brain tumors, and sharp declines in 

oxygen to the brain can also bring 

on dementia symptoms. 

Other forms of dementia may be 

accelerated by physical injuries to 

the brain. Former President Ron-

Physicians diagnose demen­

tia if two or more brain func­

tions, typically including 

memory and language skills, 

are significantly impaired 

without the patient losing 

conSCiousness. Alzheimer's 

disease is the most common 

cause; others include Hun­

tington's disease, Creutzfeldt­

Jakob disease (whose variants 

include "mad cow" disease), 

and vascular dementia, which 

decreases blood flow to the 

Seated in a wheelch ai~ a woman with Alzheimer's disease 

brain. In the degenerative disease 

Lewy body dementia, neurons die 

in the cortex and substantia nigra 

through the buildup of Lewy body 

proteins. The same protein accumu­

lation affects Parkinson's patients, 

but in Lewy body dementia it 

strikes at a wider range of neural 

systems, causing memory prob­

lems, poor judgment, and shuffling 

waits alone in a hospital corridor. 

aid Reagan suffered a head injury 

in 1989 when he was thrown from 

a horse in Mexico. Doctors believe 

his concussion and subdural hema­

toma may have hastened the onset 

of Alzheimer's disease, which was 

diagnosed five years later. 

Dementias commonly are clas­

sified by the location of affected 

brain regIOns, symptoms, and 

causes. Cortical dementia affects 

the cerebral regions associated with 

language, memory, cognition, and 

social behavior. Subcortical demen­

tia, affecting the lower regions of 

the brain, influences emotion and 

movement, as well as memory. 

Progressive dementia gets worse as 

time goes by. Primary dementia is 

caused directly by a disease, 

while secondary dementia 

gets triggered by another 

physical cause, such as injury. 

Alzheimer's is a cortical, pro­

gressive, and primary form of 

dementia, and its onset can 

be accelerated by other fac­

tors, such as physical injury. 

SYMPTOMS e,- SIGNS 
There are many common signs 

of dementia, but perhaps the 

most common IS memory 

loss. Dementia patients may 

raise the same questions over 

and over, not realizing they've 

already heard and forgotten 

the answers. They may forget parts 

of daily routines, such as failing to 

serve a meal that's been cooked. 

Patients may also establish a pat­

tern of misplacing objects. Every­

one misplaces car keys, but the 

dementia patient may put them in 

the oven or the refrigerator. 

Deterioration of certain cognitive 

skills can also indicate dementia. 



Dementia patients may forget 

common words and have diffi-

culty communicating because of 

language impairments. They may 

also experience disorientation and 

become lost in familiar places or 

believe it's a different time or year. 

Personality changes can also be 

symptoms of a larger problem. If a 

person begins exhibiting extremely 

poor judgment-for instance, a 

lack of proper clothing in winter or 

summer-that behavior may 

provide a clue to the patient's 

confusion. A drastic change 

10 outlook, going from 

happy-go-lucky to paranoid 

or fearful, is also a symptom. 

Dementia patients can also 

exhibit extreme passivity and 

may not feel like going out 

and doing things. 

TREATMENT 

Alzheimer's disease. For now, they 

offer only relief from symptoms 

and a slowing of deterioration­

not a halt or a reversal of disease. 

They aim to extend the quality of 

life and possibly delay the need 

for the patient to enter a nursing 

home. Common types of anti­

dementia drugs are called cholin­

esterase inhibitors, which work 

by retarding the breakdown of 

the neurotransmitter acetylcho-

PREVENTION STRATEGIES 

To ward off a decline in mem­

ory, patients in the early stages of 

dementia may benefit from using 

mnemonic devices or taking notes. 

Systems of rewards and punish­

ments also may help modify dan­

gerous or unacceptable behavior. 

There's no magic bullet to pre­

vent the onset of dementia, and 

genetic factors are believed to play 

a role. Some studies suggest that 

practicing a variety of intel­

lectually stimulating tasks 

may lower the risk. In the 

so-called cognitive reserve 

theory, these activities enrich 

neuronal connections. Other 

studies have looked at physi­

cal traits associated with 

lowered risk of developing 

dementia, and Alzheimer's 

in particular. These include 

low levels of the amino acid 

homocysteine in the blood, 

which can be controlled 

with folic acid and B vita­

Medication typically can­

not cure dementia, but it 

can relieve symptoms tem­

porarily. Perhaps 10 percent 

of dementias can be treated 

or even reversed because the 

The frontal lobe, left, and temporal lobe, cente~ of a 50-year-old mins; low cholesterol levels; 

cause is a temporary reaction. Sub­

stance abuse and negative reactions 

to prescription drugs, as well as bio­

chemical imbalances, can bring on 

symptoms that disappear once the 

trigger is removed. Severe depres­

sion can also bring on dementia­

like symptoms. 

Drugs are now available to treat 

progressive dementias including 

patient exhibit shrinkage from a rare form of dementia. lowered blood pressure; and 

physical exercise, which opti-

line, which has been linked to the 

formation of memories, particu­

larly in the hippocampus and the 

cerebral cortex. These drugs also 

appear to help patients retain the 

ability to do routine tasks and to 

stave off radical changes in behav­

ior. Other drugs aim to relieve the 

seizures, depression, and other side 

effects of dementia. 

mizes blood flow to the brain. The 

long-term use of nonsteroidal anti­

inflammatory drugs (NSAIDs) also 

has been linked in some studies to 

lowered risk and delayed onset of 

Alzheimer's. Researchers aren't sure 

why but are looking at the reduced 

incidence of inflammation and the 

drugs' possible interference with 

the formation of amyloid plaques. 
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alter moods, attention and anXI­

ety levels, and states of arousal. 

For example, the frontal lobes of 

the cerebral cortex lose some of 

their ability to maintain working 

memory and manipulate infor­

mation as they age. When young 

people are shown a small picture 

fragment and asked to hold it in 

their mind for four seconds, they 

activate not only the frontal cortex 

but also a focused region of their 

parietal lobe. Given the same task, 

elderly people exhibit less action in 

the frontal lobes and a more dif­

fuse action in the temporal and 

parietal lobes. Visual recognition 

also is more evenly distributed in 

Darkened by a fatal explosion of blood, a cross section of a stroke victim's brain is preserved. 

the two hemispheres of the elderly 

brain. As a result of these cortical 

changes, maintaining concentra­

tion tends to become harder with 

age. However, it can be helped with 

the artificial introduction of energy 

stimulants such as caffeine. 

BLOOD eT BONE 

The brain's coordination of body 

movement declines with age as 

joints and muscles become weaker. 

Nearly all elderly adults suffer some 

degeneration of the joints, which 

act as cushions between bones and 

allow flexibility in the skeleton. 

Joints grow drier and thinner, 

allowing cartilage and bone to rub 

together and cause pain. In some 

cases, the loss of muscle and ten­

don tissue slows the reflexes even 

though nerve conduction remains 

intact. Movements begin to creep, 

and the length of stride becomes 

shorter and slower. Overall energy 

levels drop too. 

The third leading cause of 
death in the U.S., strokes 
hit more than a half million 
Americans every year. 

Like the spine, the brain also 

shrinks with age. It loses about 5 

percent to 10 percent of its weight 

and 15 percent to 20 percent of 

its volume between ages 20 and 

90. This shrinkage occurs through 

reduction of gray matter. As it 

decreases in volume, the amount 

of fluid cushioning the brain from 



the inside of the skull increases, by 

as much as 30 percent in men but 

only 1 percent in women. 

SUPPORT STRUCTURES 
Physical changes in the body also 

directly affect the brain. Without 

oxygen from the blood, the brain 

dies. Two processes affecting the 

flow of blood that begin in youth 

often take a toll on the aging 

brain. First is atherosclerosis, the 

thickening of artery walls through 

the buildup of fatty deposits . This 

degenerative process is hastened by 

smoking, inactivity, and poor diet. 

It rarely has serious consequences 

until middle or old age, when the 

buildup cuts off circulation and 

causes a heart attack or stroke. 

Blood pressure also changes 

with age. A newborn typically reg­

isters an arterial blood pressure of 

about 90/55, with the first num­

ber measuring the millimeters of 

mercury displaced when the heart 

contracts and the second tak­

mg the same measurement when 

the heart relaxes. Blood pressure 

rises through childhood to typi­

cally reach an adult value around 

120/80. Among the elderly, blood 

pressure commonly reaches levels 

around 150/90. High blood pres­

sure is defined as having the first 

number register at 140 or higher, 

and the second number at 90 or 

higher. According to the Journal 

of the American Medical Associa­

tion, more than three-quarters of 

HER STROKE OF INSIGHT 

Stroke survivor Jill Bolte Taylor holds a human brain, which she uses in her presentations. 

WHEN SHE AWOKE Decem­

ber 10, 1996, to a sharp pain 

behind her left eye, neuroanatomist 

Jill Bolte Taylor became the subject of 

her own research. She felt as if con­

nections between her brain and body 

had become compromised yet found 

herself enveloped in peace. 

liAs the language centers in my left 

hemisphere grew increasingly silent, 

my consciousness soared into an all­

knowingness, a 'being at one' with the 

universe, if you will," she said. 

It took Taylor eight years to recover 

her speech and her professional life. 

In a sense, she's never recovered from 

the revelations of having a dominant 

right hemisphere. She wrote a best­

selling book, My Stroke of Insight, went 

on TV talk shows, and gave lectures. 

She said her right hemisphere 

put her in the "magnificent pres­

ent moment," integrating life's big­

picture landscape. Left-hemisphere 

skills are important, but a healthy 

brain needs a balance, she said. 
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ALZHEIMER'S DISEASE. The most 

common cause of dementia, primarily 

affecting memory, thinking, and reason­

ing. Nearly all brain functions are affected. 

ATHEROSCLEROSIS. A blood vessel dis­

ease characterized by hardening of artery 

walls due to the buildup of fatty deposits. 

BETA-AMYLOID. A protein that forms 

the characteristic plaques found in the 

brains of Alzheimer's patients. 

CATARACTS. A clouding of the eyes' 

natural lens due to protein buildup. 

CHOLINESTERASE INHIBITOR. A 

common type of anti-dementia drug that 

slows the breakdown of the neurotrans­

mitter acetylcholine. 

COGNITIVE RESERVE THEORY. Sug­

gests that building and strengthening 

neural connections through mental stimu­

lation may offset dementia symptoms. 

CORTICAL DEMENTIA. Dementia 

induced by damage to the cerebral cortex. 

Results in impaired social and behavioral 

skills, thinking, memory, and language. 

CREUTZFELDT-JAKOB DISEASE. A rare 

and fatal degenerative brain disorder char­

acterized by rapid progressive dementia. 

DEMENTIA. Term for a group of symp­

toms caused by disease, infection, or 

trauma resulting in a loss of mental func­

tions, interfering with normal daily life. 

EMBOLIC STROKE. Stroke occurring 

when fatty deposits, detached from an 

artery wall in another region of the body, 

lodge in an artery of the brain, cutting off 

blood supply. 

GLOSSARY 

FREE RADICALS. Molecules in the body 

with an unstable electric field. They take 

an electron from a neighboring molecule, 

making it unstable and creating a chain 

reaction that may result in cell damage. 

HAYFLICK LIMIT. The term given to the 

discovery that cell division occurs a finite 

amount, the number of which may deter­

mine an organism's life span. 

HEMORRHAGIC STROKE. Stroke that 

occurs when a brain artery ruptures, gen­

erally as a result of high blood pressure. 

GLAUCOMA. An eye condition that 

develops as fluid pressure builds inside 

the eye. This may damage the optic nerve, 

leading to vision impairment or blindness. 

LEWY BODY DEMENTIA. The second 

most common form of degenerative 

dementia; characterized by abnormal 

structures in certain areas of the brain. 

LIPOFUSCIN. A naturally occurring fatty 

brown pigment that accumulates in cells 

as the body ages. 

MACULAR DEGENERATION. A chronic 

eye disease characterized by the degen­

eration of the eye tissue responsible for 

clear center vision. 

PRIMARY DEMENTIA. A dementia, such 

as Alzheimer's, that does not occur as a 

result of another disease. 

PROGRESSIVE DEMENTIA. Dementia 

that becomes worse through time. 

RAPHE NUCLEI. A cluster of neurons in 

the pons, medulla, and midbrain primarily 

responsible for production of serotonin. 

REVERSIBLE DEMENTIA. Dementia 

brought on by an unrelated, treatable 

condition. 

SECONDARY DEMENTIA. Dementia 

resulting from injury or another disease. 

STEM CELL. An unspecialized cell with 

the ability to grow and develop into other 

types of cells and tissues. 

SUBCORTICAL DEMENTIA. A dementia 

affecting the lower regions of the brain, 

resulting in changes in movement and 

emotion as well as memory problems. 

SUBSTANTIA NIGRA. A cluster of cells 

at the base of the midbrain responsible 

for the production of dopamine. 

TAU. A protein that aids in the formation 

of microtubules, which help transport 

nutrients within neurons. Becomes irregu­

lar in Alzheimer's disease. 

THROMBOTIC STROKE. Stroke occur­

ring when an artery supplying blood to 

the brain gets clogged by fatty deposits 

on its inner walls, cutting off blood supply. 

TISSUE PLASMINOGEN ACTIVATOR 

(TPA). A clot-destroying drug that when 

administered soon after a stroke improves 

chances of recovery or minimal damage. 

TRANSIENT ISCHEMIC ATTACK (TIA). 

A stroke occurring when an artery serving 

the brain becomes temporarily blocked. 

Often precedes more severe, acute stroke. 

WILLIAM'S SYNDROME. A rare genetic 

condition characterized by mental retar­

dation or learning difficulties, an overly 

friendly personality, and a distinctive facial 

appearance. 



Americans age 80 or older had high 

blood pressure that was not being 

adeq uately con trolled. Heart attack, 

heart failure, and stroke occur all 

too often when blood pressure rages 

out of control. High blood pressure 

contributes to about 70 percent of 

strokes by narrowing arteries to the 

brain, breaking off fatty deposits 

that block circulation, or rupturing 

the walls of blood vessels. 

ALL ABOUT STROKES 

Unlike many brain diseases, a 

stroke occurs in an instant. The 

ancient Greek physician Hippo­

crates described stroke as plesso, 

meaning "to be thunderstruck." 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. Stroke has an immediate 

impact on the brain because the 

Billy Perry plays a Nintendo Wii game as a form of stroke rehabilitation therapy. 

brain uses so much oxygen, fully 

one-fifth of the body's supply. 

Thrombotic strokes occur when 

an artery serving the brain closes 

through the buildup of fatty 

deposits on its inner walls. Embo­

lic strokes occur when a fatty clot 

forms elsewhere in the body, such as 

+ STROKE SYMPTOMS + 

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. Hemor­

rhagic strokes occur when an artery 

ruptures in the brain, usually as a 

result of high blood pressure. 

When a stroke cuts off blood to a portion of the brain, neurologists can begin to pinpoint 
the location of the damage by the patient's symptoms. 

DAMAGED BRAIN REGION SYMPTOMS 

Right hemisphere 
Weakness or paralysis on left side; reduced vision to left; confusion; disorientation; 

denial of paralysis; impaired judgment or ability to reason; emotional instability 

Left hemisphere 
Weakness or paralysis on right side; reduced vision for objects to right; impaired 

thinking; difficulty speaking or understanding others; depression 

Cerebellum 
Impaired balance; nausea, vomiting; dizziness; extreme weakness of arm 

and leg on same side of body as cerebellum injury 

Brain stem 
Unstable blood pressure and pulse, leading to coma; difficulty swallowing, pronounc-

ing words; vertigo and impaired ability to walk; weakness or paralysis on both sides 
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BRAIN CIIANGES 
T

he senses become less acute 

with age through changes 

in the sense organs them­

selves as well as changes in the 

brain. Minimum levels of stimula­

tion, called thresholds, are required 

before the brain perceives a sensa­

tion. With age, thresholds rise, 

requiring greater stimulation before 

sensations register. Sensations that 

occur below the threshold may 

seem not to occur at all. In addition, 

the aging brain suffers a decline in 

working memory, making it more 

prone to overstimulation and dis­

traction. An overabundance of 

lights and sounds can overwhelm 

the elderly brain and impair cogni­

tion. That's why driving, especially 

in heavy traffic, becomes much 

more difficult with age. 

Eyes and ears, the primary means 

of gathering information about the 

world, suffer the most dramatic 

ravages of age. As they lose their 

edge, they affect the brain's ability 

to perform at peak efficiency. 

VISION 

Many eye diseases are common 

among the elderly. These include 

CATARACT SURGERY dates back at least 

2,500 years old to India, where a cataract­

clouded lens was pushed to the back of 

the eye. In ancient Rome, cataracts were 

broken up by needle, much like today's 

ultrasound procedure. Surgical removal 

dates to a 1748 operation in France. Today, 

a step not available then inserts a replace­

ment plastic lens to sharpen vision. 

glaucoma, cataracts, and macular 

degeneration. But ordinary wear 

and tear cause widespread damage 

to vision. Muscles that control the 

G RAEME CLARK grew up in Aus­

tralia wanting to relieve the bur­

den of his father's profound deafness, 

but he knew the condition was almost 

always impossible to cure. 

Conventional hearing aids amplify 

sounds so their vibrations register on 

the hairs in the cochlea. However, the 

SENSES, MOTION, 
EMOTIONS, & MEMORY 

expansion and contraction of the 

pupils grow less efficient with age, 

and the pupils tend to be much 

more constricted, letting in less 

light. Furthermore, the lenses of 

mature eyeballs start to discolor 

and lose clarity. As they grow foggy, 

the lenses scatter light and create a 

noticeable glare at nighttime. In 

combination, the discoloration 

and tightening dramatically reduce 

the amount of light that hits the 

retinas of people older than 70. 

The eyes of the elderly also tend 

to be dry and at risk for infec­

tion because lachrymal glands that 

lubricate them lose their edge. As 

vision declines, nearly everyone 

older than age 55 needs corrective 

lenses at least part of the time. 

Elderly lenses are prone to cata­

racts, which reduce clarity through 

the buildup of proteins that fold 

and harden. Some cataracts occur 

at birth, but more commonly they 

arise from aging, smoking, long 

exposure to sunlight, and diabetes 

profoundly deaf have missing or dam­

aged hairs, and thus little or no mech­

anism for converting vibrations into 

electrical Signals the brain can interpret. 

As a research professor at the Univer­

sity of Melbourne in 1967, Clark began 

to imagine a way around the problem: 

Why not send stimuli via electrodes 



A South Korean man reenacts an ancient exam for status as a venerated civil servant. 

mellitus. The fogging of the lenses 

deprives the brain of sharp images 

through loss of acuity. 

When vision becomes impaired 

over short distances, acceleration 

directly into the auditory nerve? "Prob­

ably as many as 99 percent of scientists 

around the world initially said that it was 

not feasible," Clark said. 

Clark's work paid off in 1978, though, 

with the first surgical implantation of 

a cochlear device, sometimes called a 

"bionic ear." The U.S. Food and Drug 

of mental decline may result. A 

2005 study by the University of 

Texas Medical Branch in Galves­

ton revealed that of 2,000 elderly 

Mexican Americans who were 

Administration approved implants for 

adults in 1985 and for children in 1990; 

today, the fastest-growing demographic 

for recipients is children under age five. 

Each device has two parts. An exter­

nal system collects and transmits sounds 

to an internal system, which translates 

them into electronic pulses. Those 

tested, those with poor ViSIOn at 

short distances tended to exhibit 

a steeper decline in mental func­

tioning over a seven-year period. 

Why that's so isn't clear, but logic 

suggests the lack of clear vision for 

reading and performing eye-hand 

coordination would limit the abil­

ity to do brain-strengthening exer­

cises. Lack of visual stimulation 

also might depress the workings of 

neural circuitry. 

HEARING 

Ears also suffer abuses through age. 

Few people with healthy hearing 

suffer much damage through child­

hood and adulthood. However, by 

age 60 or so, auditory deterioration 

almost always becomes noticeable. 

The spiral organ (of Corti) loses its 

hair receptors faster than they can 

be replaced. Over the course of a 

lifetime, loud noises, disease, and 

drugs destroy some of the 40,000 

hair cells of the spiral organ. Hair 

cells usually get replaced, but at such 

a slow rate that they don't provide 

a return of total hearing function . 

Doctors estimate that if humans 

pulses directly stimulate the audi­

tory nerve, which transfers them 

to the brain 's auditory complex 

for decoding as sounds. Cochlear 

implants and similar devices thus 

provide access to ranges of sounds 

that help patients recognize speech 

and other auditory stimuli. 
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could live to be 140, they would 

lose all hearing receptors. The abil­

ity to hear high-pitched sounds is 

the first auditory function to dis­

appear. Once considered a disease 

of old age, the loss of hearing in 

the high registers now is appearing 

in younger and younger patients, 

thanks to the world becoming a 

noisier place. 

As the inner ear also helps the 

body maintain balance, deteriora­

tion of the structures of the inner 

ear contributes to instability. That's 

one reason the elderly are more 

prone to falling. 

Elderly volunteers who submit 

to tests of vision and hearing tend 

not to perform as well as younger 

subjects. In matters of visuospatial 

skills, an elderly brain exhibits 

some decrease in depth percep­

tion, spatial skills, and the rapid 

identification of complex geomet­

ric shapes. The impairment is mild 

enough that it may be caused by a 

decline in vision or even a lack of 

interest in the testing process. 

Weakened eyesight may help 

cause recognition and recall 

problems as the brain ages. 

Some skills of speech percep­

tion deteriorate with age through 

changes in the brain. The big­

gest change is the common loss 

of the aging brain's ability to hear 

high-frequency sounds, such as a 

faint, high-pitched voice. Another 

change relates to the slowing of the 

Aging muscles lose mass, but Isaac and Isabel Ortiz still enjoy dancing in Sacramento. 

brain's ability to process informa­

tion, which affects memory. If an 

elderly person has a memory or 

learning impairment stemming 

from auditory decline, he or she 

would learn more efficiently by 

reading information rather than 

having it imparted through lecture 

or discussion. The extra effort to 

recognize spoken words interferes 

with the encoding of memory, 

whereas visual stimulation, which 

follows a different series of brain 

circuits, may be unhampered. 

SMELL er TASTE 
Taste and smell are closely related, 

with much of the appreciation of 

food attributed to its aroma. Both 

decline with age. The number of 

taste buds begins to fall off in mid­

dle age, and the remaining buds 

lose some of their mass. Saliva 

production also decreases, which 

can make swallowing difficult and 

affect the taste of food. The sense 

of smell declines most dramati­

cally after age 70, possibly because 

of the loss of nerve endings in the 

nose. According to a 1997 study 

by Duke University psychologist 

+ TASTE CHANGES + 

TASTE BUDS begin to decrease in num­

ber and in size in middle age-in women, 

at around 40 to 50, in men, about a 

decade later. The sensation of taste may 

not decline after the loss, but if it does, 

the change usually occurs after 60. First to 

go are the sweet and salty tastes. Studies 

suggest the aging process probably has 

little impact on why taste declines with 

age. Smoking, disease, and environmental 

exposures are more likely culprits. 



Susan Schiffman, more than three­

quarters of people at least 80 years 

old reported major difficulty in 

perceiving and identifying odors. 

Elderly people on medication typi­

cally require two to fifteen times as 

much of an odor or taste as their 

younger counterparts before they 

detect its presence. 

Loss of the pleasurable experi­

ence of food can lead to alterations 

in diet, sometimes with significant 

results. The affected elderly may be 

at risk of vitamin deficiencies, mal­

nutrition, accidental poisonings, 

and lowered immunity to diseases. 

Failure to detect appropriate levels 

of sugar or salt in food could have 

disastrous consequences for diabet­

ics and those suffering from high 

blood pressure. 

Why the nerves responsible for 

taste and smell decline with old 

age isn't clear. Some studies suggest 

that beyond the loss of taste buds, 

normal aging has little impact on 

smell and taste. Changes could be 

the result of disease, smoking, and 

environmental stimuli. 

TOUCH 

Similarly, it's not clear whether 

changes in touch occur through 

simple aging or as a result of dis­

orders common to the elderly. 

Decreased blood flow, for example, 

may negatively affect the sensitivity 

of touch receptors, as may dietary 

deficiencies such as lack of enough 

vitamin B I' One change that does 

A 95-YEAR-OLD TRACK STAR 

Leland McPhie, throwing a javelin, has won hundreds of medals since returning to track. 

LELAND MCPHIE remembers 

observing a track competition 

In 1994 and an official inviting him 

to compete in the 50-meter dash. 

McPhie ran-and won. Not bad for a 

man who was 80 and taking part in 

the San Diego Senior OlympiCS. The 

race rekindled McPhie's competitive 

spirit, dormant for 60 years. 

McPhie, born in Salt Lake City, Utah, 

in 1914, taught himself to pole vault 

and competed in high school from 

1929 to 1933. Using a bamboo pole, 

he set a record in 1935 of 12 feet, 10 

inches, at San Bernardino Valley Col­

lege. Competing for San Diego State 

University in 1937, he led the team 

to a conference title. Since returning 

to track McPhie has won more than 

200 gold medals. At 95 he threw a 

35-pound mass nearly 22 feet at the 

U.S. Masters Indoor Track e;- Field 

Championship in March 2009. Asked 

by a San Diego newspaper when he 

might stop, McPhie answered, "Not 

until I have to." 

He gave up competitive sprints 

after having open-heart surgery but 

still competes in six events, crediting 

his longevity to good diet and men­

tal exercise-and getting out of bed 

every morning. 
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appear to be directly related to the 

aging process is a slight increase 

among some elderly people in their 

ability to detect fine-touch sensa­

tions. This may result from the 

thinning of the skin with age. 

As touch thresholds rise, many 

elderly people experience a drop 

in temperature sensitivity. They 

may have trouble telling the differ­

ence between warm and hot, and 

between cool and cold. This puts 

them at increased risk of hyper­

thermia and hypothermia, serious 

medical conditions in which body 

temperatures are too high or too 

low, as well as localized frostbite 

and burns. 

MOTION 

How the brain and body move 

also changes with age. Voluntary 

motion requues the consciOUS 

action of nerves on skeletal mus­

cles. Aging increases the amount 

of connective tissue in skeletal 

muscles but decreases the number 

of muscle fibers. Muscle proteins 

begin to degrade more rapidly than 

they can be replaced by age 30, and 

II 
Dementia patients often are 

more confused at sundown. . . 
The reasons aren't clear. 

by age 75 muscles have lost half 

their mass, causing a decrease in 

strength and body weight. Aging 

muscles also suffer a decrease in 

the number of junctions with 

nerve cells, called motor units. 

With fewer neurons to release ace­

tylcholine, which makes muscles 

contract, elderly muscles are prone 

to weakness. Doctors previously 

An elderly man looks at old photos. Depression and loneliness are common among the elderly 

believed that the decline of motor 

units occurred as a natural part 

of aging. Now many believe the 

loss occurs as a result of inactivity. 

Strength training has been shown 

to improve muscle mass, leading to 

more endurance and a lowered like­

lihood of falls that can cause devas­

tating injuries to brittle bones. A 

1994 study at Tufts University 

found that increasing muscle mass 

by 10 percent through exercise 

led to a more than 100 percent 

improvement in strength. Exercises 

that emphasize balance, such as tai 

chi, can not only increase strength 

but also decrease debilitating falls, 

the likelihood of which rises with 

age-related changes in the neural 

pathways connecting the ear, brain 

stem, and cerebral cortex. 

Among all the muscle groups, 

smooth muscle tissues, such as 

the gastrointestinal tract, remain 

remarkably trouble free from the 

effects of aging. When problems 

do arise, it's often in response to an 

external irritant. 

Aging also affects involuntary 

motions. Nerve impulses don't 

travel as efficiently along the con­

duction fibers located at the back 

of the spinal cord. When an elderly 

person starts to stumble, the brain 

must recalculate the body's position 

in space and issue a host of orders 

to skeletal muscles to readjust to 

avoid a fall. Slowed response times 

mean the calculations may take too 

long to prevent a tumble. 



Taste and smell decline with age, yet food and drink can remain a pleasurable part of life. 

STATES OF MIND 
Changes in sleep patterns are 

part and parcel of growing old. 

As the brain ages, the amount 

of sleep it demands each night 

tends to remain relatively stable. 

What changes is the amount of 

time spent in the deepest stages of 

sleep. The duration of deep sleep 

slips from 20 to 25 percent of the 

sleep total for 30-year-olds to only 

5 to 10 percent for most 70-year­

olds-and sometimes, none at all. 

Furthermore, the typical 20-year­

old takes only 8 minutes to fall 

asleep, while the typical octogenar­

ian requires 18 minutes. 

Sleep disturbances are com­

mon among the elderly. They 

include extreme difficulty in fall­

ing asleep or staying asleep, breath­

ing problems, leg movements that 

cause the sleeper to wake up, and 

dysfunctional patterns of sleep­

ing that include awaking at odd 

hours. Elderly sleepers suffer two 

ways: They typically react more 

strongly to external stimuli, which 

causes them to wake up. But even 

in sensory deprivation chambers, 

the elderly are prone to waking up 

in the middle of the night with­

out having any lights or sound to 

blame for the interruption. 

Alcohol and tobacco contribute 

to sleep problems. Alcohol affects 

the elderly brain more strongly 

because of lowered metabolic 

rates. A nightcap can bring on 

feelings of relaxation and ease the 

pathway to sleep, but too much 

alcohol robs the sleeper of the ben­

efits of deep sleep by reducing or 

eliminating REM and its benefi­

cial dreams. After the initial, fitful 

stages of sleep, alcohol continues 

STAYING SHARP 

IF YOU FEEL GOOD about growing 

older, chances are you'll have that feeling 

a long time. Researchers who examined 

personality traits and longevity in 1998 

discovered that those who view aging as 

a positive experience outlive their sour­

puss peers by an average of seven and a 

half years. That makes attitude a more 

effective life-extending trait than, say, 

a regular exercise regimen, which adds 

about three years. 

The research began in 1975 with 660 

people age 50 and older in Oxford, Ohio. 

They were asked detailed questions about 

their attitudes toward aging, including 

whether they agreed with statements 

such as "I am as happy now as I was when 

I was younger." Twenty-three years later, 

the study checked to see which subjects 

had died, and when. The results surprised 

Yale University researcher Becca Levy, 

one of the principal investigators. Even 

after controlling for sex, race, loneliness, 

self-reported health, and income level, 

the subject's view on aging remained a 

powerful predictor of longevity. Further 

studies reveal that the will to live, opti­

mism, stress, and control over one's cir­

cumstances all correlate to longer life. 

But that doesn't necessarily mean 

positive attitudes directly delay death. It's 

possible that some other variable, such 

as genetics, produces both good feelings 

and longer life. So, what's a person with a 

bad attitude to do? Martin E. P. Seligman, 

author of several books on optimism, 

said it may be possible to reorient people 

to adopt a more optimistic view of life, 

which is healthy if it's grounded in reality. 

At the University of Pennsylvania, Selig­

man trains a group of freshmen to boost 

their optimism as a way to reduce their 

stress. He said they suffer fewer illnesses 

throughout college than their peers. 
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Dementia patient Herb Winokur snoozes at breakfast with his caregiver and grandson. His daughter and son-in-law provide care in their home. 

to interfere by causmg frequent 

awakenings. Tobacco use makes it 

harder to both fall asleep and wake 

up. Among women, smoking has 

been linked to drowsiness during 

the day; among men, it's likely to 

cause unpleasant dreams. 

To improve the sleep experience, 

the elderly should follow regular 

patterns of going to bed and getting 

up. Sleep should never be forced, 

as concentration leads to arousaL 

Instead, mental and physical exer­

cises should be avoided before bed­

time, and alcohol, tobacco, and 

caffeine intake minimized. If sleep 

still won't come, it's a good idea to 

get out of bed and read until feel­

ing sleepy. Slavishly staying in bed 

and staring at the ceiling during 

periods of unwanted wakefulness 

won't do much good. 

II 
Tai chi has been shown to 

" reduce tension and depres­

sion among all age groups. 

Melatonin, a hormone that 

occurs naturally in the brain, is 

an effective sleep inducer in small 

amounts. The elderly brain is 

particularly sensitive to it because 

the pineal gland, which produces 

melatonin, makes less of it as it 

ages. A two-milligram, controlled­

release melatonin capsule is likely 

to increase the length and qual­

ity of sleep without the nasty side 

effects possible with use of hyp­

notic prescription medication. 

Sleep disturbances can have 

profound consequences_ Lack of 

proper sleep has been associated 

with declining memory, weakened 

concentration, and impaired ability 

to function during the day. Sleepy 



seniors are more likely to have an 

accident, fall down, or suffer from 

chronic fatigue. 

Once awake, the healthy elderly 

brain has great difficulty concen­

trating completely-entering the 

hyperattentive zone required to, 

say, play complex video games 

or drive a race car. Studies at the 

Neuroscience Imaging Centre of 

the University of California at San 

Francisco found that older people 

take longer to complete simple 

tasks because they struggle to filter 

out irrelevant information. 

AGING eT EMOTION 
Aging brains suffer a decrease 10 

the production of neurotransmit­

ters and the number of their recep­

tor sites. Lowered levels of some 

neurotransmitters may cause the 

remaining ones to have an undue 

influence on mood. This makes 

older brains more susceptible to 

depression and anxiety-so much 

so that neurologist Richard Restak 

is convinced that most cases of 

depression occurring late in life 

stem from biochemical imbal­

ances instead of psychological fears 

about mortality, decreased mobil­

ity, and impaired health. Between 

15 percent and 25 percent of peo­

ple more than 65 years old are seri­

ously depressed. Nearly one-fifth of 

all suicides occur in this age group, 

with the rate for white males more 

than twice that of American ado­

lescents. These alarmingly high 

rates put a premium on the early 

detection and treatment of depres­

sion among the elderly. Unfortu­

nately, a correct diagnosis often is 

delayed because signs of depression 

are mixed and masked by physical 

ailments and injuries. 

SOME FOLKS DRIVE just fine in their 

senior years. Most, however, experience a 

decline in their automotive abilities, espe­

cially after age 70. Hearing and vision tend 

to grow duller, narrowing the ability to 

gather information about traffic; and the 

executive function of the prefrontal lobes 

loses a bit of its processing speed and 

working memory as neurons shrink with 

age. That makes it harder to take in and 

process stimuli from the road and longer 

to make decisions such as whether to hit 

the brake or the accelerator. 

One group of neurotransmit­

ter receptors that thins with age is 

particular to dopamine. Synaptic 

docking sites for this transmitter 

decrease in density in the frontal 

lobes. Having fewer dopamine 

receptors eventually causes fron­

tal lobe dysfunctions, including 

a decline in working memory. As 

science expands knowledge of neu­

rotransmitters' roles in maintaining 

homeostasis in the brain, research­

ers have begun creating drugs 

that replace depleted chemicals 

to reverse some of aging's effects. 

Behavioral and chemical treat­

ments are available for many of the 

disturbances to which the elderly 

brain is susceptible, including anx­

iety, insomnia, depression, alco­

holism, and sexual dysfunctions. 

The elderly also typically suffer loss 

of appetite and a decreased enjoy­

ment of normal activities during 

bouts of depression. 

In small amounts, alcohol has 

been shown to have beneficial 

effects on the health of the elderly. 

A few glasses of beer or wine each 

week may increase blood flow to 

the brain and provide intellectual 

benefits. Heavy use of alcohol does 

just the opposite, affecting a host 

of cognitive abilities. Alcohol abuse 

affects up to 10 percent of elderly 

people who live at home and up 

to 40 percent of those in nursing 

homes. It takes an especially heavy 

toll on the elderly because metabo­

lism decreases with age-the beer 

or two that causes mild impairment 

of a middle-aged adult is likely to 

have a more powerful effect on 

someone much older, particularly 

when the alcohol interacts with 

prescription medication. Alcohol, 

alone or with drugs, can disrupt 

judgment, memory, and thinking, 

and in the worst cases mimic some 

of the symptoms of Alzheimer's 

disease. Among both sexes, the 
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loneliness of old age can contrib­

ute to a drinking problem. 

To stave off loneliness, the 

elderly who maintain friendships 

and make new ones have a dis­

tinct advantage. Many studies 

have shown that morale increases 

when an older person spends time 

with friends, even more so than 

with family. Restak suspects this is 

because time with friends provides 

a break from the routines of daily 

life, as well as an opportunity to 

confide worries and fears that may 

not get communicated to family. 

This is perhaps one of the reasons 

that women, raised in a culture 

that encourages them to be more 

at ease with self-disclosure, tend to 

outlive men. 

LEARNING er 
DECISION-MAKING 

For centuries, observers have known 

that people process information 

+ MUSIC THERAPY + 

WHEN WORDS ALONE cannot reach 

dementia patients, sometimes music ther­

apy can. Fam iliar tunes, especially from the 

patient's teenage and young adult years, 

can bypass damaged language retrieval 

centers and make emotional connections. 

One New York Times writer told in 2009 of 

a World War II veteran with Alzheimer's 

disease who couldn't say a single word 

but danced with h is wife for a half hour 

to Frank Sinatra songs from the 1940s. 

Appreciation for music fights dementia's 

encroachments because it's stored and 

processed more widely than plain speech. 

more slowly as they age. But slow­

ness doesn't mean failure. The aging 

brain, if not subject to disease or 

disorder, maintains its ability to 

process information. The 

elderly themselves usually 

are aware of the situa­

tion. They may say, "I 

have the answer on 

the tip of my 

" k tongue, ta-

ing an extra 

moment or 

two to recall 

it. As a trade­

off for their 

decline ill speed, 

the elderly tend to consider prob­

lems more carefully and then offer 

a well-reasoned response. Their 

brain changes to compensate for 

decreases in reaction time with 

more considered application of the 

information they recall. 

"The experience of the older 

person enables him or her to put 

information into a context or a 

s pecialized- know ledge- based 

framework," Restak said. Elderly 

workers who are mentally sharp 

have the capacity to lose some of 

their functional cognitive capac­

ity and still retain skill and intel­

ligence levels on a par with their 

average but younger counterparts. 

Such individual cases argue against 

mandatory retirement ages; people 

age at different rates and main­

tain-or lose-mental skills at dif­

ferent rates, too. 

MEMORY 
One area of mental function that 

appears to be concretely affected 

by age is memory. Stereotypes of 

absent-minded elderly people are 

common in everyday life and in 

the mass media. But much of the 

common view of memory impair­

ment among the aged may be exag­

gerated. Difficulty 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, and all of them 

interfere with memory. 

Nevertheless, when control­

ling for variables that could skew 

memory experiments, it becomes 

clear that aging weakens memory. 

Normal degradation of memo­

ries occurs both for events of the 

recent past and 

have occurred 

those that may 

decades earlier. 



Furthermore, the elderly lose a 

degree of working memory, the 

"mental desktop" that allows them 

to hold and manipulate informa­

tion for a few seconds. 

PET scans of elderly brains 

reveal how they differ in memory 

tasks from younger brains. Both 

young and old brains activate 

the hippocampal regions in both 

hemispheres to begin the process 

of encoding memories. However, 

elderly brains showed lower levels 

of activation than youthful brains 

during experiments aimed at test­

ing their recognition of a set of 

32 faces they had been asked to 

memorize. Not surprisingly, the 

elderly test subjects had lower 

accuracy levels in the recognition 

test. Researchers believe the less­

ened activation in the hippocam­

pus points to greater difficulty in 

encoding memories. 

The elderly brain may attempt to 

force the recall of uncertain infor­

mation by calling on the frontal 

lobes to assist in memory, but PET 

scans reveal the older brain has 

more trouble activating these lobes, 

particularly in the left hemisphere. 

Problems with memory need not 

be cause for concern until they 

become serious enough to interfere 

with one's life. Then they may be 

ripe for discussion with a doctor. 

ALZHEIMER1S DISEASE 

Alzheimer's disease is a condition 

that slowly attacks the entire brain 

and its ability to function. Impair­

ment of memory is almost always 

the first symptom of Alzheimer's 

disease. It is the most common 

form of dementia, afflicting most 

dementia patients. It targets the 

portions of the brain that are cru­

cial to remembering, thinking, and 

Keeping her brain sharp, 69·year-old Miyoko Izumikawa learns Internet stock trading during a free computer school for the aged in Tokyo. 
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Alzheimer's disease accounts for 55 percent to 60 percent of dementias. Genes 

on chromosomes 21, 19, 14, and 1 have been linked concretely with an increased 

risk of being diagnosed with disease. 

reasoning. As these regions deteri­

orate, the patient eventually loses a 

lifetime of skills and becomes more 

and more reliant on the help of 

others. In the final stages, the dis­

ease turns the cognitive regions of 

the brain into a wasteland, spiral­

ing the patient toward a vegetative 

state and eventual death. 

How and why Alzheimer's attacks 

the brain remain something of a 

mystery. New treatments are under 

way to slow its advance, and life­

style regimens can decrease the risk 

of getting the disease and delay its 

onset. However, more than a cen­

tury after its discovery and descrip­

tion by German psychiatrist Alois 

Alzheimer, the disease that bears 

his name remains one of the scari­

est diagnoses a patient and family 

can receive. 

STAGES er SYMPTOMS 
Stage one of Alzheimer's disease 

may be hard to diagnose because 

of the slow advance of symptoms, 

which may look at first like an 

extreme form of the ordinary men­

tal slowness common among the 

elderly. In this stage, Alzheimer's 

patients forget things that hap­

pen during the day that they nor­

mally would remember-such as 

what they had for lunch and who 

joined them. In the second stage, 

Alzheimer's patients struggle to 

come up with words. They also 

suffer a decline in their ability to 

perform abstract thinking and acts 

of imagination, and begin to suffer 

emotional downturns that decrease 

their interest in people and events. 

The third and final stage results in 

such total disruption of intellectual 

abilities that memories disappear, 

leaving the personality destroyed 

and the patient unable to recog­

nize loved ones. 

The brain of Alzheimer's patients 

shows telltale signs. Although it 

is normal for the brain to shrink 

"5 HE 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 the long­

lost file of a woman identified only 

somewhat as it ages, Alzheimer's 

patients lose about 10 percent to 

15 percent of their mass. They 

also lose many more neurons than 

would be accounted for in normal 

aging, including up to 25 percent 

in certain cortical regions. Alzheim­

er's patients also show vastly more 

destruction of neurons in the hip­

pocampus, crucial to memory for­

mation, than would be expected 

through normal aging. 

A striking marker for Alzheim­

er's disease is its accumulation of 

plaques and tangles. Dense bun­

dles of fibers formed by a molecule 

called tau inside the neurons alter 

them from orderly patterns of neu­

ral connections to chaotic bird's 

nests of twists and turns. Outside 

the affiicted cells lie fatty globs 

of plaque. The accumulation of 

plaques and tangles makes neurons 

shrink and disappear. When the 

loss reaches a critical point, cogni­

tion suffers . Scientists used to think 

that Alzheimer's disease caused the 

creation of the plaques and tan­

gles. Now they believe the buildup 

of debris leads to the symptoms 

as Auguste D, rediscovered in a Ger­

man archive after 90 years. The inter­

view occurred November 26, 1901 

The physician who took notes was 

neuropsychiatrist Alois Alzheimer. 

Alzheimer described Auguste's symp­

toms as progressive cognitive impair­

ment, hallucinations, delusions, and 



Vertical slices of a normal brain, right, and an Alzheimer's brain show shrinkage in the latter. 

of the disease. A key chemical 

building block was pinpointed in 

1984 with the discovery of beta­

amyloid protein in the plaque. Beta­

amyloid builds up gradually in every 

brain but accelerates in Alzheimer's 

patients. Research has focused on 

ways to slow or reverse the buildup, 

as well as to target defective genes 

that encode for excessive beta­

amyloid production. 

psychosocial incompetence. He kept 

up with her case as her mental abilities 

further declined and she died in 1906. 

That year; Alzheimer described what he 

found in Auguste's brain during autopsy, 

including neurofibrillary tangles, cortical 

shrinkage, and plaque buildup (shown 

left) between neurons. It was the first 

PREVENTION STRATEGIES 

One thread of research suggests 

that anti-inflammatory drugs, such 

as ibuprofen, may lessen the risk of 

developing Alzheimer's because the 

presence of sticky plaques pushes 

glial cells into an inflammatory 

response that worsens the plaques' 

impact. Another thread focuses on 

creating a vaccine that would trick 

the body's immune system into 

description of a form of dementia that 

became known as Alzheimer's disease. 

Alzheimer's description of the physi­

cal causes of Auguste's disease altered 

the way science viewed the aging brain. 

In place of the belief that senility was a 

normal part of growing older; Alzheimer 

linked a degradation of the mind to a 

targeting beta-amyloid as a foreign 

substance that must be destroyed. 

Although there is no cure, the 

Food and Drug Administration 

has approved five drugs to treat 

the symptoms of Alzheimer's by 

improving cognitive functions . 

Four-Reminyl, Exelon, Aricept, 

and Cognex-work by delaying the 

destruction of acetylcholine, which 

is significantly lowered in the brain 

of Alzheimer's patients. The fifth, 

Namenda, offers protection to 

brain cells from an overabundance 

of the neurotransmitter glutamate, 

necessary for normal brain func­

tion but toxic in high amounts. 

Trials of a drug in Great Britain 

showed promise in 2008. Patients 

with mild and moderate Alzheim­

er's who were given a daily capsule 

of Rember had the progress of their 

disease slowed by as much as 81 

percent. During the 19 months of 

the clinical trial, patients showed 

no significant mental decline. The 

pill prevents the formation of new 

tangles in neurons and loosens 

those that exist. It may be available 

by prescription in a few years. 

physical disease. That set off a race 

to refine the disease's description 

and seek ways to slow its prog­

ress-or even find a cure. A century 

ago, relatively few people lived into 

their 70s and 80s. Today's extended 

life spans have helped to make 

Alzheimer's a bigger problem. 
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liVING lONGER OLDER BRA INS, 
BETTER BRAINS 

Increasing life expectancy is graying much of the world, including France, site of this residential facility for the elderly. 

F
AILURE OF ANY of the 

body's vital organ leads inev­

itably to death, but the legal 

definition of death itself rests on 

the irreversible cessation of brain 

functions. When the heart or lungs 

give out, death occurs because the 

brain becomes deprived of life­

glvmg oxygen. 

The brain, therefore, occupies a 

special position among the organs 

of the body: Life continues as long 

as the brain still works. Further­

more, the condition of the brain is 

the single most important factor in 

determining how long a person will 

live. When it comes to longevity, 

neuroscientist Richard Restak says, 

"the brain is not just one organ 

among many but the pivotal deter­

miner of how long we will live." 

II 
Brain and nervous system dis­

" orders are the leading cause of 

disability in the u.s. 

LIFE SPANS 

How long can human life be 

extended, assuming a healthy brain 

continues to function? Nobody can 

be sure. The oldest authenticated 

record for a human life span is 122 

years, achieved by a Frenchwoman 

named Jeanne Calment who died 

in 1997. That's well over twice the 

average life expectancy of children 

born in the late 19th century. For 

thousands of years, until the early 

1900s, people could expect to live, 

on average, only into their 40s. 

Better prenatal care, access to med­

ical treatments such as antibiotics, 

improved diet, and lifestyle changes 



including exercise, weight control, 

and abstainance from tobacco have 

steadily increased the average life 

span. A baby born in America in 

2006 can be expected, on average, 

to live 77.7 years, a record high, 

according to the National Center 

for Health Statistics. 

SCHOOLS OF THOUGHT 

Theories of aging fall into two main 

categories. First are the so-called 

stochastic theories, which per­

ceive aging as the result of random 

events that cannot be predicted 

precisely. This lack of perfect pre­

diction explains why on average 

it's a good idea to give up tobacco 

because smoking increases the risk 

of cancer and other life-threatening 

illnesses, but practically everyone 

knows someone who smoked well 

into old age. When applied to the 

cells of the brain and body, sto­

chastic principles suggest that the 

accumulation of damage over time 

from normal interaction with the 

environment causes cells to become 

less efficient and eventually to die. 

The second group of theories hold 

that aging occurs in response to 

the expression of a series of aging­

related genes. The breakdown of 

cells over a lifetime becomes a kind 

of programmed senescence built in 

to the very fabric of life. 

Both ideas appear to be at least 

partially true. No matter how 

high the average life expectancy 

nses, some people will fall short 

NUNS OF MANKATO 

• 
'_ II·-96M 

Study of nuns' brains (kept as tissue samples) may lead to ways to stave off dementia. 

SISTER MARY LOUISE PIHALY; 

93, has trouble remembering the 

names of some of her fellow nuns at 

the School Sisters of Notre Dame in 

Mankato, Minnesota. But she stays 

active, reads, and stays positive. An 

ongoing study of the nuns, started in 

1986, suggests that an upbeat tem­

perament is key not only to living lon­

ger but also to staving off dementia. 

Neurology professor David Snowden 

began studying the nuns and others 

in their order around the country 

after discovering that many live well 

into their 90s and beyond. He real­

ized the advantages of studying a 

group with so much in common: The 

nuns kept detailed records, and their 

shared diet, environment, unmarried 

status, health care, and other condi­

tions eliminated many variables. After 

Snowden's retirement, others con­

tinued the research, including Kevin 

Lim and Karen Santa Cruz of the Uni­

versity of Minnesota. About 50 nuns 

remain in the study. 

Research on 670 brains has found 

that folic acid may play a role in 

preventing Alzheimer's. And the 

complexity of the nuns' writings six 

decades ago appears to correlate with 

avoidance of Alzheimer's. The study 

also has linked mental stimulation 

with longevity and clarity of mind. 

Santa Cruz noted that 10 to 15 brains 

in the so-called Nun Study collection 

show signs of diseases, even though 

those nuns didn't exhibit symptoms 

while alive. The University of Minne­

sota has agreed to digitally scan tissue 

samples from each brain and make 

them available to researchers online. 

--I 
I 
m 

» 
C) 

z 
C) 

CP 

;:::0 

» 
z 

-
< -z 
C'l 



JEANNE CALMENT is recognized by the 

Guinness Book of World Records for the lon­

gest authenticated life. She died in Aries, 

France, on August 5, 1997, at age 122. She 

remained tart-tongued and funny, even 

as her memory and hearing began to fail. 

According to the World Health Organiza­

tion, life expectancy is longest for women 

in Japan, where a girl born today will likely 

reach age 86. For men, the tiny European 

country Monaco offers the greatest life 

expectancy, 81. American life expectancy 

is 81 years for women and 76 for men. 

The oldest American whose age could be 

verified was Sarah Knauss of Pennsylvan ia, 

who died in 1999 at 119 years, 97 days. 

because of illness, accident, and 

other unpredictable events. And 

no matter how healthy a person 

is, sooner or later he or she will hit 

what appears to be an upper limit 

for the life of the human species. 

Evidence for the biological limit 

for each species comes from a series 

of studies conducted in the 1960s 

by microbiologist Leonard Hay­

flick. He spread a layer of embry­

onic human cells onto a growth 

culture in a sterile dish. When 

the cells divided enough to cover 

the culture, Hayflick removed a 

few cells and deposited them on 

a new culture in another dish. He 

repeated this process to see how 

many times the cells would divide. 

Division slowed after 35 itera­

tions. By the 50th division, the 

skin cells had completely halted 

their divisions. Hayflick found 

that each species has its own maxi­

mum number of cell divisions. For 

mice, it's 15 or so; for the long­

lived Galapagos turtle, it's 110 or 

more. This Hayflick limit suggests 

the existence of a genetic clock that 

chimes midnight after a set num­

ber of cell divisions. 

The number of divisions isn't 

constant for all tissues. Bone mar­

row and skin cells divide continu­

ally over a lifetime, and taste buds 

are constantly being replaced. On 

the other hand, nearly all of the 

neurons in the brain do not divide 

at all-the cells that you have as a 

child are the same ones you have 

in old age. The Hayflick limit, 

therefore, may strongly influence 

the longevity of other vital organs 

but have little direct impact on the 

brain itself. 

However, all cells are subject to 

chemical reactions with a class of 

molecules they encounter every 

day called free radicals. These mol­

ecules have an unstable electric 

charge because they contain at 

least one unpaired electron. Free 

radicals seek to achieve a neutral 

electrical charge by stealing elec­

trons from nearby molecules. In 

the body, free radicals commonly 

take electrons from the walls of 

neurons and other cells, and more 

critically from cellular DNA and 

from the energy-producing cell 

bodies known as mitochondria. 

When a free radical steals an elec­

tron, it alters the electrical charge 

of the donor, which in turn seeks 

to rectify its own imbalance. That 

sets off a chain reaction that can 

cause extensive damage over the 

life of a cell. 

The Centers for Disease Con­
trol reports that owning a pet 
helps blood pressure and cho­
lesterol and tryglyceride levels. 

In the 1950s, biogerentologist 

Denham Harman of the Univer­

sity of Nebraska Medical School 

proposed that aging occurs as a 

natural consequence of free radi­

cal damage. "Measures that slow 

initiation of damaging free-radical 

reactions by mitochondria may 

increase both the maximum and 

functional life spans," Harman 

said. According to this theory, 

antioxidants such as vitamins C 

and E, which soak up free radicals, 

as well as the body's own ability to 

repair damaged DNA may slow 

the aging process. 

AGING er THE BRAIN 

The aging process affects the 

brain in a variety of ways, from 

the decline of memory, to slower 

processing of thoughts, to the 

falloff in the brain's processing of 



high-frequency sounds. Along with 

aging, diseases often take their toll 

on cognmon. 

A third factor that affects cog­

nitive ability is its continued use. 

Lack of mental fitness precipitates 

a decline in mental function just 

as lack of physical exercise makes 

muscles atrophy. 

To keep the brain going stronger 

longer requires a regimen of exer­

cise. All body organs except the 

brain decline with the wear and 

tear of age. The brain, on the other 

hand, improves with use. Some sci­

entists believe that mental stimuli 

improve neurons' ability to repair 

their damaged DNA, while oth­

ers point to the strengthening of 

neuronal connections as circuits 

enjoy repeated stimulation. Still 

others favor the explanation that 

the brain's plasticity creates new 

circuits that, with repeated use, 

contribute to the survival of their 

constituent neurons. 

Whatever the explanation, neu­

rons stay healthy when they are 

challenged with new stimuli in old 

age, whereas those given too much 

rest degenerate and contribute to 

unhealthy aging. 

FORMING NEW NEURONS 

In the brain of a baby developing 

in the uterus, unspecialized cells 

in the brain grow into hundreds of 

particular kinds of neurons, each 

appropriate to its location and 

function. The undifferentiated, 

embryonic forms are called stem 

cells, and they are found in several 

locations throughout the body of 

an adult. Given the right stimula­

tion, these cells can grow into vir­

tually anything. 

Until 1998, scientists believed 

the adult brain contained no stem 

cells and that no neurons could 

Maintaining strong friendships and social connections is one simple way to keep the brain going strong. 
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form after early childhood. How­

ever, the discovery that year of 

stem cells in the hippocampus, and 

the subsequent location of stem 

cells in the olfactory bulb and cau­

date nucleus, touched off a frenzy 

of speculation about ways they 

might be induced to create replace­

ment neurons. Neurons damaged 

by disease or injury could have 

their functions taken over by new, 

healthy neurons grown from stem 

cells and transplanted into the 

brain or replaced by new neurons 

generated within the brain itself. 

Ideally, medical research could lead 

to ways for the brain to heal itself. 

Thousands of new cells grow in 

the hippocampus every day. Many 

die soon afterward. Recent stud­

ies with rodents have shown that 

the more the test subject learned, 

the more new neurons survived 

in the hippocampus. Antidepres­

sant therapy also seems to encour­

age the growth and survival of 

new neurons. Likewise, exercise in 

combination with the creation of 

the mood-elevating chemical beta­

endorphin by the hypothalamus 

and pituitary gland has been 

shown to increase the creation and 

survival rate of new hippocampal 

neurons in mice. Other factors act 

to inhibit neurogenesis. Among 

the most notable is stress, which 

already has been associated with 

the higher risk of a variety of dis­

eases. As science learns more about 

factors influencing the formation 

of new neurons, it hopes to gain a 

measure of control. 

II 
Formation of brain cells aiding 

" in song memory was found in 
the 1980s in adult songbirds. 

One initial challenge is to get 

stem cells to grow into particular 

kinds of neurons. "You can't just 

put stem cells somewhere in the 

brain and expect them to take over 

the function of missing or dam­

aged cells," said neurodegenera­

tive disease researcher Fred Gage 

of the Salk Institute in La Jolla, 

California. "You have to figure out 

the requirements for turning these 

cells into neurons." 

Gage's research has focused on 

finding the right chemical stimuli 

M ICROSOFT co-founder Paul 

Allen put up $100 million in 

2003 to completely map the brain of 

a mouse. Three years later, the Allen 

Brain Atlas went online with a 3-D data­

base showing where each of more than 

21,000 genes is expressed in the brain of 

the common Mus domesticus. 

to turn a laboratory dish of stem 

cells Into mature, electrically 

active nerve cells. A breakthrough 

occurred in 2007 when teams 

of researchers in Wisconsin and 

Japan took ordinary human skin 

cells and transformed them into 

stem cells by inserting genes that 

reprogrammed them. 

Gage envisions taking skin cells 

from Alzheimer's patients and 

turning them into neurons so they 

can be carefully watched for signs 

of developing the disease. Gage's 

approach is slightly different in 

that instead of inserting genetic 

material, he aims to turn on inac­

tive genes in live skin cells to create 

the transformation. 

REPAIRING THE DAMAGE 

Another thread of research aims 

not to implant neurons grown 

from stem cells, but rather to acti­

vate precursor cells already in the 

brain to migrate to damaged areas, 

change into the necessary replace­

ment neurons and heal the injury. 

This method, called self-repair, 

avoids the difficulties of controlled 

The research team at Seattle's Allen 

Institute for Brain Science captured 85 

million images of stained mouse sam­

ples. The researchers chose the mouse 

because more than 90 percent of its 

brain has a direct counterpart to the 

genetic library of the human brain. It's 

also easy to obtain lots of mice from the 



Neurogenesis sites (brown and bright blue) send cell precursors to the olfactory bulb (purple). 

growth in the lab. However, to get 

stem cells to migrate and change as 

desired, researchers need to learn 

much more about the chemical 

instructions that control neuron 

development. 

Some success already has been 

obtained with mice. Jeffrey Mack­

lis of Children's Hospital in Boston 

has induced the birth of neurons 

in mature mice brains. Precursor 

same gene pool, which eases the process 

of mapmaking. 

To begin making an atlas of the 

expression and interaction of the human 

brain's genes, the team mapped the folds 

of the cerebral cortex as it developed 

from infant to mature adult. Research­

ers hope to find the early signatures of 

cells in the brains' fluid-filled ven­

tricles moved toward areas of cor­

tical damage and developed into 

mature neurons that acted just like 

those already there. The new neu­

rons sent out axons and dendrites 

to connect and function like the 

cells they replaced. If such self­

repair could be induced in humans, 

degenerative diseases that destroy 

or damage neurons could be 

brain disorders ranging from William's 

syndrome (marked by developmental 

delays and overly friendly personalities) 

to autism and schizophrenia. Many dis­

eases have their roots in mutations and 

the expression of specific genes too 

soon or too late for optimal brain devel­

opment. Comparing genetic expression 

treated by replacing the defective 

regions with healthy substitutes. 

The treatment probably would be 

restricted in scope because of lim­

its on how many neurons could be 

replaced, as well as the complexity 

of the disorder. Parkinson's disease, 

for example, results from defi­

ciencies in dopamine-producing 

neurons in a compact region of 

the substantia nigra. That would 

make it a more likely candidate 

for neurogenesis therapy than an 

illness that affects widespread cir­

cuits containing different kinds of 

neurons. Among the latter illnesses 

is Alzheimer's, whose widespread 

effects don't provide as clear a tar­

get for self-repair. 

Still, the prospects of finding new 

ways to target formerly un treat­

able diseases thrills neuroscien­

tists around the world. "Stem cell 

research and regenerative medicine 

are in an extremely exciting phase 

right now. We are gaining knowl­

edge very fast and many companies 

are being formed and are starting 

clinical trials in different 

said Sweden's Jonas Frisen. 

areas, 

In healthy and anomalous brains 

is likely to suggest new ways to 

treat or prevent diseases. With 

the completion of human atlases, 

researchers around the world will 

be working from the same maps 

when refining what science knows 

about the human brain. 
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THE BRAIN, that most compli­

cated object, is not ready to reveal 

all of its secrets. Yet the applica­

tion of the energy of the human 

mind, turned inward toward the 

brain itself, has begun to peel away 

layers of mystery. With greater 

understanding come new possibili­

ties in creating artificial intelligence 

and enhancing human cognition 

through biological and mechanical 

means, including nootropic drugs, 

brain implants, and virtual reality. 

Joey Chaos, a humanoid robot 

developed by Hanson Robotics, gets an 

adjustment to the wires in its head. 



HE PAST FEW years have 

seen startling advances 

in treatment of paralysis 

and Alzheimer's, memory modifi­

cation, mind-machine interfaces, 

and prosthetic replacements for 

damaged eyes and ears. As the pace 

of discovery quickens, changes of 

the coming decades can only be 

guessed at. 

DIFFERING VIEWS 

Re-creating the brain's intelligence 

with computers is a controver­

sial area as visions of the future of 

research on artificial intelligence 

tend to separate into two tracks. 

One path leads to a sort of heaven 

on Earth, the other to a purga­

tory of mankind's own making. 

The former comes from a group 

of scientists who foresee a utopian 

future when machines become 

self-aware and use the breadth, 

depth, and speed of their intelli­

gence to attend to the Earth's many 

unresolved problems. The most 

prominent among these seers is 

Raymond Kurzweil, a pioneering 

researcher in artificial intelligence. 

In his 2005 book The Singularity 

Is Near: When Humans Transcend 

Biology, Kurzweil predicted that 

intelligent machines will reach a 

pivotal moment in their develop­

ment in the year 2045, not only 

exceeding human intelligence but 

becoming capable of redrawing 

the plans for intelligent machines 

to make them exponentially more 

powerful. His use of the term "sin­

gularity" harks back to the publica­

tion of a paper in 1993 by science 

fiction writer and computer scien­

tist Vernor Vinge, who likened the 

importance of the ever accelerating 

pace of technological change begin­

ning in the late 20th century to the 

dawn of human life on Earth. 

+ COMPUTER BIRTH + 

AN IOWA STATE COLLEGE physics pro­

fessor wrestling with how to build the first 

electronic digital computer drove his car 

to clear his head until he reached a bar 139 

miles from campus. After getting a drink, 

John Atanasoff had his vision: The machine 

would run on base 2, use condensers, and 

compute by direct action. Atanasoff and 

graduate student Clifford Berry built a 

prototype in 1939 and working model in 

1942. It weighed several hundred pounds. 

The results of the singularity 

of artificial intelligence would be 

unpredictable, Kurzweil said, but 

he holds to the idea that intelli­

gent machines will serve humanity 

rather than challenge it. Hybrids of 

biological and silicon-based intel­

ligence will become possible, he 

said, and one day the contents of 

a human brain will be transferable 

into a metallic brain, like a CD­

RO M uploading software into a 

A WORLD 
REMADE 

computer. Such transfers would 

open the door to the possibility 

of functional immortality: Any 

time the brain (whether human or 

silicon) began to wear out in one 

form, it could be saved to another. 

Some in the computer industry 

and at futuristic think tanks are 

not quite ready to plunk down the 

initial payment on an immortality 

machine. Foremost is Bill Gates, co­

founder of Microsoft Corporation, 

who says nobody alive today will 

live to see the day when comput­

ers become sophisticated enough 

to pass for human. Also urging 

caution is Kevin Kelly, an editor at 

Wired magazine, who said, "People 

who predict a very utopian future 

always predict that it is going to 

happen before they die." Still, 

Kelly believes that someday-he's 

not sure when-the Earth's many 

computers may exhibit signs of 

intelligence developing through 

their myriad interconnections. It's 

the same idea that drives the plot of 

the Terminator movies: A military 

project becomes so sophisticated 

through its network of computers 

that it becomes self-aware and goes 

to war on the human race. That is 

one of the darker visions of the sec­

ond track of humanity's continued 

exploration of the mind-a future 

in which science does more harm 

than good. 



THE HISTORY OF AI 
The idea of artificial intelligence 

dates at least to the early 19th cen­

tury and included both demonic 

and benign forms in its inception. 

Mary Shelley wrote of the creation 

of artificial life in her 1818 novel 

Frankenstein; or, The Modern Pro­

metheus. Transfixed by the pro­

cesses that separated death from 

life, brilliant chemistry student 

Victor Frankenstein created a liv­

ing man from inanimate matter, 

but then fled in horror from his 

own creation. His creature sought 

to be loved and accepted; it turned 

violent only when faced with con­

tinual rejection by the one who 

had made it. Three years after Shel­

ley's book appeared in print, Brit­

ish inventor, mathematician, and 

mechanical engineer Charles Bab­

bage created a design for the first 

Difference Engine, the dinosaur 

ancestor of the modern computer, 

which relied on moving parts 

instead of electronic circuitry. 

Computers have gotten much 

more sophisticated since Babbage's 

day. Gordon Moore, a co-founder 

of the Intel computer chip com­

pany, famously described in 1965 

how the speed of computer pro-

cessing would repeatedly double 

itself every year or two. "Moore's 

Law" has come true; the world 

has grown accustomed to seeing 

sophisticated computerized devices 

arrive every year to supplant those 

that came before. 

1:11 AI c~""h" ""go de G"i; 
•• names robotics as this centu· 

ry's key political issue. 

A watershed occurred in 1997, 

when the IBM chess-specific 

computer Deep Blue, a high­

performance machine that could 

A microchip in a human brain interacts with surrounding neurons in an artist's vision of a functioning implant. 
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Two actors, one human and one a Mitsubishi Heavy Industries robot, perform at Japan's Osaka University. 

explore up to 200 million positions 

in a second, defeated world chess 

champion Garry Kasparov. IBM 

said Kasparov could calculate only 

three positions per second. Fortu­

nately, Deep Blue felt no satisfac­

tion or joy-or at least, expressed 

none-at the defeat of the world's 

greatest human opponent. 

COMPUTER-HUMAN 
HYBRIDS? 
But could it? Today, agencies rang­

ing from NASA to Google are look­

ing at new applications for artificial 

intelligence. Creations capable of 

walking, talking, and interacting 

with people are making artificial 

intelligence one of the hottest ideas 

in the high-tech industry. 

Human-machine hybrids serve 

as an intermediate step toward 

the dawn of some singularity. And 

they're already under way. Subreti­

nal implants are being developed 

at universities and private corpo­

rations to restore some measure 

of sight to the blind. Myoelectri­

cal prostheses, which pick up on 

tiny electrical signals in the skin 

of amputees' residual limbs, are 

making artificial arms and hands 

move with amazing preCIslOn. 

And cochlear implants have spread 

throughout the world in the past 

few years to improve the hearing of 

patients who not long ago would 

have had little or no hope of sound 

recognition. 

COMPUTER-HUMAN 
INTERACTION 
Computer programs are not only 

helping individual patients, they 

also are taking over greater and 



greater portions of human inter­

actions. Robots are under devel­

opment to track facial signs of 

expression that indicate state of 

mind and change their responses 

accordingly. Recently, a professor 

of mechanical engineering at Van­

derbilt University created a robot 

that plays with autistic children 

and decodes their emotional states 

from data including heart rate, gal­

vanic skin response, and tempera­

ture. Researcher Nilanjan Sarkar, 

who hopes to improve human­

robot interactions, aims to help 

autistic kids learn social skills. 

How far into the future will it 

be before computer holograms or 

sophisticated automatons take on 

the role of interacting with people 

in a store, government office, or 

business? Or a day when intelligent 

machines capable of gathering data 

from a medical patient, indepen­

dent of the oversight of a doctor, 

spit out a diagnosis, prescription­

and a bill? 

Maybe that day is not far off. 

Rudimentary robot doctors have 

been at work for several years in 

a handful of hospitals, including 

Johns Hopkins Medical Center in 

Baltimore and the University of 

California at Davis Medical Cen­

ter in Sacramento. Fleets of so­

called rounding robots, produced 

by InTouch Health of California, 

visit patients in hospital rooms. 

Doctors working remotely use 

joysticks to send the 200-pound, 

Playwright Karel Capek (1890-1938) coined the word robot from robota, the 
Czech term for laborer. His play R.U.R. (Rossum's Universal Robots) had its debut in 
Prague in 1921. 

5-foot-tall robots to check up on 

their rounds. The robots have 

flat video screens that project the 

image of the inquiring doctor, and 

video cameras and microphones in 

place of eyes and ears. These robots 

don't replace human physicians but 

make it easy for doctors to gather 

information from far away. Half of 

the patients responding to a survey 

at Johns Hopkins said they would 

+ THREE LAWS + 

IN THE 20TH century, writer Isaac Asimov 

envisioned androids being controlled by 

"three laws of robotics": Robots (1) cannot 

injure a human or through inaction allow 

a human to come to harm; (2) must obey 

humans unless doing so conflicts with the 

first law; and (3) must protect themselves 

unless doing so conflicts with the first or 

second law. While many find these "laws" 

intriguing, they already are moot- robots 

have put some humans out of work, which 

is a form of harm. 

prefer a visit from a telerounding 

robot operated by their own physi­

cian to a visit from a real doctor 

whom they did not know well. 

Robots that collect informa­

tion at the command of humans 

are a far cry from artificially intel­

ligent machines that could one 

day replace doctors themselves. 

Machines may evolve to take on 

tasks ranging from medicine to 

mechanical repair, but it isn't clear 

that they will supplant the creative 

power of the human mind. 

So far, computers have excelled 

in doing simple tasks over and over, 

with great speed and singleness of 

purpose. The human brain typi­

cally lags in such abilities because 

it grows distracted and tired. The 

brain also fails to encode and recall 

information with the totality and 

clarity of machines. However, its 

higher functions were not designed 

to work by continually applying 

themselves to one task at a time. 

Nor does the brain work well when 

it retains or forgets everything it 

encounters. 

The human brain excels in its 

power to adapt. It thinks, com­

pares, learns, synthesizes, and 

makes new connections and new 

discoveries in ways that computers 

are only beginning to approach. 

Of course, that may be true only 

up to a point. The 2004 movie I, 

Robot addressed the emerging dif­

ferences upon the approach of a 

singularly moment when the main 

character, a police officer who hates 

intelligent machines, confronts an 

exceptional robot. The officer asks 

with a sneer whether a robot could 

compose a beautiful symphony 

or paint a masterpiece. The robot 

replies, "Can you?" 
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N
EW TECHNOLOGY 

doesn't always lead to a 

better future, especially 

for the body and the brain, both of 

which extensive use of cell phones, 

the Internet, virtual reality, and an 

explosion of high-tech devices are 

changing. A 2009 British study 

published in Biologist, the journal 

of the Institute of Biology, linked 

a number of significant health 

risks to the decline in face-to-face 

social interactions. These include 

high blood pressure, stroke, nar­

rowing of the arteries, a decline 

in immune system potency, and 

+ WINTER WONDER + 

A VIRTUAL REALITY GAME called Snow­

World, designed for young burn patients, 

distracts them from their pain. Patients 

don a high-tech helmet that cuts them off 

from fear-inducing sights and sounds in the 

hospital. In their virtual world, they career 

along canyons of ice and throw snowballs 

at woolly mammoths, snowmen, and pen­

guins. The mother of a six-year-old burn 

victim described the game as a lifesaver. "It 

doesn't totally take the pain away, but we 

know pain has a lot to do with your mind. 

And when your mind is centered on some­

thing else, it's as good as anesthesia," she 

said. SnowWorld was designed by Hunter 

Hoffman of the University of Washington. 

He chose virtual reality because young 

children cannot take many adult drugs, 

and a "cool" world of snow and ice offsets 

the sensations that burn victims suffer as 

their wounds receive treatment. 

CHANGING COMMUNICATION, 
CHANGING THE BRAIN 

dementia. "One of the most pro­

nounced changes in the daily hab­

its of British citizens is a reduction 

in the number of minutes per day 

that they interact with another 

human being," said Aric Sigman, 

the author of the study. 

Among his findings: fewer 

instances of people touching or 

hugging have led to a decline in lev­

els of the neuropeptide oxytocin in 

the brain. Oxytocin has been linked 

to maintenance of a healthy heart, 

and its lack may correlate to higher 

incidence of cardiovascular disease. 

Mental functions also suffer when 

social experiences decline. Regular 

social interaction decreases the risk 

of dementia and increases cognitive 

functioning, the study found. "It is 

clear that this is a growing public 

health issue for all industrialised 

countries," Sigman said. 

Communication through tech­

nology instead of face to face has 

become the most significant fac-
. .) . 

tor SUppOrtlllg socletys growlllg 

physical estrangement, Sigman 

said. Both at home and elsewhere, 

people have become socially disen­

gaged because of their earphones, 

mobile phones, and computers. 

A GAMER'S MIND 
The effect of video games on the 

developing mind of young chil­

dren is uncertain. Positive effects 

may include the reinforcement 

of skills such as mastery of math, 

language, eye-hand coordination, 

and cooperation among multiple 

users. Harmful effects may include 

repetitive motion injuries, eye­

strain, and social isolation. It's pos­

sible that playing computer games 

rewires users' brain to see the world 

in new kinds of ways. Gamers react 

II 
Atari's Battlezone (1980) is 

" widely considered the first vir­
tual reality game. 

to multiple variables and overlap­

ping events, instead of working to 

solve problems linearly, one at a 

time. Development of integrated 

responses to complicated stimuli 

may cause video game players to 

have a more holistic view of causes 

and effects. Who knows? A holis­

tic approach nurtured in the mind 

of video gamers may predispose 

them to solve the kinds of complex 

problems that dominate medicine, 

economics, and politics. 

MARKETING eT PROMOTION 
Decreases in personal intereractions 

have yielded tactics for savvy mar­

keters to take advantage of when 

promoting their products. With 

increased demands on our atten­

tion, it is even more important for 

advertisements to make a strong 

impact and stick in the brain. One 



of the strongest tools, the earworm, 

harks back to the days of jingles. 

Researchers know certain kinds of 

songs get stuck in the head of the 

listener. Professor James Kellaris of 

the University of Cincinnati Col­

lege of Business Administration 

describes the effect of these upbeat 

melodies with repetitive lyrics as a 

"cognitive itch" or "earworm." As 

many as 99 percent of the human 

race is susceptible to getting an ear­

worm, he said. Kellaris's research 

intrigues advertisers and pop musi­

cians looking for jingles and melo­

dies that listeners will have a hard 

time forgetting, making them sus­

ceptible to marketing messages. 

Marketing researchers are also 

turning to neuromarketing and 

using brain scans to dissect the 

subconscious feelings, desires, and 

motivations of people exposed to 

mass media advertising campaigns. 

A three-year study reported by 

Martin Lindstrom in his book 

Buy.ology revealed that purchasing 

decisions are much more emo­

tional than rational. As the scans 

pinpoint positive reactions, adver­

tisers tailor their pitches to take 

advantage of biochemical reactions 

in the brain to sell their products. 

The next product you buy may be 

consciously packaged to appeal to 

your brain at a subconscious level. 

Image manipulation is another 

field where publicists and consul­

tants are finding better ways to 

communicate their messages. In 

an experiment, photographs of 

political candidates were digitally 

morphed to incorporate some fea­

tures from the faces of test subjects 

who were asked their reactions to 

the candidates. The photos, which 

included 60 percent of the politi­

cians' faces and 40 percent of the 
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Residents of Lebanon talk on mobile phones. Much of new technology aims to enhance the power of communication. 

respondents' faces, received favor­

able reviews. When combined with 

detailed demographic databases 

that can personalize appeals for 

money and votes, morphed images 

are predicted to have an increased 

role in political advertising. 

GAMING er THE BRAIN 

Virtual reality will continue to 

expand its role in education and 

entertalllment. The University 

of Minnesota has embarked on a 

five-year study, financed by the 

National Institutes of Health, to 

examine how the brain learns by 

playing video games. The research 

team, led by psychology profes­

sor Paul Schrater, has found that 

games that require identifying and 

shooting targets improve specific 

neural skills such as shooting pre­

cision and peripheral vision. Video 

games generally improve the speed 

of processing stimuli from the 

senses and then responding. Fast­

paced action games improve visual 

skills, including keeping track of 

multiple, independently moving 

objects, movement outside the 

focus of vision, and resolution 

of objects amid crowded scenes. 

Schrater warns that improvements 

don't happen overnight. "People 

that gain these skills playa mini­

mum of five hours [a day] for a 

year or more," he said. "These skills 
. . . " are comlllg at costs III time. 

It's not just game addicts who 

are learning through computer 

interfaces. In December 2008, the 

first revision of the U.s. Army field 

manual for training and full spec­

trum operations since the attacks 

of September 11, 2001, describes 

video gaming as a key way to repli­

cate "an actual operational environ­

ment." Using computer technology 

to simulate a battlefield, soldiers 

can learn military skills without 

actually having to enter combat. 



Potential recruits also get expo­

sure to combat skills through free, 

downloadable video games such as 

America's Army, released in 2002. 

A third of cadets at West Point are 

believed to have played the game 

before entering the academy. 

Department of Defense com­

puter programmers also have devel­

oped software called DARWAR5 

Ambush, a multiplayer game that 

shows the dangers of improvised 

explosive devices, ambushes, and 

other concerns related to the occu­

pation of hostile countries such as 

Iraq and Afghanistan. Upgrades 

allow trainers to make the missions 

progressively more difficult and to 

give personalized feedback to play­

ers. Nonviolent components teach 

skills such as language and how to 

respond to culturally specific situa­

tions. Col. Casey Wardynski, who 

helped create the America's Army 

game, says it is getting results 

beyond game-specific abilities. A 

2007 Rochester University study 

+ VIRTUAL DOCTOR + 

BLUECROSS BLUESHIELD of Hawaii 

began offering virtual hospital visits to 

members in 2009. Patients enrolled in the 

Online Healthcare Marketplace can log 

on at any time, type medical requests, and 

see a menu of specialists who can make a 

virtual visit. Physicians can communicate 

by phone, email, or videoconference. The 

system allows responding doctors instant 

access to their patients' medical records 

through a secure Web site. 

In 2009, the u.s. Army began operating islands in Second Life, a virtual platform 
with millions of users. Through their avatars, visitors to the Army's islands can 
learn about life as a soldier in a relaxed online environment. 

found a general improvement in 

cognitive skills among players who 

used the game a few hours each day 

for a month. With concrete results 

apparent, the Army has decided to 

institutionalize virtual reality gam­

ing as part of its training. 

SOCIAL NETWORKING 

Virtual reality has the potential 

to reconnect people who have 

been cut off from social lives. 

While researchers have known for 

some time that social networking 

Web sites such as Facebook have 

attracted senior citizens with their 

ease of making friends and carry­

ing on conversations, they now are 

investigating whether these virtual 

friendships provide the same sus­

taining benefits as flesh-and-blood 

relationships. 

"One of the greatest challenges 

or losses that we face as older 

adults, frankly, is not about our 

health, but it's actually about our 

social network deteriorating on 

us, because our friends get sick, 

our spouse passes away, friends 

pass away, or we move," Joseph 

F. Coughlin, director of the Age­

Lab at the Massachusetts Institute 

of Technology, told the New York 

Times. New technology will help 

seniors stay connected because 

"the new reality is, increasingly, a 

virtual reali ty," he said. "I t provides 

a way to make new connections, 

new friends and new senses of 

purpose." Internet networks create 

feelings of empowerment because 

elderly users can take control of 

their social lives without having 

to ask someone to drive them or 

help them. In addition, the tasks of 

posting to Web sites and commu­

nicating with friends online chal­

lenges minds that otherwise might 

not receive such stimulation. 

VIRTUAL REALITY 

The elderly and disabled could 

benefit from the development of 

brain-computer interfaces that 

give them more physical freedom. 

Technology under development in 

Europe allows people to turn on 

lights, change TV channels, and 

open electrically controlled doors 

just by thinking about the actions. 

Futuristic "smart homes" could 

be wired to take advantage of the 

technology. 50 far, users must wear 

EEG caps to monitor their brain 

waves and identify the distinctive 

patterns associated with thoughts 

about performing tasks. Mind­

controlled electric wheelchairs, 

with users training in virtual reality 

before taking the real thing for a 

spin, are a possible offshoot of such 

technology. 
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O
NE OUTGROWTH of 

the new neuroscience is 

greater understanding 

of how cognitive functions can be 

enhanced. It is no longer a fan­

tasy to think of drugs that could 

improve memory, intelligence, or 

some other mental ability. Such 

drugs are called nootropics, a word 

coined by psychologist Corneliu 

E. Giurgea in 1964 by combining 

the Greek words noos ("mind") and 

tropein ("to turn or bend"). They 

change the availability of neuro­

chemicals in the brain, increase 

the amount of oxygen available to 

neurons, and stimulate the spread 

of neural connections. 

II 
The Pentagon gave IBM nearly 

•• five million dollars in 2008 to 

try to mimic a eat's brain. 

Four mental capacities in partic­

ular are targeted by pharmaceuti­

cal companies that are researching 

nootropics: concentration, focus, 

memory, and mental endurance. 

Improvements in focus and con­

centration would keep the mind 

on task, minimizing distractions 

and maxlmlZlng the benefits 

of attention. Memory-improving 

drugs would enhance encoding 

of memories and help strengthen 

their links to previous information, 

effectively expanding the brain's 

storehouse of knowledge. 

IMPROVING THE MIND 
THROUGH SCIENCE 

A three-dimensional virtual reality system gets a tryout at an expo in Tokyo in 2008. 

RISKS OF IMPROVEMENT 

While drugs have been available 

for years to improve these brain 

functions, they have side effects 

that may compromise their use. 

For example, stimulants such as 

amphetamines 

tlve functions 

. . 
lmprove COglll-

but require larger 

and larger doses to attain the 

same effects over time. New gen­

erations of stimulants that lack 

the worst side effects are likely to 

become popular in the next few 

decades. (Currently, modafinil­

trade name Provigil-is allowing 

military personnel, long-distance 

drivers, and students to stay awake 

and alert for long periods of time.) 

Their use overrides the normal, 

diurnal cycle of sleeping and wake­

fulness, leading to unusually pro­

longed concentration. Such drugs 

convey a competitive edge, and 

isn't hard to imagine the use of 



attention enhancers expanding in 

the workplace, as employees who 

are angling for an advantage over 

their co-workers in a highly com­

petitive economy turn to medica­

tions that permit them to do better 

work for longer periods. One pos­

sible consequence would be the 

further entrenchment of a worka­

holic culture in which people have 

less time, or less incentive, to relax, 

spend time with friends and fam­

ily, and naturally recharge their 

reserves of energy. 

ETHICAL ISSUES 
As drugs continue to evolve, one 

can imagine a day when they will 

artificially enhance mental perfor­

mance in ways similar to the impact 

of steroids and other drugs that 

boost energy and strength among 

athletes. Should students, for 

example, be allowed to take such 

drugs before sitting down to an 

entrance exam for graduate school? 

Neurologist Richard Restak says he 

favors maintaining a "level playing 

field" by strictly controlling the 

use of nootropics in competitive 

mental exercises, such as national­

ized standardized tests. "Students 

are already required to show proof 

of identity prior to the exams, so 

why not also require proof that 

their performance on the exam 

isn't going to be influenced by cog­

nition-enhancing drugs?" he asks. 

Certain drugs would be exempt, 

including prescription medications 

for students with attention deficit 

disorders, he says, but otherwise 

students could submit a saliva 

sample when they picked up their 

test packet. 

In the next few decades, noo­

tropics also are likely to expand 

their entry into the realm of mood 

control and memory. Drugs could 

eliminate unwanted feelings, such 

as grief, guilt, and shame. Or they 

could improve desired feelings, 

such as confidence. A nootropic 

pill may someday actually do what 

public radio host Garrison Keillor 

+ CUP OF JOE + 

CUTTING-EDGE RESEARCH is develop­

ing new medicines every day, but some­

thing as old-fashioned as a cup of coffee 

could be the next big thing for Alzheim­

er's patients. In July 2009, the Journal of 

Alzheimer's Disease published findings from 

the Florida Alzheimer's Disease Research 

Center, which found that caffeine sig­

nificantly decreased levels of the protein 

linked to Alzheimer's disease in the brains 

and blood of mice exhibiting symptoms. 

long has touted as one of the best 

attributes of his imaginary brand 

of biscuits: giving shy people "the 

strength to get up and do what 

needs to be done." 

READING BRAIN SCANS 
Instead of artificially stimulating 

particular states of mind through 

nootropic drugs, brain-scanning 

techniques such as fMRI could 

someday be enlisted to detect 

desirable personality qualities for 

particular jobs. Findings of a high 

social intelligence would be useful 

for jobs requiring an extroverted 

personality, such as sales clerk. On 

the other end of the personality 

spectrum, scans could select the 

best personality types for combat 

roles in the armed forces. 

Such scanning is already possible. 

Tests carried out by the National 

Institute of Mental Health exam­

ined neural circuit activation levels 

in Special Forces soldiers as they 

examined pictures of faces. The 

soldiers believed they were try­

ing to tell the sex of the people in 

the pictures. In reality, their fMRI 

scans measured the activation lev­

els in brain regions associated with 

strong negative emotions as they 

wi tnessed faces registering anger 

and fear. Compared with volun­

teers in a control group, the soldiers 

exhibited higher activation levels in 

the amygdala, a site linked to fear, 

as well as the inferior frontal corti­

ces and anterior cingulate regions, 

both associated with emotional 

regulation. The pairing of emotion 

and control suggests the soldiers 

reacted strongly to the pictures but 

then mastered their emotions, as 

would be beneficial in the chaos 

and trauma of combat. The impli­

cations are significant for creating 

the most effective troops: Appli­

cants for special training could be 

prescreened for the emotional apti­

tude required for the job. 
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SELECTING MEMORIES 
Soldiers also would be good can­

didates for treatment by memory 

modification. The discovery that 

recalling memories alters them 

as they are returned to long-term 

storage holds out hope that psy­

chologically damaging memories, 

such as those associated with post­

traumatic stress disorder, could be 

given effective medical treatment. 

Scientists reported in the online 

edition of Nature Neuroscience that 

if painful memories could be altered 

when called up from storage, they 

might lose their emotional punch 

when recalled at a later date. That's 

a tall order, given that memories 

encoded with strong emotional 

content, such as those associated 

with death and loss, are among 

the most powerful. "Even the most 

effective treatments [for PTSD] 

only eliminate fearful responding, 

leaving the original fear memory 

intact, as [shown by] the high per­

centages of relapse after apparently 

successful treatment," the Nature 

Neuroscience article said. "Once 

emotional memory is established, 

it appears to last forever." 

Beta blockers, widely used as 

anti-anxiety drugs because of their 

ability to interfere with the effects 

of adrenaline and thus lower blood 

pressure, have shown promise in 

eliminating strong emotional con­

tent from memory formation. In a 

2002 pilot study at Harvard Medi­

cal School, a team led by Roger 

Pitman gave the beta blocker pro­

pranolol to trauma victims. Those 

victims exhibited fewer PTSD 

symptoms three months later than 

did a control group that received a 

placebo. Facts could be dredged up 

from memory as easily as before, 

but they did not reactivate the 

initial emotional response. Thera­

peutic applications are obvious: 

Victims of violence could shed 

themselves of the emotional bag­

gage of their ordeals but, under the 

proper treatment, retain knowl­

edge of essential details that would 

be useful for criminal proceedings, 

litigation, or military intelligence. 

Daniel Sokol, a lecturer in medi­

cal ethics at St George's, University 

+ 3-~ PATIENT + 

SCIENTISTS AT THE University of Calgary 

have created a giant computer-animated 

human to help physicians visualize how 

the body metabolizes medicine. Inside 

the university's $1.5 million virtual reality 

room, visitors wearing special 3-D goggles 

can watch an aspirin as it is swallowed and 

absorbed by the bloodstream, goes to 

work, and is flushed out of the body via 

the kidneys. Biochemist Christoph Sen sen 

and colleagues named their "patient" 

CAVEman, for Automated Virtual Envi­

ronment. It models 3,000 body parts via 

high-definition holography. Sensen envi­

sions a future in which doctors could wade 

into a computer projection of a patient's 

internal organs to analyze a 3-D rendering 

of a cancerous tumor. Or, he said, com­

puter simulations could model the prog­

ress of Alzheimer's disease or diabetes in 

detail, helping scientists find cures. 

of London, noted that removmg 

bad memories "will change our 

personal identity since who we are 

is linked to our memories. It may 

perhaps be beneficial in some cases, 

but before eradicating memories, 

we must reflect on the knock-on 

effects that this will have on indi­

viduals, society and our sense of 

humanity." 

BETTER RECALL 
Work on memory enhancement 

also is proceeding at universities 

on both coasts. Research led by 

Theodore Berger at the University 

of Southern California and Samuel 

Deadwyler at Wake Forest Univer­

sity in North Carolina has focused 

on creating an artificial hippocam­

pus in lab rats. The hippocam­

pus, crucial to the formation of 

new memories, suffers damage in 

Alzheimer's patients. Electroni­

cally bypassing the hippocampus 

through the use of a prosthetic 

implant holds out hope of restor­

ing the ability to make new memo­

ries in brain-damaged patients. If 

the project succeeds, it could lead 

to enhanced memory and greater 

understanding of the mechanics of 

higher cognitive functions. 

In their rat experiments, Dead­

wyler and Berger temporarily 

stunned the rats' hippocampus with 

drugs. When the rats pressed a bar, 

it sent an electrical charge through 

a microchip that they believe sent 

out the same electrical signals that 



War veterans, such as injured Gunnery Sgt. Kenneth Sargent, might benefit from trauma research that potentially could include memory editing. 

the stunned hippocampus would 

have. They hope to learn more 

about how memories are formed. 

Greater understanding of the 

means of encoding information 

could lead to downloading of in for­

mation from machine to brain-the 

kind of memory upgrades sug­

gested in the science fiction movies 

Total Recall and The Matrix. In the 

former, false memories implanted 

by a computer give one the illusion 

of having gone places and done 

things, creating virtual vacations 

or visions of other worlds. In the 

latter, enhanced physical skills are 

available as neural plug-ins con­

taining the proper combinations of 

storage and recall. 

Some researchers believe such 

knowledge must await not only 

deeper understanding of the brain 

but also the development of more 

sophisticated computers. Henry 

Markram, a neuroscientist at the 

Swiss Federal Institute of Techno l­

ogy in Lausanne, heads the Blue 

Brain Project, a supercomputer­

based exploration of the brain's 

structure that began in 2005. The 

project aims to reverse-engineer 

the brain at the level of individual 

cells and molecules. It started with 

rat brains with the goal of moving 

on to the more cortically enhanced 

human variety. Teasing out the 

neural functions that arise from 

molecules and cells in a computer 

model most likely won't be possible 

until computers are available with a 

thousand times the current super­

computers' best processing power. 

Markram looks forward to the 

wonders that await: "I think there 

will be a conceptual breakthrough 

that will have significant implica­

tions for how we think of reality," 

he said. 
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BRAIN MEDICINE 
DVANCEMENTS ill 

treating mental disorders 

l will emerge from the pre­

cision with which the brain will be 

scanned and understood. Imaging 

techniques will tease out moment­

by-moment processes in the fir­

ing of neural circuitry. Chemical 

reactions in the synapses and the 

neurons will become more fully 

understood. Already, some imaging 

techniques are not only expanding 

the understanding of neuroscience 

but raising intriguing questions 

about the future. 

MAGNETIC FUTURE 

Magnets pose interesting possibili­

ties. The brain creates its own tiny 

magnetic fields. A new, noninvasive 

ADVANCES IN 
TREATMENT 

process called transcranial mag­

netic stimulation, or TMS, subtly 

alters the brain's magnetic processes 

without resorting to drugs or sur­

gery. Coils of magnets in the shape 

of a figure eight are placed on the 

scalp next to the region targeted 

for stimulation. As the magnets 

are turned on and off repeatedly, 

they can inhibit or excite nearby 

A confocal light micrograph depicts the blood-brain barrier, which screens out many drugs that otherwise could treat tumors. 



synaptic activity. When high­

frequency bursts occur more than 

five times a second, they excite 

activity in the cerebral cortex and 

hold out promise for alleviating the 

effects of depression, Parkinson's 

disease, and other neurological dis­

orders without the side effects of 

electric shocks or powerful drugs. 

Neurons in the left prefrontal cor­

tex, where electrochemical activ­

ity tends to be dampened among 

the depressed, have sparked with 

greater fire in response to TMS. 

Scientists at the National Insti­

tute of Mental Health also have 

found that magnetic treatments 

directed toward hyperactivity in 

the frontal lobes can lessen the 

grip of obsessive-compulsive dis­

order. At lower frequencies and 

slower pulses, TMS slows instead 

of hastens cortical activation. It 

may therefore work to ease the 

symptoms of illnesses such as the 

electric storms of epilepsy and the 

hallucinations of schizophrenia. 

When applied to the prefron­

tal lobes, TMS has been shown 

to enhance the speed and agility 

of cognitive processing. The TMS 

bursts act like a localized jolt of 

caffeine, but nobody knows for 

sure how the magnets actually do 

their work. Some scientists sus­

pect that high-frequency magnetic 

energy may boost the firing rate 

of brain cells, prompting them to 

more quickly and easily form the 

connections required for solving 

+ ROBORAT + 

IN 2002, physiologist John K. Chapin 

unveiled "Roborat." The rat carried a 

radio antenna, a microprocessor, and 

a video camera. Radio signals stimu­

lated areas of the rat's brain sensitive to 

left- and right-whisker touch, as well as 

pleasure circuits of the medial forebrain 

bundle. Controllers watching its video 

feed trained the rat to turn left or right by 

simulating whisker sensations and then 

rewarding the rat's pleasure circuits. 

problems or learning new skills. 

Or it's possible that the magnets 

merely increase blood flow and 

thereby make more oxygen avail­

able to individual cells. 

IMPLANTS 
Mechanical implants in brains are 

likely to provide an expanding, 

alternative method of boosting 

brain power and treating symp­

toms of disease. Just like com­

puters, microscopic implants are 

expected to get smaller and more 

powerful. Radio-powered micro­

chips may be able to fire up long­

dormant nerve fibers and restore 

movement to paralytics; silicon 

simulacra deposited next to dam­

aged neurons in brains and spinal 

cords may be able to repair them or 

replace signals no longer produced 

in deadened regions. 

Cochlear implants already help 

restore hearing lost through the 

disappearance of sensitive hair cells 

in the inner ear. Now, prosthetic 

devices are beginning to do similar 

work for vision. William Dobelle, 

who created an artificial vision sys­

tem at his Dobelle Institute in New 

York City, implanted electrodes 

inside the brain's visual regions. 

The electrodes communicate with 

a tiny digital camera mounted on 

a pair of eyeglasses and a portable 

computer. Light patterns gathered 

electronically through the glasses 

get converted directly into stimuli 

that can be unscrambled at some 

level by the visual cortex. A patient 

of Dobelle's named Jens, blind as a 

result of two accidents, had enough 

visual sensation restored that he 

could move through rooms and 

navigate a car around trash bins in 

a parking lot at the institute's lab. 

Dobelle, who died in 2004, fore­

saw refinements that would allow 

blind drivers to venture into real 

traffic. He said he designed the 

system to improve patients' mobil­

ity but expected rapid advances to 

"provide the possibility that the 

patients will be able to scan the 

Internet and watch television." 

The U.S. Army has given scien­

tists at the University of Califor­

nia at Irvine a four-million-dollar 

Probably fewer than 35 percent of people with Alzheimer's disease or other 

dementias have that specific diagnosis appear in their medical records, forestall­

ing efforts for appropriate treatment. 
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grant to explore brain-machine 

connections that would establish 

"synthetic telepathy" and could 

have military or medical applica­

tions. According to the univer­

sity, the interface would use a 

noninvasive imaging technology 

such as electroencephalography to 

translate thoughts into messages. 

Por example, a soldier could think 

about a particular message. Com­

puter technology would detect the 

brain waves involved in forming 

the thought and then decode them. 

The decoded thoughts then would 

be transmitted toward the intended 

receiver of the communication. 

The system would take extensive 

training to be effective. At first, it 

would require communicators to 

focus on simple messages that the 

system would be taught to recog-

. "G" "p. ""H I" d nlZe- 0, Ire, e p, an so 

forth. As it develops, the interface 

might be able to handle more com­

plicated communications. It also 

could be adapted to help stroke 

+ VISION IMPLANTS + 

RESEARCHERS AT THE University of 

Utah, led by ophthalmology professor 

Richard Normann, are refining and shrink­

ing implants in the brain's visual cortex to 

restore vision of those with damage to 

their retinas or optic nerves. Their goal 

is to create visual networks sophisticated 

enough to read print. They believe human­

engineered methods of treating profound 

blindness will move more quickly to clini­

cal trials than biological approaches. 

and paralysis patients. When motor 

skills involved in speech have been 

compromised, a system that ver­

balizes thoughts would reestablish 

communication and reconnect 

patients with their world. 

II 
The ancient Greeks believed 

" that lodestones, or magnetic 
rocks, had medicinal powers. 

Simple communications sent by 

brain waves directly into computers 

have already begun. A University 

of Wisconsin biomedical engineer­

ing doctoral student named Adam 

Wilson took it as a personal chal­

lenge when he heard someone on 

the radio say how cool it would 

be if you could post messages to 

the Internet social networking site 

Twitter simply by thinking. In 

spring 2009, Wilson demonstrated 

he could do just that during an 

interview with CNN. Wearingared 

cap fitted with electrodes, Wilson 

d "" poste two messages, or tweets, 

to Twitter through the power of 

thought. "Go Badgers," said the 

first, a reference to the Wisconsin 

mascot. The second said, "Spelling 

with my brain." Wilson accom­

plished the feat by concentrating 

on one letter at a time to "type" 

his message, then posted it to the 

Internet by focusing on the word 

"twit" on his computer screen. It 

took only a few days to write the 

software to connect the existing 

technology of reading brain waves 

to a Twitter interface. Wilson sent 

his first brain-created tweet to his 

adviser, assistant professor Justin 

Williams. 

Posting messages to a social 

communication network through 

the power of concentration is 

more than a neat trick. It could be 

adapted to help paralytics, such as 

those with "locked-in syndrome," 

communicate. People with amyo­

trophic lateral sclerosis (ALS) , a 

brain stem stroke, or a high spinal 

cord injury would benefit. 

NEW CELLS 

Like tiny mechanical implants, 

genetically engineered cells are 

treating a variety of brain disor­

ders, and no doubt will do even 

more in the future. Designed to 

produce agents to speed or retard 

biochemical reactions in the brain, 

these cellular implants help the 

brain and body heal themselves. 

Encouraging results are emerging 

for treatment of cancers, eye dis­

eases, spinal cord injuries, blood 

and muscle diseases, Parkinson's 

disease, and ALS, also known as 

Lou Gehrig's disease. The process 

involves taking cells from patients, 

changing a tiny bit of their genetic 

code, and then returning the cells 

to their host. Several treatments 

have advanced to human trials and 

produced encouraging results. 

Alzheimer's disease patients are 

among those likely to benefit from 

cellular implants. Researchers at 

Harvard Medical School in 2007 



A colored CT scan reveals how radiotherapy is used to treat a brain cancer. 

implanted a human gene that 

made mice rapidly develop the tell­

tale neural plaques of Alzheimer's 

disease. When the mice received 

implants of cells genetically altered 

to produce an enzyme called 

neprilysin that targets the beta­

amyloid compounds that form 

the plaques, the plaques dissolved 

and left the mice's brain clear. 

The implants caused no observ­

able adverse side effects, the Har­

vard researchers said. Whether the 

technique might work in humans 

is unknown. The human brain is 

much larger than the mouse brain, 

and would require much higher 

concentrations of the enzyme­

producing cells to cover the greater 

volume. One option for solving 

that problem is to place the re­

engineered cells where they would 

circulate the amyloid-dissolving 

chemicals into the cerebrospinal 

fluid that bathes the brain or the 

blood that circulates to every cell. 

BETTER DIAGNOSES 
Other breakthroughs appear on 

the horizon for Alzheimer's. Soon, 

a person who wants to know the 

likelihood of getting the disease will 

take a simple blood test to search 

for markers, much as cholesterol 

tests today can indicate heightened 

risk of heart disease. Early identi­

fication of the likelihood of get­

ting Alzheimer's would set up the 

patient to get drugs and therapies 

to slow or stop the mental decline 

associated with it. Vaccines to pre­

vent the accumulation of amyloid 

plaque in the brain are possible, 

too. An experimental vaccine called 

ACC-OO 1 spurs the body to create 

antibodies to attack beta-amyloid. 

If the body treats harmful plaques 

as invasive agents, it could target 

them for removal by activating its 

own immunity system. Other vac­

cines aim to directly remove the 

plaques from the brain. 

The Blanchette Rockefeller Neu­

rosciences Institute announced in 

May 2009 that it hoped to have 

a commercial version of an early 

Alzheimer's detection test available 

in 12 to 18 months. A home test 

might be available in three years. 

The test requires a collection of 

skin cells. The cells are grown in a 

glass dish and combined with an 

enzyme that signals the presence of 

Alzheimer's. The test proved to be 

98 percent accurate upon autopsy, 

which is the only surefire way to 

diagnose the disease. 
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N EX I 5 I EPS A JUMP INTO THE UNKNOWN 

R
AYMOND Kurzweil, 

the futurist who predicts 

a singularity of human­

machine interaction by the year 

2045 , expects tiny mechanical 

devices and software programs to 

greatly improve the function of 

the human brain. He takes as his 

starting point the world created 

in the trilogy of Matrix movies, 

which envision sentient computer 

programs, virtual reality indistin­

guishable from the real world, and 

the ability to download directly to 

the brain such skills as martial arts 

and the ability to fly a helicopter. 

Kurzweil expects all of those 

developments to occur in the next 

three to four decades. He believes 

the foundation is being laid now, 

as computing power continues 

its explosive growth. Within two 

decades, he says, scientists will be 

able to reverse-engineer the brain 

and duplicate its functions in 

silicon, and computers will be as 

intelligent as people and virtually 

indistinguishable from their bio­

logical creators. And the advances 

will continue. "By 2050, $1,000 of 

computing will equal one billion 

human brains," he said. 

DIRECT INPUT 

He expects computers to have the 

capability of performing the tricks 

seen in !he Matrix-perhaps even 

better than onscreen. In the movies, 

the hero has a thick cable inserted 

into his brain stem to download 

information. More likely, Kurzweil 

said, data could be downloaded by 

wireless connections or through 

the work of nanobots, microscopic 

machines that could enter the 

bloodstream and interface with the 

brain from the inside. 

+ TURING TEST + 

BRITISH MATHEMATICIAN and com­

puter scientist Alan Turing proposed a 

futurist ic "imitation game" in 1950 as a 

way to determine when machines have 

gained intelligence. One person puts 

questions to a machine and a second 

person, both hidden . They answer via 

text. After fi ve minutes, t he interroga­

tor must declare which respondent is 

the human. Machines will win the Turing 

Test when the questioner cannot tell. 

The micro technology isn't ready 

yet, but researchers are on the verge 

of practical development. Already, 

the u.s. Department of Defense is 

at work on "Smart Dust," a cluster 

of robots one millimeter in diam­

eter that can be dropped from a 

plane to perform reconnaissance 

on the ground. The aim is to create 

devices that gather information, 

communicate with each other, and 

share their intelligence with their 

controller at a remote site. Similar 

devices for deployment inside the 

bloodstream also are under devel­

opment. If such nanobots could be 

deployed inside the brain and scan 

and communicate with an exter­

nal computer, they could provide 

precisely detailed brain scans and 

interact with the brain at the cel­

l ular level. 

Kurzweil foresees not only com­

munication between implanted 

nanobots and external machines 

but also between nanobots and the 

brain itself. Neuron transistors now 

have the simple ability to detect the 

firing of a neuron or to cause it to 

fire. More sophisticated versions 

may take up positions inside the 

brain and create a form of virtual 

reality every bit as "real" as the out­

side world by blocking stimulations 

from the senses and replacing them 

with other signals. When such vir­

tual reality is hooked to a computer 

network, it could be shared. It may 

not be a fantasy for groups of people 

to feel as if they were actually living 

inside computer games. Kurzweil 

sees no reason why the nanobots 

couldn't enhance emotional expe­

riences or alter perception of one's 

own body. 

TALKING TO THE BRAIN 

Finally, Kurzweil envisions the 

ability to transfer knowledge from 

machines to the brain, and vice 

versa. Hybrid minds of neuronal 



and electronic components may 

expand the number of connections 

in the brain beyond the limits of 

biology. Under this scenario, a per­

son who wants to learn to speak 

French would merely access the 

lexicon and rules of grammar as 

stored in a data bank. Or he or she 

could download the knowledge 

and motor skills to fly the attack 

helicopter that saves the hero in 

the first Matrix movie. 

PREDICTIONS 

Kurzweil's scenarios peer a few 

decades into the future. What lies 

beyond that? Evolutionary biolo­

gist Richard Dawkins says it's the 

question he is asked most fre­

quently, and his short answer is: 

Nobody can make a clear predic­

tion about the future of the body 

and brain. Genetic modifications, 

biomechanical implants, human 

impact on the planet, and unfore­

seen variables in human evolution 

make the prediction just too murky 

to qualify as science. 

Undaunted, MSNBC sCience 

editor Alan Boyle asked scien­

tists to project possibilities based 

on observable trends. Biological 

changes evolve in our body in 

response to the continued spread 

of toxins in the biosphere. Poisons 

found in pesticides and industrial 

solvents have hastened biochemi­

cal reactions in humans, bringing 

II 
American Film Institute rates 

" 2001: A Space Odyssey'S com­

puter, Hal, a top movie villain. 

on higher incidences of breast can­

cer and lower sperm counts, as well 

as earlier entry into puberty. Might 

humans evolve in response to the 

spread of toxins that mimic hor­

mones and neurochemicals? 

In an artist's rendering of some future operation, mechanical driller nanobots clear an artery of a blood clot. 
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Another possibility is the benev­

olent enhancement of the brain 

and body. "If you look at the super­

heroes of the '30s and the' 40s, just 

about all of the technologies they 

had exist today," said Joel Gar­

reau, author of Radical Evolution. 

If enhancements become com­

mon, Garreau foresees the pos­

sibility of humanity splitting into 

three groups: those who can afford 

enhancements and choose to use 

them; those who can afford them 

but eschew their use for moral rea­

sons; and those who cannot afford 

access to enhancement. Such a sce­

nario could create a world of haves 

and have-nots, as well as all of the 

political, ethical, and religious tur­

moil that would imply. Possible 

improvements might include treat­

ments that could keep workers in 

their prime well past the age of 

100-at a cost of opening up jobs 

for younger replacement workers. 

A POSTBIOLOGICAL ERA 

Others believe that humans will 

evolve in tandem with robots. If 

robots become extremely sophis­

ticated, the question may arise of 

who might assimilate whom. Arti­

ficially intelligent robots would 

most likely have the wherewithal to 

reproduce and improve themselves. 

That might lead to the evolution of 

two separate species, one human 

and the other mechanical. Or 

robots may interact with humans 

in ways that improve human life. 

Futurist Hans Moravec chooses 

the word postbiological to describe 

the key evolutionary changes of the 

coming century, when machines 

will evolve into beings as complex 

as people, and then move further 

into some transcendent state that 

science can only guess at. Humans 

should be proud when such 

machines refer to themselves as our 

descendants, he said. 

"Unleashed from the plodding 

pace of biological evolution, the 

children of our minds will be free 

Evolution's path from past to present leads to an uncertain future, but one likely to include sophisticated, mechanical children of the human mind. 



to grow to confront immense and 

fundamental challenges in the 

larger universe," Moravec wrote in 

the 1988 book Mind Children: 7he 

Future of Robot and Human Intelli­

gence. "We humans will benefit for 

a time from their labors, but . .. 

like natural children, they will seek 

their own fortunes, while we, their 

aged parents, silently fade away." 

II 
University of the South Pacific 

•• algorithms let robotic cars 
"talk" to avoid collisions. 

Creating artificially intelligent 

offspring that may someday sup­

plant the human race doesn't 

bother Moravec; to choose not to 

develop such mind children would 

be the same as humanity turning 

its back on its potential, and "by 

my standards we would be tragic 

failures," he said. Given proper 

control, humanity can oversee the 

bounds of robotic so their fun­

damental motivation is to serve. 

"Like dutiful children caring for 

agmg parents, these machines 

could provide a long, luxurious 

retirement for biological human­

ity. Few people will object to being 

offered steadily greater wealth for 

steadily less labor," Moravec said. 

THE VIEW FROM HERE 

Science has the power to improve 

the brain and body. The goal is 

to help people live lives that are 

healthy, meaningful, and long. The 

shape of technology that will help 

get humanity closer to that goal, and 

its impact on the shape of life itself, 

aren't clear. But neuroscience stands 

prepared to explore and eventually 

understand vast, uncharted regions. 

Over the next several decades the 

brain will go through amazmg 

modifications, with technology 

driving each discovery. Human­

ity's challenge will be to harness the 

power of change while respecting 

the unique power of each mind. 

And while it has inspired both 

lofty visions and nightmares of the 

future, science ultimately will take 

the human brain places we cannot 

yet imagine. 
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GlOSSARY 
ABSENCE SEIZURES. Mild epi leptic seizures 

in which consciousness is lost and facial 

muscles twitch briefly. Most occur in young 

chi ldren and disappear by age ten. Formerly 

known as petit mal seizures. (Chapter Two) 

ACETYLCHOLINE. Neurotransmitter that 

causes muscles to contract. (Chapter Five) 

ADRENAL GLANDS. Produce hormone 

and regulate metabolism and blood flow and 

volume. Play an active ro le in the fight or 

flight response. (Chapter Th ree) 

ALIEN HAND. A rare neurological condition 

in which one hand acts independently of an 

individual's conscious control. (Chapter Six) 

ALPHA WAVES. Brain waves common at 

times of relaxed alertness. Important state 

for learning and using new information. 

(Chapter Six) 

ALZHEIMER'S DISEASE. The most com­

mon cause of dementia, primarily affecting 

memory, th in king, and reasoning. Nearly all 

brain functions are affected. (Chapter Nine) 

AMUSIA. Neurodegenerative condi­

tion affecting the abi lity to understand or 

express music. Often occurs with aphasia. 

(Chapter Four) 

AMYGDALA. An almond-shaped section of 

the forebrain. This component of the limbic 

system plays a central ro le in response to fear 

and terror. (Chapter One) 

ANTERIOR CINGULATE CORTEX. Region 

of the brain associated with error recognition 

and inhibition. (Chapter Seven) 

ANTERIOR TEMPORAL CORTEX. This 

region of the temporal cortex stores facial 

memory and plays a key role in facial recogni­

tion and identification. (Chapter Eight) 

ANTEROGRADE AMNESIA. Loss of the 

abi lity to create memories of events and 

experiences following a trauma that causes 

amnesia. (Chapter Eight) 

APHASIA. Neurodegenerative condition 

affecting the ability to understand or express 

language, general ly as a result of stroke or 

similar brain trauma. (Chapter Four) 

APRAXIA. Disorder of the nervous system 

in which an individual is unable to preform 

learned coordinated muscle movements 

although both muscles and senses work 

properly. (Chapter Four) 

ARACHNOID. The weblike middle layer of 

the three membranes surrounding the brain 

and spinal cord. (Chapter One) 

ARCUATE FASCICULUS. A bundle of nerve 

fibers connecting Broca's and Wernicke's 

areas. (Chapter Eight) 

ASCENDING RETICULAR FORMATION. 

Part of a branch of interconnected nuclei 

located in the brain stem. Responsible for the 

waking state. (Chapter Six) 

ASSOCIATIVE LEARNING. A process in 

which learning occurs by associating an 

action with its consequence. (Chapter Eight) 

ATHEROSCLEROSIS. A blood vessel disease 

characterized by hardening of artery walls due 

to the buildup offatty deposits. (Chapter Nine) 

ATHETOSIS. A movement disorder, linked to 

an overactive basal ganglia, characterized by 

slow continuous movement. (Chapter Five) 

ATTENTION DEFICIT HYPERACTIVITY 

DISORDER (ADHD). A common disorder in 

which individuals have difficulty concentrat­

ing and multitasking and are easi ly distracted. 

Affects 4 to 5 percent of ch ildren and may 

continue into adolescence and adulthood. 

(Chapter Three) 

ATTENTIONAL BLINK. Th e brain's inabil ity 

to detect a new target object flashed mil­

liseconds after the first. Generally observed 

during testing involving rapid presentation of 

visual stimuli. (Chapter Six) 

AUTISM. One of a group of developmen­

tal disorders characterized by sign ificant 

communication and social interaction impair­

ments and unusual interests and behaviors. 

(Chapter Seven) 

AUTONOMIC NERVOUS SYSTEM. Invol­

untary nervous system. Consists of visceral 

motor fibers that activate the heart, digestive 

tract, and glands. (Chapter Two) 

AXON. Th e electrical ly sensitive fiber of 
a neuron responsible for the transmission 

of information away from the nerve cel l. 

(Chapter One) 

AXON TERMINALS. Th e knob li ke endings 

of the terminal branches of an axon. 

(Chapter One) 

BASAL GANGLIA. A group of nuclei 

consisting of the caudate nucleus, putamen, 
and globus pallidus. Believed to playa role 

in movement regulation and coordination. 

(Chapter Five) 

BEHAVIORAL INHIBITION. A group of 

responses that develop in some children 

faced with new people or situations, who 

may express fear or shyness, and may cry or 

seek comfort in a fam il iar person. (Chapter 

Three) 

BEHAVIORISM. The science of predicting 

and control ling behavior through use of 

stimuli and conditioned responses. (Chapter 

Three) 

BETA-AMYLOID. A protein that forms the 

characteristic plaques found in the brains of 

Alzheimer's patients. (Chapter Nine) 

BETA BLOCKERS. A class of drugs that lower 

blood pressure by blocking the effects of 

epinephrine (adrenaline). (Chapter Five) 

BETA WAVES. Brain waves associated 

with periods of active mental states, such 

as problem solving and critical thinking. 

(Chapter Six) 

BIPOLAR DISORDER. A neurological condi­

tion characterized by extreme mood swings 

from mania to depression. (Chapter Seven) 



BLOOD-BRAIN BARRIER. Membranes 

in the brain's blood vessels with limited 

permeability that inhibit the transfer of many 

substances from the blood into brain t issues. 

(Chapter One) 

BRAIN DEATH. The brain's lack of elec­

trochemical activity and loss of function. 
A brain-dead individual cannot recover. 

(Chapter Six) 

BROCA'S AREA. Region in the left frontal 

cortex of the brain responsible for motor 

movements in the production of speech. 

(Chapter Eight) 

BRODMANN AREAS. Fifty-two sites located 

and mapped on the cerebral cortex by 

neuroscientist Korbinian Brodmann in 1906. 

Damage to a particular area manifests itself in 

a distinct, predictable way. (Chapter Two) 

CATARACTS. A clouding of the eyes' natural 

lens due to protein bui ldup. (Chapter Nine) 

CENTRAL FISSURE. Groove separating 

the frontal lobe from the paritall obe. 

(Chapter One) 

CENTRAL NERVOUS SYSTEM. The brain 

and spinal cord. Th is control hub integrates 

incoming sensory information and issues 

motor responses. (Chapter Two) 

CEREBELLUM. Region of the brain that 

is most responsible for producing smooth, 

coordinated muscle movement. 

(Chapter Five) 

CEREBRAL CORTEX. The outermost layer of 

the brain, responsible for creativity, planning, 

language, and perception. (Chapter Two) 

CEREBROSPINAL FLUID. Plasmalike fluid 

that cushions and protects the brain and sp i­

nal cord and provides nourishment to brain 

tissues. (Chapter One) 

CERVICAL NERVES. Eight pairs of spinal 
nerves that issue from the first seven verte­

brae and supply movement and feeling to the 

arms, neck, and upper chest. (Chapter Five) 

CHEMORECEPTORS. Neural receptors 

that respond to the presence of chemicals. 

(Chapter Two) 

CHOLINESTERASE INHIBITOR. A common 

type of anti-dementia drug that slows the 

breakdown of the neurotransmitter acetyl­

choline. (Chapter Nine) 

CHOREA. A movement disorder character­

ized by involuntary, irregular, jerking motions 

ofthe limbs and trunk. (Chapter Five) 

CHRONIC TRAUMATIC ENCEPHAL­

OPATHY (CTE). A degenerative brain 

disease found in individuals with a history 

of frequent concussions. Characterized 

by depress ion, memory loss, aggress ion, 

confusion, and the early onset of dementia. 

(Chapter Five) 

CHUNKING. The techn ique of dividing a large 

amount of information into smaller groups to 

faci litate memorization. (Chapter Eight) 

CIRCADIAN RHYTHM. Any pattern an 

organism's body follows in an approximately 

24-hour period, such as the sleep-wake cycle 

in humans. (Chapter Six) 

CLASSICAL CONDITIONING. A process 

of behavioral training in which a previously 

neutral stimulus evokes a particular response 

through repeated pairing with a stimulus that 

naturally evokes it. (Chapter Eight) 

COCCYGEAL NERVE. Single pair of nerve 

cells that issue from the coccyx, or tailbone. 

Supplies feeling to the skin between the coc­

cyx and the anus. (Chapter Five) 

COCHLEAR HAIR CELLS. Hearing recep­

tors located in the inner ear that allow the 

processing of sound. They bend in response 

to vibrations entering the ear and transmit 

signals to the brain stem via the audatory 

nerve. (Chapter Four) 

COGNITIVE RESERVE THEORY. Suggests 

that bui lding and strengthen ing neural con­

nections through mental stimulation may 

offset dementia symptoms. (Chapter Nine) 

COGNITIVE UNCONSCIOUSNESS. Takes 

in most of the information that allows indi­

viduals to consciously act within and know 

their environment. (Chapter Five) 

COMA. A deep level of unconsciousness in 

wh ich an individual cannot be awakened and 

does not respond to stimuli . (Chapter Six) 

COMPLEX REGIONAL PAIN SYNDROME. 

A chronic condition causing swelling and pain 

in a limb and differences in skin coloration 

and temperature. Believed to be caused by 

a dysfunction of the central or peripheral 

nervous system. (Chapter Six) 

CONCUSSION. A high-velocity impact 

injury to the brain that may interfere with 

movement, balance, speech, and memory 

and can have short- and long-term effects. 

(Chapter Five) 

CONES. Photoreceptive cells on the retina 

that provide color vision. They respond to 

the wavelengths of red, blue, and green. 

(Chapter Four) 

CONFABULATION. A disorder in which an 

individual unintentionally fabricates occur­

rences to fill gaps in his or her memories, 

believing them to be accurate. (Chapter 

Eight) 

CORPUS CALLOSUM. A thick band on 

nerve fibers that connects and all ows for 

communication between the left and right 

hem ispheres of the brain. (Chapter Six) 

CORTICAL DEMENTIA. Dementia induced 

by damage to the cerebral cortex. Results in 

impaired social and behavioral ski lls, thinking, 

memory, and language. (Chapter Nine) 

CORTICOTROPIN RELEASING 

HORMONE. Released by the hypothalamus, 

increasing anxiety, putting the body on alert, 

and causing adrenaline and the stress hor­

mone cortisol to be re leased. (Chapter Two) 

CORTISOL. A hormone released by the adre­

nal cortex in periods of extended stress. Has 

anti -inflammatory properties. (Chapter Six) 

CRANIAL NERVE. Carries information to 

and from the brain. Except for the vagus 

nerve, al l terminate in the head and neck. 

(Chapter Two) 

CRANIUM. The fused bones that encase 

and protect the brain and the organs for 

equilibrium and hearing; skul l. (Chapter One) 
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CREUTZFELDT-JAKOB DISEASE. A 

rare and fatal degenerative brain disorder 

characterized by rapid progressive dementia. 

(Chapter Nine) 

DELTA WAVES. Brain waves that occur most 

often during sleep or in periods of unconscious­

ness. Common in newboms. (Chapter Six) 

DEMENTIA. Term for a group of symptoms 

caused by disease, infection, or trauma result­

ing in a loss of mental functions, interfering 

with normal daily life. (Chapter Nine) 

DENDRITES. Branching fibers ofaxons that 

act as receptors of information. These receive 

messages from other neurons and deliver 

them to the main body of the nerve cell. 

(Chapter One) 

DIABETES INSIPIDUS. A condition caused 

by a lack of sufficient amounts of antidiuretic 

hormone (AD H) in the body. Patients experi­

ence extreme thirst and frequent urination. 

(Chapter Two) 

DIABETES MELLITUS. A condition caused 

by a lack of insulin, resulting in heavy blood 

sugar loss through urination. (Chapter Two) 

DISSOCIATIVE FUGUE. A psych iatric 

disorder, often induced by stress, that is 

characterized by amnesia of se lf or personal­

ity. (Chapter Eight) 

DOMAINS. Specific cortical areas that 

have been linked to specific motor and 

sensory functions by PET scans and fMR ls. 

(Chapter Two) 

DURA MATER. The tough outermost 

layer of the three membranes surrounding 

the brain and spinal cord, located directly 

beneath the cranium. (Chapter One) 

DYSCALCULIA. A learn ing disability that is 

characterized by severe difficulty in under­

standing math. (Chapter Eight) 

DYSGRAPHIA. A learning disability affect­

ing an individual's ability to write. This may 

affect both fine motor hand control and idea 

processing. (Chapter Eight) 

DYSLEXIA. A learn ing disability of neurologi­

cal origin that impairs the ab il ity to process 

language, leading to difficulties in spelling, 

reading, and writing. (Chapter Eight) 

DYSTHYMIA. A chronic depression 

less severe than major depression, 

characterized by occurrence of depressive 

symptoms nearly daily for over two years. 

(Chapter Seven) 

ECTODERM. Outermost layer of cells of a 

developing embryo that becomes the skin 

and nervous system. (Chapter Three) 

ELABORATION. A memory technique in 

which new information is associated with 

previously learned material, aiding in long­

term storage. (Chapter Eight) 

EMBOLIC STROKE. Stroke occurring when 

fatty deposits, detached from an artery wall 

in another region of the body, lodge in an 

artery of the brain, cutting off blood supply. 

(Chapter Nine) 

EMOTION. A spontaneously occurring 

mental state characterized by strong feeling 

and often accompanied by physiological and 

behavioral changes. (Chapter Seven) 

EMOTIONAL CONTAGION. The process 

of emotion transfer from one individual to 

another by the unconscious mimicking of the 

emotional behavior of others in the vicin ity. 

(Chapter Seven) 

ENDODERM. Innermost layer of cells of a 

developing embryo that becomes the diges­

tive tract. (Chapter Th ree) 

ENDORPHINS. Proteins that reduce the 

perception of pain. (Chapter One) 

ENGRAM. A term for the physical trace that 

memory formation may leave on participat­

ing neurons. (Chapter Eight) 

ENKEPHALINS. Natural pain suppressants 

that inhibit the discharge of pain-exciting 

neurotransmitters. (Chapter Two) 

ENVIRONMENTAL DEPENDENCY SYN­

DROME (EDS). A neurological condition in 

which an individual feels compelled to mimic 

others' actions or to use tools within their 

environment. (Chapter Six) 

EPINEPHRINE. Also called adrenaline. 

Primary hormone produced by the adrenal 

medulla. Th is works with norepinephrine to 

put body systems on alert. (Chapter Three) 

EPISODIC MEMORY. A type of declarative 

memory that consists of stored autobio­

graph ical remembrances of personal experi­

ences. (Chapter Eight) 

EPITHELIAL CELLS. Cells that form the 

taste buds. Consist of supporting, basal, and 

taste receptor cells. (Chapter Four) 

ESTROGEN. Female sex hormone produced 

in the adrenal glands and ovaries. These femi­

nizing hormones are found in both sexes, 

but in a much higher quantity in women. 

(Chapter Seven) 

EXPLICIT MEMORY. Memories that are 

consciously recal led. (Chapter Eight) 

EXTEROCEPTORS. Sensory neurons that 

respond to external stimuli and are the basis 

for the five senses. (Chapter Four) 

FETAL ALCOHOL SYNDROME. A 

range of developmental disorders and 

birth defects caused by excessive drinking 

during pregnancy. Ch ildren may be born 

with abnormal features and malformed 

organs and are at risk of mental retarda­

tion. (Chapter Th ree) 

FIGHT OR FLIGHT RESPONSE. Triggered 

by the sympathetic branch of the automatic 

nervous system, the brain's response to flee 

from or defend itself against a potential or 

perceived threat. (Chapter Two) 

FISSURES. Th e deepest inward folds or 

grooves of the brain. (Chapter One) 

FOVEA. Center of the retina. This region 

contains the highest concentration of pho­

toreceptors and is the area of highest visual 

acuity. (Chapter Four) 

FREE RADICALS. Molecules in the 

body with an unstable electric field. 

Th ey take an electron from a neighboring 

molecule, making it unstable and creating a 

chain reaction that may result in cell damage. 

(Chapter Nine) 



GAMMA WAVES. Brain waves that 

occur continuously in al l states except for 

nondream ing sleep. Bel ieved to promote 

various brain functions, especially memory. 

(Chapter Six) 

G-FACTOR. Short for "general intel ligence 

facto r." A psychological measure of cogn it ive 

mental abilities. (Chapter Two) 

GLAUCOMA. An eye conditi on that 

develops as fl uid pressure bui lds inside 

the eye. This may damage the optic nerve, 

leading to vision im pairment or blindness. 

(Chapter Nine) 

GLOMERULI. Cel ls located in t he olfac­

tory bul b that respond to particular odors. 

(Chapter Four) 

GLUTAMATE. Excitatory neurotransmit­

ter prevalent in the central nervous system. 

(Chapter Three) 

GONADOTROPHIN-RELEASING 

HORMONES. A hormone produced in the 

hypothalam us t hat induces the production of 

lutei nizing and fol licle-stimulating hormones 

in t he pituitary gland. (Chapter Seven) 

GYRI (SING., gyrus). The outward, elevated 

folds of the cerebral cortex. (Chapter One) 

HAPTIC TOUCH. The physical manipula­

tion of objects in order to determine tactile 

qualities such as texture, hardness, and shape. 

(Chapter Four) 

HAYFLICK LIMIT. The term given to t he 

discovery t hat cell division occurs a fin ite 

amount, the number of wh ich may deter­

mine an organism's life span. (Chapter Nine) 

HEMIBALLISMUS. Uncontrolled movement 

of the lim bs as a result of damage to th e 

basal ganglia. (Chapter Five) 

HEMISPHERECTOMY. The surgica l removal 

of one of the hem ispheres of the brain. 

(Chapter Three) 

HEMORRHAGIC STROKE. Stroke 

that occurs when a brain artery rupt ures, 

generally as a result of high blood 

pressure. (Chapter Nine) 

HIPPOCAMPUS. Region of the brain aiding 

in converting new information to long-term 

memory. (Chapter Six) 

HOMEOSTASIS. A state of eq uilibrium 

refe rring to t he body's abil ity to remain 

intern al ly stable while external environments 

vary. (Chapter Two) 

HUNTINGTON'S DISEASE. A hereditary 

condition causing degeneration of the neu­

rons in the basal gangl ia and cerebral cortex. 

It is ultimately fata l. (Chapter Five) 

HYPERALGESIA. An increased sensitivity to 

pain. (Chapter Two) 

HYPERTHYMESTIC SYNDROME. A condi ­

tion in wh ich an individual has a superior 

autobiograph ical memory. (Chapter Eight) 

HYPOCRETIN. A neurotransmitter that 

promotes wakefulness. (Chapter Six) 

HYPOTHALAMUS. Brain region located 

directly above the brain stem. The center 

of emotional response. Regulates body 

temperature, hunger, th irst, and sleeping. 

(Chapter One) 

IMPLICIT MEMORY. Memory recal led uncon­

sciously during physical activity. (Chapter Eight) 

INSULA. Region of the cerebral cortex 

responsible for t he recognition and percep­

tion of disgust in others. (Chapter Seven) 

INTERNEURONS. Neurons confined to the 

brain and spinal cord that integrate informa­

tion between motor and sensory neurons. 

(Chapter One) 

INTEROCEPTORS. Sensory neurons that 

register internal stim ul i, such as chemical 

changes. (Chapter Four) 

INTRALAMINAR NUCLEI. Located in the 

thalam us, nuclei are responsible for creating 

the brain's gamma waves. (Chapter Six) 

JACKSONIAN EPILEPSY. A type of epilepsy 

characterized by predicable fits confined to 

certai n parts of the body. (Chapter Five) 

JET LAG. A circadian rhythm disrup-

tion caused by rapid long-distance flights. 

Irritability, fatigue, digestive problems result. 

(Chapter Six) 

KETAMINE. A drug that blocks NM DA 

receptors in the cent ra l nervous system. 

It is used as an anesthetic and in some cases 

to treat chron ic severe pain. (Chapter Six) 

KORSAKOFF'S PSYCHOSIS. A form of 

amnesia, often caused by severe alcohol ism, 

in which an individual is unable to form or 

store new memories and is much given to 

confabulation. (Chapter Eight) 

LATERAL GENICULATE. Located in the 

thalamus, this serves as a visual re lay center 

for signals in transit to t he visual cortex in the 

occi pital lobes. (Chapter Four) 

LATERAL PONTINE TEGMENTUM. A 

region of the pons responsible for induci ng 

REM sleep. (Chapter Six) 

LEPTIN. A hormone produced by fat cells 

that helps to regulate metabo lism and food 

consumption. (Chapter Five) 

LEVATOR ANGULI ORIS. Facial muscle 

that raises the angle of the mouth. 

(Chapter Seven) 

LEVATOR LABII SUPERIORIS. Facial 

muscle in the uppe r lip and chee k t hat 

raises the upper lip when one is smi li ng. 

(Chapter Seven) 

LEWY BODY DEMENTIA. The second most 

common form of degenerative dementia; 

characterized by abnormal structures in cer­

tain areas of the brain. (Chapter Ni ne) 

LIPOFUSCIN. A naturally occurring fatty 

brown pigment that accumulates in cells as 

the body ages. (Chapter Nine) 

LOCKED-IN SYNDROME. A ne urologi ­

cal co ndit ion resulting in loss of vo luntary 

muscle movement in al l regions of th e 

body except the eyes, tho ugh cogn itive 

awareness and reason ing remain norma l. 

(Chapter Five) 

LONGITUDINAL SULCUS. A deep groove 

that separates the cerebral hemispheres. 

(Chapter One) 
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LONG-TERM POTENTIATION (LTP). The 

strengthening of neural connections, con­

sidered to be the cellular basis of memory. 

(Chapter Seven) 

LUMBAR NERVES. Five pairs of spinal 

nerves that supply the lower back, fronts of 

the legs, and feet. (Chapter Five) 

MACULAR DEGENERATION. A chron ic 

eye disease characterized by the degenera­

tion of the eye tissue responsible for clear 

center vision. (Chapter Nine) 

MAJOR DEPRESSION. The most severe 

form, characterized by profound interfer­

ence with no rmal dai ly act ivities. May 

occur as a single episode after significant 

trauma, or repeatedly through life. 

(Chapter Seven) 

MECHANORECEPTORS. These receptors 

create nerve impulses when their shape is 

deformed by a mechanical force such as pres­

sure or touch. (Chapter Two) 

MEDIAL TEMPORAL LOBE. Region of the 

brain that includes the hippocampus and 

amygdala. This area is crucial to the forma­

tion, storage, and organ ization of memory. 

(Chapter Eight) 

MEDULLA OBLONGATA. Part of the brain 

stem, it connects the spinal cord to higher 

brain centers. Controls heartbeat and respira­

tion. (Chapter One) 

MELATONIN. A hormone produced in the 

pineal gland that helps regulate the sleep­

wake cycle. (Chapter Seven) 

MESODERM. The middle layer of cells 

in a deve loping embryo. This forms the 

muscles, skeleton, heart, and genital ia. 

(Chapter Three) 

MIRROR NEURONS. Neurons that fi re 

during a familiar action and when th ink­

ing of or observing others performing it. 

(Chapter Five) 

MITRAL CELLS. Neurons in the olfactory 

bulb that refine and ampl ify signals from 

glomeruli and relay the information to the 

olfactory tract. (Chapter Four) 

MONOAMINES. A class of neurotransmit­

ters that includes dopamine, serotonin, and 

adrenali ne. (Chapter Six) 

MONOAMIDE OXIDASE INHIBITORS 

(MAOIS). Antidepressant drugs that boost 

mood by preventing monoamide oxidase 

from metabol izing serotonin, norepineph­

rine, and dopamine. (Chapter Seven) 

MOTION BLINDNESS. Loss of the abi lity 

to detect changes in movement. Motion 

appears as a series of diffe ri ng stil l images. 

(Chapter Five) 

MOTOR HOMUNCULUS. A diagram linking 

body parts to the corresponding region of 

the motor cortex, with sizes of body parts 

shown in proportion to the number of neural 

connections. (Chapter Five) 

MOTOR NEURONS. Neurons carrying 

impulses away from the central nervous 

system to act ivate muscles and glands. 

(Chapter One) 

MYELIN SHEATH. An insulating and protec­

tive wrapping of fatty tissue that surrounds 

axons and increases the speed of the trans­

mission of nerve impulses. (Chapter One) 

NARCOLEPSY. The inability to regulate 

sleep-wake cycles. Linked to the absence of 

or lowered amounts of hypocretin in the 

brain. (Chapter Six) 

NEGATIVITY BIAS. A psychological phe­

nomenon by which individuals react more 

strongly to unpleasant situations and stimuli 

than to their positive counterparts. (Chapter 

Seven) 

NEURAL DARWINISM. A term coined 

by Nobel laureate Gerald Edelman, t his 

describes the process in wh ich neurons that 

receive constant simulation grow and those 

that do not atrophy. (Chapter Three) 

NEURAL GROOVE. In a developing embryo, 

during the second stage of brain and spinal 

cord development, th is occurs as the neural 

plate begins to fold inward. (Chapter Three) 

NEURAL PLATE. Formed during the third 

week of embryonic development as the 

ectoderm thickens. The first stage of brain 

and spinal cord format ion. (Chapter Three) 

NEURAL TUBE. Formed as the neural 

groove fuses together. Occurs by day 22 in 

embryon ic development. (Chapter Three) 

NEUROBLASTS. Pri mitive nerve cell s. 

(Chapter Three) 

NEUROGLIA. Glial cel ls; these brain cel ls 

insulate, guide, and protect neurons. (Chap­

ter One) 

NEUROLEPTICS. Antipsychotics, a class 

of drugs generally used to treat schizo­

phrenia and other psychotic disorders. 

(Chapter Three) 

NEURON. Nerve cel l; a centra l nervous 

system cel l that generates and transm its 

information from nerve impulses. 

(Chapter One) 

NEURONAL MIGRATION. Process where 

new neurons created in the prefrontal 

cortex re locate to other parts of the brain 

and assume new tasks. This occurs during 

the final months of feta l development. 

(Chapter Three) 

NOCICEPTOR. Pain receptor that responds 

to potentially harmful stimuli. (Chapter One) 

NODES OF RANVIER. Regular gaps in the 

myelin sheath occurring along the coated 

axons. (Chapter One) 

NONASSOCIATIVE LEARNING. Learn ing 

that occurs through repeated exposure to a 

stimulus without the result of either positive 

or negative consequences. (Chapter Eight) 

NOREPINEPHRINE. A neurotransmitter 

and adrenal medul lary hormone, this works 

with epinephrine to activate the sympathetic 

branch of the autonomic nervo us system. 

Also involved in arousal and the regulation of 

sleep and mood. (Chapter Three) 

NUCLEUS ACCUMBENS. Region of the 

brain associated with feelings of pleasure and 

reward. (Chapter Six) 

OBSESSIVE-COMPULSIVE DISORDER 

(OCD). An anxiety disorder characterized by 



intrusive, unwanted th oughts (obsessions) 

and/ or strong urges to perform countering 

actions (compuls ions). (Chapter Five) 

OLFACTORY EPITHELIUM. A flui d-coated 

patch of sensory cel ls that is able to detect 

odor. It is located on the roof of t he nasal 

cavity. (Chapter Four) 

OPERANT CONDITIONING. A process 

of behavioral training in which a voluntary 

action is reinforced through reward or dimin­

ished through punishment. (Chapter Eight) 

ORBICULARIS OCULI. Facial muscles 

responsible for crinkl ing t he eyes when an 

individual sm il es. (Chapter Seven) 

OTOLITHS. Crystals of calcium carbonate 

located in the otolithic membrane in the ear. 

Playing a vital ro le in balance, these structures 

both detect gravity and aid in the awareness of 

the head's spatial orientation. (Chapter Four) 

OXYTOCIN. A hormone produced in the 

pituitary gland that is released duri ng preg­

nancy and interco urse, promoting trust and 

pair bonding. (Chapter Seven) 

PAPEZ CIRCUIT. A system of interconnected 

brain regions, including hippocampus, hypo­

thalamus, and cingulate gyrus, that partici ­

pates in short-term memory formation and 

emotional processing. (Chapter Eight) 

PARALLEL PROCESSING. The transmission 

of information through the body whereby 
one neuron excites multip le others and sev­

eral paths are util ized at once. (Chapter Two) 

PARASYMPATHETIC BRANCH. This 

branch of the autonom ic nervous system is 

responsible for re laxing the body. It lowers 

heart rate and blood pressure and reduces 

breathing rate. (Chapter Two) 

PATELLAR TENDON. Connects the kneecap 

to the shinbone and aids in leg extension. Site 

of the knee jerk reflex test. (Chapter Five) 

PERCEPTION. The interpretation of the 

mean ing of a stim ulus. (Chapter Four) 

PERIPHERAL NERVOUS SYSTEM. The 

nerves t hat branch out of the brain and spinal 

cord. (Chapter Two) 

PERSISTENT VEGETATIVE STATE. A condi­

tion in wh ich t he brain maintains functions 

necessary to keep t he body alive, but not 

cognitive fun ction. (Chapter Six) 

PHENYLETHYLAMINE (PEA). A neu­

rotransm itter found in small amounts in t he 

brain and in foods such as chocolate. This 

releases dopam ine into the li mbic system, 

creating feelings of pleasure. (Chapter Seven) 

PHEROMONES. Chemicals produced by 

insects and an imals that t ransm it messages 

to or affect the behavior of other individuals. 

(Chapter Four) 

PHOBIA. An unreasonable fea r that may 

cause avoidance and pan ic. (Chapter Seven) 

PHONEME. Th e smallest sound element in 

a language that can be altered to change the 

mean ing of a word. These have no mean ing 

on th eir own. (Chapter Three) 

PHONEME CONTRACTION. The loss of 

the abi lity to hear and differentiate all lan­

guage so unds. Occurs between the age of six 

months and one year. (Chapter Th ree) 

PHOTORECEPTORS. Neurological recep­

tors t hat react to light energy. (Chapter Two) 

PHRENOLOGY. Pseudoscience pop ular 

in the 19th century believing that personal 

characteristi cs and mental abilit ies can be 

derived from knots and knobs of the skull. 

(Chapter Two) 

PIA MATER. The innermost cerebral mem­

brane, t his th in layer of connective t issue 

clings to every dip and curve of the cerebral 

cortex. (Chapter One) 

PLANUM TEMPORALE. Region of t he 

brain associated with speech and sign 

language comprehension. Larger in t he left 

hem isphere in two-t hi rds of t he population. 

(Chapter Three) 

PLASTICITY. The brain's abi lity to reshape 

neural interactions. (Chapter One) 

PONS. Part of the brain stem that serves as 

a bridge between the medul la and midbrain 

and aids the medulla in respi ratory regulation. 

(Chapter One) 

PRECENTRAL GYRUS. Area of the cerebral 

cortex contain ing the primary motor com­

plex and thus responsible for body move­

ment. Located on the frontal lobe of each 

hemisphere. (Chapter One) 

PREFRONTAL CORTEX. Brain region 

located in the anter ior frontal lobe. Respon­

sible for reason ing, plann ing, judgment, 

empathy, abstract ideas, and conscience. 

(Chapter One) 

PRIMARY DEMENTIA. A dementia, such as 

Alzheimer's, that does not occur as a result 

of another disease. (Chapter Nine) 

PROGRESSIVE DEMENTIA. Dementia that 

becomes worse through time. (Chapter Nine) 

PROPRIOCEPTORS. Sensory neurons that 

are responsible for t he sense of self, and the 

awareness of body position and movement. 

(Chapter Four) 

PROSODY. Additional mean ing imparted to 

language through the rhythm and intonation 

of speech. (Chapter Seven) 

PROSOPAGNOSIA. A condit ion also known 

as face blindness in wh ich an individual is 

unable to recognize a person by his or her 

facial features or to differentiate between 

faces. (Chapter Eight) 

PRUNING. A natural process of the 

brain whe re weak neural connections die 

off. Occurs on a large scale during fetal 

development and during tee nage years, 

and on a lesser scale t hrough adult hood. 

(Chapter Three) 

PSUEDOBULBAR PALSY. A condition in 

which an individual is unable to vol untarily 

contro l t he muscles of his or her face. 

(Chapter Seven) 

RAPHE NUCLEI. A cl uster of neurons in 

the pons, medulla, and midbrain primarily 

responsible for production of seroton in. 

(Chapter Nine) 

RAPID EYE MOVEMENT SLEEP (REM). 

Th e fifth stage of sleep, characterized by high 

levels of activity in the cerebral cortex. Stage 

in which dreaming occurs. (Chapter Six) 
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RECALL. Memory process that involves 

retrieving previously stored information. 

(Chapter Eight) 

RECOGNITION. Retrieval process of 

memory that consists of the identification of 

learned items. (Chapter Eight) 

REFLEX. An automatic and uncontrolled 

reaction to stimuli. (Chapter Two) 

RESPONSIBLE FOR BODY MOVEMENT. 

Located on the frontal lobe of each hemi­

sphere. 

RETINA. Th e sensory membrane that lines 

the interior of the eye. Composed of several 

layers, including one of rods and cones, it 

receives the image formed by the lens, con­

verts it to signals, and transmits it to the optic 

nerve. (Chapter Four) 

REVERSIBLE DEMENTIA. Dementia 

brought on by an unrelated, treatable condi­

tion. (Chapter Nine) 

RISORIUS MUSCLES. Facial muscles respon­

sible for the lateral movement of the corners 

of the mouth. (Chapter Seven) 

RODS. Photoreceptors that register dim 

light. Located on the retina, these all ow vision 

at low-l ight levels. (Chapter Four) 

ROOTING. A reflex that causes an infant to 

turn toward facia l stimulation. Believed to 

facilitate feeding. (Chapter Four) 

SACRAL NERVES. Five pairs of spinal nerves 

that issue from the sacrum below the lower 

back. These nerves supply the backs of the 

legs and sexual organs. (Chapter Five) 

SCHIZOPHRENIA. A chronic neurological 

disease of distorted thoughts and percep­

tions. This affects both men and women and 

usually surfaces during adolescence or young 

adulthood. Symptoms include delusions and 

hallucinations. (Chapter Three) 

SEASONAL AFFECTIVE DISORDER (SAD). 

A type of depression that occurs most often 

with the onset of winterr. (Chapter Seven) 

SECONDARY DEMENTIA. Dementia resulting 

from injury or another disease. (Chapter Nine) 

SELECTIVE SEROTONIN REUPTAKE 

INHIBITORS (SSRIS). Drugs that inhibit 

seroton in reabsorption. Used to treat depres­

sion, anxiety disorders, obsessive-compulsive 

disorder, and eating disorders. (Chapter Five) 

SEMANTIC MEMORY. Stored knowledge of 

general facts and data. (Chapter Eight) 

SENSATION. Th e brain's registration and 

awareness of a stimulus. (Chapter Four) 

SENSORY NEURONS. Neurons that 

send impulses from the skin and parts of 

the body to the central nervous system. 

(Chapter One) 

SEPARATION ANXIETY. Th e distress found 

in some young children at the departure of a 

parent or the introduction to a stranger. 

SEPTUM. Region of the brain associated 

with orgasm. (Chapter Seven) 

SERIAL PROCESSING. Transmission of 

information along a direct chain of neurons; 

a single neuron is excited at a time. (Chapter 

Two) 

SEROTONIN. Inh ibitory neurotransmitter 

that plays a ro le in sleep, mood regulation, 

memory and learning. (Chapter Six) 

SLEEP APNEA. A sleep disorder in which 

an individual frequently stops breathing for 

short periods of t ime. (Chapter Six) 

SLEEP REGULATORY SUBSTANCES. 

Proteins that accumulate in cerebrospinal 

fluid during wakefulness. Induce sleep upon 

reaching threshold levels. (Chapter Six) 

SOMATIC NERVOUS SYSTEM. Volun ­

tary nervous system. Sends signals from 

the central nervous system to the skeletal 

muscles. Usually under conscious control. 

(Chapter Two) 

SPINAL NERVES. The nerves branching out 

from and relaying information to and from 

the spinal cord. (Chapter Two) 

STEM CELL. An unspecialized cel l with the 

abi lity to grow and develop into other types 

of cells and tissues. (Chapter Nine) 

STIMULUS. A change in the environment 

that evokes a reaction from the brain. 

(Chapter Four) 

SULCI (SING., sulcus). Inward fo lds of the 

cerebral cortex, more shal low than fissures. 

(Chapter One) 

SUBCORTICAL DEMENTIA. A dementia 

affecting the lower regions of the brain, 

resulting in changes in movement and 

emotion as we ll as memory problems. 

(Chapter Nine) 

SUBSTANTIA NIGRA. A cluster of cells at 

the base of the midbrain responsible for the 

production of dopamine. (Chapter Nin e) 

SUPERIOR COLLICULUS. Located in the 

midbrain, this region adjusts the head and 

eyes to achieve maximal visual input. (Chap­

ter Four) 

SUPERIOR TEMPORAL SULCUS. Brain 

region contain ing the neural networks 

responsible for motion detection/analysis. 

(Chapter Five) 

SYLVIAN FISSURE. Groove separating 

the parietal lobe from the temporal lobe. 

(Chapter One) 

SYMPATHETIC BRANCH. A branch of the 

autonomic nervous system that puts the body 

on alert and supplies it with energy in response 

to fear or excitement. (Chapter Two) 

SYNAPSE. Tiny gap between the axon termi­

nals of two neurons through which commu­

nication occurs. (Chapter One) 

SYNESTHESIA. A condition in wh ich the 

stimulation of one sense is simultaneously 

percieved by another sense or senses. 

(Chapter Four) 

TASTANTS. Chemicals that stimulate the 

sensory cells in taste buds. (Chapter Four) 

TAU. A protein that aids in the formation of 

microtubules, which help transport nutri­

ents within neurons. Becomes irregular in 

Alzheimer's disease. (Chapter Nine) 

TESTOSTERONE. Male sex hormone 

produced primarily in the testes. This 



masculi nizing hormone is found in both 

sexes, but in much higher quantity in men. 

(Chapter Seven) 

THERMORECEPTORS. Neurorecep­

tors that register changes in temperature. 

( Chapter Two) 

THETA WAVES. Experienced between wak­

ing and sleeping, during prayer, daydream ing, 

creativity and intuition. Thought to promote 

learning, memory. (Chapter Six) 

THORACIC NERVES. Spinal nerves that 

issue from the 12 vertebrae of the upper 

back. They serve t he trunk and abdomen. 

(Chapter Five) 

THROMBOTIC STROKE. Occurs when 

an artery supplying blood to the brain gets 

clogged by fatty depos its on its inner wal ls, 

cutting off blood supp ly. (Chapter Nine) 

TINNITUS. Hearing disorder characte rized 

by chron ic ringing or cl icking in the ears in an 

otherwise si lent environment. (Chapter Four) 

TISSUE PLASMINOGEN ACTIVATOR 

(TPA). A clot-destroying drug that, when 

adm inistered soon after a stroke occurs, 

improves chances of ful l recovery or minim iz­

ing damage. (Chapter Nine) 

TONIC-CLONIC SEIZURES. Th e most 

severe epi leptic seizures, often causing loss 

of bowel and bladder control, tongue biting, 

and strong convulsions. Formerly known as 

grand mal seizures. (Chapter Two) 

TOURETTE'S SYNDROME. Neurologi­

cal disorder characterized by repetitive and 

invol untary motor tics and vocalizations. 

(Chapter Five) 

TRANSECT. To completely sever. (Chapter 

One) 

TRANSIENT ISCHEMIC ATTACK (TIA). 

A stro ke occurring when an artery serving 

the brain becomes temporarily blocked. 

Often precedes more severe, acute stroke. 

(Chapter Nine) 

TRIGEMINAL CRANIAL NERVE. Con­

nects the face to the brain ste m. Respon ­

sible for fac ial sensation and motor control. 

(Chapter Five) 

TRIUNE BRAIN. A 1967 theory on the 

evolution of t he brain suggested by Paul 

Macl ean in which th ere are three separate 

areas of the brain representing evolutionary 

development. (Chapter Three) 

TROPHIC FACTORS. Proteins that promote 

the surv ival, function, and growth of neurons, 

and that are responsible for t he correct wir­

ing of neurons during brain development. 

(Chapter Three) 

TRYPTOPHAN. An essential am ino acid that 

aids in t he body's production of serotonin 

and vitamin B3. Prevalent in turkey and dairy 

products. (Chapter Six) 

TYMPANIC MEMBRANE. The eardrum, 

which conducts sound wave vibrations from 

the ear canal to the bones of t he middle ear. 

(Chapter Four) 

UMAMI. The fifth flavor, li nked to foods con­

taining gl utamate and aspartate. (Chapter Four) 

VAGUS NERVE. One of the primary com­

munications pathways between the brain and 

the body's major organs. (Chapter Seven) 

VENTRAL PALLIDUM. One of t he brain's 

main reward circuits; associated with attach­

ment and stress re lief. (Chapter Seven) 

VESTIBULAR ORGAN. Nonauditory por­

tion of the inner ear. Responsible for the 

body's detection of the spatial orientation 

and movement of the head and for maintain ­

ing balance and posture. (Chapter Four) 

VESTIBULAR REFLEX. Automatic adj ust­

ment to the muscle tone in the body and 

neck to maintain the posture of the head. 

(Chapter Five) 

VESTIBULOOCULAR REFLEX. Causes 

automatic adjustments to the eye muscles 

to maintain a stable gaze regardless of head 

movement. (Chapter Five) 

VISUOSPATIAL MEMORY. A type of 

declarative memory, al lowing the remem­

brance of the location of objects in space. 

(Chapter Eight) 

VOMERONASAL ORGAN (V NO). 
A small olfactory organ found in most 

verteb rates t hat detects phe romones and 

sends corresponding signals to the brain. 

(Chapter Seven) 

WERNICKE'S AREA. Brain area located in 

the poste rior region of the temporal lobe; 
responsible for ability to understand and 

produce inte ll igible speech. (Chapter Eight) 

WILLIAM'S SYNDROME. A rare genetic 

condition characterized by mental retarda­

tion or learn ing difficulties, an overly fr iendly 

personality, and a distinctive facial appear­

ance. (Chapter Nine) 

WORKING MEMORY. Where information 

is stored temporarily in the brain. Also called 
short-term memory. (Chapter Two) 

ZYGOMATICUS MUSCLES. Facial muscles 

involved in smiling. These lift the corners of 
the mouth. (Chapter Seven) 

ZYGOTE. A fe rt il ized egg. (Chapter Three) 

,-
o 
V> 

V> 

» 
;;;0 

-< 



INDEX 
Boldface indicates illustrations. 

A 
Absence seizures 41, 58, 60 

ACC-001 (vaccine) 313 

Acetylcholine: aging and 282; Alzheimer's 

disease and 289; definition 151; effect 

on heart 14-15; foods containing 62; 

location and function 15; memories 

and 273; memory and 15; motion and 

51, 148; REM and 190 

Acoustic communication 261-262 

Acupuncture 127 

Adams, Ansel 263 

Adams, James Thurlow 87-88 

Addiction 30, 201-203, 202; see also 
alcohol abuse; substance abuse 

Adenine 34 

Adenosine triphosphate (ATP) 191 

ADH (antidiuretic hormone) 62 

ADHD (attention deficit hyperactivity 

disorder) 87-90, 97 

Adolescents 84-88, 91, 93 

Adrenal glands 97 

Adrenaline 137, 177, 198 

Adults 92-95 

Affective learning 236 

Aggression 72, 218, 219 

Aging: acetylcholine and 282; alcohol 

and 285; attitude and 283; brain 23, 

267-268,274,278,292-293; brain 

imaging of 287; central nervous sys­

tem and 269-271; cerebral cortex and 

271; dopamine and 285; emotions and 

285-286; frontal lobes and 274, 285; 

hippocampus and 271; learning and 

decision making 286; long-term mem­

ory and 95-96; memory and 95-96, 

286-287; motion and movement and 

274,282; plasticity and 83, 94, 95, 268, 

269; prefrontal cortex and 95; Restak 

on 286; short-term memory and 

95-96,285,287; sleep and 283-285; 

smell and taste and 280-281; theories 

of 291-292; touch and 281-282; video 

games and 270; vision and 278-279; 

wisdom and 269 

Akeelah and the Bee (film) 141 

Albert (baby) 81, 81 

Alcmaeon of Croton 4 

Alcohol: aging and 285; brain's perfor­

mance and 62; dendrites and 200-201; 

excessive consumption 62; during preg­

nancy 74,76-77; sleep and 191, 192, 

283-284 

Alcohol abuse 200-201, 202-203, 255, 

257,285-286; see also fetal alcohol 

syndrome 

Alien hand 177, 184, 184-185 

Allegri, Gregorio 239 

Allen, Paul 294 

Allen Brain Atlas 294 

Alpha waves 172, 173, 177 

ALS (amyotrophic lateral sclerosis) 51, 312 

Altered states of consciousness 198-203 

Alzheimer, Alois 288-289 

Alzheimer's disease: acetylcholine and 

289; brain imaging of 289; caffeine 

and 307; cellular implants and 312-

313; chromosomes and 288; definition 

276; dementias and 25,288; diagnosis 

272; drugs for 289; early identification 

313; hippocampus and 288; physiology 

270; prevention strategies 21, 244, 273, 

289; risk for 270; self-repair and 295; 

stages and symptoms 287-289; treat­

ment273 

Amaplex247 

Amnesia 241, 243, 245, 255-256, 257 

Ampakines 247 

Amphetamines 247 

Amusia 112, 133 

Amygdala: in adolescence 86; autism and 

212; definition 17; depression and 232, 

233; emotions in 220, 242; fear and 

terror response and 93, 213, 214, 307; 

laughing and crying, nervous control 

of 210; long-term memory and 246; 

memory processing and 212; nega-

tive emotions and 214-215; reaction 

to fearful faces 214; sadness and 229; 

during sexual climax 71; sympathetic 

nervous system and 116; Tourette's syn­

drome and 166 

Amyloid plaques 273 

Amyotrophic lateral sclerosis (ALS) 51, 

312 

Anabolic steroids 153 

Andersen, Hans Christian 263 

Androgen 220 

Anesthesia 171 

Anger 218-219 

Angio-MRI (of the brain) 28 

Angular gyrus 259, 263 

Animals: brains of 22,68-70,158; com­

munication of 261-262; sleep in 

187-188 

Anterior cingulate cortex 138, 211, 213, 

220-221, 307 

Anterior lobe (cerebellum) 154 

Anterior temporal cortex 244, 245 

Anterograde amnesia 245 

Antidementia drugs 273 

Antidepressants 233; see also specific 
antidepressants 

Antidiuretic hormone (ADH) 62 

Antioxidents 292 

Anxiety 40, 197 

Aphasia 112, 133 

Aplysia (snai I) 66 

Apraxia 112, 133, 265 

Arachnoid 17, 19 

Arcuate fasciculus 245, 258 

Arginine vasopressin (AVP) 221, 222, 225 

Aricept289 

Aristotle 3, 130, 187, 206, 207-208, 238, 

269 

Aromatherapy 116 

Artificial intelligence 298-300 

Ascending reticular formation 177 

Aserinsky, Eugene 188, 195 

Asimov, Isaac 301 

Aspirin 45, 55 

Associative learning 238,245 

Atanasoff, John 298 

Atherosclerosis 275, 276 

Athetosis 151, 161, 162 

ATP (adenosine triphosphate) 191 

Attachment 220,225 

Attention deficit hyperactivity disorder 

(ADHD) 87-90, 97 



Attentional blink 177, 179 

Attraction 222-225 

Auditory complex 113 

Auditory processing disorder 265 

Auguste D (woman) 288-289 

Autism 87, 212, 213, 295 

Automated Virtual Environment 308 

Automatic learning 250 

Automatic processes 178 

Autonomic nervous system 38-40, 41, 61, 

146-147 

AVP (arginine vasopressin) 221, 222, 225 

Awareness 171-172, 176, 178-185 

Axon terminals 11-12, 17 

Axons 11, 17, 166 

B 
Babbage, Charles 299 
Backward framing 254-255 

Baddeley, Alan 240 
Balance 114-115 

Bard, Philip 206 

Basal forebrain 208 

Basal ganglia: athetosis and 151,162; 

autonomic response and 148; dur-

ing consciousness 179; definition 151; 

dopamine production and 161; gender 

difference 87; hemiballismus and 151, 

161-162; Huntington's disease and 151, 

162; integration of thought and action 

and 152,163; language and 258; mem­

ory and 163; motion disorders and 161; 

movement and 50, 52, 152, 163; physi­

ology 87; see also specific regions 
Bauby, Jean-Dominque 182 

Baxendale, Sallie 243 

Beauregard, Mario 94 

Begin, Menachem 186 

Behavioral inhibition 81, 97 

Behavioral therapy 164-165 

Behaviorism 81, 97 

Bell Curve, The (Herrnstein er Murray) 26 

Belyaev, Dmitri 208, 218 
Benoit, Chris 153 

Berger; Theodore 308-309 
Berners-Lee, Tim 13-14 

Berridge, Kent 227 
Berry, Clifford 298 

Berry, Halle 206 
Beta blockers 137, 151, 308 

Beta waves 172, 173, 177 

Beta-amyloid 276, 289, 313 

Bhagawhandi (girl) 58-60 

Bickerton, Derek 260-261 

Binet, Alfred 25,27 

Biofeedback 57 
Biological Foundation of Language (Len-

neberg) 260 
Bipolar disorder 213, 229, 231, 232 

Bleuler; Eugen 90 
Blindness 110-111, 130 

Blood pressure 275, 277 
Blood-brain barrier 17, 19, 310 

Blue Brain Project 309 

Blue Zones, The (Buettner) 226 

Blueberries 62 
Bonding 213,221-222,224-226 

Bone marrow 292 

Bourne, Ansel 256 

Bourne, Jason 256 

Boutons 12 
Boyle, Alan 315 

Braille 130 

Brain: adolescent 84-88, 91, 93; adult 

92-95,293-294; aging 23,267-269, 

274,278,292-293; anatomy 18-23, 

20; brain death 177, 181; dissection 

6-7,8-9; Egyptian thoughts on 3; 

evolution 66-71; fetal development 

72-75,75,293; fuel 23; gender differ­

ences 71, 84-85; Greek thoughts on 4; 

images 1, 9; imaging (see brain imag­

ing); implants 311-312; injuries to 160-
161; integration offunctions 51, 71, 

108,113,128-129; mapping 30,145; 
metaphors for 7; motion and move­

mentand 152, 158-159; newborn 75, 
78-81,79; organization of 37; perfor­

mance improvement of 3,21, 21, 62, 
95,244,268-269; soul and 7-8; spe­

cialization 70-71, 83, 86; of a stroke 

victim 274; surgery 6; triune brain 69, 

97; waves (see brain waves); weight 23, 
37,274; see also under animals; specific 
anatomy, physiology, and imaging 

Brain fingerprinting 246 

Brain imaging: of aging brains 287; of 

Alzheimer's disease 289; mapping 

emotions and 208; meditation and 

179; movements and 152; noninvasive 

24-25,28; during orchestra conduct­
ing 182; personality detection and 307; 

sadness and 229; see also specific tests 

Brain stem 277 

Brain waves: alpha waves 172, 173, 177; 

delta waves 172, 173, 177, 188; gamma 

waves 172, 173, 176, 177; memory and 

172,177; sleep and 172, 173, 177, 188, 

189; theta waves 172, 173, 177 

Brain stem 208, 210 

Breuer; Josef 183 

Broca, Paul 262,264 

Broca's area 112, 245, 258-260, 259, 264 

Brodmann, Korbinian 39 

Brodmann areas 39, 41, 143 

Buettner; Dan 226 
Burton, Robert 230 

Buy.ology (Lindstrom) 303 
Byron, George Gordon, Lord 231 

C 
Caffeine 62, 175, 200, 274, 307 
Calcium 58 

Calm energy 174, 175 

Calm Energy (Thayer) 174 

Calm tiredness 174, 175 

Calment, Jeanne 290, 292 

C-AMP (cyclic-AMP) 247, 248, 249 

C-AMP response element binding protein 

(CREB) 247, 248 

Cannon, Walter 52, 206 

Canseco, Jose 153 

Capek, Karel 301 

Capsaicin 120 

Carbohydrates 198 

Cardiac muscles 136, 137 

Carnegie, Dale 210 

Cataracts 276, 278-279 

Caudate nucleus 162, 164, 220-221, 253 

Celexa 165, 233 

Cell assemblies 239, 249 

Cellular implants 312-313 

Central fissure 17 

Central nervous system 37-38,41, 

269-271 

Central sulcus 20-21 

Cephalization 36 

Cerebellum: anatomy and physiology 

22-23,50-51,154; during conscious­

ness 179; definition 151; emotions 

and 23; fetal development 73; func­

tions154-155; integration of thought 

and action in 139, 140, 141, 153-154, 
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163; long-term memory and 243; love 

and 93, 221; memory and 163; move­

ment and 50-51,139,153; section of 

155; during sexual climax 71; strokes 

and 277; tickling and 126; see also spe­
cific regions 

Cerebral cortex: aging and 271; anatomy 

and physiology 20, 39, 69, 70; auto­

nomic nervous system and 147; caf­

feine and 62; concussions and 161; 

definition 41; dreaming and 188; elec­

trical energy of 173; emotions and 39; 

fetal development 68,73; integration 

of thought and action in 138-139, 152; 
language and 259; learning and 105, 

129,236; long-term memory and 243; 
memory and 36, 69, 70, 243; nervous 

system in 39; pain and 46, 47; REM 
sleep and 188; short-term or working 

memory and 71; smell and 117-118; see 
also specific regions 

Cerebral hemispheres 20-21, 23, 71, 142, 

145; see also left hemisphere; right 

hemisphere; specific regions 
Cerebral palsy 142-143 

Cerebri Anatome (Willis) 8 

Cerebrospinal fluid 19 

Cerebrum: anatomy 20-21; CT scan of 

168-169; fetal development 73 

Cervical nerves 151 

Challenger explosion 254, 254 

Change blindness 102 

Changizi, Mark 185 

Chaos, Joey 296-297 

Chaos theory 216, 217 

Chapin, John K. 311 

Cheek, D. B. 171 

Chemoreceptors 41, 44 

Chen 127 
Chi 127 

Chloride 58 
Cholinesterase inhibitors 273, 276 

Chomsky, Noam 258-259 
Choral effect 264-265 

Chorea 151, 161, 161, 162-164 

Choreography 163 

Christie, Agatha 153, 263 
Chronic traumatic encephalitis (CTE) 151 

Chunking 239, 245, 251, 255 

Churchill, Winston 230 

Cicero 250, 269 

Cingulate gyrus 164 
Circadian rhythms (sleep-wake cycle) 171, 

172,175,176,176,177 

Claparede, Edouard 184 

Clark, Graeme 278-279 

Classical conditioning 245 

Clomipramine hydrochloride 165 

Cluster headaches 55 
Cocaine 48, 200-201 

Coccygeal nerve 151 
Cochlear hair cells 111-112, 114, 133 

Cochlear implants 279, 300, 311 

Cognex 289 

Cognition 170, 176, 178, 181 

Cognitive itch 303 

Cognitive learning 236 

Cognitive reserve 244 

Cognitive therapy 165, 233 

Cognitive unconscious 142, 151 

Coleman, Paul 271 

Colour-organ 102 

Comas 176, 177, 180, 181-183 

Common sense 130 

Communication: acoustic 261-262; ani­

mal 261-262; with technology 302; 

visual 261 

Competitive inhibition 45 

Complex regional pain syndrome 177, 

180,183 
Complex seizures 58 

Computerized Axial Tomography (CT) 

24,29-30,168-169,313 

Computers 299-301 
Concussions 151, 160-161, 255 

Cones 107, 133 

Confabulations 245, 252 

Confocal light micrograph 310 
Consciousness 2-3, 176, 178-179, 183, 

246; see also altered states of conscious­

ness; unconsciousness 
Consolidation 246-247 

Controlled processes 178 

Corpus callosum 20, 177, 183 

Cortical dementia 276 

Corticotropin releasing factor (CRF) 40, 

41,124 

Cortisol 40, 177, 186, 219 

Coughlin, Joseph F. 305 
Craig, Ava 256 

Cranial nerves 41 
Cranium 17, 18 

Creative Dreaming (Garfield) 197 

CREB (c-AMP response element binding 

protein) 247, 248 

Creole languages 261 

Creutzfeldt- Jakob disease 272, 276 

CRF (corticotropin releasing factor) 40, 

41,124 

Crick, Francis 179 

Crossed-extensor reflex 147 

Crying 210 

CT (Computerized Axial Tomography) 

24,29-30,168-169,271,313 

CTE (chronic traumatic encephalitis) 151 

Cushing, Harvey 6 
Cyclic-AMP (c-AMP) 247, 248, 249 

Cyclooxygenase-245 
Cylert88 

Cytosine 34 

o 
Dale, Henry 14-15 

Damasio, Antonio 207, 208, 214, 260 

Dampierre, Marquis de 165-166 

DaRosa, Dan 256 

DARWARS Ambush (game) 305 

Darwin, Charles 66-67, 148, 208-209 

Davidson, Richard 208 

Davies, Stephen 166-167 

Dawkins, Richard 315 

Deadwyler, Samuel 308-309 

Deafness 278-279 

Death 290 

Declarative memories 240, 241, 243 

Decorin 166-167 

Deep Blue 299-300 

Delta waves 172, 173, 177, 188 

Delta-9-tetrahydrocannabinol (THC) 200, 

201 

Dement, William C. 193, 195 

Dementia praecox 90 

Dementias: Alzheimer's disease and 25, 

287 -288; cognitive reserve and 244; 

definition 276; diagnosis 272; frontal 

lobes and 273; memory and 249; music 

therapy and 286; prevention strategies 

273; risk for 270,302; symptoms and 

signs 272-273; temporal lobe and 273; 
treatment 273; true dementia 270; see 
also specific dementias 

Dendrites 11, 17, 200-201 

Depression: alcohol abuse and 202-203; 



amygdala and 232,233; causes 229-

230; chemical treatments 232-233; 

dementia and 273; demographics 230-

231; diagnosing 231-232; difference 

from sadness 229; heredity and 230-

231; hippocampus changes 232; impact 

on the brain 230; memory and 255; 

Restak on 285; serotonin and 233; symp­

toms and signs 229, 232; tactics 233; 

therapy for 233; see also specific forms 
Descartes, Rene 6-8 

Descent of Man, The (Darwin) 67 

Developmental apraxia 265 

Dexedrine 88 

Dexterity, manual 51 

Diabetes insipidus 41, 62 

Diabetes mellitus 41, 63 

Dickinson, Emily 2 
Didion, Joan 147 

Diencephalon 22, 22 
Diener, Carol 214 

Diener, Edward 214 

Difference Engine 299 

Dissociative fugue 245, 256-257 

Diving Bell and the Butterfly, The (Bauby) 

182 

Dobelle, William 311 

Domains 41 

Domestication 208 

Doogies (mice) 243, 244 
Dopamine: ADHD and 88; aging and 285; 

basal ganglia and 161; in crystal form 

222; diseases of motion and 161; drugs 

affecting 49,88,201,202,227,247; 

L-dopa and 58-59; location and func­

tion 15; love and 221; MAO and 233; 

as monoamine 177; over- or under­

production of 161; Parkinson's and 15, 

52-53,161,166,167,181; pleasure and 

48,49,213,221,227; positive emo­

tions and 227; schizophrenia and 90; 
stem cells and 167; stuttering and 264; 

Tourette's syndrome and 166 

Dopamine-enhancing drugs 247 

Dreamlife of Angels, The (film) 181 

Dreams and dreaming 188, 189, 192-197 

Dudley, A. T. 149 
Duke, Patty 230 

Dura mater 17, 18-19 

Dynamic equilibrium 53 

Dyscalculia 245,265 

Dysgraphia 245, 265 

Dyslexia 87, 245, 262-263, 265 

Dyspraxia 265 

Dysthymia 213,231-232 

E 
Eagleman, David 181 

Ears 111, 114-115,278,279-280; see also 
hearing; specific anatomy 

Earworm 303 

Eating disorders 87 

Ebbinghaus, Hermann 239 

Ecstasy 30, 199-200 

Ectoderm 72, 73, 97 

Eddy, Mary Baker 23 

Edelman, Gerald 67,79, 179 
Edison, Thomas 263 

ED5 (environmental dependency syn-
drome) 177, 184-185 

EEG (electroencephalogram) 28, 172, 173 
Einstein, Albert 20 

Elaboration associates 240, 245 

Elder Wisdom Circle 269 

Elderly see aging 

Electrical stimulation 167 

Electroencephalogram (EEG) 28, 172, 173 

Embolic strokes 276, 277 

Embryonic stem cells 167 

Emotional contagion 211, 213 

Emotions: aging and 285-286; in 

amygdala 214-215, 220, 242; centers 

in the brain 208; cerebellum and 23; 

cerebral cortex and 39; classification 

208; decoding 211-212; definition 213; 

emotional contagion 211, 213; evolu­

tion 208-209; frontal lobes and 207, 

211,219; hypothalamus and 208, 227, 

242; left hemisphere and 208, 229; 

lobotomies and 6; manifestation and 

communication 208, 210-211; map­

ping with brain imaging 208; memory 

and 212, 240, 308; motion and 136, 

138,153,205; negative 214-219; per­
ceiving 210-212; positive 220-227; 

prefrontal cortex control of 219; reg­
istering 92-93; right hemisphere 

and 20, 93, 208, 211, 229; scientific 

thoughts on 206-207; set points 214; 

sympathetic nervous system and 242; 
Tourette's syndrome and 166; see also 
specific emotions 

Encephalitis lethargica 58-59 

"Enchanted Domain III, The" (Magritte) 

196 

Encoding (memories) 239-240, 

246-247 

Endocrine system 61-63 

Endoderm 72, 73, 97 

Endorphins 15, 17, 48, 225, 227, 294 

Engram 245 

Enkephalins 41, 45 

Environmental dependency syndrome 

(EDS) 177, 184-185 

Epilepsy 60-61, 142, 144 

Epileptic seizures 60-61 

Epinephrine 40, 97 

Episodic memories 242, 243, 245, 257 

Epithalamus 22 

Epithelial cells 120, 133 

ERP (exposure and response prevention) 

164-165 

Estrogen 213, 220, 221, 222 

Everett, Daniel L.259 

Exelon 289 

Explicit memories 240, 245 

Exposure and response prevention (ERP) 

164-165 

Exteroceptors 128, 129, 130, 133 

Eyes 107 -108, 278; see also blindness; 

vIsion 

F 
Facebook 305 

Faces in the Clouds (5. Guthrie) 101 

Facial nerve 121 

Facial recognition 244 

False memories 255, 309 

Faraday, Michael 142 

Fear93,213,214,215,218 

Fergusson, David 203 

Fetal alcohol syndrome 74, 76-77, 97 

Fetal stem cells 167 

Fetuses 68, 72-75, 75, 293; see also fetal 

alcohol syndrome 

Fick, Adolf 110 

Fields, R. Douglas 223-224 

Fight or flight response 41 

Fingerprinting, brain 246 

Fish 188 

Fisher, Helen 220 

Fissures 17, 19, 20-21 

Flach, Frederic 101 

z 
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Flavors 120-121, 121; see also taste 

Flexor reflex 147 

Flirtation 223 

Flocculonodular lobe (cerebellum) 154 

Fluid intelligence 27 

Flynn, James R. 25, 27 

FMRI (Functional Magnetic Resonance 

Imaging) 29, 30, 136, 211 

Folate 75 

Folic acid 291 

Follicle-stimulating hormones 222 

Fovea 106,133 

Fox, Michael J. 52 

Frankenstein (Shelley) 299 

Franklin, Ben 23 

Frederick II (emperor) 123 

Free radicals 276, 292 

Free will 150, 217 

Freud, Sigmund 27,183,183,192,194, 

269 

Friedlander, Robert 21 

Frisen, Jonas 295 

Fritsch, Gustav Theodor 21, 142 

Frontal lobes: aging and 274, 285; anat­

omy and physiology 21; dementia and 

273; development 238; emotion con­

trol and 207, 211, 219; encoding and 

246; fMRI of 136; lesions 185; major 

depression and 232; memory and 95; 

MRI of 211; sadness and 229; schizo­

phrenia and 90-91; see also lobotomies; 

specific regions 
Frost, Robert 23 

Fuentes, Luis 132 

Fugue state 245, 256-257 

Functional immortality 298 

Functional Magnetic Resonance Imaging 

(fMRI) 29, 30, 136, 211 

Fusiform gyrus 244 

Fyodorov, Svyatoslav 108 

G 
GABA (gamma-aminobutyric acid) 15, 

200 

Gage, Fred 294 

Gage, Phineas 207, 207 

Galen 4-5 

Gall, Franz Joseph 25, 36, 39 

Gamma waves 172, 173, 176, 177 

Gamma-aminobutyric acid (GABA) 15, 

200 

Gardner, Howard 25 

Garfield, Patricia 197 

Garis, Hugo de 299 

Garr, Teri 147 

Garreau, Joel 316 

Gates, Bill 298 

Gehrig, Lou 50-51 

General intelligence factor (g-factor) 27, 

41 

Genetic markers for addiction 202, 203 

Genie (girl) 260, 260 

G-factor (general intelligence factor) 27, 41 

Giedd, Jay 86 

Giese, Jeanna 180, 180 

Giurgea, Corneliu E. 306 

Glaucoma 276, 278 

Glial cells 10, 74 

Globus pallidus 163 

Glomeruli 118-119, 133 

Glossopharyngeal nerve 121 

Glucocorticoids 124 

Glucose 23 

Glutamate 15, 51, 90, 97, 119, 200, 289 

Gogh, Vincent van 231, 231 

Golf, My Way (Nicklaus) 156 

Golf swing 154-155 

Golgi, Camillo 11, 13 

Golgi tendon reflex 147 

Gonadotropin-releasing hormones 213, 

222 

Goodwin, Doris Kearns 149 

Gordin, Richard 157 

Graham, Billy 52 

Grammar, universal 258-259 

Grand mal seizures 41, 58, 60-61 

Grant, Ulysses S. 53-54 

Graphology 38, 39 

Gray matter 46,85, 154, 200-201, 274 

Green, Anthony 110 

Grief 228-229 

Grzebski, Jan 181 

Guanine 34 

Gustatory cells 120, 121 

Guthrie, Arlo 162 

Guthrie, Stewart Elliott 101 

Guthrie, Woodie 162, 162 

Gyri 17, 19; see also specific gyri 

H 
H. M. 241, 241 

Haldol (haloperidol) 166 

Hall, Calvin S. 197 

Haloperidol (Haldol) 166 

Hamilton, William 251 

Happiness 226-227 

Haptic interface 127 

Haptic touch 123, 133 

Harlow, Harry 122 

Harman, Denham 292 

Hartley, David 239 

Harvard Monthly 149 
Hayflick, Leonard 292 

Hayflick limit 276 

Headaches 53-55, 54; see also specific 
headaches 

Hearing 102, 111-115, 128, 279-280; see 
also ears 

Hearing aids 114, 278-279 

Heart muscles 14-15, 136, 137 

Heath, Robert G. 48 

Hebb, Donald O. 239, 249 

Heisenberg, Werner 216 

Hemiballismus 151, 161-162 

Hemispherectomy 78, 82-83, 83, 97 

Hemispheres, cerebral 20-21, 23, 71, 

142,154; see also left hemisphere; right 

hemisphere; specific regions 
Hemorrhagic strokes 276, 277 

Henning, Hans 116-117 

Hering, Ewald 239 

Heroin 48, 201 

Herrnstein, Richard J. 26 

Hippocampus: aging and 271; Alzheimer's 

disease and 288; autism and 212; defi­

nition 177; depression and 232; long­

term memory and 177, 246; memory 

and 40,124,192,212,241,243,252, 

308-309; new neurons in 294; stress 

and 124 

Hippocrates 2, 4, 5, 21, 230, 277 

Hitzig, Eduard 142 

Hobson, Allan 194 

Hoffman, Hunter 302 

Hofmann, Albert 199, 199, 200 

Holladay, April 252 

Hollis, Ralph 126-127 

Holmes, Thomas 124 

Homeostasis 41,52-53 

Homesigns 258 

Homocysteine 273 

Hormones 61-62; see also specific hormones 
Horne, Lena 147 



Huntington's disease: basal ganglia and 

151,162; dementia and 272; descrip­

tion 151, 162; Woodie Guthrie and 162; 

memory and 163; movement and 142, 

160; neural cell transplants and 167 

Hutchinson, Kayla 242 

Huttenlocher, Janellen 237 

Hyperalgesia 41, 47 

Hyperthermia 282 

Hyperthymestic syndrome 245, 252-253 

Hypnos187 

Hypnosis 132, 173 

Hypocretin 177, 193 

Hypoglycemia 63 

Hypothalamus: ADH and 62; anxiety and 

40; autonomic nervous system and 

147; CRF and 40, 41, 124; definition 17; 

emotions and 208,227,242; endocrine 
system and 61; functions 22, 147; gen­

der differences 71; immunity and 40; 
pain and 45; pituitary gland and 40; 

pleasure and 48; sexual behavior and 

71, 222-223; testosterone and 222; 

Tourette's syndrome and 166; see also 
specific regions 

Hypothermia 282 

I 
I, Robot (film) 301 

Idioma de Sefias de Nicaragua 258 

Ikeda, Kikunae 119 

Image manipulation 303-304 

Immortality 298 

Immunity 40 

Implants, electronic 167 

Implicit memories 240, 243, 245 

Incorporation 196 

Inferior frontal cortices 307 

Inferior occipital gyri 244 

Ingram, Jeffrey 256 

Inhibition, competitive 45 

Insomnia 187, 255 

Insula 213,220-221 

Insulin 63 

Integration: of brain functions 51, 71, 108, 

113,128-129; of neural networks 128-

129,131; of neurons 12, 17, 42, 42-44; 

of senses 130, 132; of thought and action 

138-139,140,141,152,153-154,163 

Intelligence 25-28, 41, 242-244; see also 
artificial intelligence 

Internal capsule 167 

Internal clocks 180-181 

Internet networks 305 

Interneurons 17 

Interoceptors 128, 129, 133 

Interpretation of Dreams (Freud) 194 

Intralaminar nuclei 176, 177 

Iproniazid 232 

IQ tests 26-27 

Isoniazid 232-233 

Itching 43 

lzumikawa, Miyoko 287 

J 
Jackson, Andrew 263 

Jackson, Elizabeth 142, 144 
Jackson, John Hughlings 58, 142-144, 

144,152 

Jacksonian epilepsy 144, 151 

James, William 27, 138, 158, 171, 206 

Jamison, Kay Redfield 231 

Jansen, Dan 156, 156 

Janszky, Imre 187 

Japanese-language keyboard 82 

Jensen, Frances E. 91 

Jet lag 175,177 

Jimmie G 256-257 

Joan of Arc 60 

Johnson, Samuel 164 

Johnson, Ted 160-161 

Joints 274 

Jones, James Earl 265 

Joy 226-227 

K 
Kadosh, Roi 132 

Kandel, Eric R. 236, 241 

Kasparov, Garry 300 

Kegl, Judy 258 

Kekule von Stradonitz, August 193-194 

Kellaris, James 303 

Keller, Helen 130 

Kelly, Kevin 298 

Ketamine 177,180 

Keyboard, Japanese-language 82 

Kinase 249 

Kleitman, Nathaniel 188 

Knauss, Sarah 292 

Koko (gorilla) 261, 262 

Kornhuber, H. H. 152 
Korsakoff, Sergei 252 

Korsakoff's psychosis 245, 255-257 

Kramer, Art 270 

Krueger, James 191 

KSA domains 236 

Kurzweil, Raymond 298, 314-315 

L 
Lachrymal glands 278 

Langleben, Daniel 211 

Language: brain regions affecting 257-

260,262-263; cerebral cortex and 259; 

evolution 260-262; language memory 

252,253; learning 93, 258-259; left 

hemisphere and 20, 71, 97, 257, 258, 
262; right hemisphere and 260; tasks 

and 257-260; whole language method 

263; see also communication; specific 
languages 

Lashley, Karl S. 239 

Lateral geniculate 108, 133 

Lateral medulla 150 

Lateral pontine tegmentum 177, 190 

Laughing 210 

L-dopa (Ievodopa) 53, 58-59, 59 

Learned motor skills 140, 154 

Learning: affective 236; aging and 286; 

associative 238, 245; automatic 250; 

in babies and young children 237 -238; 

cerebral cortex and 105, 129, 236; cog­

nitive 236; disabilities 245, 265 (see 
also specific disabilities); language 93, 

258-259; levels 236-237; memory and 

236-244; motor 236, 237; neurons 

and 236; nonassociative 238, 245; to 

read 237, 237; social learning 236, 238 

LeBerge, Stephen 195 

Lee, Ann 60 

Left hemisphere: damage to 264; emo­

tions and 208,229; music and 113; 

speech and language and 20, 71, 97, 

257,258,262; strokes and 277; Tan's 

264; vision and 108, 253 

LeMay, Margorie 71 

Lenneberg, Eric H. 260 

Lennon, John 263 

Leonardo da Vinci 5-6, 263 

Leptin 151 

Levator anguli oris 213 

Levator labii superioris 213 

Levodopa (L-dopa) 53, 58-59, 59 

Levy, Becca 283 

z 
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Lewy body dementia 272, 276 

Lewy body proteins 272 

Libet, Benjamin 150, 152 

Life-expectancy 283, 290-292 

Lightfoot, Gordon 158 

Lim, Kevin 291 

Limbic system 22, 69, 70 

Lincoln, Abraham 193,230 

Lindstrom, Martin 303 

Lipofuscin 270, 276 

Lippman, Walter 103-105 

Lip-reading 265 

Lobotomies 6 

Loci method 250 
Locke, John 131-132 

Locked-in syndrome 151, 181-182 

Loeh~ James 156, 157 
Loewi, Otto 14-15 

Loftus, Elizabeth 253-254, 255 

Longevity 283, 290-292 
Longitudinal sulcus 17 

Long-term memory: aging and 95,96; 

amygdala and 246; c-AMP molecules 

and 249; cerebellum and 243; cerebral 

cortex and 243; chemical enhancement 
247; consolidation 246-247; creation 

252; function 243-244; hippocampus 

and 177, 246; NMDA and 249; pre­

frontal cortex and 243; storage capac­

ityfor 240 

Long-term potentiation (LTP) 213, 248 

Lorayne, Harry 250 

Lotenz, Edward 217 

Lou Gehrig's disease 51, 312 

Love 93, 220, 220-222 

LSD (lysergic acid diethylamide) 199, 200 

LTP (long-term potentiation) 213, 248 

Lucas, Jerry 250-251 

Lumbar nerves 151 

Luria, Aleksandr 256 

Lurie, Max 232-233 

Lust 220, 222-224 

Luteinizing hormones 222 
Lying 210-211 

Lysergic acid diethylamide (LSD) 199, 200 

M 
Ma, Yo-Yo 158 

Macewen, William 6 

Macklis, Jeffrey 295 
MacLean,Paul69-70 

Macula 108-109 

Macular degeneration 108-109, 276, 278 

Mad cow disease 272 

"Magical Number Seven, Plus or Minus 

Two, The" (Miller) 251 

Magnetic Resonance Imaging (MRI) 29, 

30 

Magnetoencephalograph (MEG) 29, 
30-31 

Magnets 310-311 

Magritte, Rene 196 

Mahowald, Mark 196 

Major depression 213, 231, 232 

Mania 232 
Manual dexterity 51 

MAO (monoamine oxidase) 233 
Marcus Aurelius 154 

Marijuana 200, 201 
Marketing 184-185, 303-304 

Markram, Henry 309 
Marks, Lawrence 131 

Massage 125, 126 

Mating habits 221-222 

Matrix, The (film) 309, 314, 315 

Mayberg, Helen 232 

McCarley, Robert 194 

McNally, Richard 254 

McPhie, Leland 281, 281 

MDMA (methylenedioxymethamphet-

ame) 199-200 

Mechanoreceptors 41, 43-44 

Meckelson, Doug 269 

Medial preoptic area (hypothalamus) 

222-223 

Medial temporal lobe 241, 245 

Meditation 52, 125, 178, 179, 225 

Medulla oblongata 17, 23, 39 

MEG (magnetoencephalograph) 29, 

30-31 

Melatonin 213, 228-229, 284 

Memories: acetylcholine and 273; declar­

ative 240, 241, 243; encoding 239-

240,246-247; episodic 242,243,245, 
257; explicit 240,245; false 255, 309; 

implicit 240,243,245; non declarative 
240,242; organization of 241-242; 

REM and 193; Restak on 118 
Memory: acetylcholine and 15; aging 

and 95-96,286-287; brain waves and 

172,177; cellular basis of 213; cerebral 

cortex and 36, 69, 70, 243; chemical 

enhancement 247; concussions and 

160; declarative 240, 241, 243; demen­

tias and 249; depression and 255; dis­

eases affecting 163; disorders 255-257 

(see also specific disorders); early 238; 

emotions and 212,240,308; enhance­

ment 308-309; frontal lobes and 95; of 

the future 179; glutamate and 15; hip­

pocampus and 40, 124, 192, 212, 241, 

243,252,308-309; history of 238-

239; Huntington'S disease and 163; 

improving 93, 105; insomnia and 255; 
intelligence and 242-244; language 

memory 252, 253; learning and 236-
244; limbic system and 69; long-term 

memory (see long-term memory); mor­
phing 254; motor memory 252-253; 

movement and 135,136,138; muscle 
memory 141, 153; Parkinson's disease 

and 163; parts 239-240; recall 240, 
242,245,249,252; repressed mem­

ory 257; Restak on 95, 243; retrieval 

239-241; semantic memory 242, 245; 

sensory memory 240, 246, 252; sero­

tonin and 177; short-term memory (see 
short-term or working memory); smell 

and 116,118,119,252; song memory 

294; sound and 113; storage 239-240, 

247-249; temporal lobe and 22; thala­

mus and 22; visuospatial memory 240, 

245,252,253 

Memory Book, The (Lucas) 250 

Meninges 37 

Mental illness 90 

Mental states 171-172, 178; see also 
moods 

Merikle, Phil 183-184 

Merleau-Ponty, Maurice 130-131 

Merzenich, Michael 128-129 

Mesencephalic central gray matter 46 

Mesoderm 72, 73, 97 
Metabotropic receptors 198, 200 

Methylenedioxymethamphetamie 
(MDMA) 199-200 

Meye~ Victor 164-165 
Midbrain 23, 141 

Middle temporal gyrus 263 
Mignot, Emmanuel 193 

Migraine headaches 55,56,56-57,87 

Migration, neuronal 73-74, 80, 97 

Mille~ George 251 



Milner, Brenda 241 

Milner, Peter 226-227 

Mind and the Brain, The (Schwartz) 164, 217 

Mind Children (Moravec) 317 

Mind-brain problem 5-6, 8 

Mirror neurons 155, 158, 212, 227 

Mirroring 158 

Misdirection 111 

Miserere (Allegri) 239 

Mitchell, Silas Weir 46,180 

Mitochondria 292 

Mitral cells 119, 133 

Mnemonic devices 238, 240 

Mnemosyne (goddess) 238 

MOAls (monoamide oxidase inhibitors) 

213,233 

Modafinil (Provigil) 306 

Molaison, Henry Gustav 241, 241 
Moniz, Antonio Egas 6 

Monoamide oxidase inhibitors (MOAls) 

213,233 

Monoamine oxidase (MAO) 233 

Monoamines 177, 198 
Moods 174-175; see also mental states 

Moore, Gordon 299 
Moravec, Hans 316-317 

More, Henry 2 

Morewedge, Carey 194, 197 

Morgan, W. Pringle 262 

Morphine 200 

Mortification of the flesh 47 

Moses, Anna "Grandma" 23, 94, 94 

Mother-child bonding 225-226 

Motion and movement: acetylcholine 

and 51, 148; aging and 274, 282; ani­

mal brains and 158; basal ganglia and 

50,52,152,163; brain imaging and 

152; brain regions responsible for 152; 

brain's attention to 158-159; cerebel­

lum and 50-51, 139, 153; cerebral local­

ization 142; cognitive functions and 

138-139; disorders affecting 160-167; 

emotions and 136,138,153,205; Hun­

tington's disease and 142,160; invol­

untary and voluntary 50, 146-150, 153; 
memory and 135,136,138; muscles 

and 136-137; scientific observations 

141-145; superior temporal sulcus and 

158-159; thinking and 137 -141 

Motion blindness 151, 159 
Motion sickness 160-167 

Motivation 157 

Motor cortex 138, 141, 143, 144, 243 

Motor disorders 160-167 

Motor division (nervous system) 38 

Motor homunculus 145, 145, 151 

Motor learning 236,237 

Motor memory 252-253 

Motor neurons 17 

Motor skills, learned 140, 154 

Movement see motion and movement 

Mozart, Wolfgang Amadeus 239 

MRI (Magnetic Resonance Imaging) 29, 30 

Multiple sclerosis 146-147 

Murray, Charles 26 

Muscle memory 141, 153 

Muscles: contraction of 136, 148-149; 

motion and 136-137; reflexes 147; see 
also specific muscles 

Music 112,113 

Music therapy 286 

My Stroke of Insight (Taylor) 275 

Myclonic seizures 58 

Myelin sheath 12, 17 

Myoelectrical prostheses 300 

N 
Nabokov, Vladimir 132 

Namenda289 

Nanobots 314, 315 

Narcolepsy 177, 192-193 

Nash, John Forbes, Jr. 91, 91 

National Spelling Bee 141 

Negative emotions 214-219 

Negativity bias 213, 214-219 

Nerve growth factor 166 

Nerve zero 223-224 

Nerves 2; see also specific nerves 
Nervous system: autonomic nervous sys­

tem 38-40,41, 61, 146-147; central 

nervous system 37-38,41; in cerebral 

cortex 39; divisions 37, 37-39; image 

35; motor division 38; peripheral ner­

vous system 37-38,41; somatic ner­

vous system 41, 146, 148 

Neural cell transplants 167 

Neural cells 167 

Neural Darwinism 67, 78-81, 128 

Neural fans 271, 274 

Neural groove 68, 73, 97 

Neural networks, integration of 128-129, 

131 

Neural plate 68, 72, 73, 97 

Neural tube 73, 97 

Neuroblasts 73, 97 

Neurogenesis 71, 294, 295 

Neurogenesis therapy 295 

Neuroglia 10, 17 

Neuroleptics 97 

Neurologie 9 
Neuromarketing 185, 303-304 

Neuron transistors 314 

Neuronal migration 73-74, 80, 97 

Neuronal pools 42 

Neurons: anatomy 11-12; communication 

13-16; description 10, 17; energy require­
ments 139; evolution 66; function 12; glu­

cose and 23; image 10; integration 12, 17, 

42,42-44; learning and 236; life span 16; 

loss of 271; mirror neurons 155, 158, 212, 

227; nerve growth factor stimulation of 

166; neuronal migration 73-74,80, 97; 

plasticity 13, 109; see also specific neurons 
Neuroscience 8-9, 317 

Neurotransmitters 14, 14-16, 227; see also 
specific neurotransmitters 

Newborns 75, 78-81, 79 

Newton, Sir Isaac 239 

Nicklaus, Jack 156 
Nicotine 200, 201-202 

Nielsen, Tore 196 

NMDA (N-methyl-d-aspartate) 180, 

248,249 

Nociceptors 17, 44, 45 

Nodes of Ranvier 12, 17 

Nonassociative learning 238, 245 

Nondeclarative memories 240, 242 

Nonsteroidal antiinflammatory drugs 

(NSAIDs) 273, 289 

Nootropics 306-307 

Norepinephrine 15, 97, 221, 233 

Northeastern University 153 

Norton, Michael 197 
Norwood, Scott 141 

NSAIDs (nonsteroidal antiinflammatory 

drugs) 273, 289 

Nucleus accumbens 177, 201, 203, 227 
Nucleus basalis 271 

Nun Study Collection 291, 291 

o 
Obama, Barack 167 

Obsatz, Mike 218 
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Obsessive compulsive disorder (OCD) 

142,151,163-165,165,167,311 

Occipital lobe 21, 22 

OCD (obsessive compulsive disorder) 

142,151,163-165,165,167,311 

Odor prism 116-117 

Olds, James 226-227 

Olfactory bulb 295 

Olfactory cortex 116 

Olfactory epithelium 118, 119, 133 

Olfactory receptors 119 

Oligodendrocytes 12 

On the Origin of Species (Darwin) 66 

Online Healthcare Marketplace 305 
Operant conditioning 245 

Optical illusions 107 

Oratore, De (Cicero) 250 

Orbicularis oculi 213 
Organ of Corti 111, 279 

Ortiz, Isaac 280 
Ortiz, Isabel 280 

Oscillation 176 

Otoliths 114, 115, 133, 148 

Oxytocin 48, 213, 221, 224-226, 302 

p 
Pagodone 264 

Pain 44-47, 154, 212 

Pain receptors 45 

Pain syndrome, complex regional 177, 

180, 183 

Pair bonding 213,221-222 

Paleomammalian 22, 69, 70 

Papez circuit 245 

Papillae (tongue) 119 

Paradoxical sleep see REM (rapid eye 

movement sleep) 

Parahippocampal regions 241, 242 

Parallel processing 41, 42-43 

Parasympathtic branch 40, 41 

Pareidolia 101 

Parietal lobe 21, 22, 110, 274 

Parkinson's disease: dopamine and 15, 

52-53,161,166,167,181; Lewy body 

proteins and 272; memory and 163; 

neural cell transplants and 167; neuro­

genesis therapy and 295; neurotrans­

mitter disorders and 16; symptoms 52, 

59; timing and 181; treatment 53, 59 

Patellar tendon 151 
Pavlov, Ivan 68, 68 

Paxil233 

PEA (phenylethylamine) 48, 213, 221, 

222,225 

Penfield, Wilder 144-145 

Pepperberg, Irene 261 
Perception 100-105,129,130-131,133 

Peripheral nervous system 37-38, 41 
Peristalsis 136 

Perry, Billy 277 
Persistent vegetative state 177, 181 

Personal interactions 302-305 

Personality 183 

PET (Positron-Emission Tomography) 29, 

31, 31, 165, 188, 214 

Petit mal seizures 41, 58, 60 
Phantom limbs 46-47 

Phenylethylamine (PEA) 48, 213, 221, 

222,225 

Pheromones 117,133,220,221,223 

Phobias 213, 215 

Phoneme contraction 82, 97 

Phonemes 82, 97, 112 

Phonics 263 

Photic sneeze reflex 150 

Photoreceptors 41, 44 

Phrenological head 36 

Phrenology 25,36,41 

Pia matter 17, 19 

Picasso, Pablo 263 

Pidgin languages 260-261 

Pihaly, Mary Louise 291 

Pineal gland 7-8, 22, 284 
Piraha language 259 

Pitman, Roger 308 
Pituitary 40, 222 

PKMzeta (molecule) 248 
Planck, Max 216 

Planum temporale 71, 97 
Plasticity: aging and 83,94,95,268,269; 

definition 17; experiments on 129; in 

infants and children 81-83, 93; Keller 

and 130; Neural Darwinism and 81, 

128; of neurons 13, 109 

Plato 4,238 

Play 238 

Pleasure 47-49, 213, 221, 227 

Plesso see strokes 

Pneuma 4 

Poe, Edgar Allan 103 

Polarized light micrograph 190-191,201 

Polio 149 

Polygamy 221 

Polygraphs 210-211 

Pons 17, 23, 39, 190; see also specific regions 
Pons neurons 190 

Popper, Karl 183 

Porter, Cole 230 

Positive emotions 220-227 

Positive thinking 156-157 

Positron-Emission Tomography (PET) 29, 

3\ 31, 165, 188, 214 
Posterior lobe (cerebellum) 154 

Post-polio syndrome 149 

Post-traumatic amnesia 257 

Posttraumatic stress disorder (PTSD) 308 
Potassium 58 

Precentral gyrus 17, 21 
Precursor cells 295, 295 

Prefrontal cortex: addiction and 203; 

adolescent 85,93; adult 92,94; aging 

and 95; during consciousness 179; 
decision making and 85,88; defi­

nition 17; development 86-87, 88; 

emotion control and 219; gender 

differences 71; intelligence and 27; 

long-term memory and 243; schizo­

phrenia and 90; short-term or work­

ing memory and 95,242; see also 
specific regions 

Prefrontal fibers 21 

Pregnancy 74,76-77 

Premotor cortex 21 

Prenatal health 76-77 

Prescott, James W. 122 

Price, Jill 252-253 

Primary dementia 276 

Principles of Psycholo~ The (James) 27 

Progesterone 222 

Progressive dementia 276 

Proprioceptors 129,133 

Prosody 211, 213 

Prosopagnosia 245 
Prostaglandins 45 

Prostheses, myoelectrical 300 
Protein tangles 161 

Provigil (modafinil) 306 
Prozac 165, 198-199, 232-233 

Pruning (of neural connections) 75,82, 

85,86,87,97,268 

Pseudobulbar palsy 210, 213 

Psychogenic headaches 55 

PTSD (posttraumatic stress disorder) 308 



Purkinje neurons 248-249 

Putamen 220-221 

Q 
Quantum theory 216-217 

R 
Radial keratotomy 108 

Radical Evolution (Garreau) 316 

Rahe, Richard 124 

Ramachandran, Vilayanur 46 

Ramon y Cajal, Santiago 10, 11, 11, 13 

Raphe nuclei 271, 276 

Rapid eye movement sleep (REM) see 
REM (rapid eye movement sleep) 

Ratey, John J. 89, 140-141 

Rauwolfia plant 230 

Ravel, Maurice 112, 112 

Raven's Colored Progressive Matrices test 

26 

R-complex 69 

Reading 237, 237, 258, 260, 263 

Reagan, Ronald 272 

Rebound headaches 55 

Recall 240, 242, 245, 249, 252; see also 
sequence recall 

Recognition 241, 245 

Reeve, Christopher 16,166 

Reflex hammer 148 

Reflexes 41, 147, 148-149; see also specific 
reflexes 

REM (rapid eye movement sleep): ace­

tylcholine and 190; alcohol and 283; 

cerebral cortex and 188; definition 177; 

dreams and 189,192-193,197; effects 

of lack of 192; fish and reptiles, absence 

in 188; lateral pontine tegmentum and 

177; memories and 193; in narcoleptics 

192; onset and duration 188, 189; PET 

scan of brain during 188; pons neurons 

and 190 

Reminyl289 

Reno, Janet 52 

Repetition 178 

Repressed memory 257 

Reptiles 187-188 

Reserpine 230 

Restak, Richard, on : aging 286; behavior 

choices 150; brain function 137; cog­

nition 178; depression 285; dreams 

194; improving brain performance 3; 

intelligence 26, 243; longevity 290; 

manual dexterity 51; memories 118; 

memory 95,243; nootropics 306; see­

ing 105; specialization 86; voluntary 

and involuntary movement 153 

Reston, James 127 

Restorative deconvolution microscopy 

239 

Retina 106,107,133 

Retrieval (memory) 239-241 

Reuptake 16, 233 

Reuptake inhibitors 233 

Reversal of Fortune (film) 181 

Reversible dementia 270,276 

Rheumatic fever 161 

Rhodopsin 107 

Rhyming 251, 255 

Rhyne, Willem Ten 127 

Richardson, Natasha 160 

Rickie (Flach) 101 

Rickie (girl) 101-102 

Right hemisphere: emotions and 20, 93, 

208,211,229; fMRI of 136; integra­

tive functions and 20; language and 

260; music and 112; spatial cognition 

and 20; speech and 83, 212; strokes and 

277; vision and 108 

Rimington, Alexander Wallace 102 

Risorius muscles 213 

Ritalin 88-89 

Robitzek, Edward 232 

Roborat 311 

Robots and robotics 299, 301, 314, 316 

Rodin, Auguste 178 

Rods 107, 109, 133 

Role of Pleasure in Behavio~ The (Heath) 48 

Roman Room method 250 

Rontgen, Wilhelm 27 

Roose, Kevin 255 

Roosevelt, Franklin 149 

Roosevelt, James 149 

Rooting 123,133 

Rorschach, Hermann 101 

Rorschach tests 101 

R.u.R. (Rossum's Universal Robots) (Capek) 

301 

S 
Sacks, Oliver 58 

SAD (seasonal affective disorder) 213, 

228-229 

Sadness 228-229 

St. Ambrose 263 

St. Augustine 263 

St. Vitus' dance 161 

Saint Paul 60 

Salicylic acid 45 

Salzer, Harry 233 

Santa Cruz, Karen 291 

Santos, Chester 251 

Sargent, Kenneth 309 

Sarkar, Nilanjan 301 

Scarmeas, Nikolaos 244 

Schiffman, Susan 281 

Schizophrenia 90-91,97,181,295 

Schmolck, Heike 254 

Schrater, Paul 304 

Schumann, Robert 231 

Schwann cells 12 

Schwartz, Jeffrey M. 164, 165, 217, 217 

Scoville, William Beecher 241 

Seasonal affective disorder (SAD) 213, 

228-229 

Second Life 305 

Secondary dementia 276 

Seeing 105 

Seizures 41, 55, 58-60; see also specific 
seIzures 

Selective serotonin reuptake inhibitors 

(SSRls) 151, 165, 233 

Self-repair 294-295 

Seligman, Martin E. P.283 

Selikoff, Irving 232 

Semantic memory 242, 245 

Semicircular canals (ear) 148 

Semon, Richard 239, 257 

Sensation 100, 101, 123, 126, 131, 133 

Sen sen, Christoph 308 

Senses 130, 132, 278-282; see also specific 
senses 

Sensory memory 240, 246, 252 

Sensory neurons 17, 100, 114 

Sensory receptors 43-44,128-129 

Sensus communis 130 
Separation anxiety 238, 245 

Septum 213, 227 

Sequence recall 239, 242 

Serial processing 41, 42 

Serotonin: aggression and 72, 219; defi­

nition 177; depression and 233; drugs 

affecting 30,151,153,165,198-199, 

232-233; foods containing 62,187; 
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location and function 15; love and 220, 

221; MAO and 233; memory and 177; 

migraines and 56; as monoamine 177, 

198; pleasure and 49; raphe nuclei and 

271; sleep and 177,187,198; trypto­

phans and 177 

Sex drive and behavior 71, 222-224 

Sexual climax 71 

Shakespeare, William 19 

Shaw, George Bemard 23 

Shaw, Gordon L. 3 

Shelley, Mary 299 

Shivashankar, Kavya 140 

Short-term or working memory: aging 
and 95-96, 285, 287; awareness of 

the world and 179, 241, 243; cerebral 
cortex and 71; in consciousness 246; 

definition 41; description 243; drugs 
affecting 247; duration 240; intelli­

gence and 27; neural connections and 
246; papez circuit and 245; prefrontal 

cortex and 95, 242 

Sight see vision 

Sigman, Aric 302 

Simon, Theodore 25 

Simonides of Ceos 250 

Simple motor seizures 58 

Simple sensory seizures 58 

Simpson, O. J. 254 

Singularity Is Nea~ The (Kurzweil) 298 

Sinus headaches 55 

Skeletal muscles 136-137 

Skin cells 292 

Sleep: aging and 283-285; alcohol and 

191,192,283-284; in animals, reptiles 

and lower vertebrates 187-188; brain 

waves and 172, 173, 177, 188, 189; cir­

cadian rhythms (sleep-wake cycle) 171, 

172, 175, 176, 176, 177; disturbances 

284-285; lack of 186-187,191; norepi­

nephrine and 97; onset 190; oscillation 
and 176; PET scan of brain during 188; 

purpose 192-193; REM sleep (see REM 
(rapid eye movement sleep)); require­

ments 189-190; serotonin and 177, 
187,198; stages 188-190, 283; top­

down model 190-191 ; see also dreams 
and dreaming; specific sleep disorders 

Sleep apnea 177, 196-197 

Sleep regulatory substances (SRSs) 177, 

190,191 

Sleepwalking 191 

Small, Gary 12 

Smart Dust 314 

Smell 102, 116-119, 128, 223, 252, 

280-281 

Smiling 211 

Smith, Joseph 60 

Smoking 284 

Smooth muscles 136, 137 

Snail (Aplysia) 66 
Sneezes 150 

Snowden, David 291 

SnowWorid (game) 302 

Social interactions 302-305 

Social learning 236, 238 

Social networking 305 

Socrates 238 

Sodium 58 

Sokol, Daniel 308 

Solzhenitsyn, Alexander 114 

Somatic afferent fibers 38 

Somatic nervous system 41, 146, 148 

Somatosensory cortex 22 

Soul 7-8 

Sound 111-113, 128 

Specialization 70-71, 83, 86 

Speech: disorders 264-265; left hemi­

sphere and 20, 71, 97, 257, 258, 262; 

right hemisphere and 83, 212 
Sperry, Roger 23 

Spina bifida 74-75 

Spinal cord 2, 37, 67 

Spinal injuries 16, 166-167 

Spinal nerves 41 

Spinoz, Baruch 226 

SRSs (sleep regulatory substances) 177, 

190,191 

SSRls (selective serotonin reuptake inhibi-

tors) 151, 165, 233 

Stanford-Binet intelligence test 25 

Stem cells 167, 276, 293-295 

Stephens, Donald E. 101 

Stephenson, Michael 197 

Stereotyping 104-105 

Stern, Yaakov 244 

Steroids, anabolic 153 

Stimulants 306 

Stimulus 100, 133 

Storage (memory) 239-240, 247-249 

Stress 40, 124-125, 137, 294 

Stress hormones 40,177,186,219 

Stretch reflex 147 
Strokes 274, 277; see also specific strokes 
Stuttering 264-265 

Subcortical dementia 276 

Subretinal implants 300 

Substance abuse 88; see also addiction; 

alcohol abuse 

Substantia nigra 52,271,276,295 

Suggestion 255 
Suicide 285 

Sulcus 17, 19, 73; see also specific regions 
Sullivan, Anne 130 

Sullivan, William 76 

Sun sneezing 150 
Superior colliculus 108, 112, 131, 133 

Superior temporal gyrus 263 
Superior temporal sulcus 151,158-159 

Sur, Mriganka 129-130 
Sweden borg, Emanuel 60 

Sydenham's chorea 161 

Sylvian fissures 17, 20-21, 71 

Sympathetic nervous system 40, 41, 116, 

242 

Synapses 17 

Synaptic knobs 12 

Synesthesia 132, 133 

T 
Tabibnia, Golnaz 93 

Table tipping 141-142 

Tagawili, Arcadia 266-267 

Tai chi 160 

Talk therapy 233 

Tan (Parisian man) 264 

Tastants 121, 133 

Taste 102, 116, 119-121, 128, 280-281; 

see also flavors 

Taste buds 120-121, 280, 292 

Tau 276,288 

Taylor, Jill Bolte 275, 275 

Temporal lobe 21, 22, 253, 273, 274 

Tennyson, Alfred 230-231 

Tense energy 174 

Tense tiredness 174, 175 

Tension headaches 55 

Terminator movies 298 

Testosterone 153, 213, 219, 222, 222, 223 

Thalamus 22, 113, 263 

Thayer, Robert 174, 175 

THC (delta-9-tetrahydrocannabinol) 
200,201 



Therapies: aromatherapy 116; behav­

ioral therapy 164-165; biofeedback 

57; cognitive therapy 165, 233; for 

depression 233; music therapy 286; 

neurogenesis therapy 295; talk 

therapy 233 

Thermoreceptors 41, 44 

Theta waves 172, 173, 177 

"Thinker; The" (Rodin) 178 

Thinking 23, 137-141; see also positive 

thinking 

Thomas, Aquinas, Saint 130, 207-208 

Thoracic nerves 151 

Thorpe, Jim 158 
Thoughts see thinking 

Thrombotic strokes 276, 277 
Thymine 34 

TIA (transient ischemic attack) 276 

Tickling 126 

Tinnitus 113, 133 
Tissue plasminogen activator (TPA) 

276 

TMS (transcranial magnetic stimulation) 

310-311 

Tobacco 284 

Tonal languages 262 

Tongue papillae 119 
Tonic-clonic seizures 41, 58, 60-61 

Torke, Michael 132 

Total Recall (film) 309 

Touch 102, 122-123, 125, 126-128, 225, 

281-282 

Touch receptors 123,126 

Tourette, Gilles de la 166 

Tourette's syndrome 87,151,165-166 

TPA (tissue plasminogen activator) 276 

Transcranial magnetic stimulation (TMS) 

310-311 

Transection 17 

Transient ischemic attack (TIA) 276 

Transplant, neural cell 167 

Trigeminal cranial nerve 150, 151 

Triune brain 69, 97 
Trophic factors 74, 97 

Truth 253 

Tryptophans 177, 187 

Tsien, Joe Z. 243 

Tully, Tim 247 

Turing, Alan 314 

Turing Test 314 

Tympanic membrane 111, 133 

u 
Umami 121, 133 

Unconsciousness 142, 151, 178, 181-185 

Universal grammar 258-259 

Upp, Hanna 256 

V 
Vagus nerve 121, 213 

Vagus nerve stimulator 232 

Vascular dementia 272 

Vasopressin 62, 247 

Ventral pallidum 213 

Ventral tegmental area 201 

Ventromedial prefrontal cortex 208 

Vertebrates, lower 187-188 

Vestibular organ 115, 133 

Vestibular reflex 148, 151, 158 

Vestibuloocular reflex 151 

Video games 270, 270, 302, 304-305 

Vinge, Vernor 298 

Virtual reality 302, 304-305, 314 

Visceral afferent fibers 38 

Vision 102, 105, 106-111, 128, 253, 278-

279; see also eyes; seeing 

Visual communication 261 

Visual cortex 253, 258, 259, 262 

Visual processing disorder 265 

Visualization 155-158 

Visuospatial memory 240, 245, 252, 253 

VNO (vomeronasal organ) 213, 223 

VNS pulse generator 167 

Vomeronasal organ (VNO) 213, 223 

W 
Wang, Sam 192 

Wardynski, Casey 305 

Waters, Andre 161 

Watson, John B. 81, 216 

Wedekind, Claus 223 

Wehr, Thomas 192 

Wernicke, Carl 258 

Wernicke's area 245, 258-260, 259 

White matter 154 

Whole language method 263 

Wijdicks, Coen 181 

Wijdicks, Eelco F. M. 181 

Wilde, Oscar 253 

Williams, Brad 252-253 

Williams, Justin 312 

Williams, Montel147 

Williams, Nathaniel 8 

Williams syndrome 276, 295 

Willis, Thomas 8-9 

Willoughby, Rodney, Jr. 180, 180 

Willow bark 45 

Wilson, Adam 312 

Winokur; Herb 284 

Wisdom 269 

Withdrawal 202-203 

Woods, Tiger 154-155,156 

Woolf, Virginia 231 

Working memory see short-term or work-

Ingmemory 

Wren, Christopher 8-9 

Writing 263 

Wundt, Wilhelm 25,27 

X 
X-rays 28-29 

Z 
Zeta inhibitory peptide (ZIP) 248 

Zoloft 165,233 

Zygomaticus muscles 213 

Zygotes 72, 97 
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Allen, Robert, Philip Carter, and Ken Russell. The Mensa Mind 

Games Pack. Carlton Books, 2005. 

Brain Age: Train Your Brain in Minutes a Day! (Dr Kawashima's 
Brain Training: How Old Is Your Brain?). Nintendo DS, 2006. 

Crossword Dice. Levenger Company. 
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Minutes a Day. Publications International, 2008. 
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WEBSITES 
The Aging Brain 

Alzheimer's Association, http://www.alz.org 
A leading voluntary health organization specializing in 

Alzheimer's disease care, support, and research 

Alzheimer's Disease Education and Referral Center, 

http://www.nia.nih.gov / alzheimers 
Branch of the National Institute on Aging that focuses on 
Alzheimer's research and education 

Elder Wisdom Circle, http://www.elderwisdomcircle.org/ 
A nonprofit organization employing more than 600 Elders 

who provide free and confidential advice to people of all ages 

Brain Health 

National Institute of Mental Health, 

http://www.nimh.nih.gov /index.shtml 
U.S. government institute devoted to the understanding 

and treatment of mental illnesses 

National Institute of Neurological Disorders and Stroke, 

http://www.ninds.nih.gov / 
u.s. government organization that conducts and supports 

research on the more than 600 disorders that can affect 

the brain and nervous system 

Brain Research 

Society for Neuroscience, http://www.sfn.org/ 
Nonprofit organization of scientists and physicians who 

study the brain. Website features neuroscience publications 

created for the general public 

The Whole Brain Atlas, 

http://www.med.harvard.edu/AANLIB/home.html 

Online resource for images of the brain and the central 

nervous system 

The Future 

Computer History Museum, http://www.computerhistory.org/ 
Museum that seeks to preserve the history of computing, 

including the inventors, machines, software, business and 

competitive environments, and social implications 

KurzweilAl.net, http://www.kurzweilai.net/ 
Site focused on the exponential growth of biological and 

mechanical intelligence and their potential merger 

General Health eT Wellness 

Centers for Disease Control and Prevention, 

http://www.cdc.gov / 
Branch of the u.S. Department of Health and Human 

Services that distributes reliable, credible information on 

public health and safety 

Medline Plus, http://medlineplus.gov / 
Information compiled from the u.s. National Library of 
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